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§ G. General lectures 
G'I.  N. V. BELOV. The crystal chemistry of silicates, Chap- 

ter 2. 
Chapter  A was based on the work done 30 years  ago 

by  W. L. Bragg and  his collaborators and  deal t  chiefly 
wi th  the  silicates of Mg, A1 and their  melanocrat ic  sub- 
s t i tuents ,  ma in ly  Fe in ei ther of its stages of oxidation.  
The salient feature of chapter  A was the close fit (com- 
mensurabi l i ty  after  V. M. Goldschmidt) between the edge 
of an  Mg- or Al-octahedron and tha t  of a Si- tetrahedron,  
which allows these silicates to have  relat ively simple 
crystal  s tructures,  mos t  of which are based on the  closest 
packing of O(OH,F)-atoms.  Large cations, such as 
Na,  K,  Ca, La  etc., were considered in this chapter  only 
as filling voids, i.e., gaps be tween components  which for 
this chapter were more important. 

I n  chapter  B, where  these large cations are pre- 
dominan t  and  play  independent  rSles, they  are them- 
selves octahedral ly  co-ordinated.  The edges of these large 
octahedra  are incommensurable ,  i.e., not  similar in length 
to those of the  Si- tetrahedra,  and the ordinary way in 
which silica enters the s t ructures  of chapter  B is as the 
dior thogroup Si20 ~. The vert ical  edges of a tr igonal 
prism, in which the group Si207 can be inscribed, ad jus t  
themselves well (are similar in length) to the edges of 
the  large (Ca, :Na . . . .  ) -octahedra and in this way  the 
dior thogroups Si20 ~ play in chapter  B the same rSle as 
the or thogroups SiO 4 perform in chapter  A. 

The na tu ra l  and  synthet ic  Ca-hydrosilicates, which are 
so impor t an t  in connect ion wi th  cements,  provide the 
largest n u m b e r  of examples wi th  isolated groups Si207 
and thus  displaying the characteris t ic  features of chap- 
ter  B. Such examples are the  s t ructures  of cuspidine 
Ca4[Si2OT]F2, t i l leyite Ca5[Si207] [CO3]~., tr icalciumsilicate 
hydra te ,  or TSH-Ca4[Si20~](OH)2.2 Ca[OH]~. In  all these 
s t ructures  the  Ca-octahedra  which are direct ly l inked 
( through common edges) wi th  the  Si2OT-groups a l ternate  
wi th  Ca-octahedra  which have  no direct  links to Si207- 
groups. This specific feature allows existence in these last 
oc tahedra  of such cations as Zr, Mn and even Ti, all of 
which have  ionic radii  of in te rmedia te  size. A beautiful  
example  is provided by  the  recent ly  solved s t ruc ture  of 
the  

:hTa~-Ca-Mn-Zr-Ti-silicate-lovenite 

CaNaMn(Fe)Zr(Ti)Si20~OF 

in which every 'coloured'  cat ion al ternates  wi th  the light 

one in common columns o~ octahedra .  This s t r u c t u r e - -  
its geometrical  p a t t e r n - - r e p e a t s  the s t ruc ture  of cus- 
pidine as near ly  as possible, bu t  in lovenite there  are two 
kinds of columns:  In  one of t hem al ternat ing cations are 
Ca and Zr, and in the  second Na  and Mn(Fe). In  cus- 
pidine there  are two F-a toms to which in lovenite cor- 
respond one F and  one 0 .  This O a tom does no t  enter  
into the silicate radical, i.e., executes the same rSle as F. 

Very  similar in the s t ruc ture  of seydozeri te 

NaaZr3Ti3Mn2 [Si207140aF4 

in which we have  four kinds of columns corresponding 

to four Ca atoms in cuspidine:  In  two of t hem Zr-atoms 
a l ternate  wi th  Na,  in the third kind the same N a  alter- 
nates  wi th  Ti and in the  last k ind of column a l te rna t ing  
cations are Na  and Mn. Both in lovenite and in seydozeri te 
the  (neso) groups Si207 are compressed only between 
Na(Ca)-polyhedra.  Seydozeri te and cuspidine (lovenite) 
now head two mineralogical  groups of seydozer i te-  
r inki te  and  of cuspidine-wShleri te ,  which one m a y  call 
polymorphie  as regards s t ructures  bu t  no t  as regards 
individual  compounds.  

Silicate radicals analogous to the chains, double chains 
(or laths) of chapter  A occur in chapter  B, bu t  instead 
of pyroxene chains wi th  the formula [Sil+1Oe]oo we have  
pyroxenoid (wollastonite) chains wi th  the formula 
[Si2+109]o o and  even [Si2+1+2015]o o (rhodonite). When  we 
come to doubled chains or laths we find, instead of 
amphibole  laths [Si4Oll]o o =[Si2+9011]o o wi th  hexagonal  
rings, a new type  of xonotl i te  laths [Si601~]o o = [Si4+2017]o o 
wi th  octagonal  rings. Such laths have  recent ly  been found 
not  only in xonotl i te  bu t  also in hi l lebrandi te  and perhaps  
are characterist ic  also for foshagite. 

One is led to the  conclusion tha t  these octagonal  rings 
are the most  vital  features of the hydrosil icates act ive 
in cement .  At  high tempera tures  ( ~  750 °) all such Ca- 
hydrosil icates lose their  act ivi ty,  being dehydra t ed  to 
give parallel oriented fibres of inact ive woilastonite.  

When  the chains and (amphibolic) laths of chapter  A 
condense to nets  the  only geometrical ly possible pa t t e rn  
is the well known one with hexagonal  rings which occurs 
in talc, kaolin, micas and chlorites. Bu t  the same purely  
geometrical  reasons do not  permi t  the existence of nets  
wi th  only octagonal  rings. In  chapter  B octagonal rings 
mus t  always a l ternate  with te t ragonal  rings in the rat io 
1:1 (apophyllite),  wi th  pentagonal  rings in the rat io 1:2 
(okenite), or wi th  hexagonal  and te t ragonal  rings in the  
rat io 3 :1 :1  (tobermorites).  This last kind of net ,  the  
p redominan t  details of which resemble those in xonotl i te  
(with the xonotl i te  laths on two levels of this two- 
storied net) seems to be the  most  effective in giving 
cement  properties.  

G'2(i). :N. F.  MOTT. The metallic bond and the Fermi sur- 
face. 
The lecture will deal wi th  two themes,  the  concep t  of 

the  chemical  bond in metals ,  and the  na tu re  of localised 
or non-bonding states. On the former theme,  theoret ical  
chemists and meta l  physicists will agree that~ if correla- 

t ion (configurational interaction) is neglected,  the  correct  
way  to describe the electrons in a meta l  is by the  Slater 
de t e rminan t  formed from the solutions F of the  H a r t r e e -  
Fock  equation.  These solutions are not  directional and  
describe electrons shared between all a toms of the mole- 
cule or crystal.  In  most  molecules, however,  it seems 
certain tha t  l inear combinat ions  of these functions yJ can 
be set up which do have  the propert ies of a bond,  are 
directional,  and make  contr ibut ions to the energy which 
to a first approximat ion  are independent  of each other ;  
this has been examined by Lennard-Jones  in his work  
on equivalent  orbitals. I believe tha t  this m a y  be the  
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case in  ce r t a in  solids of low co -o rd ina t ion  n u m b e r ;  
I t h i n k  i t  m o s t  un l i ke ly  t h a t  th is  appl ies  in me ta l s  of 
h igh  co -o rd ina t ion  n u m b e r  unless  t h e r e  is a s t rong  ad- 
m i x t u r e  of d func t ions  in t he  b o n d i n g  e lect rons .  

B o t h  t h e o r y  a n d  m u c h  e x p e r i m e n t a l  ev idence  sugges t  
t h a t  in m o s t  me ta l s  a n d  al loys of co -o rd ina t ion  n u m b e r  
8 a n d  12 i t  is t he  a tomic  v o l u m e  r a t h e r  t h a n  the  inter-  
a t o m i c  d i s t ance  w h i c h  r ema ins  c o n s t a n t  to a f irst  ap- 
p r o x i m a t i o n  w h e n  the  co -o rd ina t ion  n u m b e r  changes ;  
a m o n g  t r ans i t i on  me ta l s  i ron  a n d  n icke l  a re  me ta l s  in 
th is  class, b u t  n o t  c h r o m i u m .  T h e  ev idence  for  this  will  
be  r ev iewed .  I t  seems cha rac te r i s t i c  of t h e  meta l l i c  b o n d  
t h a t  t he  e n e r g y  of a m e t a l  a t o m  in an  a l loy  w i t h  s t r u c t u r e  
of h igh  co -o rd ina t ion  n u m b e r  depends  to  a f irst  approx-  
i m a t i o n  on ly  on the  v o l u m e  ava i l ab le  to i t  a n d  n o t  on 
t h e  n a t u r e  of t h e  a t o m s  s u r r o u n d i n g  it .  

On the  second  t h e m e  t h e  l ec tu re  wil l  emphas i ze  t he  
sha rp  phys ica l  d i f ferences  b e t w e e n  m e t a l s  a n d  non-  
meta l s ,  a n d  in p a r t i c u l a r  will  s tress t h a t  t he  F e r m i  sur face  
in me ta l s  is a phys ica l  e n t i t y  open  to  e x p e r i m e n t a l  in.  
ves t iga t ion  a n d  n o t  m e r e l y  a theo re t i ca l  concep t .  A dis- 
cuss ion wil l  t h e n  be  g iven  of t h e  m a g n e t i c  e lec t rons  in 
iron, fol lowing some of t he  ideas  i n t r o d u c e d  b y  Mor t  & 
S tevens  (Phil. Mag. (1957), 2, 1364-1388). A ques t ion  
o f ten  d iscussed  is w h e t h e r  these  e lec t rons  a re  ' local ised '  
or  no t .  N o w  this  m a y  be  t r e a t e d  as a q u a l i t a t i v e  m a t t e r ;  
t h e  w a v e - f u n c t i o n s  descr ib ing  t h e m  m a y  over lap  to  a 
g r e a t e r  or lesser ex t en t ,  or  t h e y  m a y  be  desc r ibed  by  
B loch  orbi ta ls  of m o r e  or less ' t i gh t  b ind ing '  t ype .  I t  
will  be  s t ressed t h a t  in a d d i t i o n  one can  ask  a q u a n t i t a -  
t ive  ques t ion  a b o u t  t h e m ;  are  t h e y  in s t a tes  of w h i c h  
p a r t  of t h e  F e r m i  sur face  is an  u p p e r  l imi t?  Or m o r e  
s imply ,  do t h e y  c o n t r i b u t e  to  t he  c o n d u c t i v i t y  ? T h e r e  is 
e x p e r i m e n t a l  ev idence  t h a t  t h e y  do no t .  T h e  hypo thes i s  
u sed  b y  Mor t  & S tevens  (1957) t h a t  two  3d s ta tes  w i t h  
eg s y m m e t r y  a re  spl i t  off f rom t h e  o t h e r  t h r e e  b y  the  
cubic  c rys ta l  s y m m e t r y  seems n o t  to  be  compa t ib l e  
e i the r  w i t h  a r ecen t  d e t e r m i n a t i o n  of e lec t ron  spin dens i t y  
by  n e u t r o n  d i f f rac t ion  (Weiss & F r e e m a n ,  J. Phys. Chem. 
Sol. (1959), 10, 147) or w i th  ca lcu la t ions  b y  Prof .  S la te r ' s  
school .  Neve r the l e s s  t he  e x p e r i m e n t a l  ev idence  remains ,  
a n d  one has  to  ask  u n d e r  w h a t  cond i t ions  cor re la t ion  can  
p r o d u c e  local ised s ta tes  in t h e  sense used  here .  

G.2(ii). J .  C. SLATER. Quantum theory of electrons in metals. 
W e  cons ider  t he  ene rgy  levels of a s amp le  of me ta l ,  

as a func t ion  of i n t e r n u c l e a r  d i s tance .  This  p r o b l e m  is 
s imi lar  to t h a t  of t he  ene rgy  levels of a d i a t o m i c  mole-  
cule,  such  as H2. T h e  fami l ia r  resul ts  for  H 2 a re  shown  in 
Fig .  1. H e r o  t h e  cu rve  m a r k e d  l l g  1 is t h e  a t t r a c t i v e  
H e i t l e r - L o n d o n  s ta te ,  t he  g r o u n d  s ta te .  T h a t  m a r k e d  
32:u is t he  H e i t l e r - L o n d o n  repuls ive  s ta te .  These  two  
s ta tes  b o t h  go a t  inf in i te  s epa ra t i on  to  t h e  e n e r g y  of 
two  n e u t r a l  h y d r o g e n  a t o m s ;  s ince each  has  an  e n e r g y  
of - 1  R y d b e r g ,  t h e  ene rgy  goes to  - 2  R y d b e r g s .  T h e  
two  u p p e r  s ta tes ,  ~Xu a n d  ~2792, go to t he  s t a te  a t  inf in i te  
s epa ra t i on  f o r m e d  f rom one pos i t ive  ion H +, a n d  one 
n e g a t i v e  ion H - ,  w i t h  e n e r g y  of r o u g h l y  - 1  l~ydberg .  

T h e  d o t t e d  curves  m a r k e d  H l l  a n d  H22 are  de r i ved  
f rom the  mo lecu l a r  o rb i ta l  app roach .  W e  can  fo rm two 
m o l e c u l a r  orbi ta ls  f rom the  h y d r o g e n  Is s ta tes ,  one equa l  
to  t h e  s u m  of t he  a t o m i c  orbi tals ,  a n d  co r respond ing  to 
lower  energy ,  a n d  t h e  o t h e r  equa l  to  t h e  difference,  
t he re fo re  a n t i s y m m e t r i c  w i t h  respec t  to invers ion  in t he  
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m i d p o i n t  of t h e  molecu le .  I f  we  p u t  b o t h  e lec t rons  in t h e  
lower  m o l e c u l a r  orbi ta l ,  we  ge t  t h e  e n e r g y  I-Ill, a n d  a 
w a v e  func t i on  w h i c h  is a s inglet ,  a n d  s y m m e t r i c  on 
invers ion,  i n d i c a t e d  b y  t h e  subsc r ip t  g. I f  we  p u t  one in 
t he  lower,  one in t h e  upper ,  orbi ta l ,  we  ge t  a s ingle t  a n d  
a t r ip le t ,  a n t i s y m m e t r i c  on invers ion ,  i n d i c a t e d  b y  the  
subsc r ip t  u, a n d  we h a v e  t h e  two  s ta tes  127u a n d  ~27u, 
t h e  t r ip le t  ly ing  lower  t h a n  t h e  s inglet .  I f  we  p u t  b o t h  
in t he  u p p e r  orbi ta l ,  we  h a v e  aga in  a s y m m e t r i c  singlet ,  
whose  e n e r g y  is H22. 

0 - -  

>. 
og 

- 2 - -  

] 2 
Atomic  units 

Fig. 1. Energy levels of the hydrogen molecule, as function of 
internuclear distance. States 12791, 3~:u, 1Zg 2 determined by 
solution of secular equation. Curves Hl l  and H22 represent 
molecular orbital approximation to states 1Zg 1 and 1I:g 2 
respectively. 

W e  see t h a t  t h e  energies  H l l  a n d  H 2 2  fo rm  good  ap- 
p r o x i m a t i o n s  to  t h e  cor rec t  energies  of t h e  s t a tes  1X91 
a n d  12792 a t  t h e  equ i l i b r i um i n t e r n u c l e a r  d i s tance ,  w h e r e  
127gl has  i ts  m i n i m u m ,  b u t  t h a t  t h e y  b e c o m e  qu i t e  
w r o n g  a t  large d is tances ,  w h e r e  t h e y  a p p r o a c h  an  ene rgy  
w h i c h  is t h e  ave rage  of t h e  energies  of t h e  s t a tes  ~27g, 
a n d  12792. W e  m u s t  m a k e  two  l inear  c o m b i n a t i o n s  of 
t h e m ,  solving a secu la r  e q u a t i o n  w i t h  two  rows a n d  
co lumns ,  to ge t  t h e  cor rec t  s ta tes  127g 1 a n d  1Xg2. 

These  facts  r ega rd ing  h y d r o g e n  are  v e r y  famil iar .  L e t  
us n o w  see h o w  t h e y  can  be  genera l i zed  w h e n  we  go to  
meta l l i c  a t o m s  r a t h e r  t h a n  h y d r o g e n ,  a n d  w h e n  we p u t  
in c o n t a c t  n o t  m e r e l y  two  a t o m s  in a d i a t o m i c  molecu le ,  
b u t  m o r e  a n d  m o r e  a t o m s  so as to  fo rm a meta l l i c  c rys ta l .  
T h e  genera l  s i t ua t i on  for  two  m o n o v a l e n t  a t o m s  is 
s imi lar  to  t h a t  for  I-I s . I f  n o w  we a d d  m o r e  a n d  m o r e  
m o n o v a l e n t  a toms ,  t h e  p r o b l e m  gets  r ap id ly  m o r e  com- 
plex.  A t  inf in i te  i n t e r n u c l e a r  d i s tance ,  if we  h a v e  N 
a toms ,  t h e  l imi t ing  energies  of t h e  s t a tes  will  co r re spond  
to  N n e u t r a l  a toms ,  or to  _N - 2 n e u t r a l  a toms ,  one pos i t ive  
ion, a n d  one nega t ive ,  or  to  _ N -  4 neu t r a l ,  two  pos i t ive ,  
two  nega t ive ,  a n d  so on, to  t h e  l imi t ing  case w h e r e  ha l f  
are  posi t ive ,  ha l f  nega t ive ,  n o n e  neu t r a l .  T h e r e  will  be  
N / 2  such  s ta tes  of ion iza t ion ,  even ly  spaced,  a n d  if we  
p lo t  t h e  e n e r g y  pe r  a t o m ,  t h e  to t a l  ene rgy  sepa ra t ion  
b e t w e e n  t h e  two  e x t r e m e s  of all n e u t r a l  a toms ,  or ha l f  
pos i t ive ,  ha l f  nega t ive ,  will  be  t h e  s ame  as b e t w e e n  the  
n e u t r a l  and  ionized l imi t ing  va lues  in Fig .  1, mod i f i ed  
to  app ly  to  a m e t a l  r a t h e r  t h a n  h y d r o g e n .  I n  o t h e r  
words ,  th is  i n t e rva l  of energy ,  con t a in ing  N/2 equa l ly  
spaced  levels,  wil l  be  p rac t i ca l l y  sol idly filled w i t h  
ene rgy  levels. 

S imi la r ly  a t  t he  equ i l ib r ium dis tance ,  t h e  who le  r ange  
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of energ ies  b e t w e e n  t h e  s t a t e s  1Z'gl a n d  ~2:g2 in F ig .  1 
wil l  be  so l id ly  f i l led w i t h  levels.  T h e  b o t t o m  will  corre-  
s p o n d  to  t h e  g r o u n d  s t a t e ,  a n d  t h e  e n e r g y  d i f f e rence  
b e t w e e n  i ts  m i n i m u m  a n d  t h e  e n e r g y  a t  in f in i t e  separa -  
t i o n  will  be  t h e  h e a t  of v a p o r i z a t i o n  of t h e  c rys ta l .  
T h e  t o p  of t h e  r eg ion  of levels,  c o r r e s p o n d i n g  to  12:9~_, 
will  be  t h a t  s t a t e  of t h e  m e t a l  in w h i c h  t h e  e n e r g y  b a n d  
a r i s ing  f r o m  t h e  a t o m i c  s s t a t e s  is ha l f  fil led, as in t h e  
g r o u n d  s t a t e ,  b u t  in w h i c h  t h e  e l ec t rons  o c c u p y  t h e  t o p  
ha l f  of t h e  b a n d ,  r a t h e r  t h a n  t h e  b o t t o m .  I f  we t a k e  a n  
e n e r g y  b a n d  p i c t u r e  of a n  a lkal i  m e t a l ,  as in F ig .  2, 
cons ide r i ng  on ly  t h e  e n e r g y  b a n d  w h i c h  w o u l d  arise f r o m  
t h e  s e lec t ron ,  w i t h o u t  m i x i n g  i t  u p  w i t h  t h e  p a n d  o t h e r  
s ta tes ,  t h e n  in t h e  g r o u n d  s t a t e  we  can  i m a g i n e  t h e  
b o t t o m  ha l f  to  be  fil led, w i t h  an  e n e r g y  pe r  a t o m  for  t h e  
w ho le  c rys t a l  g i v e n  a p p r o x i m a t e l y  b y  t h e  a v e r a g e  e n e r g y  
of t h e  b o t t o m  ha l f  of t h e  b a n d .  S imi la r ly  for  t h e  t o p  of 
t h e  r eg ion  of levels,  c o r r e s p o n d i n g  to  12:g., in F ig .  1, t h e  
e n e r g y  will  be  t h e  a v e r a g e  e n e r g y  of t h e  t o p  ha l f  of t h e  
levels  in F ig .  2. Since we k n o w  s o m e t h i n g  a b o u t  t h e  
e n e r g y  b a n d s  in t h e  a lkal i  me t a l s ,  we can  d e d u c e  in th i s  
w a y  t h e  gene ra l  n a t u r e  of t h e  d i a g r a m  e q u i v a l e n t  to  
F ig .  1, for  s u c h  a m e t a l .  W e  m a y  a s s u m e ,  as in H~, 
t h a t  t h e  e n e r g y  b a n d  m e t h o d  fo rms  a n  a d e q u a t e  ap-  
p r o x i m a t i o n  a t  d i s t ance s  aroLmd t h e  e q u i l i b r i u m  separa -  
t ion ,  b u t  n o t  a t  la rge  d i s t ances .  As a r o u g h  ru le  of t h u m b ,  
we m a y  say  t h a t  t h e  e n e r g y  b a n d  m e t h o d  is p r o b a b l y  
s a t i s f a c t o r y  w h e n  i t  i nd i ca t e s  an  e n e r g y  a p p r e c i a b l y  
lower  t h a n  t h e  e n e r g y  of t h e  i so la t ed  a t o m s  a t  in f in i t e  
s e p a r a t i o n :  t h a t  is, in F ig .  1, a t  d i s t ance s  w h e r e  t h e  c u r v e  
H l l  lies a p p r e c i a b l y  be low t h e  e n e r g y  - 2  R y d b e r g s .  

~o -0"2 

" o  

~-0.4 
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Top of band 
Average energy of 

X ~  top half 

~ of band, 

////~C.... Average energy of 
///'~___~ bottom half 
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4 6 8 10 
Rydbergs 

Fig. 2. Energy  band  of sodium meta l  arising from 3s electron. 
Shaded part ,  lower half of band,  normally  occupied by 
electrons. The average energy of the  bo t t om half of the  
curve measures approximate ly  the  energy per a tom of the  
crystal. Unshaded  part ,  upper  half of band,  normal ly  
empty .  If the  upper  half of the  band  were occupied, the  
b o t t o m  half empty ,  the  average energy would represent  
approximate ly  the energy per a tom in a state corresponding 
~o 1292 ~n Fig. 1. 

I t  w o u l d  be  v e r y  f ine if we cou ld  ca r ry  t h r o u g h  e x a c t l y  
s o m e  cases m o r e  c o m p l i c a t e d  t h a n  H_~, m o r e  s imi la r  to  
rea l  me t a l s ,  a n d  see h o w  t h e  d i a g r a m s  s imi la r  to  F ig .  1 
w o r k e d  ou t .  U n f o r t u n a t e l y ,  t h e  c o m p l i c a t i o n  v e r y  r a p i d l y  
increases  as t h e  n u m b e r  of a t o m s  goes u p .  F o r  fou r  
h y d r o g e n s  a t  t h e  corners  of a squa re ,  we  f ind  28 s t a tes ,  
i n s t e a d  of t h e  fou r  of F ig .  1. F o r  six h y d r o g e n s  a t  t h e  
corners  of a r e g u l a r  h e x a g o n ,  t h e r e  are  267 s t a tes .  :For 
n i n e  h y d r o g e n s ,  e i gh t  a t  t h e  corners  of a cube ,  a n d  one  
a t  t h e  cen te r ,  t h e r e  are  6635 s t a tes .  Th i s  is t h e  s m a l l e s t  

n u m b e r  of a t o m s  for  wh ich ,  if we  were  w o r k i n g  w i t h  a 
m o n o v a l e n t  m e t a l  r a t h e r  t h a n  h y d r o g e n ,  t h e  env i ron -  
m e n t  of t h e  cen t r a l  a t o m  w o u l d  a p p r o a c h  t h a t  a c t u a l l y  
f o u n d  in a m e t a l l i c  c rys ta l .  Th i s  p r o b l e m  is b e y o n d  ou r  
p r e s e n t  c a p a c i t y  to  solve,  b u t  t h e  h e x a g o n ,  w i t h  267 
s ta tes ,  is no t ,  a n d  Mr  Ma t the i s s ,  a s t u d e n t  of P ro f .  
K o s t e r  a t  M . I . T . ,  is c a r r y i n g  i t  t h r o u g h .  I t  will  be  v e r y  
i n t e r e s t i ng ,  w h e n  th i s  is c o m p l e t e d ,  to  obse rve  t h e  f i rs t  
s t eps  e n c o u n t e r e d  in f i l l ing u p  t h e  d i a g r a m  of F ig .  1 to  
p r o d u c e  essen t ia l ly  a c o n t i n u u m  of levels.  

N e x t  we cons ide r  h o w  the se  s a m e  a r g u m e n t s  a p p l y  to  
o t h e r  m e t a l s  t h a n  m o n o v a l e n t  ones,  a n d  in p a r t i c u l a r  to  
t h e  t r a n s i t i o n  e l e m e n t s  w i t h  t he i r  3d e lec t rons .  I-Iere t h e  
p r o b l e m  even  of two  a t o m s  b e c o m e s  u n m a n a g e a b l e .  F o r  
in s t ance ,  in n ickel ,  t h e r e  are  t h r e e  c o n f i g u r a t i o n s  of t h e  
a t o m  w h o s e  e n e r g y  levels  a re  v e r y  close to  t h e  g r o u n d  
s t a t e :  3dS4s 2, 3d94s, a n d  3d 1°. L e t  us  cons ide r  a d i a t o m i c  
Ni  molecu le ,  in w h i c h  each  of t h e  a t o m s  is f o u n d  in one  
or  a n o t h e r  of t he se  s t a t es ,  a n d  c o m p u t e  t h e  n u m b e r  of 
e n e r g y  levels  of t h e  m o l e c u l e  w h i c h  go to  t he se  s t a t e s  
a t  in f in i te  s e p a r a t i o n .  ~Te f ind  t h a t  th i s  n m n b e r  is 1008, 
a n u m b e r  to  be  c o m p a r e d  w i t h  t h e  t w o  go ing  to  t h e  
g r o u n d  s t a t e  of u n i o n i z e d  a t o m s  in :Fig. 1. N o  one  ha s  
y e t  t r i ed  se r ious ly  to  so lve  such  a p r o b l e m ,  t h o u g h  
H .  K a p l a n  (Phys. Rev. (1952), 85,  1038), fo l lowing  ear l ier  
w o r k  of J .  H .  B a r t l e t t ,  J r .  (Phys. Rev. (1931), 37 ,  507) 
on  p e lec t rons ,  ha s  s t u d i e d  t h e  s ign of t h e  e x c h a n g e  
in tegra l ,  a n d  has  c o n c l u d e d  t h a t  t h e  g r o u n d  s t a t e  will  
be  one  in w h i c h  t h e  sp ins  of t h e  d e l ec t rons  on  t h e  t w o  
a t o m s  will  be  l ined  u p  para l le l ,  as in f e r r o m a g n e t i s m .  

W e  m a y  d e d u c e  s o m e  p r o p e r t i e s  of t h e  e n e r g y  level  
d i a g r a m  for  Ni2, h o w e v e r .  L e t  us  cons ide r  t h a t  i t  is t o  
be  in t h e  3d94s s t a t e  a t  in f in i t e  s e p a r a t i o n .  T h e  4s o rb i t a l s  
a re  m u c h  m o r e  e x t e n d e d  t h a n  t h e  3d's, a n d  c o n s e q u e n t l y  
a t  r e l a t i ve ly  large  d i s t ances ,  w h e r e  on ly  t h e  4s o rb i t a l s  
over lap ,  t h e  e n e r g y  levels  will  sp l i t  m u c h  as in  a n  a lkal i  
m e t a l ,  or  in H 2 as s h o w n  in F ig .  1. I n  p lace  of t h e  s ingle  
level  12191, h o w e v e r ,  we  shall  h a v e  a la rge  n u m b e r  of 
a l m o s t  i den t i ca l  levels  c o m i n g  f r o m  v a r i o u s  o r i e n t a t i o n s  
of t h e  o rb i t a l  a n d  sp in  a n g u l a r  m o m e n t a  of t h e  d e l ec t rons  
in t h e  t w o  a t o m s .  T h e s e  will  n o t  a f fec t  t h e  e n e r g y  m u c h  
u n t i l  t h e  d o rb i ta l s  s t a r t  to  o v e r l a p ;  t he se  levels  will  b e  
a l m o s t  d e g e n e r a t e  w i t h  each  o t h e r  a t  la rge  d i s t ances .  
A t  sma l l e r  d i s t ances ,  h o w e v e r ,  t h e  levels  will  s e p a r a t e  
p r ac t i c a l l y  in to  a b a n d .  W e  m a y  e x p e c t  t h e  s a m e  s o r t  
of t h i n g  to  h o l d  in o t h e r  i r o n - g r o u p  e l e m e n t s .  

I n s t e a d  of n icke l  le t  us  cons ide r  i ron,  a n d  i n s t e a d  of  
a d i a t o m i c  m o l e c u l e  le t  us  t a k e  a c rys ta l .  T h e  q u e s t i o n  
of i n t e r e s t  is now,  will  t h e  d e l ec t rons  a t  t h e  a c t u a l  in te r -  
n u c l e a r  d i s t a n c e  in a m e t a l  be  close e n o u g h  so t h a t  an  
e n e r g y  b a n d  d e s c r i p t i o n  is co r r ec t  for  t h e m ?  A g o o d  
m a n y  wr i t e r s  h a v e  d o u b t e d  t h a t  th i s  is t h e  case.  W e  
cannot answer this question by calculations on individual 
m o l e c u l a r  p r o b l e m s ,  b e c a u s e  t h e y  h a v e  n o t  b e e n  ca r r i ed  
ou t ,  a n d  we  can  see f r o m  t h e  n u m b e r s  a l r e a d y  q u o t e d  
t h a t  t h e y  w o u l d  be  a l m o s t  i m p o s s i b l y  d i f f icul t .  H o w e v e r ,  
we do  h a v e  e n e r g y  b a n d  ca l cu l a t ions  for  i ron,  a n d  we  c a n  
use  t h o s e  to  p r e d i c t  t h e  e n e r g y  levels,  of t h e  t y p e  g iven  
in F ig .  1, for  i ron,  a n d  can  a sk  w h e t h e r  i t  is l ikely  t h a t  
t h e  e n e r g y - b a n d  m e t h o d  is a p p r o p r i a t e  a t  t h e  e q u i l i b r i u m  
d i s t ance .  

I n  r e c e n t  ca l cu l a t i ons  a t  M . I . T . ,  D r  J .  H .  W o o d  h a s  
s t u d i e d  v e r y  ca re fu l ly  t h e  e n e r g y  b a n d s  in i ron,  a n d  f inds  
t h a t  a t  t h e  e q u i l i b r i u m  d i s t a n c e  t h e  b r e a d t h  of t h e  3d 
b a n d  is a b o u t  6 e.V. L e t  us  a sk  w h a t  th i s  m e a n s  a b o u t  
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the  corresponding exten.qion of the levels of the  whole 
crystal .  We  use an a rgumen t  similar to t ha t  of Fig. 2. 
I ron  has, according to the energy band  theory,  about  7.5 
electrons in its d band,  leaving the  upper  pa r t  of the 
band  only half full, wi th  electrons all of one spin, the reby  
explaining the ferromagnet ism.  This would correspond to 
the ground state.  If  now we t ransferred the  electrons to 
the top par t  of the d band,  leaving the vacancies at  the  
bot tom,  we should have  to move  2.5 electrons through 
an energy difference which would be a major  par t  of the 
band  width,  perhaps 4 e.V. Thus we should have  to do 
work of about  10 e.V. per  a tom.  This would measure  
roughly the extension of the d levels in a d iagram of the 
type  of Fig. 1, in which we are giving the energy levels 
of the whole crystal.  

This is great  enough so t ha t  the  energy band  me thod  
should be applicable. I t  is fu r thermore  great  enough to 
indicate  t ha t  the  binding effect of the d electrons will 
be very  considerable,  as mus t  be the case from the well- 
known fact  t ha t  the hea t  of vaporizat ion rises from the  
order of magn i tude  of 1 e.V. per  a tom in potass ium to 
the order of 4 e.V. per  a tom in the middle  of the iron 
group, dropping again as the 3d shell is d rawn inside 
the  a tom.  The energies der ived from the band  pic ture  
are of the r ight  order of magn i tude  to lead to such values. 
Fur the rmore ,  the band pic ture  explains why  this binding 
effect of the 3d electrons should be greatest  in the middle  
of the t ransi t ion series: there  the m a x i m u m  n u m b e r  of 
electrons mus t  be raised from the lower half of the energy 
band  to the upper  half, to go from the  bo t tom to the top 
of the set of energy levels in the d iagram of the type  of 
Fig. 1, so t ha t  the  extension of the  energy levels will 
have  its m a x i m u m  value.  

G.2(iii). L. PAULI~G. The resonating-valence-bond theory of 
metals. 
The resonat ing-valence-bond theory  of metals  was 

developed during the period 1938 to 1948. I t  is an ex- 
tension to metals  and  alloys of the chemical  s t ruc ture  
theory  developed by chemists for organic and inorganic 
substances in general dur ing the cen tury  from 1860 on. 
Some substances, such as propylene,  can be represented 
satisfactorily by a single valence-bond s t ruc ture ;  for this 
molecule the  s t ruc ture  involves one a r rangement  of a 
ca rbon-ca rbon  double bond, a ca rbon-ca rbon  single bond, 
and  six ca rbon-hydrogen  single bonds. For  other  sub- 
stances, such as benzene,  more  than  one a r r angemen t  of 
the bonds is used. 

The metals  m a y  be placed in the  class of electron- 
deficient substances,  together  wi th  the  boranes, ferrocene 
and related substances, hexakaidekamethyltetraplatinum, 
and elementary boron. The characteristic feature of these 
substances is that some of the atoms have a larger number 
of stable valence orbitals than valence electrons. In 
general, some of the atoms of electron-deficient sub- 
stances have a ligancy that is greater than the number 
of bond orbitals; there is some evidence that it is the 
atoms adjacent to an electron-deficient atom that are 
induced to increase their ligancy to a value greater than 
their orbital number. Chemical structures for electron- 
deficient substances can be found by assigning the 
electron-pair bonds (or one-electron bonds) to the avail- 
able positions in all possible ways; that is, by writing 
all possible structures for the substance (with only one 
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a r rangement  of the  nuclei), and then  superimposing these 
s tructures,  as in the  general  theory  of chemical  resonance.  
This theory  accounts  in a sat isfactory way  for observed 
in tera tomic  distances and  other  s t ruc tura l  features of 
electron-deficient  substances.  

Magnetic propert ies and observed bond lengths for 
metals  have  indicated t ha t  0.72 orbital  per  a tom in a 
meta l  ( that  is, about  one orbital for each of three-quar ters  
of the  atoms) is to remain  unused in the  allocation of 
bonds. This orbital,  called the metal l ic  orbital,  seems to 
be responsible for metal l ic  properties,  p resumably  in 
t ha t  it permits  the  unsynchronized  resonance of valence 
bonds th rough a meta l  crystal ,  thus leading to electrical 
conduc t iv i ty  and other  metal l ic  properties.  I t  is the  
metall ic orbital  t ha t  permits  the classification of metals  
as electron-deficient  substances.  

The analysis of observed interatomic distances and 
saturation magnetic moments of transition metals in 
terms of the resonating-valence-bond theory, together 
with the proposal made by Zener about interaction 
between atomic electrons and bonding electrons, has led 
to the following description of metallic iron (L. Pauling, 
Phys. Rev. (1938), 54, 899; Prec. Nat. Acad. Sci. U.S .A .  
(1953), 39, 551). Two of the eight electrons of each iron 
a tom occupy 3d orbitals, wi th  parallel spins. These 
electrons, which m a y  be called atomic electrons, do no t  
par t ic ipate  in electrical conduct ion.  The remaining six 
electrons are bonding (conduction) electrons. The orbitals 
t ha t  they  occupy are hybr id  orbitals, which,  toge ther  
wi th  the  metall ic orbital,  are made  of the three  remaining 
3d orbitals, the  4s orbital,  and the three 4p orbitals 
(with, of course, some contr ibut ions  of less stable or- 
bitals). The spin-spin  in teract ion be tween the  a tomic 
electrons and  the  conduct ion  electrons uncouples ap- 
p rox imate ly  0.22 electrons in the  conduct ion band  per  
a tom;  it is this in teract ion t ha t  gives rise to ferromag- 
net ism in this meta l  (Zener). 

The iron a tom in the  meta l  m a y  hence be described 
as being based upon the  configurat ion 3d54s4p ~, in the  
same way  tha t  the  carbon a tom in d iamond is described 
as being based upon the  configurat ion 2s2p 3. In  each 
case this description represents  only an approximat ion.  

The description of the  electronic s t ruc ture  of o ther  
meta ls  is similar. For  example,  for nickel there  are ten  
electrons outside of the argon shell. I f  the assumpt ion 
is made  tha t  the metal l ic  orbital, 0"72 per a tom, mus t  be 
preserved,  there  are only 8.28 orbitals available for 
occupancy by  the  ten  electrons. Six of these orbitals 
are occupied by  conduct ion electrons, as in iron. The 
remaining 2.28 orbitals contain  2.28 electrons wi th  
parallel spin and 4 - 2 - 2 8 = 1 . 7 2  wi th  antiparal lel  spin; 
the  resul tant  magnet ic  m o m e n t  of the  a tomic electrons 
is then  0-56. The sa tura t ion  magnet ic  m o m e n t  for nickel,  
0-61, is due to this a tomic m o m e n t  plus the  small momen t s  
of the  uncoupled  conduct ion electrons and the orbital  
contr ibut ion.  

Two decades ago the electronic s t ruc ture  of iron was 
usual ly  discussed on the  basis of the  band  theory  by  
s ta t ing t ha t  abou t  0.22 electron per a tom had  been 
p romoted  to the  4s conduct ion band,  leaving a hole of 
2.22 in the  3d shell; t ha t  is, t ha t  the configurat ion could 
be described as 3dT"~S4s °'22. Dur ing  recent  years  the  
description has been changed;  for example,  N. F. Mot t  
& K.  W. I t .  Stevens (Phil. Mag. (1957), 2, 1364) describe 
metal l ic  iron (body-centered) as having two 3d electrons 
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with parallel spin in non-conduct ing states, and the 
remaining six electrons, conduction electrons, occupying 
orbitals formed of 3d, 4s, 4p, and higher functions, with 
about  0.2 uncoupling of electron spins by the Zener 
interaction.  This description is essentially identical with  
t ha t  of the  resonating-valence-bond theory. However,  
Mort & Stevens also say tha t  the  face-centered nickel 
crystal contains a mixture  of ions 3d 9 and 3d 1° with 0-7 
holes, and 0.7 electrons in the 4s orbital forming the  
conduct ion band.  I feel tha t  the striking gradual change 
in magnet ic  moments ,  interatomic distances, and other 
properties of the  transit ion metals  and their  alloys with 
change in average atomic number  provides strong support  
for the  belief tha t  the  electronic structures are closely 
similar in such a sequence, ra ther  than  greatly different, 
and tha t  the  description provided by the resonating- 
valence-bond theory is a satisfactory one for nickel as 
well as for iron. 

In  interatomic compounds and other alloys there may  
be a transfer of electrons from atoms of one kind to those 
of another  kind. This transfer is usually in the direction 
such as to neutralize the polari ty of the bonds themselves 
tha t  is correlated with the electronegativi ty difference of 
the atoms and such as to increase the number  of bonding 
electrons. Alloys in which electron transfer occurs are 
often much denser, harder, and stronger than  their  
components .  

G.3. J.  H. VAN Vr.ECK. Magnetic alignment. 
Alignment  of the e lementary  magnets  can be effected 

by  one of three agencies (a) an applied magnet ic  field, 
(b) crystalline fields, (c) exchange forces. Mechanism (a) 
acting alone brings about  a high degree of a l ignment  
only at  very low temperatures,  as in the region of adia- 
batic demagnetizat ion,  but  can be studied at  higher 
temperatures  by means of susceptibility measurements .  
Al though one thinks primarily of diffraction experiments  
as the source of informat ion on how atoms are arranged in 
crystals, susceptibility measurements  have sometimes been 
revealing in this regard in advance of good diffraction 
data.  Process (b) is appreciable at ordinary temperatures  
only if the a tom is not  in an S state. The various orders 
of magni tudes  of the crystalline potent ial  in different 
types of atoms will be discussed. Magnetic resonance is 
the me thod  par excellence for s tudying crystalline poten- 
tials, but  cannot  be employed in all cases. I t  is of course 
the  cooperative a l ignment  brought  about  by (c) tha t  is 
so spectacularly studied by the me thod  of neut ron dif- 
fraction. Part icularly interest ing is the case of the rare 
earths, where the  interplay of (b) and (c) is s tudied in 
recent diffraction experiments  at  Oak Ridge. The rSle 
of nuclear magnet ic  resonance in yielding information 
regarding forces in the solid state will be briefly discus- 
sed, including the most  recent development ,  the Moss- 
bauer  effect. 

G'4. M. F. PEttUTZ. The structure of crystalline proteins. 
Crystalline proteins cover a t remendous  range of 

different sizes, from glucogen and insulin with a molecular 
weight of a few thousand to the smaller viruses wi th  
molecular weights of the  order of millions. Most of t hem 
give beautiful X-ray diffraction pat terns  containing tens 
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or even hundreds  of thousands of reflexions which ex- 
tend  to spacings of the order of interatomic distances. 

The phase angles of the  reflexions can be de termined 
by the me thod  of mult iple  isomorphous replacement  wi th  
heavy atoms, provided at  least one of the  heaviest  
a toms can be combined with a molecular weight uni t  no t  
larger than  about  50,000. In  smaller proteins a single 
isomorphous replacement  with a heavy atom, combined 
with measurements  of anomalous scattering, may  be 
enough to solve the structure. 

The first three-dimensional  Fourier  synthesis of a 
protein was obtained by Kendrew and his collaborators 
in 1957. I t  gave a picture of myoglobin,  a protein of 
mol.wt. 17,000, at  a resolution of 6 /~, showing the  posi- 
t ion of the iron-containing p igment  group and the  general 
lay-out of the  protein chains. Lately Kendrew and his 
collaborators have followed this up with a second Fourier  
synthesis at  2 /~ resolution. This falls just  short of re- 
solving atoms, but  nevertheless contains sufficient detail 
to solve most  of the structure. 

Perutz and others have now obtained a three-dimen- 
sional Fourier of haemoglobin at  5.5 A resolution. This 
protein has a molecular weight  of 67,000 and consists 
of 4 chains and four p igment  groups. The chains, which 
have a configuration almost identical with myoglobin,  
form a te t rahedral  array, and the p igment  groups lie in 
separate pockets on the surface of the  molecule. 

Small viruses have a core of nucleic acid surrounded 
by a symmetr ical  array of small protein molecules all 
exactly alike. In  rod-shaped viruses the  nucleic acid forms 
a helical filament, around which protein sub-units are 
clustered in a helical array. In  spherical viruses the  
configuration of the  nucleic acid is still unknown,  bu t  
the symmet ry  of the  protein coat can be shown to con- 
form to one of the  cubic point  groups. Poliomyelit is  
virus is the  latest  example of a particle of this kind. 

G.5. B.  K .  VAINSHTEIN (with c o - a u t h o r s  A.  I .  KITAIGO- 
I~ODSKY, J .  M. RUMANOVA (% Z. V. ZVONKOVA). Theory 
and practice of direct methods of structure analysis. 
1. Review of the theory of sign determinat ion.  Three 

possible approaches to the phase determinat ion of struc- 
ture factors: consideration of the function of electron 
density,  the de terminants  of the  connections between 
structure factors, and statistical approach. The mutua l  
connection of those approaches. 

Exac t  equations between structure factors, derived 
from consideration of electron density.  Sayre's equations, 
equations for the  structure factors, belonging to the  
parallel planes of reciprocal lattice, and some others. 

Theory of connections between structure factors. 
Harker-Kasper inequalities. Fundamental equation of 
connec t ion- -Gramm's  determinant .  Determinants  of dif- 
ferent power. Graphical representat ion of relations be- 
tween structure factors. 

Structure factors as chance values. Zachariasen- 
Cochran's statistical equations. Simple geometrical inter- 
pre ta t ion of this equation. The distr ibution funct ion for 
structure factors. The Kitaigorodsky's  product  of struc- 
ture factors and probabil i ty of its positive value. The 
K a r l e - H a u p t m a n  equations and Ber tau t  equations.  The 
possibility of direct de terminat ion  of phases in non- 
centrosymmetr ical  structures. 

The addit ional  conditions of phase determinat ion.  The 
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r61e of the  s y m m e t r y  and using of s y m m e t r y  elements 
(the me thod  of comparing).  The arbi t rar i ly  chosen signs. 

The connection between Pa t te r son  method  and direct 
methods.  The possibilities of phase determinat ion of struc- 
ture  factors from the ideas of superposit ion method.  

2. The pract ical  routines of sign determinat ion and 
examples of direct determinat ions  of crystal  structures.  
Reducing of F to the absolute scale. Real isat ion of the 
operation of convolut ion in sign determinat ion.  The 
routines of R u m a n o v a  and of Grant .  The K a r l e - H a u p t -  
m a n  procedure. The Woolfson's pe rmuta t ion  method.  
The procedures, based on the use of m o d e m  comput ing 
techniques.  

The examples of direct  determinat ions  (review of 
Russ ian  works). The crystal  s t ructure  invest igat ions of 
s i l icates--epidote,  xonotli te,  datolite,  gadolinite (which 
contain up to 80 a toms in the un i t  cell) by  inequalit ies 
and stat is t ical  equalities. The invest igat ions of zoisite, 
cuspidine, as t rachani te  by  direct methods.  The investiga- 
t ion of crystal  s t ructures  of yeremeevi te  and lawsonite 
by  means of Zachariasen's  s tat is t ical  method  in combina- 
t ion wi th  other methods.  

The invest igat ions of crystal  s t ructures of the realgar, 
of the complex compound--boront r i f luor ide  wi th  pyri-  
dine, of the diparatolylsulfide,  of the 3,3'-diethylcarbo- 
eyane,  of caprolactam by  means of s tat is t ical  equations 
wi th  addi t ional  conditions. Some other examples of 
applications of direct methods.  

§ l(i).  Apparatus for diffraction 
measurements  

l ( i ) . l .  A n e w  d i f f r a c t o m e t e r  for  d i f f rac t ion  s t u d i e s .  
By T~O~_AS C. Fu~NAs, J~. ,  Picker X-Ray Corporation, 
Cleveland, Ohio, U.S.A. 
This ent irely new ins t rument  for air or vacuum studies 

b y  X- ray  or neut ron  diffraction or by  X- ray  spectro- 
graphic methods  incorporates a var ie ty  of new features 
which open a broad new scope of exper imenta l  techniques 
to the investigator.  

(1) I t  can be used wi th  the diffraction plane either 
horizontal  or vertical.  Lef t  and r ight  handed  versions 
facil i tate the use of two diffractometers about  one X- ray  
tube. 

(2) I t  provides integral  suppor t  of the X- ray  tube so 
bo th  tube and diffractometer  m a y  be moved wi thou t  
d is turbing their  critical al ignment.  A new ray-proof 
shutter ,  filter and collimator adaptor  assembly combined 
wi th  a simple a l ignment  device and zero to ten degree 
take-off angle adjus t ing  mechanism assures rapid align- 
ment ,  op t imum use of X- r ay  energy and safe operation 
wi th  no leakage of direct or scat tered X-rays  around the 
tube. 

(3) I t s  rugged main  bearing has a 3~ in. d iameter  
th rough hole for easy access to the specimen, for a t tach-  
men t  of large aperture  vacuum pumps,  for insert ion of 
c ryos ta t  or heat ing  implements,  etc. 

(4) I t  is available with special split worm wheels capable 
of absolute accuracies of the order of 0.0003 °. The spring 
loaded interchangeable gear t ra in  has  mult iple  shaf t  
extensions for a t t a c h m e n t  of auxi l iary  devices in addi- 
t ion to the normal  angle reading dials or counters. The 

two- the ta  angle bisecting mechanism functions through- 
out  a 360 ° range and allows independent  360 ° ro ta t ion  
(omega) of the specimen about  the common axis. 

(5) I t  is designed specifically for fully automat ic  re- 
mote ly  programmed operation in addi t ion to the usual  
manual  modes. 

(6) I t  uses the new ACA Accepted Dovetai l  Track for 
mount ing  detector,  collimator and specimen so these m a y  
be combined for photographic  studies with  a h i ther to  
impossible precision, in terchangeabi l i ty ,  and freedom. 

Paper  to be submi t ted  to the :Review of Scientific 
In s t rumen t s  for publicat ion.  

1(i).2. A n  a u t o m a t i c  X - r a y  d i f f r a c t o m e t e r .  By P. J .  
B~OWN & J.  B. FO~SYTH, Cavendish Laboratory, Cam- 
bridge, England. 
The ins t rument  has  been designed to el iminate the 

laborious hand  set t ing of conventional  single crystal  
X- ray  diffractometers.  I t  makes  the collection of accurate 
in tens i ty  da ta  by  counter  techniques comparable in speed 
and convenience wi th  s tandard  photographic  methods.  

The diffractometer  is a two circle ins t rument  and is 
used in the normal-beam geometry  of reflection. The 
in tegrated in tens i ty  of reflection is measured by  the 
oscillating crystal ,  s t a t ionary  counter  method.  The crys- 
ta l  and counter  positions for each reflection in a single 
layer  are calculated from the lat t ice constants  by  the  
EDSAC I I  digital  computer  and a sequence of reflections 
is specified. The ou tpu t  tape from the computer  is fed 
direct ly to the ins t rument ,  which then sets bo th  crystal  
and detector  to the correct positions. The background 
on either side of the crystal  reflection and the in tegrated 
in tens i ty  of the reflection are measured.  The results are 
punched on teleprinter  tape in a form suitable for direct 
processing by  the computor.  

1(i).3. A u t o m a t i c  sinp, le c r y s t a l  d i f f r a c t o m e t e r s .  B y  
U. W. AI~NDT, Davy Faraday Research Laboratory, The 
Royal Institution, London, W. 1, England. 
Automat ic  single crystal  X- ray  diffractometers mus t  

provide the following facilities: 

(1) Means for se t t ing crystal  and radia t ion detector  for 
each Bragg reflexion in turn,  ei ther by  an  analogue device, 
which m a y  be electrical or mechanical ,  or by  a shaft-  
set t ing mechanism programmed by  punched tape or 
cards. 

(2) Means for measur ing the reflexion and the diffuse 
background in the immediate  neighbourhood.  

(3) Means for recording the results of the measure- 
ments ,  preferably in a form suitable for direct  processing 
by  a computer.  

(4) In  addi t ion ample facilities mus t  be provided for 
checking the correct funct ioning of the automat ic  equip- 
ment .  

Four  separate  diffraetometers have  ei ther  been com- 
pleted or are approaching completion and their  differing 
features will be used to i l lustrate possible solutions of the 
design problems involved in different circumstances. 

Fo rm of publ icat ion not  ye t  decided. 
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1(i).4. Apparei l  d ' enreg i s t rement  num@rique, enti@- 
r e m e n t  automat ique ,  des intensit@s des facteurs  
de s tructure  sur  bande imprim@e. Par  J.  CLASTRE, 
Laboratoire de Mindralogie et Rayons X,  Universitd de 
Bordeaux, 20, Cours Pasteur, Bordeaux, France. 
L'appl ica t ion fructueuse des m6thodes d 'analyse  de la 

fonction de Pat terson,  ou des m6thodes de d6tennina t ion  
des signes des facteurs de structure,  exige une connais- 
sance tr@s pr@cise des intensit4s diffract@e par  t o u s l e s  
plans hkl du cristal. 

Nous avons 6tudi4 et fair r@alis6, une instal la t ion en- 
ti@rement automat ique,  command@e par  bande perfor4e, 
et fournissant  les intensit@s diffract@es, en valeur num@- 
rique, sur bande imprim@e. 

Cette instal la t ion comporte 3 part ies:  

(1) U n  goniom@tre t rava i l lan t  en 6qui-inclinaison, 
4quip4 de : 

Un porte-cristal,  pouvan t  tourner  autour  d 'un  axe fixe. 
U n  tube ~ Rayons  X, avec compteur  moni teur  ac- 

coupl4, pouvan t  se d4placer en 6qui-inclinaison. 
U n  compteur  de mesure, pouvan t  tourner  autour  du 

cristal et se d6placer 6galement en 6qui-inclinaison en 
synehronisme avec le tube ~ Rayons  X. 

(2) Une armoire de t414commande assurant  le r6glage 
au tomat ique  des 3 angles du goniom@tre: cristal, comp- 
teur,  4qui-inelinaison, pour chacune des r4flexion hkl. 

Ce r6glage est command6 par  un  lecteur de bande 
perfor6 (bande 6tablie pour le cristal 6tudi6). 

(3) Une  armoire de mesure comprenant :  
Une  a l imenta t ion des compteurs.  
Un  pr6amplificateur.  
Une  4chelle de comptage. 
U n  t raducteur  num4rique, dormant  le nombre de coups 

regus par  le compteur  de mesure, ~ des intervalles de 
temps d4finis par  le compteur moniteur,  61iminant ainsi 
les var ia t ions d ' intensi t6 des Rayons  X incidents. 

U n  enregistreur de contrSle. 
Une  imprimante ,  commandge par  le t raducteur ,  in- 

scr ivant  sur bande de papier les valeurs des intensit6s 
mesur4es. 

La bande perfor@e de commande 4tent plac4e dens le 
lecteur, le goniom@tre se r@gle successivement sur chacun 
des r@flexions hkl, sans interventions de l'op@rateur. 

Il est possible, grace k cette installation de mesurer 
plusieurs lois les intensit@s, par exemple ~ des temp6ra- 
tures diff@rentes, et d'@tudier ainsi les modifications 
d'agitation thermique des cristaux, au voisinage de leur 
temp4rature de transition. 

1(i).5. A u t o m a t i c  s i n g l e  crystal  d i f fractometry:  II. 
Crystal  orientat ion.  By J. LADELT,, N. SPrEr,BERG & 
K. LowITzsc~, Phillps Laboratories, Irvlngton-on-Hud- 
son, New York, U.S.A. 

Prior  to the automat ic  registrat ion of complete inten- 
s i ty  da ta  for s t ructure  determinat ion using the linear 
reciprocal lat t ice t racking diffractometer  (J. Ladell  & 
K.  Lowitzsch, Acta Cryst. (1960), 13, 205), i t  is necessary 
to establish the reciprocal lat t ice parameters  of the crystal  
being studied and orient the crystal  about  a suitable zone 
axis. Moreover, i t  is desirable t ha t  provisions be made 
for rapid prel iminary invest igat ion of an unknown crystal  
to establish the crystal  class, space group and other 
per t inent  s y m m e t r y  properties using counter  methods.  

Al though film techniques for this  pre l iminary  work are 
well known, opt imum employment  of the diffractometer  
as a precision ins t rument  requires t ha t  such pre l iminary  
measurements  be carried out  in a manner  compatible 
wi th  the subsequent  main  task  of the diffractometer  and 
consistent  wi th  the angular  precision available in the 
technique.  

To accomplish these objectives a special crystal  support  
goniometer (orienter) has been designed and constructed 
to be incorporated as an integral part of the unit. The 
angular deflections which can be provided by the support 
goaiometer make it possible to bring to coincidence with 
the diffractometer axis any axis of an arbitrarily mounted 
crystal lying within a right circular cone of 130 ° apex. 

Using the linear tracking features of the diffractometer, 
a small parallelepiped volume of reciprocal space is 
systematically scanned. By this means the previously 
tmknown reciprocal cell dimensions and orientation is 
determined. This procedure permits the alignment and 
orientation of crystals by direct diffractometric methods 
obviating independent alignment by optical or X-ray film 
methods. The efficiency of this method depends upon 
instrumental and crystallographic parameters ; an analysis 
of these parameters will be given. 

Probably will be published in Acta Cryst. 

1(i).6. N e w  cont inuous  recording  h igh  and low t e m -  
perature  X-ray  di f fractometers .  By Y o s ~ i m o  SHI- 
MURA, 8 Kanda-Daidokoro-cho, Chiyoda-ku, Tokyo, Ja- 
pan. 

High  and low tempera ture  X- ray  diffractometers con- 
sist of four types which perform heating,  cooling and 
recording automat ica l ly  and continuously.  The features 
of these four types are briefly described in the following. 

(1) High  tempera ture  X- ray  diffractometer.  
Designed to operate with  the specimen a t  tempera ture  

up to 1500 °C. in vacuum or gaseous atmosphere.  Tem- 
perature  scales are marked  on the char t  paper  auto- 
matical ly.  

(2) Low tempera ture  X- ray  diffractometer.  
Designed to cover the tempera ture  range of between 

100 °C. and - 1 9 0  °C. wi th  the liquid ni trogen coolant. 
The automat ic  recording sys tem is almost  the same as 
t ha t  of high tempera ture  X- ray  diffractometer.  

(3) X- ray  diffractometer  capable of automat ic  recording 
of tempera ture  versus d-value. 

There are two methods by means of this apparatus; 
one is so-called 'Single Peak Method' for measuring the 
temperature versus d-value curve of the single phase 
materials. The other is so-called 'Multi-Peak Method' for 

measuring the same curve of the mult l -phase materials ,  
and also is most  suitable for the analysis of phase transi- 
t ion phenomena.  Recording and tempera ture  controll ing 
are continuous and automatic .  

(4) X- ray  diffractometer  capable of automat ic  recording 
of the thermal  expansion coefficient curve. 

The principle of this appara tus  is based on the 'Single 
Peak  Method' .  Thermal  expansion coefficient is recorded 
on the char t  paper  as a single line according to change 
of the temperature .  X-axis  corresponds to d-value (dif- 
fraction angle:  20), while Y-axis corresponds to tempera-  
ture. Tempera ture  controlling and recording are auto- 
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matic and continuous similar to the other  apparatuses 
ment ioned  above. 

Full  account to be published in J. Appl. Phys., Japan. 

1(i).7. T h e  u s e  of s t a n d a r d  X - r a y  g o n i o m e t e r  G U R - 3  
as  a n e u t r o n  h i g h  r e s o l u t i o n  d i f f r a c t o m e t e r .  By 
R. P. OZEROW, Karpov Institute of Physical Chemistry, 
Obucha 10, Moscow, USSR. 
The design of the neut ron  diffractometers is l imited 

bo th  by  the necessity of high precision in determining 
the angle position and  the  stiffness of the  spectrometer  
in support ing the heavy counter  shielding on the long arm. 

The s tandard  X-ray  equipment ,  the  universal  X-ray 
goniometer  GUR-3  in particular, is of high precision in 
the  de terminat ion  of 0 and 20 angles, bu t  does not  possess 
the required stiffness. In  order to use this goniometer  as 
a neut ron  diffractometer  for powder and single crystal 
invest igation a special shielding covering the  whole 
goniometer  (with a cryostate for hydrogen and hel ium 
temperatures)  had  been designed. This shielding consists 
of a 30 cm. layer of water  and can be moved  on special 
rails. The small weight of the counter  wi thout  the  shield- 
ing permits  to elongate the goniometer  arm up to 1 m. 

The use of the  selsin systems having no backlash 
permits  the  remote  control of the diffractometer  wi thout  
reducing the precision. An auxiliary automat ic  device 
enables a point  to point  recording of the diffraction 
patterns.  

The invest igation being now in progress confirms the  
possibility of utilizing this equ ipment  for the  s tudy of 
of powder and single crystal samples wi th  a relatively 
high resolution. 

The results of this work will be published in Kristallo- 
graphia. 

1(i).8. X - r a y  d i f f r a c t i o n  by  s u b s t a n c e s  a t  h i g h  p r e s -  
s u r e s . *  By J.  S. KASPER, General Electric Research 
Laboratory, Schenectady, N .Y . ,  U.S.A. 
The increased act ivi ty  of high pressure research makes  

all the  more  desirable s tructural  information at  high 
pressures. This is part icularly the  case for reversible 
phase transformations.  Since the  usual high pressure 
apparatus  is so massive as to preclude X-ray diffraction 
measurements ,  we have developed a technique,  first 
employed by Lawson and co-workers (A. W. Lawson & 
A. N. Riley, Rev. Sci. Instrum. (1949), 20, 763; A . W .  
Lawson & T. Tang, Rev.Sci. Instrum. (1950), 21, 815; 
J.  C. Jamieson,  Ninth Annual Report to ONR on High 
Pressure Research.--Inst. for the  Study of Metals, Univ.  
of Chicago (July 1955-July 1956)), utilizing a single 
crystal d iamond cell as the  pressure chamber.  

Wi th  diamonds of 2 to 2½ carats, pressure up to 35,000 
atmospheres have been a t ta ined  on substances contained 
in a cylindrical hole, through the diamond,  of about  
0-015 inch diameter.  X-ray diffraction da ta  are obtained 
with Mo K a  radiation. 

A s tudy has been made  of various alkali halides which 
t ransform from :NaC1 to CsC1 structures. Also, a var ie ty  

* This research was supported in whole or in part by the 
United States Air Force under Contract No. AF 33(616)-5995, 
monitored by the Materials Laboratory, Wright Air Develop- 
ment Center, Wright-Patterson Air Force Base, Ohio. 

of substances, such as graphite,  have been invest igated 
where no structural  t ransformations occur bu t  where 
lattice parameter  changes can be ascertained. 

The emphasis of the  work, however,  has been on Bi 
and its alloys. Wi th  special techniques,  to be described, 
a successful recording has been made  of the  diffraction 
pa t te rn  of the  t ransformed Bi s tructure beyond 25,000 
atmospheres.  Also, it has been ascertained tha t  an inter- 
metall ic compound,  BiSn, is formed by pressure from the 
immiscible elements, and its diffraction pa t te rn  has been 
obtained.  

Full account probably to appear in J. Appl. Phys. 

1(i).9. D ie  B 6 h m i t - E n t w / i s s e r u n g  v e r f o l g t  m i t  e iner  
n e u e n  R 6 n t g e n - H e i z k a m e r a .  Von H.-U.  L ~ z e ~ ,  
Ammoniaklaboratorium der Badischen Anilin- Fc Soda- 
fabrik AG, Ludwigshafen am t~hein, Deutschland. 
Zur kontinuierl ieben Verfolgung yon Umwandlungs-  

vorg~ingen, St ruktur~nderungen u.a.  s tand ffir R6ntgen-  
beugungsuntersuchungen kein der bei der Elekt ronen-  
beugung bew~thrten Boet tcher-Kasset te  vergleichbares 
In s t rumen t  zur Verffigung. Die Seemann-He izkamera  
und  deren Wei terentwicklung bei Unicam erlaubt R6nt-  
genaufnahmen nur  bei diskreten Temperaturen.  End t e r  
entwickel te  1956 eine kontinuierl ich registrierende :R6nt- 
gen - t t e i zkamera  nach dem Debye-Scherrer-Prinzip,  
wiihrend wir bei unserer Entwicklung  1958 die Vorteile 
der streng - monochromat ischen  und  fokussierenden 
Guin ie r -Seemann-Bohl in -Kamera  mitberficksichtigten : 
Das vom Quarzkristall kommende  Prim~irstrahlenbfindel 
durchsetzt  den t te izkopf  (Widerstandsheizung) aus Pla- 
tin, der gleichzeitig Blende und Hal te r  ffir das ebene 
Pr~parat  ist. Er  ist umgeben  yon einem Kfihlmantel ,  
der die 0 f fnungen  ffir Pr~iparateinffihrung, Prim~irstrahl 
und  evtl. Schutzgasffillung und  den Schlitz (3,5 oder 
7 ram. Breite) enth~ilt, h in ter  dem der Fi lm senkrecht  
zum Fokussierungskreis kontinuierl ich aufw~irts bewegt  
wird (5 oder 10 mm./Stunde) .  Hin te r  dem herauszieh- 
baren Prim~irstrahlf~nger bef indet  sich nochmals  eine 
sehr enge Blende, so dass am Oft des Winkels O Zeit- 
oder Tempera tu rmarken  bel ichtet  werden k6nnen.  In  der 
jetzigen Ausffihrung erreichen wir mindestens  1200 °C. 
im Pr/iparat. 

Mit dieser Kamera untersuchten wir die Entw~isserung 
des BShmits (Al0OH) in durchkristallisierter Form, wie 
man ihn z.B. durch hydrothermale Behandlung im Auto- 
klaven erhiilt. Dieser B6hmit gibt bei etwa 480 °C. sein 
Wasser fast vollst/indig ab und wandelt sich urn in das 
7-A1203, welches bei etwa 800 °C. in das 6-AI~O3 und bei 
noch h6heren Temperaturen in 0 und a-AlzO a fibergeht. 
Day und Hill indizieren das 7-AlzO 3 noch kubisch 
(Spinell-Typ) und das 6-A1203 tetragonal und stellen 
bereits fest, dass der i~Ibergang kontinuierlich sei. Unsere 
Untersuchung zeigt folgendes: Das prim~ire Entw~is- 
serungsprodukt des B6hmits besitzt ein tetragonales 
Gitter m i t a  = 7,86 und c = 8,02 A. Diese Gi t terkonstanten  
~indern sich ineversibel and  etwa linear mi t  der Tem- 
peraturerh6hung,  wobei a zun immt  bis 8,02 A und  c 
abn immt  his 7,66 ~ bei etwa 1000 °C. 

Bei etwa 700 °C. werden die beiden Gi t te rkons tanten  
einander gleich, so dass ein pseudokubisches Git ter  mi t  
a = 7 , 9 5  /~ ents teht .  In  diesem Gitter  sind die Ebenen-  
scharen (222) ausserordentlich stabil:  Ers tens  ergeben sie 
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Tabelle 1. Gitterkonstanten yon 6-A1203 

°C. a c d(2~2). ]/(12) 

500 7,86~/k 8,016/~ 7,935/k 
700 7,94 s 7,943 7,953 
900 8,003 7,876 7,970 

1000 8,024 7,86 a 7,976 

die bei wei tem sch~rfste Interferenz im Vergleich zu 
allen anderen;  zweitens ~ndert  sich deren Netzebenen- 
abs tand  mi t  der Tempera tur  fast t iberhaupt  nicht  (von 
2,29 /~ bei 500 °C. auf 2,30 /~ bei 1000 °C.). Da ange- 
n o m m e n  werden daft, dass der Ausdehnungskoeffizient  
n ich t  so klein ist wie er sich hieraus errechnen wtirde, 
so folgt daraus eine zunehmende  Verdichtung des 
6-ALO3, was ira Einklang mi t  der Versch~irfung der 
In ter ferenzen mi t  zunehmender  Temperatur  steht.  
Wiirde man  diese Ebenenschar  als (222) eines Spinell- 
Typs indizieren, erg~iben sich die kubischen Achsen zu 
7,94 bzw. 7,98 A, liegen also in j edem Fall zwischen den 
te tragonalen a- und  c-Werten und  teilen deren Differenz 
etwa im richtigen Verh~ltnis 1:2. 

Aus dieser Untersuchung folgt, dass es keinen Grund 
gibt zwischen ?- und  6-A1,.O3 zu unterscheiden:  Das 
Entw~sserungsprodukt  des B6hmite  ist tetragonales 
6-A1,,O:,, dessen Aehsenverh/iltnis irreversibel temperatur-  
abh/~ngig ist, so dass die Angaben der h6chsten erreichten 
Temperatur  als Index  sinnvoll und  notwendig erscheint. 

Auf die sehr umfangsreiche Li tera tur  fiber die Ent -  
w~sserung der Alumin iumhydroxyde  kann hier nicht  ein- 
gegangen werden. 

Ausffihrliche Mittei lungen sind ffir die Z. Kristallogr. 
vorgesehen. 

1 (i). 10. O p t i m u m  d i m e n s i o n s  of c o l l i m a t o r s  for neu-  
t ron  crys ta l  s p e c t r o m e t e r s  and d i f frac tometers .  
By P. Sz~m6, Central Research Institute for Physics, 
Budapest 114, Hungary. 

A calculation m e t h o d  is shown for determining the 
op t imum dimensions of pr imary collimators of given 
collimating power for neut ron  diffractometers and crystal 
spectrometers.  Exac t  expressions of closed form consisting 
of e lementary  functions are given for the calculation of 
t ransmi t ted  intensity.  The numerical  evaluation of these 
expressions being ra ther  lengthy and laborious, ap- 
proximate  formulae are derived too and it is shown tha t  
in cases of practical interest  the use of these la t ter  and 
more convenient  ones is quite sufficient. 

We examined further  the  effect tha t  is exercised by 
the total  reflection developing at  the walls of pr imary 
collimators used in neut ron  diffractometers and crystal 
spectrometers on the op t imum dimen~ion~ of such collima- 
tors. The formulae for computat ion of the intensi ty trans- 
mi t t ed  by a single total  reflection are given. I t  is shown 
tha t  as to the intensi ty thus t ransmi t ted  (similarly to the  
case of direct transmission t reated above) there is an 
op t imum in the dimensions of the  collimator which in 
cases of practical interest  is found to be the same as tha t  
de termined for direct transmission. 

The first par t  of th is  paper  was published: Nuclear 
Instruments and Methods (1959), 6, 184. 

The second par t  is accepted for publication at  the 
Nuclear Instruments and Methods. 

l ( i ) . l l .  A n  osc i l la t ing  crys ta l  m o n o c h r o m a t o r .  By 
E. H. WIEBENGA, E. KEULEN & G. C. VI~,RSCHOOR, 
Laboratorium veer algemene chemic, anorganische chemic 
en kristalchemie der Rijksuniversiteit Groningen, The 
Netherlands. 
Reflection intensities can only be measured accurately 

if strictly monochromat ic  radiat ion is used or if the  
measurements  are corrected for the  presence of whi te  
radiat ion (see for instance W. Cochran, Acta Cryst. 
(1950), 3, 273). The first me thod  is preferable in principle, 
but  requires the use of a crystal monochromator ,  by 
which the  X-ray intensi ty  is reduced appreciably. 

A further  problem connected with the  use of a crystal 
monochromator  is tha t  of obtaining a sufficiently homo- 
geneous beam around the crystal to be measured.  This 
difficulty was overcome by mount ing  the monochromator  
crystal on a slide, which was moved  back and forth 
uniformly several t imes per second by means of a rotat ing 
cam. The direction of oscillation was parallel to the  
characteristic X-rays to be reflected by the  mono- 
chromator  crystal, the ampl i tude of the oscillation was 
in our case (LiF, reflection 200, Me-radiation) 1.5 ram. 
These oscillations of the monochromator  crystal cause 
mere displacements of the monochromat ic  beam of 0.5 
mm.  to each side. The effect of moving  the  mono- 
chromatic beam is tha t  its inhomogeneous in tensi ty  
distr ibution is integrated in points lying in and near the  
crystal to be measured.  Since the  beam had a height  of 
approximately  0.5 ram. and was moved  _+0-5 nun.,  an 
intensi ty plateau of about  0.5 mm.  appeared. In  this 
plateau the intensi ty  variations were less than  2%. 

Connected with the  gain of homogenei ty  is, however,  
a further  loss of intensi ty by about  50% and a loss of 
monochromatisat ion.  In  our case the  calculated m a x i m u m  
deviat ion from the characteristic wavelength  is _+ 1% 
wi thout  oscillation of the  beam, and _+2.5% when 
oscillating the beam. 

1 (i).12. X - r a y  d i f f rac tometer  for the  s t u d y  of h i g h l y  
radioact ive  m a t e r i a l s .  By J.  ADAM, R. CAUSER & 
D. A. DU~U~ASO~, United Kingdom Atomic Energy 
Authority, Atomic Energy Research Establishment, Har- 
well, Didcot, Berks., England. 
I t  is well known tha t  diffraction pat terns  with a very  

low background can be obtained from highly radioactive 
materials  when the diffracted beam is monochromat ised  
by reflection from a crystal. Photographs will be shown 
of a dfffractometer used at  A.E.R.E. ,  Harwell  for work 
on fissile materials  after irradiation in a nuclear reactor. 
The ins t rument  is enclosed in a dry-box behind a lead 
wall and all operations are performed with remote  
handl ing tools. 

When  the  diffracted beam is m0nochromat ised excel- 
lent  quali ty diffraction pat terns  can be obtained even if 
the examined materials  fluoresce in the  pr imary  X-ray 
beam. Thus copper radiat ion may  be used for work on 
materials containing iron. 

Paper  will be submit ted  to J. Sci. Instrum. 

1 (i). 13. Charts  for t w o - p a r a m e t e r  lat t ices .  By M.~TIN 
~ERNOHORSK~-, Czechoslovak Academy of Sciences, La- 
boratory for the Study of Metals, Brno, Czechoslovakia. 
Construction. The individual  steps in construct ing new 

charts for tetragonal  and hexagonal  lattices are shown. 
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Similarly as in the Bjurs t r6m's  charts  only s t ra ight  lines 
are used. According to this feature and to the s implici ty 
of the prepara t ion  of the scales (wave-lengths, lat t ice 
parameters ,  Bragg angles) the construct ion is very  easy. 

Synthesis of powder photographs. The dis t r ibut ion of 
lines for the respective type  of the lat t ice wi th  the given 
parameters  and for the chosen wave-length can be deter- 
mined. The results appear  on a linear scale of Bragg 
angles. Thus a complete scheme of the powder photo- 
graph is obtained. 

Analysis of powder photographs. Index ing  of lines and 
determining of lat t ice parameters  is possible wi thou t  
film measuring.  Simple auxi l iary  charts  for f inding out  
the lines of the type  hk0 and 00l help to make  the proce- 
dure easy. 

Examples of derived application. :Determining last  lines, 
de termining appropr ia te  wave-length,  information for 
working wi th  internal  s tandards .  

Reference. The complete set of the charts  in size great  
enough for convenient  use is to be published in a special 
issue of Acta  Aeademiae Cechoslovenicae Basis Brunensis  
(can be obtained from the Publ ishing House of the 
Czechoslovak Academy of Sciences, Prague,  Czechoslo- 
vakia).  The detailed description of the construct ion as 
well as of the applicat ion will be given there in English.  

Note. I t  is in tended to display the charts  wi th  explana- 
tory  texts  a t  the Exhibi t ion .  

§ l ( i i ) .  T e c h n i q u e s  a n d  m e t h o d s  f o r  

d i f f r a c t i o n  m e a s u r e m e n t s  

l(i i)-l .  A rout ine  m e t h o d  for correc t ing  for ex t inc -  
t ion errors  in crys ta l  ana lys i s .  By  S. CHiNDRA- 
SEKH~ & D. C. PmLLIPS, Davy Faraday Research La- 
boratory, The Royal Institution, London, W. 1, England. 
S. Chandrasekhar ' s  (Acta Cryst. (1956), 9, 954; (1960), 

in press) method  for es t imat ing ext inct ion in small single 
crystals  has been adap ted  for routine use in crystal  
s t ructure  analysis.  The method  involves the measure- 
men t  of the var ia t ion in the in tegrated in tens i ty  of a 
reflexion wi th  rota t ion of the plane of polarization of the 
incident  X- r ay  beam. A simple appara tus  for ro ta t ing  
the plane of polarizat ion of the X- r ay  beam has been 
constructed and used in the measurement  of reflexions 
from a number  of crystals.  Resul ts  will be presented and 
the applicabi l i ty  of the method  discussed. 

To be published in Acta Cryst. 

l(ii).2. Sinp, le crys ta l  in tens i ty  m e a s u r e m e n t s  b y  
m e a n s  of the  a u t o m a t i c  l inear  d i f fractometer .  B y  
U. W. ARNDT & D. C. PHILLIPS, Davy Faraday Research 
Laboratory, The Royal Institution, London, W. 1, 
England. 
The Linear  Diffractometer  (U. W. Arnd t  & D . C .  

Phillips, In te rna t iona l  Union  of Crys ta l lography Con- 
ference, Stockholm, 1959) measures au tomat ica l ly  the 
intensit ies of all the reflexions in a reciprocal lat t ice level 
and records them, together  wi th  the appropriate  hkl 
indices, both  in plain language and  on punched tape 
ready  for immediate  t ransfer  to a computer.  The instru- 
men t  generates and applies its own set t ings for both  

crystal  and counter,  given only the reciprocal lat t ice 
dimensions of the crystal  under  investigation.  I t  is being 
used in the collection of complete in tens i ty  da ta  from 
protein crystals.  The method  of operation will be de- 
scribed and details will be given of the speed and accuracy 
of measurement  which have  been at ta ined.  

To be published in Acta Cryst. 

l(ii).3. Quant i ta t ive  m e t h o d  for d e t e r m i n a t i o n  of 
f ibre t ex ture  in w ire s .  B y  V. SY~CESEK, Institute of 
Technical Physics of the Czechoslovak Academy of Sci- 
ences, Prague, Czechoslovakia. 
An X- ray  diffraction method  is described for the  

quan t i t a t ive  de terminat ion  of the fibre tex ture  in 
cylindrical  specimens (wires), which does not  require 
specimen preparat ion.  The in tegrated in tens i ty  is mea- 
sured from a certain atomic plane in the direction parallel 
to the plane determined by  the axis of the wire and by  
the direct  beam for different orientat ions of the axis  
of the wire. These measurements  can be carried out  in 
practice using a counter  diffractometer  or Weissenberg 
goniometer.  The pole figure is determined from the  
dependence of the diffracted in tens i ty  on the or ientat ion 
of the wire after  correcting the intensit ies for the absorp- 
tion. The geometric a r rangement  enables the absorpt ion 
factor to be calculated analyt ical ly .  The method  is ap- 
plied to the tex ture  de terminat ion  of a drawn copper  
wire using Weissenberg goniometer.  

To be published in Czech. J. Phys. 

l(ii).4. T h e  d e t e r m i n a t i o n  of the  preferred o r i e n t a -  
t ion in a m e t a l  sheet .  By.  I. H.  HA~DWICH, Research 
Department, A.E.I. (Manchester) Ltd., Trafford Park, 
Manchester, 17, England. 
The measurement  of the preferred or ientat ion in a 

meta l  sheet  using an X- ray  diffractometer  wi th  a scintil- 
lat ion counter  detector  is described. 

May be offered to the Brit. J. Appl. Phys. 

1 (ii).5. E i n  l o c h s t r e i f e n g e s t e u e r t e s  Z / ih lrohrspektro-  
m e t e r  fiir Einkris ta l le .  Von W. HoPPE & E. BERKL, 
A bteilung fi~r RSntgenstrukturf orschung am Max-Planck- 
Institut fi~r Eiweiss- und Lederforschung, Mi~nchen 2, 
Deutschland. 
Die Geometrie des Goniometers er laubt  die vollst~ndige 

Vermessung aller Reflexe des reziproken Gitters mi t  einer 
einzigen Kris ta l l just ierung.  Dami t  k6nnen aueh Mes- 
sungen der anomalen Streuung ohne ~ n d e r u n g  der  
Kris ta l lor ient ierung vorgenommen werden. Die Eingabe 
der Winkelwerte  erfolgt fiber einen Lochstreifen;  die 
Wer te  werden als Komplementwer te  in die beide'n zwei 
elektronischen Z~thler eingegeben, die auch (in der Quarz- 
uhr  und im Impulsz~hler) ffir die Messungen selbst ver- 
wendet  werden. Der Antr ieb der Winkeleinstel lung er- 
folgt durch Impulsmotore ,  wobei Licht impulse  solange 
geziihlt werden, bis die Ziihler aufgeffillt werden. Die 
gleichzeitige Ziihlung in beiden Z~thlern bewirkt  eine hohe 
Sicherheit  und eine st~ndige Prfifung der elektronischen 
Zi~hler (fiber Koinzidenzschal tungen).  Die Messung selbst 
erfolgt in Scinti l lationsz~hlern nach der Ab tas tme thode ;  
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das  Ger~t bes t immt  au tomat i sch  seinen Messbereich. Die 
Ausgabe der  Resul ta te  erfolgt auf Lochstreifen.  

Probab ly  will be published in Z. angew. Phys. 
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1 (ii). 6. F o u r i e r -  and anisotropic  t emperature  factor-  
pro~,rammes  for var ious  computers  (IBM 650 
and 704, S i e m e n s  2002) .  By R. HILDEBRAND & TH. 
H A ~ ,  Mineralogisches Institut der Universitdt, Frank. 
furt am Main, Deutschland. 
General three-dimensional  Four ier -programmes have  

been  wr i t t en  for the IBM 704 and the new compute r  
Siemens 2002. They  are applicable to any  symmet ry .  
The  number  and  positions of the two-dimensional  sec- 
tions as well as the s tep-width within the sections m a y  be 
chosen. I t  is possible to calculate specified parts  of the 
sections. Only s t ruc ture  factors wi th  F =~ 0 need be pu t  in. 

A short  description of the  Siemens-computer  will be 
given. The computa t ion  times and efficiency of these 
programmes and  of similar calculations on the IBM 650 
are  discussed. 

P rogrammes  for the calculation of isotropic and 
anisotropie t empera tu re  factors for the  IBM 650 are 
described and  an extension of Sayre 's  IBM 704 least- 
squares p rogramme X R 2  to anisotropic t empera tu re  
factors is given. Some experiences gained in the refine- 
m e n t  of hexagonal  crystals, par t icular ly  wi th  respect to 
off-diagonal terms,  are discussed. 

I t  is in tended  to publish the results in Zeitschrift fiir 
Kristallographie and Neues Jahrbuch fi~r Mineralogie, 
Monatshefte .  

1(ii).7. S o m e  supp lementary  crys ta l lographic  pro-  
g r a m m e s  for the IBM 704 computer .  By Jo~N A. 
SLITEI~ (% J .  LAWRENCE KATZ, Physics Department, 
Rensselaer Polytechnic Institute, Troy, N .Y . ,  U.S.A. 
Some programmes  have  been wr i t t en  as supplements  

to  the  usual  Fourier ,  s t ruc ture  factor  and least-squares 
calculat ions now available for the  IBM 704 computer .  

The first p rogramme is a modif icat ion and extension 
of R. G. Treut ing 's  p rogramme (Abstract  of Pape r  a t  
Cornell Universi ty ,  A.C.A. meet ing,  Ju ly  1959) to com- 
pute  electron densi ty  summat ions  on any  general  inclined 
plane th rough the un i t  cell. This is available for all crystal  
sys tems and is suitable for an 8 K memory .  

Second is a peak search programme for three dimen- 
sional Fourier  sums. This p rogramme searches for the 
t rue  max imtun  of the Four ier  sum, within  a pre-deter-  
m i n e d  accuracy,  in the  neighbourhood of the highest  
gridpoint .  Since all reflections mus t  be kept  in core 
m e m o r y  a 32K m e m o r y  is recommended.  

The th i rd  p rogramme determines  the max ima  of peaks 
on  two-dimensional  summations.  I t  makes  use of the 
elliptic paraboloid approximat ion  of J .  Ladell  & J .  L. 
Ka tz  (Aeta Cryst. (1954), 7, 460). A 4 K  m e m o r y  is suffi- 
c ien t  for this programme.  

The applicat ion and ut i l izat ion of these programmes 
in crystal  s t ruc ture  analysis will be discussed. 

l(ii).8. P l a n n i n g  of o p t i m u m  and general ized  S.F.  
p r o g r a m s  for m e d i u m  size computers .  By F. R. 
AHMED, Division of Pure Physics, National Research 
Council, Ottawa 2, Canada. 
Generalized crystal lographic programs which are ca- 

pable of computa t ion  in any  space group have  been 
prepared  in this laboratory  first for a large compute r  
(Ferrant i  Mark I I  wi th  over 15,000 words memory)  and 
then for a m e d i u m  size compute r  (IBM 650 wi th  d rum 
storage capaci ty  of only 2,000 words);  they  have  been 
employed successfully for the past  few years. An account  
of the principles employed in p rogramming  for the  large 
computer  have  been repor ted  by  F. :R. Ahmed & W. H 
Barnes (Acta Cryst. (1958), 11, 669). The same basic 
principles, with only minor  changes, have  been followed 
in the prepara t ion of mos t  of the  programs for the  
m e d i u m  size computer .  However ,  a new scheme has been 
int roduced in planning the s t ruc ture  factor  program for 
the IBM 650 in order to enable the machine  to compute  
the geometric pa r t  of the s t ruc ture  factor according to 
the ma themat i ca l  form requir ing the  least n u m b e r  of 
ar i thmet ica l  operations. This op t imum scheme for per- 
forming the computa t ion  has proved to be pract ical  and 
worthwhi le  for m e d i u m  size computers  w i thou t  any  loss 
in the general i ty  of the program. 

The program is buil t  up of a n u m b e r  of blocks of 
instructions,  and  each block performs one simple opera- 
tion. There are as m a n y  of these blocks as would be 
required by the most  complicated S.F. expression. The 
subroutines corresponding to the par ts  of the flow dia- 
g ram which are common to all space groups are per- 
m a n e n t l y  joined together,  while those for the  variable  
parts  of the flow diagram are assembled by arranging as 
m a n y  of the available blocks as are required in the order 
appropr ia te  to the S.F. expression. This assembly is 
easily performed according to a short  list of var iable  
instruct ion cards which govern the  flow of the  computa-  
t ion and the data.  

To be published in Acta Cryst. 

1 (ii).9. S o m e  c o m m e n t s  on the theory  of least  squares  
and the tes t ing  of s tat i s t ica l  hypotheses .*  By WAL- 
TER C. HAMILTON, Chemistry Department, Brookhaven 
National Laboratory, Upton, L.I.,  N . Y . ,  U.S.A. 
The ref inement  of crystal  s t ructures  by least-squares 

methods  i s  becoming more  and more  commonplace ;  
lmfor tunate ly ,  the  weal th  of informat ion obtained in 
such ref inements  is often incompletely  or sometimes 
incorrect ly used. The following points will be discussed: 

(1) I t  is often incorrect ly  s ta ted t ha t  an assumpt ion 
of a normal  dis t r ibut ion funct ion for the  observat ional  
errors is necessary for cer tain results of the least-squares 
theory  to be valid. The theory  of least squares depends 
in no way  on the  use of a nolznal dis tr ibut ion function,  
and,  in par t icular ,  it can be shown tha t  the  mean  value 
of the  weighted sum of squares of the residuals is equal  
to the number  of degrees of f reedom and  t ha t  the  mat r ix  

* Research performed under the auspices of the U.S. 
Atomic Energy Commission. 
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of the  normal  equations provides an unbiased est imate 
of the variance-covariance matr ix  of the parameters  for 
any  distr ibut ion with finite second moments .  

(2) The difference between marginal  s tandard  devia- 
tions and  condit ional  s tandard  deviat ions will be dis- 
cussed; in particular,  a wider use of Hotel l ing's  T ~ 
statistic for mul t ivar ia te  distr ibutions is urged. 

(3) The various 'R factors' and their  distr ibutions will 
be discussed. For  example,  we migh t  ask if an R factor 
of 0.05 is more significant than  one of 0-10 for a particular 
s t ructure  determinat ion.  (Frequently,  it is not.) 

(4) Finally, some of the  points discussed above will be 
i l lustrated by a correct de terminat ion  of a best least- 
squares plane. 

Amplified portions of this paper  have been or will be 
submi t ted  to Acta Cryst. 

l(ii).10. A n  i m p r o v e d  m e t h o d  and c o m p u t e d  tables  
for accurate  d e t e r m i n a t i o n  of axial  ratio and lat-  
t ice  s p a c i n g s  of c l o s e - p a c k e d  h e x a g o n a l  m e t a l s  
and al loys .  By T. B. MASSALSKI & H. W. KING, Mel- 
lon Institute, Pittsburgh 13, Pennsylvania, U.S.A. 
Withdrawn.  

l ( i i ) . l l .  N e w  m e t h o d s  for d e t e r m i n a t i o n  of s m a l l -  
ang le  in tens i ty  d i s tr ibut ion  f r o m  m e a s u r e d  
intens i t i e s .  By V. SYNESE~ & M. SIM-E~SK~, Institute 
of Technical Physics of Czechoslovak Academy of Sciences, 
Prague, Czechoslovakia. 
A me thod  of the  small-angle intensi ty  measurement  

has been developed in which the in tegrated scat tered 
intensi ty  is measured along the lines parallel to the trace 
of the  direct beam of arbi t rary intensi ty  distr ibution and 
of negligible width.  The obtained intensi ty  distr ibution 
E(x) is identical wi th  the in tensi ty  distr ibution J(x) 
measured by the  usual technique in the points on the 
equator  line by using the infinite direct beam of uniform 
intensi ty  (will be published in Acta Cryst. (1960)). The 
radial in tensi ty  distr ibut ion I(x) can be derived therefore 
from E(x) by the exact  expression derived by Guinier & 
Fournet .  To evaluate this expression it is necessary to 
carry out  the  integrat ion of a set of curves constructed 
from E'(x)/x on a deformed scale. A rapid graphical 
m e t h o d  of plot t ing these curves is described and its 
accuracy is proved on an example.  I t  is further  shown tha t  
I(x) can be de te rmined  in principle directly from t h e  
analogous curves constructed from E(x). 

The exact der ivat ion of the unsmeared diffraction 
pa t t e rn  in a general case of a non-radial  in tens i ty  dis- 
t r ibu t ion  can be done from the same intensi ty  meas- 
urements  carried out  for different orientations of the 
sample obta ined by turning it about  an axis parallel 
to the  direct  beam propagation.  

To be published in Czech. J. Phys. and in Acta Cryst. 

l(ii).12. Coherent  diffraction in tens i t i e s  f r o m  dis -  
torted crys ta l s .  By J.  M. COWLEY, Division of Chemi- 
cal Physics, Chemical Research Laboratories, C.S.I.R.O., 
Melbourne, Australia. 
By taking into account  the  geometry  of a diffraction 

ins t rument  we m a y  calculate the  coherence function 
which specifies to wha t  ex ten t  portions of a sample in 
a plane perpendicular  to the beam direction mus t  be 
considered as diffracting coherently.  Usually the  half 
width  of this coherence function, which we call the 
'coherence range' ,  is of the  order of 1/10 to 1/ ,  for prac- 
tical X-ray and electron diffraction experiments.  

In  calculating the  diffraction intensities from ben t  or 
otherwise distorted crystals for which appreciable bending 
takes place wi thin  the  coherence range it is incorrect to 
make  the  usual assumption tha t  intensities from areas of 
different or ientat ion can be added incoherently.  For  each 
coherent  region within  which the deviat ion from perio- 
dicity is no t  too great, the  contr ibut ion to the  total  
in tensi ty  is given by the  Fourier  t ransform of the product  
of the  Pa t te rson  funct ion for tha t  region and the  coher- 
ence function. 

When  a crystal is elastically bent ,  planes of atoms 
perpendicular  to the beam become compressed or ex- 
panded.  If  two layers of atoms with the same uni t  cell 
bu t  different amounts  of bending are projected in the 
beam direction it is seen tha t  the project ion of an a tom 
in one layer is displaced from the project ion of a corre- 
sponding a tom in the  other  layer by an amoun t  and direc- 
t ion which varies over the  coherence range. Diffraction 
from the two layers mus t  therefore be considered par- 
t ially incoherent .  Hence  the effect of a combinat ion of 
coherence in directions perpendicular  to the beam and 
a bending of the crystal is to introduce incoherence be- 
tween layers of atoms separated in the beam direction. 

This concept has been used to explain successfully a 
number  of exper imental  observations including: 

(1) Anomalies in line profiles in X-ray  diffraction 
pat terns  of metahal loysi te  obtained by Brindley & 
Robinson (Min. Mat. (1948), 28, 393). 

(2) The f requent  occurrence of hexagonal ly symmetric ,  
single-crystal, electron diffraction spot pa t te rns  obta ined 
by Dr A. Goswami and the author  from monoclinic clay 
minerals. 

(3) The apparent  high degree of disorder present  in 
layer lattice crystals for which single crystal electron 
diffraction s tructure analyses have been made.  

Probably will be published in Acta Cryst. 

l(ii).13. M u l t i p l e  X - r a y  diffraction effects in dia-  
m o n d - t y p e  latt ices .  By m. COLE & F. W. C~MBERS, 
I B M  Research Laboratory, Poughkeepsie, N.Y. ,  U.S.A. 
Each t ime a new exper imenter  starts a diffraction 

s tudy using single crystals having a d iamond- type  lattice, 
he 'rediscovers' the  mult iple  diffraction (Renninger) 
effects a t  the  ' forbidden'  diffraction positions. In  order 



992 § l ( i i ) .  T E C H N I Q U E S  A N D  M E T H O D S  F O R  D I F F R A C T I O N  M E A S U ~ R E M E N T S  

to ease the  pa th  for later  discoverers, simple charts  have  
been prepared  which predict,  and index, the pa t t e rn  to 
be observed upon ro ta t ion  a round the diffraction vector,  
as a funct ion of a/A, for several ' forbidden'  reflections. 
These effects occur, of course, when  two, or more, 
reciprocal lat t ice points  are on the  sphere of reflection 
s imultaneously,  bu t  are most  easily observed if one of the 
reflections is very  weak.  The use of this effect as a 
sensit ive tool for measur ing the  lat t ice pa rame te r  in 
Ge, Si, and  GaAs will be shown, and  the  effects of various 
imperfections upon  the pa t te rns  observed will be dis- 
cussed. The existence of the weak,  bu t  true,  222 reflections 
in these systems will be commen ted  upon.  

Would  be submi t ted  to Acta Cryst. 

1 (ii)- 14. P r e s e n t  s t a t u s  o f  p r e c i s i o n  l a t t i c e  p a r a m e t e r  
d e t e r m i n a t i o n  by c o u n t e r  d i f f r a c t o m e t r y . *  By  
W. PAI~I~ISH & J.  LADELL, Philips Laboratories, Irving- 
ton-on.Hudson, N.Y. ,  U.S.A. 
The di f f ractometer  gives promise of becoming an ideal 

ins t rument  for the accurate  de te rmina t ion  of lat t ice para- 
m e t e r s .  To realize the complete  potent ial  of this tech- 

nique, pains taking a t t en t ion  mus t  be given to numerous  
factors in the ins t rumenta t ion  and methodology.  A sum- 
m a r y  will be presented  of the  factors t ha t  have  been 
solved and  those requir ing fur ther  s tudy  to achieve 
accuracies well beyond 0.01% which appears to be the 
present  l imit  of agreement  in film methods  (W. Parr ish,  
Acta Cryst. (1960), 13, in press). Recen t  advances  in 
precision ins t rumenta t ion  and  au tomat ic  da ta  collection 
and  processing have  made  it possible to record the  line 
profile and to measure  certain features to an accuracy of 
0.001 ° (20). For  example  line profiles are now recorded 
using a f ixed-t ime step-scanning method .  The angle and 
in tens i ty  da ta  are au tomat ica l ly  coded and  punched  into 
paper  tape direct ly  as the da ta  are accumula ted  a t  the 
X- ray  unit .  The tape  is then fed to a small electronic 
digital compute r  p rogrammed  to compute  the  centroid 
wi th in  a few minutes  of t ime using the 90% cut  me thod  
(J. Ladell ,  W. Parr ish  & J .  Taylor,  Acta Cryst. (1959), 
12, 253, 561, 567). Thus the principle exper imenta l  and  
computa t iona l  difficulties have  been overcome. 

I t  will be shown tha t  various commonly  used measures  
of the  reflection angles such as the mode,  bisectors-of- 
chords, etc., wi th  the same or different wavelengths  do 
not  lead to a unique value  of the  lat t ice parameter .  
This results from a type  of systemat ic  error which has 
its origin in the  in teract ion or folding of the intrinsic 
diffr~cti0n profile, the ~berrati0n&l functions and the 
spectral  line profiles, and is not  e l iminated by the use of 
ext rapola t ion procedures.  The centroid me thod  can now 
be used to account  for the distortions arising from the  
aberrat ions and  the  diffraction process, thereby  re- 
moving  these systemat ic  errors. However ,  one of the  
mos t  impor t an t  remaining problems is the lack of 
knowledge of the full intrinsic spectral  distr ibution.  
Work  is in progress in collaboration wi th  the  X- ray  
spectroscopists to acquire a fur ther  unders tanding  of this 

* This research was supported by the United States Air 
Force through the Office of Scientific Research (ARDC). 

problem. Some of the  theoret ical  difficulties in obta in ing 
the necessary spectral  da ta  will be discussed. 

Probab ly  will be published in Acta Cryst. 

l(ii)'15. T h e  p r e c i s i o n  m e a s u r e m e n t  of l a t t i c e  p a r a -  
m e t e r s .  By A. FRANKS, National Physical Laboratory, 
Teddington, Middx, England. 
The Nat ional  Physical  Labora to ry  is par t ic ipa t ing  in 

the project  sponsored by  the  In te rna t iona l  Union of 
Crystal lography,  to de termine  the  accuracy wi th  which  
lat t ice parameters  can be measured.  

The first objective of this work was to produce a cam- 
era in which the ins t rumenta l  and sys temat ic  errors are  
reduced to a m in imum and  in which a high precision in 
the  measu remen t  of line position can be achieved.  A back  
reflection focusing camera  offers one of the  best  means  
of reducing or el iminat ing systemat ic  errors and a camera  
has been designed and  cons t ruc ted  according to met-  
rological principles so t ha t  the diffraction angles can he 
measured  to an accuracy of a few seconds of arc. The  
error in the lat t ice constant ,  result ing from this l imita- 
t ion in the precision of angular  measu remen t  is about  
1 par t  in 106, which is less than  the effect of such factors 
as the uncer ta in ty  of the X- ray  wavelength .  Errors  duo 
to uneven  film shrinkage have  been el iminated or ve ry  
much  reduced and  the form of the specimen is such t h a t  
the horizontal  and  vert ical  divergence of the  beam do 
not  cause any  line shift. The specimen is accura te ly  
posit ioned with an optical indicator  and its t empera tu re  
is controlled to 0.05 °C. The X- ray  source is a demount -  
able semi-microfocus tube  and the radia t ion is mono- 
chromat ized by reflection from a ground and ben t  quar tz  
crystal.  

P robab ly  will be published in Brit. J. Appl. Phys. 

1 (ii). 16. E x p e r i m e n t a l  f a c t o r s  a f f e c t i n g  t h e  a c c u r a c y  
of s i n g l e - c r y s t a l  i n t e n s i t y  m e a s u r e m e n t s  b y  c o u n -  
t e r  m e t h o d s .  By LEROY E. ALEXANDER & GORDON S. 
SMrr~r, Mellon Institute, Pittsburgh 13, Pennsylvania, 
U.S.A. 
When  a small s ta t ionary  crystal  is i r radia ted  by  a 

broad X- ray  source, diffraction occurs s imul taneously  
from the entire crystal.  The in tens i ty  profile of the  dif- 
f racted ray  is the  convolut ion of the crystal  size, mosa- 
icity, and spectral  dispersion functions.  The area under  
this ' s ta t ionary '  profile we shall designate ]g. W h e n  the  
crystal  rotates  th rough its angular  range of Bragg re- 
flection, this ' s ta t ionary '  diffraction profile scans the  
source, kinet ical ly generat ing a somewhat  broadened and  
smoothed image of the source profile, The ~re~ under this 
'kinetic '  profile is a measure  of the in tegra ted  reflec- 
t ion intensi ty,  IA. 

Theory  and exper iment  both  demons t ra te  t ha t  as 0 
increases, the  rat io IA/IH is at  first cons tant  and equal to 
(IA/IH)o, then  begins to increase at  in te rmedia te  Bragg 
angles where,  due to he ightened spectral  dispersion, the  
degree of overlap of the  al  and  a 2 source images has 
become small. At  still larger O's the ratio (IA/IH)/(IA/IH)o 
continues to increase to approximate ly  1.5 for complete  
resolution of the al  profile, and finally a fur ther  increase 
is observed due to dispersion wi th in  the al  profile itself. 
The par t icular  form of the curve of IA/IH v e r s u s  0 has 



§ l ( i i ) .  T E C H N I Q U E S  A N D  M E T H O D S  F O R  D I F F R A C T I O N  M E A S U R E M E N T S  

a marked  dependence upon the  exper imental  conditions, 
being principally a funct ion of the  ' take-off '  angle, 
radia t ion employed,  crystal size, and crystal mosaicity.  
Therefore, to exclude errors arising from spectral dis- 
persion it is r ecommended  tha t  IA ra ther  than  IH mea- 
surements  be employed,  wi th  the  possible exception of 
the  region of constant  IA/IH at  the lower Bragg angles. 

A semiquant i ta t ive  t r ea tmen t  will be given of the 
geometrical  and other exper imental  factors determining 
the  diffraction profiles and affecting the  reliability of 
their  measurement .  The predictions will be compared 
with exper imental  results for crystals of four compounds 
obta ined wi th  an Euler ian cradle apparatus and pro- 
port ional  counter.  

The full account  of this work is likely to appear in 
Acta Cryst. or Rev. Sci. Instrum. 

l(ii).17. T h e  a c c u r a c y  of m e a s u r e m e n t  of the  i n t e n -  
s i ty  of X - r a y  r e f l e c t i o n s  by  p h o t o g r a p h i c  m e t h o d s .  
By J.  W. JEFFERY & K.  M. ROSE, Birkbeck College, 
Crystallography Laboratory, London, W.C. 1, England. 
Pho tome t ry  of spots on an integrat ing Weissenberg 

film has been chosen, after trials of other methods,  as 
the  best photographic me thod  of measuring intensities. 

Wi th  considerable care it is possible to confine the  
sources of error effectively to:  (i) absorption in the crys- 
tal; (ii) the  film and its deve lopment ;  (iii) non-uniform- 
i ty of film background.  The lat ter  is mainly  caused by 
variat ion along the  Laue streak for low-angle reflections. 
For  this reason Cu Ka radiat ion was chosen as more 
suitable than  Mo Ka for measuring intensities photo- 
graphically.  

Up to a m a x i m u m  densi ty of 1.2 the s tandard  deviat ion 
of errors due to the film and its deve lopment  can be 
reduced below 1% of this maximum.  

To minimize absorption errors spherical crystals of 
Whit locki te  

Caa(PO4) 2 (#=274  for C u K a )  
and  

Co[Hg(CNS)4] (/~ =480) 

were ground to a d iameter  of about  0.2 ram. The exact 
size and a measure of the imperfections were obtained 
by photomicrography.  

Both  crystals were of high symmet ry  so tha t  a satis- 
factory test  of the  accuracy achieved was obtained by 
comparison of symmet ry  equivalent  reflections. Whit-  
lockite (R-3c) gave 10 sets of 16 equivalent  reflections on 
the  same film and Co[Hg(CNS)4] (14) a larger number  
of sets of 5 or 6 reflections. 

Errors due to small irregularities of shape were shown 
theoretically to be proport ional  to the intensi ty  of re- 
flection and the  absorption coefficient. The results for 
the two spherical crystals were in agreement  with the 
theory  and, by extrapolation,  showed tha t  for a similar 
near-spherical crystal of /~ = 10, crystal errors should be 
negligible compared with film errors. For  such a crystal 
the  s tandard  deviat ion of symmet ry  equivalent  reflec- 
t ions should be less than  1% of the  m a x i m u m  intensi ty 
measured.  Highly symmetr ical  organic crystals are being 
used to check this conclusion and the results will be 
reported to the Congress. 

The main  paper  will be submi t ted  to Acta Cryst. 
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A description of the  pho tomete r  and its performance 
will be submi t ted  to J. Sci. Instrum. 

1 (ii). 18. A t o m i c  s c a t t e r i n g  fac tors  for  Na+, Ne  and F -  
f r o m  p o l y - d e t o r  w a v e  f u n c t i o n s .  B y  B. DAwson,  
Division of Chemical Physics, C.S.I.R.O., Chemical 
Research Laboratories, Melbourne, Australia. 
Bernal  & Boys'  (Phil. Trans. (1952), A, 245, 139) 

poly-determinanta l  calculations for Na +, Ne and F -  yield 
atomic wave functions with total  energies significantly 
lower than  those from Har t r ee -Fock  calculations, the  
experimental ,  poly-detor  and Har t r ee -Fock  energies (in 
Har t ree  units) being: for Na +, -162.126,  - 161.8784, 
- 161.8; for Ne, - 129.03, - 128.6920, - 128.5431; for 
F- ,  -99"9374, -99.5279,  -99"4591. Atomic scattering 
factors for the  poly-detor  functions have  been evaluated 
analytically to assess the  influence on Har t r ee -Fock  
f-curves of correlation effects not  considered in the  self- 
consistent field me thod  with exchange. The f-curves of 
Na + and Ne obtained from the two methods  are in good 
agreement,  bu t  those of F -  differ. The differences are 
related to the  different values of r 2, the  mean-square  
atomic radius, given by the  poly-detor  and Har t r ee -Fock  
radial charge densities, wi th  the poly-detor  result provid- 
ing a theoretical  molar  diamagnet ic  susceptibili ty in 
closer agreement  with the  exper imental  (solid-state) value 
than  is the  Ha r t r ee -Foek  result. 

The Har t r ee -Fock  and poly-detor  charge distributions 
for F -  are considered in terms of Krug, Wi t te  & W61fel's 
(Z. Phys. Chem. (1955), 4, 36) exper imental  da ta  for LiF. 

To be published in Acta Cryst. 

1 (ii). 19. E x p e r i m e n t a l  a t o m i c  s c a t t e r i n g  f a c t o r s  and  
a n o m a l o u s  d i s p e r s i o n  c o r r e c t i o n s  for  Th ,  U,  and  
Pu.*  By R. B. RooF, J~., Los Alamos Scientific Labo- 
ratory, University of California, Los Alamos, New 
Mexico, U.S.A. 
Exper imenta l  atomic scat ter ing factors have  been 

de te rmined  for Th, U, and Pu with MoKa, CuKa, FeKa,  
and Cr K a  X-radiat ions.  The Thomas-Fe rmi -Di rac  scat- 
tering curves were used as a theoretical basis, and the 
difference between the  exper imental  and TFD curves 
was taken as a measure of the  anomalous dispersion 
correction. 

As a result of de termining the scattering factors for 
Th, U, and Pu from experimental  samples of ThO2, UO2, 
and PuO2, the  scattering factor for oxygen was also 
determined.  The exper imental ly  derived scattering curve 
for oxygen is in good agreement  with the  theoretical  
scattering curve for oxygen according to McWeeney. 

Calculated values for A f" and Af", the  real and imag- 
inary portions of the anomalous dispersion correction are 
compared with exper imental  values for these quanti t ies.  
Agreement  can be described as semi-quant i ta t ive  since 
the experimental  terms are of the  same order of magni- 
tude and have the same signs as those indicated by theory.  

To be submit ted  for publicat ion to Acts Cryst. 

* Work done under the auspices of the United States 
Atomic Energy Commission. 
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l(ii).20. O n  the  e l e c t r o n  d i s t r i b u t i o n s  in  d i a m o n d  
and  s i l i c o n  at d i f ferent  t e m p e r a t u r e s .  By S. GSTT- 
LICm~, I-I. WITTE & E. WOLFEL, Eduard-Zintl-Institut, 
Technische Hochschule Darmstadt, Darmstadt, Deutsch- 
land 
In tens i ty  measurements  on powder  samples and single 

crystals of d iamond and  silicon a t  different t empera tures  
show tha t  the bonding mechanism in these lattices causes 
two effects: 

(1) The measured  s t ruc ture  factors fexp. 111 and 331 
are higher,  whereas fexp. 311 and 400 are lower compared  
wi th  the theoret ical  ones (.ftheor.) as calculated with elec- 
t ron dis t r ibut ion according to Har t ree .  The deviat ions 
are in the range of 0.1-0-2 (per atom) whereas the ex- 
per imenta l  errors are in the range of 0"01 (for diamond)  
and 0-03 (for silicon). 

(2) The ' forbidden'  reflection 222, which has the same 
order of magn i tude  as the deviat ions ment ioned  above. 

For  222 the  phase problem can be solved and three- 
dimensional  electron distr ibutions @(xxz) for the plane xxz 
have been calculated usingf,.~p, at  different tempera tures .  
Fur ther ,  difference Fourier  synthesis with (fexp.--ftheor.) 
as coefficients have  been calculated.  F rom difference 
synthesis the displacements of the bonding electrons 
compared with  Har t ree-dis t r ibut ions  will be discussed. 
They  can be described by addi t ional  charge distr ibutions 
be tween neares t  neighbours.  To get  a be t te r  idea of the 
electron dis tr ibut ion in diamond,  the model  according to 
E w a l d - H 6 n l  calculations was used for comparison. I t  can 
be shown tha t  the axial -symmetr ical  charge between 
neighbouring atoms contains 0.42 electrons, whereas the 
radial  symmetr ica l  torso of the atoms contains 2 K- and  
3.16 L-electrons. The electron distr ibutions of these dif- 
ferent  par ts  will be discussed a t  various temperatures .  

l(ii).21. V a r i a t i o n  of e x t i n c t i o n  w i t h  X - r a y  w a v e -  
lenl~th. By J .  J .  DEMARCO & R. J .  WEISS, Materials 
Research Laboratory, Ordnance Materials Research Office, 
Watertown, Massachusetts, U.S.A. 
A s tudy  of the effect of ext inct ion as a function of X- ray  

wavelength  has been made  on copper and  iron powders 
by  compar ing the rat io of the in tegra ted  intensities of 
the first Bragg reflection from unannea led  samples to 
tha t  from annealed  samples. 

Unannea led  and  annealed compressed samples in the 
form of briquets  were made  from 5 micron size carbonyl  
iron powder,  400 mesh pure  iron filings and 5 micron size 
copper powder.  The samples were annealed in vacuum 
for one hr.,  the  iron briquets  at  850 °C. and  the copper 
a t  700 °C. 

Measurements  were made  at  seven wavelengths,  A g K %  
Me K s ,  Cu Kfl, Cu K s ,  N i K a ,  Co Ka and Cr Ka on an 
X- ray  di f f ractometer  wi th  a scintillation detector .  

The observed ratios and  the corresponding wavelengths  
are:  

;t (A) Cu (5/~) Fe (5/~) Fe (400 mesh) 

Cr Kc~ (2.291) 1.47 3.64 2.22 
C o K a  (1.791) 1.37 3.19 1.83 
Ni Ka (1.659) 1.30 1.54 1.47 
Cu Kc~ (1.542) 1.26 1.61 1.49 
Cu Kfl (1.392) 1.22 1.93 1.72 
Me K a  (0.710) 1.16 1.92 1.34 
Ag K s  (0.561) 1.10 1.57 1.25 

The observed da ta  could no t  be f i t ted to any  of the  
s tandard  p r imary  or secondary ext inct ion corrections, 
a l t h o u g h  the  p r imary  ext inct ion correction (W. H.  
Zachariasen,  Theory of X-ray D{ffraction in Crystals 
(1945), eq. 3.167. New York:  Wiley) A / t a n h A  f i t ted 
quite well in regions where the absorption is no t  high.  

1 (ii).22. E x p e r i m e n t a l  d e t e r m i n a t i o n  of a t o m i c  s c a t -  
t e r i n g  fac tors .  By B o r i s  W. BATTERMAN, Bell Tele- 
phone Laboratories, Incorporated, Murray Hill, New 
Jersey and  DAVID R. CHIPMAN & J.  J .  DEMARCO, Ord- 
nance Materials Research Office, Watertown, Massachu- 
setts, U.S.A. 
Accurate  in tensi ty  measurements  of low order Bragg  

reflections can give impor tan t  information on the ou te r  
electron configurat ion of elements  in the solid state.  
I t  is our opinion tha t  such measurements  cam~ot be m a d e  
with  single crystals because ext inct ion effects ca lmot  be  
reliably el iminated.  Measurements  of powder  specimens, 
in addi t ion to extinct ion,  have  other  sources of error, 
viz. surface roughness absorption and preferred orienta- 
tion. However ,  it is possible by independent  checks to  
show if all these t~lown sources of error are negligible. 
Ext inc t ion  can be el iminated by using cold worked pow- 
ders wi th  part icle sizes the  order of several microns.  
Preferred or ientat ion can be checked by  compar ing the  
intensities of different orders as a funct ion of a m o u n t  
of compression of a powder  br iquet .  Surface roughness 
can be checked by  compar ing the  fluorescence scat ter ing 
at  low angles from the powder  specimens with  tha t  from 
a highly polished piece of the same mater ia l .  Al though 
there  is no reliable way  of correcting for any  of these 
effects if present,  one can accurate ly  ascertain the i r  
absence. 

Since pr imary  beams are too intense to count  direct ly,  
powder  measurements  are usually repor ted relat ive to a 
s t andard  scat terer  for which the theoret ical  scat ter ing 
factors are assumed accurate .  We have  used two tech- 
niques to measure  p r imary  beam intensities in order  to 
present  powder  intensities on an absolute basis. In  the  
first me thod  the p r imary  beam is a t t enua ted  by a set of 
judiciously selected absorbers whose individual  a t tenua-  
t ion factors can be measured directly.  The second me thod  
employs Bragg reflection from a highly perfect  crystal  
as an a t t enua tor .  The reflecting power of the crystal  is 
separately measured  with  a double crystal  spectrometer .  
The narrow reflecting range of the crystal  allows in effect 
a measu remen t  of the pr imary  beam in a series of small 
countable  steps. These techniques have  been applied to 
measurements  on iron, copper and  a luminum powders.  

The results of these measurements  will be submi t t ed  
for publicat ion in the Phys. Rev. 

1(ii).23. M e a s u r e m e n t  of the  X - r a y  a t o m i c  s c a t t e r i n g  
fac tors  of iron,  c o p p e r ,  and  a l u m i n u m .  By DAWD 
1~. CHIPMAN & JOHN J.  DEMARcO, Ordnance Materials 
Research Office, Watertown, Mass., and  BoRIs W. BAT- 
TERM~, Bell Telephone Laboratories, Incorporated, Mur- 
ray Hill, New Jersey, U.S.A. 
Measurements  of the  scat ter ing factors of iron and  

copper were recent ly  reported (1%. J .  Weiss & J . J .  
DeMarco, Rev. Mod. Phys. (1958), 30, 59; B. W. Bat ter-  
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man,  Phys. Rev. (1959), 116, 81; Y. Komura,  Y. Tomiie 
& R. Nathans,  Phys. Rev. Letters (1959), 3, 268) in the  
l i terature in an a t t emp t  to provide some information on 
the  distr ibution of 3d electrons in the  metallic states of 
these elements.  Since the  reported measurements  were 
no t  consistent with one another,  we have a t t empted  to 
repeat  these measurements  choosing experimental  para- 
meters  to minimize the  corrections in reducing the ex- 
per imenta l  X-ray intensities to atomic scattering factors. 
Samples were made  from iron, copper, and a luminum 
powders having particle sizes in the  range of 5-10 
microns. For  each material ,  about  six samples were 
pressed using pressures varying from one just  sufficient 
to form a compact,  to one strong enough to cause marked  
flowing of the  metal .  Following procedures outl ined 
earlier (B. W. Ba t t e rman ,  D. R. Chipman & J.  5. 
DeMareo (Abstract, this meeting)),  extensive tests were 
then  made  to discover which, if any, samples showed 
negligible effects of surface roughness, preferred orienta- 
tion, and extinction.  The integrated intensities of the first 
six to eight reflections of each of the  selected samples 
were then  measured with monochromat ic  Mo Ka radia- 
tion. The relative intensities of the lowest order iron, 
copper, and a luminum reflections gave ratios of experi- 
menta l  atomic scattering factors in good agreement  wi th  
values calculated for the free a tom and confirm the 
exper imental  ratio of iron to copper previously measured 
(B. W. Bat te rman,  Phys. Rev. (1959), 116, 81) with 
monochromat ic  Fe K s  radiation. However,  an absolute 
s tandardizat ion of the X-ray intensi ty is necessary to 
unambiguously define the  electron distr ibution in any 
single element.  We are therefore reducing the  measured 
relative intensities of iron, copper, and a luminum to 
absolute values. The results of two independent  methods  
of s tandardizat ion will be presented.  

These da ta  will be submi t ted  for publicat ion in the  
Phys. Rev. 

§ 2. Recent  progress  in structure 
determinat ion  

2.1. A p p l i c a t i o n  of a d i r e c t  sip, n - d e t e r m i n i n g  m e t h -  
od  b a s e d  u p o n  F o u r i e r  s e r i e s  to  m e l l i t i c  ac id .  By 
A. BEZJAK, Department for Structural and Inorganic 
Chemistry, Institute Rudjer B o ~kovi g, Zagreb , Yugoslavia. 
The direct s ign-determining me thod  based upon Fourier  

series has been described by the author  (A. Bezjak, Acta 
Cryst. (1959), 12, 765) and now applied to the projections 
(100) and (001) in the  de terminat ion  of the structure of 
mellitic a c i d .  

A prel iminary report  on crystallographic and X-ray 
measurements  on mellitic acid as well as the general 
feature of the  structure will be published short ly by 
A. Bezjak & D. Grdenid (Nature, in press). 

Of the functions proposed it was necessary and possible 
to use G(H, ~), G(H 1, ~) for one-dimensional  case and 
Gcc(H, H1, ~) and Gcss(H, H, H 1, ~) for two-dimensional  
case, where H refers to 010 and H1 to h00 or 00l. 

The above functions are one-dimensional Fourier  series 
which, under  a chosen h or l, connected the uni tary  
s tructure factors U(hlcO) with U(hO0), and U(Okl) with 
U(OO1) through all k. 

The uni tary  s tructure factors were obtained by correct- 
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ing the  experimental  2'(hk0) and F(0/cl) with  tempera ture  
N 

factor and by dividing them with .Z, fi. By introducing 
1 

U(McO) and U(OIcl) into the corresponding G-functions 
and by varying their  signs the  necessary conditions for 
the functions G(H, ~) = O, Gcc(H, H1, ~) = 0 and 

Gcss(H, H, H1, ~ ) =  0 

within an interval  Grain. --< ~ -~< ~ were found. The value 
9~min. was  about  0.150. 

In  most  cases the functions depended upon three to  
four (five at  most) uni tary  structure factors and it was 
therefore necessary to calculate at  most  32 variations of 
one-dimensional Fourier  series for each function. 

According to theory the set of signs satisfying the above 
ment ioned  conditions could be considered correct. 

The functions for two-dimensional  cases did not  give 
the  signs directly but  only the connections of the  signs 
Shko to Shoo, and Sokz to Soot. 

Funct ions G(H 1, ~) connected U(hO0) through all h, 
and U(OOl) through all l, as well as their  signs. In  this 
way the signs of the moduli  of the structure factor related 
to the  projections (100) and (001) were definitely deter- 
mined.  

Of 44 observed I(hkO) 41 signs of the  corresponding 
F(hkO) and of 61 I(Okl) 56 signs F(Okl) were determined.  

With  those signs electronic densities on (100) and (001) 
were calculated. The structure factors calculated from the 
coordinates obtained from the electronic densi ty maps  
did not  change in signs obtained by means  of the me thod  
described. 

The application of this me thod  for the  three-dimen- 
sional solution of the  structure of mellitic acid is in 
progress. 

The full-length account  is likely to be published in 
Acta Cryst. 

2.2. A p p l i c a t i o n  of p r o b a b i l i t y  m e t h o d s  to  N - b e n z y l  
d i h y d r o n i c o t i n a m i d e .  By I. L. KA~LE, U.S. Naval 
Research Laboratory, Washington 25, D.C., U.S.A. 
The configuration of the dihydronicot ine ring is of 

considerable interest  in the coenzyme dihydrodiphos-  
phopyridine nucleotide (DP1WI-I). Therefore the structure 
of a simpler analogue, N-benzyl  dihydronicot inamide,  
C6HsCH2(CsHsN)CONH2, has been studied. The crystal 
is monoclinic wi th  

a=11.98 ,  b=5.82,  c=20.82,  f l=129.4 °, Z - - 4 ;  

space group P21/c. The crystals were very fine yellow 
needles and grew along the  b axis. Accordingly, three- 
dimensional  da ta  with Cu radiat ion were obtained only 
along the  b axis. The 2'2o were corrected for vibrat ional  
mot ion and placed on an absolute scale by means of a 
K curve. E values were then  obtained from the corrected 
F~0. 

The determinat ion  of initial phases using X 1 (H. Haupt -  
man  & J.  Karle, Solution of the Phase Problem I. (1953). 
A.C.A. Monograph) was somewhat  hampered  by the  fact 
tha t  the m a x i m u m  k index was four in the data  collected. 
To facilitate the  phase determinat ion,  some of the newer 
phase determining relationships derived on the basis of 
an algebraic analysis were employed.  After several initial 
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phases were well established, the  phases of all the other 
s t ructure  factors wi th  large E values were obtained 
directly from the 272 relation. 

The molecules lie near  the  200 and 102 planes. The 
d ihydronicot ine  ring is nearly planar and the CONHe 
group a t tached  to it is in the same plane. The benzene 
r ing is twisted considerably out  of the plane containing 
~he dihydronicot ine ring. 

To be published in Acta Cryst. 

2.3. T h e  s y s t e m a t i c  a p p l i c a t i o n  of s i g n  r e l a t i o n s  to 
3 - d i m e n s i o n a l  data .  B y  D. F. GRANT, R. HI,rE & 
J.  P. G. RICHARDS, Viriamu Jones Laboratory, Univer- 
sity College, Cardiff, Wales. 
The me thod  of Grant, I-Iowells & Rogers (Acta Cryst. 

11957), 10, 489) for the  application of sign relations to 
the plane groups pgg, pmg, p4g has been extended to 
.certain centrosymmetr ic  space groups. A programme for 
the  Ferrant i  'Pegasus'  computer  has been devised to 
.determine the products for each reflexion considered and 
~lso to search and record 'coincidences', i.e. the occur- 
rence of the  product  S(A)S(B)  in relation with several 
~erms S(C~), S(Ce) etc. The choice of arbi trary signs, the 
.correlation of the signs from the coincidences and the 
~terative process leading to a single set of signs are as 
.described previously. 

The application of this me thod  to the structures of 
anisic acid and 2,6-dinitro-p-toluic acid (both in the space 
group P2~/c) is described. The effect of changing the 
lower limit of I U[ for the  terms considered is discussed 
in relation to the numbers  of products and coincidences 
recorded, the  numbers  of signs obtained and the t ime 
involved.  

I t  is hoped to publish a full accotmt in Acta Cryst. 

2.4. T h e  u s e  of t h r e e - d i m e n s i o n a l  F o u r i e r  t r a n s -  
f o r m s  in  s t r u c t u r e  d e t e r m i n a t i o n s .  By H. P. STAD- 
LER, King's  College, Newcastle upon Tyne, 1, England. 
The fit t ing of Fourier  transforms of flat molecules to 

central  sections of the  reciprocal lattice is now a well 
establ ished aid in the determinat ion of crystal structures. 

The extension of the transform to upper  layers of the 
r.1. was first discussed by P. A. Kenyon  & C. A. Taylor 
(Acta Cryst. (1953), 6, 745) and can lead to a great  deal 
of addit ional  information:  

(1) the inclination of the molecules, 
(2) the  vector  distance between origins of different 

molecules, 
(3) the  signs of structure factors to be used in gener- 

alized projections, 

For  purposes of (1) and (2) above, consideration of the 
'origin peaks'  of the  transforms is particularly rewarding 
and  has been used in the determinat ion of the structures 
of pyranthrone,  d ibenzanthrone and iso-dibenzanthrone, 
each of which contains two independent  molecules in the 
unit  cell. 

Generalized projections with signs determined from the 
transfol~n fit of the flat par t  of the molecule have been 
used in the elucidation of the structure of the pyran- 
lhrone-sulphur ic  acid complex. 

A full length account is likely to go to Acta Cryst. 

2.5. O r d r e  l o g a r i t h m i q u e  des  d e n s i t ~ s  de p r o b a b i -  
litY. Par  E. F. BE~TA~T, JLaboratoire d'Electrostatique 
et de Physique du Mdtal, Insti tut Fourier, Grenoble, 
Trance. 

Si P(A1, A 2 . . . .  , A m ) d A l . . . d A m  est la probabilit6 
pour que les facteurs de structure normalis6s E~ soient 
compris entre A~ et A~ +dA~ (k = 1 . . . . .  m), l ' auteur  a 
6tabli ant6r ieurement  que la probabilit6 condit ionnelle 
P+(A1) que A 1 soit posit if, IA~f ( /c=l  . . . . .  m) 6rant 
connus, est 

-P+(A1) =½ +½Pi(A1)/Pp(A~) . 

Ici Pi(A1) et Pp(A1) d6signent respect ivement  la pat t ie  
impaire et la partie paire en A 1 de la densit6 de probabilit6 
P(A1 . . . . .  Am). 

Klug a r6cemrnent attir6 l'attention sur la n6cessit6 
d'ordonner judicieusement les. termes de la densit6 de 
probabilit6 P(A I ..... Am) en fonction de puissances N-k 
(N =nombre total d'atomes). 

On montre qu'il est beaucoup plus avantageux d'or- 
donner 

L(AI .... , Am) =log P(A I ..... Am) • 

On obtient les r6sultats suivants (I) ~ (5): 

(1) L(A 1 . . . . .  Am) peut  s 'ordonner  de telle sorte qu'/~ 
tm poly-n6me de degr6 k soit associ6 un ordre de grandeur  
e ~-~ (s = N-½). (Cela n 'est  pas possible avec P(A  1 . . . . .  Am)). 

(2) P(AI  . . . .  , A m ) = e x p  (L(A 1 . . . . .  Am)) 

sera toujours une fonction d6finie positive. 
(3) La probabilit6 P+(A1) pour que A 1 soit positif 

prend la forme 
P+(A~) =½ +½ th Li 

off Li est la part ie impaire en A1 de L(A 1 . . . . .  Am). La 
part ie paire Lp n ' in te rv ien t  pas. 

(4) On consid~re une cha$ne statistique, c'est-k-dire un 
ensemble de triples produits, reli6s par des conditions de 
phase. La probabilit6 pour qu 'un  triple produi t  soit 
positif, d6pend alors non seulement  de la valeur absolue 
du triple produit ,  mais aussi des facteurs de structure 
faisant partie de la chaine statistique. 

(5) On d6veloppe un crit~re simple pe rme t t an t  de . 
choisir dans les proc6dures combinatoires (Douglas & 
Cochran), parmi plusieurs jeux de signes probables le jeu 
de signes le plus probable. 

Publication in Acta Cryst. 

2.6. P r o c e d u r e s  for p h a s e  d e t e r m i n a t i o n .  B y  J. K~T,E,  
U.S. Naval Research Laboratory~ Washington 25~ D.C.~ 
U.S.A.  
Detailed procedures for the direct de terminat ion  of 

phase have been derived for all the space groups. These 
procedures consist of a description of methods  based on 
the  theory of the seminvariants  for making  proper 
specifications of phase for the purpose of defining the  
origin and addit ional  specifications, e.g. for choosing an 
enant iomorph,  when appropriate.  They describe how the  
specified phases are to be used in combinat ion with semin- 
variants  (special linear combinations of phases) obtained 
from phase determining formulas, to u l t imate ly  provide 
a set of phases from which a structure may  be calculated. 
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It is to be emphasized that these procedures are general 
for the direct determination of phase and are not depen- 
dent upon the particular nature of the phase determining 
formulas in their present stage of development. The 
procedures will therefore maintain their validity as phase 
determining formulas continue to be developed and im- 
proved. Judging from our present experience it appears 
that phase determination will involve similar calculations 
for the different space groups, with the main difference 
one of interpretation facilitated by a knowledge of semin- 
variant theory as contained in the detailed procedures. 

Typical procedures for eentrosymmetric and non- 
centrosymmetric space groups will be illustrated. 

To be publ ished in Acta Cryst. 

2.7. O n  t h e  r e n o r m a l i z a t i o n  o f  s t r u c t u r e  f a c t o r s .  
By HERBERT ~IAwPTMA:N, U.S. Naval Research Labo- 
ratory, Washington 25, D.C., U.S.A. 
I n  procedures  for the  direct  de te rmina t ion  of phase 

from observed intensities it is convenient  to employ the 
normal ized s t ruc ture  factors E having the p roper ty  tha t  
(IEI2)K = 1, where  the average is t aken  over all vectors 
K in reciprocal space. I n  case a certain kind of rat ional  
dependence  of a tomic coordinates is present,  a condit ion 
which is revealed by significant deviat ions from un i ty  of 
the averages of IEi ~ t aken  over selected subsets of vectors 
in reciprocal space, the usual procedures mus t  be modified.  
One way  of doing this is to renormalize the JEI2's in such 
a way  t ha t  their  averages, even over the  t roublesome 
subsets of reciprocal space, are restored to uni ty .  

To be published in Acta Cryst. 

2.8. E x p l o i t a t i o n  p a r  l e s  i n ~ g a l i t ~ s  c l a s s i q u e s  de  
c e r t a i n e s  c o n n a i s s a n c e s  t ~ o m ~ t r i q u e s  de  la  s t r u c -  
t u r e .  Par  GI~RARD VOW ELLER, Laboratoire de I'I.R.Ch.A. 
12, quai Henri IV ,  Paris (IV°), France. 
On remplace la s t ruc ture  d 'a tomes  par  une  s t ruc ture  

de spheres homog8nes de densit6 ~0 et  de rayon R variable 
su ivant  les besoins. I1 devient  ainsi possible d 'exploi ter  
par  in~galit6s: 

(a) Le m a x i m u m  de densit6, en dormant  k R une valeur  
inf6rieure au rayon  de van  der Waals  R 0. 

(b) La  distance in te ra tomique  minimale,  en dormant  
R une valeur  ~gale au plus pe t i t  R0: les spheres ne 

s ' in terp6ngtrent  pas et le m a x i m u m  de densit6 n 'exc~de 
jamais  celui d 'une  seule sphgre. 

(c) Le plus pet i t  t r iangle form6 par  les centres de trois 
a tomes voisins, en dormant  aux R des valeurs telles que 
~z --< 2~0. 

On peut  6v idemment  tenir  compte  de figure plus com- 
plexes et am~liorer le r endemen t  en choisissant des 
ellipsoides /~ la place des spheres, ou en ut i l isant  des 
spheres mult iples ~ plusieurs rayons li6s ~ des densit~s 
diff6rentes. Si l 'on opgre en projection,  les spheres sont 
remplae6es par  des ' jetons ' .  

2.9. C i n e m a s u m m a t i o n  as  a n e w  m e t h o d  of  o p t i c a l  
t w o - d i m e n s i o n a l  F o u r i e r  s y n t h e s e s .  By V. 1. VLA- 
SENIirO & G. S. ZttDANOV, Inst. for Phys.-Chem. Research, 
Moscow, Obukha 10, U.S.S.R. 
Cinemasummat ion  like a c inematograph  based on the 

same principles of using the inert ia of visual sense. I n  
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order  to m a k e  Four ier  syntheses it  is enough to show 
successively for the  observer, the  series of pictures,  each 
of t hem is the  two-dimensional  sine wave.  The impor t an t  
condit ion of this summat ion  is the  great  f requency of 
change this pictures.  The s u m m a r y  visualizat ion is the 
image of electron densi ty  function.  

The cycle repet i t ion of this process gives the  stable 
semitone image, where  the  m a x i m u m s  of electron densi ty  
are represented by  light spots. Dur ing  such cinema- 
summat ion  it  is possible to invest igate  the  optical image 
and even to make  some measuring.  

For  c inemasummat ion  it is necessary to prepare  a full 
complex of different pictures of sine waves on film, they  
are t e rmed  masks.  The masks,  which are similar of well 
known Huggins  masks,  are selected according to the  da ta  
of the  X- ray  exper iment .  

These masks are inserted in special nests of a devise and  
it is switched on. As the result  of it, all masks are projec ted  
successfully a simple screen (without  any  afterglow) and  
after  a few seconds on this screen appears the  image. 

'C inemasummator '  allows to change the signs of any  
s t ruc ture  factors, and  to make  a new synthesis af ter  it, 
no t  later  t han  four ty  seconds, thus  it is possible to test  
different signs a t  the  first steps of s t ruc ture  determina-  
tion. 

This new m e t h o d  differs great ly  from the  well 
known me thod  of pho tosummat ion  which has been used 
by t tuggins  or l~I. M. Woolfson. In  ' e inemasummator '  the  
summat ion  of light rays, dur ing project ing of masks,  
follows the  l inear dependence,  therefore we m a y  except  
a greater  accuracy of this new method .  

'Cinemast tmmator '  allows to summarize  s imul taneously  
about  100-200 harmoniques .  

I t  is possible to produce the masks for this devise wi th  
the  i n d e x e s h  and  k from - 3 0  to +30.  

2.10. R e c e n t  d e v e l o p m e n t s  i n  o p t i c a l - t r a n s f o r m  
m e t h o d s .  A survey paper  presented by C. A. TAYLOR 
incorporat ing work by  G. t I ~ _ a ~ u ~ ,  B. ROBI~SO~ & 
F. A. UNDERWOOD, Physics Department, College of Sci- 
ence and Technology, Manchester 1, England. 
The paper  will describe the three  ma in  exper imenta l  

lines which are being followed at  the  moment .  
The first is concerned wi th  the prepara t ion  and  use of 

three-dimensional  optical t ransforms.  By  a simple process 
involving the passage of circularly polarized light th rough 
mica  plates it  is possible to produce a cont inuously  
variable  phase change.  The z-coordinates of a s t ruc ture  
whose x- and y-coordinates are a l ready represented by 
the p6sitions of holes in a mask  m a y  then  be incorporated,  
for a given level 1 in reciprocal space, by  ad ju s tmen t  of 
the  phase of the light passing th rough  the  holes. Sections 
wi th  any  l va lue - - inc lud ing  non-integral  va lues - -o f  the  
three-dimensional  t ransform m a y  then  be observed. The 
ease wi th  which three-dimensional  t ransforms can be 
s tudied in this way  has led to some interest ing ideas, and 
to some techniques which m a y  prove useful in certain 
kinds of s t ruc ture  problems.  

The second deve lopment  is based on an optical dif- 
f rac tometer  t ha t  has been adap ted  to produce,  by means  
of photomult ipl iers ,  a graph of the var ia t ion in in tensi ty  
across a central  line of a t ransform.  This is being used 
a t  the m o m e n t  in the  general  s tudy  of fibre problems.  
If  the mask  represent ing the  s t ruc ture  under  investiga- 
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tion is ro ta ted  continuously between the lenses of the 
diffractometer,  the  intensi ty  distr ibution along the central 
line corresponds to the  intensi ty  distr ibution along the 
central  line of an X-ray fibre diagram; al though the 
planes of the  two diffraction pat terns  are not  the same, 
they  intersect  in this common line. 

The thi rd  invest igation is concerned with the applica- 
t ion of the  convolut ion principle, and refers part icularly 
to the  crystal s t ructure of k lockmani te  (CuSe). This struc- 
ture is hexagonal  and has a pseudo uni t  cell wi th  a -- 3.95, 
c = 17-25 A. There are, however,  extra reflexions which 
at  first suggested a t rue a -d imens ion  of 51.4 _~ 
(--13 × 3-95 A). Progress has been made  in interpret ing 
the  diffraction patterns,  par t ly  in terms of a twin hypo- 
thesis which now suggests a true a-dimension of 19.66 
(=}/(13) x 3.95 A), and some interest ing illustrations of 
t ransform and convolution theory have emerged. 

2.11. S o m e  s u g g e s t i o n s  for n e w  exper imenta l  ap- 
proaches  in X-ray  diffraction. By C. A. TAYLOR, 
Physics Department, College of Science and Technology, 
Manchester 1, England. 
For some t ime we have been using optical methods  to 

assist in the solution of X-ray diffraction problems, and 
have claimed as one of their  principal advantages tha t  
they  emphasize the  physics of the diffraction process. 
I t  is the purpose of the present  commtmicat ion to suggest 
tha t  the  parallel s tudy of optical and X-ray diffraction 
should perhaps be extended to include the experimental  
arrangements  for obtaining the pat terns  as well as their  
interpretat ion.  

We have recently been s tudying the optics of the dif- 
f ractometer  in an a t t empt  to obtain bet ter  patterns,  and 
our a t ten t ion  has been drawn to the influence of the 
coherence of il lumination. A s tudy of the parallel problem 
of the coherence of radiat ion in X-ray diffraction is now 
suggested. 

I t  has already been shown tha t  it is possible, under  
certain conditions, to prepare an optical transform of one 
'molecule' from a mask  representing a regular array of 
'molecules' (i.e. a two-dimensional  representat ion of a 
crystal) by modifying the coherence of the il lumination. 
Al though the X-ray problem with a three-dimensional  
crystal is much  more difficult it would seem to be possible, 
in principle at least, to obtain some information about  the 
transform between reciprocal lattice points by a compar- 
able al terat ion in the  coherence of the X-ray beam. 

The normal  dimensions of apparatus used in X-ray 
diffraction are such tha t  any effects due to incoherence 
would not  be observed; their  observation would involve 
the design of special tubes and possibly special cameras. 

No experimental  work has ye t  been done, but  it is felt 
that one of the functions of a conference should be to 
discuss ten ta t ive  ideas of this kind. 

2.12. S o m e  e x p e r i m e n t s  wi th  t h r e e - d i m e n s i o n a l  
Pat terson  superpos i t ions .  By J.  KItAUT, Biochemis- 
try Department, University of Washington, Seattle 5, 
Washington, U.S.A. 
A systematic exploration of the practical capabilities 

of the  vector  coincidence me thod  has been under taken  
with the aid of computer  programs designed to convert  
three-dimensional  Pat terson maps into reduced maps by 

superposition methods.  A series of compounds of in- 
creasing difficulty have been s tudied:  

2-amino-ethyl phosphate,  P21/c, 
a=9 .03 ,  b=7.74,  c=8.87,  f l=102°27 ' ;  

adenylic acid, P21, 

a=12.77 ,  b = l l - 8 2 ,  c=4.88,  # = 9 2  ° 19'; 

myoinositol,  P21/c , 
a=6 .64 ,  b=12.09,  c=19.69,  f l=105°49 ' ;  

androsterone, P2~, 

a=9"56,  b=7-90,  c=11.78,  f l = l l l  ° 22'. 

As a result of the experience acquired on these com- 
pounds some conclusions are suggested concerning the  
rSles of molecular size, heavy atoms, symmet ry  and 
homometr ic  structures in applying the method.  In  general 
terms, it appears tha t  this is a powerful tool, potent ial ly  
capable of solving structures of the complexity of those 
ment ioned  in a virtually routine manner ,  but  tha t  its 
fullest util ization requires the  development  of rapid 
procedures for visualizing three-dimensional  reduced 
maps and for abstract ing therefrom sterically acceptable 
configurations. 

Full  account likely to be published in Acta Cryst. 

2.13. Crystal  s tructure  de terminat ion  by the 'con- 
volut ion molecu le  method' .  By W. HOPPE, G. WILL, 
R. RANCH & K. ANZENHOFER, Abteilung fi~r R6ntgen- 
strukturforschung am Max-Planck-Institut fi~r Eiweiss- 
und Lederforschung, Mi~nchen 2, Deutschland. 
The convolution molecule me thod  (W. Hoppe,  Acta 

Cryst. (1957), 10, 750; W. Hoppe, Z. Elektrochem. (1957), 
.61, 1076) for the interpretat ion of Pat terson functions 
is a counterpart  of the image-seeking methods  and at  the  
same t ime the equivalent  of the Fourier transform me thod  
in the direct space. ~Vhile the image-seeking methods  t ry  
to unscramble the Pat terson structure into the  ' images'  
of the structure itself, the convolution molecule me thod  
unscrambles the Pat terson structure into the 'convolution 
molecules'  (convolution products of the molecule in the  
structure). A knowledge of some features of the molecular 
structure is therefore essential for a useful application of 
this me thod  (as in the Fourier  transform method) .  The 
me thod  is especially suited for the de terminat ion  of the 
translational parameters  of the molecule, because trans- 
lations of molecules will be t ranslated into translations 
of the convolution molecules. 

The application of this me thod  will be demons t ra ted  
on several structure determinat ions  of organic crystals. 
Of special interest  are the exclusion of 'nearly homometr ic  
solutions' ( te t ramethyl-naphthal ine)  and the symmet ry  
relations of convolution molecules (demonstra ted in the  
structure determinat ion of te t rachlor ine-ketonaphtha-  
line). 

In  a recent paper  (Z. Kristallogr. (1959), 112, 414) 
C. A. Beevers & H . W .  Ehrl ich have discussed some 
principles of the  interpretat ion of Pat terson structures. 
Apar t  from the remarks concerning the  'vector con- 
vergence method '  it can be shown tha t  these principles 
are based on an application of the convolution molecule 
me thod  in a more quali tat ive and empirical way. 

To be published in Z. KristaUogr. 
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2.14. S t r u c t u r e  a n a l y t i c a l  methods  for disordered 
crystals .  B y  K. DORNBEROEI~-ScHIFF in collaborat ion 
wi th  P. SEDLACEK & 0.  J A - ~ C H O W ,  Deutsche Alcademie 
der Wissenschaften zu Berlin, Institut fiir Strulcturfor- 
schung, Berlin-Adlershof, Deutschland. 
The theory  of OD-structures (see Acta Cryst. (1956) 

and a recent paper  submi t ted  to Acta) has been ap- 
plied to the analysis  of two disordered structures,  to t ha t  
of s t ron t ium me tavanada te  (Sr(V03)2.4H20) which 
shows one-dimensional disorder (in collaboration wi th  
P. Sedlacek) and to t ha t  of sodium te t rametaphospha te  
Na2H2P4012 showing two-dimensional  disorder (in colla- 
borat ion wi th  O. Jarchow).  

The groupoid family of Sr(V08) 2 as deduced from the 
dis t r ibut ion of sharp points  and diffuse rods in reciprocal 
space and the systemat ic  absences, shown in Fig. 1 is 
ei ther  

P 1 (c) 1 or P m  (c) 2, 

{2½ (1) n½, 2} {2½ (22) n½, 2} 

(see Fig. 2). 

The higher symmetr ica l  groupoid family seems to apply  
to the heavy  atoms only. 

Fa i r ly  sharp max ima  on the diffuse rods show tha t  the 
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s t ructure  may,  as a first approximat ion,  be though t  of 
as a micro-twinned structure.  I t  turns  out  t h a t  modified 
generalized Pa t te r son  projections P ~  and p s  calculated 
wi th  the F ~ z  2- +Fztkz and the /P~/kz---F~z as co- 
efficients, respectively, for H = 2n + 1 (Figs. 3 and 4) have  
a meaning re levant  to the s t ructure  and are easier to 
in terpre t  t han  an  ordinary Pa t te r son  projection. These 
projections contain easily recognizable max ima  corre- 
sponding to interatomic Sr-Sr-vectors and prove beyond 
doubt,  t h a t  the  V-atoms lie on an ordered sublat t ice 
corresponding to the reciprocal lat t ice produced by  the 
sharp points  only. The ref inement  of the s t ructure  is still 
in progress. The results so far obtained are in agreement  
wi th  the results of F. Hanic  (private communicat ion)  on 
the ordered projection of the structure.  

For  the sodium tetrametaphosphate invest igated the  
par t ia l  operations were also deduced from the distribu- 
t ion of sharp points  and diffuse sheets in reciprocal space 
which had  already been described by  J . W .  Gryder,  
G. Do ,may  & H.  M. Ondik (Acta Cryst. (1958), 11, 38) 
as 'form I I ' .  F rom the sharp (h/c0)-reflections an ordered 
electron-density project ion was obtained by  triple 
product  methods  (see Fig. in abs t rac t  on sodium tetra-  
metaphosphate) .  This project ion is equally compatible 
wi th  rings of 4 t e t rahedra  and wi th  chains containing 4 
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t e t r ahedra  per  repeat ,  bu t  no t  wi th  the in te rpre ta t ion  of 
the  s t ruc ture  as an u l t raphosphate ,  as suggested by 
J .  W. Gryder,  G. D o n n a y  & H. M. Ondik (1958). The 
sharp reflections (h, k, 2n) are no t  sufficient to dist inguish 
be tween  these two possibilities. However ,  s t ruc ture  
factor  calculations for the  (~, r], 2 n + l )  m a y  again be 
based on coordinates of equivalent  positions, deduced 
f rom the OD-groupoid family, if the crystal  is assumed to 
approx imate  to a micro-twin.  One of the possible twin  
individuals  compat ible  wi th  the  observed positions of 
m a x i m a  in reciprocal space is shown schematical ly  in 
Fig. 5. S t ruc ture  factor calculations based on this k ind 
of twinning and  atomic parameters  deduced  from the  
(h, k, 2n), are being carr ied out  for the m a x i m a  on the  
diffuse sheets. The results are to be given;  so far t hey  
seem to point  undub i t ab ly  towards  the existence of rings 
and  against  chains. 

Wi th  these two examples we believe to have  begun to 
collect experience in the proper  use of the intensities of 
m a x i m a  on diffuse streaks (or sheets), for the solution of 
crystal  s tructures.  I t  will be shown how such an analysis 
has to be based on OD-groupoid theory,  if mis takes  are 
to be avoided.  

2.15. S o m e  e x p e r i e n c e s  w i t h  s h a r p e n e d  P a t t e r s o n  
s y n t h e s e s .  By S. ABI~AHAMSSON & E .  INT. MASLEN, 
Chemical Crystallography Laboratory, Oxford, England. 
Highly  sharpened Pa t t e r son  syntheses are required for 

the recognit ion of vectors due to pairs of a fairly heavy  
atom in s t ructures  containing large molecules like cepha- 
losporin C (C16HI20OsN3SNa). 

Analysis of Pa t te r son  peak shapes for different modifi- 
cat ion functions shows that ,  in the 3-dimensional case, 
a very  high weight  can be given to outer  terms wi thou t  
in t roducing serious diffraction ripples. The resolution of 
the  Pa t t e r son  synthesis and  the  relat ive height  of the 
heavy  a tom peaks is the reby  considerably enhanced in 
comparison wi th  using less ex t reme modif icat ion func- 
tions. 

Pa t t e r son  syntheses calculated wi th  the  highest  weight  
on the outer  terms do not  show any  dis turbing features 
bu t  give easily recognizable S-S vectors.  

2.16. F o u r i e r  m e t h o d s  a p p l i c a b l e  to s t r u c t u r e s  c o n -  
t a i n i n g  m o r e  t h a n  1000 a t o m s .  By  D.  M. BLow & 
MICra_mr, G. ROSSMA~, Medical Research Council Unit 
for Molecular Biology, Cavendish Laboratory, Cambridge, 
England. 
The uni t  cell of a protein crystal  is so large t ha t  a 

huge n u m b e r  of reflexions would need to be measured  
before a toms could be fully resolved, and in any  case the 
X - r a y  pa t t e rn  usual ly becomes too weak  to measure  
beyond  about  2 A. Unconvent iona l  Four ier  methods  are 
therefore called for. These make  use of the very efficient 
averaging of u n w a n t e d  contr ibut ions to a Four ier  syn- 
thesis, b rought  about  by  the large n u m b e r  of terms.  
Thus, in a synthesis for locating a heavy  a tom used in 
isomorphous replacement ,  the height  of the heavy  a tom 
peak  increases approximate ly  as the number  of terms,  
n, while, the r.m.s, background,  if random,  increases as 
l/n. I n  consequence, the inclusion of a sufficiently large 
number  of terms makes  it possible to use a synthesis 
wi th  large background  contr ibut ions.  We will give ex- 

amples of Four ier  syntheses in which each individual  
t e rm contains large errors, bu t  by  choosing appropr ia te  
weight ing their  effect on the summat ion  can be minimized.  

The first example  shows the  use of anomalous  disper- 
sion da ta  from a sing]e compound  to de te rmine  the  
positions of its anomalous  scatterers.  A Four ier  series 
wi th  ([F(hkl)[-[F(h-k/)[)~, for some mercu ry  der ivat ives  
of haemoglobin,  revealed bo th  the  mercu ry  a toms and  the 
iron a toms of the haem groups. 

The second example  shows how an approx imate  solu- 
t ion of a non-cen t rosymmet r ic  crystal  s t ruc ture  can be 
obta ined by  isomorphous replacement ,  using only one 
pair  of isomorphous compounds .  In  this case a phase 
ambigu i ty  arises for each reflexion and it is general ly 
though t  t ha t  a t  least three  members  of an isomorphous 
series are required to resolve this. If, however ,  the  a r ray  
of replacing heavy  a toms is non-cen t rosymmetr ic  and if 
sufficient contras t  is available in the t rue  s t ruc ture  
when  seen a t  the same resolution, a recognizable s t ruc ture  
m a y  be obta ined even if only two compounds  are avail- 
able. This idea has been tes ted with  da ta  from haemo- 
globin and myoglobin.  

We plan to publish detai led accounts  of this work  in 
Acta Cryst. 

2.17. T h e  u s e  of a M o n t e  Car lo  m e t h o d  for  o b t a i n i n g  
t r ia l  a n d  e r r o r  s t r u c t u r e s . *  By V. VAND, A. NIGOLIt 
& 1%. PEPI~SKY, Crystal Research Laboratory, The Penn- 
sylvania State University, University Park, Pa., U.S.A. 
An IBM 704 program has been wr i t t en  in which the  

absolute values of a l imited set of s t ruc ture  factors serve 
as an input .  A convenient  set is 64 strongest  s t ruc ture  
factors. The program then  internal ly  emits r andom sets 
of co-ordinates of a p rede te rmined  n u m b e r  of atoms,  
and refines these in a small n u m b e r  of cycles, using a 
me thod  of op t imum shift. This me thod  operates on one 
s t ruc ture  factor a t  a t ime, and shifts a toms according to 
the der ivat ive  of the  s t ruc ture  factor. The me thod  is no t  
identical  wi th  tha t  of least-squares, and  has the  advan tage  
of being faster for re f inement  of a small n u m b e r  of 
reflections. The program then  considers the  d isagreement  
factor  of a s t ruc ture  so obtained.  If  this is lower than  
a certain limit, the  co-ordinates and  calculated s t ruc ture  
factors are wr i t t en  down via magnet ic  tape.  The l imit  
itself is au tomat ica l ly  movable ,  so tha t ,  in the  long run,  
a p rede te rmined  n u m b e r  of tr ial  s t ructures  is pr in ted  out.  
The most  promising of these then  can serve as a s tar t ing 
point  for fur ther  ref inement  by  least-squares methods .  

2.18. D i r e k t e  M e t h o d e  z u r  S t r u k t u r a n a l y s e  be i  P o -  
l a r i s a t i o n  u n d  a n o m a l e r  D i s p e r s i o n .  Von 1%. HOSE- 
MANrr, Fritz-Haber-Institut der Max-Planclc-Gesellschaft, 
Berlin-Dahlem, Deutschland. 
Die Auswer tung  der In tegra l in tens i t~ ten  yon  Kristall-  

reflexen fiihrt fiber Fal tungs in tegra le  in vielen interes- 
santen F~tllen zu d i rekten  In fo rmat ionen  fiber die mit t -  
lere E lek t ronend ieh teve r t e ihmg in den einzelnen Atomen  
bzw. Ionen.  Auf diese Weise kormte z . B .  die von 

* Supported by Office of Naval Research, Air Force Office 
of Scientific Research (ARDC), U.S. Atomic Energy Commis- 
sion, and National Institutes of Health. 

t Permanent address: Institut ftir Kristallographie, Eidg. 
Techn. Hochschule, Ziirich, Switzerland. 
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Fajans,  Joos (1925) vorausgesagte Deformation von 
Na+ und  C1- in Kochsalz bei 1%aumtemperatur direkt  
erreehnet  werden.  Bei anomaler  Dispersion t r i t t  neben 
der Strukturgr5sse ~(x) der ungestSrten Elektronen-  
dichteverte i lung noch eine weitere StrukturgrOsse 
a(x) exp [iS(x)] auf, die die Ampli tudenvergrSsserung 
(Faktor  a) und  die Phasenverschiebung ~ gegeniiber dem 
Fall  der normalen Dispersion kennzeichnet .  W~ihrenddem 
in der quantenmechanischen Behandlung der Impuls  der 
schwingenden Elekt ronen in einen Hamil tonopera tor  des 
gestSrten und  des ungestSrten Anteils addi t iv  zerlegt 
wird, ist nun  die Atomformampl i tude  durch das Faltungs- 
p roduk t  aus ungestSrter  Atomformampl i tude  und der 
Transformierten yon a exp [i~] gegeben und liefert fiber 
Fal tungsintegrale  direkte Informat ionen fiber diese Ein- 
zelgrSssen. Unterscheidet  man  wie in der quanten-  
mechanischen Behandlung  zwischen 'Dispersionselek- 
t ronen'  trod praktisch ungebundenen  Elekt ronen und  
n i m m t  hierfiir die aus spektroskopischen Messungen er- 
rechneten Werte,  setzt man  ferner f(ir a und ~ die aus der 
Dispersionstheorie von Kal lmarm-Mark  und Compton 
folgende Werte  ein, so ergibt sich sowohl ftir die anomale 
Atomformampl i tude  als aueh for den Brechungsquotien-  
ten und  den wahren Absorptionskoeffizienten eine mi t  
den experimentel len Ergebnissen im Gebiet der R6ntgen-  
s t rahlung ausgezeichnete ?J-bereinstimmung. Die Diskre- 
panzen mi t  den quanteumechanischen Ergebnissen von 
HSnl, Eisenlohr und  Mfiller werden diskutiert .  1%. Hose- 
m a n n  u. G. Schokneeht,  Z. Nat. Forsch. 12a, 932 (1957). 
G. Schoknecht,  Z. Nat. Forsch. 12a, 983 (1957). 1%. Hose- 
mann,  Acta Cryst. 1S, 794. 

Ausfiihrliche Ver5ffentl ichung ist vorgesehen in Phys. 
Rev. 

2-19. T h e  o p t i m a l  s h i f t  m e t h o d  for  r e f i n e m e n t  of  
c r y s t a l  s t r u c t u r e s . *  By A. NIGGLI,t V. VAND ~5 
1%. PEPINSKY, Crystal Research Laboratory, The /)enn- 
sylvania State University, University/)ar]c,/)a., U.S.A. 
The usual methods  of ref inement--e .g . ,  least-squares--  

are adequate  for overdetermined problems with more 
equations than  unknowns.  In  the first steps of ref inement  
or in choosing trial structures, however,  it  may  be 
desirable to include only a smaller set of structure factors 
(e.g., wi th  known phases or wi th  strong intensities). 

In  the tr ial-and-error method,  the  shifting of atoms to 
obtain agreement  between a few [Fc[ and [Fo[ values was 
accomplished by intui t ion or with the  aid of Bragg-  
Lipson diagrams. The 'opt imal  shift method '  has been 
devised in order tha t  this task can be done by computers.  
In  the case of centro-syrnmetry,  the analytical  expression 
for optimal shifts perpendicular  to the planes H is 

Ax} =~, (ZJFH(~FH/~X])/~, (aF~t/axi)2). 
H i 

Tests have  shown tha t  the  optimal shift me thod  
converges much  faster than  other ref inement  methods,  
if the  number  of s tructure factors included is smaller 
than  the number  of parameters.  

Full- length account likely to be published in Acta 
Cryst. 

* Supported by Office of Naval Research, Air Force Office 
of Scientific Research, U.S. Atomic Energy Commission, and 
National Institutes of Health. 

t Permanent address: Institut fiir Kristallographie, Eidg. 
Tectm. Hochschule, Ziirich, Switzerland. 

§ S. Minerals (including clay minerals) 
3.1. T h e  c r y s t a l  s t r u c t u r e  of  b ik i ta i t e ,  LiA1SiaO 6 . H~O. 

By DANIEL E. APPLEMAN, U.S. Geological Survey, 
Washington 25, D.C., U.S.A. 
As par t  of a program now in progress at the U.S. Geol- 

ogical Survey to investigate the system Li20-AleO3-SiO2, 
W. C. Phinney  has carried out studies on the dehydra-  
t ion and stability range of the  naturally-occurring 
hydrous l i thium aluminosilicate bikitaite.  The crystal- 
s tructure investigation of this zeolitic mineral  has been 
under taken  in an a t t empt  to explain various problems 
arising from these studies; especially the l imited stabil i ty 
and stepwise dehydrat ion.  

Bikitaite,  LiA1Si206. H20, was first described by C. S. 
Hurlbut ,  Jr.,  (Amer. Min. (1957), 42, 792) from an 
occurrence in li thium-rich pegmati tes  at  Bikita, Southern 
Rhodesia.  The present  study, which confirms Hur lbut ' s  
crystallographic data,  was carried out  on mater ia l  from 
the type locality obtained through the U.S.  National  
Museum. Powder  diffractometer and single-crystal mea- 
surements yield the  following crystallographic da ta :  
monoclinic /)21, 

a=8.611,  b=4.960,  c=7-610 /~  

(all +0.2%),  fl=114°26"+5"; the  crystals are piezo- 
electric. 

The crystal structure of bikitai te was solved by suc- 
cessive applications of the Buerger minimum-funct ion  
procedure to the b-axis projection, l~efinement has been 
carried out by Fourier  and least-squares techniques on 
a digital computer.  The structure consists of endless 
zigzag chains of silicate te t rahedra  extending parallel to 
[010]. Three crystallographically non-equivalent  kinds of 
silicate chains are l inked laterally to form a three- 
dimensional  network,  containing one large channel and 
several smaller channels, also parallel to [010], in which 
Li ions and water  molecules are located. Distr ibution of 
A1 and Si in the structure is being studied by difference 
syntheses and least-squares methods.  

To be published in Acta Cryst. 

3.2. M e t h o d s  for  d e t e r m i n i n g  A1 in  t e t r a h e d r a l  a n d  
o c t a h e d r a l  c o o r d i n a t i o n  w i t h  r e s p e c t  to o x y g e n .  
By G. W. BRINDLEY, H. A. MCKINSTRY • V. STUBI- 
~AN, The Pennsylvania State University, University 
/))ark, Pa., U.S.A. 
Methods of determining A1-O coordination and the  

proportions of A1 Iv and A1 v1 in systems not suitable for 
accurate crystal s tructure analysis are considered. 

(1) Acid dissolution of layer silicates 
I t  has been shown tha t  acid dissolution curves for a 

chlorite and for m a n y  montmori l loni tes  distinguish quan- 
t i ta t ively the  more  readily soluble A1 vI from the less 
soluble A1 Iv. Extensive  measurements  on other minerals 
(G. W. Brindley & Vanden Heuvel) show tha t  the  me thod  
probably is applicable only to swelling structures which 
permit  acid a t tack on the  entire structure. 

(2) A1 Ka wavelength measurements 
A1 Iv and A1 vI ions coordinated to oxygen show a small 

but  measurable difference in the  emission wavelength.  
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The me thod  has provided clear evidence tha t  ALl ions in 
metakaol in  have 4-fold coordination, a result previously 
known only by inference. A similar application to 'meta- 
gibbsite'  suggests mainly  6-fold coordination. The me thod  
is useful only where one type of coordination predomi- 
nates. 

(3) Infra-red measurements (by V. StubiSan) 
In  clay minerals AlVl-O gives an infra-red vibrat ion 

wi th  strong absorption at about  535 cm. -1. Absence of 
this band  with metakaol in  indicates absence of 6-fold 
coordination. Wi th  beidellite and pyrophyll i te  (heated 
be tween 600-1000 °C.) the presence of this band suggests 
tha t  6-fold coordination persists. I t  is not  possible to 
assign any separate band  to AllV-O vibrations, but  the  
amoun t  of A1 Iv can be es t imated  from its disturbing 
effect on Si-O neighbours. For  example, in saponites 
the amoun t  of A1 Iv is de te rmined  from changes of the  
Si-O band at  670 cm. -1. In  chlorites, the  distr ibution of 
A1 between 4-fold and 6-fold coordination can be quan- 
t i ta t ively  correlated with changes of absorption frequen- 
cies in the region 550-800 cm. -t .  

I t ems  (1) and (2): Publicat ion channel  is still uncertain.  
I t e m  (2) may go to J. Amer. Ceram. Soc. 
I t em (3) will be published in Amer. Min. and in 

Z. Anorg. Chem. 

3.3. T h e  c r y s t a l  s t r u c t u r e  of  y o d e r i t e ,  a n e w  a l u m i -  
n i u m  s i l i c a t e  s h o w i n g  w e a k  s u b s i d i a r y  X - r a y  r e -  
f l e c t i o n s .  By S. G. FLEET, Crystallographic Laboratory, 
Cavendish Laboratory, Cambridge, E~igland. 
Yoderi te  is a hydrous magnes ium iron aluminosilicate 

discovered in Tanganyika  by D. McKie in 1956. The 
approximate  empirical formula is 

, i  111 " H • (Mg2.oCao.2(Fe Fe )0.sAls.3)ShO17.60 ~..4 

The structure is monoclinic, wi th space group P2~/m and 
cell dimension 

a=8-035+0 .003 ,  b=5 .805±0 .003 ,  c = 7 . 3 4 6 ± 0 . 0 0 3 / ~ ,  

3 = 105° 38' +__ 4'. 

There are weak subsidiary max ima  in layers perpendicular  
to x with uni tary  structure factors _< 0.03 (McKie, 
Miner. Mag. Dec. 1959). The average structure has been 
deduced from the intensities of X-ray reflections, ignoring 
the  weak subsidiary max±me, and refined by two- 
dimensional  Fourier  methods.  Chains of XO6 octahedra 
sharing edges run parallel to the  screw diad axis, l inked by 
isolated SiO4 te t rahedra  and XO.~ trigonal bipyramids 
wi th  X sites mainly  occupied by a luminium and magne- 
sium cations. The packing of oxygen atoms resembles 
(but is not  identical with) tha t  in kyani te  with which the  
mineral  forms intergrowths.  The weak reflections can be 
indexed using an A-face-centred uni t  cell twenty-four  
t imes the  size of the average cell which now becomes a 
subcell. They are due to variations of atomic coordinates 
be tween the subcells consequent  on ordering of cations 
in the six and five fold cation sites. The true structure 
has been refined with the  help of Fourier  techniques,  in 
particular by the use of difference maps showing the  
difference between the average and the  true structure. 

To be published in Acta Cryst. 
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3.4. T h e  s t r u c t u r e  of  a n o r t h i t e .  By C. J .E. KE~STER, 
H. D. MEGAW ~% E. W. I~ADOSLOVICH, Cavendish Labo- 
ratory, Cambridge, England. 
Anorthi te ,  CaA12Si~O s, has an ordered structure wi th  

8 formula units in the  uni t  cell, which is buil t  up from 
4 albitoid subcells. The structure was derived in two 
stages from trial coordinates given by the albite s tructure:  
in the first stage, reflections with h + k  even (1 even or 
odd) were considered, giving the  'base-centred approx- 
imation' ,  and in the  second stage those with h + k  odd, 
which were systematical ly weaker, were included to give 
the true primit ive lattice. At  each stage the signs of the  
systematical ly weak reflections were first found by 
supposing them due to Ca contributions only, and then  
corrected during ref inement  by inclusion of the  other 
atoms (effectively a heavy-a tom technique).  No assump- 
tions were made  about  (Si, A1) distr ibution;  in the  later 
stages, these atoms were dist inguished by their  size, the  
s tandard deviat ion of the mean  te t rahedral  bond length 
being about  0.012 A. 

I t  is found tha t  Si and A1 alternate,  each O a tom 
having one Si and one A1 neighbour.  The order is perfect, 
within the  limits of experimental  error, which are fairly 
narrow. There are differences of coordinates of all a toms 
between the four subcells, most  marked  for Ca; three 
Ca's have 7 neighbours in the range 2.3 to 2.8 /~, while 
the fourth has 6 only. 

Geometrical differences between subcells related by a 
body-centr ing translat ion cannot  be a t t r ibu ted  to dif- 
ference of (Si, A1) occupation, and are in fact larger than  
between subcells with different (Si, A1) occupation. They 
mus t  be explained as a mechanism of reducing strain in 
the  (Si, A1)-O framework, and a t ten t ion  is called to their  
importance.  The conspicuous difference of sites for Ca 
in the  four subcells follows as a consequence. Since these 
atoms make  the largest contributions to the  difference 
intensities they  provide sensitive indicators of the  subcell 
differences wi thout  being physically impor tan t  in relation 
to their  cause. 

Probably will be published in Acta Cryst. 

3-5. T h e  c r y s t a l  s t r u c t u r e  of  h a r m o t o m e .  B y  1%. SADA- 
~AGA, F. MA~U~O & Y. TAX~UCHi, Mineralogical Insti- 
tute, Faculty of Science, University of Tokyo, Hongo, 
Tokyo, Ja~gan. 
The crystal s tructure of ha rmotome  has been deter- 

mined.  There is one chemical uni t  of BapA14Si12Os212H20 
in the  uni t  cell of symmet ry  P21, with 

a=9 .87 ,  b=14.14,  c = 8 . 7 2 A ;  f l=55  ° 10'. 

The crystal is pseudorhombic;  upon t ransformations:  
a" =a, b" =b and c ' - - 2 c - a ,  the  new fl angle becomes as 
nearly 90 ° as 89 ° 37'. The atomic positions in the a-axis 
project ion were de te rmined  from the Pa t te rson  projec- 
t ion along the  direction with the aid of the  m i n i m u m  
function method.  The b-axis project ion of the  Pat terson 
function produced no definite conclusion owing to serious 
overlappings of peaks. A Pat te rson  funct ion consisting 
of higher order terms only was then  calculated to enhance 
the  contr ibut ion of the  cations. The information obtained 
from this function and the  pseudosymmet ry  made  it 
possible to de termine  the positions of the  Ba atoms in 
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the projection, and the  framework of the structure was 
derived from min imum functions. The ref inement  was 
s tar ted on the basis of space group P21/m since the 
statistical test  of bhe diffracted X-ray  intensities sug- 
gested a nearly eentrosymmetr ie  a r rangement  of atoms, 
and the small deviations from it were taken  into con- 
sideration at  the final stage. 

The structure is based upon a three-dimensional  
alumino-si l icate frame-work composed of four- and eight- 
membered  rings of Si(A1)-O tetrahedra,  and bears close 
resemblance to the feldspar structures. Through the 
frame-work, channels run along [100] and [010], water  
molecules and meta l  atoms being si tuated in them. 
Bar ium is surrounded by six oxygen atoms and four 
water  molecules. The cruciform twinning characteristic 
of the crystal is satisfactorily explained by the structure. 

To be published in Acta Cryst. 

3.6. S t u d i e s  on  p y r o x e n e ,  a m p h i b o l e ,  z e o l i t e  a n d  
f e l d s p a r  m i n e r a l s  at  the  D e p a r t m e n t  of  M i n e r a l -  
ogy ,  P e n n s y l v a n i a  S ta te  U n i v e r s i t y .  By  W. L. 
BROWN, J.  H. FANG, G. V. GIBBS, R. N. LEWIS, J . V .  
SlVrITtt & W. TAUBENECK, Mineral Sciences Bldg., Penn- 
sylvania State University, University Park, Pa., U.S.A. 
(1) Pyroxenes (WLB, JVS). Using a new furnace attach- 

m e n t  on a precession camera, single crystals of natural  
rhombie enstat i te  have been converted rapidly to proto- 
enstat i te  between 1100 and 1300 °C. On holding at 
900 °C. for several weeks, the proto-enstat i te  transforms 
into disordered forms of enstati te,  transit ional between 
proto and rhombic enstat i te .  Similar D-enstat i tes have 
been found in a meteori te  and in synthet ic  enstatites. 
Prel iminary studies have been made  on hypers thene 
crystals hea ted  in sealed silica tubes up to 1300 °C. 
Data  for a new mineral  from pyroxene-bearing rocks is 
reported 

(monoclinic a=8 .02 ,  b=4.97,  c = 6 . 3 4 A ;  # = 1 0 7  ° 40 ' ) .  

(2) Amphiboles (WLB, GVG, I%NL.JVS). A single 
crystal and powder X-ray diffraction survey has revealed 
tha t  most  amphiboles are single phases. The existence of 
c .ummingtoni te-hornblendes 'perthites '  described by 
Asklund has been confirmed. Hydro thermal  t r ea tmen t  
up to 800 °C. has not  yet  homogenized the intergrowths. 
Amphiboles can be typed  from powder diffraction pat- 
terns, but  it is doubtftfl whether  the chemical composition 
can be es t imated with much accuracy from these patterns.  

(3) Zeolites (JHF,  JARS, W.T.) .  Studies of chabazite 
and other minerals have been made  to obtain information 
on the adsorption and i0n-exchange properties. The 
Si, AI-O framework in dehydra ted  chabazite differs in 
posit ion by up to 1 A from tha t  in the hydra ted  zeolite 
showing tha t  it is unwise to use data  for the frame- 
work for hydra ted  zeolites in physico chemical calcula- 
tions of adsorption in dehydra ted  zeolites. The two Ca 
atoms of dehydra ted  Ca-chabazite occur 1/3 each in 3 
sites and probably 1/12 each in 12 sites. In  hydra ted  
chabazites the  Ca atoms also are statistically arranged, 
though in a different pat tern.  The water  molecules are 
not  in rigorously fixed positions. Data  on dehydra ted  
K-ehabazite,  hydra ted  Na-chabazite and Cl~-Ca-chabazite 
will also be presented.  

A new zeolite mineral  has been found to occur with 
heulandi te  in granite rocks from Oregon. I t  is orthorhom- 
bic, pseudo-tetragonal,  with a = 17.8, b = 18.2, c = 13.6 A, 
space group F222, From2 or Fmmm. Although the  cell 
dimensions are related to both thomsoni te  and analcite, 
there appears to be no similarity in the  intensit ies of 
the  X-ray reflections. 

(4) .Feldspars (JVS). Recent  values for Si, A1-O dis- 
tances are discussed in terms of Smith 's  1954 relation. 
The distance A1-O 1.80 + 0.016 A in zungite is consistent 
with the  predicted value of 1.78 + 0-02 A. Several recent  
values of Si-O greater  than  1.60 are disturbing and sug- 
gest tha t  the Si, A1-O distances depend on factors other 
than  Si, A1 content .  

The influence of order-disorder,  strain and local charge 
balance on the stabili ty of feldspars is discussed. I t  is 
concluded tha t  subst i tut ion of ions introduces changes 
in the ionic and covalent forces tha t  cannot  be est imated 
in terms of present  knowledge. The entropy changes 
brought  about  by order-disorder  are thought  to be more  
impor tant  than  local charge balance in determining the  
stable crystal structure. Local charge balance is thought  
to be impor tan t  in determining the A1, Si ordering when 
the A1/Si ratio is near 1, but  to be of much less importance 
when the A1/Si ratio is 1/3. 

Publications plans not  known for sure, but  probably 
Amer. 31in. for i tems (1) and (2), Acta Cryst. or J. Amer. 
Chem. Soc. for (3), and Z. KristaUogr. for (4). 

3.7. A r e f i n e m e n t  of  the  d i c k i t e  s t r u c t u r e  a n d  s o m e  
r e m a r k s  on p o l y m o r p h i s m  in  k a o l i n  m i n e r a l s .  
By R. E. NEWNHAM, Cavendish Laboratory, Cambridge 
University, and Laboratory for Insulation Research, Mas- 
sachusetts Institute of Technology, Mass., U.S.A. 
The crystal s tructure of the  clay mineral  dickite 

(A12Si2H409) has been refined to a greater accuracy than  
tha t  reported in an earlier analysis (R. E. Newnham & 
G. W. Brindley, Acta Cryst. (1956), 9, 759). The refine- 
m e n t  was carried out with zero-layer intensi ty  data  
collected about  [100] and [110] using Mo Ka radiation. 
The coordinates obtained after ten cycles of (Fo-Fc) 
difference syntheses gave an R-factor of 7-5% for 420 
observed reflections. Improved  lattice parameters,  

a - -5 .150+0.001,  b=8 .940+0.001 ,  c = 1 4 - 4 2 4 + 0 . 0 0 2 A ;  

fl = 96 ° 44' + 1', 

were de termined from single crystal diffraction spectra 
near  0 = 9 0  ° by graphical extrapolation. The dickite 
structure shows several significant distortions from the 
geometry of the idealized kaol{n layer, kncludkng deforma- 
tion and rotat ion of the silica te trahedra.  The most  
striking features of the octahedral  layer are the extremely 
short shared edges of 2.37 A. Although the  analysis was 
not  sufficiently accurate to position the hydrogen atoms 
with certainty,  a model  is proposed which is consistent 
with the infra-red absorption spectra. The stacking 
sequences of kaolin layer minerals have been considered 
with reference to the structural  features observed in 
diekite. There are 36 ways of superposing two kaolin 
layers commensurate  with the O - H - - - O  interlayer 
bonds found in kaolinite, dickite and nacrite. Many of 
these possibilities are at  variance with the lowered sym- 
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merry  of the individual layers, while others violate 
Pauling's  rules. 

To  be published i n  Miner. Mag. 

3.8. T h e r m a l  t rans i t ions  in s o m e  c a l c i u m  si l icate  
hydrates .  By E. J .  MCIvER, Crystallographic Labora- 
tory, Cavendish Laboratory, Cambridge, England. 
The structures of Bultfonteinite,  Ca4Si2010F2E6, with 

space group P1,  and of Afwillite, Ca3Si2OIoH6, with 
space group Cc, have strongly marked  pseudo symmetr ies  
of P2Jc and Cm (with halved c axis) respectively. With  
the exception of certain hydrogen atoms, all other atoms 
can be made  to satisfy the higher symmet ry  by means 
of small displacements.  High tempera ture  single crystal 
studies show, tha t  prior to dehydrat ion,  both  minerals 
change to the high symmet ry  forms, at  approximately  
400 and 200 °C. respectively. An explanat ion is offered, 
based on the behaviour  of the  calc ium-oxygen coordina- 
t ion polyhedron and their  relation to the hydrogen bonds. 
The relevance of these phase changes to the subsequent  
dehydra t ion  reactions is discussed. 

To be published in the  Miner. Mag. 

3.9. Crys ta l l ograph ic  s tud ies  of s o m e  phase  t rans -  
f o r m a t i o n s  in m i n e r a l s .  By M. C. BALL, L. S. DENT 
GLASSER, A. G. FREEMAN, J.  A. GARD, F. P. GLASSER, 
A. W. NIcoL & H. F. W. TAYLOR, Department of Chem- 
istry, University of Aberdeen, Scotland. 
Single crystal studies have been made  of some reactions 

of silical, e and other oxygen-containing minerals. These 
include hydro thermal  and dehydra t ion  processes and 
thermal  transitions, and provide new examples of oriented 
transformations,  in which a single crystal of a s tar t ing 
mater ial  gives a single crystal or preferred orientat ion 
aggregate of a product.  

(1) Hydrated calcium silicates.--HydrothermM and dry 
heat ing of afwillite (Caa(HSiO4)2.2H20) under  various con- 
ditions yields phase Z (of D .M.Roy ;  9CaO. 6SiO2.I-I20), 
xonotl i te  (Ca6Si6017(OH)2), ~-Ca2SiO4, and other products.  
T rea tmen t  with water  at  about  380 °C. and 200 bars 
gives first phase Z, as an unstable in termediate  product,  
followed by xonotl i te  as an apparent ly  stable product.  
F rom X-ray s tudy of these oriented transformations,  
together  with electron diffraction evidence, the uni t  cell 
or pseudocell of phase Z has been determined.  

(2) Amphiboles and pyroxenes.--Dehydration of tremo- 
lite (Ca2Mgs(SisO22)(Ott)2) on dry heat ing to give the  
corresponding pyroxene occurs by an oriented mechanism. 
This is compared wi th  the  mechanisms previously sug- 
gested for the dehydra t ion  processes of xonotl i te  (Dent 
& Taylor, 1956) and foshagite (Ca4Si3Og(OH)2; Gard & 
Taylor, 1958), which occur under  similar conditions. 

(3) Calcium silicates containing other ions.--Hydro- 
thermal  reaction of til leyite (Ca5(Si~O~)(CO3)2) with water  
a t  500 °C. and 700 bars gives xonotl i te  with partial  
preservat ion of orientation. Examples  of fully oriented 
t ransformations wi thout  change of composit ion are 
provided by the  thermal  transit ions of rhodoni te  
(Mn4Ca(SiO3)5) and joharmsenite (CaMn(SiOa)~) to wollas- 
toni te  solid solutions at about  1200 °C. 
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(4) Hydroxides. - -  Dehydra t ion  of fibrous bruci te  
(Mg(Ott)2), ei ther on dry heat ing or hydro thermal ly  
to give MgO, proceeds through in termedia te  formation 
of a spinel-like phase. A new hypothesis  is proposed for 
the  reaction mechanism,  which may  apply also to the  
dehydra t ion  processes of gibbsite and other  layer-type 
hydroxides.  

The mechanisms of these processes are discussed. 

Different parts of the work will be submi t ted  for publi- 
cation in Acta Cryst., Amer. Min., and Miner. Mag. 

3.10. The  crys ta l  c h e m i s t r y  of the  a m p h i b o l e s  and 
pyroxenes .  By E. J.  W. WHITTAKER, Ferodo Ltd., 
Chapel-on-le-Frith, Stoclcport, England. 
The amphiboles const i tute  a group of minerals  hav ing  

a complex system of subst i tut ion relationships. For  
example in certain ranges of composit ion iron may  
subst i tute  completely for magnes ium leading to a com- 
plete range of solid solution between tremoli te  and 
actinolite, whereas in other  ranges of composition the  
same subst i tut ion leads to a change of symmet ry  from 
orthorhombic to monoclinic as between anthophyl l i te  and 
cummingtoni te .  The range of composit ion of the  ortho- 
rhombic amphiboles is very restricted whereas tha t  of 
the  monoclinic amphiboles is very wide, and the  lat ter  
show a range of fl angles. Several amphibole  structures 
have now been de te rmined  and it has been found tha t  
the  detailed structure of the  silicate chain is approx- 
imately the  same in all of them.  The present  paper shows 
how the differences between the  different amphibole 
species may  be accounted for on the  basis of rigid amphi- 
bole chains whose packing is de termined by the radii of 
the  meta l  ions. The effects of the ionic radii are different  
for the  ions occupying three different kinds of site in the  
structure. The theory accounts quant i ta t ive ly  for the 
range of composit ion of the  or thorhombic amphiboles 
and for the  fl angles of the  monoclinic ones and predicts 
various new relationships which migh t  be invest igated 
by synthet ic  work. 

The same phenomena  are shown to be reflected in the  
crystal chemistry of the pyroxenes,  a l though here the  
effects of ionic size are much  less rigidly defined. I t  is 
suggested tha t  this is due to the greater  flexibility of the  
single silicate chain in pyroxenes as compared with the  
double chain in amphiboles,  a suggestion which is in l ine 
with such structural  knowledge of the  pyroxenes as is 
available. 

3.11. X - r a y  s tudy  of the  t h e r m a l  d e c o m p o s i t i o n  of  
t h a u m a s i t e .  By M. FONT-ALTABA, Rocafort, 111, Bar- 
celona, Spain. 
The s tudy of thermal  decomposit ion of thaumas i te  

begins with the  obtent ion of the  d.t.a, curve and its 
interpretat ion.  Two peaks appear, one very strong endo- 
thermic at 206 °C., and another  exothermic of an inten- 
sity seven times less at  709 °C. The first corresponds to  
an endothermic chemical reaction of 1st order as the loss 
of crystallization water ;  the  second is due to a consolida- 
t ion or inversion of a phase. In  order to know the na ture  
of this transformations,  an X-ray  s tudy of the  mineral  
is carried out  after having been submi t ted  to a tem- 
perature between 200 and 1000 °C. The end product  is 
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fo rmed  by  two phases, CaSe  4 and fl-Ca2SiO 4, whose for- 
m a t i o n  was to be foreseen taking into account  the 
chemical  composit ion of the thaumasi te .  The endo- 
thermic  peak  a t  709 °C. is due to the crystal l ization of 
the  fl-Ca2SiO 4. 

To be publ ished in Miner. Mag. 

3.12. S t u d y  of ranqui l i t e ,  a c a l c i u m  u r a n y l  s i l i cate .  
B y  M. J I ~ N E z  DE ABELEDO, MA_R~A I~ODI~GUEZ DE 
BENYACAR & ERN~STO E. G~LONI, Comision Nacional 
de Energia Atomica, Avda, Libertador Gral San Martin 
8250, Buenos Aires, Argentina. 
A yellow fluorescent mineral  appearing in very  small 

amoun t s  in samples of gypsum from the Ranquil-C5 
area  (Mendoza, Argentina)  is studied.  X- ray  powder  
pa t t e rn  da ta  showed it to be a new mineral  ; it was n a m e d  
ranquil i te,  f rom the locali ty of its occurrence. According 
to chemical  analyses, probable formula is: 

1.5 CaO. 2 UOs. 5 SiO2.12 H20 . 

Dehydra t ion  and  rehydra t ion  studies showed tha t  two 
'hydra tes '  are present  in our samples of ranquili te,  and 
allowed us to select the lines belonging to each 'hydra te '  
on the  X- ray  powder  pat terns .  F r o m  selected area electron 
diffraction pat terns ,  values for a 0 and b 0 were obtained.  
A value for Co was obtained assuming tha t  the  lines tha t  
shift dur ing dehydra t ion  represent  001 reflections. 

All the lines in the pa t t e rn  for the  form rich in water  
could be indexed assuming rhombic s y m m e t r y  with  
dimensions:  

a 0 = 17.64, b 0 = 14.28, c o = 18.4 A .  

S tudy  is being cont inued on ranquili te,  as well as on 
a green va r i e ty  occurring in significant amounts  in new 
samples of the mater ia l  from Ranquil-CS. 

To be published in Amer. Min. 

3.13. S t r u c t u r a l  i n v e s t i g a t i o n s  on su l fo sa l t s  f r o m  
the  L e n g e n b a c h ,  B i n n  Val ley ,  S w i t z e r l a n d .  By 
W. NOWACKI, Y. IITA~A & H. BfirR~I, Bern, Sahlistr. 6, 
Switzerland. 

(1) The pseudostrueture of seleroelase (Y.I.) 
Oscillation, Weissenberg and  precession photographs  

showed two kinds of spots: 's trong'  and 'weak'  ones. 
The intensities of the 'strong'  spots have  an or thorhombic  
symmet ry ,  bu t  the missing spectra  yield a monoclinie 
s y m m e t r y  of the pseudo-cell  wi th  

a '=19 .62 ,  b '=7 .89 ,  e ' = 4 . 1 9 / ~ ,  f l ' =90  °, 

C~h-P21/n, Z = 4. PbAs2S 4 (d = 5.05). The intensi ty  distri- 
but ion of the 'weak'  spots is monoclinic,  s tronger in the 
high angle region and probably  vary ing  in different 
specimens. The 'weak'  spots m a y  be caused by periodic 
shifts from the mean  atomic positions, so tha t  the t rue  
s t ruc ture  is a superposit ion of a pseudo-s t ructure  and a 
modula t ion  (of the displacive type).  The t rue  cell has the 
periods 

a=3 × 19"62=58.9, b=7.89 ,  c = l l  ×4.19=46 .1  A ,  

fl=fl" =90 °. 

A Pa t t e r son  project ion (hkO) gave the  posit ion of the  
heavy  Pb-a toms of the  pseudo-structure ,  which yielded 
the signs for a Fourier ,  which was refined by  difference 
Fouriers to show at  the  end all As- and  S-positions 
(R = 26%). In  the (h0/)-projection the  z-coordinates were 
fixed by  the  or thorhombic  in tens i ty  dis t r ibut ion as 
0, ¼, ¼, ~ and crystal  chemical  considerations gave a 
plausible a r r angement  for which the  R-value dropped 
from 29% to 15-8% when  individual  t empera tu re  factors 
for each a tom (As=7-4,  S = 4 . 5  /l~) and an anisotropic 
one for lead ([la 6.7, ]]e 3.6 /~)  were int roduced.  The 
'weak '  spots and these high factors (B =4.5  / ~  for (h]c0) 
projection) indicate  the presence of some kind of super- 
s t ruc ture  and disorder. The difference Fourier  maps  show 
still a large anisotropy also for As and S. 

The atomic coordinates are:  

x' y' z' 

Pb 0"1947 0 " 0 8 4 9  0"2500 
As 1 0"1290 0 " 5 0 3 0  0"7500 
As s 0"0040 0 " 8 0 2 0  0"2500 
S 1 0"2210 0 " 3 6 3 0  0"7500 
S~ 0"1680 0-6810 0"2500 
S a 0"0780 0 " 9 7 5 0  0"7500 
S 4 0"0480 0 " 3 4 1 0  0"2500 

The coordinat ion is: 

Pb  = 2.80($2) + 3.08(2 $1) + 3.19(2 $1) + 3.22(2 $3) 

+ 3.23($2) + 3.52($4) - -8+  1, 

As 1 = 2.12($1) + 2.63(2 $2) + 2.92(2 $4) = 3 + 2, 

As2 = 2.38($8) + 2.59(2 $4) + 2.89 A (2S3) = 3 + 2. 

The coordinat ion of the  Pb-a toms  is similar to t ha t  
in PbC12 and PbBr  2. The s t ruc ture  show layer  like regions 
of Pb- and S-atoms It (100), separa ted  by regions of 
As- and S-atoms (good cleavage]] (100)). There are 
(AsS2)n-chains I I c; because of the modula t ion  in the t rue  
s t ruc ture  it is probable t ha t  they  do not  ex tend  in- 
finitely, bu t  are broken into pieces o f - -up  to p resen t - -  
unknown  length. 

(2) Lengenbachite ( Y.I.) 
Oscillation, Weissenberg, precession and Laue  photo- 

graphs yielded the da ta :  

a=35.13,  b=11.52, c = 3 6 . 9 0 •  , f l=92°.6,  

space group C~h-P21/m. 

(3) Fibrous sulfosalt (H. B.) 
I n  the  Lengenbach  dolomite fine needles of a grey, 

sometimes reddish sulfosal~ occur [see Fig. 16 in W. 
Nowacki ,  Die Neuerschliessung der MineralfundsteUe Len. 
genbach (Binnatal ,  Kt .  Wallis). Mitt. Natf. Ges., Bern 
(N.F.), (1960) 18, 35-43]. These needles consist of two 
(or one and two) species: an or thorhombic  [with a = 8.38, 
b = 2 x 2 5 . 6 1 ,  c = 7.89A, space groups C~-Cmm2, 
Cl~-Cm2m-C2mm, D~-C222, D~,-Cmmm; the  spots wi th  
h = odd are weaker  than  those wi th  h = even and somewhat  
diffuse] and  two monoclinic [with a = 8-38, b = 25.61, c = 
7.89 A, fl = 90o25 ', space groups C]-Pm, C~-P2, C~a-P2/m, 
C~-P21, C~h-P21/m (hkl and hO1 all present ,  0k0 coincid- 
ing wi th  spots of the  or thorhombie  species)] (needle 
axis I I a). The whole mass of a needle is dis t r ibuted 
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abou t  equal ly  over the three  species. Each  species only 
shows one or ientat ion within  a given crystal.  The cells 
of the  two monoc l in ic  species are symmetr ica l  to a 
plane ± to the  needle axis. The s t ruc ture  of the two 
monoclinic species m a y  be ei ther  identical  or enantio- 
morphous .  The lat t ice constants  show a str iking similari ty 
wi th  those of ra th i te  (a=8 .43 ,  b=25"80, c=7 .91  A, 

= 9 0 ° +  15', C~-P21) and  of dufrenoysi te  (a =8"41, b = 
25"85, c = 7-88, fl = 90 ° 30', C~h-P2~/m). 

To be publ ished in Acta Cryst. or Z. Kristallogr. 

3" 14. T h e  crystal  s tructure  of cahnite ,  Ca~BAsOa(OH)  4. 
By  CHARLES T. PREWITT & M. J .  BUERGER, Massachu- 
setts Institute of Technology, Mass., U.S.A. 
Cahnite is one of the few crystals which had been 

assigned to crystal  class 4. A precession s tudy  showed 
t h a t  its diffraction symbol  is 4/mI- / - ,  which contains 
space groups I4,  15, and  I4/m. Because of the known 
morphology,  it  mus t  be assigned to space group 15, 
which it then  shares wi th  only one other  mineral ,  nagy- 
agite. The uni t  cell, whose dimensions are a = 7.11 A, 
c = 6.20/~, contains two formula weights  of 

Ca2BAsO4(OH)4 • 

The s t ruc ture  was s tudied wi th  the  aid of in tensi ty  
measurements  made  wi th  a single-crystal diffractometer .  
Pa t te r son  syntheses were first made  for project ions along 
the c, a, and  [110] directions. The atomic numbers  of the 
a toms are in the  rat io A s : C a : O : B  -- 3 3 : 2 0 : 8 : 5 ,  
so tha t  the  Pa t t e r son  peaks are domina ted  by the  a tom 
pairs conta ining arsenic as one m e m b e r  of the pair. 
Since there  are only two arsenic a toms in a body-centered  
cell, one As can be arbi t rar i ly  assigned to the  origin. 
Then  the  major  peaks of the  Pa t te r son  syntheses are at  
locations of a toms in the  s t ructure .  The s t ructure,  deter- 
mined  approximate ly  in this manner ,  was refined by 
two-dimensional  difference maps,  and  later  by least- 
squares using all hlcl reflections recordable wi th  Cu K a  
radiat ion.  The coordinates of the final s t ruc ture  are:  

Atom Equipoint x y z 

Ca r 2b 0 0 ½ 
Caii 2d 0 ½ 
B 2c 0 ½ ¼ 
As 2a 0 0 0 
Oi 8g 0.177 0-051 0.167 
Oir 8g 0.340 0.055 0.613 

These coordinates de te rmine  a s t ruc ture  in which As 
is t e t rahedra l ly  sur rounded  by  Or a t  a distance of 1-67 A, 
B is t e t rahedra l ly  sur rounded  by  OH at  a distance of 
1.47 ~ .  The calcium atoms are each sm'rounded by 8 
oxygen atoms a t  about  2.45 /~. 

To be publ ished in Z. Kristallogr. 

3.15. Crystal  s tructures  of the CugSs-CusFeS 4 ser ies .  
By N. MORI~OTO* & G. KUT~LERUD, Geophysical Labo- 
ratory, Carnegie Institution of Washington, Washington 8, 
D.C., U.S.A. 
Complete solid solution exists, above approximate ly  

* Present address: Department of Mineralogy, University 
of Tokyo, Tokyo, Japan. 

350 °C., be tween  CusFeS 4 (bornite composition) and 
CugS 5 (digenite composition).  In  order to elucidate the  
relat ionship be tween  crystal  s t ructures  on the  one hand  
and composit ion and  t empera tu re  on the  other,  'single' 
crystals of 10 different compositions be tween  CusFeS 4 
and CugS 5 were synthesized above 350 °C. The quenched 
products  were examined  by the precession and  Weissen- 
berg methods .  

Characterist ic features observed on the  synthet ic  ma- 
terials are:  

(1) Superstructure phenomena.--Crystals of all compo- 
sitions have  super ceIIs buil t  f rom var ian ts  of a unit ,  
which is a cube wi th  cell edges, a, ranging from 5"47 A 
for CusFeS 4 to 5.54 _~ for CugS 5. The edges of the super- 
cells are multiples,  t, of the  edge of the cube. t ranges 
from 2 for CusFeS 4 th rough  3 and 4 for in te rmedia te  
compositions to 5 and  6 for CugS 5. 

(2) Extinction rules.--Only the  reflections of 

(2 . t .m +_L, 2 . t . n  +_L, L) 

were observed when  the lengths of the unit-cell edges 
were a.  t A. These ext inct ions were explained by assump- 
t ion of twinning of the fundamenta l  rhombohedra l  ceils, 
which have  1/(4t 2) of the  apparen t  supercell  volume, 
(a. t)~ A s. 

The crystal  s t ruc ture  of CusFeS 4 was de te rmined  on 
the  basis of the  fundamen ta l  rhombohedra l  cell wi th  
at=6"71 A, a = 3 3  ° 32' and the space group, R3m. There 
is one (Cu, Fe)3S 2 in the uni t  cell. The discrepancy factor  R 
is 0.206 for the final s t ructure .  This s t ruc ture  is inter- 
pre ted  as the layer-s t ructure  parallel to (111). Sulfur 
layers lie between two kinds of meta l  layers, for one of 
which all positions are filled and  for the  other,  only a 
half of the positions is filled. The crystal  s t ructures  of 
other  composit ions wi th  different cell edges, including 
CugS 5, are explained by the  different s tacking order of 
par t ly  filled meta l  layers keeping the  sulfur layers con. 
s tan t  for the whole series. 

3.16. P o l y m o r p h i s m  of Ag2Te.  B y  ALFRED J .  FRIIEH, 
JR., Department of Geological Sciences, McGill Univer- 
sity, Montreal 2, P.Q., Canada. 
Three polymorphs  of AgeTe exist be tween room tem- 

pera tu re  and the  mel t ing point.  They  are, in the order  
of increasing t empera tu re :  monoclinic,  face-centered 
cubic, and  body-centered  cubic. The t ransformat ion  
t empera tu re  be tween  the  face-centered cubic and the  
body-centered  cubic forms increases wi th  a slight stoi- 
chiometr ic  excess of Ag. Three  polymorphs  of AgeS have  
been listed, in order  of increasing tempera ture ,  as mono- 
clinic, body-centered  cubic, and  face-centered cubic. The  
t ransformat ion  t empera tu re  be tween the  body-centered  
cubic and  the  face-centered cubic forms decreases wi th  a 
slight s toichiometric  excess of Ag. A s t ructura l  explana- 
t ion is sought  for the  increase in the  stabil i ty range of 
the  face-centered cubic s t ruc ture  wi th  s toichiometr ic  
excess of Ag in bo th  these compounds.  

Likely to be publ ished in Amer. 3lin.  
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3.17. E l e c t r o n  m i c r o s c o p e  t r a n s m i s s i o n  s t u d i e s  o f  
c e r a m i c  m a t e r i a l s .  B y  A. K~LT,y & G. K. WILT,~M- 
so~ ,  University of Cambridge, Department of Metallurgy, 
Cambridge, England. 
Electron Microscope transmission studies have been 

made  of ceramic materials  such as graphite, boron 
ni tr ide and magnes ium oxide. The specimens can be 
prepared by cleavage or chemical th inning and disloca- 
tions and other defects observed in exactly the  same 
way as for metals.  In  the case of magnes ium oxide 
dislocations associated with cracks have been studied and 
also the mode of cross slip of screw dislocations. In  the 
case of the layer structures values of the stacking fault 
energy can be deduced by measurements  of the curvature 
of dislocations at  ex tended nodes. The values are very 
low in graphite  being less than  1 erg/cm, e. The ease with 
which the layer structure may  be sheared parallel to the 
basal planes is to be interpreted in terms of the width  
of the dislocations rather  than  in terms of weak van der 
Waals bonding between the  layers. 

To be published in J .  Amer. Ceram. Soc. 

3.18. Z u r  K e n n t n i s  d e r  m e t a m i k t e n  M i n e r a l e  d e r  
E u x e n i t - F a m i l i e .  By H. SEIFERT & B. BECK, re- 
por ted  by H. SEIFERT, Mineralog.-Petrologisches In- 
stitut der Universitdt, Mi£nster/Westf., Deutschland. 
At the  second In terna t ional  Congress of the  Union 

(Stockholm 1951) one of us reported about  successful 
recrystallization of powders of the metamic t  minerals of 
the euxenite family, among them of classical localities, 
by heat ing them in an electrical furnace at  900 °C.- 
950 °C. He got X-ray  powder diagrams of a wholly 
uniform type. These could be interpreted apparent ly  
orthorhombic in analogy to the columbite crystals. This 
was natural ly  connected with uncer ta in ty  because of 
richness of the interferences. Euxeni te ,  aeschynite, poly. 
crase and blomstrandine,  they  all gave very similar 
lattice constants,  bu t  not  an axial ratio very satisfac- 
torily conformable with the medium morphological axial 
ratio of the literature. Various non systematic oscillations 
of intensi ty migh t  plausibly be interpreted by strong 
chemical differences within the  formula AB206. 

These investigations were taken  up. I t  was established 
with further  mater ia l  like Berman (1950) tha t  powder 
diagrams of the recrystallized specimens were variable 
in dependence of the tempera ture  and the t ime of heating. 
Therefore it is the question if at  all the original s tructure 
of the  minerals is reached by this process. Surely there 
are localities which give the same diagrams at a low or 
high temperature of heating--as an example the euxenite 
from Moss. I t  seems to be more frequent  tha t  this is not  
t h e  c a s e .  

A second considerable result of the experiments  by 
synthesis is the  following: On the  base of mixtures  of the 
oxides Y~O3, Tie2 and Nb205 in the  ratio 1:1:1,  i.e. for 
a compound y[KbTiO6], we got diagrams which were 
found to be in an excellent ha rmony  with those of re- 
crystallized specimens of the same minerals as above on 
one side, bu t  now heated at  high temperatures  in air, 
to those of the euxenite from Mat tawan/Canada (and the 
aeschynite of Hit terb/Norway),  t reated by us and by 
Berman (1955) in the same manner  at  the other side. 

The lat ter  mineral  was already examined by Arno t t  
(1950) and structurally interpreted in a manner  tha t  
there existed a good ha rmony  with the  morphological 
axial ratio. Thus we can now agree with this proposal. 
Arnott ,  too, got diagrams with much more interferences 
for Mat tawan at a lower tempera ture  and shorter  t ime 
of exposure. I t  mus t  therefore be examined if such 
diagrams are ever homogeneous or not. 

A general view of series of other  syntheses is to be 
joined. We hope to report,  too, about  new hydro thermal  
syntheses which are now in progress and aim to get single 
crystals for further  investigation of the mineral  group in 
the aspect of crystal s tructure and geochemistry.  

In  recent days, however, we were succesful in pro- 
ducing single crystals of the compound YTil~bO6 and 
the Euxeni te  of Mattawan by melt ing the mixture  of 
oxides resp. the me tamik t  material  and cooling slowly. 

We found the following latt ice constants and space 
groups : 

Synthetical YTiNbO 6 
a6---- 5.59 + 0-03A 
b0=14"65 ± 0.07 
co-= 5.22 ± 0.03 

1 4  
D2h - -  Pean 

Euxenite Mattawan 
%---- 5.59 ± 0.03/~_ 
b0= 14.62 ± 0.07 
Co-= 5-23 + 0.01 

14 
D2h -~ Pcan 

These results are im good agreement  wi th  those of 
1~. I. Arnot t  obtained by measurement  of powder-dia- 
grams from an Euxeni te  of Mat tawan too. 

Probably will be published in Geochimica Acta. 

3.19. T h e  c r y s t a l  s t r u c t u r e  o f  k e t t n e r i t e  
( B i O ) ( C a F ) C O  a. By V. S¥~ESE~ & L. ~;i]~, Institute 
of Technical Physics, Czechoslovak Academy of Sciences, 
Prague and Dept. of Mineralogy, Charles University, 
Prague, Czechoslovakia. 
The or thorhombie uni t  cell of ke t tner i te  with a - -b  = 

5.36, c = 13.59 /~ contains four molecules. The structure 
was studied from the ordinary and generalized Pat ter-  
son projections on (010). Tetragonal  layers (Ca, 2F,  Ca) 
and (Bi, 20 ,  Bi) parallel to the basal face were found. 
The spatial a r rangement  of these layers corresponds to 
the symmet ry  of the space group P4/nmm. These layers 
al ternate  in the [001] direction being inter leaved by 
single CO 3 layers. Both  the  biaxial character  of the  
mineral  and the  uncer ta in ty  concerning the rotat ion of 
the COa groups indicate a lower symmetry .  The highest  
possible symmet ry  is tha t  of Cmma. The structure is 
related to tha t  of the  type X 1 found by Sill@n et al. 
for several b ismuth  oxyhalides and  especially to that of 
bismutite.  

To be published in Czech. J. Phys. 

3.20. T h e  ' E d g e  Effect '  i n  c r y s t a l s  o f  g a n g u e  m i n e r -  
a l s  f r o m  D e r b y s h i r e  a n d  e l s e w h e r e .  By  G. M ~ E ~ E R ,  
University of Concepcion, Chile. 
I t  was found tha t  certain fluorite, calcite, quartz and 

barite crystals from Derbyshire show remarkably  well 
defined distr ibution pat terns  of discrete enclosures of 
haemati te ,  pyrite, etc., or diffused colouration, in relation 
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to the  edges. 'Posit ive edge effect' consists of concentra- 
t ion of the foreign ma t t e r  on all or occasionally some 
edges or edge loci only, whereas 'negat ive edge effect' 
is the  corresponding reverse structure.  Preferential  depo- 
sition of impurit ies on certain types of faces or corners 
has been observed also, but  these structures are rare. 
I t  was found tha t  in case of calcite and quartz sprinkled 
with haemati te ,  the edge effect is most  pronounced on 
crystals overhanging from the ceilings of vugs, and it is 
absent  on horizontally s i tuated ones, indicat ing a process 
of actual a t t ract ion towards the  edges of the  colloidal 
Fe203 particles from the solution which in turn  becomes 
obli terated through gravitat ional ly set t led substance. The 
structures, which are relat ively common in Derbyshire 
gangues, have been found to be extremely rare and ill- 
developed in minerals from other localities. I t  is believed 
by the author  tha t  the  well known cross of carbonaceous 
inclusions in certain andalustes,  which was invest igated 
from Chilean specimens, is also a positive edge effect, 
and not  the result of subsequent  filling in of a sceletal 
crystal with  less pure mat ter ,  as explained previously. 

I t  is suggested tha t  the  structures are produced through 
charges developing on the growing edges, which repel or 
a t t rac t  equally or oppositely charged colloidal particles, 
respectively. In  order tha t  the low intensi ty  electrostatic 
charges should sufficiently accumulate,  the screening 
effect of carbonaceous emulsions collecting on the  surface 
of the crystals is necessary, and in this connection it is 
significant to note, tha t  the  veins of Derbyshire are 
exceptionally rich in bi tumens,  further  tha t  the  cross 
appears in andalusites only within ra ther  pronouncedly  
carbonaceous schists. 

coloration due to a-activity,  fur ther  tha t  only some types 
of fluorites with presumed imperfections in the lattice 
are adapted  to accomodate  the  larger sized calcium 
colloids, which const i tute  stable coloration. I t  seems from 
microscopic and chemical studies of coloured haloes sur- 
rounding b i tumen inclusions, tha t  in certain specimens 
at  least, the U and minor  Th is carried into the  lattice 
through finely divided carbonaceous substances, of aro- 
matic,  tha t  is 'uranophyl '  chemical consti tution,  but  tha t  
the lat ter  are no t  the pr imary  causes of the  coloration. 

3.22. T h e  crys ta l  s t r u c t u r e  of e o s p h o r i t e .  By A. W. 
HANSO~, Division of Pure Physics, ]Vational Research 
Council, Ottawa, Canada. 
The crystal s tructure of eosphorite, 

A1POd. (Mn,Fe)(OH)2. t I 2 0 ,  

is described with reference to the pseudo-orthorhombic 
space group Bbam with a= 10.52, b = 13.60, c =6.97 A, 
Z = 8 .  The structure was de termined by inspection of 
some Pat terson sections, and refined with the aid of 
three-dimensional  differential syntheses. In  the structure 
described there are two parallel sets of infinite chains, 
one composed of (Mn, Fe)Od(OH)2 octahedra sharing op- 
posite O-O edges, and the  other  of A102(OH)2(H20)~ 
octahedra sharing opposite I-t20 corners. These chains 
alternate,  sharing OH corners to form a set of parallel 
sheets held together  by phosphorus ions in te t rahedral  
coordination of oxygen ions. 

A complete accotmt is in Acta Cryst. (1960). 13, 384. 

3.21. In terre la t ions  b e t w e e n  colorat ion,  absorpt ion  
spec tra  and radioact iv i t i es  of f luor i tes  f r o m  d i -  
v e r s e  local i t ies .  By G. ]VIUELLER, W. RECKE & R. 
VERA:MEGE, University of Concepcion, Chile. 
A total  of 60 fluorite specimens originating from all 

the major  localities of the globe were de termined for 
U-equivalent  of radioact ivi ty up to + 1 p.p.m, accuracies, 
through fl and }, counts. I t  has been found tha t  the radio- 
act ivi ty  increases from 1 - 3  p.p.m. U-equivalent  for 
colourless, finely ground powders to around 100 p.p.m. 
with the darkening of the blue-purple coloration. The 
curve~ constructed between radioact ivi ty and ~ertain 
characteristic wavelength  of the absorption spectra 
clearly indicate the  quant i ta t ive  or quasiquant i ta t ive  
na ture  of this relation. 

The coloration is explained through gradual  accumula- 
t ion of Ca-colloids, through deve lopment  of lattice 
imperfections, wi thin  the CaF~ lattice as a result of bom- 
ba rdment  by radioactive projectiles, and for this reason, 
as anticipated,  very dark  fluorites also contain detectable 
free F2. The steel blue coloration provoked through 
X-rays or intensive radioactive radiat ion is less stable 
than  the  natural  one. This fact can be explained through 
the cmnulat ive  effect th roughout  a geological time-scale, 
of low intensi ty irradiation during which relatively 
larger sized colloidal particles of Ca can condense here 
and  there, due to chance co-incidences. This applies 
particularly to purple coloration, which is the most  
termostable,  and presumably represents max imum grain 
size. The close succession of sharply defined purple, blue 
and colorless zones in certain crystals seems to indicate 

§ 4. M e t a l s  a n d  a l l o y s  

4.1. C o n s i d e r a t i o n s  r e g a r d i n g  V e g a r d ' s  l aw.  By F. M. 
D'I-I.EU-RLE, A. S. NowlcK & D. P. SERAPHIM, I B M  
Research Center, Yorktown Heights, New York, U.S.A.  
The lattice spacing of solid solutions can be expressed 

as a statistical average of bond lengths, dAA, dAB, and dBB, 
characteristic of AA, AB and BB bonds, respectively. 
Changes of latt ice spacings with composit ion depend 
upon the  relative values of the  bond lengths and the 
variat ion of the  lengths with composition. 

For a l imited range of composition, as in terminal  solid 
solutions, it can be assumed tha t  the three bond lengths 
are independent  of composition. Under  this assumption 
the deviat ion from Vegard's  law is expressed as 

2[dAB -- (d~_~ + dBs)]/dKt~. 

The three characteristic bond lengths can be calculated 
from the exper imental ly  de termined dependence of the  
lattice parameter  on composition. The values of dBB 
obtained in this way for A-rich solid solutions are com- 
pared with the equivalent  values obtained from the lattice 
of pure B. 

In  addition, the  magni tude  of the Zener anelastic effect 
in solid solutions, which is due to the  reorientat ion of 
solute-atom pairs, is shown to depend on the deviat ion 
from Vegard's  law as defined above. Exper imenta l  data  
presently available confirm this prediction. 

To be submit ted  to Acta Metallurg. 
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4.2. T h e  lat t ice  s p a c i n g s  of c l o s e - p a c k e d  h e x a g o n a l  
i n t e r m e d i a t e  p h a s e s  based  on noble  m e t a l s .  By 
T. B. MAssxLs~  & H. W. KI~o ,  Mellon Institute, Pitts- 
burgh 13, Pennsylvania, U.S.A. 
Withdrawn .  

4.3. C l o s e s t  p a c k i n g  of s p h e r e s  w i t h  a s u b s i d i a r y  
condi t ion  in al loys .  By K. SctrCBERT, Max Planclc 
Institut .fiir Metallforschung, Stuttgart, Deutschland. 
I t  is well known tha t  in alloys between t ransi t ion 

metals  a t  an  average n u m b e r  of 4 to 6 outer  electrons 
per  a tom the  cubic body  centered s t ruc ture  (A2) is ob- 
served (K. Schubert ,  Z. Naturforschung (1956), 1 l a, 999). 
Another  s t ruc ture  found in t ransi t ion meta l  alloys is the 
s igma phase s t ruc ture  of flU; it has been pointed out  
(D. S. Bloom & N. J .  Grant,  Trans. A I M E  (1953), 197, 
88) tha t  phases wi th  this s t ruc ture  are found wi th  an 
outer  electron concentra t ion of 6.7. The s t ruc ture  first 
found wi th  'flW' or WaO(A15) which is similar to tha t  
of f lu has till now found only wi th  75 a t .% of a transi- 
t ion meta l  having itself a modif icat ion if cubic body  
centered s t ructure .  A fur ther  statist ical  evaluat ion of 
s t ruc tura l  knowledge shows (K. Schubert ,  Z. Natur. 
forschung (1956), l l a ,  999) t ha t  a t  higher and a t  lower 
electron concentrat ions  hexagonal  or cubic close packed 
s tructures  are found. By  this fact the  question arises 
whe ther  the s t ructures  of W, 'flW', flU can be considered 
as packings which are closest wi th  a subsidiary condi- 
tion. If  one prescribes the atomic distances in one crystal  
plane it m a y  be t ha t  the following layers are congruent  
and the problem of the densi ty  of the s t ruc ture  is solved 
by a one-dimensional  m o v e m e n t  of the following layers. 
The A2 s t ruc ture  (cell edges a 1, a 2, a 3) is of such a k ind:  
if one prescribes the atomic distances in the a 1 x ae plane 
in the manne r  of this s t ructure  the following planes are 
congruent  and give in the  case of highest  densi ty  the 
A2 s t ructure .  Of a similar charac ter  is the A 15 s tructure.  
The cause of the  atomic distances m a y  be sought in a 
spacial correlat ion of the outer  electrons. 

4"4. B o n d i n g  in  c o m p l e x  t r a n s i t i o n - g r o u p  i n t e r -  
m e t a l l i c  c o m p o u n d s * .  By DAVID P. SHOEMAKEIt & 
CL~__~A B. S~rOEMJtX.ER, Department of Chemistry, Mas. 
sachusetts Institute of Technology, Cambridge, Massachu- 
setts, U.S.A. 

Several re la ted complex intermetal l ic  compounds  of 
t ransi t ion-group elements  have  been examined  from the  
point  of view of in tera tomic  distances and  coordination.  
With in  these the  coordinat ion polyhedra  are restr icted 
to four types,  wi th  coordinat ion numbers  12, 14, 15, and  
16 (J. S. Kasper ,  Theory of Alloy Phases, Amer. Soc. of 
Metals Symposium (1956), p. 264). Each  of these poly- 
hedra  contains twelve 5-fold vertices; the remaining 
vertices are 6-fold. 

* Sponsored by the Office of Ordnance Research. Computa- 
tions done at the M.I.T. Computation Center. 
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For  the sigma (G. Bergman  & D. P. Shoemaker ,  
Acta Cryst. (1954), 7, 438), P,  (D. P. Shoemaker ,  C. 13. 
Shoemaker  & F. C. Vv'ilson, Acta Cryst. (1957), 10, 1), 
and 1% phases (Y. Komura ,  W. G. Sly & D. P. Shoe- 
maker ,  Acta Cryst. (1960), 13, in press), a quan t i t a t ive  
t r e a t m e n t  of in tera tomic  distances has been carried out.  
For  each of these, when a 5-fold radius and a 6-fold radius 
is assigned to each polyhedron on the basis of least- 
squares, the radius sums agree r emarkab ly  well wi th  the  
actual  distances, the mean  deviations for the  respect ive 
phases being 0.039, 0.036, and 0.057 /k. This we take  to 
imply t ha t  the effective local field s y m m e t r y  a t  each 
a tom is very  near ly  tha t  of the idealized polyhedron.  
F rom this some inferences can be drawn regarding the  
na tu re  of the bonds;  for example,  since p and d orbital  
degeneracy is not  removed in a field of icosahedral sym- 
met ry ,  no directed (spd) bonds should be formed by  the  
a toms with  coordinat ion 12. I t  is a t t rac t ive  to assume, 
bu t  by no means  established, t ha t  in these a toms the  
d shell principally concerned is filled, by electron t ransfer  
if necessary, and tha t  the 6-fold bonds are more or less 
localized and with  considerable d character .  

To fur ther  subs tant ia te  present  indications of site 
occupancies in t e rnary  P and 1% phases, procedures  have  
been developed for supplement ing X- ray  ordering para- 
meters  wi th  neu t ron  powder  data ,  even in cases wi th  
incomplete  resolution. The calculations have been pro- 
g rammed  for the IBM 704 computer .  

Ful l - length account  to be submit ted  to Acta Metallurg. 

4-5. The  a tomic  a r r a n g e m e n t  of s o m e  i r o n - p o o r  
a l u m i n i u m  s i l i con phases .  By PER SPIEGELBEI~G, 
Metallografislca Institutet, Stockholm O, Sweden. 
A description is given of the atomic a r rangement  of 

some iron-poor a lumin ium silicon phases, t ha t  have  been 
s tudied by direct  methods .  

Due  to the similari ty of the atomic scat ter ing factor for 
a lumin ium and silicon, a hypothesis  concerning the bonds 
and the dis tr ibut ion of the valence electrons had  to be 
used for an in terpre ta t ion  of the complete s t ructure .  
A hypothesis,  t ha t  seems to fit well wi th  X- ray  results, 
also seems to indicate an explanation of the apparent 
valence-electron absorption by transition-metal atoms 
in aluminium-rich alloys. 

To be published in Acta Cryst. 

4.6. S u r  la  nature  des  l ia i sons  dans  les  c o m p o s 6 s  
I -V.  Par  J .  P.  ~ucm~T, Centre National de la ~ee]~erche 

Scientifique, Laboratoire de Bellevue (S & 0)., Paris, France. 
Les t r avaux  de H . . K r e b s  (Z. Anorg. Chem. (1955), 

278, 82; Acta Cryst. (1956); 9, 95; Z. Elektrochem. (1957), 
61, 925) ont  montr6  que les forces de liaison homo- 
polaires dtaient  plus r6pandues darts les eristaux min6- 
raux qu'il  ne l '6tait  admis autrefois et E. Nooser  & W. B. 
Pearson (J. Electronics (1956), 1, 629; J. Chem. Phys. 
(1957), 26, 893) ont  avanc6 que e 'dtai t  1~ une condit ion 
essentielle i~ l 'existence d 'un  ensemble de propri6t6s li6es 
au caract~re ' semiconducteur '  et pr6sent6es n o t a m m e n t  
par  le germanium,  l ' an t imoniure  d ' indium,  etc . . . .  
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J.  P. Suchet  (J. Phys. Chem. Solids (1959), 12, 74) a re- 
marqu@ enfin qu 'une  part ie seulement  des atomes pouvai t  
former un r@seau covalent,  les autres formant  un r@seau 
ionique interstitiel,  et que des translocations @lectroniques 
pouvaient  intervenir  entre  les premiers et les seconds 
(r@seaux compens@s). 

Les compos@s binaires unissant  les @l@ments des colon- 
nes I (alcalins) et V de la classification p@riodique pr@- 
sentent  ~ cet @gard un grand int@r@t, le caract@re semi- 
conducteur  ayant  @t@ r@cemment reconnu ou confirm@ 
dans Li~Bi, CszSb, Na3Sb, KaSb et NaSb. Les cas de 
LiaBi (structure D03) et de Cs3Sb (structure B32) ont  
d@j~ @t@ @tudi@s et la consid@ration de r@seaux partiels 
covalents [Li2Bi ]- et  [CsSb] 2- ayan t  respect ivement  les 
structures C1 et B3 s 'y impose. L 'au teur  examine ici les 
compos@s du type Na3As (structure D0~s ) et  propose un 
sch@ma de liaisons compor tan t  un r@seau partiel  hexag- 
onal [NaAs] & structure B12 et des 'mol@cules' inter- 
stitielles Na2 den t  la position exacte dans la maille 
d@pend d 'un  param~tre u. Ii aborde ensuite les compos@s 
LiAs et NaSb, den t  la s tructure r@v@le l 'existence d 'une  
chaine spiral@e covalente, et  propose de consid@rer les 
r@seaux compens@s [As]-Li + et [Sb]-Na + off [As]- et  
[Sb]- auraient  une structure analogue & A8. 

L'existence de r@seaux partiels tels que [Li2Bi ]-  dans 
la s tructure C1 permet  de compl@ter pour les alcalins les 
rayons t@tra@driques r iv calcul@s par Pauling. Les aug- 
menta t ions  Ariv de ces rayons lorsqu'on passe d 'un  
@l@ment au suivant  dans la colonne I (alcalins) et  dans 
la colonne V de la classification sent  compar@s avec les 
augmenta t ions  correspondantes Arm d@duites de l'@tude 
des longueurs de liaison dans les r@seaux partiels [I V] 
de la structure D0~s. Une table de rayons rHi similaires & 
ceux du graphite  et  du bore est alors construite en 
supposant  que riii/riv :zJriii/A]riv. Ces rayons atomiques 
s 'accordent  avec une nota t ion  covalente pure 

Na ~- > N a -  > Na et As > As + > As 2+. 

Ils in terviennent  en outre dans les in@galit@s fixant les 
domaines de stabilit@ des structures DO 3, D01s et B32. 

To be published in Acts Cryst. 

4.7. G u i n i e r - P r e s t o n  z o n e s  in  an  a l u m i n i u m - s i l v e r  
a l loy .  By E. J.  FREISE, A. KELLY & ~ .  B. NICHOLSON, 
University of Cambridge, Department of Metallurgy, 
Cambridge, England. 
X-ray small angle scattering measurements  and elec- 

t ron microscope transmission studies have been carried 
out  on the same specimen of an a luminium-si lver  alloy 
quenched and aged at  125 °C. The X-ray measurements  
a]one can yield unambiguously only such quanti t ies as 
the  probabil i ty of finding a silver a tom at  a given dis- 
tance from another  silver a tom averaged over all silver 
atoms. In  conjunct ion with electron microscope observa- 
tions, however,  a precise model  of the microstructure of 
the alloy can be set up and the size, spacing and composi- 
t ion of the Guinier-Pres ton zones deduced. I t  is con- 
cluded from the measurements  tha t  there are 2 × 101~ clus- 
ters per c.c. wi th  diameters varying between 20 and 60 
A. The average composit ion of these clusters is greater  
than  90 % silver. Only -~ 10 % of the  alloy undergoes 
this segregation. 

To be published in Acts Metallurg. 

4.8. X - r a y  s m a l l  a n g l e  s c a t t e r i n g  f r o m  G u i n i e r -  
P r e s t o n  z o n e s  in  d e f o r m e d  a l u m i n i u m - s i l v e r  
s i n g l e  c r y s t a l s .  By S. SATe & A. I~T,LY, Department 
of Metallurgy, Northwestern University, Evanston, 
Illinois, U.S.A. 
Aluminium-s i lver  single crystals containing 6 a t .% 

silver, which have been aged at  room temperature ,  
contain spherical clusters of atoms, rich in silver. After  
deformat ion of these crystals the  X-ray small angle 
scattering is no longer spherically symmetr ic  and mea- 
surements  are reported here of the a symmet ry  observed 
after various amounts  of deformat ion in tension. Similar 
exper iments  on polycrystals have been reported by 
J an  (J. Appl. Phys. (1955), 26, 1291) but  the  use of 
single crystals in the present  work permits  a much  more 
detai led analysis of the results. The a symmet ry  can be 
in terpreted in terms of the average plastic shear which 
the  clusters have undergone and values of this quan t i ty  
can be found from the measurements .  The average plastic 
shear of the  clusters is shown to be the same as tha t  to 
which the crystals as a whole has been subjected. Hence 
large numbers  of dislocations pass through the  clusters. 

Evidence  has also been found of a change in the 
average cluster size after deformat ion which is a t t r ibuted  
to accelerated ageing due to deformation.  

To be published in Acts Metallurg. 

4.9. O n  the  f o r m a t i o n  of  G - P  z o n e s  in  s o m e  a l u m i -  
n u m  a l loys .  By A. LVTTS & H. LA~OT,  Centre National 
de Becherches Metallurgiques, Abbaye du Val Benoit, 
Liege, Belgium. 
Single crystals of h igh-pur i ty  a luminum-base alloys 

(A1-0"7% Mg2Si, A l - l ' 0 % ,  Mg2Ge and A1-1.4% Mg2Ge ) 
have been studied by a crystal monochromated  X-ray 
technique.  The pre-precipitat ion stage of these alloys has 
been invest igated in detail  during isothermal ageing at 
135, 150 and 200 °C. 

Diffuse X-ray  scat ter ing observed during the  early 
ageing period shows tha t  the  needle-shaped G.-P. zones 
are probably formed in at  least two steps. When  first 
detected these segregates do no t  seem to possess any 
internal  periodicity whatever .  X-ray scattering effects 
are also observed which seem to indicate tha t  these 
primit ive zones possess a high vacancy concentrat ion.  

The second par t  of the  process is associated with the  
es tabl ishment  of a linear periodicity along the  segregate 
axis which lies parallel to one of the mat r ix  cube direc- 
tions. The periodicity is identical to tha t  of the  mat r ix  
--9"04 A - - a l o n g  these directions. During this stage, the 
vacancy concentrat ion of the  primit ive zones seems to 
abrupt ly  decrease. 

Microhardness measurements  of single crystals spei- 
mens  of these alloys isothermally aged at  the  same tem- 
peratures reveal tha t  the G.-P. zones are only hardening 
agent. 

Probably  will be published in Acta Metallurg. 

4.10. T h e  p r i m a r y  e x t i n c t i o n  of  m a t r i x  r e f l e c t i o n s  of  
an  A l - C u  s o l i d  s o l u t i o n .  By KAREL TO~A~, Institute 
of Technical Physics, Czechoslovak Academy of Sciences, 
Prague, Czechoslovakia. 
The influence of the  formation of different decomposi- 

tion products  on the pr imary  ext inct ion of the  matr ix  
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reflection (200) is s tudied during the ageing of the A1-Cu 
(4 wt.%) solid solution. The quenched A1-Cu crystals 
exhibi t  a large pr imary extinction, which is not  sub- 
s tantial ly lowered by the  formation of Guinier-Preston 
zones. The pr imary extinct ion is, on the contrary, largely 
reduced by the formation of 0" precipitate and to even 
a greater ex tent  by the 0' precipitate.  The reduction of 
the  pr imary extinct ion does not  depend in this case on 
the volume of the precipitate only, but  also on its thick- 
ness and size. The discussion of this effects based on the 
model  of the  mosaic blocks with par t ly  coherent  precipi- 
ta te  is a t t empted .  

I t  seems, tha t  the formation of new atomic sites and of 
incoherent  boundaries which accompanies the precipita- 
tion, influences much more the  pr imary extinct ion than  
a great  change in the distr ibution of copper atoms among 
the sites of the solid solution. This occurs in the G.-P. 
zones' formation. 

The integrated intensi ty (200) of the matr ix  and the 
intensi ty  of diffraction effects on the decomposit ion 
products has been measured with the double crystal 
spectrometer  adapted  for work at  elevated temperatures.  

To be published in Czechosl. Journ. Phys. 

§ 4. M E T A L S  AN]:) A L L O Y S  

t ion of hardening or delayed softening in new materials  
as a result of coherency between the two lattices. Solid 
solution phases in this series are frequent ly found and 
are analogous to the interstit ial  cubic phases. 

Certain steels with the face-centred lattice can harden  
by the formation of a coherent  precipitate of the ordered 
face-centred lattice based on the  formula Ni3A1. Anal- 
ogously, hardening of t h e  body-centred lattice by the  
ordered body-centred phase based on :NiA1 has also been 
established. Precipitat ion of NiA1 in the  face-centred 
lattice is also possible. Restr icted solid solutions between 
:Ni3A1 (cubic), Ni3Ti (hexagonal) and :Ni3Fe (cubic), with 
their  respective crystal lattices may  form in face-centred 
iron-base alloys in the same manner  as they precipitate 
in nickel-base alloys. 

Other const i tuents  include silicides which appear to be 
analogous to carbides such as M2.~C 6 and M6C, and boride 
solid solution phases based on the  borides Fe2B (ortho- 
rhombic) and M3B 2 (tetragonal). 

To be submit ted  to J. Iron & Steel Institute. 

4.11. P r e c i p i t a t i o n  in  A1-4 % C u  a l l oy .  By G. THOMAS, 
Metallurgy Department, University of Cambridge and the 
Department of Mineral Technology, University of Cali- 
fornia, U.S.A. & M. J.  WttELAN, Cavendish Laboratory, 
Cambridge, England. 
A high tempera ture  stage f i t ted to the Siemens Elmi- 

skop 1 electron microscope has been used to s tudy directly 
the formation of precipitates in thin foils prepared from 
quenched and aged bulk specimens of A1-4% Cu alloy. 
Angular precipitates about  500 A in diameter  were 
observed to form in a few sec. at  250 to 300 °C. Much of 
the  initial precipitat ion is probably a surface effect. On 
raising the tempera ture  the precipitates coarsened and 
eventual ly  went  into solution at about  500 °C. The effects 
observed have been recorded on 16 ram. cin6 film. The 
measured rates enable an est imate of the  diffusion co- 
efficient of Cu in A1 to be made.  

To be published in Phil. Mag. 

4.12. C r y s t a l l o g r a p h y  of  a l l o y  s t e e l s .  By H. HUGHES 
K. W. ANDREWS, The United Steel Companies Limited, 
Research & Development Department, Swinden Labora- 
tories, Moorgate, Rotherham, Yorkshire, England. 
The crystallographic interest  provided by alloy steels 

derives, not  from the mat r ix  which has either a body- 
centred cubic or a face-centred cubic lattice, but  chiefly 
from the numerous other const i tuents  which occur in the 
form of small particles often leading to greatly improved 
s trength and sometimes embri t t lement .  These particles 
are s tudied by X-ray diffraction after separation by 
electrolytic or other means, or by electron microscopy 
and diffraction. These const i tuents  include carbides, 
nitrides, borides, silicides, sigma, chi and several other 
intermetallic phases. The authors have recently shown 
the importance of interstit ial  carbides and nitrides having 
a close-packed hexagonal  a r rangement  of meta l  and 
reported crystallographic da ta  (J. Iron and Steel Inst., 
:November 1959). This work has enabled the interpreta- 

4.13. S t r u c t u r a l  f e a t u r e s  of  n e w  p h a s e s  w i t h  t h e  
c e m e n t i t e  a n d  r e l a t e d  s t r u c t u r e s .  By BERTIL 
ARONSSON, STIG RU~DQVIST (% ERIK STENBERG, In-  
stitute of Chemistry, University of Uppsala, Uppsala, 
Sweden. 
In  addit ion to the earlier reported phases with the  

cement i te  structure, Mn3C, F%C, C%C and NiA13, recent 
investigations at this Ins t i tu te  have shown *,hat Co3B, 
Ni3B, Pd3 B and Pd~Si also possess the cement i te  struc- 
ture. 

The atomic positions in Ni3B, Pd3B and Pd3Si have  
been determined from single crystal data.  The environ- 
m e n t  of the non-metal  in these phases and in F%C is 
described and discussed. We have also studied the  con- 
ditions for isomorphous subst i tut ion of the non-metals  
in some cement i te  phases. 

The structures of R%B, RuTB3(Th~F%-type ) and PdsB 2 
have also been invest igated and their  similarities to the 
cement i te  structure are pointed out. 

Is likely to be published in Acta Metallurg. 

4-14. E t u d e  d e s  c a r b u r e s  d u  t y p e  M23C6 d a n s  d i v e r s  
a c i e r s  e t  a l l i a g e s  a u s t 6 n i t i q u e s .  Par J.  P~rLIBERT, 
G. HENRY & J. PLATEAU, I R S I  D, Saint Germain en Laye 
(S. et 0.), _France. 
On a exam[n@ par microscopie et diffraction @lectro- 

niques des carbures pr@cipitant dans divers aciers et  
alliages aust@nitiques contenant  du nickel et du chrome. 

Les carbures pr@cipit@s dans une lame m@talliclue 
mince ont @t@ extraits par dissolution dans le brome et 
recueillis sur un film de carbone pr@alablement d@pos@ 

la surface de la lame. De telles pr@parations pe rmet t en t  
d 'effectuer des diagrammes Debye-Scherrer  et des anal- 
yses ~ la microsonde de Castaing. 

On a @tudi@ l'@volution de la composition chimique 
des carbures en fonction de la dur6e et de la temp@rature 
de pr@cipitation et en fonction de la composition des 
alliages. La teneur  en nickel du carbure varie peu avec la 
teneur  en nickel de l'alliage. Par  contre, le rapport  
[Cr]/[Fe] dans le carbure croit avec la valeur de ce re@me 
rapport  dans l'alliage. 
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4.15. R S n t g e n o g r a p h i s c h e r  N a c h w e i s  e iner  ~ b e r -  
s truktur  in Neus i lber -Le~ , i erungen .  Von D. BIA- 
LAS, R. I-IOSEM_ANN, A. KUSSMANN, F. MOTZKUS & 
:H. WOLLENBERGER, fritz-Haber-Institut der Max- 
Planck-Gesellschaft, Berlin-Dahlem und Physikalisch 
Technische Bundesanstalt, Berlin - Charlottenburg, 
Deutschland. 
In  einer kalor imetr ischen Unte r suchung  der Ordnungs- 

vorg~inge im a-Mischkristal lgebiet  des Systems C u - N i - Z n  
konn ten  A. K u s s m a n n  und  H. Wollenberger  zeigen, dass 
die im Tempera tu rver lauf  der  wahren  spezifischen 
W~rme ge temper te r  Legierungen zwischen 200 und  500 
°C. auftretende endotherme WarmetSnung ihrem Betrage 
nach von den Randgebieten des Systems zur Mitre hin 
zunimmt und in der N~the der Zusammensetzung Cu2NiZn 
ein Maximum hat. Diese Tatsache sowie die inzwischen 
ermittelte Abh~ingigkeit der wahren spezifischen W~irme 
yon Anlassbehandlungen liessen vermuten, dass hier eine 
atomare Fernordnung vorliegt. Mit Hilfe einer hoch- 
auflSsenden Streukammer nach Guinier-Jagodzinski mit 
einem Johansson-Kristall, E. G. :Hofmann und H. Jagod- 
zinski, Z. Metalk. 9,601 (1955), wurde neben den Reflexen 
des fl~ichenzentrierten Gitters bei Proben, die innerhalb 
500 Std. yon 400 auf 200 °C. a.bgekiih]t wurden, siimtliche 
Reflexe eines einfach primitiven Gitters nachgewiesen. 
D. Bialas, 1%. :Hosemann, A. ~ussmann, F. lViotzkus u. 
H. Wollenberger, Naturwiss. 4, 81 (1960). lhre Intensit~it 
betriigt bei Benutzung yon CuKa1-Strahlung , also 
unter Ausnutzung der anomalen Dispersion etwa 0,1% 
der :Hauptlinien. Bei einer Anlasstemperatur von nur 
180 °C. konnten nur noch einige der LIberstrukturlinien, 
allerdings welt schwiicher, nachgewiesen werden. Sie 
waren gegenfiber dem erstgenannten Fall nachweisbar 
verbreitert und beweisen damit, dass die Fernordnung 
gestbrter war. Aus ihrer Linienbreite wurde ein Durch- 
messer der Fernordnungsbereiche von etwa 100 /~ er- 
rechnet. Die Struktur der Gitterzelle und die J~ndertulg 
der Gitterkonstanten in Abh~tngigkeit vom Ordnungs- 
zILstand werden diskutiert. 

Ausffihr]iche Verbffentlichung ist vorgesehen in Acta 
Metallurg. 

4.16. X - r a y  inves t iga t ions  of the d i s so lu t ion  of oxy-  
gen in cold rol led n i o b i u m  sheets  and the  f o r m a -  
t ion of ordered sol id  so lut ions .  By  N. NORMAN, 
Central Institute for Industrial Research, Blindern, Oslo, 
Norway. 
As par t  of a research p rogramme on the high tempera-  

ture behaviour  of n iobium extensive X- ray  diffraction 
measurements  have  been carr ied out  on cold rolled 
niobium sheets oxidized at  t empera tures  from 150 to 
1000 °C. and at  pressures ranging from 760 to 10 -2 torr.  
Depending  on the pressure oxides, main ly  pentoxide,  
were formed at  temperatm'es  above about  400 °C. 
whereas no oxide could be detec ted  on sheets oxidized 
below this t empera tu re  even after  6 days.  Measurements  
on sheets kept  at  300-450 °C. showed a rapid decrease 
and  a broadening of the n iobium lines dur ing the first 
minutes  of oxidation,  followed by a shift in the position 
of the lines towards lower angles and a gradual  decrease 
in line width,  the in tegra ted  intensi ty  of a peak remaining 
cons tant  as long as no oxide was formed on the surface 
of the  metal .  Such line broadenings and peak shifts due 
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to the dissolution of oxygen in the body  centered cubic 
n iobium latt ice were registered even a t  200 °C. The 
amoun t  of dissolved oxygen de te rmined  from gravimetr ic  
measurements  and the m a x i m u m  increase in the cubic 
pa rame te r  were considerably larger than  previously re- 
ported.  At  t empera tures  below 400 °C., i r respectwe of 
the oxygen pressure, peaks ad jacen t  to and a t  the low 
angle side of the main  n iobium peaks could f requent ly  
be detected.  Wi th in  exper imental  errors, the posit ion of 
these lines was cons tant  indicat ing the existence of a 
definite Nb-O  phase. Sheets oxidized at  400-500 °C. in 
oxygen of pressures from 100 torr.  and downwards  also 
gave ext ra  lines. In  this case the lines could be indexed 
on the basis of a superlat t ice wi th  at  least two of the axes 
twice or six t imes the cubic axis of niobium, showing the 
presence of another  ordered :Nb-O phase. 

Likely to be published in J.  Inst. Met. 

4.17. S tud ies  of the  s tructura l  propert ies  of A u - M n  
al loys .  By S. G. :HUMBLE, Physics Department, The 
Royal Institute of Technology, Stockholm, Sweden. 
Alloys in the composition range 0-75 a t .% Mn have  

been invest igated in different states of order. The X- ray  
equ ipment  used consisted of powder  cameras of conven- 
tional type, an X-ray monochromatic camera and a 
Weissenberg goniometer camera (for the study of the 
complicated structure of Au3Mn ). 

The results to be reported concern primarily the atomic 
arrangements and lattice dimensions of the disordered 
and ordered structures of the system, and secondly the 
existence conditions for phases of the compositions 
Au.~Mn, Au2Mn , AuMn and AuMn~ occurring in that 
system. 

The paper  will appear  in Arkivf6r  Fysik. 

4.18. The  s tructure  of the  s i g m a - p h a s e  Nb2A1. By 
•. J .  BROWN & J.  B. FORSYTH, Cavendish Laboratory, 
Cambridge, England. 
The sigma-phase s t ruc ture  repor ted by  C .R .McKinsey  

& G. M. Faulr ing  (Acta Cryst. (1959), 12, 701) for the  
intermetal l ic  phase Nb~_A1, has been confirmed by mak ing  
single crystal  measurements .  Weissenberg da ta  have  been 
collected for two project ions and the  s t ructura l  para- 
meters  have  been refined. There is evidence for v i r tua l ly  
complete  ordering of the  a luminium atoms on the 
twelve-coordinated sites of the sigma-phase s t ruc ture ;  
the  niobium atoms have  been shown to occupy the more  
highly coordinated positions. 

The occurrence of a sigma-phase be tween niobium and 
a lumin ium is unexpected ,  and the relat ionship of this 
s t ruc ture  to other  sigma-phases will be discussed. 

4.19. X - r a y  and m e t a l l o g r a p h i c  s tud ies  of refractory 
al loy s y s t e m s . *  By. A. TAYLOR (Westinghouse Electric 
Corp.), N. J .  GRANT (M.I.T.), J .  WULLF (M.I.T.) & 
A. & R. KAUFMA:NN & E. J .  I~APPERPORT (Nuclear 
Metals Inc.), U.S.A. 
Thermal  equil ibrium diagrams and X- ray  da ta  are 

presented for the refractory alloy systems Mo-:Hf, Re-I-If, 

* The above work was carried out under Contract No. 
AF33(616)-6023 sponsored by the U.S. Air Force. 
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W-Os,  Ta~-l=tu, Ta~-Os, W-l~u, T a R e ,  N b - R e  and 
Mo-Hf-Re ,  the data  having been obtained using ma- 
terials of the highest  available purity.  Among the wide 
variety of structural  types found among the intermediate  
phases in these systems are cubic and hexagonal struc- 
tures of the Laves type, and sigma-phase structures. 
Martensitie t ransformations from the high tempera ture  
body-centered cubic structure to the low tempera ture  
hexagonal  close-packed modification have been found to 
occur in certain Hf-rich primary solid solutions. The 
difficulties encountered in the preparation, melt ing point  
determinat ion and heat  t r ea tmen t  of such easily oxidiz- 
able high-melt ing point  alloys will be discussed, along 
with the problems associated with producing satisfactory 
samples for X-ray examination.  

4.20. C r y s t a l l o g r a p h i c  d a t a  o n  t h e  A g - S r  s y s t e m .  
By L. D. CALXrERT & CYNTHIA KNIGHT, Division of 
Applied Chemistry, National Research Council, Ottawa, 
Ontario, Canada. 
The intermetallic compounds in the Ag-Sr  system are 

being investigated to explore the similarities between the  
Ag-Ca and Ag-Sr  systems. The first phase isolated 
appears to be orthorhombic with 

a=9.7, b=16.6,  c=7.7 A 

and is very similar to the phase Ag2Ca. The other phases 
in the system will be invest igated by single crystal 
methods  and also by powder photographs.  

Likely to be published in Canad. J. Chem. 

4.21. M X  2 c o m p o u n d s  of t h o r i u m  a n d  t h e  p o l y m o r -  
p h i s m  of  t h o r i u m  d i s i l i c i d e .  By ALLA.'~ BRow~, 
Crystal Analysis Group, Research Laboratories, The 
General Electric Co. Ltd., Wembley, Middx., England. 
Am investigation has been made  of compotmds of 

thor ium with the following elements;  copper, silver, gold, 
nickel, zinc, cadmium, mercury,  aluminium, gallium, 
indium, silicon, germanium, tin and lead. The crystal 
structures of these compounds have been examined by 
X-ray diffraction techniques and most  phases with the 
composition MXo have been found to have one of two 
related structures. These are the C32 (A1B2)-type and the 
Cc(a-ThSi2)-type. 

Consideration of these phases has suggested tha t  the 
formation of ThX 2 compounds with these two structures 
is influenced by the atomic radius r and the valency e 
of the X atom. When  the product  r3e 2 is below 19.7 com- 
pounds with the C32 structure are obtained. ThGa2 and 
ThGe2 have the  Co structure and their values of r3e ~ lie 
between 19-7 and 32-2. The value of this product  for 
ThSi~ is 19.7 and this compotmd crystallizes in two poly- 
morphic forms with the above structures. A mechanism 
has been suggested to explain the observed polymorphic 
transformation.  

Fur ther  investigation has shown tha t  where r3e 2 is 
greater than  or equal to 19.7 defect C32-type structures 
can exist with  the approximate  composition Th3X 5. In  
each of these defect compounds,  the axial ratio c/a for 
the hexagonal  structure cell is greater than  unity.  In  the 
stoichiometric C32 compounds the value for c/a is less 
than  rarity. 

I t  is hoped to extend this investigation to include the 

known M X  2 compounds of uranium, plutonium, cerium 
and related actinide and lanthanide elements and hence 
to formulate a more general rule for the occurrence of 
these compounds.  

I t  is in tended to submit  this paper  for publication in 
The Journal of Nuclear _~laterials. 

4.22. A t o m i c  s t r u c t u r e  o f  s o m e  c o m p o u n d s  o f  b i s -  
m u t h  a n d  a n t i m o n y .  By N. N. Z~t~mAv~Ev, G. S. 
ZHDANOV ~5 1:{. N. KUZMIN, Physical Faculty, Moscow 
State University, Moscow B-234 USSR. 
:No abstract  provided. 

4.23. T h e  p r e - p r e c i p i t a t i o n  s t a t e  in  a l u m i n i u m - z i n c  
a l l o y s .  By VOLKMAR GEROLD, Max-Planclc-Institutfi~r 
Metallforschung, Stuttgart N, Deutschland. 
Withdrawn.  

§ 5. I n o r g a n i c  s t r u c t u r e s  

5-1. C o m p o u n d s  c o n t a i n i n g  c h r o m i u m  i n  d i f f e r e n t  
v a l e n c y  s t a t e s  a p e r o v s k i t e  C a 4 ( F e , C r ) 4 0  n a n d  a n  
a p a t i t e  Cas(CrOd)~OH. By W. JOHNSON, X-ray- 
Department, the United Steel Companies Limited, Re- 
search & Development Department, Swinden Laboratories, 
Moorgate, Rotherham, England. 

The subst i tut ion of Cr ~+ for Fe 3+ in dicalcium ferrite 
Ca2F%05 is possible up to about  10%, beyond which 
point  oxidation begins to occur in air and the  ferrite 
transforms to a perovskite structure. The perovskite  is 
orthorhombic and isomorphous with GdFeO 3 wi th  

a=5 .42 ,  b =5-49, c=7 .48  • .  

F rom powder pat terns  the t ransformation appears to 
take place by the alteration of the space group of di- 
calcium ferrite from Pcmn to Icma by small atomic 
movements  and the subsequent  inclusion of oxygen atoms 
hi the hole left in the  structure to give a non-stoichio- 
metric perovskite structure again belonging to the Pbnm 
space group. 

With  the above axes the following relations hold:  

perovskite a - dicalcium ferrite c, 
perovskite b -- dicalcium ferrite a, 
perovskite  c - ½ dicalcium ferrite b. 

The equivalence of mixtures  of tri- and hexava len t  
chromium (and tr ivalent  iron) to an in termediate  valency 
of four gives the analogy with the perovskite  CaTiOa. 
This is further exemplified in a chromium containing 
apati te  Cas(CrOd)aOH which contains Cr a+ and Cr 6+ in 
the ratio of 1 ; 2 and hence ecluivalent to pentava len t  phos- 
phorus in the isomorphous hydroxyapat i te  Cas(POd)zOH. 
The chromium apat i te  has a =9.67, c =7-01 A. 

A note  will appear shortly in the 3iineralogical 31aga- 
zinc and it is hoped to submit  further information to 
Acta Cryst. 

5.2. D i e  K r i s t a l l s t r u k t u r  d e s  S t r o n t i u m g e r m a n a t s  
Sr~Ge3Og. Von WALTRAUD HILMER, Institut fi~r An- 
organische Chemic, Deutsche Akademie der Wissenschaf- 
ten, Berlin-Adlershof, Deutschland. 
Withdrawn.  



§ 5. I N O R G A N I C  S T R U C T U R E S  

5" 3. The  crystal  s t r u c t u r e  of Ba~TiO4.* By  J .  A. BLAND, 
I.C.I.  Ltd., Akers Research Laboratories, The Frythe, 
Welwyn, Herts, England. 
The crystal  s t ruc ture  of BaeTiO 4 has been de te rmined  

wi th  modera te  accuracy.  The space group is P21/n and 
the  cell dimensions are:  

ao=6.12_+0-03, bo=7.70_+0.03, c 0 = 1 0 . 5 0 + 0 - 0 3 / ~ ,  

f l=93  ° 8' ___ 10'. 

There  are four molecules per  uni t  cell. The atomic co- 
ordinates  were found by means  of two-dimensional  Fo 
and  F o - F c  syntheses.  The s t ruc ture  is of the  fl-KeS04 
type  and is closely related to fl-Ca2SiO 4. The env i ronment  
of the  t i t an ium a tom is unusual ;  it is approximate ly  
t e t rahedra l  and  the s t ruc ture  is considered as an arrange- 
m e n t  of discrete TiO4 groups and  ba r ium atoms.  The 
relat ionship be tween  Ba~TiO4 and  ferroelectric BaTiOa is 
discussed. 

To be published in Acta Cryst. 

5.4. S t r u c t u r e  e t  p r o p r i 6 t 6 s  m a g n 6 t i q u e s  des o r t h o -  
v a n a d a t e s  V~Os,3MO ( M = M g ,  Co, Ni ) .  Pa r  E. F.  
BERTAUT, A. DURIF & I~. PAUTttENET, Laboratoire 
d'Electrostatique et de Physique du Mdtal, Institut Fou- 
rier, Grenoble, France. 
La s t ruc ture  a 6t6 d6duite  par  la m6thode  stat ist ique.  

On montre ,  con t ra i rement  /~ une opinion r6pandue,  que 
les triples produi ts  ont  des poids diff6rents d6pendant  
de la sym6trie du groupe. 

Les or thovanada tes  cristallisent dans le groupe d 'espace 
o r thorhombique  Abam-(D~Sh). La s t ructure  peu t  6tre 
d6crite par  un  encha tnement  de t6trabdres VO 4 isol6s et  
d 'octabdres  MO6. Malgr6 la pr6sence de 2 sous-r6seaux 
dif f6remment  occup6s (4M en 4a; 8M en 8c) les ortho- 
vanada tes  de Co et de N i n e  sont  pas ferr imagn6tiques 
comme le sont  les ferrites spinelles. On mon t re  que la 
raison r6side dans la s t ructure .  

To be published in Acta Cryst. 

5.5. P y r o c h l o r e s  de  t e r r e s  r a r e s .  Pa r  E. F.  BERTAUT & 
M. C. MONTMOR¥, Laboratoire d'Electrostatique et de Phy- 

sique du Mdtal, Institut Fourier, Grenoble, France. 
Nous avons r6alis6 la synthbse de pyrochlores de for- 

mule  A2B20v o~t A est un ion t r iva lent  de terre rare 
Pr,  Nd,  Sin, Eu ;  Gd, Tb, Dy,  Ho,  Er,  Tm, Yb,  Lu  et B 
un ion t6 t ravalent  ou t6 t rava len t  en moyenne  et dont  
l 'oxyde BO2 cristallise dans le type  ruti le ou dans un type  
apparent6.  

Des s6ries isomorphes ont  6t6 prgpar6es avee B = T i ,  
Hf,  R n  et  Ir ,  mais aussi avec B =Sbo,sFeo,5, Sbo,sCro,5; 
Sbo,sRho,5 et Sbo,sAlo,5, SbS+Fe3+O4 cristall isant dans une 
s t ruc ture  du type  rutile. 

Les mesures des param6tres  i l lustrent  bien la contrac- 
t ion des lanthanides.  Les propri6t6s magn6t iques  des 
compos6s sont  discut6es. 

Publ icat ion p lanned  in Bull. Soc. Franf. Mingr. 

* Carried out  at  Depar tment  of Mines and Technical Sur- 
veys, Ottawa, Canada. 
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5.6. Compos6s  rhombo6dr iques  M L i O  2 ( M = m 6 t a l  
de trans i t ion) .  Par  E. F.  BERTAUT & J.  DULAC, La- 
boratoire d'Electrostatique et de Physique du Mdtal, In- 
stitut Fourier, Grenoble, France. 
On sait que Li_NiO, (W. D. Johns ton ,  R. R.  t Ie ikes  & 

I). Sestrich, Phys. Chem. Sol. (1959), 7, 1) et LiCoO2 sont 
isomorphes et  appar t i ennen t  au groupe R-gm(D~d). Ces 
s tructures  d6rivent  de la s t ruc ture  de NaC1 par  un ordre 
des cations A B A B . . .  et une  d6formation selon la diago- 
nale du cube. 

Nous avons pr6par6 LiCrO2 et LiRhO~ par  r6action 
directe du carbonate  de l i th ium sur l 'oxyde de m6tal  de 
transit ion.  Ces compos6s rhombo6driques,  isomorphes de 
LiNiO2 et LiCoO2, ne cons t i tuent  qu 'un  cas part icul ier  
d 'un  isomorphisme plus g6n6ral. En  effet, la subst i tut ion 
RhS+ ~- Cr a+ conserve g6n6ralement la s t ructure.  On en 
donne quelques exemples. 

:Publication p lanned  in Bull. Soc. Franf. Mindr. 

5.7. D 6 f o r m a t i o n s  dans les p6rovski tes  contenant  
des t e r r e s  r a r e s .  Pa r  E.  F. BERTAUT & F.  FORRAT, 
Centre d'Etudes Nucldaires, Chemin des Marturs, Gre- 
noble, France. 
Les param~tres  a, b, c des p6rovskites con tenan t  des 

terres rares sont  repr6sent~es en fonction des distances 
m~ta l -oxyg~ne rnoyennes relatives aux ions ' terre rare ' .  

L 'a l lure  des courbes mon t re :  

que la d6formation est directionnelle,  
que l '6volution de la d~formation en fonction de la 

contract ion des lanthanides  n 'es t  pas lin6aire. 

Le premier  fair est a t t r ibu6 ~ la polarisation de l ' ion 
terre rare, le second ~ un effet g6om6trique. 

Publ ica t ion  pr6vue dans le Bull. Soc. Franf. Mindr. 

5"8. Erbium m a n g a n i t e - - a  n e w  ABO3 s t r u c t u r e .  B y  
H. L. YAKEL, Me~llurgy Division, W. C. •OEtILER, 
Physics Division, Oak Ridge National Laboratory,* Oak 
Ridge, Tennessee, U.S.A. and  E. F.  BERTAUT & E. F. 
FORRAT, Institut Fourier, Universite de Grenoble, Gre- 
noble, France. 
Sesquioxides of erbium, lutecium, and y t t r i u m  com- 

bine wi th  Mn203 to form mixed oxide compounds  wi th  
ABO 3 stoichiometry.  These compounds  crystallize in a 
novel  s t ruc tura l  a r r angemen t  which is not  simply related 
to known ABO 3 s t ruc ture  types.  The uni t  of s t ruc ture  is 
hexagonal ,  space group P63cm. Lat t ice  paramete rs  for 
ErMnO 3 and  LuMnO 3 are 

a0 -- 6"1150, c0=11"411-~, and  a0=6-0428, c 0 = l l - 3 6 9 A ,  

respectively.  
The s t ruc ture  of these compounds  was de te rmined  by  

an analysis of X- ray  diffraction da ta  obtained from a 
single crystal  of LuMnOz. A unique feature  of this struc- 
ture  is a five-fold coordinat ion of oxygen a toms about  
each manganese  a tom.  

I t  was observed tha t ,  depending on condit ions of for- 
mat ion,  y t t r i u m  mangan i t e  could crystallize ei ther  in the  

* Operated for the U.S. Atomic Energy Commission by 
the Union Carbide Corporation. 

67* 
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form reported here or in a perovskite structure. On the 
other hand,  h igh - t empera~re_X- ray  diffraction experi- 
ments  indicated tha t  the hexagonal structure of ErMnOa 
was stable at  least up to 1000 °C. 

The paper will probably be submit ted  to Acta Cryst. 

5.9. Sur que lques  a n t i m o n i a t e s  sp ine l les .  Par J.  Du- 
LAC & A. DIraIF-VARA.~fBON, Laboratoire d'Electrosta- 
tique et de Physique du Mdtal, Institut Fourier, Grenoble, 
France. 
Synth~se et 6tude cristallographique de quelques anti- 

moniates  isotypes des spinelles. 
La formule g6ngrale de ces compos6s SbVFe~HM~Os 

avec M = C o ,  N i . . .  d6rive des t i tanates  spinelles par le 
schdma de subst i tut ion:  

2 Ti ~- SbV+Fe  m.  

5.10. Sur  deux  n o u v e a u x  c o m p o s 6 s  du type  grenat .  
Par A. I)U~F-V~_aA~BON & G. MAUPIN, Laboratoire 
d'Electrostatique et de Physique du Mdtal, Institut Fou- 
rier, Grenoble, France. 

Synth6se et 6tude cristallographique de deux nouveaux 
germanates  isotypes des grenats:  

G%MeCaNaaO~e avec M = T i  ou Sn .  

Le sch6ma de subst i tut ion utilis6 montre  que la totalit6 
des sites octo6driques peut  6tre occup6e par du Titane 
ou de l 'Etain.  

5.11. Surs truc ture  a n t i m o i n e - f e r  dans  un c o m p o s 6  
du type perowski te .  Par A. DURIF, Laboratoire d'Elec- 
trostatique et de Physique du Mdtal, Institut Fourier, 
Grenoble, France. 
Etude  cristallographique d 'un  compos6 du type 

AVBIHSb~O6 raise en elvidence d 'un  ordre des ions A et B 
sur les sites o c t a 6 d r i q u e s . -  La maille 61~mentaire de 
perowskite doit  ~tre doubl6e. 

5.12. ~ b e r  Kris ta l l s t ruktur  und K r i s t a l l c h e m i e  des  
Ag2Si~O s. Von F. LIEBAU, F. WODTCKE & H. BUNGE, 
Institut fi£r Anorganische Chemie der DAdW,  Berlin- 
Adlershof , Deutschland. 
Silberphyllosilikat Ag2Si20 ~ ents teht  durch Behandlung 

yon a-Na~Si205 mi t  geschmolzenem AgNO 3 bei 280 °C. 
durch Austausch der Na +- gegen Ag+-Ionen. Dabei er- 
folgt die Wanderung  der Kat ionen  durch kanalf6rmige 
Hohlr~ume, welche die Struktur  des a-NaeSioO 5 parallel 
[001] durchziehen, so dass sich Einkris~alle des Natrium. 
silikats in Ag2Si2Os-Einkristalle Lunwandeln. Beide Sili- 
kate  erweisen sich auf Grtmd der Lage und Intensit~tten 
yon Einkristallreflexen als isotyp: 

a-Na2Si~O~ : 
a=6 .43 ,  b=15.46,  c=4.91 ~,  Z = 4 ;  

Ag~Si20~: 
a=6-55,  b=15.66,  c=4.91 A, Z = 4 .  

Sie en tha l ten  stark gefaltete [Si20~]-Zweierschichten pa- 
rallel (010). Ag2Si_~O~ lasst sich schon bei Zimmertempera-  

tur  mi t  Wasserstoffgas, innerhalb 5 Tagen, praktisch 
vollst~indig ~mter Bildung von metal l ischem Silber redu- 
zieren. Der Mechanismus dieser Redukt ion  l~isst sich ohne 
Schwierigkeiten aus der Struktur  des Silbersilikats ver- 
stehen. 

Das metallische Silber scheidet sich gut  orientiert  in 
Bezug auf die kristallographischen Achsen des ursprting- 
lichen Ag2Si2Os-Kristalls aus. RSntgenographisch waren 
zwei verschiedene Orientierungen feststellbar, die aus der 
Tabelle zu ersehen sind. 

Differenz in % 
Ag2Si205 Ag bezogen auf AgiSi~O 5 

1. Orientierung 
[001]= 4,91/~ [211[--2x5,003A + 1,8 
[100]-- 6,55 [110]-- 5,778 -11,8 

F=32,2  A 2 F--  28,9 A ~- --10,2 

2. Orientierung 
[001]= 4,91A [110]= 5,778A +17,7 
[100] = 6,55 [211]=2 x 5,003 --23,7 

F=32,2 /~2 F =  28,9 /~2 --10,2 

Bei beiden liegen die (111)-Fli~chen der Silberkristallite 
parallel zu den [Si2Os]-Schichten des urspriinglichen 
Silbersilikatkristalls. Die 1. Orientierung ist die energe- 
tisch giinstigere und bei niedrigen Redukt ions tempera-  
turen stark bevorzugt.  Bei etwa 300 °C. sind beide 
Orientiertmgen ungefiihr gleich h~iufig. Die Silberkristal- 
lite sind anscheinend diinne Pl~tttchen nach ( l l l ) .  Diese 
bevorzugte Ausbildung der (l l l)-Fli~che des Silbers ist 
wahrscheinlich der Grund fiir die hohe kata]ytische 
Wirksamkei t  solcher Pr~iparate, die ausgezeichnete 
Tr~igerkatalysatoren fiir die Dehydriermlg organischer 
Verbindungen sind. Die bei der Redukt ion  gebildete 
H2Si20 s ist r6ntgenamorph.  

Publikat ion ist in Z. Elek, trochem, vorgesehen. 

5.13. Zur Kr i s ta l l s t ruktur  des  w a s s e r h a l t i g e n  Ba-  
r i u m s i l i k a t s  BaS iO 8. 5,3 H~O. Von E. H6ah~E, Deut- 
sche Akademie der Wissensehaften zu Berlin, Institut fi~r 
Strukturforschung, Berlin-Adlershof, Deutschland. 
Ffir das Bariumsil ikat  BaSiO 3 . 5,3 HeO sind nach den 

beobachte ten Ausl6schungen nu t  die beiden orthorhom- 
bischen Raumgruppen  P21cn und Pmcn mSglich. Gitter- 
kons tan ten :  

a = 8,43, b = 12,96, c = 15,01 /~, 

8 Formeleinhei ten/Elementarzel le .  

GewShnliche und  verallgemeinerte Pat tersonprojek-  
t ionen Po(u, w), Po(v, w), Pl(v, w) und P2(v, w) ergaben 
elndeutig die Ba-Parameter .  Die zentrosymmetr ische 
Raumgruppe  konnt.e ausgeschlossen werden. Allerdings 
liegen die 8 Ba-Atome ffir sich zentrosymmetrisch,  und 
zwar beide zur asymmetr ischen Einhei t  gehSrenden 
Ba-Atome nahezu auf der n-Gleitspiegelebene. Dadurch 
tragen sie fast ausschliesslich zu den F(hkl)-Werten mit  
h + k = 2n bei. Ein erster Strukturvorschlag wurde mit tels  
einer Minimt~nfunktion aus einer Pat terson-projekt ion 
Pho=en+l(v, w), die nur  mi t  den Koeffizienten mi t  k = 2n + 1 
berechnet  wurde, erhalten. 

Anhand  einer Reihe von verMlgemeinerten Projektio- 
nen wird der Strukturvorschlag diskutiert .  Schon je tz t  
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karm eindeut ig  festgestellt  werden,  dass die Substanz 
ein Orthosi l ikat  ist. Dabei  werden  die Te t raeder  zum 
Teil yon OH-Gruppen gebildet.  

5.14. T h e  c r y s t a l  s t r u c t u r e  of  h u n t i t e ,  Mg3Ca(CO3)4. 
By  D. L. GRAF & W. F. B R A D L E Y ,  Illinois State Geological 
Survey, Urbana, Illinois, U.S.A. 
I-Iuntite is an ordered rhombohedra l  double-carbonate ,  

based, like the simple compositions, on a deformat ion of 
the NaC1 face-centered cube. I ts  ordering, in R32, affords 
a t rue  s t ruc tura l  uni t  in the  shape of the familiar cleavage 
rhomb,  wi th  a = 6 . 0 6  A and  f l=102 ° 55'. Wi th  Ca a t  
origins, 3 Mg are disposed about  face centers,  one CO3 
is unique  a t  the  body  center,  and  3 CO3 are disposed 
about  edge centers. 

Al though hun t i t e  is available only as powder  (of about  
1 micron part icle size), and  involves seven variable 
parameters ,  the precision wi th  which per t inen t  bond 
lengths are known from the simpler carbonates  permits  
a modera te ly  accura te  evaluat ion of the s t ructure .  

W h e n  a tom parameters  are t aken  as: 

Ca in (a) 0, 0, 0 
Mg in (d) x=0 .541  
CI in (b) ½, 1 1 
CII in (e) x = - 0 . 0 3 9  
Oi in (e) x =  0.365 
OH in (e) x =  0.096 

and  OH~ in (f), x = - 0 . 0 3 3 ,  y=0 .180 ,  z=0.371,  C-O 
bonds are 1.28 A; Mg are octahedral ly  sur rounded by  
6 0  a t  2.10 A, each oc tahedron dis tor ted by  two shared 
edges of 2.56 A, wi th  10 other  edges from 2.86 to 3 .30/k;  
and  Ca are coordinated in a tr igonal prism of base edge 
3.32 A and height  2.70 A. 

Calculated F-va lues  depar t  no more  than  50% from 
those reduced from the powder  diffractogram, and  the  
average depar ture  is under  20%. 

To be submi t t ed  to Acts Cryst. 

5-15. O n  the  c r y s t a l  s t r u c t u r e  of a b a s i c  a l u m i n u m  
s e l e n a t e .  By GEORG JOtIANSSON, Gates and Crellin 
Laboratories of Chemistry, California Institute of Tech- 
nology, Pasadena, California, U.S.A. and Department of 
Inorganic Chemistry, Royal Institute of Technology, 
Stockholm 70, Sweden. 
A basic a luminum selenate, 

Na20 .13  A1203 . 8 S e e  3 . 74 H 2 0 ,  

can be obta ined in the form of te t rahedra l  crystals if 
sodium selenate is added  to an a luminum chloride 
solution t ha t  has been hydro lyzed  by  the addi t ion of 
about  2-5 equivalents  of alkali. The s t ruc ture  was though t  
to be of interest  since it migh t  give some informat ion 
abou t  the  polynuclear  complexes tha t  seem to exist in 
hydro lyzed  a luminum salt solutions (C. Brosset, G. Bieder- 
m a n n  & L. G. Sill@n, Acta Chem. Scand. (1954), 8, 1917; 
H.  W. Kohlsch( i t ter  & P. H a n t e l m a n n ,  Z. Anorg. 
Chem. (1941), 248, 319). The crystals are cubic (ao= 
18.0/~), space group T~-F43m, with  two formula weights 
in the uni t  cell. The s t ruc ture  has been solved from the 
three-dimensional  Pa t t e r son  funct ion and refined by 
means  of three-dimensional  Four ier  maps.  The reliabili ty 
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index a t  the  present  stage of the  re f inement  is 0.11 for 
the  245 reflections observed wi th  Cu K-radia t ion .  The 
s t ruc ture  is bui l t  up from discrete A113040 groups, each 
containing 12 A106 oc tahedra  sharing edges and  wi th  a 
four-coordinated a luminum a tom in the center  of the 
group. These large complexes are not  direct ly connected 
bu t  are joined by hydrogen  bonds to the  selenate groups. 
If  the  hydrogen  atoms are located from the  positions of 
the hydrogen  bonds and from Pauling 's  rule for the  sum 
of the  electrostat ic bond  strengths,  then the formula for 
the  discrete a luminum oxygen complexes seems to be 
[All.~O4(OH)24(H~O)lo_] 7+. Pre l iminary  work on the tetrag- 
onal crystals of 

6 (NH4)~SO4.11 Al~O3.6 SO 3 . xH20 (x = ca. 72) 

and on the monoclinic crystals of 

13A1203.6SO3.xH20 ( x = c a .  79) ,  

which can be obta ined from the  same hydro lyzed  alu- 
m i n u m  chloride solutions as the basic selenate, seems to 
indicate  tha t  the same kind of a l u m i n u m - o x y g e n  com- 
plexes are present  in these s tructures.  

5.16. D i e  S t r u k t u r e n  der  K u r r o l ' s c h e n  S a l z e  
(AgPO3)x u n d  (NaPOs)x .  Von K. m. JesT,  lnst i tut f .  
Anorganische Chemic, Deutsche Akademie der Wissen- 
schaften, Berlin-Adlershof, Deutschland. 
Silberpolyphosphat  (AgPO3)z mi t  den Gi t terkonstan-  

t e n  
a=11 ,85 ,  b---6,06, c=7 ,31  •, f l=93,5  ° 

und die Fo rm A des Kurro l ' schen  Natr iumsalzes  (NaPO3)z 
mi t  den Gi t te rkons tan ten  

a =  12,12, b =6,20,  c = 6 , 9 9 / ~ ,  f l=92  ° 

kristallisieren isotyp in der  R a u m g r u p p e  P21/n. Sic ent- 
hal ten  spiralig urn die 21-Achsen gewundene  PO4-Tetra- 
ederke t ten  mi t  4 T e t r a e d e m  pro Windung.  Beide Struk- 
turen  wurden  mi t  d i rekten  Methoden bes t immt  (Methode 
von Ber tau t ,  kombinier t  mi t  Tr ipelprodukten) .  

:Die Arbei ten werden voraussichtl ich in Acts Cryst. 
verfSfentlicht.  

5.17. T h e  s t r u c t u r e  of  a m m o n i u m  b r o m a t e . *  By 
ANTONIO SANTORO, Comitato Nazionale per le Ricerche 
Nucleari, Rome, Italy and STANLEY SIEGEL, Argonne 
National Laboratory, Lemont, Illinois, U.S.A. 
NH4Br0:  ~ is rhombohedra l  wi th  space group _~3m. The 

uni t  cell, of dimensions 

a = 4 . 4 7 7 _ 0 . 0 0 2 k X ,  and a = 8 7 . 6 1 ° + 0 " 0 7  °, 

contains one molecule wi th  bromine and ni t rogen atoms 
in x , x , x ,  and  oxygen a toms in x , x , z ;  x , z , x ;  and 
Z, X, X. 

Crystals developed with  a needle axis normal  to ( l i0 )  
and Weissenberg da ta  were collected about  this axis. 
Al though the crystal  contains no center  of symmet ry ,  
a Fourier  synthesis was carried out  using phases corn- 

* Based on work performed under the auspices of the U.S. 
Atomic Energy Commission. 



1018 § 5. INORGANIC STRUCTURES 

pu ted  from the bromine contribution.  This is possible 
since the bromine a tom may  be chosen at  the origin. The 
oxygen positions appeared in the projection along with 
a set of peaks centre-symmetr ical ly  located relative to 
the  first. E i ther  of these configurations may  be chosen 
if hydrogen positions are not  specified. The oxygen 
positions were refined by a least-squares method.  Final 
coordinates,  with  N in 0, 0, 0, are: Br in 1 1 2-, ~, ½ and 
x=0 .559  and z=0.139 for oxygen. The bond distances 
are: O-O=2-61 ,  Br -O=1 .64 ,  N - 3 0 = 2 . 8 8  and N - 6 0 =  
3.19 A. The height  of bromine above the oxygen plane 
is 0-66 A. All errors are __ 0.02 /~. 

Solid solution seems to take  place between some di- 
and tetra-calcium aluminates.  The effect of carbonation 
will also be discussed. 

Single crystals of poor stabili ty of only two of the  
hydrates  have been obtained;  powder photographs often 
show small amounts  of impurities. The uni t  cells deter- 
mined  are hexagonal with rather  long c axis (from 22 to 
64 /~_). Single crystal photographs show streaks in the  
c* direction. 

To be published probably in Acta Cryst. 

Probably  will be published in J.  Amer. Chem. Soc. 

5.18. O n  t h e  l i n k i n ~  of  A r c h i m e d e a n  s q u a r e  a n t i -  
p r i s m s  i n  b a s i c  s a l t s  o f  t e t r a v a l e n t  m e t a l  i o n s .  
By BENOT AUR~rrLLrUS & GEORG LUNDGREN, Institute 
of Inorganic and Physical Chemistry, University, Stock- 
holm; Research Institute of National Defence, Dept 1, 
Sundbyberg and Department of Inorganic Chemistry, 
Royal Institute of Technology, Stockholm, Sweden. 
In  investigations on the  crystal structures of basic 

salts of tetraposit ive meta l  ions (G. Lundgren,  Svensk 
Kern. Tidskr. (1959), 71, 200), it was found that  the co- 
ordinat ion Me-O is eightfold in the shape of a more or 
less distorted square Archimedean antiprism and tha t  
each pair of neighbouring metal  atoms is joined by a 
double OH-(O 2-) bridge. In  this way, infinite chains are 
formed. One way of describing the meta l -oxygen  arrange- 
men t  is to consider the spatial a r rangement  as consisting 
of Archimedean antiprisms sharing edges. I t  was found 
tha t  two ways of linking the polyhedra to each other 
existed in these structures. F rom purely geometrical 
considerations, a total  number  of eight arrangements  
could be predicted, assuming such bridges and only two 
antiprisms in the repeat  unit. The geometry  of these 
arrangements  will be discussed. 

Furthermore,  in some salts isolated, polynuclear 
Me-OH(O) ions are fotmd (G. Ltmdgren, Svensk 1(era. 
Tidslcr. (1959), 71, 200; A. Clearfield & P . A .  Vaughan, 
Acta Cryst. (1956), 9, 555). They can be described as 
consisting of polyhedra condensed in a similar way. The 
arrangements  of these groups will also be discussed. 

A full report  will be published in Acta Chem. Scand. 

5.20. S t r u c t u r e s  d e s  d e u x  f o r m e s  a l l o t r o p i q u e s  de  
C d S O  4. Par JEAN COING-BOYAT, Attach~ de Recherches 
au C.N.R.S., Laboratoire d'Electrostatique et de Physique 
du Mdtal, Institut Fourier, Grenoble, France. 
Le sulfate de Cadmium anhydre  pr6sente deux formes 

cristallographiques suivant  la temp6rature ~, laquelle il 
a 6t6 port6; l 'une a est stable imm~dia tement  au-dessus 
de la temp6rature de dessication complete de 

CdSO4. H20 ; 

l 'autre fl stable au-dessus de 800 °C. environ et que l 'on 
peut  tremper.  

Ces deux formes sent  or thorhombiques;  a appar t ient  
au groupe d'espace Pmnm(D~): fl qui est isomorphe des 
sulfates anhydres  de Ni, Co-I I  (forme basses temp6ra- 
tures) F e - I I  et Mn-I I ,  est du type CrVO4 et appar t ient  
au groupe Di~-Cmcm. 

A paraltre dans le B~ll. Soc. Franf. Min&'. 

5.21. T h e  c r y s t a l  s t r u c t u r e  of  CaBaOs(OH ). By JOAN 
R.  CLARK & C. L.  CHRIST, U.S .  Geological Survey, 
Washington 25, D.C., U.S.A. 
In a prel iminary survey of the  system CaO-B~O3-H20 

at  elevated temperatures  and pressures, being carried out  
at  the U.S. Geological S~rvey by Brian J.  Skinner, several 
new compounds have been found, not  all of which have 
yet  been characterized. In  particular, when inyoite, 
CaBaO3(OH)5.4 H20, was subjected to 2000 bars I.I90 
pressure at 400 °C. for several days, two new ortho- 
rhombie compounds were formed. 

The crystal structure of one of these compounds has 
been solved, and from the structure the formula 

5.19. U n i t  c e l l  a n d  s p a c e - ~ r o u p  d e t e r m i n a t i o n  o f  
t e t r a -  a n d  d i - c a l c i u m  a l u m i n a t e  h y d r a t e s .  By 
E. ARUJA, Building Research Station, Garston, War ford, 
Hertfordshire, England. 

These hydrates and their p01ym0rphic forms have been 
reported by M. H. Roberts  (J. Appl. Chem. (1957), 7, 
543-546). The uni t  cell and space-group determinat ion 
of the following will now be reported (characteristic basal 
spacings in brackets):  

Tetra-calcium aluminate hydrates.--Two 19H20-hy-  
dra tes- two polytypes (10.7 A); two 13 H20-hydra tes -  
two polymoi~hs ~8"2 and 7-9 A); one 11 HeO-hydrate  
(7.4 A) and one 7 HaO-hydrate (7.4 A). 

Di-calcium aluminate hydrates.--Three 8 HzO-hydrates-  
two polytypes (10.7 A) and another  polymorph (10.4 A); 
one 7"5 H~O-hydrate (10.6 A), one 5 H20-hydra te  (8"7 /~), 
and one 4 H~O-hydrate (7.4/~). 

CaBaOs(OH) 

is deduced, showing the compound to be a member of 
the series 2 CaO. 3 B20:~.xH20 with x = 1. The crystals 
are piezoelectric, orthorhombic, Pb~2~-C~v, a=6-97~, 

b=13.47, c=4.39, ~ (all +0.3% ), density (talc.) 2.729 
g.cm. -a, with  cell contents  4 [CaBaOflOH)]. The habi t  
is sword-like, with elongated [001], terminal  {111}, and 
prism forms {110}, {120}, and {010}. 

The structure of CaB3Os(OH ) is closely related to the  
structures previously found by us for the other known 
members  of the 2 : 3 : x  series: 

colemanite, CaBaO4(OH)a. HH20 (2 : 3 : 5) ; 
meyerhofferite,  CaBaOa(OH)5. I-I20 (2 • 3 : 7) ; 
a synthetic,  CaBa0a(Ott)5.2 Ht20 (2 : 3 • 9) ; 

and 
inyoite, CaBaOa(OH)5.4 I t20 (2 : 3: 13). 
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All of these crysbals contain a s ix-membered boron-  
oxygen ring formed from two te t rahedra  and a triangle 
l inked at corners. In  meyerhofferi te,  the 2 :3 :9  synthetic,  
and inyoite, these rings exist as insular groups of compo- 
sition [B.~Oa(OH)5]-2; in colemanite the rings link to 
produce infinite chains of composit ion [B304(OH).~]~ 2n 
tha t  may  be considered as polymerizat ion products 
resulting from the spli t t ing out of water  between succes- 
sive insular [B3Oa(OH)5] -2 groups. I n  CaB3Os(0H) there 
are infinite sheets corresponding to the polymerizat ion 
of adjacent  infinite chains of the kind found in colemanite. 
These sheets are held together  in the  crystal through 
Ca-O and hydrogen bonding.  

The crystal s tructure of the second compound is under  
s tudy;  its chemical formula is still unknown.  I t  is ortho- 
rhombic, P ~o ccn-D~h, a=8.37~, b=13"86, c=5.01~ /~ 
(all ± 0"3%). 

Ful l- length account to be submit ted  to Acta Cryst. 

5.22. S q u a r e  pyramid coordination in polyvanadate 
c o m p l e x e s .  By HOWARD W. EVANS, JR., U.S. Geolog- 
ical Survey, Washington 25, D.C., U.S.A.  
Many crystal s tructure determinat ions  of quinque- 

valent  vanad ium-oxygen  compounds in recent years have 
established three characteristic types of oxygen coordina- 
tion about  the vanad ium atom. One is tetrahedral ,  as 
found in the or thovanadates ,  and in the alkali meta-  
vanadates  such as KV0~. A second is trigonal bipyramidal  
as found in KVO3.H20.  A third  is also fivefold, square 
pyramidal  in shape. This last is especially characteristic 
of complexes formed under  acid conditions, and is com- 
monly  involved in corner or edge sharing with neighbor- 
ing polyhedra  to form chains, sheets or network struc- 
tures. In  the square pyramid,  the  apical V-O distance, 
designated A, is usually short, 1-52-1.68 /~; the  four 
basal distances designated B, are longer, 1.75-2.00 A. 
Often a sixth oxygen approaches at the base, opposite A, 
at  a greater distance, designated C, 2.20-3.50 .£~. 

Two new crystal s tructure ref inements  by least-squares 
on the IBM 704 have added to our knowledge of these 
bonds:  KaV~O14 and CsV30 s. As previously reported 
(BystrSm and Evans,  Acta Chem. Scand. (1959), 13, 377), 
KzVsO14 (space group P31m) contains both  square 
pyramids and te t rahedrons l inked into a sheet structure. 
The square pyramid  has the dimensions 

A = 1 . 6 0 ,  B = 1 - 8 5  and 1.97_~ (all ±0 .02) .  

In  an adjacent  sheet, a sixth oxygen gives C=3 .39  /~. 
CsVaO s is monoclinic, space group P21/m, with 

a =8-20, b =8.55, c =5.00 A, fl =95 ° 35', 

and a cell content  of 2 formulas. The R factor for the 
(hkO) and (hO1) data  together  is 8-5%. CsV~Os has a 
complex sheet s tructure made  up of two types of square 
pyramid.  Two thirds of the vanad ium is of one type 
which has 

A=1-52 ,  B=1-99 ,  1-96, 1-85, 1.76, and C = 2 . 9 0 / ~ .  

One third is of the  second type which has 

A =1.65, B=1 .91 ,  1.85, and C=2 .22  _~ (all ±0.02 /~). 

Comparison of these da ta  with those of other com- 
pounds (Li4V6016, V205, K2(UO2)~V2G s, etc.) shows a 
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wide variat ion in A, B and C. The bond character  is 
evident ly  very sensitive to the  crystal field. I t  will be 
shown tha t  a useful es t imate of bond number  may  be 
made  from the bond length Dn by use of Pauling's  
empirical relat ion: 

Dn - D1 = - 2k log n ,  

where n is the bond number ,  D 1 is the length of a single 
bond, 1.81 J~ and k = 0"39. 

5.23. O n  the crystal  structure of T h ( O H ) ~ S e O v  By 
GUNILLA BEI~GSTROM & GEORG LUNDGREN, Research 
Institute of National Defence, Dept 4, Solna 8 and De- 
partment of Inorganic Chemistry, Royal Institute oJ 
Technology, Stockholm 70, Sweden. 
By means of recent  investigations (G. Lundgren, 

Svensk Kern. Tidslcr. (1959), 71, 200) on the  crystal 
structures of basic salts of te t rava lent  cations, it was 
found tha t  the  meta l  ions in 

Th(OH)2CrO4H20, Th(OH)2SO 4, and U(OH)2SO 4 

are arranged in zigzag rows within which they  are joined 
by double bridges of hydroxide  ions. Other  more com- 
plicated M e - O H ( 0 )  complexes were found in 

U~O4(OH)4(SO4)6, C%O~(OH)4(SO4)~, and CeOSO4H~O. 

In  all these crystals, the me ta l -oxygen  coordination is 
eightfold in the shape of a square Archimedean ant±prism 
and the  Me-OH(O) a r rangement  can be considered as 
buil t  up of such ant±prisms sharing edges in different 
ways. The Me-OH(O)  complexes are related to the 
fluorite structure, from which for instance the 

[Th(OH)~+]n 

chains in Th(OH)2SO 4 can be cut out. 
The structure of Th(OH)~SeO 4 is, however,  quite dif- 

ferent  from tha t  of Th(OH)2SO 4. The meta l  ions in it 
are also arranged in zigzag rows bu t  the angles T h - T h - T h  
are 125 ° as compared with 99 ° in Th(OH)2SO 4. The 
thor ium atoms are joined by double bridges of O H -  ions 
as in Th(OH)2SO 4 but  two consecutive bridges form 
nearly r ight  angles to each other. The coordination 
Th-O is again eightfold. A detailed description of the 
structure and its relation to the fluorite s tructure will 
be given. 

A full report  will be published in Acta Chem. Scand. 

5.24. T h e  c r y s t a l  s t r u c t u r e  of anhydrous sodium 
thiosulphate. By E. SA~DO~ & L. Csom)As, Depart- 
ment of Physics, L. E6tvSs University, Budapest, Hun- 
gary. 
Strongly deliquescent  crystals of anhydrous  sodium 

thiosulphate  (Na2S203) were grown from aqueous solution 
in a thermos ta t  set at  93 °C. The densi ty of the  crystals 
measured by flotation was d = 2 . 3 4 5 ± 0 . 0 0 1  g.cm. -3. 
Weissenberg photographs were taken  with the  multiple- 
film me thod  around all three crystallographic axes. 
Altogether  six layers were recorded containing 353 in- 
dependen t  reflexions. The integrated intensities of the 
reflexions were first measured with an AMG micro- 
densi tometer ,  then  corrected for Lorentz and polarization 
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factor and placed to an absolute scale by the statistical 
me thod  of Wilson. The space group from statistical 
absences was found to be P21/a with four formula units 
in the uni t  cell. The trait cell parameters  are: 

a=6-50_+0-05, b=8.12_+0.01, c=8.52_+0.02 /~, 

f l=95°4 '_+16 '. 

At tempts  to solve the structure from two Harker  
sections of the :Patterson function remained unsuccessful, 
because of mult iple chance coincidences in the y-coor- 
dinates of the atoms. The one-dimensional Harker  section 
(½, v, 0) showed only three peaks, and of the five peaks 
appearing in the two-dimensional  Harker  section (u, ½,w) 
only three were genuine t t a rker  peaks. Finally the struc- 
ture was de termined by direct methods  using the Ha rke r -  
Kasper inequalities and the equations derived by Kar le -  
Haup tmann ,  Sayre and Zachariasen. Accepting only 
those signs for which the probabil i ty calculated from 
the formula of Cochran & Woolfson exceeded 0.9, al- 
together  219 signs were determined,  which all turned 
out to be right in the  final analysis. The initial s tructure 
has been further  refined by comput ing successive two- 
dimensional  and later three-dimensional  (Fo-Fc)  syn- 
theses. The final value of the R-factor was 15.0%. 

In  the S~.O 3 thiosulphate group one S and the three O 
atoms are arranged tetrahedral ly  around the other S 
atom. The S-S distance is 2.01 /~, and the mean  S-O 
distance 1.46_+0-05 A. The mean  S-S-O and O-S-O 
angles are 108-5 °_+ 1"5' and 110.5 ° _+ 1.5 ° respectively. 
These results are in good agreement  with the results of 
Taylor & Beevers (1952), who derived a somewhat  
distorted te t rahedral  a r rangement  for the $203 group 
in Na~S203. 5 H20, and are at  variance with the results 
of Brunt  (1946), who concluded tha t  the $20:~ group in 
(NH4)2S203, MgS.,Os. 6 H20 and NiS208 . 6 H~O was essen- 
tially planar. 

To be published in Acta Cryst. 

5-25. Zur Struktur  des  D i n a t r i u m - d i h y d r o g e n - T e -  
t r a m e t a p h o s p h a t  Na~H2P40~2 . Von 0.  JA~CHOW & 
K. DORNBERGER-SCHIFF, Deutsche A]cademie der Wis- 
senschaften zu Berlin, Institut fi~r Stru]cturforschung, 
Berlin-Adlershof , Deutschland. 

:Die Untersuchung wurde an Einkristal lmaterial  durch- 
gefOhrt, das uns freundlicherweise von Fr. :Dr Winkler,  
Ins t i tu t  ffir anorganische Chemie der DAdW zur Ver- 
fiigung gestellt  wurde trod das als Hauptbes tandte i l  bei 
der Darstel lung nach dem yon E. J.  Griffith (J. Amer. 
Chem. Soc. (1956), 78, 3867) beschriebenen Verfahren 
auftrat.  'Gi t terkonstanten '  und Verteilung von diffusen 
Ebenen  und scharfen Reflexen lassen erkennen, dass es 
sieh urn die von J. W. Gryder, G. Donnay & H. M. 0 n d i k  
(Acta Cryst. (1958), 11, 38) als ' I I '  bezeichnete Substanz 
handelt .  In  dieser Arbeit  kommen die Autoren zu dem 
Schluss, dass diese Struktur  kein Nat r iumte t rameta-  
phosphat  der Formel Na2H~P4Or, " sei, sondern ein Ultra- 
phosphat  der Formel  Na~.P~O~. 

Die Phasen der (hk0)-Reflexe wurden rnit Tripel- 
p roduk tmethoden  best immt,  und diese Projekt ion an- 
schliessend verfeinert  (Fig. 1). Schon diese Projekt ion 
l ~ s t  auf die Richt igkei t  der ursprtinglieh vorgeschlagenen 
Formel  sehliessen. St rukturfaktorberechnungen der ftir 
die scharfen (hk., 2n)-Reflexe trod die Maxima auf den 

' (®" ,il ........... : ...... : @ ,  ! --:, 

Fig. 1. 

diffusen Ebenen  lassen das Prineip der Struktur  erkennen 
(siehe Beitrag in Sektion 2). 

5.26. On  the s tructure  of s t r o n t i u m  m e t a v a n a d a t e  
Sr(VOs) 2 4H20. By P. SEDLACEK & K. DORNBERGER- 
SCHIFF, Deutsche Alcademie der Wissenschaften zu Berlin, 
Institut fi~r Strukturf  orschung, Berlin-A dlershof , Deutsch- 
land. 

Using methods  described in section (2) the outline of 
the structure has been determined.  There are chains of 
(VO.~)x somewhat  similar to the chains found by C.L.  
Christ, J .  R. Clark & H. T. Evans,  Jr.,  Acta Cryst. (1954), 
7, 801) in KVOs. H20. 

These chains form an ordered lattice into which Sr 
and possibly H.,O are placed in a disordered way. The 
details of the structure will be given. 

5.27. Die Struktur  der Perjods~iure HsJO 6. Von 
0.  JARCHOW & K. DORNBERGER-ScIIIFF, Deutsche 
Akademie der Wissenschaften zu Berlin, Insti tut fi~r 
StruIcturf orschung, Berlin-A dlershof , Deutschland. 
Withdrawn.  

5.28. Z u r  Struktur  des N a t r i u m - K u p f e r - P e r j o d a t s  
-Na4HaCu(JO6)a4H20.  Von S. B)~R, Deutsche Akade- 
mie der Wissenschelften zu Berlin, Institut .fiir Struktur- 
forschung, Berlin-Adlershof, Deutschland. 
Withdrawal. 

5.29. Crysta l  s tructure  of a m m o n i u m  chlor ide  di-  
thionate.  By L. RIVOlR & Miss. P. GUARDABRAZOS, 
Consejo Superior de Investigaciones Cientz:ficas, Institute 
de Fisica 'Alonso de Santa Cruz'. Seccisn de 'Estruc- 
turas Cristalinas', Serrano 119, Madrid, Spain. 
The crystal structure of ammonium chloride di thionate  

has been determined using shag]e-crystal X-ray diffrac- 
tion technique.  The uni t  cell is orthorhombic,  with  

a =  1.46, b = 12-65, c =6.08 /~. 

There are four molecules per uni t  cel l . - -The space group 
is Pbcm. 

A detailed crystal-structure analysis by means of two- 
dimensional  Fourier  and difference syntheses of the  
electron densi ty projected perpendicular  to the  a and c 
axes is given. 
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T h e  i n t e r a t o m i c  d i s tances  of t he  d i t h i o n a t e  ion a re :  

S - S = 2 . 1 6 ;  S - O = 1 . 4 4 ;  0 - 0 = 2 - 4 4 ;  S - S - O = 1 0 4  °. 

T h e  N - O  d i s t ance  var ies  f r om - 2 . 7 2  up  to  3.19 /~. 
E a c h  C1- ion is s u r r o u n d e d  b y  six N H  + ions a t  d i s t ance  

C1-N = 3.04 A. 

P r o b a b l y  wil l  be  pub l i shed  in Acta  Cryst. 

5.30. O c c u r r e n c e  of  t h e  ~ phase  a m o n g  cha lkogen i -  
des.  B y  OSVALD KNOP, Department  of Chemical Engi-  
neering, Nova  Scotia Technical College, Hal i fax ,  N . S . ,  
Canada. 

phases  are  f ace -cen t r ed  cubic  c o m p o u n d s  of t he  s t ruc-  
t u r e  type D89 and corresponding to the ideal formula 
M9X8, with or without this stoichiometry. They seem to 
be restricted to the sulphides and selenides of the lower 
transition elements. Until recently only two such phases 
were known, Co9S 8 and ~(Fe, Ni, S), the latter occurring 
also as the mineral pentlandite. Bohm et al. (Acta Chem. 
Scand. (1955), 9, 1510) reported the phase g(Co, Se), 
and the existence of an isotypic compound Fe9S 8 has 
recently been claimed by Meyer et al. (Corrosion (1958), 
14, 69). The homogeneous ternary phase g(Fe, Co, Ni, S) 
has now been shown to exist over an appreciable range 
of compositions in the section FegS8-Co9Ss-Ni9S 8 of the 
quaternary system Fe-Co-Ni-S. The stoichiometry of 
this phase with respect to the metal-to-sulphur ratio has 
been investigated. 

Homogeneous z phases CoaIV/S 8 can be ordered by 
segregating the cobalt atoms into tetrahedral and the 
M atoms into octahedral sites in a manner reminiscent 
of ferrites, the ratio of the numbers of the two types 
of sites ideally occupied being 8:1. This possibility has 
been investigated for CosNiS 8 by neutron diffraction. In 
four tee l t  obher CosMS s samples  the  s t ab i l i ty  l imits  of 
t he  co r r e spond ing  z phases  a n d  the  possibi l i ty  of o rde r ing  
h a v e  been  s tud i ed  b y  X - r a y  d i f f rac t ion .  Genera l  fea tu res  
of t he  z phase  and  its re la t ionsh ip  to  s imilar  phases  are  
discussed.  

A full a c c o u n t  of this  w o r k  will a p p e a r  in t he  Canad. 
J .  Chem. 

5"31. M X  2 layer s tructures .  By.  F .  JELLINEK, Laborato- 
r ium voor anorganische chemic, Ri jksunivers i te i t  Gronin- 
gen, the Netherlands. 

A n u m b e r  of 2~/X 2 l aye r  s t ruc tu re s  can  be  based  on 
close pack ings  of X a toms ,  w i t h  M inse r t ed  in o c t a h e d r a l  
holes.  If  all M a t o m s  are  to  be  equ iva len t ,  on ly  four  
s t ruc tu re s  of this  k ind  a re  possible w i t h  the  fol lowing 
a tomic  sequences :  

C6 - type  ( tr igonal)  : bAc . . .  
C27- type  (hexagonal)  : aCb aBc . . .  
C19- type  ( rhombohedra l )  : bAc aCb cBa . . . 

. . .  ( rhombohedra l )  : bAc bAc aCb aCb cBa cBa . . . 

(Here  a or A deno tes  a t o m s  in 0, 0, z: b or B in ½, 2 ~, Z; 
c or C in 2 1 z; a, b, c s t a n d  for X a toms ,  A,  B, C for l~ . )  ~' 3' 

I n  t he  ideal  case, i.e. w h e n  each  X is equ id i s t an t  f rom 
its 12X ne ighbours ,  c/a is a mu l t ip l e  of V s = 1.6330, a n d  
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t h e  M - X  dis tances  are  V½=0.7071 t imes  t he  d i s tances  
X - X .  

I n  a s imi lar  w a y  four  M X  2 l aye r  s t r uc tu r e s  can  be  
cons t ruc t ed ,  in w h i c h  the  e n v i r o n m e n t  of M is t r igona l  
p r i smat ic ,  whi le  t he  s t ack ing  of M X  2 slabs cor responds  
to  close pack ing .  The  a t o m i c  sequences  for  these  s t ruc-  
tu res  are : 

(a) (hexagona l ) :  bAb cAc . . .  
(fl) (hexagona l ) :  bCb cBc . . .  
(y) ( rhombohedra l ) :  bAb aCa cBc . . .  
(d) ( rhombohedra l )  : bAb cAc aCa bCb cBc aBa  . . .  

T h e  m e t a l  sequences ,  therefore ,  a re  t he  s ame  as in t h e  
types  w i th  M in o c t a h e d r a l  sites. I f  each  X is e q u i d i s t a n t  
f rom its 10X ne ighbours ,  t h e  d i s tances  M - X  are  ~/1)= 
0.7638 t imes  t he  d i s tances  X - X ,  a n d  c/a is a mu l t i p l e  of 
1 + ~/~= 1"8165. 

Structure (8) is the C7-type of Strukturbericht, struc- 
tures (a) and (7) have recently been found in the system 
Nb-S (F. Jellinek, G. Brauer & If. Miiller, Nature, Lond. 
(1960), 185, 376). In NbS2 generally some stacking dis- 
order in the e direction is observed; this is prevented 
by the insertion of additional M atoms in part of the 
octahedral holes between the slabs. Results of a pre- 
liminary study of the system Ta-S suggest that structures 
and phase relationships are analogous to those in Nb-S. 

5.32. Interst i t ia l  so lut ions  of oxygen  and n i trogen  
in a - t i t a n i u m  and a - z i r c o n i u m .  By Bo HOLlVIBERG, 
Inst i tu te  of Inorganic and Physical  Chemistry, Universi ty 
of Stockholm, Stockholm, Sweden. 

Studies  of t h e  e x t e n d e d  ranges  of so lubi l i ty  of smal l  
n o n - m e t a l s  in a - t i t a n i u m  a n d  a - z i r con ium h a v e  r evea led  
t he  ex is tence  of var ious  degrees  of order .  

To be  pub l i shed  in Acta  Chem. Scand. 

5.33. O n  the  ordered,  defective NaCl - type  s tructure  
of  VO1.~7. B y  SVEN WESTMAN, Inst i tutet  .fSr oorganisk 
och f y s i ka l i s k  kemi,  Stockholms H6gskola, Stockholm Va, 
Sweden. 

A phase  analys is  of t he  v a n a d i u m - o x y g e n  s y s t e m  has  
revealed the existence of a tetragonal phase of approx- 
imate composition VOp:~, stable below 900 °C. 

The following cell dimensions have been obtained from 
Guinier photographs : 

a=b=16.623 J~=4.4.156A, 

c=16-515 A=4.4.129 A. 

The diffraction symmetry is pseudo-cubic, with re- 
flexions hOO(h~= 4n) missing. It is evident from single 
crystal, as well as powder data, that the crystal structure 
is a superstructure of a slightly deformed VO (NaCl type) 
structure. 

The observed density of the phase indicates that the 
vanadium lattice is only partly occupied. The vacancies 
should, on the above evidence, be ordered, and the 
number per unit cell, a multiple of four. If the cell content 
is assumed to be Ve040256, observed and calculated values 
of density and composition agree rather well: 
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Obs. Calc. 

d = 5.269 g.cm. -a d = 5.272 g.cm. -a 
VO1.2~ VOI.~G 

Several t en ta t ive  s t ruc ture  models  have been proposed, 
which give a fair general  correspondence between ob- 
served and calculated s t ruc ture  factors. The convergence 
of these models is being invest igated.  

To be published in Acta Chem. Scand. 

5.34. T h e  T i O 2 - p h a s e  exp lored  by the  latt ice  cons tant  
and dens i ty  m e t h o d .  By M. E. ST~AUMA~IS, T. EJI- 
~ x  & W. J .  JAZZES, Departments of Metallurgical and 
Chemical Engineering of the University of Missouri, 
School of Mines and Metallurgy, Rolla, Missouri, U.S.A. 
Samples of TiO~ of various colours (bluish black to 

yellowish white) were obta ined by  heat ing TiO~ at  1400 
°C. under  oxygen of increasing pressure. At tha t  tempera-  
ture  the  dissociation pressure is about  2/3 arm. (in oxy- 
gen). I t  was found tha t  the homogenei ty  region of the 
phase extends from TiO1.gs 9 to about  TiO2.00G. The 
composit ion of the samples was de te rmined  from latt ice 
pa ramete r  and densi ty  measurements .  The la t ter  showed 
fur ther  t ha t  TiO~ of stoichiometric composition has a 
sotmd latt ice wi th  n '  = 1.9999 ± 0.0009 molecules per  un i t  
cell. The s t ruc ture  of the grayish and deeper coloured 
samples is imperfect,  caused by missing oxygen ions 
(up to 0-02 ions per  uni t  cell or 0.5% of all oxygen 
positions are vacan t  at  the left phase border).  The imper- 
fection of the yellowish whi te  preparat ions  on the r ight  
side of the phase is due to a toms of excess oxygen located 
in intersti t ial  positions (up to 0-006 atoms per uni t  cell 
or 0"3%). 

The lat t ice constants  of the te t ragonal  T i0-phase  varied 
only slightly wi th  increasing oxygen content  (a increased 
and c decreased). The constants  of stoichiometric Ti02 
were obtained by  extrapolat ion:  a25 =4-59374 and c25 = 
2"96197 (precision: +_0.00005 A); c/a=O.6447s; v25= 
62.505 +_ 0-004 A3; the expansion coefficients between 10 
and  60 °C. were aa =6"9 × 10 -6 and ac=9"9 × 10 -6 along 
the  a- and c-axes respectively.  The macroscopic densi ty  
of TiO~ was:  d:,~ = 4.2438 +_ 0.0005 g.cm. -s. The densi ty  
of the preparat ions  increased wi th  increasing oxygen 
conten t ;  their  expansion coefficients were within  the 
limits of error independent  of composition. 

The article will be submi t ted  to Acta Cryst. for publica- 
tion. 

5.35. T h e  crys ta l  s t ruc ture  of V30 5. By STIG /~SB:RINK, 
Institute of Inorganic and Physical Chemistry, University 
of Stockholm, Stockholm, Sweden. 
The crystal  s t ruc ture  of V305 is re la ted to the corun- 

dtm~ s t ructure  as well as to the s t ruc ture  of or thorhombic  
ReO2. All three s t ructures  have  the oxygen atoms in a 
hexagonal  close-packed ar rangement .  In  V3 05, the octa- 
hedra l  interstices are par t ia l ly  filled with vanad ium 

S T R U C T U R E S  

atoms in such a way  tha t  the VO6 octahedra  form infinite 
chains of two types.  One type  is composed of pairs of 
oc t ahed ra - - each  pair  is formed by  two oc tahedra  sharing 
a face, these double-octahedra  being then  coupled to- 
gether  by sharing edges. These chains are separa ted  by  
single oc tahedra  which share corners in such a w a y  as 
to form the other  type  of chain which runs parallel to 
the  former type.  The chains are uni ted  by sharing edges 
and  corners of octahedra .  

The chains of double oc tahedra  are similar to those 
existing in the co rundum s t ructure  while the chains of 
single oc tahedra  are similar to those in or thorhombic  
ReO2. 

A few phases isomorphous wi th  V 30 5 have  been pre- 
pared,  viz. V~TiO 5 and CreTiO5, the  la t ter  of which,  
however,  was never  obta ined in a pure  state.  

The full-length account  is likely to be published in 
Acta Cryst. 

5.36. N e w  crysta l  s t r u c t u r e s  in the  s y s t e m  c a l c i u m  
o x i d e - - i r o n  oxide.  By P. B. BRAIy~, Philips Research 
Laboratories, Eindhoven, The Netherlands. 
A group of three mutua l ly  related s t ructures  has been 

solved in the sys tem calcium oxide-iron oxide. These 
new st ructures  are hexagonal  with large c/a ratios. For  
one of these a complete  three-dimensional  Pa t te rson  and 
Four ier  me thod  has been used to solve the s t ructure,  
followed by a three-dimensional  least-squares ref inement .  

Once this s t ruc ture  being known the  other  two could 
be solved in a s t raight  forward way.  

The relat ion be tween these new structures  and  the 
hexagonal  s t ructures  in the ba r ium oxide- i ron oxide 
system will be discussed in the light of the differences in 
ionic radius between Ca and Ba giving rise to s t ructura l ly  
new layers. 

This abst ract  is m e a n t  to be a provisional one. I t  has 
been kept  somewhat  crypt ic  for reasons of pa ten t  policy. 
I t  will be replaced in due t ime by a more  descriptive one. 

Meant  to be published as paper  in Acta Cryst. 

5.37. Crys ta l l ograph ic  data of t in ( I I )  c o m p o u n d s .  
By JOHN D. DONALDSON, Department of Chemistry, 
The University, Old Aberdeen, Scotland. 
The uni t  cell and X- ray  powder  da ta  of a n u m b e r  of 

crystall ine t in(II)  compounds  (including hydroxide,  sul- 
phate ,  h y d r a t e d  chloride, an explosive basic n i t ra te  and  
other  basic salts) are given. The use of these data ,  and 
of high t empera tu re  t ransformations,  in de te rmining  the 
composit ion of some of the mater ia ls  is discussed. Pre- 
l iminary work on the s t ruc ture  of anhydrous  t in( I I )  
sulphate  indicates tha t  it is not  isomorphous with  the  
sulphates of bar ium,  s t ron t ium and lead, in spite of a 
similari ty in unit-cell dimensions. 

These da ta  are likely to be included in a series of 
papers on the individual  materials  in J.  Chem. Soc. The 
s t ructura l  work will be submi t ted  to Acta Cryst. 
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5.38. T h e  c r y s t a l  s t r u c t u r e  of  n i o b i u m  d i o x i d e .  By 
BEI~GT-OLOV MARINDER, Institute of Inorganic and 
Physical Chemistry, University of Stockholm, Stockholm, 
Sweden. 
The crystal s tructure of n iobium dioxide has been 

determined.  The structure is of a deformed rutile type.  
A noticeable feature is the occm'rence of me ta l -me ta l  
a tom doublets. In  this respect the structure resembles 
tha t  of mo lybdenum dioxide. The t i l t  of the  doublets is 
however  different. 

A full-length account will be published in Acta Chem. 
Scand. 

5.39. On the  s t r u c t u r e s  of  C s - M n ( I I ) - c h l o r i d e s .  By 
PALLE ANDERSE!q,* The Chemical Laboratory B, Tech- 
nical University of Denmark, Copenhagen, Denmark. 
Withdrawn.  

5.40. O n  t h e  s t r u c t u r e s  of  s o l i d  s o l u t i o n s .  By PALLE 
ANDERSEIq,* The Chemical Laboratory B, Technical Uni- 
versity of Denmark, Copenhagen, Denmark. 
Withdrawn.  
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neutron-diffract ion techniques to elucidate the  magnet ic  
properties of these materials  and the na ture  of the  
hydroxyl  ion and its environment .  The structure analyses 
will be supplemented by studies of the infrared vibrational  
spectra and low-temperature  magnet ic  susceptibilities. 

5.43. M i x e d  o x i d e s  of  t i t a n i u m  a n d  v a n a d i u m .  By 
CLAES NORD1VIARK, Inst. of Inorganic and Physical 
Chemistry, University of Stockholm, Stockholm VA, 
Sweden. 
A phase analysis of the  system Ti -V-O in the  monoxide  

region is being carried out  in order to elucidate the 
influence of the  Ti -V ratio on the  ordered and disordered 
phases previously found in the  monoxides  of t i t an ium 
and vanadiura.  

Mixed oxides of the  compositions 

TimVlo-mOn ( r e = l - 9  and n = 6 - 1 3 )  

were prepared by  are-melt ing and hea t - t rea ted  at  800 
and 1000 °C. followed by quenching.  The arc-melted and 
hea t - t rea ted  samples have been analyzed by means of 
their  X-ray powder pat terns.  

In  the system Ti203-V203 the  variat ion of the  unit-cell 
parameters  with the  composit ion has been studied. 

The full-length account  is likely to be published in 
Acta Chem. Scand. 

5-41. S t r u c t u r e s  of s u l f u r - s e l e n i u m  m i x t u r e s .  By 
Y. !~. DE HAAlV & M. P. VlSSE~, Laboratorium voor 
technische Fysica van de Technische Hogeschool, Delft, 
The Netherlands. 
Previous investigations on sulfur and selenium were 

ex tended  to mixtures  of these elements. Mixed structures 
were obtained in different ways, tha t  will be described. 
Most mixed  structures of sulfur and selenium are built  
up from ~-atomic ring molecules in essentially the same 
way as the pure elements.  These ring modifications are 
all soluble in CS 2. At  all mixing ratios chain modifica- 
tions may  also occur. They are of the  same kind as found 
with the pure elements,  but  the great  s t rength of ex- 
t ended  pure sulfur fibres is not  re tained in the mixed 
structures. Several new structures were found, but  no t  
fully analysed. 

A full-length account  of this s tudy will be published in 
Physica. 

5.42. T r a n s i t i o n  m e t a l  h y d r o x i d e s .  B y  Y. M. DE 
HAAN, Massachusetts Institute of Technology, Laboratory 
for Insulation Research, Cambridge, Massachusetts, 
U.S.A. 
An invest igation of the  structures of divalent  Ni, Co, 

and Mn hydroxides  is being carried out  by X-ray and 

* Present address: The Royal Dental College, Vennelyst 
Boulevard, /~rhus, Denmark. 

5.44. T h e  c r y s t a l  s t r u c t u r e  of f l -Ga20 ~. By S. GELLER, 
Bell Telephone Laboratories, Incorporated, Murray Hill, 
New Jersey, U.S.A. 
The crystal s tructure of fl-Ga203 has been de te rmined  

from single crystal three-dimensional  X-ray diffraction 
data.  The monoclinic crystal has cell dimensions 

a --- 12-23 +_ 0.02, b = 3.04 _+ 0.01, c -- 5.80 + 0-01 /~_, 

fl = 103-7 + 0.3 ° 

as originally reported by  J .  A. Kohn,  G. Katz  & ft. D. 
Broder (Amer. Min. (1957), 42, 398). There are 4Ga203 
in the uni t  cell. The most  probable space group to which 
the  crystal belongs is C~h-C2/m; the a toms are in five 
sets of special positions 4(i): (0, 0, 0; ½, ½, 0)_+(x, 0, z). 
There are two kinds of coordination for Ga 3+ ions in this 
structure, namely  te t rahedral  and octahedral.  Average 
distances are: te t rahedral  Ga-O, 1.83 J~; octahedral  
Ga-O, 2-00 /~; te t rahedron edge 0 - 0 ,  3.02 /~; and  
octahedron edge 0 -O ,  2-84 /~. Because of the  reduced 
coordination of half of the  meta l  ions, the densi ty of 
fl-Ga20 ~ is substant ial ly lower than  tha t  of a-Ga~O 3 
which has the a -corundum structure. Also the closest 
approach of two Ga 3+ ions in fl-Ga203, 3-04 /~, is con- 
siderably larger than  the  closest approach of meta l  ions 
in the sesquioxides with a -corundum type structure and, 
in agreement  with the results of the  thermal  studies 
(L. M. Foster  & H. C. Stumpf, J. Amer. Chem.Soc. (1951), 
73, 1590), the  fl-phase appears to be the structural ly 
more stable one. 
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The average Ga-O distances in the structure seem to 
account for the fact tha t  al though the Ga 3+ ion is sub- 
stantial ly larger than  the A13+ ion, its quant i ta t ive  
preference for te t rahedral ly  coordinated sites when sub- 
s t i tu ted  for Fe 3+ ion in the iron garnets is very nearly the 
same as tha t  of the  A13+ ion. 

The structure accounts for a recent result obtained by 
M. Peter  & A. L. Schawlow (Bull.Amer.Phys.Soc. (1960), 
in press) from paramagnet ic  resonance measurements  on 
Cr 3+ ion doped fl-Ga203, namely  tha t  the Cr ~+ ion sub- 
st i tutes for the Ga 3+ ions in a single set of equivalent  
octahedral sites. 

The magnet ic  aspects of the fl-Ga~O~ structure are 
discussed and it is shown tha t  a possible FeoO3 isomorph 
could be expected to be at least antiferromagnetie with a 
N6el tempera ture  of about  700 °K. Furthermore,  a 
knowledge of the  fl-Ga203 structure and of the nature  
of site preferences of the Ga 3+ and Fe 3+ ions in the garnets 
lead to a prediction regarding the structure of the ferri- 
magnetic  crystals of formula Ga2_xFexO 3 recently dis- 
covered by J.  P. Remeika  (J. Appl. Phys. (1960), 31 in 
press). 

Manuscript to be submit ted  to J. Chem. Phys. 

5-45. The  s tructure  of f l -ZnOHCI.  By HANS-ERIK 
FOR.SBERG, Department of Inorganic Chemistry, The 
Royal Institute of Technology, Stockholm 70, Sweden; 
Institut fi~r anorganische, a~alytische und physi]calische 
Chemie, Institut fiir Mineralogie und Petrographie, Uni- 
versitiit, Bern, Switzerland. 
The structure of fl-ZnOHC1 is of interest  in connection 

with the s tudy of the structures of the oxidehalides of 
bivalent  metals  (W. Fei tknecht ,  H. R. Oswald & H.-E. 
Forsberg, Chimia (1959), 13, 113) since fl-ZnOHC1 is one 
of the few substances of this class of salts of which it is 
possible to prepare single crystals large enough for X-ray 
investigations. The preparat ion of fl-ZnOHC1 was carried 
out using ZnO and ZnC12. 

From rotat ion and Weissenberg photographs taken 
around the three crystal axes, it was concluded tha t  the 
crystals are or thorhombie (a =5-86, b = 6.58, c = 11.33 A, 
V=436 .9  /~3, Z = 8 ) .  The reflections systematically ab- 
sent are in agreement  with the centrosyrnrnetric space 
group Pcab (International Tables for X-ray Crystallo- 
graphy, Kynoch  Press, Birmingham, 1952, Vol. I, p. 150). 
The following parameters  of the atoms were determined 
from Pat terson and Fourier  projections along [010], 
[100] and [001]: 

8 Zn in 8(c) with x ~ 0.25, y=0.131, z=O 
8 O in 8(c) with x ~ 0.59, y=0.126,  z=0.429 
8 C1 in 8(c) with x ~ 0.58, y=0-107,  z=0.143 

8(c), + (x, y, z), __ (1 - x ,  ~- +y,  ~), 

+_(½+x,Y, ½--z), +(~, ½ - y ,  ½ + z ) .  

As has been predicted by W. Fe i tknecht  (Fortschr. der 
chem. Forschg. (1953), 2, 670), the structure of fl-ZnOHC1 
is similar to the structure of Mg(OH)2 (CG-type) if half 
of the hydroxide ions are replaced by chlorine ions. Thus, 
the zinc atoms form pseudohexagonal  layers separated 
by an ordered layer of oxygen and chlorine atoms. Each 

zinc a tom is surrounded by three oxygen and three 
chlorine atoms so tha t  a coordination Zn-6X in the  
shape of an octahedron is obtained. 

A full report  will be published in Acta Cryst. 

5"46. Mischkris ta l lb i ldun~,en  z w i s c h e n  Verb indun-  
gen m i t  der m i t t l e r e n  E lektronenkonf igurat ion  
s2p 3. Von H. I~REBS & D. ~ALLEN, Chemisches Institut 
der Universiti~t Bonn, Bonn, Deutschland. 
In  Analogie zu den in diamant~ihnlichen Gittern kri- 

stallizierenden isoelektronischen Verbindungen gibt  es 
eine in steinsalz~hnlichen Gittern auftretende isoelektro- 
nische Verbindungsreihe.  Als Beispiele seien genannt :  
rhombischer schwarzer Phosphor, rhomboedrisches Ar- 
sen, rhomboedrisches GeTe und kubisches PbS. Die Ver- 
wandtschaf t  des Gitteraufbaues wird nachgewiesen durch 
weitgehende isotype und heterotype Mischkristallbildung. 
Die Git terstrukturen,  die elektrischen Eigenschaften 
(Halbleiter bzw. Metall) und die Mischkristallbildmlgen 
sind deutbar  durch die MSglichkeit eines kontinuier-  
lichen, nicht  gequante l ten  ~Jberganges der Valenzelek- 
t ronen vom reinen p-Typ in solche mi t  s-I-Iybridisierung. 

The paper will be published in the  Z. anorg. Chem. 

5.47. C o m p l e x e s  of a n t i m o n y  tr ichlor ide  w i t h  aro-  
m a t i c  hydrocarbons .  By R. I - I u ~  & J. T. SzY- 
I~IAI~SKI, Chemistry Dept., Kings College, London, W.C. 2, 
England. 

X-ray examinat ion has shown the real existence of 
crystalline compounds of an t imony  trichloride with ben- 
zene, p-xylene, mesi tylene and naphthalene.  A single crys- 
tal of the naphthalene  compound was obtained from a 3 : 2 
molecular ratio mel t  of an t imony trichloride and naph- 
thalene, the crystals being washed free from adhering 
mother  liquor by warm pet. ether. Oscillation and Weis- 
senberg photographs lead to a monoclinic cell 

a=9 .12 ,  b=9.13,  c=11.68 A, f l=122°0  ", 
space group P21/e (C~h) • 

From the (Okl) Pat terson synthesis it can be deduced 
tha t  there are four an t imony  trichloride molecules in the 
unit  cell. This has been confirmed by the first (Okl) 
electron-density synthesis where an t imony and chlorine 
atoms are resolved. Sufficient space now remains for up 
to two molecules of naphthalene,  and space group re- 
quirements  indicate tha t  there mus t  be at least two 
molecules lying around one or other of the four alterna- 
t ive two-fold positions. The ideal formula is thus 

2 SbC13 . C~0H s . 

Analytical results have often diverged from this ideal 
composition. This may  imply a genuine naphtha lene  
deficiency statistically distr ibuted throughout  the whole 
structure, or, less likely, a surface deficiency due to 
washing. The density observed for the batch of crystals 
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from which one was chosen for photography was about 
2.25 g.cm. -3. This corresponds to the composition 
SbCl3. (CLoHs)0.36 made up of alternating antimony tri- 
chloride and naphthalene layers. 

Ult imate  publication Acta Cryst. 

5.48.  T h e  c r y s t a l  s t r u c t u r e  o f  s o m e  d i t h i o c a r b a m a -  
t e s  o f  t h e  u n i v a l e n t  c o i n a ~ , e  m e t a l s .  By R. HESSE, 
Institute of Chemistry, University of Uppsala, Uppsala, 
Sweden. 
The univalent  dialkyl dithio carbamate  complexes of 

the  coinage metals,  copper, silver and gold are polymeric 
in solutions of different organic solvents. Their crystal 
structures are also built  up of polymeric molecules, in 
the  center of which the meta l  atoms form aggregates 
with short me ta l -me ta l  distances. These distances are of 
the  same order of magni tude  as those in the metallic 
elements.  The center of the [(C~Hs)2NCS2Cu]4 complex is 
a slightly distorted Cu4-tetrahedron. In  [(C2H~)2NCS2Ag]~ 
there is a somewhat  S-shaped Age-chain and in 
[(nC3H~)2NCS2Au]9 there is a central Au2-pair. The 
short  me ta l -me ta l  distances may  indicate the existence 
of binding forces be tween the meta l  atoms. 

The full length account  is likely to be published in 
Acta Chem. Scand. 

5.49. T h e  c r y s t a l  s t r u c t u r e  o f  bis-N-methylsalicyl- 
a l d i m i n a t o - c o p p e r .  By E. C. LINGAFELTER, B. Mo- 
~OSIN & G. L. SImMons, Department of Chemistry, Uni- 
versity o.f Washington, Seattle 5, Washington, U.S.A. 
The cell dimensions and space group of his-N-methyl- 

salicylaldiminato-copper were first reported by Stackel- 
berg (Z. anorg. Chem. (1947), 253, 136). We have con- 
firmed his results and have completed the determina-  
t ion of the structure. The cell, of dimensions 

a0----24.71, bo=9.25, c0----6-66 A 

contains 4 molecules and the space group is Ibam. 
The crystal s tructure is quite similar to tha t  reported 

for bis-dimethylglyoximato-nickel by L. E. Godycki & 
R. E. Rtmdle  (Acta Cryst. (1953), 6, 487), and consists 
of columns of planar molecules. The molecular planes are 
parallel to [001] and the copper atoms form chains along 
the C axis with a Cu-Cu separation of 3.33 /~, slightly 
greater  than  the Ni -Ni  separation of 3"25 /~ in bis- 
dimethylglyoximato-nickel .  

Thus it appears tha t  this type of molecular packing 
is not  restricted to nickel, bu t  may  be formed by either 
nickel or copper if the molecules are sufficiently near  to 
exact planarity.  Both  bis-N-methylsalicylaldiminato- 
nickel (Frasson et al., J. Phys. Chem. (1959), 63, 1908) 
and bis-dimethylglyoximato-copper (Frasson et al., J. 
Inorg. and Nucl. Chem. (1958), 8, 452) show consider- 
able distort ion from planarity,  which accounts for their 
failure to form the columnar arrangement with metal- 
metal interactions. On the other hand, the failure of 
bis-salicylaldiminato-nickel (J. M. Stewart & E. C. Linga- 
felter, Acta Cryst. (1959), 12, 842) and bis-salicylaldox- 
imato-nickel (L. L. Merritt, C. Guare & A. E. Lessor, 

Acta Cryst. (1956), 9, 253) to form the  columnar struc- 
ture even though they  are planar  within a few hundred ths  
of an /~ngs t r6m unit, is probably due to the poorer over- 
all packing of the columnar structure for these molecules. 
This is indicated by two observations:  

(1) The molecular volume of bis-N-methylsalicyl- 
aldiminato-copper is 381 A 3, while tha t  of bis-N-methyl. 
salicylaldiminato-nickel is 347 A3; 

(2) bis-N-methylsalicylaldiminato-copper is reported by 
Stackelberg to also crystallize in another,  non-columnar  
form with a molecular volume of 373 A 3. 

To be published in Acta Cryst. 

5.50. T h e  c r y s t a l  a n d  m o l e c u l a r  s t r u c t u r e  of 2 ,2 ' ,2" -  
t r i a m i n o  - t r i e t h y l  - a m i n e  - Ni  (I I)  - d i  - t h i o c y a n a t e .  
By SVEND ERIK RASMUSSEN, Chemical Institute, Uni- 
versity of Aarhus, Aarhus, Denmark. 
The crystal s tructure of 2,2 ' ,2"-tr iamino-tr iethylamine- 

Ni(II)-di- thiocyanate  (Nitren(SCN)2) was deteIznined 
from its three-dimensional  Pat terson function. Super- 
position methods  were applied using both  the nickel a tom 
and the  two sulphur atoms as searcher atoms. The 
structure was refined by a least-squares analysis, em- 
ploying three-dimensional  data.  

The crystal is built  up from Nitren(SCN)~ units. The 
four ni trogen atoms from the amine and the two ni trogen 
atoms from the th iocyanate  groups form a distorted 
octahedron around the  nickel atom. The th iocyanate  
groups being in cis positions. A full account  is given of 
axial lengths, atomic coordinates, tempera ture  factors, 
bond lengths and bond angles, and reliability index. 

5.51. T h e  s t r u c t u r e  of A12Br~.C6H6. By J.  I-I. TAYLOR & 
S. C. WALLWORK, Dept. of Chemistry, The University, 
Nottingham, England. 
The structure of the complex between a luminium 

bromide and benzene, of composit ion A12Br6.CJ-I6, has 
been de termined from single crystal X-ray photographs.  
The complex is very readily a t tacked by atmospheric 
moisture so vacuum techniques were used in the prepara- 
t ion of the  crystals and in transferring them to pyrex 
capillary tubes. The crystals were sealed inside the 
capillaries with a drop of mothe r  liquor to prevent  the 
decomposit ion which takes place in the absence of ben- 
zene. Weissenberg hOl and Okl intensity da ta  were cor- 
rected for absorption and used in the de terminat ion  and 
ref inement  of the  structure by Patterson,  Fourier and 
least-squares techniques.  The crystals are triclinic, space 
group P i ,  wi th  

a--6.85,  b=6.91,  c=9 .00  /~, 

a=104 .6  °, fl=103-1 °, 7=90 .0  °. 

Uncertainty about the composition was resolved partly 
by comparing the cell volume with the approximate 
volumes of the component molecules and partly by the 
successfull refinement of the structure. It has been shown 
that the aluminium bromide is present as AI2Br ~ mole- 
cules and that besides the one Al2Br 6 molecule per unit 
cell there is only sufficient space for one benzene mole- 
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cule.  Smal l  peaks  showing  in t he  spaces  in di f ference 
Fou r i e r  (Fo--FAI2Br6) pro jec t ions  are  cons i s ten t  w i th  a 
benzene  molecu le  in a sa t i s fac to ry  pos i t ion  and  or ien ta-  
t ion.  I t  seems to be  para l le l  to,  a n d  he ld  b e t w e e n  discon- 
t i nuous  layers  of a p p r o x i m a t e l y  c lose-packed  b r o m i n e  
a toms .  T h e  complex  is the re fo re  bes t  r e g a r d e d  as be ing  
of t he  la t t i ce  t y p e  b u t  i t  is possible t h a t  some charge  
t r ans fe r  b e t w e e n  b r o m i n e  a t o m s  a n d  benzene  molecules  
is c o n t r i b u t i n g  to the  i n t e rmo lecu l a r  forces. 

The  full a c c o u n t  wil l  p r o b a b l y  be  pub l i shed  in J. Chem. 
Soc. 

5.52. A 5 - c o - o r d i n a t e d  z i n c  c o m p l e x ,  m o n o a q u o  b i s -  
a c e t y l a c e t o n e  z inc .  B y  E.  L. LIPPEI~T & MARY R.  
TI~UTER, School of Chemistry, The University, Leeds 2, 
England. 
T h e  c o m p o u n d ,  Zn(CH.~. CO. C H .  CO. CH3) e. H 2 0  crys-  

tall ises in  monoc l in ic  needles ,  

a = 1 0 . 9 1 ,  b = 5 . 5 1 7 ,  c = 1 0 . 4 6  J~, f l=93-6  °, 

w i t h  two  fo rmu la  un i t s  pe r  trai t  cell. The  space group,  
P21, could  on ly  be es tab l i shed  b y  d e t e r m i n a t i o n  of the  
s t ruc tu re .  Th ree -d imens iona l  analys is  shows t h a t  t he  
zinc a t o m  is f ive-co-ord ina ted ,  wi th  the  bonds  a r r a n g e d  
in a t r igona l  b i p y r a m i d .  T h e  w a t e r  molecu le  a n d  one 
oxygen  a t o m  f rom each  a c e t y l a c e t o n e  g roup  lie in t he  
equa to r i a l  p lane ,  t he  b o n d  leng ths  are  

Z n - H 2 0  = 2.02 + 0.03 A a n d  Z n - O  = 1.96 _+ 0 . 0 2 / ~ .  

The  o the r  oxygen  a t o m s  of t he  che la t ing  a c e t y l a c e t o n e  
groups  fo rm  the  apices of t he  b i p y r a m i d  a n d  the  Z n - O  
leng th  is 2-11 +0 .02  A. 

To be  s u b m i t t e d  to J. Chem. Soc. 

5.53. T h e  c r y s t a l  s t r u c t u r e  of  c e r i u m  (IV) ace ty l -  
a c e t o n a t e .  B y  B. MATKOVI~, Department for Structural 
and Inorganic Chemistry, Institute Rudjer BoSkovid, Za- 
greb, Yugoslavia. 
I t  has  r e c e n t l y  been  es tab l i shed  t h a t  t he  coo rd ina t ion  

p o l y h e d r o n  for  t h e  t h o r i u m  a t o m  in t h o r i u m ( I V )  ace ty l -  
a c e t o n a t e  is an  A r c h i m e d e a n  a n t i p r i s m  (D. Grdenid & 
B. Matkovi~ ,  Nature, Lond. (1958), 182, 465). Sub- 
s e q u e n t l y  i t  was  shown t h a t  t he  c rys ta ls  of ce r ium(IV)  
a n d  u r a n i u m ( I V )  a c e t y l a c e t o n a t e  are  i somorphous  w i th  
t he  c~-modif icat ion of t h o r i u m  ace ty l aee tona t~  (D. 
Grdenid & B. Matkovi~,  Acta Cryst. (1959), 12, 817). 
I n  t he  s ame  pape r  i t  was  r e p o r t e d  t h a t  Ce(CsH~O.~)4 is 
monoc l in ie  P21/C, 

a = l l ' 7 0 ,  b = 1 2 ' 6 4 ,  c=16"93  A, f i = l 1 2  ° 15', Z = 4 .  

F u r t h e r  inves t iga t ion  was  car r ied  ou t  on t he  ce r ium 
c o m p o u n d  because  t he  cen t r a l  a t o m  has  a cons ide rab ly  
lower  a tomic  n u m b e r  t h a n  thoritm~ or u r a n i u m  a toms ,  
w h i c h  enables  a b e t t e r  reso lu t ion  of l ight  a t o m  posi t ions  
in t he  e lec t ron  dens i ty  p ro jec t ion .  I n  o rder  to fac i l i ta te  
t he  abso rp t ion  cor rec t ion  the  spec imen  was  m a d e  cylin-  
dr ica l  b y  gr ind ing .  Mul t ip le- f i lm Weissenberg  pho to -  
g raphs  were  t a k e n  f rom cy l indr ica l  spec imens  w i th  
Cu Kc~ r ad ia t ion .  T h e  re la t ive  in tens i t ies  hOl a n d  O/cl 
ref lexions  were  d e t e r m i n e d  f rom the  opt ica l  densi t ies  
m e a s u r e d  b y  m e a n s  of a m i c r o d e n s i t o m e t e r .  The  posi t ions  

of the  a t o m s  were  d e t e r m i n e d  f rom (010) and  (100) F o u r i e r  
pro jec t ions .  

The  w o r k  on a m o r e  exac t  d e t e r m i n a t i o n  of t h e  co- 
o rd ina tes  of all l ight  a t o m s  as well  as an  i m p r o v e m e n t  
of t he  re l iab i l i ty  index  is now in progress .  A three-  
d imens iona l  Fou r i e r  synthes is  is an t i c ipa t ed .  

The  full l eng th  a c c o u n t  is l ikely to  be  pub l i shed  in 
Acta Cryst. 

5.54. T h e  c r y s t a l  s t r u c t u r e  of  d i - p - c h l o r o d i p h e n y l -  
t e l l u r i u m  d i iod ide .*  B y  GEORGE Y. C~rAO & J. D.  
McCuLLOUG~, Department of Chemistry, University of 
California at Los Angeles, Los Angeles 24, California, 
U.S.A. 
Prev ious  s tudies  on c o m p o u n d s  of t h e  t y p e  R~SeC12, 

R~SeBr 2, R2TeC12 a n d  R2TeBr  e h a v e  shown t h a t  mole-  
cules of these  subs tances  con ta in  nea r ly  l inear  X-Se---X 
and  X - T e - X  b o n d i n g  (G. D.  Chris tofferson,  R .  A. Sparks  
& J .  D.  McCul lough,  Acta Cryst. (1958), l l ,  782). B y  
con t ras t ,  t he  iodine  complexes  of 1,4-diselenane a n d  
1 ,4-di th iane h a v e  been  found  to  con ta in  n e a r l y  l inear  
S e - I - I  and  S - I - I  bond ing  (J. D. McCul lough,  G. Y.  Chao  
& D. E.  Zuccaro ,  Acta Cryst. (1959), 12, 815). N o  com- 
p le te  s t r u c t u r a l  s t u d y  of a c o m p o u n d  of t he  t y p e  R2TeI2 
has  as y e t  a p p e a r e d  in t he  l i t e ra tu re .  Of t he  severa l  
c o m p o u n d s  of this  t y p e  ava i lab le  for s t udy ,  p r e l i m i n a r y  
inves t iga t ions  i nd i ca t ed  d i -p - ch lo rod ipheny l t e l l u r i um to  
be  t he  m o s t  p romis ing .  

Crysta ls  of (p-C1C,Ha)2TeI2 d i sp lay  t r icl inic  ho lohedra l  
s y m m e t r y .  Sets of Weis senberg  a n d  precess ion c a m e r a  
p h o t o g r a p h s  were  p r e p a r e d  b y  use of Mo r ad i a t i on  on 
crys ta ls  a b o u t  0.10 to 0-15 ram.  in th ickness .  These  in- 
d i ca t ed  the  fol lowing cell d imens ions :  

a = 9 . 7 5 1 + 0 . 0 0 6 •  a* = 62 ° 3 5 ' + 0 3 '  
b = 10"682_+0"006/~ fl* = 790 45' +_05' 
c = 9.531_+ 0.006 /~ 7" = 61 ° 5 9 ' + 0 3 '  
a = 115 ° 4 2 ' + 0 5 '  
fl = 92 ° 4 8 ' + 0 5 '  V -- 788-8 (A) a 
y = 116 ° 2 1 ' + 0 5 "  

The  obse rved  dens i ty  is a p p r o x i m a t e l y  2.5 g .cm.  -a whi le  
t h a t  ca l cu la t ed  f rom the  X - r a y  d a t a  is 2-529 g .cm.  -a for  
Z = 2. The  space g roup  is a s s u m e d  to be P 1  w i t h  two  
n o n - c e n t r o s y m m e t r i c  molecules  pe r  u n i t  cell. 

W i t h  the  aid of P a t t e r s o n  a n d  e l ec t ron -dens i ty  s u m m a -  
t ions  on (001), (100) and  (010), t he  h e a v y  a t o m  posi t ions  
were  found  to be :  

Atom x y z 

H 1 0"779 --0.062 --0.087 
H e 0'798 - 0'010 0.239 
H a 0-809 0-035 0.569 

These  posi t ions  ind ica te  t he  fol lowing i n t e r a t o m i c  dis- 
t ances  a n d  b o n d  angle :  

H 1 - H  2 = 2.96 A, He-:H a = 2.89 A and  

/_ H l - H . ~ - H  3 = 173 ° 40'. 

A t  this  s tage,  t h e  ch lor ine  posi t ions  are  s o m e w h a t  

* This research has been made possible by the financial 
support of the National Science Foundat ion under Grant NFS 
- -  G 5922. 
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ambiguous.  Because of this and  the similari ty in the 
a tomic  scat ter ing factors for Te and  I, it is still im- 
possible to decide with  cer ta in ty  between the I - T e - I  and 
T e - I - I  configurations.  A three-dimensional  s tudy  is in 
progress which should not  only locate the chlorine bu t  
also the  carbon atoms,  thus  reveal ing the complete  
s t ructure .  

Completed s tudy  to be submi t ted  to Acta Cryst. 

5.55. T h e  c r y s t a l  s t r u c t u r e  of C u - N - N - d i - n - p r o p y l -  
d i t h i o c a r b a m m a t e .  By GIORGIO P E Y R O N E L  ~5 A N N A  
PIGNEDOLI, Istituto di Chimica Generale dell' Universitd, 
Modena, Italy 
The complex Cu-N-N-di -n-propyld i th iocarbammate  

Cu IS\c N=(n-C3H,)~ 1 Ls/-  
crystallizes in the P21/a(C~h ) space group wi th  four mole- 
cules in the e lementa ry  cell. By  Pa t te r son  and  ]3uerger 
syntheses,  Sayre 's  equali ty,  Fourier  fo, fc and .fo-fc syn- 
theses, this s t ruc ture  has been de te rmined  and refined• 

The CuS a group is not  p lanar ;  the coordinat ion of 
eopper(II)  in this complex will be discussed in relat ion 
to the different types of coordinat ion of Cu(II) in other  
complexes. 

The full-length account  will be published in Acta Cryst. 

5.56. O n  t h e  s t r u c t u r e  of  t h e  Ap, S C N - P ( n - p r o p y l ) 3 .  
By CARLO PANATTONI (% EDOARDO FRASSON, Centro di 
Strutturistica Chimica del C.N.R., Padova, Italy. 
The crystals of this complex belong to the monoclinic 

sys tem wi th  the following lat t ice constants :  

a = 6 . 3 2 ,  b=14.00,  c = 1 8 - 2 4 A ,  f l = l 1 4  °, Z = 4 ;  
space group P21/c. 

The s t ruc ture  de te rmined  wi th  the  two-dimensional  
Four ier  technique  appears to be similar under  certain 
respect to t ha t  of AgSCN de te rmined  by  I. Lindqvis t  
(Acta Cryst. (1957), 10, 29) where a chain 

• . . - A g S C N - A g S C N - . . .  

is formed th rough  A g - N  bonds. 
The distance be tween two Ag-atoms bonded  through 

a SCN-group is about  the same in both  structures.  Also 
in this compound  the Ag-a tom exhibits t e t rahedra l  coor- 
d inat ion;  but ,  in the  AgSCN this is achieved through an 
in t ramolecular  Ag-S bond,  an A g - N  and  two Ag-S 
in termolecular  bonds;  in the phosphyne-der iva te  the 
4-fold coordinat ion is achieved through in t ramolecular  
Ag-S and  A g - P  bonds and  in termolecular  A g - N  and  
Ag-S bonds. 

I t  follows tha t  the  molecular  chains present  in the  
AgSCN are bonded  one to the  other  giving rise to a 
compact  s t ruc ture  involving the whole crystal .  In  this 
complex the only extra-chain intermolecular  bond Ag-S 
gives rise to a coupling of the chains. 

This note  will be sent  to the Le Ricerca Scientifica for 
extensive publication.  

5.57. T h e  s t r u c t u r a l  c h e m i s t r y  of  c u p r i c  c o m p o u n d s .  
By J.  A. J .  JA~VlS & A. F. WELLS, Research Department, 
I.C.I. Ltd., Dyestuffs Division, Manchester, 9, England. 
The s t ruc ture  of three  compounds  of d iva lent  copper 

with organic molecules have  been de termined.  

Copper(II) bis (benzene azo-fl-naphthol) 
The monoclinic un i t  cell has dimensions:  

a = 17-34, b = 3.90, c = 17.46/~, fl = 96-9 °. 

The space group is P21/n and the cell contains 2 Cu (at 
s y m m e t r y  centres) and  four molecules of C16]-I~1N20. 
The s t ruc ture  was de te rmined  from the  intensities of 
1780 hkl reflexions by least-squares ref inement  on 'Pega- 
sus' ; R = 16.0%. 

The copper a toms have  square p lanar  coordination,  
wi th  two oxygen a toms at  1-93/~ and two ni t rogen a toms 
at  2.01 /~. The nex t  neares t  neighbours are oxygen atoms 
of two ad jacen t  molecules (Cu-O = 3.00 A) complet ing a 
dis tor ted octahedral  coordinat ion group. The s t ruc ture  
shows t ha t  only one ni t rogen a tom of each azo group 
is bonded  to the  meta l  a tom.  

Copper(II) 1 : 2 : 4-triazole dichloride 
The monoclinic un i t  cell has dimensions:  

a = 6 . 8 1 ,  b=11.39 ,  c=7 .13  A, f l=97.0  °. 

The space group is I2/a and there  are 4 CuC12.CettaN 3 
in the uni t  cell. The s t ruc ture  was refined on 'Pegasus '  
using 520 hkl reflexions; R = 10-3%. 

In  this s t ruc ture  Cu(II) has a dis tor ted octahedral  
coordinat ion group, 

Cu-2 C1, 2.34, Cu-2 N, 1"98, Cu-2 C1, 2.78 A .  

The s t ruc tura l  un i t  is an infinite chain of the type :  

H / N \  
HC CH 

\\ / /  
N N 

,Cu.. 

"~ " CI "CI  

N .N 

/ \ 
HC CH 

H 

which is a new var iant ,  for a compound  MX~R, of the  
MXpR2 chain found in crystals of compounds  such as 
CuC12.2 ttpO , CuClp(pyr)2 , MnC12(pyr)o etc. 
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Copper(II) imidazole 
One po lymorph  of this compound has cell dimensions:  

a=11 .75 ,  b=14.07,  c=8 .77  A, f l=97.2 °. 

The space group is I2/c and  the cell content  is 

8 Cu(C3H3N~) 2 . 

The s t ructure  was derived by  least-squares ref inement  on 
'Pegasus '  using 1448 hkl reflexions; R = 11.5%. 

There are two types of crystal lographical ly non- 
equivalent  Cu atom. Each  is bonded to four ni t rogen 
atoms of different imidazole molecules so tha t  the whole 
assembly forms a three-dimensional  ne twork  of Cu atoms 
l inked by  imidazole molecules. The coordination around 
one type  of Cu(II) a tom is square p lanar  and around the 
others f la t tened te t rahedral .  

To be submi t t ed  to Acta Cryst. 

5.58. T h e  c r y s t a l  s t r u c t u r e  of  t h e  c o m p o u n d  of  
a n i l i n e  w i t h  a n  a m m o n i a  n i c k e l  c y a n i d e  c o m p l e x .  
By J.  H.  RAYI~ER, Rothamsted Experimental Station, 
Harpenden, Herts, England. 
X-ray  examinat ion  of single crystals of the compound 

Ni(CN)2.NH 3. C6HsNH 2 showed tha t  if slight disorder, 
shown by  streaks on the films, were ignored the dimen- 
sions of the te t ragonal  cell which explained all the sharp 
spots were 

a=b=7.23+_O.02, c=9.25_+0.05 A .  

The s t ructure  was similar to tha t  of the corresponding 
benzene compound which has a similar trait cell bu t  c 
shorter  by  1.0 .~. The aniline molecules have  their  C-N 
bonds perpendicular  to flat parallel sheets, consisting of 
Ni a toms l inked in square ar ray  by CN groups. The 
aromatic  molecules are t rapped  upr ight  between the 
sheets, and are also in contact  with the N H  3 groups 
which project  one on each side of a l te rnate  Ni atoms.  
The best fit to the 0kl da ta  is given by a s t ructure  in which 
all the  aniline molecules have  their  CN bonds point ing 
in the same direction. This is consistent wi th  the polar 
4 fold axis shown in the face development  of some 
crystals. I t  is, however,  suggested tha t  the disorder 
consists of groups of layers with aniline molecules wi th  
CN bonds in one direction al ternat ing with groups of 
layers wi th  CN bonds in the opposite direction. 

Crystals of the compound Ni(CN)2. CsHsN large enough 
for single crystal  examinat ion  were grown from a nickel 
cyanide ammonia  solution and pyridine vapour .  I t  is 
suggested tha t  the s t ructure  is based on the same nickel 
cyanide sheets wi th  pyr idine replacing ammonia  and the 
sheets displaced from vertical superp0siti0n to acc0mm0. 
date  the aromatic  rings. 

To be submi t ted  to J. Chem. Soc. 

5.59. S t r u c t u r e s  a n d  n a t u r e  of  b o n d i n ~  of  C5H5Co 
(CH3C~CHs)2CO a n d  Mn2(CO)I  0. By  L. F.  DAHL & 
D. L. SMITE, Department of Chemistry, University of 
Wisconsin, Wisconsin, U.S.A. 
CsHsCo(CHsC2CH3)2CO is monoclinic wi th  cell para- 

meters  : 
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a--8.18,  b=13-37,  c=11-02 /~, f l = 9 1 ° 4 4  '. 

Densi ty  (g.cm.-S), calc. 1.43, obs. 1.46 with  Z=4.  The 
probable space group is P2~/n. Single crystal  in tensi ty  
da ta  involving over 1000 independent  reflections have  
been obtained photographical ly  wi th  Mo Ka radiat ion.  

Pa t te rson  and  three-dimensional  Fourier  syntheses 
were used to de termine  the atomic positions. Three- 
dimensional  ref inement  of the s t ruc ture  by ]east squares 
has been carried out  and to date  the discrepancy factor 
R 1 = 8.6%. 

CsHsCo(CH.~C~CH~)eC0 can be described as a sandwich 
complex in which the cobalt  lies between a cyclo- 
pentad ienyl  radical  and a t e t ramethyl -cyc lopentad ienone  
ring. Details of the refined s t ructure  will be presented 
including bond lengths and angles; the na tu re  of bonding 
will be discussed. 

A three-dimensional  least-squares ref inement  of 

Mn2(C0)10 

(L. F. Dahl,  E. Ishishi & ]%. E.  l~undle, J. Chem. Phys. 
(1957), 26, 1750) has been carried out. Details of the  
molecular  and crystal  s t ruc ture  will be presented.  

To be published either in J. Amer. Chem. Soc. or Acta 
Cryst. 

5.60. S t r u c t u r e s  of  t h e  C u -  a n d  N i - m e t h y l - e t h y l -  
g l y o x i m e .  By EDOARDO FRASSON & CARLO PANAT- 
TONI, Centro di Strutturistica Chimica del Consiglio 
Nazionale delle Ricerche, Padova, Italy. 
During a systemat ic  invest igat ion of the metal-com- 

plexes of the glyoximes, a singular case of pseudo- 
isomorphism has been encountered on the complexes Cu- 
and Ni-methyl-ethyl-glyoximes.  The phaenomenon  is all 
the  more interest ing if we consider t ha t  the examinat ion  
of the s t ructures  of the Cu- and Ni-dimethyl-glyoximes 
(E. Frasson, R. Bardi  & S. Bezzi, Acta Cryst. (1959), 12, 
201; L. E.  Godycki  & R. E. Rundle ,  Acta Cryst. (1953), 
6, 487) has revealed very noticeable structm'al  differences 
be tween the two similar complexes. 

The uni t  cell of the Cu-methyl-e thyl-glyoxime has a 
volume twice tha t  of the Ni-methyl-e thyl-glyoxime.  This 
is due to the doubling of the lengths of the pa ramete r  a 
in this s t ructure  wi th  all the other  cell constants  fairly 
unchanged.  

The meta l  atoms are in both cases along the x direction 
a t  0,0 and at  ½, ~ of y and z. The molecules are parallel  
one to another  and almost  parallel to the plane (100) 
of the s tructure.  In  the Ni-methyl-e thyl -g lyoxime the  
meta l -a toms are at  the origin of the cell and on the other  
equivalent  position of the space group P21/c. In  the 
Cu-methyl-ethyl-glyoxime,  couples of molecules are local- 
ized around the origin of the cell and the other  equivalent  
positions of the space group P21/n. 

In  other  words the molecular  impact  in the two struc- 
tures can be summarized as follows. In  the Ni-methyl-  
e thyl-glyoxime the molecules are along the x direction 
of the cell a t  regular intervals of 3.32 A. In  the  Cu- 
methyl -e thyl -g lyoxime the molecules are again along the 
x direction but  the intervals between overlying molecules 
are a l ternat ively  about  3.0 and 3-6 _~. In  both cases the 
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incl inat ion of the  molecules in respect  to the  axis a is 
so t ha t  if we conduct  a s t ra ight  line, normal  to the 
molecular  plane, passing through the Me-atom,  we mee t  
over and  under  two oxygen a toms belonging to two 
ad jacen t  molecules. 

The comparison be tween  the sterical s i tuat ion of the  
two complexes is very  interesting. In  fact we can suppose 
t h a t  the  above cited differences are due to the  different  
coordinat ion caracteristics of the two meta l -a toms wi th  
format ion of a chain in the case of the Ni-complex and  
of a d imer  in the case of the  Cu-complex, a l though the  
Me-O distances are very  large. These distances (3.32 3` 
in the  Ni-complex and 3.00 3` in the Cu-complex) con- 
sidered independent ly  from the par t icular  steric s i tuat ion 
are such to create perplexi ty.  

This note  will be sent  to Acta Cryst. for extensive 
publicat ion.  

5"63. S t r u c t u r a l  s t u d y  of the  h i g h - p r e s s u r e  po ly-  
m o r p h s  of ice.  B y  W. BARCLAY KAMB & SANKAI~ K.  
DATTA, California Institute of Technology, Pasadena, 
California, U.S.A. 
X-ray  s t ruc tura l  s tudy  of the  high-pressure forms of 

ice is in progress. Powder  da t a  have  been obta ined for 
ice I I ,  ice I I I ,  and ice VI,  and  single crystal  da t a  for 
ice I I I .  Publ ished powder  da t a  (MacFarlan,  1936) for ice 
I I  agree reasonably wi th  our powder  da t a  for ice I I I ;  
the  published da ta  for ice I I I  do not  correspond ei ther  
to Ice II, III, or VI. Ice III is tetragonal, 

a = 6-75, c = 6.79 3` ,  

space group probably  P4~2~. The ice I I  powder  da ta  are 
accounted  for by  a cubic cell hav ing  a =  11.25 3,. No 
analysis has ye t  been made  of the ice VI  data .  The 
methods  of prepar ing and s tudying  the high-pressure ice 
samples, and  of identifying the  phases, will be discussed, 
and  the  s t ruc tura l  results for ice I I I  presented.  

To be published in Acta Cryst. 

5.61. T h e  s t ruc ture  of the  iron carbonyl  pheny l -  
acety lene  c o m p l e x  Fe~C30H180~. By G. S .D .  KING, 
European _Research Associates s.a.,  Bruxelles 18, Bel- 
gium. 
The iron carbonyl  phenylace ty lene  complex 

Fe2(CO)6(CsHsC2H)3 

prepared by Hiibel & Braye (J. Inorg. Nucl. Chem. (1959), 
10, 250) crystallizes with fota" molecules per  uni t  cell in 
space group P21/n with  

a = 11.963 +0.003, b =20.442 +0 .005 ,  

c = 10.326 + 0.003 3`, fl = 93 ° 24' + 5'. 

The positions of the  iron a toms were found from the 
sharpened Pa t te r son  function.  T w e n t y  six of the l ight 
a toms were located by use of m i n i m u m  funct ion and the  
remainder  were found from two successive Four ier  
syntheses.  

The three phenylace ty lene  residues and  one carbonyl  
group form a seven-membered  carbon chain wi th  phenyl  
groups at  the  1, 3 and 6 positions and the  carbonyl  
group in the 5 position. This chain is l inked at  each end 
and a t  the middle  to one of the iron a toms to give two 
fused f ive-membered rings wi th  an iron and a carbon 
a tom in common.  This iron a tom is also bonded  to three  
carbonyl  groups and is octahedral ly  coordinated.  The 
second iron a tom is l inked to the remaining two carbonyl  
groups and to the  C1-C 2, C5-C ~ and  C6-C 7 bonds of the 
organic system. 

To be submi t t ed  to Acta Cryst. 

5.62. Zur S t r u k t u r  des  HgC12-Kol l idins-2  [HgCI~. 
NCgHg]. Von SIEGFRIED KULPE, Deutsche Alcademie der 
Wissenschaften zu Berlin, Berlin-Adlershof, Institut fiir 
Strukturf orschung, Deutschland. 
Withdrawn .  

5"64. P o l y h e d r a l  c la thrate  'Ice' s t r u c t u r e s  in s o m e  
h i g h  h y d r a t e s . *  By G. A. JEFFREY, D. FEIL & 1%. K.  
McM~rLLA~, The Crystallography Laboratory, The Uni- 
versity of Pittsburgh, Pittsburgh 13, Pa., U.S.A. 
The crystal  s t ructures  have  been de te rmined  for two 

members  of a series of h y d r a t e d  salts containing t e t ra  
and tri  a lkyl  organic ions, (1%. K.  McMullan & G. A. 
Jeffrey,  J. Chem. Phys. (1959), 31, 1231), viz., 

(n-C4Hg)jS + . F - .  20 H20,  m.p.  5 °C., and  

( i-CsHn)4N+.F - .  38 H20,  m.p.  31 °C. 

I n  bo th  these s t ructures  the  basic f ramework  consists of 
hydrogen-bonded  wate r  molecules l inked in the  form of 
pentagonal  dodecahedra ,  such as have  been pos tu la ted  
to exist in water ,  by  Paul ing  (Nature of the Chemical 
Bond, 3rd ed., p. 473), and  in the gas hydra tes ,  by 
W. F. Claussen (J. Chem. Phys. (1951), 19, 259) and by  
M. V. Stackelberg & H.  1%. Muller (J. Chem. Phys. (1951), 
19, 1319), and  was found in chlorine h y d r a t e  by  
L. Paul ing & 1%. E.  Marsh (Prec. Nat. Acad. Sci. (1952), 
38, 112). 

The s t ruc ture  of the tri  n -bu ty l  su lphonium fluoride 
hyd ra t e  is cubic wi th  a=12"34 3`, Pm3n, Z = 2 .  I t  is 
very  closely related to the  s t ruc ture  of 6 C12.46 H20,  
in which the pentagonal  dodecahedra  are l inked together  
th rough corners into a pseudo body-centered  arrange- 
ment .  The alkyl groups occupy the  te t raka idecahedra l  
voids in the  'ice' s t ruc ture  in a s tat is t ical ly disordered 
a r rangement .  

The te t ra  i -amyl  a m m o n i u m  fluoride h y d r a t e  is ortho- 
rhombic  wi th  

a=12 .08 ,  b=21.61,  c=12"82 3`, Pbmm, Z = 2 .  

I n  this s t ruc ture  the  pentagonal  dodecahedra  share faces 
to form infinite columns in the  a direction. These columns 
are l inked by  hydrogen-bonded  wate r  molecules to form 
other  dodecahedra  and  larger voids in which lie the  alkyl  
groups. 

* This research is supported by the U. S. Air Force Office 
of Scientific Research. 

AC 13 --  68 
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Several examples of polymorphism have been observed, 
which appear to correspond to the variety of different 
ways in which the basic pentagonal  dodecahedral  units 
can be associated to form these clathrate- type structures. 

5.65. T h e  crystal  s tructure  of hydrogen  peroxide  
dihydrate .  By IvA~ OLOVSSON & DAVID H. TEMPLE- 
TON, Department of Chemistry, University of California, 
Berkeley 4, California, U.S.A. 
The crystal s tructure of hydrogen peroxide dihydrate,  

I-t20~.2 H20, has been determined from single crystal 
X-ray data.  Exposures at - 7 0  and - 1 9 0  °C. indicate 
the  same structure. The crystals are monoclinie (space 
group C2/c) with four molecules in a unit  cell of dimen- 
sions 

a=9.400,  b=9.479,  c=4.51  A, /5=121.33 ° 

at  - 190 °C. Oxygen atoms of the peroxide are at 0.9925, 
0.1809, 0-0785, etc., and oxygen atoms of water  are at 
0-2980, 0-0822, 0-2850, etc. The structure contains planar 
chains of water  molecules connected by hydrogen bonds 
of 2.74 A. The chains are cross-linked by the hydrogen 
peroxide molecules into a three-dimensional  ne twork by 
hydrogen bonds of 2-76 and 2.69 A. Peaks in a difference 
synthesis suggest the positions of the hydrogen atoms in 
these bonds, and indicate slight displacements from the 
lines joining the oxygen atoms. These positions corre- 
spond to a dihedral  angle of about  130 ~, in the hydrogen 
peroxide molecule, between the planes defined by the 
peroxide link and the hydrogen atoms. 

To be published in Acta Chem. Scand. 

5.66. T h e  crystal  s tructure  of perchloric  acid m o n o -  
h y d r a t e  at --80 °C. By C. E. NO~DMAN, Department 
of Chemistry, University of Michigan, Ann Arbor, Mi. 
chigan, U.S.A. 
Perchlorio acid monohydra te  (hydronium perchlorate) 

undergoes a phase transition at about -30 °C. (R. C. 
Taylor & G. L. Vidale, J. Amer. Chem. Soc. (1956), 78, 
5999). The form stable above this temperature apparently 
has a disorder in the orientation of the hydronium ions 
(F. S. Lee & G. B. Carpenter, J. Phys. Chem. (1959), 63, 
279; H. G. Smith & H. A. Levy, Abstracts, ACA Annual 
Meeting, Ithaca, N.Y. (1959)). 

Single crystals of the low temperature modification 
prepared by recrystallization from an excess of an- 
hydrous perchlorie acid at dry ice temperature were 
sealed in capillaries and mounted while being kept below 
the transition temperature, as the crystals were found to 
shatter in the transition. 

The low tempera ture  modification is monoclinic, spaco 
group P2,/n, with the cell parameters  

a = 7.54, b = 9.37, c -- 5.36/~, # = 97.7 °. 

The structure determinat ion was based on 820 observed 
intensities collected on the precession camera using 
s tandard low tempera ture  techniques. Isotropic least- 
squares ref inement  of chlorine and oxygen parameters  
to R=0.105 ,  and anisotropic ref inement  to R=0.075 ,  
has established the ar rangement  of these atoms. The four 
C1-O distances in the te t rahedral  perchlorate ions are 
in the range 1"44-1.47 ]k, corrected for the error due 

to angular motion.  The hydron ium oxygen is stir- 
rounded,  in pyramidal  fashion, by three  perchlorate 
oxygens at distances between 2.63 and 2-71 A. These 
three perchlorate oxygens, which are presumably hydro- 
gen bonded to the hydron ium ion, form a roughly equi- 
lateral triangle. Three-dimensional  difference Fourier  
syntheses are being evaluated in an effort to locate the 
hydrogen atoms directly. 

The gross relationship to the or thorhombic room 
tempera ture  structure is indicated by the rough similarity 
in lattice parameters.  The detailed relationship of the  two 
modifications and the nature  of the transi t ion will be 
discussed. 

5.67. T h e  crystal  s tructure  of BIoH12[S(CH3)2]~.* By  
DONALD E. SANDS & ALLAN ZALKIN, University of 
California, Ernest O. Lawrence Radiation Laboratory, 
Livermore, California, U.S.A. 
B10H12[S(CH.~)2]. z, a derivat ive of decaborane, forms 

monoclinic crystals with 

a=11.79 ,  b=10.79,  c=12.74 A, f l=95 ° 07", 

space group P21/c , Z=4. The intensities of 992 reflec- 
tions, of which 333 were unobserved,  were measured 
visually on Cu Ka multiple-film equi-inclination Weissen- 
berg exposures. The sulfur atoms were located by analysis 
of the three-dimensional  Pat terson function. All boron 
and carbon atoms were obtained from Fourier  sections 
calculated using the signs given by the  sulfur atoms. 
Least-squares ref inement  of these parameters,  excluding 
hydrogen,  resulted in a reliability factor of 17%. 

As in the case of B10H12(CHaCN)_~ (J. van der Maas 
l%eddy & W. N. Lipscomb, J. Chem. Phys. (1959), 31, 
610) the boron configuration of the decaborane molecule 
is essentially unchanged in this derivative. The sub- 
s t i tuent  groups are a t tached to the 6, 9 positions of the  
decaborane skeleton, with the boron-sulfur distance close 
to tha t  expected for a single bond (1.92 A). 

5.68. The crystal  s tructure  of a nickel  boride related 
to te tragonal  boron.  By B. F. DECKER & J. S. 
KASPER, General Electric Research Laboratory, Schenec- 
tady, N.Y.,  U.S.A. 
I t  is found tha t  a reaction of boron with nickel occurs 

at 80,000 atmospheres and 1600 °C. to yield a 'boride' 
containing approximately  4 a t .% nickel. Good needle- 
like single crystals are produced and these are being 
studied by single crystal X-ray methods.  The no tewor thy  
feature is tha t  while the  boron framework is essentially 
the same as tha t  reported for tetragonal  boron (J. L. 
Hoard,  R. E. Hughes & D. E. Sands, J. Amer. Chem. Soc. 
(1958), 80, 4507), the Ni atoms form bonds to boron 
atoms and seem to be essential in stabilizing the  struc- 
ture. Similar conditions of pressure and tempera ture  wi th  
pure boron do not  result in the production of te t ragonal  
boron. 

Unlike the si tuation with tetragonal  boron (Hoard ct al. 
(1958)) the crystals with Ni show no evidence of appreci- 
able disorders or of variabili ty in lattice parameters.  The 

* This work was performed under the auspices of the U. S. 
Atomic Energy Commission. 
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exper imenta l  densi ty is 2.60 g.cm. -s, corresponding to 
50 B and somewhat  less than  2 Ni per uni t  cell: 

a 0 =8.986 ___0.006, c o =5.078 _+0.003 A; 

space group P42/nnm. The boron parameters  are being 
refined from hhl data  obtained with a G.E. single crystal 
orienter, bu t  are close to those reported in (1). 

The Ni atoms occur in positions 2(a). Their coordina- 
t ion consists of 8 boron atoms at 2.20 and 6 at  2.53 A. 
The former distance is sufficiently close to the  sum of 
the  radii of metallic Ni and of B to suggest definite 
bonding of the kind found in lower borides. In  view of 
these results it appears appropriate  to consider whether  
te t ragonal  boron is in fact a stable phase of boron or a 
var iant  of a boride. 

Full  account  to appear in Acta Cryst. 

5.69. Crysta l  s t r u c t u r e  of ~ - iod ine  m o n o c h l o r i d e .  By 
G. B. CARPENTER & STEPHANYE ~{. RICHARDS, Metcalf 
Research Laboratory, Brown University, Providence 12, 
Rhode Island, U.S.A. 
Single-crystal diffraction pat terns  of /5-IC1 show it to 

be monoclinic, space group P21/c, 

a=8 .88 ,  b=8.40,  c=7 .57  A, f l=91.3 °. 

There are 8 molecules per cell. The structure is being 
de te rmined  by Pat te rson  syntheses. I t  will be compared 
wi th  tha t  of a-IC1 (K. H. Boswijk, J.  van  der Heide,  
A. Vos & E. I t .  Wiebenga,  Acta Cryst. (1956), 9, 274). 
The two forms differ less than  10 ° in mel t ing point  and 
have the same space group but  the  cell dimensions are 
not  related in any obvious way. 

Likely to be submi t ted  to Acta Cryst. 

5"70. T h e  crys ta l  s t r u c t u r e  of H~,~OgNaI. By KARIN 
AXrRIWLLItJS, Institute of Inorganic and Physical Chem- 
istry, University, Stockholm, Sweden. 
The crystal s tructure of HgeO2NaI has been s tudied 

by  X-ray (single crystal) and neut ron  (powder) diffrac- 
t ion methods.  The Laue symmet ry  is 6/mmm. The space 
group is P6222(P6422). Every  sodium a tom in the 
s tructure is surrounded by four oxygen atoms and four 
iodine atoms, forming a deformed Archimedean square 
antiprism. These coordination polyhedra  share their  base 
planes to form infinite chains running along the c axis 
of the  uni t  cell. The mercury  and oxygen atoms form 
infinite planar  chains - H g - O - H g - O -  lying in the  ab 
plane. The Hg-O distance is 2.03 A and the angles 
O - H g - O  and H g - O - H g  are 179 ° and 109 ° respectively. 
The chains are thus analogous to those in or thorhombic 
mercury(II)oxide.  This atomic ar rangement  suggests tha t  
the bond between Hg  and O within  the  chains is mainly  
homopolar.  Similar building principles exist in the struc- 
tures of the hexagonal  mercury(II )oxide  and the hexag- 
onal mercury(II)sulphide.  

The positions of the  mercury and iodine atoms are 
derived from three-dimensional  X-ray data.  Geometrical 
considerations gave thus three possible al ternatives for 
the positions of the light atoms. The neut ron powder data  
made  possible a clear decision between these arrange- 
ments .  

A full report  will be published in Acta Chem. Scand. 
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5.71. T h e  crys ta l  s t r u c t u r e  of m e r c u r y  oxycyanide .  
By S. gdAV~I~A~, Mineralogical and Petrological Insti- 
tute, Zagreb, Yugoslavia. 
The application of the  methods  of X-ray  crystal 

analysis has shown tha t  the  molecular s tructure of 
mercury oxycyanide,  I-IgO.I-Ig(CN)2, should be inter- 
pre ted by the  formula (NCHg)20. 

The crystals, obtained from the aqueous solution, are 
or thorhombic with 

a = 18.93, b = 7.09, c = 3.90 Jk. 

The cell contains 4 formula units of HgO.tIg(CN)2. 
F rom two space groups Pnam--Dl~, and Pna21-Cgv, 
consistent with extinctions, the  holohedric one seems 
probable. I t  is supported by the morphology of crystals 
and by the complete correspondence of the intensities 
for h/c0 and hk2 pairs of reflections. 

The x and y parameters of all atoms--as determined 
from (x, y, 0) Patterson synthesis, as well as from elec- 
tron-density projection along [001] and (Fo-FcHg)- 
synthesis--are : 

x y z 

HgI - -  0.0225 0.1990 ¼ 
I-Igii 0.152 s 0.1286 ¼ 
O 0.057 0.007 ¼ 
CI 0.071 0.535 ¼ 
NI 0.102 0.390 
CII 0.243 0.255 ¼ 
Nit 0.296 0.344 ¼ 

The z parameters  result from the symmet ry  of Pnam, 
taking also into account  crystallochemical requirements .  

A reliability factor R(hkO)=0-10 was obtained.  
The crystal s tructure of mercury oxycyanide is buil t  

up from NI -CI -HgI -O-Hgl I -CI I -=NI I  molecules, which 
occupy the positions in the  symmet ry  planes parallel to 
(001). The bond lengths within the  molecule are: 

NI -CI=I -18 ,  CI-HgI=2"10,  Hg i -O=2"03 ,  

O-HgII=2-00 ,  H g l I - C I I = l ' 9 4  and CI I -NII=I -18  A. 

The angles are: 

CI-HgI-O = 158 °, I - Igi-O-Hgli  = 112 ° and 

O-HglI-CII  = 180 °. 

(NCttg)20 molecules, related by  two-fold screw axis 
[001] at 000, are arranged in an infinite column (parallel 
to c ax is - -needle  axis of crystal) through the  pairs of 
t t g i -O  approaches, which amount  to 2-53 A; in this 
way the resulting polyhedron around Hgi  is a dis tor ted 
te t rahedron.  

The distances of t tg i i  a tom to two crystallographically 
equivalent  NI atoms as well as to two such NII atoms 
from the molecules of neighbouring columns are 2.86 and 
2-97 A, respectively. These four ni trogen atoms, lying 
in a plane normal to O-HglI-CII line, complete the 
octahedral co-ordination of I-Igil. 

The values of all other intermolecular distances tally 
well with the sums of van der Waals radii. 

The full-length account  is likely to be offered to a 
chemical journal.  

68* 
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5.72. T h e  crys ta l  s t ruc tures  of te trathiazy l f luor ide  
(NSF)4  and tr i th iazy lch lor ide  (NSCI)3. By G. A. 
WIEGERS, Laboratorium voor algemene chemie, anorgani- 
sche chemie en /cristalchemie der Rijksuniversiteit Gronin- 
gen, The Netherlands. 
Crystals of (NSF)4 were obta ined from Prof. O. Glemser 

(Universi ty  of GSttingen) who had  a l ready de te rmined  
the  cell dimensions and  space group (O. Glemser, H.  
Schr6der & H. Haeseler,  Z. anorg. Chem. (1955), 279, 28). 

The crystals are tetragonal ,  space group P42~c. The 
cell dimensions are a = 9-22, c = 4.30 A; per cell two mole- 
cules (NSF) a a t  special positions with s y m m e t r y  4. 

The a tomic  coordinates were obtained by trial and 
error, use being made  of the  informat ion from the 
Pa t t e r son  projections.  After  ref inement  wi th  successive 
difference Four ier  syntheses of the projections and trial 
and  error wi th  the h/c2 reflexions, the disagreement  
indices amoun ted  to 0"07, 0-09 and 0.06 for the hk0, h01 
and hk2 reflexions respectively.  

The molecule consists of a puckered  eight membered  
ring of a l ternat ing ni t rogen and sulfur atoms. The 
fluorine atoms, which are l inked to the sulfur atoms, 
are s i tuated such as to give the most  compact  molecule. 
The lengths of the  crystal lographical ly non-equivalent  
S - N  bonds are 1.65 and 1.55 /~ wi th  e.s.d, of 0.02 /~, 
indicat ing a l ternat ing single and double bonds in the 
eight  membered  ring. The S - F  bond length is 1.64 A. 
The values of the valence angles N - S - N ,  S -N-S ,  F - S - N  
and  F - S - - N  are 112 °, 123 °, 91 ° and 106 ° respectively.  

Tri thiazylchloride (NSC1)3 is monoclinic,  space group 
P21 or P21/m. The cell dimensions are:  

a = 5 . 5 3 ,  b = l l . 2 ,  c = 6 . 1 2  A, fl=99-4°; 

two molecules (NSC1) 3 per  uni t  cell. 
The approximate  s t ructures  was de te rmined  from the 

sharpened Pa t te r son  syntheses of the [001] and [100] 
projections. Accura te  atomic coordinates cannot  be ob- 
ta ined from the projections due to the overlap and the 
anisotropic the rmal  m o v e m e n t  of the molecules. 

The molecule consists of a six membered  ring of al ternat-  
ing sulfur and  ni t rogen atoms. In  the present  stage of 
ref inement  it is no t  cer tain whe ther  the ring is completely 
planar.  The chlorine atoms are l inked to the sulfur a toms 
and lie at  the same side of the six membered  ring. The 
S-C1 bonds make  angles of approximate ly  100 ° wi th  the 
plane of the sulfur atoms. 

The full acco~mt is likely to be published in Acta Cryst. 

5.73. Molecu lar  s tructure  of (PCF3) 5. By CAROL SPEN- 
CER ~5 WILLIAM l~'. Ln~sCOMB, Harvard Ungversity, 
Cambridge 38, Massachusetts, U.S.A. 
Visual est imates of 2078 reflections obtained wi th  

Cu Kc~ and Mo K~ radia t ion from a single crystal  of 
(PCF3) 5 (m.p. - 33 °C.) at  - 100 °C. indicated four mole- 
cules in a uni t  cell having s y m m e t r y  P2,/n and para- 
meters  

a=9-87 ,  b=9.78,  c=16.67  /~, f l = 1 0 3 ° 0  '. 

The P5 ring is highly dis tor ted by the mutua l  steric 
interact ion of the CFe groups (one on each P), and by one 
interest ing non-bonding F . . .  P distance of 3.04 .~, 

shorter  t han  the van der Waals  distance of 3-25 /~ and 
shorter  than  any  other  F . - .  P contact  between a toms 
not  bonded through C. 

Average distances are 

P - P  = 2.224 +_ 0.007, P -C = 1.91 +_ 0.02, 

C-F  = 1.35 +_ 0-03/~ . 

The P - P - P  angles va ry  from 94-6 to 107-5°(+_0.4°). 
The s t ruc ture  was de te rmined  by location of the  P5 r ing 
in the Pa t te rson  function, and by successive Four ier  and 
least-squares ref inement  of the three-dimensional  da t a  
on the IBM 704. Agreement  factors of 

R = l lYol - IF~II/ZlFol = 0 . 1 8  and  

r = Z w  I IFol 2 - IF~I2I~- /Zu,  IFol ~ = O. 14 

do not  include the anisotropic thermal  mot ions  of the  
Ps ring along approximate ly  the x direction, and the 
torsional oscillation of CFa about  the P-C bonds. 

We wish to t hank  Prof. A. B. Burg for the sample, and 
to acknowledge support  by the Office of Naval  Research.  

The full paper  will be submi t t ed  to Acta Cryst. 

5.74. Crysta l  s tructure  of t e t r a m e r i c  phosphon i t r i l i c  
o c t a d i m e t h y l a m i d e .  By G. J .  BTYLLEN, Birkbeck Col- 
lege Crystallography Laboratory, London W.C. 1. Eng- 
land. 

Molecular s t ructures  a l ready proposed for te t ramer ic  
phosphonitr i l ic  compounds  include (i) a 'boat '  form, 
s y m m e t r y  4, for PaN4C1 s (I, R = R '  =C1) which is tetrag- 
onal (Ketelaar  & de Vries, Rec. Tray. Chim. (1939), 
58, 1081), (ii) a cent rosymmetr ica l  'chair '  form for 
P4N4F s (I, R = R ' = F ) ,  monoclinie (Paddock & Searle, 
Advances in Inorganic Chemistry and Radiochemistry 
(1959), Vol. 1, p. 368). The oc tad imethy lamide  

(I, R = R '  =N(CH3)2) 

is tetragonal ,  a= 13.00, c=8 .59  A, 2 molecules per  un i t  
cell, systemat ic  absences of X- ray  reflexions indicat ing 
space groups 14, I4  or I4/m. I4 and molecular  s y m m e t r y  

is chosen as most  probable because molecular  sym- 
metr ies  4 and 4/m are inconsistent  wi th  the  view of the  
molecule in [001] projection. Solution of the s t ruc ture  by  
Pa t te r son  methods  with  Fourier  and least-squares refine- 
men t  has shown tha t  the molecule has a 'boat '  form which 
is more dis torted than  tha t  of P4N4C1 s. The distance of 
each P a tom from the 'mean plane'  of the ring is abou t  
0"15 /~ as compared with  0.5 /~ in the chloride. Eight-  
membered  rings have  sufficient f reedom to allow 'boats '  
of considerably different shapes while retaining 4 sym- 
me t ry  and similar bond lengths and angles. The in tens i ty  
da ta  do not  seem to accord with a disordered s t ruc ture  
of the type  suggested for P4N4(CH3) s (I, R = R ' = C H s )  
(Searle, Proc. Chem. Soc. (1959), p. 7) 

B ' R P - - N  = PRR" 
H I 

N N 
I II 

R'RP = N--PRR" 
(I~ 
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Crystals of the octaamide (I, R=R'=NH2)  and of 
P4N4(C6Hs)~(NHCH~)4 (I, R=C6Hs,  R'--lXlI-ICH3) have 
also been examined.  They are triclinic but  pseudo- 
tetragonal.  I t  seems likely tha t  the  requirements  of 
intermolecular  hydrogen bonding prevent  exact tetrag- 
onal packing of the molecules. We may  thus expect  only 
those structures where cohesion is conferred solely by 
van der Waals forces to be tetragonal.  

A full account  is likely to be published in Acta Cryst. 

5.75. T h e  r61e of  3d  o r b i t a l s  in  ~ - b o n d s  b e t w e e n  Si ,  
P,  S or  C1 and  O or  N .  By  D . W . J .  CRUICKSHA~K, 
School of Chemistry, The University, Leeds, 2, England. 
The single system of z-orbitals in planar  aromatic 

molecules is well known. Evidence  will be presented for 
a double system of ~-orbitals in silicates, phosphates and 
sulphates, which also extend throughout  the molecules. 
In  X0~'-  two strong ~-bonding molecular orbitals are 
formed with X3dxe_y2 and 3dz~ orbitals and the  ap- 
propriate oxygen 2p orbitals. Thus the  S-O bond in 
S0~- is reduced from a single bond length of 1.69 to 1.49 A. 
In  ethyl  sulphate (Truter, 1959) the ester oxygen still 
shares in one ~-orbital, which explains its in termedia te  
S-O value of 1.60 A. Because the  other ~-orbital is 
shared with only three oxygens, their  S-O lengths con- 
t ract  to 1.46 A. A very short  X - O  bond, e.g. 1.39 /~ in 
P4010, occurs when the other three oxygens of a tetra- 
hedron link to further tetrahedra, and when the X-O-X 
angles are near 120 °. However, when X-O-X is linear, 
as in one Si20.-, the central X-O bonds share fully in both 
~-electron systems. 

These ideas will be extended to interpret the structures 
of many silicates, phosphates, phosphoramides, sulph- 
amides, etc. In ions with OH groups, the bonds are inter- 
mediate in length between those for the ion without the 
proton and for the ion with R in place of H, apparently 
due to hydrogen bond formation. 

During the interpretation new crystallographic results 
will be reported for K2S20 ~ (H. Lynton & Mary R.Truter), 
S%Si20 T (with H. Lynton) and (NO2)CIO4 (with M. R. 
Truter & G. A. Jeffrey). Significant refinements of P205 
(Form III) (with Caroline H. MacGillavry), KHSO 4, 
NaPOsNI-I~, NaPeO~. l0 H20 and other relevant struc- 
tures will also be reported. 

The ~-orbital theory will be submitted probably to a 
chemical journal; the new structures and refinements to 
Acta Cryst. 

A -B  in molecules and crystals, in the  main,  depends on 
two factors: (1) of the  electronegativities differences Ax 
and (2) of the potentials  of the  nucleises z*/r (where z* 
is the  effective nuclear charge and r is the covalent 
radius of the  a tom A). In  the fornmla zJd=fldx for a 
calculation of the  difference of the experimental  and 
calculated (by the sum of the covalent radii) bond lengths 
we have obtained the values of the coefficients fl =0.06 
(I row of elements of the periodic system) 

0.I0(II), 0.16(III), 0.11(V) and 0.14(VII). 

We have suggested a method which permits to predict 
the ¢-valent bond lengths with an accuracy of r6ntgen 
structural experiments to within + 0.01-0.02 /~ or per- 
mits to determine the quantitative value of the electro- 
negativities differences of atoms according to the crystal 
chemical data. 

As to the character of a change of the bond lengths, 
the crystal structures AxBy are divided into the groups 
depending on the type of the external electrons of the 
atom A : 

the s--p electronic bonds 
the f-electrons 
the d-electrons 

For the s-p bonds of the metals the regularities of the 
change of the bond lengths for any ligands are defined 
by the leaps of the potentials of metal nucleis z*/r. In 
the transition metals (with the unfilled d-orbitals) the 
bond lengths depends on the action of the ligands field 
and are changed according to the splitting of the degener- 
ative d-levels into the de- and dr-levels. 

We have learned that the lone pair electrons of the 
nitrogen, sulfur and oxygen atoms take part in the forma- 
tion of the ~-bonds in the following crystal structures 
(thiocyanates, 2-mereaptobenzothiazole thiourea, di- 
chlorobisthioureazinc, tetramethylthiourea, diethyldithio 
carbomate sodium, cyanamide, 2-5 diphenyl thiodiazole, 
p-thiocyanato aniline, di-p-tolyldisulphide, caprolactam). 
--The greatest changes of the bond lengths are condi- 
tioned by the participation of the free electrons of the 
nitrogen and sulfur atoms in ~-interaction and are ob- 
served in the )N-Cx--S group with the conjugated N-C 
and C=S bonds. We have drawn up a diagram of the 
dependence of the C-N, C=:N and C-S, C=S bond 
lengths. We have established that the z-interaction of the 
N-C and C =S bonds is mutually increased for coplanar 
bonds of the nitrogen atom and mutually diminished for 
the pyramidal bonds of the nitrogen atom. The change of 
the ~-bond strength depends on the s-p electronic state 
of the a-bond. 

The papers are published in the Journals: Crystallo- 
graphica, Structural Chemistry and Problems of Physical 
Chemistry. 

5.76. T h e  c r y s t a l  c h e m i c a l  data  o n  t h e  n a t u r e  of  a- 
a n d  ~ - b o n d s .  B y  Z. V. Zvo~xovA, ~ .  S. IVANOVA, 
V. P. GLUSHKOVA, J.  TASHPULATOV, I. V. ISAKOV, 
O V. KOLNINOV, L. G. VORONCOVA & E. J .  KOIRAN- 
SKAY, Institute for Phys.-Chem. Research, Karpova, 
Obukha 10, Moscow, Russia. 
We have established tha t  the a-valent bond lengths 

5.77. N e w  c r y s t a l  a n d  m o l e c u l a r  s t r u c t u r e  d e t e r -  
m i n a t i o n s  of  c h a r g e  t r a n s f e r  c o m p o u n d s .  By 
O. I-IASSEL, Chemistry Department, University of Oslo, 
Blindern, Norway. 
Withdrawn.  
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§ 6. Organic structures 
6.1. T h e  crys ta l  s t r u c t u r e  of DL-aspartic  acid hy-  

drochlor ide .  By B. DAwson,  Division of Chemical 
Physics, C.S.I.R.O., Chemical Research Laboratories, 
Melbourne, Australia. 
Approximate  x- and z-parameters of DL-aspartic acid 

hydrochloride 
COOHCITNH2CH~COOH. I-IC1 
1 1 2  2 3 4 3 4  

(P21/a, a=11.12 ,  b=6.32,  c=11.29 A ,  
8 = 1 2 0  ° 30' (+0 .5%),  Z = 4 )  

were obtained from the b-axis Pat terson projection and 
refined by Fo and ( F o - F  c) (hO1) syntheses. Early refine- 
m e n t  (1953-4), using McWeeny 's f -curves  for C, O and N 
and James  and Brindley 's  f(C1-) from the Har t ree  cal- 
culation neglecting exchange, showed anisotropic thermal  
mot ion  in all atoms, and the x-, z-determinations pro- 
ceeded with two anisotropic tempera ture  factors, one for 
chlorine and the other for the molecule. Subsequent  
difference maps showed not  only peaks near reasonable 
H positions, but  also evidence of inadequacies in the 
f(C1-)-curve. Least-squares t r ea tmen t  for possible f-curve 
errors (A f) gave negligible changes for C and O, but  for 
C1- yielded a curve in elo.ue agreement  with tha t  obtained 
later from the Har t ree -Fock  calculation with exchange. 
For  N, the  A f-values suggested the  probable presence 
of N +1, which was consistent with the detect ion of three 
hydrogen peaks about  this atom. Succeeding refinements 
employed an f (N +~) curve and Har t r ee -Fock  curves for 
C, O and C1-. Present  x- and z-coordinates of all atoms 
give R(hOl) (omitt ing terms with Fo=O)=0.057, and 
0.045 and 0.086 (with and wi thout  H respectively) for 
0 <sin  0 _~ 0.6, when a general molecular tempera ture  
factor is used:  with individual  anisotropic tempera ture  
factors, the corresponding R-values are 0.047, 0.037 and 
0"085. 

Ref inement  of y-parameters has proceeded by (Okl) 
difference and least-squares analysis and by (1]cl), (hll) 
and (h3l) generalized projections. The R(Okl) and R(hll) 
are 0-065 and 0"057, and R-values for 0 < s i n  0 _~ 0.6 
show sensitivity to I-I similar to tha t  of R(hO1) above. 

Fur ther  y-ref inement is contemplated  to improve the 
determinat ion of the central (C2-C3) bond whose present  
length is 1.47 A. The other bond lengths are 

CI-C ~ = 1-54, C~-C 4 = 1.52, C1-O 1 = 1.22, C1-O a = 1.32, 

C4-O 3 = 1.34, C4-O 4 = 1.21, C2-N = 1.51 A .  

The location of t t  from (h0l), (Okl) and (hll) difference 
projections yields average C-H, N-IS and O-H distances 
of 0.95, 0.89 and 0.78 A respectively. 

To be published in Acta Cryst. 

6-2. T h e  crys ta l  s t ruc ture  of the  p o t a s s i u m  sal t  of 
o - n i t r o p h e n o l  h e m i h y d r a t e .  By J.  P. G. RICHARDS, 
Viriamu Jones Laboratory, University College, Cardiff, 
Great Britain. 
The potassium salt of o-nitrophenol crystallizes in 

space group C2/c with 8 molecules of 

C6H4.N02. OK. ½H20 

in the uni t  cell of dimensions 

a=24"8,  b=5.13,  c=11"9 ~,  fl=105"0 °. 

§ 6. ORGANIC STRUCTURES 

The structure has been solved by the heavy-atom method 
and has been refined by Fourier and least-squares 
syntheses using the  (hOl), (hll) and (h/c0) data.  

The structure is made  up of double layers. The forces 
between adjacent  double layers are entirely van der 
Waals in character whilst  a complex system of hydrogen 
bonds and electrostatic contacts operate within each 
double layer to hold the structure together.  Each potas- 
sium ion is coordinated by seven oxygen atoms, six 
occurring in three different residues and one from the 
water. The distances vary between 2.68 and 2-94 A; 
no symmet ry  is apparent  in the  system. Pairs of residues 
are l inked together  through water  molecules on diad axes 
by hydrogen bonds involving the phenolic oxygens in 
such a manner  tha t  the  system of hydrogen bonds and 
electrostatic contacts about  each water  is roughly tetra- 
hedral.  The residue is strictly planar, giving rise to a 
short non-bonded intramolecular distance;  the  possible 
stereochemical implications of this are discussed. 

To be published in Acta Cryst. 

6-3. T h e  crys ta l  s t r u c t u r e  of barb i tur ic  acid di-  
hydrate  and s o m e  re lated c o m p o u n d s . *  By SU- 
BRATA GHOSE, G. A. JEFFREY, B .  ~¢~. CRAVEN (% J .  0 .  
WA~WlC~_ER, The Crystallography Laboratory, The Uni- 
versity of Pittsburgh, U.S.A. and The Chemistry Depart- 
ment, The University of Leeds, England. 
Barbituric acid dihydrate, C4H4NeO3.2 H20 is ortho- 

rhombic with 

a =  12.74, b =6.24, c =8 .89/~ ,  Z=4,  Pnma. 

I t  has a very compact  layer structure in which both  the 
barbituric acid and the water  molecules lie in the  mirror 
planes. The acid molecule is in the  tri-keto form. The 
hydrogen-bond coordination of the  water  molecules is 
unusual  in tha t  it is approximately  trigonal planar. The 
structure was refined by three-dimensional  Fourier  tech- 
niques and isotropic least squares to R =0-14 and there- 
after by anisotropic least squares. 

Violuric acid monohydrate, C4H3N~O 3.I-I20, has a sim- 
ilar layer structure with the molecules in the mirror planes 
of A21 am with 

a=7-57,  b=14.41,  c=6 .23  •, Z = 4 .  

The prel iminary crystal data  have also been de termined 
for ammonium barbiturate,  P21/n, 

a=10.74 ,  b=3.85,  c=14.39 A, fl=96"4 °, Z=4;  

sodium violurate, monohydra te ,  P21/c, 

a=3 .97 ,  b=18.89,  c=9.75,  fl=94-4 °, Z = 4 ;  

5.5' dimethyl barbituric acid, P1 or P1, 
a=11-84,  b=6-52,  c = 5 . 7 1 ,  

a = l 1 8  °, /~=95.5 °, y = 1 1 8  °, Z=2;  

5.5' diethyl  barbiturie acid, trigonal form, R3, 

a=27.12,  c=6 .83  A, Z = 1 8 ;  

or thorhombic form, Pmma, P21ma or Pm2a, 

a=12.80 ,  b=22.20,  c=6 .89  A; 

* This research was supported, in part, by a research 
grant from The l~ational Science Foundation. 
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(for monoclinie form, see Giacomello et al., Ann  di Chim. 
(1959), 49, 825); 

5.5' e thyl  phenyl  barbi tur ie  acid monohydra t e ,  Pcab, 

a=10 .89 ,  b=30.93,  c=7-19,  Z - - 8 .  

6.4. Organic  crystal  s tructures  de termined  at Osaka 
Univers i ty .  By ISAMTY NITTA, Department of Chemistry, 
Faculty of Science, Osaka University, 1Vakanoshima, 
Osaka, Japan. 

Triethylenediamine 
The crystal  of t r ie thylenediamine,  one of the typical  

cage molecules wi th  high symmet ry ,  belongs to the  
hexagonal  system. Two molecules are in a un i t  cell wi th  
the  dimensions of a = 6.20 and c = 9.58 A, the space group 
being P6a/m. The N . . .  N axis of the  molecule, which 
has the s y m m e t r y  D3h, is oriented along the c axis. The 
N - C - C - N  linkage has a cis configuration.  The position 
of hydrogen  atoms has also been de te rmined  (Y.Tomiie,  
T. W a d a  & I. Ni t ta ,  to be published in Bull. Chem. Soc., 
Japan). 

Acrylic acid at - 7 0  °C. 
The crystal  s t ruc ture  has been de te rmined  a t  - 7 0  _+ 3 

°C. The or thorhombie  un i t  cell wi th  the dimensions of 

a=11-68 ,  b=10.06,  c=6"38 A 

contains eight molecules, the  space group being Ibam. 
The molecules lie on the planes z = 0 and  ½. Pairs of mole- 
cules are l inked by  hydrogen  bonds into cen t rosymmetr ie  
dimers. The bond lengths de te rmined  from a bounded  
project ion on (001) are C = O  1.24, C-O 1.33, C-C 1.47, 
C =C 1.34 and OH • • • O 2.65 J~. (Y. Chatani,  Y. Sakata  
& I. Ni t ta ,  to be published in Acta Cryst.). 

a,w-Diphenyl-octatetra-yne and a,w-diphenyl-decapenta-yne 
The s t ructure  of the a-modif icat ion of a ,w-diphenyl-  

oc ta te t rayne ,  of which the unit-cell  dimensions and space 
group were repor ted  in Acta Cryst. (1959), 12, 347, was 
de te rmined  at  +30  °C. and - 1 1 0  °C. The molecules are 
a r ranged side by  side, all the  molecular  axes being 
or iented near ly  parallel. The bond distances found are:  

C1,-C1 -- 1.32, C1-C 2 = 1.22, C~-C 3 = 1.36, Ca-C a = 1.19, 

C4-Ph = 1.41 A 

(Ph ' -C4 , -  Ca,-C2,-= C1,-C1 = C2-C3- C4-Ph) • 

The carbon chain is sl ightly dis tor ted from a l inear 
s t ructure .  The thermal  expansion is largest along the 
a axis, while sensibly small along the c axis. Torsional 
oscillation of the phenyl  groups was concluded.  The 
crystal  s t ruc ture  of a,vg-diphenyl-decapentayne,  deter- 
mined  at  room tempera tu re  and at  - 130 °C., is not  iso- 
s t ruc tura l  wi th  the oc ta te t rayne .  Here,  too, the carbon 
chain is no t  str ict ly linear, though to a less ex ten t  
(T. Watanab6,  N. Masaki & H. Mitsuda, to be published 
in Acta Cryst.). 

6.5. The  crystal  s tructure  of 6 - m e t h y l  2 - th io  uraci l .  
By G. S. P~_RRY & (Miss) F. ST~ACEA~, Department of 
Structural and Inorganic Chemistry, The University, 
Leeds, 2, England. 
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6-methyl  2-thio uracil,  a drug which depresses the 
ac t iv i ty  of the thyro id  gland, crystallizes in the  mono- 
clinic sys tem wi th  cell dimensions 

a=13-05 ,  b=14.49,  c = 4 . 4 4  •, fl=132"5 °. 

The uni t  cell contains four molecules in the space group 
t)21/a. As the 00l reflexions were observed to be very  
strong and as (001) was a perfect  cleavage, a layer  struc- 
ture  was suggested wi th  all molecules centred  on z ~ 0 
and this was confirmed by the  subsequent  2-dimensional 
analysis. 

The well resolved c-axis project ion was solved by  locat- 
ing the  sulphur  a tom by  Pa t t e r son  methods  and  sub- 
sequent ly  searching for a s t ruc ture  showing a reasonable 
a r rangement  of N I ~ . . .  O hydrogen  bonds wi th in  the  
molecular  layers. The project ion was refined by Four ie r  
methods  including difference syntheses.  The molecular  
inclination to the  plane (001) was es t imated  from an 
electron-densi ty project ion based on the  phase relation 
s(hOl) =s(hO0). This relat ion was found to be completely 
accura te  as the z parameters  were very  small (<0 .15  A 
in the final analysis). Approx imate  z parameters  based 
on this molecular  t i l t  were refined by trial  considering 
only 

F(Okl) k oad ( ~ 8zl~, f j  z t sin 2~Tcyj) . 
J 

Allowance for anisotropic the rmal  mot ion  of the  mole- 
cules was made  by  assuming different t empera tu re  fac- 
tors parallel  and perpendicular  to the  molecular  layers. 
Final  values were es t imated  to be Bii = 3.6, B l = 5.9/~-2. 

Wi th in  the  pyr imid ine  ring, the  final bond  lengths 
(using chemical  number ing)  were:  

NIC 2 = 1.30, C2N3 = 1-33, N3C a = 1.43, C6N1 = 1.41 A, 

C4C 5 -- 1.41, C5C 8 = 1.30 J~; 

and  for the  bonds external  to the  r ing:  

C2S = 1.73, C40 = 1.17, CGCH -- 1.45 A .  

Only one in termolecular  N H . . .  O hydrogen  bond is 
formed.  I t s  length is 2-80 A and  it links the  molecules 
into chains parallel to the  a-axis. These hydrogen  bonds 
are no t  of themselves sufficient to account  for the  
format ion of well defined molecular  layers and  it is of 
interest  therefore t ha t  two N H -  . .  S contacts  of 3.48 /~ 
and  related by  a centre  of s y m m e t r y  occur be tween  
molecules in neighbouring chains. I t  is t hough t  t ha t  these 
contacts  m a y  represent  weak  hydrogen  bonds. 

A detai led account  of this work  will be submi t t ed  for 
publ icat ion in Acta Cryst. 

6.6. Crystal  and m o l e c u l a r  s tructure  of f l -ch lo-  
r o c r o t o n i c  ac id .  By  MARIO MA~MI, C. GARBUGLIO & 
E.  FRASSON, Laboratorio Ricerche Sicedison S.p.A., 
Bollate, Milano, Italy. 
fl-Chlorocrotonic acid, cis form, crystallizes out  in fine 

monoclinic needles, space group P2,/c with  four mole- 
cules in the  uni t  cell of the following dimensions 

a = 4 . 9 2 ,  5=8.80 ,  c--12.81 A, f i=94  ° 46'. 
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OI-I 
I 

1 CH.~ 4 C = O 
I I 

2 C:-- :- C3 
I I 

C1 H 

Due to the high vapour pressure of the acid we have 
worked wi th  mono-crystals of cylindrical form obtained 
from the mel t  in the sealed Lindeman capillary. The 
choice of axis of crystals in the cylindrical form was 
computed  adopt ing Buerger 's  me thod  of cell reduction. 
The structt~re analysis was carried out on the  levels 
OKL and HOL with the aid of Fourier syntheses and 
difference syntheses with the thermic isotropie correction 
for each atom. The value of R, the usual discrepancy 
factor, was 0.15 for reflexions OKL and 0.16 for HOL. 

Asymmetr ic  hydrogen bond of normal  length (2.64 A) 
determines the formation of dimers. Atoms of each dimer  
are on the plane and this is in the agreement  with the 
partial  character of double bond between C3-C 4 (1.44 A). 

The above work may  appear in Acta Cryst. 

6.7. A r e f i n e m e n t  of  the  c r y s t a l  s t r u c t u r e  of  a m -  
m o n i u m  o x a l a t e  h y d r a t e  at  30 °K. By JOH~ H. 
ROBE~TSON, School of Chemistry, The University, 
Leeds 2, England. 
This investigation was chosen because of the interest  

a t taching to the shape of the oxalate ion, which in this 
particular crystal is twisted instead of having the ex- 
pected planar  configuration. The structure of the crystal 
was first elucidated by Hendricks & Jefferson (1936) and 
was later refined, at  room temperature,  by Jeffrey & 
Parry (1952) who, however, used two 2-dimensional 
projections only. The angle of twist is about  28 ° at  room 
temperature.  The work to be described is a ref inement  
based on 3-dimensional dat~ and  aims at ~stabiishin~ th~ 
exact conformation of the ion at a temperature  at which 
thermal  mot ion  is largely eliminated. The collection of 
da ta  has been carried out  by Weissenberg and oscillation 
photography,  wi th  the  crystal at  about  30 °K. cooled by 
a stream of hydrogen from a gas-flow cryostat.  

6.8. T h e  c r y s t a l  and  m o l e c u l a r  s t r u c t u r e  of  a l l o x a n  
and  a l l o x a n t i n .  By CttATAR S I N G I : r ,  Cavendish Labo- 
ratory, Cambridge, England. 
Alloxan monohydrate, C4H4NeO 5, crystallizes in the 

triclinic space group P i  wi th  two molecules per uni t  cell. 
The dimensions of the cell are: 

a=5.764, b=6.758,  c=8.141 A, 
a = 75 o 7', fl = 82 o 25', 7 = 66 o 53'. 

The structure has been de termined by direct methods  
using the  equat ion relating the signs of three uni tary  
structure factors, S(h')S(h+h')~ S(h). Uni tary  struc- 
ture factors of the b-axis projection were used in a pro- 
gramme developed by Dr Cochran for EDSAC II  to ob- 
tain probable sets of signs, one of which proved to be 
correct. The structure has been refined by two-dimen- 
sional difference Fourier  syntheses using visually esti- 
m a t e d  intensities for all the  three axial-projections. The 
R.faetor  for the cb- and c-axis is 8% and for the a-axis 
is 12%. The results show no unusual  features in the 

C-C, C-N, and C-O bond lengths of the pyr imidine ring 
but  the interest ing feature of the  compound is the  
existence of two hydroxyl  groups a t tached to C(5). 
A system of hydrogen bonds link the molecules together,  
the lengths of which range from 2.7 A, to 2-9 A. 

Work is now in progress on more accurate measurement 
of the X-ray intensities of the a- and c-axis projections 
for the accurate determination of the electron density 
and the location of the hydrogens. The results of this 
work should be available before the Congres. 

Alloxantin dihydrate, CsHsN40 s, 2H20, crystallizes in the  
triclinic space group P1 with one molecule per unit  cell; 
the dimensions of which are: 

a = 6.691, b = 6.864, c = 7 .284/~ ,  
a =67 ° 19", f l=84 ° 10', y = 7 1  ° 10'. 

The structure has been determined by  solving the b-axis 
projection by direct methods  using sign relations. The 
ref inement  has been done by two-dhxlensional difference 
Fourier syntheses on the planes (100), (010), (001) and 
(011). The R-factor for plane (010) is 5%, including the  
hydrogens,  11% for (100) and (001) and 8% for (011). 
The results show tha t  the structure conforms with the  
pinacol formula and not  the hemiacetal  formula some- 
t imes given. The bond length show no departures from 
the normal.  The water  molecules are l inked by a system 
of hydrogen bonds to the parent  molecules. 

To appear in Acta Cryst. 

6.9. T h e  c r y s t a l  s t r u c t u r e s  of  s o m e  b e n z e n e  d e r i v a -  
t ives .  By G. FERGUSON, A. T. MCPHAZL & G. A. SrM, 
Chemistry Dept., The University, Glasgow, W.2, Scotland. 
The crystal structures of a number  of subst i tu ted 

benzoic acids, nitro-benzenes and anilines have been 
determined.  Some interesting intra-molecular steric ef- 
fects have  been found. 

To be submit ted  to Acta Cryst. 

6-10. T h e  c r y s t a l  s t r u c t u r e  of  m e l l i t i c  ac id ,  ( b e n z e n e  
h e x a c a r b o x y l i c  ac id ) .  By S. F. DA~T,OW, College of 
Science and Technology, Manchester 1, England. 
Mellitic acid (benzene hexacarboxylic acid, C6(COOH)6 ) 

is orthorhombic,  space group Pccn, with 

a=8 .14 ,  b=16-50, c = 1 9 . 0 5 A .  

The structure consists of layers perpendicular  to the  
a axis. Each layer is formed by molecules in approx- 
imately hexagonal  array, l inked through the  carboxyl 
groups by the hydrogen bonds. The carboxyl groups 
hydrogen bonded together  are not  coplanar. The mole- 
cules are in two crystallographically independent  sets and 
the differences between them, mainly in the  tilts of the  
carboxyl groups to the benzene rings, are quite large. 
These last two features of the structure are necessary in 
order to keep the layers close together, and the structure 
is an interesting example of the effect of packing con- 
siderations on the relative orientation of groups within 
a molecule, and on the hydrogen bonding between 
molecules. 

This paper will appear in full in Acta Cryst. 
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6.11. T h e  c r y s t a l  a n d  m o l e c u l a r  s t r u c t u r e  of 
2 - a m i n o - 3 - m e t h y l b e n z o i c  ac id .  B y  GEORG~ IV[. 
BROWN* & RICHARD E. I'V[ARS]~, California Institute of 
Technology, Pasadena, California, U.S.A. 

D a t a :  
a=11.48, b=4.044, c--15"79 A, f i=91 ° 18' 

(subject to sl ight revision); P2~/c, Z=4;  near ly  1600 
Cu K a  intensities. After  solution from the [010] Pa t te r -  
son synthesis  and 2-D refinement,  y parameters  were 
found by  trial, and coordinates and anisotropic thermal  
parameters  of the heavy  atoms were refined in eighteen 
3- / )  least-squares cycles (diagonal). Hydrogen  coordinates 
from 3-D difference maps were included in the s t ructure  
factor calculations after  cycle eight, bu t  not  optimized. 
Ref inement  ended with  two least-squares ad jus tments  of 
hydrogen coordinates only. R=0 .057 .  E.s.d. of atomic 
coordinates:  0.0011 to 0.0018 A for heavy  a toms;  about  
0.03 A for hydrogens.  

The molecules form centrosymmetr ic  dimers by  hydro-  
gen bonding through the carboxyl  groups ( O - H ' - "  O 
distance 2.645 A). The ring atoms are almost  exact ly  
coplanar;  the others show slight deviat ions from the best  
ring plane. The molecular s y m m e t r y  overall, including 
hydrogen atoms, is approximate ly  m. Bond lengths and 
angles : 

C~-C~, 1.415; C~-C.~, 1.420; C~-C 4, 1.380; C4-C 5, 1.395; 
C5-C6, 1.371; C6-C ~, 1.407; C1-C 7, 1.464; C2-:N, 1.367; 
C3-C s, 1-502; C7-O 1, 1-319; C~-O2, 1.233; O ~ . ' ' : N  
(non-bonded), 2-705; : N - . . C  s (non-bonded), 2.829; 
average C-H,  1.00; average :N-H, 0.90; e l - H ,  0.93/~;  
C1-C2-C~, 118.8°; C2-C3-C 4, 119.2°; C3-C4-C 5, 122.3°; 
C4-C5-C6, 118.8°; C5-C6-C ~, 121.3°; C6-C1-Ce, 119-6°; 
C~-C~-C~, 118"9°; C~-C1-C~, 121"5°; C~-Ce-N, 122"4°; 

Ca-Ce-:N, 118"8°; C~-C3-Cs, 119"9°; C4-C~-Cs, 120"9°; 
C1-C~-O1, 114-7°; C~-C~-Oe, 124"5°; O~-C~-O~, 120"8 °. 

A second set of da ta  (different observer) from the same 
films was t rea ted independent ly  and used in two heavy-  
a tom least-squares cycles. For  these da ta :  R = 0 . 0 7 6 ;  
e.s.d, of coordinates average jus t  s l ightly higher. Between 
the two sets of da ta  some serious discrepancies appear  
among large, low-angle reflections. The bond lengths from 
the second set, however, differ from those above only by  
an average of 0.002 ~ and a m a x i m u m  of 0"005 ~ .  
The differences in angles are correspondingly small. 

To be published in Acta Cryst. 
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s t ructure  has been determined from projections and 
details of the molecular geometry has been obtained. 

6.13. I n v e s t i ~ , a t i o n s  of s o m e  b e n z o q u i n o n e - m o n -  
o x i m e s  ( n i t r o s o p h e n o l s )  a n d  t h e i r  d e r i v a t i v e s .  
B y  C. Re,mRS, E. FISCHMANN, A. J .  H.  UMA~S & 
E. HAWNG.~, The University of Leiden, Organic Che- 
mistry Department, The Netherlands. 
:Recently a s tudy  has been made  of the s t ructural  and 

chemical features of several quinone-monoxime (nitroso- 
phenol) derivatives.  Spec t re -pho tomet ry ,  synthet ica l  
work and X- ray  diffraction methods  were the main  tools 
of investigation.  

(1) 2-Chloro-5-methyl-p-benzoquinone-4-oxime exists 
in two stable forms, yellow crystals  (a) and white  fibres 
(fl). In  the a-form the N O H  group is syn with  respect 
to the C1 a tom while hydrogen bonds (2.70 A) which 
connect  the CO group of one molecule wi th  the N O H  
group of the next  molecule act  as links in infinite chains. 
The fl-form consists of helical chains of hydrogen-bonded 
molecules with  the N O N  groups anti with  respect to the 
C1 atoms. The f l - form--not  the a - fo rm--was  found to 
give a blue coloured product  wi th  iodine: the  channel  
wi th in  the helix seems sufficiently wide to contain iodine 
molecules. 

(2) 2-Chloro-p-benzoquinone-4-oxime acetate  is found 
in two forms. In  the stable a-form the NOCOCH 3 group 
is syn with  respect to the C1 a tom and in the unstable  
fl-form these two groups are in anti-configuration. 

(3) 5-Alkoxy-o-benzoquinone-2-oximes occur in two 
different forms, a and fl, in which the a-form is usual ly  
the stable one. 

a-5-(2'-Chloroethoxy-)-o-benzoquinone-2-oxime has an 
oxime s t ructure  with,  again, intermolecular  hydrogen 
bonds between CO and :NOH groups, which are in anti- 
configuration. The C1-C2H4-O group is in gauche con- 
formation.  

fl- 5- (2'-Chloroethoxy) -o-benzoquinone- 2- oxime and the 
corresponding n-propoxy compound, however, do not 
have  intermolecular  hydrogen bonds in their  crystals,  
bu t  presumably  have  an  intramolecular  bond between 
the CO(H) and :NO(H) group of the same molecule. 
These CO(H) and :NO(H) groups are in syn-configuration. 
The R-C2H4-O group, again, has a gauche-conformation. 
The bond distances as well as the s tr iking pleochroism 
of these layer-packed molecules show t h a t  these fl-forms 
are ni trosophcnol compounds.  

6.12. T h e  c r y s t a l  s t r u c t u r e  of n i t r a n i l i c  a c i d  h e x a -  
h y d r a t e .  B y  E. KROG~ ANDEI~SE~, Chemical Labora- 
tory, Royal Veterinary and Agricultural College, Copen- 
hagen, Denmark. 
:Nitranilic acid ( 2,5-dihydroxy- 3,5-dinitroquinone) hexa- 

hydra t e  crystallizes in the monoclinic system. The space 
group is P21/c, with  two molecules in the uni t  cell. The 

* Present address: Chemistry Division, Oak Ridge Na- 
tional Laboratory, Post Office Box X, Oak Ridge, Tennessee, 
U .S .A.  

6.14. T h e  c r y s t a l  s t r u c t u r e s  of s o m e  a c i d  s a l t s ,  a n d  
s o m e  a p p a r e n t l y  s y m m e t r i c a l  h y d r o g e n  b o n d s .  
B y  J.  C. SPEAKM~N, Chemistry Department, The Uni- 
versity, Glasgow, Scotland. 
Many monocarboxylic  acids, H X ,  form crystal l ine acid 

salts wi th  formulae such as MHX2. About  a dozen such 
compounds have  now been studied by  X- ray  diffraction. 
The proposed paper  would briefly summarize earlier 
results and briefly describe some recent analyses.  The 
salts recent ly studied include sodium hydrogen diacetate  
(a pre l iminary  account  of whose s t ructure  is ill Prec. 
Chem. Soc., 1959, p. 316), potass ium hydrogen di-p-nitro- 
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benzoate,  and some acid salts of the hMogeno-benzoic 
acids, of glycollic acid, and possibly of some others. 

The acid salts s tudied fall into two categories: Type B 
yields an infra-red spectrum which approximates to a 
superposition of the spectra of the  free acid (I-LY) and its 
salt (M+X-);  and in their  crystals H X  and X -  are 
separately distinguishable. Type A gives a different, and 
anomalous, spectrum; and in their  crystals H X  and X -  
are not  distinguishable, being related by some crystallo- 
graphic symmet ry  element  and joined by a hydrogen 
bond tha t  i s - - a t  least formal ly--symmetr ical .  This un- 
usual k ind  of hydrogen bonding is presumably connected 
with the spectral anomaly. 

If a hydrogen bond is to be strictly symmetrical ,  wi th  
its proton oscillating in a single potential-well  at  the  
mid-point  between the oxygen atoms, it mus t  be very 
short, wi th  O - ' - O  perhaps <2.45 A. Although the 
hydrogen bonds in the  acid salts of type B so far s tudied 
are uniformly 'short '  (i.e. < 2"68 A), they are not  gener- 
ally short enough (nor have they  been accurately enough 
measured) to satisfy this severe condit ion for symmetry .  
Therefore their  apparent  symmet ry  could be merely 
statistical. But  the bond in sodium hydrogen diacetate 
has been more accurately measured, in a three-dimen- 
sional analysis, it proves to be very short, and it may  
possibly be genuinely symmetrical .  

6.15. The  crystal  s tructure  of s o d i u m  formaldehyde  
bisulphite .  By J.  H. RA~'NE~, Rothamsted Experimen- 
tal Station, Harpenden, Herts, England. 
Sodium formaldehyde bisulphite, recrystallized from 

methanol ,  has the composit ion NaHSO~.HCHO and 
decomposes in damp air to the hemihydrate .  Crystals 
coated in cedar wood oil showed no signs of progressive 
decomposit ion and the powder photograph of a ground 
crystal showed the  anhydrous  compound.  The single 
crystal X-ray diffraction pa t te rn  showed streaks parallel 
to c* due to a part ial ly disordered structure. The struc- 
ture can be imagined to be based on an ideally disordered 
cell wi th  

a=5 .15 ,  b=6.45,  e=12 .8  

and space group Pcmn containing 8 half molecules, one 
statistical half molecule forming the asymmetric unit. 
The hOl and 0kl zones were free from streaks and cor- 
respond to projections which are the same for the ideally 
ordered and ideally disordered structures. Satisfactory 
electron-density maps were obtained for these zones and 
the two interpenetrating 'molecules' of the disordered 
structure could be separated on stereochemical grounds 
and the structure of the formaldehyde bisulphite ion 
shown to be (S03. CH2, OH)-, The ions are linked in 21 
spirals parallel to b by hydrogen bonds from OH to an O 
attached to S. In the disordered structure spirals going 
'up' and 'down' b interlock so that their sulphur atoms 
coincide. It is suggested that in the ideally ordered struc- 
ture, to which the structure observed tends, spirals 
adjacent to one another in the a direction go in opposite 
directions along b. The layers parallel to (001) formed by 
these spirals are interleaved with sodium ions and the 
layers can be superposed in two ways differing in the 
direction of the spirals to give an ordered orthogonal 
cell with  

a = 10.3, b = 6.45, c = 25.6 

S T R U C T U R E S  

but  with only monoclinic ssnz~netry B1 21/a 1 corre- 
sponding to pr imit ive cells with  

a=10 .3 ,  b=6.45,  c=13-8 /~ ,  fl=68"1 ° and 111.9 ° . 

To be submit ted  for publication in Acta Cryst. 

6.16. Crystal  data of s o m e  n e w  organic  compounds .  
By M. FONT-ALTABA, Rocafort, 111, Barcelona, Spain. 
The crystal data  of a series of compounds derivat ing 

from the 5-nitro-2-furoilacetic acid are determined.  The 
powder diagram of these compounds are obtained by a 
quadruple  camera 6f focalization of the  type  Guinier-  
:De Wolff, and are wholly interpreted.  The lattice con- 
stants and the space group are deduced from the Weissen- 
berg diagrams. The X-ray data  are completed with the  
optical and micromorphological study. 

To be published in Acta Cryst. 

6.17. The s tructure  of calycanthine .  By T. A. I-IAMo~ & 
J. MONTEATH ROBERTSON, AND IN :PA_I~T H. N. SHl~IVA- 
STAVA & J. V. SILVERTON, Chemistry Department, The 
University, Glasgow W. 2, Scotland. 
The structure of the alkaloid calycanthine C2~H~eN 4 

has been determined by means of a 3-dimensional X-ray 
analysis of the dihydrobromide d ihydra te  

C2~H2sN4Br 2. 2 H20 . 

The crystals are orthorhombic,  

a=9 .61 ,  b=14.13,  c=16"97 A ,  

space group P212121 wi th  four molecules per uni t  cell. 
The positions of the bromine atoms were found from the 
sharpened Pat terson synthesis and the Fourier synthesis 
based on the heavy a tom phases enabled 15 of the 28 light 
atoms (C, N and O) to be placed. In succeeding Fourier 
syntheses the remaining atoms could be placed and their  
coordinates refined. Fur ther  ref inement  by least-squares 
using anisotropic tempera ture  factors has reduced the  
discrepancy over the 2111 observed planes to about  11%. 

A prel iminary account of this work has been published 
in Proc. Chem. Soc., 1960, pages 78-80. 

6.18. The  s tructure  of d l -a lphaprodine  hydrochlo-  
ride, and the absolute  conf igurat ion of codeine  
hydrobromide  dihydrate.  By G. KA~THA,* F. R. 
AHMED & W.H. BARNES, Pure Physics Division, Natio- 
nal Research Council, Ottawa, Canada. 
The structure of dl-alphaprodine hydrochloride 

(dl-a- 1 : 3-dimethyl-4-phenyl-4-propionoxy piperidine) 

has been determined by the isomorphous replacement  
me thod  with the aid of data  for the hydrobromide.  I t  has 
been refined by three-dimensional Fourier and differential 
syntheses. The stereochemical configuration found for the 
alphaprodine molecule agrees with tha t  of one of four 

* National Research Council Postdoctorate Fellow, now 
at Rosewell Park Memorial Institute, Buffalo, N.Y., U.S.A. 
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possible isomers and confirms t h a t  proposed b y  Recke t t  
and  co-workers (Chem. & Ind. (1959), 19) on confor- 
mat iona l  and other grounds. The piperidine ring has  the 
chair  form wi th  the phenyl  ring equatorial  and the 
propionoxy chain axial, the  me thy l  group on C(3) is trans 
to the pheny l  ring on C(4). The phenyl  ring is definitely 
planar .  

The s t ructure  of codeine hydrobromide  d ihydra te  
(ClsH21OsN.I4Br.2 t t20),  previously determined in this 
labora tory  from two-dimensional  projections, has been 
refined b y  four cycles of differential syntheses,  including 
correction for finite summation,  wi th  the use of a complete 
set  (Cu radiation) of three-dimensional  in tens i ty  data.  
For  de terminat ion  of the absolute configuration of the 
codeine molecule, the intensit ies I(hkl) and I(hkl) have  
been remeasured more accurately on a Geiger-counter 
spectrogoniometer for over 100 low-order reflections. The 
corresponding s t ructure  factors have been calculated for 
the refined structure,  wi th  the hydrogen atoms assumed 
to be in their  theoretical  positions, and have been cor- 
rected for the anisotropic vibrat ion and anomalous scat- 
ter ing of the bromine atom. The differences in the cal- 
culated s t ructure  factors for twenty-f ive  (hkl) and (hkl) 
reflections agree in direction and approximate  magni tude  
wi th  those observed, thus  uniquely  establishing the 
absolute configuration. 

A paper  on 'The Crystal  and Molecular Structure of 
dl-Alphaprodine Hydrochlor ide '  is in Press, Acta Cryst., 
1960; a paper  on the ref inement  of the s t ructure  of codeine 
hydrobromide  d ihydra te  and the absolute configuration 
of the codeine molecule probably  will be submit ted  to the 
same journal .  

6.19. D i e  S t r u k t u r a n a l y s e  y o n  P h y l l o c h l o r i n e s t e r .  
Von W. HOPPE & G. WILL, Abteilungfi~r RSntgenstruk. 
turforschung am Max-Planclc-Institut fi2r Eiweiss- und 
JLederforschung, Miinchen 2, Deutshla~d. 

Phyllochlorinester ,  C33I-I3sN40~, 

CH2 
H 

CH3~ j C H  C H 3 ~ . _ _ . / C ~ H 5  

CH H H CH 

CH. / , 
, / ~  CH~ / \ 
H H CH~ H CH3 

i 
CH2 

COOCH 3 

ist  ein Chlorophyllderivat ,  in welchem irn wesentl ichen 
der ftir die Kris tal l isat ion ungiinstige und sterisch un- 
interessante Phyto l res t  abgespalten ist (unter Erha l t  der 
sterischen Konfigurat ion des porphyrin~thnlichen Ringes 
mi t  seinen beiden asymmetr ischen C-Atomen). Die Struk- 
turaufkl~irung dieses schweratomfreien Kristal ls  ermSg- 
l ichte eine Erprobung  der yon uns entwickel ten neuen 
Methoden (diffuse Streuung, Fal tmolekti lmethode) an  

einem komplizierten Problem:  I)er Kris ta l l  ist azentr isch 
und  enth~l t  39 leichte Atome in der asymmetr i schen  
Einhe i t ;  er ist die atomreichste  azentrische Leichtatom- 
s t ruktur ,  die bisher gelSst wurde. 

Phyllochlorinester  kristall isiert  monoklin C~-P21, 

a -- 12,23, b = 14,82, c - 7,87 /~, fl = 94 ° 59', 
D=1,206  , Z = 2 .  

Aufnahmen der diffusen Streuung urn [010] und  urn 
die Normale der Molekfilebene (eine irrat ionale R ich tung  
im Kristall) ,  (W. Hoppe,  Z. Kristallogr. (1957), 108, 335), 
ges ta t te ten  dutch  Vergleich mi t  der gerechneten Fourier- 
t ransformier ten des Porphyr inr inges  die E rmi t t l ung  der  
Lage der Porphyr inr ingebenen  (mit einer Neigung gegen 
(001) yon 28 °) sowie die Orient ierung der Ringe  in ihrer 
Ebene.  

Pa t te rsonpro jek t ionen  auf (010) und (001) best~itigten 
die Ergebnisse der diffusen Streuung und  ges ta t te ten  
dari iber h inaus  durch Anwendung der Faltmolekii l-  
methode  (W. :Hoppe, Z. Ele]ctrochem. (1957), 61, 1076) 
in der Pro jekt ion  auf (001) eine weitere Kontrol le  der 
Orientierung der Molekiile. Mit Hilfe der gemischtindizier- 
ten Faltmolekfile konnten  schliesslich auch die Transla- 
t ionsparameter  eindeutig ermit te l t  werden. 

I)urch Four iersynthesen in den Projekt ionen auf (010) 
und (001) wl,rden diese Strukturvorschl~ige gepriift,  
wobei anfangs (bes. in (001)) der aus den obigen Unter-  
suchungen in seiner Lage und Orient ierung bekann te  
Porphyr inr ing  zur Berechnung der Phasen  herangezogen 
wltrde und somit  die Aufgabe eines Schweratoms fiber- 
nahm.  In  sukzessiven Four iersynthesen wurden die Koor- 
d inaten  des Ringes verbessert  und die am Ring  un- 
mi t te lbar  angreifenden Sei tenket tenatome festgelegt. Zur 
For t f i ihrung der S t ruk turun te rsuchung  wurden drei- 
dimensionale Four iersynthesen  gerechnet.  Auch hier 
wurde in der ersten Synthese  der Ring  als 'Schweratom'  
in die Rechnung  eingegeben und in iiblicher Weise in 
sukzessiven Synthesen die weiteren Atome der Seiten- 
ke t ten  lokalisiert. 

To be published in Acta Cryst. or Z. Kristallogr. 

6.20. O n  t h e  s t r u c t u r e  o f  ' s a m a n d a r i n '  a n  a l k a l o i d  
c o n t a i n i n g  a n  o x a z o l i d i n e  s y s t e m .  B y  G. W~,ITZ & 
E. WOLFEL, Eduard-Z,ntl-Institut, Yechnisehe Hoch. 
schule Darmstadt, Darmstadt, Deutschland. 
Samandarin (C19HsIO21q) is the main alkaloid in the 

poison of the salamander. Its structure is of interest 
because it is the only alkaloid so far known in animals. 
The investigation of the structure by chemical and 
spectroscopical methods has been carried out by C. 
Sch6pf and collaborators. From this work it was prob- 
able, that it has a sterine-type structure containing an 
oxazolidine system. The I-ICI, HBr and HJ-salts were 
found to be most suitable for X-ray work. They crystal- 
lize with  1 methanol .  (Space group P21 with  2 molecules 
in the un i t  cell.) There are different modifications and 
i t  turned out  to be difficult to grow the metas tab le  
monoclinic modification. After a short  t ime the mono- 
clinic crystals  become triclinic. The position of the heavy  
a tom has been derived from a Pa t te rson  project ion of 
the H J-sal t .  Taking the same position for the Br- ,  the  
signs for the Fourier  project ion were derived. The first  
projection showed 19 maxima.  The isotypic replacement  
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technique did not  lead to straightforward results a l though 
the structures of the 3 salts seemed to be isotypic. 

After  7 cycles plausible x and z parameters  of all 
C-, N- and  O-atoms were derived of HBr.  Several dif- 
ference Fouriers have been calculated to improve the  
atomic positions. 

A similar t r ea tmen t  has been under taken  with the H J  
which showed slightly different atomic position. Wi th  
suitable thermal  parameters  of the different atoms a 
reliability factor of ~ 0,25 was reached. With  the help 
of the  x and z coordinates a three-dimensional  model  of 
the  molecule was constructed.  By shifting the molecule 
against  the  heavy  a tom olJtimal mutual  positions were 
found where the best agreement  between observed and 
calculated structure factors was reached. With  the atomic 
posit ion (except of methanol)  the phases were deter- 
mined  and a three-dimensional  Fourier  synthesis was 
calculated on the IBM 650 which confirmed our model  
and showed the methanol  y-positions approximately.  
Fur ther  Fourier  synthesis and ref inement  procedures on 
the IBM 650 and the  IBM 704 are planed. We hope to 
have the  ref inement  completed to a certain until  the 
Cambridge meeting.  

6.21. The  s tructure  of m e n t h y l  t r i m e t h y l a m m o n i u m  
iodide.  By E. J.  G~_BE & D. F. GRANT, Viriamu Jones 
Laboratory, University College, Cardiff, Wales. 
Menthyl  t r ime thy lammonium iodide (C13H,sNI) crys- 

tallizes in the space group P212121 with 

a=8 .4 ,  b=12-4,  c=15 .0  A, Z=4,  ~ = 1 7 8  cm. -1. 

Two-dimensional methods  were used to locate the iodine 
atom, but  were unsuccessful in solving the structure. 

Three-dimensional  data  were collected with a spherical 
crystal and absorption corrections applied. These data  

the phases used being those of the iodine a tom alone. 
A vector-convergence map was also calculated from a 
three-dimensional sharpened Patterson. The positions of 
five of the fourteen light atoms were found by comparing 
these two maps, and a second Fourier was calculated 
with the phases of these five atoms and the iodine atom. 
Successive calculations of this kind ultimately yielded 
the structure and refinement along these lines is proceed- 
ing. The R 0 value is 15 % at present. 

At the moment it appears that the six-membered ring 
is boat-shaped though badly buckled, and the three 
substituents, the trimethylammonium, isopropyl and 
methyl groups, are equatorial. The configuration adopted 
is such that the three carbons of the trimethylammonium 
group are approximately equidistant from the iodine ion 
at about 4.2/i. 

Full account will appear in Acta Cryst. 

a=13.40, b- - l l . 60 ,  c=8-86 A, Z = 4 .  

A three-dimensional  crystal s tructure analysis has been 
carried out  using the  heavy a tom me thod  of phase 
determinat ion.  The lighter atoms were all revealed in the  
initial Fourier synthesis and theh" positions refined by two 
successive Fourier cycles. Subsequent  ref inement  was by  
three cycles of differential synthesis and finally by the  
me thod  of least-squares, with anisotropic thermal  para- 
meters  for the bromine a tom only. 

The molecular structure and stereochemistry obtained 
(I) completely confirm the brilliant deductions by Con- 
roy (J. Amer. Chem. Soc. 79, 1726) which were based 
on degradat ion studies and were later supported by con- 
formational analysis. 

CH CH2~ 

Cbl3 O" 

c 

0 o 

Br 

To be submit ted  to Acta Cryst. 

6.23. Cevine hydroiodide,  C27H4~NOs.HI. By W. T. 
EELES, Viriamu Jones Laboratory, University College, 
Ca~'dif[, Watch, 
Cevine is a vera t rum alkaloid which has been the  

subject of extensive chemical studies. I t  was suggested 
by W. A. Jacobs & S. W. Pelletier (J. Org. Chem. (1953), 
18, 765) tha t  the skeleton of the molecule is a fused ring 
system consisting of one pentacyclic ring and five hexa- 
cyclic rings. Subsequently the way in which this skeleton 
could accommodate  three methy l  groups, seven hydroxyl  
groups and one etheric oxygen was propounded by 
D. H. R. Barton,  O. Jaeger,  V. Prelog & R. B. Wood- 
ward (Experientia (1954), X,S ,  81). An X-ray deter- 
ruination of the crystal structure of the hydroiodide is 
in progress and has reached a degree of ref inement  
sufficient to const i tute confirmation of the formula given 
in D. H. R. Barton,  O. Jaeger,  V. Prelog & R. B. Wood- 
ward, Experientia (1954), X ,3 ,  81. 

Subsequent  publication likely to be hi Acta Cryst. 

6.22. The  crystal  s tructure  of ~ l -bromopicro tox in in .  
By B. M. CRAVEN, Crystallography Laboratory, Univer- 
sity of Pittsburgh, Penna, U.S.A. 
al-Bromopicrotoxinin (C15HlsO6Br) is one of a number  

of halogen subst i tuted derivatives of picrotoxinin, whose 
crystal da ta  have previously been reported (B. M. Craven, 
Acta Cryst. (1959), 12, 254). 

The present  compound is orthorhombic P2~2121, 

6.24. Structural  s tudies  of derivat ives  of natural  
products .  By S. A~NOTT, A. W. DAVrE, G. FEI~GUSON, 
C. J. FRITCHIE, G. H. MCCALLUM, J.  M. ROBERTSON, 
G. A. SIM & D. G. WATSON, Chemistry Department, The 
University, Glasgow W. 2, Scotland. 
The crystal structures of a number  of derivatives of 

natural  products have been elucidated by means  of 
three-dimensional  Pat terson and electron-density syn- 
theses. 
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In  the case of ser ine-0-phosphate  the molecule has the  
zwitterionie structure usual with amino acids, but  with 
the  negat ive pole on the phosphoric, ra ther  than  the 
carboxylic group. Connecting the  molecules there is an 
interest ing complex of hydrogen bonds, one of which is 
ra ther  short (2.47 A). 

By the de terminat ion  of the  crystal s tructure of epi- 
l imonol iodoacetate,  limonin, C26H300s, the bi t ter  prin- 
ciple of cit, rus fruits, has been shown to be a highly 
oxygenated  t r i terpenoid related to euphol. The analysis 
was complicated by the  presence of two independent  
molecules in the asymmetr ic  unit,  necessitat ing the 
location of 76 atoms other than  hydrogen.  

The stereochemistry of 2-chloro-2-nitroso-10-bromo- 
camphane  has been determined.  The chlorine a tom is 
found to be in a cis-configuration with respect to the  
bridge. 

6.25. T h e  c r y s t a l  s t r u c t u r e  of caroto l .  By ALLAN 
LfNEK, Institute of Technical Physics, Czech. Acad. Sci., 
Praha, Czechoslovakia. 
The behaviour  of carotol was in contradict ion with 

the generally accepted chemical formula. We t r ied par- 
allel with chemical investigations, to revise this formula 
by X-ray crystal s tructure methods.  

The diffraction da ta  were received of a bromine deriva- 
t ive of carotol. The Br atoms were located from Patter-  
son projections and electron-density projections into the 
basal planes were obtained after a number  of trial 
experimen ts. 

The bromine derivate of carotol crystallizes in ortho- 
rhombic system. The space group is P212121 and there 
are 4 molecules in the uni t  cell. The lattice parameters  are 

a--6.37,  c=10.71,  b=23.49 A .  

The chemical formula derived from crystal structure 
data  differs substantial ly from the chemical formula so 
far used. 

To be published in Czech. Journ. Phys. 

6.26. C r y s t a l  data  of r e t a m i n e  and  i t s  c h l o r i d e  and  
b r o m i d e .  By iV[. FONT-ALTABA &; L. 1V[IRAVITLLES, 
Av. Josd Antonio, 758, Barcelona, Spain. 
A complete s tudy of the crystallographic properties of 

re tamine  and its chloride and bromide is carried out. 
The powder diagram of these compounds is obtained by 
a quadruple  camera of focalization of the  type Guinier-  
De Wolff, and are wholly interpretated.  The lattice con- 
s tants  and the space group are deduced from the Weissen- 
berg diagrams. The X-ray data  are completed wi th  the  
optical and micromorphological  study. 

To be published in Acta Cryst. 

6"27. S t r u c t u r e s  of m e d i u m - s i z e d  a l i p h a t i c  rin~, 
c o m p o u n d s .  By EFFI HUBER-BUSER, 1~. F. BRYAN, 
J .  D. DUNITZ, H. C. I-'~EZ (% H. iV[. iV[. SHEAP.ER, Labora. 
torium fi~r organische Chemic, Eidg. Technische Hoch- 
schule, Zi~rich, Switzerland. 
The determinat ion of the structures of the medium- 

sized alkanes, CnH2n(n, 7-12) and of their  derivatives is 
necessary for the interpreta t ion of the  characteristic 
chemical reactions and thermochemical  properties of 

these compounds.  Al though various physical methods  
have hi ther to  been applied to the problem, the mul t i tude  
of possible solutions is so great  (even assuming all C-C 
bond lengths and CFC-C angles to be fixed) tha t  definite 
structural  information is obtainable only from X-ray 
analysis of single crystals. 

We have begun a series of such studies. Since the 
hydrocarbons themselves have low mel t ing points and 
tend to form dk~ordered structures in the  solid state, 
we have examined a large number  of salts of amine- 
derivatives and of cyclopolymethylene-imines.  Most of 
these were unsuitable for more detailed investigation but  
we have succeeded in establishing the structures of 
the following compounds,  (i) cyclododecane (12-ring), 
(ii) 1,6-trans diaminocyclodecane 2 HC1 (10 ring), (iii) 
cyclononylamine HBr  (9-ring), (iv) azacyclooctane HBr  
(8-ring). The results may  be summarized as follows: 

I. No significant deviations from normal single-bond 
distances have  been observed. 

II .  The C-C-C valency angles tend  to be somewhat  
greater  than  tetrahedral .  

I I I .  The individual  molecular conformations have been 
obtained.  Mere they are given in terms of torsion angles 
(in degrees) about  successive bonds for each cycle 
(together with the approximate  point  symmetry) :  

12-ring +163 - 7 0  - 6 7  ÷155 - 6 8  - 6 9  ÷161 - 6 9  
- 6 8  ÷155 - 6 7  - 7 0  (422), 

10-ring +156 - 6 0  - 6 0  +64 +57 - 1 5 6  ÷60  ÷60  
- 6 4  - 5 7  (2/m), 

9-ring - 7 3  - 6 5  +67 ÷48  - 9 4  +86  - 1 0 4  +43 
+84  - 6 1  - 8 1  +78 +45 - 9 5  +95 - 1 0 4  
+26  +90  (two independent  molecules (1)), 

8-ring all about  90, a l ternat ively + and - 
(nearly regular crown, 82m). 

IV. The hydrogen positions can be inferred from the 
observed ring skeletons, assuming the four bonds from 
each carbon a tom to have 2/m(C2v) symmet ry  wi th  an 
appropriate  choice of H - C - H  angle. I t  is found tha t  in 
the 10- and 9-rings (which possess the highest  thermo- 
chemical strain energies) non-bonded H ' - "  H distances 
of about  1-8 J~ mus t  occur. In  the 12- and 8-rings, how- 
ever, where the strain is smaller, the shortest  H . . .  H 
distances are greater  than  2.0 A. I t  is seen tha t  the torsion 
angles tend to be close to either 60 ° (syn-skew) or 180 ° 
(anti-planar) except  in the  8-ring where impossibly short  
H • • • H distances would be produced by an all syn-skew 
arrangement .  

Full  length accounts in Helv. Chim. Acta. Some parts 
will probably be published before the  date  of the  Con- 
gress. 

6.28. X - r a y  a n a l y s i s  of s o m e  t r a n s i t i o n - m e t a l  c o m -  
p l e x e s  w i t h  u n s a t u r a t e d  h y d r o c a r b o n s .  B y  J. D. 
DUNITZ, H. C. MEZ, 0. S. MILLS, P. PAULING & H. ~¢I. M. 
SHEARER, Laboratorium fi~r organische Chemic, Eidg. 
Technische Hochschule, Zi~rich, Switzerland. 
(1) Cycloheptatr iene-molybdenum-tr icarbonyl ,  

is monoclinic, C"HsM°(C0)'~' 

a=13.42 ,  b=7.14,  c=12.28 A, fl=122.25 °, 

space group P21/a, Z = 4 .  An approximate  structure, 
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derived by  the heavy-a tom method,  has been refined by  
difference syntheses and least-squares analysis  to an R 
value of 0.06. An interesting feature of the ref inement  is 
t h a t  in spite of the presence of the molybdenum atom, 
the hydrogen contr ibutions to the electron densi ty  and 
to the s t ructure  factors are discernable. The molecule 
possesses an approximate  symmet ry  plane passing through 
the Mo, the CI-I 2 group of the ring, and one of the CO 
groups, the three carbonyls being arranged symmetri-  
cally on the opposite side of the meta l  a tom to the ring 
(No-C, 1.95 to 1.98 A, C-O, 1.15 to 1.19 A). In  the 
7-membered ring the pa t t e rn  of single and double bonds 
is clearly established from the observed C-C distances. 
The CH~ group deviates marked ly  (0.7 A) from the 
mean  plane of the other six atoms which are only roughly 
equidis tant  (2-3I to 2.46 A) from the meta l  atom. 

2. Crystals  of the te t ramethylcyclobutadiene-nickel  
dichloride complex, CsH12NiC12, obtained from benzene 
solution contain solvent of crystal l izat ion but  are stable 
for several days when enclosed in glass tubes. The mono- 
clinic crystals have 

a=12-72,  b=11.94,  c=8 .13  A, f l=103.0 °, 

space-group P2~/a, and contain 4 molecules of complex 
plus 2 molecules of benzene in the uni t  cell. The ap- 
proximate  s t ructure  was derived by  s tandard  methods  
and refined b y  least-squares analysis to an R factor of 
about  0-07. The molecule, as it exists in the crystal,  is 
a dimer, CsH12Ni2Cl~CsI-I12. Each  Ni a tom has, on one 
side, the four a toms of the eyclobutadiene ring (Ni-C, 
2-0I to 2-05 A), and on the other side 3 C1 neighbours, 
two shared wi th  the second Ni to form a 4-membered ring 
(Ni-C1, 2.35 A) and one unshared (Ni-C1, 2.26 A). The 
eyelobutadiene ring (C-C, 1.41 to 1.47 A) is p lanar  bu t  
the me thy l  groups (C--CH3, 1-48 to 1.53 A) are displaced 
outwards (i.e. away from the Ni atom) by 0.15 to 0.20 A, 
probably  as a result  of steric interference with  the C1 
atoms. The benzene rings Iie between, and approximate ly  
parallel to, pairs of CsHt2 groups belonging to different 
molecules and undergo a strong rotat ional  disorder in 
their  own planes. The bond distances in the complex are 
discussed. 

Full  length accounts in Helv. Chim. Acta. 

6.29. T h e  c r y s t a l  a n d  m o l e c u l a r  s t r u c t u r e  of 
Fe(CO)3(C6HsC~C6Hs)~. B y  R. P. DODOE & V. SCItO- 
~ATr~R, Union Carbide Research Institute, Tuxedo, New 
York, U.S.A. 
A series of iron carbonyl  acetylene derivatives has 

recently been synthesized (W. ttt ibel,  E. H.  Braye,  
A. Clauss, E.  Weiss, U. Kriierke, D. A. Brown, G. S. D. 
King  & C. Hoogzand,  J. Inert.  Nucl. Chem. (1959), 9, 
204; G. N. Schrauzer, J. Amer. Chem. Soc. (1959), 81, 
5307). Among these compounds a yellow crystal l ine 
substance having the formula Fe(Co)~(C6HsCsC6Hs)_~ was 
chosen for a s t ructure determinat ion by  X-ray  diffrac- 
tion. This compound is of interest  because of the pos- 
sibil i ty t h a t  i t  is in fact  te t raphenylcyclobutadiene  
stabilized by  complex formation (H. C. Longuet-Higgins 
& L. E. Orgel, J. Chem.Soc. (1956), p. 1969; D. A. Brown, 
J. Inert.  Nucl. Chem. (1959), 10, 39). 

The crystals,  k indly  supplied by  European Research 
Associates, are monoclinic with  

a0=8.93,  b0=18-73, c0=14.10 A, f l=92.6  °, 

four molecules per cell, and extinct ions corresponding to 
space group P2t/c. Diffraction da ta  were obtained by  the 
s ta t ionary  c rys ta l - s t a t ionary  counter  technique (T. C. 
Furnas,  Jr. ,  Single Crystal Orienter Instruction Manual, 
p. 81) using a General Electric XRD-5  spectrometer  
equipped with  single crystal  orienter and scinti l lat ion 
counter.  A total  of 2306 reflections were measured wi th  
a Me Ka source. Special precautions were taken  to insure 
t ha t  intensit ies measured at  the rate  of 500 per  day  
would main ta in  good accuracy. 

The three-dimensional Pa t te r son  
function clearly indicated the 
correct F e - F e  vectors in the uni t  
cell. A three-dimensional superposi- 
t ion was based on the Fe position 
and the min imum function was 
plot ted.  All bu t  two carbon atoms 
were located wi th  good accuracy. 
The s t ructure  determinat ion was 
completed by  use of electron- 
densi ty  Fouriers and least squares. 
The s t ructure  is pictured in Fig. 1. 

Publ icat ion to appear  in Acta Cryst. 

Fe 
/ 1 \  

C C C 
0 0 0 

Fig. 1 

6-30. T h e  c r y s t a l  a n d  m o l e c u l a r  s t r u c t u r e s  of [3-3] 
p a r a c y c l o p h a n e  a n d  r e l a t e d  s u b s t a n c e s . *  By P. K. 
G~_NTZEL, C. L. COULTER & I~. N. T~UEBLOOD, Depart- 
ment of Chemistry, University of California, Los Angeles 
24, California, U.S.A. 
The paracyclophanes are molecules in which two 

benzene rings are joined in the para position by  bridges 
of methylene  groups so as to form one large ring. The 
general formula is thus (CHe)m (C6H4)2(CHe)n. The struc- 
tures of the [2.2]-compound (re=n=2) and the corre- 
sponding meta derivat ive were determined by C. J .  Brown 
(J. Chem. Soc. (1953), p. 3265, 3278) and have  been 
fur ther  refined by  us. Lonsd01e & Milledge have in- 
dependent ly  refined the s t ructure of [2.2] paracyclo- 
phane using new da ta  (private communication).  We have  
previously reported (American Crystallographic Associa- 
t ion Meeting, I thaca ,  Ju ly  1959) the s t ructure  of the 
di-olefin of [2-2] paracyclophane.  

The s t ructure  of [3.3] paracyclophane has now been 
determined.  This compound forms crystals of space group 
P2t/n, with 

a=9.715_+0.01, b=8.138_+0-01, c = 8 . 5 2 4 ± 0 . 0 1  A ,  

fl=90-69 +0.03 ° , Z = 2 .  

Because the molecules are necessarily centrosymmetr ie  
and are of approximate ly  lmown shape, only two vectors 
are needed to locate eight of the nine carbon atoms in 
the asymmetr ic  unit .  Ten peaks from a sharpened three- 
dimensional Pat terson were used to obtain the directions 
of these two vectors. An observed Fourier  map revealed 
the position of the n in th  carbon atom. After least-squares 
refinement,  a difference synthesis  indicated reasonable 
positions for all hydrogens.  If  the fifteen strongest  inten- 
sities are omitted,  R is 8.2%. 

* This work was supported in part by United States Air 
Force under Contract No. AF 49 (638)-819, monitored by the 
AF Office of Scientific Research of the Air Research and 
Development Command. 
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The intramolecular  non-bonded distances between the 
rings are (a) 3.29 and (b) 3-13 A. The benzene rings are 
displaced parallel to one another  (in directions A and B), 
are folded slightly about  an axis parallel to the long 
direction of the molecule (B), and are bowed 6.4 ° at  
each end. The average values of the  angles within the 
aromatic rings are 116.8 + 0-4 ° at  the atoms to which the 
methy lene  bridges are joined and 121-3 + 0.4 ° at  the other 
four atoms. Before corrections for thermal  vibration, the 
average aromatic C-C bond distance is 1.386 +_0.004 A, 
the average single bond distances are 1.506 (bond d) and 
1.530 +_ 0.005 A (bond c). The bond angles in the bridges 
are: a, 113.5; fl, 117.2; and y, 115.8. The corresponding 
dihedral  angles are 65 ° and 70 ° . 

A detai led comparison is made  of the geometries of 
these different molecules, and in part icular  of the dis- 
tortions in both the  aromatic rings and the aliphatic 
bridges. 

To be submi t ted  to Acta Cryst. 

6.31. The  crystal  s tructure  of 4 ,4 ' -b ipyr idy l -d ihy-  
drobromide .  By B. MJ~STV-EOT, Institutt for teoretisk 
Kjemi, Norges Tekniske Hogskole, Trondheim, Norway. 
During the last ten years the Oslo school has carried 

out  electron diffraction studies of a number  of molecules 
consisting of equal conjugated rings connected by C-C 
bridges, e.g. biphenyl,  bithieny], bipyridy]. These deter- 
minat ions of the steric conditions of the molecules in the 
gaseous state showed tha t  some freedom of rotat ion 
around the C-C bridge usually exists. The mean  orienta- 
tions of the rings deviate  from coplanarity.  

The aim now was to invest igate the  steric conditions 
for the  same and similar molecules in the crystalline state. 
As a par t  of this work the de terminat ion  of the  crystal 
s tructure of some bipyridyls '  salts is carried out, including 
the  crystal and molecular s tructure of 4,4'-bipyridyl- 
dihydro-bromide.  

The structure of 2,2'-bipyridyl is already solved by 
L. Merrit et al., and shows the planar i ty  of this molecule. 

For 4,4 ' -bipyridyl-dihydrobromide following da ta  are 
given:  Space group P1. 

The uni t  cell contains 1 molecule. 
To show the cen t rosymmetry  of the crystal the me thod  

for intensi ty  distr ibution of A. J.  C. Wilson, modified 
by G. A. Sim for crystals containing heavy atoms, was 
used. 
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The structure has been solved by  means of electron- 
densi ty  projections and least-squares refinements.  

To be published in Acta Chem. Scand. 

6.32. The  s tructure  of s t r o n t i u m  caprylate  hydrate .  
By E. STAh%EY, Physics Department, College of Science 
and Technology, Manchester 1, England. 
Stront ium caprylate hydra te  crystallizes from aqueous 

solution in the form of very fragile plates. All crystals 
examined were twins. The unit  cell is triclinic wi th  

a=4 .7 ,  b=8.0, c---25.8 A, a = 9 4  °, f l=91 °, y = 1 0 0  o, 

two molecules per uni t  cell. The space group has been 
assumed to be P1. 

The position of the  s t ront ium a tom was de termined 
from Pat terson syntheses of the  [100] and [010] projec- 
tions. Both  projections have been refined by Fourier  and 
difference methods  to R = 0.16. The ]1001 projection has 
apparent ,  non-crystallographic, symmet ry  about  the lines 
perpendicular  to the b-axis through I, 0 and ~, 0. The 
[010] projection has apparent  symmet ry  pgm (fl*--90). 

The s t ront ium and oxygen atoms form a crumpled 
two-dimensional  pa t te rn  of ionic bonding in (001) plane 
with the hydrocarbon chains perpendicular  to this plane. 
The hydrocarbon chains appear to be vibrating, per- 
pendicular  to their  own planes, about  the  carboxylic 
group which is more or less stat ionary.  

6.33. The crystal  s tructures  of n - p e n t a n e ,  n - h e x a n e ,  
n-heptane ,  and n-oc tane .  By N. NORMAN & H. MA- 
THISE~, Central Institute for Industrial Research, Blin- 
dern, Oslo, Norway. 
The crystal structures of the four normal  hydro- 

carbons n-pentane,  n-hexane,  n-heptane,  and n-octane 
have been de termined using single crystal X-ray tech- 
niques. The single crystals were grown in thin capillaries 
of boron- l i th i tun glass and main ta ined  at  temperatures  
well below their  mel t ing  points during the  exposures. 
The materials  used were of high puri ty,  ranging from 
99.63 _+ 0.18 to 99.88 _+ 0-06%. Rota t ion  and equi-inclina- 
tion Weissenberg diagrams about  the a-axis were ob- 
tained. The reciprocal parameters  b*, c*, and a* were 
de termined from (Okl) Debye-Scherrer  pa t terns  by the 
me thod  of least squares. The crystal data  are (N--- 
number  of C-atoms in the molecule; n = n u m b e r  of mole- 
cules in the  unit-cell). 

-h r Space group n a b c c~ fl y 

5 Pbc2~ 4 4.10 9.04 14.70 90 ° 90 ° 90 ° 
6 P i  1 4.19 4.75 8.62 97.0 ° 85.6 ° 105.0 ° 
7 P1 2 4.18 4.75 20.16 93.1 ° 94.9 ° 106.2 ° 
8 -Pl 1 4.16 4.75 11.00 94.8 ° 84.5 ° 105.1 ° 

The crystal structures have been solved by two- 
dimensional Patterson, electron density and generalized 
projections and refined by means of two-dimensional 
difference syntheses and the method of least squares. 
The structures of both n-pentane and n-heptane are 
principally different from the structures of the higher 
odd numbered members of the n-hydrocarbon series, 
whereas crystals of n-hexane and n-octane are iso- 
structural with for instance n-octadecane and n-eicosane. 

Likely to be published in Acta Cryst. 
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6.34. Refinement of the stucture of hexamethylene- 
b i s p r o p i o n a m i d e  ( H M B P A ) .  By L. H. JENSEN, De- 
partment of Anatomy, University of Washington, Seattle 5, 
Washington, U.S.A. 
The s t ruc ture  of H M B P A  (Acta Cryst. (1957), 10, 528) 

has been refined from three-dimensional  X- ray  diffrac- 
t ion da ta  in an invest igat ion of the short  C-C bonds in 
the  chain of the  molecule. 

Unid imens ional ly  in tegra ted  photometr ic  Weissenberg 
da t a  were collected from a single cylindrical crystal  0"15 
ram. in d iameter .  The cyl inder  axis was b and da ta  
complete  th rough  the level wi th  ]c = 4 were collected. 

Calculation of the observed s t ructure  factors wi th  an 
overall isotropic t empera tu re  factor and coordinates from 
the projections resul ted in a reliabili ty index, R, of 19.3 %. 
Three ref inement  cycles including individual  a tom anise- 
tropic thermal  parameters  reduced R to 9.4%. 

The direction of m a x i m u m  thermal  mot ion is in a plane 
perpendicular  to the axis of the  molecule and for most  
of the atoms makes  an angle of about  8 ° wi th  (010). 
If  the thermal  anisotropy is in terpre ted  in terms of 
molecular  oscillation about  an  axis in the plane of the 
molecule, the  short  C-C bonds in the chain are accounted  
for. 

A difference map  a t  the present  stage of ref inement  
indicates appreciable positive electron densi ty  running  
down the backbone of the chain, and it is apparen t  t ha t  
it cannot  be accounted  for on the basis of an exponential  
t empera tu re  factor. I t  is probably  due in part ,  a t  least, 
to bonding electrons. 

The full length paper  will be submi t ted  to Acta Cryst. 

6-35. S o m e  r e c e n t  s t r u c t u r e  d e t e r m i n a t i o n s  of  l o n g -  
c h a i n  c o m p o u n d s .  B y  S. ABRA~_~SSO~, S. ALEBY, 
G. L~msso~, K.  LA~SSON, I. RYDERSTEDT-NAH-RING- 
BA~ER & E.  v o ~  SYDOW, Institute of Chemistry, Univer- 
sity of Uppsala, Sweden. 
At present  work is in progress on unsa tu ra t ed  fa t ty  

acids, branched-chain  fa t ty  acids, alcohols, simple esters 
and glyeerides. 

Oleie acid crystallizes from acetone at  - 14 °C. at  least 
in two polymorphic  modifications.  The s t ruc ture  of one 
of these has been de te rmined  to consist of V-shaped 
molecules. The bending takes place at  the double bond 
and the angle between the two chain parts  is 109 ° . The 
side packing of these parts  deviates from earlier known 
chain arrangements .  

E t h y l  s teara te  exists in two modifications.  The fl-form 
has the  chain axes t i l ted towards the end group planes 
and has a s t ructure  closely related to the earlier deter- 
mined  s t ruc ture  of me thy l  s tearate  except  t ha t  no 
dimerizat ion occurs. The carbon chains pack in the 
common or thorhombie  way  (0_l_). 

The racemic l-monoglycerides show five crystal  forms. 
Two of these, fll and f12, have  common s t ructural  features. 
The molecules of the fl~-form are t i l ted towards the end 
group planes and are parallel in monomolecular  layers. 
Adjacen t  layers have  opposite tilt  of the chain axes. 
This is also the case in the fl,-form, bu t  here the layers 
are two molecules thick. The ill-form has the same chain 
packing as the fie-form. 

The optically active l-monoglycerides exist in four 

S T R U C T U R E S  

polymorphic  forms. Crystallization from solvents gives rise 
to two stable modifications,  both with the or thorhombic  
chain packing O_k. 

6.36. S t r u c t u r e  a n d  t h e r m a l  v i b r a t i o n  of  t h e  p - d i -  
c h l o r o b e n z e n e  a t  r o o m  t e m p e r a t u r e .  By CA~Lo 
PANATTONI, EDOARDO FI~ASSON, CARMT~E GARBUGLIO 
& SILVIO BEZZI, Centre di Strutturistica Chimica del 
C.N.R. and Istituto di chimica organica dell' Universita', 
Padova, ltaly. 
The s t ructure  of the monoclinic form of p-dichloro- 

benzene at  room tempera tu re  has been de termined with 
the same crystals, the  same experimental  and ref inement  
technique which has been used for the de te rmina t ion  of 
the s t ructure  at  - 1 4 0  °C. (E. Frasson, C. Carbuglio & 
S. Bezzi, Acta Cryst. (1959), 12, 126). 

This work has confirmed the geometrical  regular i ty  of 
the benzene ring which has been noted  by U. Croatto,  
S. Bezzi & E. Bua  (Acta Cryst. (1952), 5, 825). On the  
cont ra ry  in the triclinic form studied by  J .  Hous ty  & 
J.  Clastre (Acta Cryst. (1958), 10, 695) the hexagon is 
very  dis torted and  the molecule is not  planar.  

In  the three recent  determinat ions  of the s t ruc ture  of 
this compound the molecule of p-dichloro-benzene ap- 
pears to have  anisotropic oscillations. The directions of 
maximum vibration in the two determinations on the 
monoclinie form are very different. At -140 °C. the 
molecule vibrates around an axis which crosses the 
molecular centre and the two bonds C-C of the benzene 
ring parallel to the direction CI-Cl. At room temperature 
the molecule vibrates around an axis perpendicular to 
the molecular plane. This last vibration type has been 
noted also in the triclinic structure. Such vibration 
facilitates the transfer of the molecule from the packing 
which is caracteristie of the monoclinic form to the pack- 
ing caracteristic of the triclinic form or vice versa. 

This note  will be sent to the Gazz. Chim. Ital. for ex- 
tensive publication.  

6.37. T h e  c r y s t a l  a n d  m o l e c u l a r  s t r u c t u r e s  of  s o m e  
o v e r c r o w d e d  h a l o g e n a t e d  c o m p o u n d s .  B y  G. GAF- 
NER • F.  H.  HERBSTEIN, National Physical Research 
Laboratory, South African Council for Scientific and 
Industrial Research, Pretoria, South Africa. 
A systemat ic  s tudy  is being made  of molecules in 

which the overcrowded atoms are halogens in order to 
obtain information about  the molecular  shapes and the 
interactions among the various halogen atoms. Da ta  have  
been obtained ~or nine different crystals (fl- and 7-1:2- 
4: 5- te t rabromobenzene ; 1 : 1 molecular  compound of 1 : 2- 
4 : 5- te t rabromobenzene and hexabromobenzene;  1 : 4: 5 : 8- 
te t rachloronaphtha lene ;  oc tachloronaphthalene;  hexa- 
bromobenzene;  chloranil;  a- and f l - l :2-4:5- te t rachloro-  
benzene) (G. Gafner & F. H.  Herbstein,  Acta Cryst. (1960), 
in the  press). The s t ructures  of the first four crystals 
have  been determined.  

The crystal  s t ructure  of f l -1:2-4:5- te t rabromobenzene 
(the po lymorph  stable at  room tempera ture)  has been 
de te rmined  by a three-dimensionM least-squares analysis, 
using separate  bu t  isotropic t empera tu re  factors for 
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individual  C and Br a toms (G. Gafner & F.  H.  Herbste in ,  
Aeta Cryst. (1960), in the press). The molecules are p lanar  
to wi th in  the accuracy  of the  measurements ;  the dis- 
tance  be tween  ad jacen t  bromine atoms is 3.377 _+ 0.004/~, 
an  increase of N 0.08 A over t ha t  in the  hypothe t ica l  
regular  molecule. An approximate  calculat ion has been 
made,  using publ ished van  der Waals  functions,  of the 
conformations expected for 1 : 2- 4: 5 - t e t raha logena ted  
benzenes.  A general  survey of available results for poly- 
chlor inated and po lybromina ted  benzenes leads to the  
conclusion t ha t  these molecules are p lanar  in the solid 
s ta te  bu t  the s i tuat ion in the fluid states is still uncer ta in .  
The molecular  a r r angement  and  twinning in fl-1:2-4:5- 
t e t rabromobenzene  is discussed. 7-1 : 2-4: 5-tetrabromo- 
benzene (stable above 46 °C.) has a crystal  s t ruc ture  
closely related to t ha t  of the  fl-polymorph. 

The s t ruc ture  of 1 : 4: 5 : 8- te t rachloronaphthalene  has 
been solved using the three-dimensional  Pa t t e r son  func- 
tion, and  is being refined by  three-dimensional  least- 
squares methods .  The molecule has s y m m e t r y  C2-2 and 
is considerably dis tor ted from a regular  and planar  model.  
The dis tance be tween  ad jacen t  chlorine a toms is in- 
creased to ~-~ 3.0 /~, compared  to 2.4 /~ for the  regular  
model .  This increase is accomplished by  bending the  
C-C1 bonds up and down out  of the mean  molecular  plane 
and  also splaying t hem apart .  Deviat ions from p lanar i ty  
are also apparen t  in the  aromat ic  ring system. 

The 1 : 1 molecular  compound  of hexabromobenzene  
and  1 : 2-4: 5- te t rabromobenzene was found as small 
amounts  of a separate  crystal l ine phase in a commercial  
sample of the  la t ter  compound.  I t s  composit ion was 
de te rmined  by  a combinat ion  of infra-red and  crystallo- 
graphic techniques  and  its s t ruc ture  has been worked out  
by  Pa t t e r son  and  Four ier  methods .  Crystals of the  
molecular  compound  exposed to the  air a t  room tem- 
pera ture  lose te t rabromobenzene  over a period of a few 
weeks, leaving behind a pseudo-single crystal  of hexa- 
bromobenzene  having a definite or ientat ion relat ionship 
to the original compound.  

P a r t  of this work has been accepted for publ icat ion 
in Acta Cryst. and  the  rest  will p robably  be submi t t ed  
to the  same journal .  

6.38. T h e  c r y s t a l  and  m o l e c u l a r  s t r u c t u r e s  of t w o  
i s o m e r i c  m e t h y l -  1 : 2 - b e n z a n t h r a q u i n o n e s .  B y  1%. 
P. FERRrER & J.  IBALL, Chemistry Department, Queen's 
College, Dundee, Scotland. 
Three-dimensional  methods  have  been used in deter-  

mining the  s t ruc ture  of 5-methyl-  and  2 ' -me thy l - l : 2 -  
benzanthraquinones .  The uni t  cells are respectively,  or- 
thorhombie  (P21/nb; a = 14-13, b =23-27, c = 3.94 A) and 
monoclinic (P21; a=20 .67 ,  b =4.06,  c = 7 . 7 7 / ~ ,  fl =90"8°). 
The s t ructures  were de te rmined  by  a combinat ion  of 
optical  t ransforms,  t r ia l -and-error  and  Pa t t e r son  syn- 
thesis. I n  the  ref inement ,  two-dimensional  Fourier  syn- 
thesis was followed by two dimensional  least-squares and 
then  by  three  dimensional  least-squares and  three- 
dimensional  difference Four ier  synthesis.  The bond 
lengths show some unexpec ted  variat ions and  over- 
crowding wi thin  the molecules results in them not  being 
planar.  

I t  is hoped to publish the full account  in Acta Cryst. 

6.39. S t r u c t u r e  du  v i o l u r a t e  d i h y d r a t ~  de  p o t a s s i u m .  
Par  HUGEES G I L L ~ ,  Laboratoire de Chimie Cristallo- 
graphique, Paris, 5 °, France. 
Withdrawn .  

6.40. S t r u c t u r e  de c o l o r a n t s  i n d i g o i d e s .  Par I-I~Li~r~ 
VON ELLER-PANDRAUD, Laboratoire de Chimie Cristallo- 
graphique, Paris 5 °, _France. 

(1) Structure de l'indirubine 
La s t ruc ture  de l ' indirubine,  d~termin6e par  essais et 

erreur,  a 6t6 pr~cis6e par  le calcul de project ions de 
densit~ dletronique, de s6ries difference bidimensionnelles 
et  de project ions g6n6ralis~es. Un  raf f inement  t r idimen- 
siormel par  la m6thode  des moindres  carr6s selon la pro- 
g rammat ion  X R 2  sur IBM 704 a fourni les coordonn6es 
a tomiques  d6finitives. L 'e r reur  maximale  sur les positions 

CH,. NH C~_.__N H 
CH l ' / ~ ~ C = C / . , ~  
CH u"~"~C C i I cH 

CH \\ CHLvJC H 
O CH 

atomiques  est infgrieure & 0,02 A. On a pu me t t r e  en 
~vidence la l~g6re configurat ion en V de la mol6cule, 
l 'agitat ion the rmique  croissante & par t i r  de la liaison 
m~diane 6thyl~nique vers les extr~mitgs des deux demi- 
molecules, le raccourcissement  des liaisons entre  chacun 
des atomes d 'azote  et les deux atomes de carbone voisins, 
l 'existence de liaisons hydrog~ne intra- et  i n t e rmold -  
culaires. Les premigres renforcent  la stabilit6 de la forme 
mol~culaire t rans;  les secondes associent les molecules en 
chains parall~les /~ l 'axe a, direct ion d 'a l longement  des 
eristaux. 

(2) Structure de l'isoindigo 
L'isoindigo cristallise dans le syst~me monoclinique,  

groupe spatial  C2/m. La molecule,  en posit ion sp~eiale 
dans le plan miroir  de la maille, est en configurat ion 
trans. La s t ructure  ~lucid~e par  essais et erreur,  a ~t6 

NH C CH 
O-- C ~ ~ ~ l  CH 

•~"-cVCH 
C H ~  CH 

CH CHI~~NH C~O 

pr6cis6e par  le caleul de sections de densit6 61ectronique 
et  de sdries diff6rence. Les distances intra-mol6eulaires 
pr6sentent  de grandes analogies avee eelles de l ' indigo, 
de l ' isatine et  de l ' indirubine.  Les liaisons hydroggne qui 
s '~tablissent entre  atomes d 'oxyg~ne e~toniques et groupes 

AC 13 --  69 
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imines  a u t o u r  des  c en t r e s  d ' i n v e r s i o n  j o u e n t  u n  r61e im-  
p o r t a n t  d a n s  l ' 6d i f i ca t ion  d u  cr is ta l .  

6-41. S tructure  d'un compos@ rouge  de formule  
indetermin@e: p r o b a b l e m e n t  une  dehydropyrol i -  
done.  P a r  ODETTE LEFEBVRE-SOUBEYRAN & CI~CILE 
STORA, Laboratoire de Chimie Cristallographique, Paris, 
5 ° , France. 
M a d e m o i s e l l e  C h a u v e l i e r  a y a n t  d 6 c o u v e r t  u n  isom@re 

r o u g e  C~aH~,0N de  la p h 6 n y l i m i n o - 1 ,  pent@he-2,  hy -  
d r o x y - 3 ,  d i p h 6 n y l - l - 5 ,  yne -4  p r o d u i t  d ' a d d i t i o n  d ' a n i l i n e  
e t  de  b i s p h 6 n 6 t i n y l c 6 t o n e  sans  que  les proc6d6s  ch in f iques  
h a b i t u e l s  p u i s s e n t  lui  p e r m e t t r e  de  d 6 t e r m i n e r  l aque l le  
des  t ro is  f o r m u l e s  qu 'e l l e  p r o p o s a i t  c o r r e s p o n d a i t  & la 
r6al i t6,  n o u s  a v o n s  e n t r e p r i s  de  d d t e r m i n e r  la s t r u c t u r e  
de  ce c o m p o s 6  a f in  d ' g s saye r  d ' a p p o r t e r  q u e l q u e s  6clair- 
c i s s e m e n t s  su r  sa  c o n f i g u r a t i o n  mol6cu la i r e .  

P a r m i  les t ro is  compos6s  : p.  iod6, p .  b r o m 6  e t  sans  a t o m e  
m o u r d ,  seul  le d6r iv6 p.  b r o m 6  ( o b t e n u  A p a r t i r  de  la 
p .  b r o m a n i l i n e )  rhombo@dr ique  n o n c e n t r 6  (R3c) avee  6 
mol6cu les  p a r  mai l le ,  n o u s  a p e n n i s  de  r6 soud re  u n e  
p r o j e c t i o n  xOy parall@le a u  p l a n  mol6eu la i re .  D'apr@s ce t t e  
p r o j e c t i o n ,  n o u s  ser ions  t rgs  p r o b a b l e m e n t  en  p r6sence  
d ' u n e  d 6 h y d r o p y r o l i d o n e  c o m p o r t a n t  u n  cycle  p e n t a g o n a l  
f e r m 6 q u i  p o u r r a i t  exp l iqu6  la co lo ra t i on  i n t e n s e  d u  com-  
pos6,  sa  f o r m u l e  e x a e t e  & a n t :  ph6ny l -5 ,  p.  b r o m o -  
ph6ny l -1 ,  benzy l id ine -2 ,  d6hydro -4 -5 ,  py ro l idone -3 ,  so i t  

C H  C ~ 0  

C ~ H ~ - - C ~ N / C  = C t t - -C~H~ 

I 
C+tt+Br 

N a t u r e l l e m e n t  ces conc lus ions  ne  s e r o n t  d6f in i t ives  que  
l o r sque  la co te  des  d i f f6 ren t s  a t o m e s  sera  c o n n u e .  

Les  a t o m e s  de  b r o m e  s e n t  d e u x  i~ d e u x  supe rpos6s  
d a n s  les p l a n s  de  s y m 6 t r i e  avec  g l i s semen t ,  les mol6cu les  
se r 6 p a r t i s s a n t  de  p a r t  e t  d ' a u t r e  de  ces p lans .  Les  a t o m e s  
d ' a z o t e  e t  d 'oxyg@ne s e n t  6 g a l e m e n t  superpos6s .  Les  dif- 
f6 ren t s  p h 6 n y l e s  s e n t  p lu s  ou  m o i n s  incl in6s a u t o u r  de  
l eur  g r a n d  axe  li6 a u  res te  de  la mo l6cu le  p a r  u n e  de  ses 
e x t r 6 m i t 6 s  e t  s6tu6 l u i -m+me  a p p r o x i m a t i v e m e n t  d a n s  le 
p l a n  de  la mol@cule. Les  d i s t ance s  i n t e r a t o m i q u e s  en  ce 
qu i  c o n c e r n e  le p e n t a g o n e ,  le g r a n d  axe  des  ph6ny les ,  
le b r o m e ,  s e r a i en t  a u x  e r reurs  de  ca lcul  pr+s, en  assez b e n  
acco rd  avec  les d i s t ance s  de  l ia ison donn6es  p a r  P a u l i n g .  

6.42 X-ray  invest igat ion of s o m e  ha logen  derivat ives  
of benzene  and anthraquinone.  

~)PCHTreH0CTpyKTypH0e HCCA2AOBaHHe HeKOT0p~IX raa0~-  
Aonpo~43~od, H~ix 6e~3oaa a a m  p a x ~ o ~ a , .  1". A. 1`o;,bOep, 
1". C. )KOanoe, ./L A. rtem~una, B. H. 1".~yu~oea Institute for 
Phys.-Chem. Research. Karpova. Obukha 10, Moscow. Russia. 

Xapal~Tep BaaI4Mo~eI~CTBI4~I N O  2-14, O H  rpynll ,  CBaaaHH~LX 
c 6eH3OAI~HI~I~ g2d4 aHTpaXI4HOHOBI,1M I~HKAaMH C aTOMaMH 
raAoI, I~OB, IIpHcoe~,HHeHHI~IX K TeM ~Ke I2HKAaM ~ a TaKx<e C 
CaMI, IM~ I~HKAaMH, B 3HattHTeABHOM Mepe 3aBHCHT OT paa- 
MepOB IIpHcoec~HHeHHBIX aTOMOB raAoH~OB H HX pacnoao-  
~CHH,'2. 9THOCHTeABHO yKa3aHHI~IX rpylIH. 

H a  npHMepe Br a CI IIpOHaBO~HSIX napa~HH~rrpo6eHaoaa 

TRUCTURES 

llOi<aaaHo, tITO ¢xegpopMal2rla BaAeHTHI~IX yraoB CBIIaH C - N O o  
3Ha~mTeA~HO caa6ee 2~edpopMal-2I~l y raa  CBH311 C-- tab.  Yrasi 
noBopoTa HHTporpynn OTHOCI4TeAbHO 6eH30~HOrO K o ~ a  
yBeA~ma~OTCa C )rBeA~eHHeM p a ~ n y c a  aTOMa raaor~zm B 
OpTO--noAomeHHaX. 

XapaKTep Baa~rMo~efiCTBHa O H - r p y n n ~  aHTpaxmmHa 
CmXSHO 3aBHCHT Or p a a ~ y c a  aToMa raaoH~a B 1,5 noao-  
meHn~X. CoxpaHenHe KoHAaHapHOCTH C aHTpaUeHO0k~M 
a~poM npH npHcoe~n~eHn~ aTOMOB F B 1,5 noaomeHm~ 
06yCAaBAI4BaeT CHA],HOe HX BaaHMo~eI3_CTBI4e. B~axo~ ~3 
nAOCKOCTH aTOMOB raaoH~oB Br ~ C1 /nocAe~Hm2 cAy~afl 
HccAed.OBaH ~pyrm~H aBTOpaMH/ rlpHBOcIHT I~ 3HaqHTeAbHOMy 
ocAa6AeHHIO I~AH nOAHOMy BI~IKAIOqeHHIO B3aI4:MOd, eI~CTBHIt 
HX C O H - r p y ~ n o f i .  

CTaT~,H 6y~yT ony6amcoBam, i B mypHaae ~>Kp~IcTa~or- 

6.43. T h e r m o c h r o m i s m  i n  dixanthylene .  B y  S. C. 
NYBURG & J .  F .  D.  MILLS, Department of Chemistry, 
University College of North Staffs., Keele, Stafford.shire, 
England. 
D i x a n t h y l e n e ( I )  c h a n g e s  co lour  f r o m  ye l low to  b l u e  

w h e n  t h e  solid 
O 

~ )  (i) 
is h e a t e d ,  i r r a d i a t e d  or  c o m p r e s s e d .  (The  so lu t ions  also 
c h a n g e  eo lour  w h e n  h e a t e d  or i r r ad i a t ed . )  T h e  c rys t a l  
s t r u c t u r e s  of t h e  ye l low a n d  b lue  sol id f o rms  h a v e  b e e n  
a n a l y z e d  a n d  t h e  cause  of t h e  co lour  c h a n g e  r evea led .  

To  be  p u b l i s h e d  in J .  Chem. See. 

6.44. Crystal -  s tructure  s tudies  of polynuclear  hydro-  
carbons.  B y  J .  TROTTER, Chemistry Department, The 
University, Glasgow, W. 2, Scotland. 
X - r a y  i n v e s t i g a t i o n s  of t h e  c rys t a l  a n d  m o l e c u l a r  

s t r u c t u r e s  of p o l y n u c l e a r  h y d r o c a r b o n s  e x h i b i t i n g  a s y m -  
m e t r i c  a n n e l l a t i o n  effects  a re  in p rogress .  

Crys ta l s  of 1,2 : 7 , 8 -d ibenzoco ronene  are  m o n o c l i n i c ,  
w i t h  four  mo lecu l e s  in  a u n i t  cell of d i m e n s i o n s  

a = 22.83, b = 5.22, c = 15.77 •, /5 = 103.9 °, 

space  g r o u p  C2/c. T h e  s t r u c t u r e  ha s  b e e n  d e t e r m i n e d  
f rom n o r m a l  a n d  genera l i zed  p r o j e c t i o n s  a long  t h e  
b-axis.  De ta i l s  of t h e  m o l e c u l a r  g e o m e t r y  a n d  d i m e n s i o n s  
a n d  of t h e  i n t e r m o l e c u l a r  s e p a r a t i o n s  h a v e  been  o b t a i n e d .  

Crys ta l s  of 2,3 : 4,5 : 6,7 : 8,9 : 10,11 : 12 ,1 -hexabenzocoro -  
n e n e  are  monoc l i n i c ,  w i t h  t w o  molecu le s  in a u n i t  cell of 
d i m e n s i o n s  

a = 1 8 . 4 2 ,  b = 5 . 1 1 ,  c = 1 2 . 8 6 / ~ ,  /5=112-5 ° , 

space  g r o u p  P21/a. T h e  s t r u c t u r e  ha s  b e e n  d e t e r m i n e d  
f r o m  n o r m a l  a n d  genera l i zed  p r o j e c t i o n s  a long  t h e  b-axis,  
a n d  de ta i l s  of t h e  m o l e c u l a r  d i m e n s i o n s  a n d  in te r -  
m o l e c u l a r  s e p a r a t i o n s  h a v e  b e e n  o b t a i n e d .  

T o  be  p u b l i s h e d  in J.  Chem. Soc. 
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6.45. A s t u d y  of t h e  s t r u c t u r e  of  c y c l o - o c t a d e c a n o -  
n a e n e  n e a r  90 °K. By JUDITH B~tEGIVLkN& Dov RABI- 
~¢OVIC~, Department of X . R a y  Crystallography, Weiz- 
mann Institute of Science, Rehovoth, Israel. 

The crystallographic constants of the  recently prepared 
cyclo-octadecanonaene, C~sH1s (F. Sondheimer & R. Wo- 
lofsky, Tetrahedron, Letters (1959), :No. 3, p. 3-6) have  
been measured near 90 °K. 

mais le raffinement ayant @t@ pouss@ assez loin, l'auteur 
ne peuse pas que cela puisse @ire le r@sultat statistique 
d'un empilement de mol@cules non-centr@es. De plus, il 
a @t@ observ@ une nette diff@rence de densit@ @lectronique 
entre les oxyg@nes carbonyls et oxydriles. L'auteur sug- 
g@re l'existence, dans le cristal, d'une mol@cule centr@e, 
la 4-8 dihydroxy 1-5 naphtoquinone (2). 

a----14-89, b=4-83,  c=10-23 A, f l = l l l - 6  °, n-- -2 .  

The space group is P21/a, indicating a molecular center  
of symmetry ,  whose presence would preclude an alter- 
nat ion of bond lengths around the carbon ring. Whether  
the  center  is real, or apparent  due to a packing disorder, 
cannot  be de termined at  this stage. Room tempera ture  
photographs of the  hO1 zone do not  ex tend beyond 
sin 0--- 0-5; low tempera ture  (90 °K.) data  were obtained 
out to the  l imit  of the copper reflecting sphere. :No change 
in symmet ry  of the hO1 zone was observed on cooling. 
Ref inement  of the low-temperature  s t ructure is now in 
progress. 

The close similarity of this structure to tha t  of coronene 
(J. M. Rober tson & J.  G. White,  J.  Chem. Soc. (1945), 
p. 607) will be discussed. 

Possible journal  for publicat ion:  Acta Cryst. 

6.46. S t r u c t u r e s  d e s  t r o i s  f o r m e s  c r i s t a l l i n e s  de  l a  
n a p h t a z a r i n e .  Par Madame CLAUDINE PASCARD- 
B~r,Ly,* Laboratoire de I ' I .R.CH.A,  sous la direction de 
Monsieur M_E~INO. 

Les chimistes ont  donn6 ~ la naphtazar ine  la formule 
suivante:  5-8 d ihydroxy  1-4 naph toqu inone  (1). 

(1) 

0 / H  0 O j H  0 

O ~ H  0 0 H J O  

L'@tude structurale des trois formes cristallines de ce 
compos6 conduit  cependant  tL admet t re  la possibilit@ 
d 'une  formule centr@e. 

Les trois formes cristallines A, B et C, sent  mono- 
cliniques, et appar t iennent  au groupe spatial centr@ 
P21/c. Dans t o u s l e s  cas, les mol@cules se placent  aux 
centres de sym@trie de la maille. E n  a d m e t t a n t  que la 
centrosym@trie n 'es t  qu'approch@e, un  essai de raffine- 
men t  a @t@ fait dans le cas du groupe Pc;  cet essai n 'a  
pas abouti.  Par  centre,  il a @t6 possible de raffiner les 
structures A e t  B sur des projections @quatoriales, dans 
l'hypoth@se du groupe spatial P21/c, et d 'obteni r  les 
positions des atomes avec une pr@cision de 0,02 /~. 

Les conclusions qu 'on  peut  tirer de cette @rude sent  
les suivantes:  I1 est hers de doute  que les rayons X don- 
nen t  une image centrosym@trique de la mol@cule. Les 
distances C = O et C-OH sent  routes deux @gales ~k 1,30 A, 

* Actuellement au laboratoire de Chimie Cristallographique, 
1 rue Victor Cousin, direction: Mademoiselle Stora. 

6.47. T h e  c r y s t a l  s t r u c t u r e  o f  j u g l o n e  ( 5 - h y d r o x y -  
1 , 4 - n a p h t h o q u i n o n e ) .  By 0.  BORGEN, Institutt for 
teoretisk Kjemi, Norges Tekniske Hogskole, Trondheim, 
Norway. 
In  the  course of an investigation of a-hydroxy-sub- 

s t i tu ted quinones, the  structure of juglone has been 
studied. 

The unit  cell of the  crystals was found to be mono- 
clinic with space group P21/c, containing two formula 
units, each of which mus t  have a centre of symmetry .  
As this is incompatible with the  composit ion of the  
molecule, the structure is disordered. 

A number  of diffuse reflections were observed, indicat- 
ing tha t  the  uni t  cell corresponding to an ordered struc- 
ture would be twice as large as tha t  of the  disordered 
structure, and have the  space group P21/n. 

Similarities of the  Ohl Weissenberg-film of juglone with 
tha t  of naphthazar in  whose structure has been studied 
earlier, suggested a trial s tructure for the disordered case. 
A number  of models have  been f i t ted to the  observed 
intensi ty  da ta  by the least-squares me thod  for compari- 
son. 

Likely to be published in Acta Chem. Scand. 

6.48. M o l e c u l a r  d e f o r m a t i o n  i n  t h e  o v e r c r o w d e d  
1 , 1 2 - d i m e t h y l  3 : 4 - b e n z o p h e n a n t h r e n e .  By F. L. 
~-III~SHFELD & G. M. J.  SCHMIDT, Weizmann Institute 
of Science, Rehovoth, Israel. 

A partial  three-dimensional  analysis of the  crystal 
s tructure of 1,12-dimethyl 3 : 4-benzophenanthrene at  
boiling-nitrogen tempera ture  has revealed the  molecular 
shape wi th  an es t imated s tandard deviat ion averaging 
0.005/~ in carbon coordinates and about  0.1 _~ in hydro- 
gen coordinates. The me thy l  carbon atoms are 3.254 
apar t  across a crystallographic twofold symmet ry  axis 
but  each is only 3.047 ]~ from the opposite subst i tu ted 
carbon atom. Two equivalent  me thy l  hydrogen atoms 
make  contact  at  2.0 .~ across the  twofold axis. The 
orientat ion of the methy l  groups is such as to maximize 
the  carbon-hydrogen  contact  distances. Deformat ion due 
to overcrowding is dis t r ibuted throughout  the molecular 
skeleton. Several C-C bond lengths differ by as much  as 
0.02 /~ from values predicted by molecular-orbital  cal- 
culations of a planar  model  of 3 :4-benzophenanthrene  
(Berthier, Coulson, Greenwood & Pullman,  C. R.  Acad. 
Sci., Paris (1948), 226, 1906) bu t  the relation, if there 
be any, between these discrepancies and the  mode  of 
deformation is not  obvious. Anisotropic thermal  analysis 
indicates tha t  the  molecule as a whole vibrates fairly 
isotropically, with  an ampl i tude of about  0.1 /~ in every 
direction, while l ibrating about  an axis approximate ly  
normal  to the  mean  molecular plane, wi th  an ampl i tude 
of 0.04 radian. 

69* 



1048 § 6. O R G A N I C  S T R U C T U R E S  

The molecular dimensions differ great ly  from those 
reported for the unsubs t i tu ted  3 :4-benzophenanthrene  
(Herbstein & Schmidt,  J. Chem. Soc. (1954), p. 3302). 
The la t ter  s t ructure  is current ly  being refined from full 
three-dimensional  room-temperature  data.  

I t  is hoped tha t  descriptions of both  structures will 
be ready later  this  year  to be submit ted  for publicat ion 
in J. Chem. Soc. 

6.49. Crystal  s tructures  and photochemis try  of s o m e  
orl~anic  n i t r o c o m p o u n d s .  By  PH. COPPENS & G. M. J .  
SCH~IDT, Weizmann Institute of Science, Rehovoth, 
Israel. 

The crystal  s tructures of two modifications of p-nitro- 
phenol and of o-nitrobenzaldehyde have been determined 
as pa r t  of a research programme outlined previously 
(Sehmidt, Acta (1957), 10, 793). 

The structures of ~-p-nitrophenol and o-nitrobenzal- 
dehyde were obtained from part ia l  three-dimensional low- 
tempera ture  (90 °K.) and room-temperature  da ta  respec- 
t ively. The s t ructure  of the fl modification of p-nitro- 
phenol,  previously analyzed by  Toussaint  (Bull. Soc. Sci. 
Liege (1954), 23, 24), was refined from full three-dimen- 
sional room-temperature  Geiger-counter data.  The aver- 
age s tandard  deviat ions in the coordinates of the 'heavy '  
a toms in the three analyzes are es t imated to 0.004, 
0.007 and 0.0025 /~ respectively. 

The ( thermodynamical ly  stable) a form of p-nitro- 
phenol changes its colour from yellow to red on irradia- 
tion b y  sunlight.  The s t ructure  of the polymeric product  
is unknown,  bu t  the first step of the reaction is l ikely to 
be the t ransfer  of an oxygen from the ni trogroup to the 
aromatic  ring, in analogy wi th  photochemical  reactions 
of other aromatic  ni t rocompounds (Splitter & Calvin, 
J. Org. Chem. (1955), 20, 1086; Hast ings  & Matsew, 
J. Amer. Chem. Soc. (1948), 70, 3514). This reaction is 
evident ly  dependent  upon the packing of the molecules 
in the a-modification, since the fl-form and solutions of 
p-ni trophenol  are l ight  stable. Differences in the packing 
arrangement ,  in part icular  in the contacts between the 
oxygen atoms of the ni trogroup and the Ct t  groups of 
the aromatic  ring, of the two forms, will be analyzed 
and related to the proposed mechanism of the reaction. 

o-Nitrobenzaldehyde rearranges in the solid s ta te  (as 
well as in solution) to o-nitrosobenzoic acid, the observed 
configuration of the reactive centers supports the tenta-  
tive conclusions drawn from the p-ni trophenol  structures.  

A full account  of the present  invest igat ion will be 
submi t ted  to the J.  Chem. Soc. 

6.50. The  crystal  s tructure  of 1 ,4 -d ibromocyc l  
(3 ,2 ,2)az ine .  B y  A. W. HANSel% Division of Pure 
Physics, National Research Council, Ottawa, Canada. 
The crystal  is monoclinie, probably  P21/n, 

a=16 .52 ,  b=4.01,  c = 1 4 . 1 3 A ,  f l=91.2 °, Z = 4 .  

The s t ructure  was determined by  heavy-a tom methods,  
and refined wi th  the aid of three-dimensional differential 
syntheses.  The molecule is almost  exact ly  planar,  and the 

distance between adjacent  parallel molecules is 3-46 /~. 
The analysis  was complicated by  the considerable aniso- 
t ropy  of thermal  motion of the bromine atoms. 

I t  is expected t ha t  a complete account  will appear  in 
Acta Cryst. 

6.51. The crystal  s tructure  of aceple iadylene .  B y  
A. W. HA:NSOI% Division of Pure Physics, National 
-~esearch Council, Ottawa, Canada. 

A complete account  has been published in Acta Cryst. 
(1960), 13, 215. 

6.52. Die Kris ta l l s truktur  des d , l - l , 4 , 7 - T r i t h i a -  
2 , 5 , 8 - e n d a z a c y c l o n o n a n  (d,I-C6HgNS3). Von A. 
PREISINGER & F. HOFER, Mineralog. Institut Universi. 
t~it, Wien I ,  Austria. 

d,1-1, 4, 7-Trithia - 2,5, 8 - endazacyclononan kristall isiert  
aus Pyr id in  in Form yon  St~bchen, die einen Schmelz- 
punk t  von 144 °C. besitzen. 

H2C- H / S ,  

HC CH 

I I 
H2C. S 

Die kristal lographischen I )a ten  ergaben:  

a = 12,250 + 0,005, c -- 9,265 +_ 0,005 A, Z = 6, 

Raumgruppe :  R3c . 

Die In tens i t~ ten  wurden mit te ls  der mult iplen Film- 
methode best immt.  Die S t ruk turbes t immung erfolgte mi t  
Hilfe von :Patterson- und Fourier-Synthese und deren 
Verfeinerung. Es wurde eine gute l Jbere ins t immung der 
Intensi t i i ten  erzielt (Rh~.0 = 0,08). In  der z-Richtung liegen 
abwechselnd Links- und Rechtsmolekii le  i ibereinander.  
Die Links- bzw. Rechtsmolekii le  sind durch schwache 
Wasserstoffbriicken zwischen S und C riiumlich mit-  
einander verbunden.  Die int ramolekularen Absti inde be- 
t ragen:  

N - C H  : 1,486/~ 

C H - C H  2 : 1,551 
C t t - S  : 1,812 
CH~-S : 1,811 

6,53. Crystal and molecular structure of 2,5-dlme- 
thy l - th io - th iophthen .  B y  M~_RIO MAny, z, RENATO 
BARDI, CARMINE GARBUGLIO & SILVIO BEzzI, Centre di 
Strutturistica Chimica del C.N.R., Padova, Italy. 

:By means of X- ray  diffraction analysis we have  dis- 
covered a new type  of aromatic  system (which we named 
thio-thiophthen),  containing three sulphur atoms on two 
penta tomic  condensed rings (Nature, Lend. (1958), 182, 
247; Gazz. Chim. Ital. (1958), 88, 1226). 

Such a system m a y  be regarded as the resonance 
hybr id  between four structures,  two of them covalent 
and two polar:  
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2 8 5 ~ - - - ' ~  /C~ 3 /C~ 4 /C~ 
CH3 / ~CH / ~CH CH 3 
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C I - I 3 / C ~ . c H / C ~ c H / C ~ C H 3  

S S S 

i 
C H 3 / C ~ c H / C ~ c H / C ~ c H ~  

¢ 

®s Qs s 
I 

C H / C ~ c H / C ~ C H  f e t C H  3 

Structure ref inement  was carried out  on (001), (100), and 
(010) projections by Fourier  and difference syntheses, 
with  individual  anisotropic tempera ture  factor correc- 
tion. In  the final difference syntheses, all the  significant 
electron-density max ima  could be in terpreted as hydro-  
gen atoms. 

The values of R for the final atomic parameters  are 
0-12, 0.14, and 0.15 for the  reflections of the hie0, 0kl, 
and hO1 types, respectively. 

The S-S bond distance observed in this s tructure is 
of abnormal  length (2.35 /~), and is made  up from both  
fractional a and z bonds. The central  C-S bond (1.74 /~) 
is longer than  the other two (1.65), and  the C-C bonds 
are about  the same as in benzene. 

These results fully agree with the  values predicted by 
G. Giacomett i  & G. Rigat t i  (J. Chem. Phys. (1959), 30, 
1633). 

The full-length account  is likely to be published in 
Acta Cryst. 

6.54. T h e  crys ta l  and m o l e c u l a r  s t r u c t u r e  of pyra-  
zole .  By H. W. W. Em~LICH, Chemistry Department, 
King's Buildings, West Mains Road, Edinburgh 9, 
Scotland. 

Pyrazole, 

I - I - - N  - - N  

I-I 

crystallizes in a non-centrosymmetr ic  space group, P21cn. 
There are eight molecules in the  uni t  cell, whose dimen- 
sions are 8.23 x 12.84 x 7.05 A, and there are thus two 
crystallographically independent  molecules. 

The agreement  in bond lengths between the two mole- 
cules is very good, but  some corresponding bond angles 
are significantly different. 

There is almost a mirror plane at right angles to the 
plane of the molecule, this symmetry being destroyed 
by only one hydrogen atom. The position of this hydrogen 
atom has been fixed by a consideration of the values of 
,V,[]Fo[- [Fc[] 2 for the two possibilities. 

The results from the analysis show tha t  the bonds 
wi th  most  double bond character exist between the two 
carbon atoms opposite the NH group, and between the 

ni t rogen a tom of this :NH group and its adjacent  carbon 
atom. This would indicate tha t  the betaine form 

H--N + - N  

t 
H / / C ~ c / C ~ H  

I 
H 

contributes heavi ly to the  resonance hybrid.  
Evidence  for the  existence of charged ni trogen atoms 

in the ring comes from a consideration of the  hydrogen 
bond lengths, which are 2.93 and 2"86 .~. Bonds of this 
length have only been reported between N + - H  • • • N. 

This strong hydrogen bond is the foundat ion of the  
crystal structure. Long chains of molecules exist, these 
chains being looped together  in an ar rangement  which 
bears the  same relation to the figure 8 as a helix does to 
the  figure 0. These spirals behave like cylinders, and the  
crystal consists of a close packed ar rangement  of these 
cylinders. 

The full account  will probably appear in Acta Cryst. 

6.55. T h e  t h r e e - d i m e n s i o n a l  r e f i n e m e n t  of pos i t iona l  
and an i so trop ic  t e m p e r a t u r e  p a r a m e t e r s  of fl- 
m e t h y l  xy los ide ,  t r a n s - a z o b e n z e n e ,  p - a z o t o l u e n e ,  
h e x a m e t h y l e n e  d i a m m o n i u m  adipate  (ny lon  sa l t )  
and catechol .  By C. J .  B~ow~,  53 Heaton Park Road, 
Manchester 9, England. 
A group of five organic crystal structures have  recently 

been refined on a Ferrant i  Pegasus computer  using three- 
dimensional  s tructure ampl i tude  data  and anisotropic 
tempera ture  factors. 

fl-Methyl xyloside, p-azotoluene and catechol are com- 
pletely new structure determinat ions ;  t rans-azobenzene 
and hexamethy lene  d i ammonium adipate  (nylon salt) are 
fur ther  ref inements  of structures already published by 
other authors but  with new intensi ty data.  

The R factor in each case has been reduced to ~ 6% 
with corresponding s tandard  deviations of atomic coor- 
dinates of < 0.003/~. The resulting molecular dimensions 
provide some highly accurate values for inter-atomic 
bond-lengths and inter-bond angles. In  particular, the  
mean aliphatic carbon-carbon distance in both the 
xyloside and the nylon salt, where the possibility of 
resonance seems remote, is ~ 1.51 /~. 

fl-Methyl xyloside is the first three-dimensional analysis 
of a carbohydrate and shows the pyranose ring in the 
Sachse trans form (chair-shaped). In the asymmetric unit 
of trans-azobenzene there are two non-equivalent mole- 
cules whose dimensions are significantly different. In 
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the p-azotoluene structure there is disorder in azo link- 
age, and in the  catechol s tructure there is disorder in the 
sys tem of hydrogen bonds. 

The overall t ime taken  in the determinat ion of the 
s tructure of catechol is wor thy  of ment ion  being ap- 
proximately  three weeks. 

I t  is expected tha t  the structure of ~-methyl xyloside 
will be published in the  J. Chem. Soc., and the structures 
of the  other  four compotmds in Acta Cryst. 

6.56. The s tereochemistry  of molecules  containing 
the C----C=N group. The crystal  and molecular  
structure of N-ethyl-2 ,2 ' -dimethylsulphonylvi -  
nylidineamine.  By J . J .  DALY, Monsanto Research 
S. A., Zi~rich 3/45, Switzerland. 
A three dimensional  structural  analysis of a third 

compound containing the C = C = N - R  group is described. 
Crystals of N-  ethyl-  2, 2'- dimethylsulphonylvinyl idine-  
amine are orthorhombic P212~21 with 

a=12.02 ,  b=5"85, c=14.47 A .  

The bond angle at  the  ni trogen a tom is 144 ° in sharp 
contrast  to the value of 180 ° found in two other vinyli- 
dineamines in which R = CH~. The bond lengths and other 
bond angles exhibit  no unusual  features with the ex- 
ception of the  C = N  bond which has the length of a 
normal  C - N  bond. I t  is suggested the l inearity of the 
- N  = bond in N-methy l  vinylidineamines is due mainly  
to hyperconjugat ion.  

6.57. The crystal  structure of rhodanine, C3H3ONS2. 
By DICK VA~ DEg I-I_EL~, A ~ T ~  E. LESSOR, Jr .  & 
L Y ~ E  L. M_ERRITT, Jr.,  Indiana University, Blooming- 
ton, Indiana, U.S.A. 
The structure of rhodanine,  

t t  N C = O ,  

I 
S = C CH2 

~ s  ~ 
has been determined by three-dimensional  Fourier and 
least-squares methods  using an IBM 650 computer.  The 
crystals are monoclinic with 

a0=10-02 , b0=7-67, c0=7-28 A, f i=102 ° 38', Z=4, 

space group P21/n. The molecule is planar. All bonds 
within the molecule except those adjoining the CHo group 
appear to be involved in resonance structures. The 
C(H~)-S bond distance is 1-82 A, in agreement  with C-S 
distances in compounds where no resonance is expected. 
The C( = S)-S bond distance is 1.74, C = S is 1.64, C( = S)-N 
is 1.37, C ( = O ) - N  is 1.38, C = O  is 1.23 and C(=O) -C  is 
1.51 A. 

The pairs of atoms related by centers of symmetry 
at  the origin and body center of the uni t  cell are held 
together  by N - H  • • • O hydrogen bonds of length 2.85 A. 

The molecules are t ight ly packed in the uni t  cell. 
Chains of atoms, O - S - S - - S - S - O ,  extend along the  (211) 
and the (422) planes, parallel to the [201] line. Such 
chains are found separated by ¼a and lb. The origin of 
the  chains shifts wa,1 ½b and ½c. The rest of the molecule 
fits in the space between these chains. 

The sulfur atoms of two molecules approach to within 

3.47 /~ of each other, indicating a van  der Waals radius 
of 1.72 to 1-73 /l. This is somewhat  less than  the  1.85 /~ 
given by Pauling but  in agreement  wi th  other  values 
found in recent investigations. 

The final R value, R = 2:112"ol- 12"cl]/2:[2"o[ of the  deter- 
minat ion  was 0.14 including all of the nearly 1100 reflec- 
tions. 

To be published in Acta Cryst. 

6.58. The crystal  structure of 1-methylthymine.  By 
K. HOOGSTEEN, Church Laboratory, California Institute 
of Technology, California, U.S.A. 
As part  of a program for the structure de terminat ion  of 

compounds related to nucleic acids, the  crystal s tructure 
of 1-methyl thymine 

H\ c C ]0 
//5 - -  ~\ 

H - - C  6 3 N - - H  
%_C/ 

el l /  \0 
has been determined.  The unit-cell parameters  and space 
group were determined from oscillation and Weissenberg 
photographs ; 

a=7 .22 ,  b = l l - 9 6 ,  c=7 .52  A, f i=90 ° 0', 

space-group P21/c with 4 molecules per trait-cell. Three- 
dimensional data  were collected from Weissenberg photo- 
graphs along the a- and c-axes using copper radiation. 
The approximate  structure was found by trial and error 
methods  with the  help of s tructure factor graphs. The 
ref inement  was carried out by least-squares analyses, 
initially of the h/c0- and 0/d-data, and later of the  three- 
dimensional data.  Individual  anisotropic tempera ture  
factors were introduced and refined for each of the atoms 
and  the  positions of the h~Tdrogen atoms were obta ined 
from a three-dimensional  difference map.  At  present  the  
R factor is 0.105. 

The plane of the molecule is nearly parallel to (102). 
The molecules are arranged in pairs, hydrogen-bonded  
around a center of symmetry .  The oxygen a tom at  C2 
forms a hydrogen-bond with the hydrogen at  N~. 

The final results will be submi t ted  for publication to 
Acta Cryst. 

§ 7. P r o t e i n s  a n d  r e l a t e d  c o m p o u n d s  

7.1. The structures of ferritin and apoferritin. By 
PAULINE M. HAICRISON, Biochemistry Department, The 
University, Sheffield 10, England. 
Wet  apoferritin crystals have a face-centred cubic 

lattice with a = 184 A and space group 2'432. The mole- 
cules are composed of identical sub-units, of which there 
are either 24 (point group symmet ry  432) or 12 (point 
group symmet ry  23), in the lat ter  case the molecules 
being distr ibuted statistically in mutual ly  perpendicular  
orientations. Chemical evidence is given for excluding a 
structure with 60 sub-units (532 symmetry) .  Molecular 
models having 432 and 23 symmet ry  are discussed in 
relation to the X-ray data. 

At low resolution (to spacings of about 25 A) the X-ray 
data for wet apoferritin crystals of low salt content, can 
be fitted with the calculated scattering for uniform 
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spherical shells of external  radius about  62 A and ratio 
of in ternal  to external  radii  about  0-6. Signs can therefore 
be given to s t ructure  factors of low index. 

Wet  ferri t in crystallizes in two forms, one of which, 
ferri t in B, is isomorphous wi th  apoferrit in.  Electron 
micrographs show tha t  the hydra t ed  iron oxide (which 
accounts for about  40% of the weight  of the ferrit in 
molecule) is a t  the centre of the molecule and consists of 
about  four particles. Wi th  a view to obtaining the struc- 
ture of the iron-containing par t  of the molecule, s t ructure  
factors for the isomorphous ferrit in B, apoferri t in and 
apoferri t in/ferr i t in B mixed crystals are compared. The 
s i tuat ion is not  t h a t  of a 'no,Thai' isomorphous replace- 
men t  by  a heavy  atom, where the atomic scat ter ing factor 
of the subs t i tuent  is known and its position can be found. 
In  this  case the scat ter ing factor of the subs t i tuent  is 
unknown,  a l though its s t ructure  is known to be centred 
a t  the centre of the molecule. For  certain reflections i t  
can, however, be shown t h a t  the signs of the s t ructure  
factors of the protein and iron oxide fractions are oppo- 
site. Using the phases derived for the protein pa r t  of the 
molecule as above, i t  is then  possible to deduce, for 
certain s t ructure  factors, the  phases of the iron-containing 
micelles. These are compared with  those derived from 
the Fourier  t ransforms of models composed of either a 
single sphere or of 4, 6 or 8 spheres located respectively 
a t  the  apices of a te t rahedron,  octahedron or cube. 

Ful l  length account  is l ikely to be submit ted  to the 
J. of Mol. Biol. 

7.2. S t u d i e s  on  the  s t r u c t u r e s  of s o m e  s m a l l  s p h e r i c a l  
v i r u s e s .  B y  J .  T. FINCTr & A. KLVG, Birkbech College, 
21, Torrington Sq., London, England. 

(a) Turnip yellow mosaic virus (TYMV) 
TYMV is a small approximate ly  spherical virus of 

d iameter  280 A, consisting of 62% protein and 38% 
ribonucleic acid. As previously reported (Biochim. Bio- 
phys. Acta (1957), 25, 292) precession photographs  were 
obtained from crystals  of the virus grown in ammonium 
sulphate,  and from these the space group was determined 
as F4~3 wi th  16 virus particles per un i t  cell (lying a t  the  
lat t ice points  of a body-centred cubic arrangement) .  The 
dis t r ibut ion of the intensit ies of the X- ray  reflections 
indicated t h a t  the virus particles possess the point  group 
s y m m e t r y  532, and it  was suggested t ha t  i t  was probably  
the virus protein which was the seat of this  symmet ry .  

Precession photographs  have  now been obtained from 
crystals  of the nucleic acid free, virus protein particles, 
which are found accompanying the virus particles in 
infected plants .  These confirm tha t  it  is the  virus protein 
which has 532 s y m m e t r y  and  thus  consists of 60 asym- 
metric sub-units.  

indicates t ha t  this  virus also possesses 532 point  group 
symmet ry ,  and tha t ,  as in TYMV, this  s y m m e t r y  is 
associated wi th  the protein component  of the virus. 

7.3. A s e c t i o n  t h r o u g h  the  b a s a l  p r o j e c t i o n  of the  
t o b a c c o  m o s a i c  v i r u s  par t i c l e .  B y  K.  C. HOLMES & 
A. KLUG, Children's Cancer Research Foundation, 
Boston, 15, Mass., U.S.A. 
Tobacco mosaic virus (TM-V) particles are rod-shaped 

and of length 3000 ~ and mean  diameter  150 A. Each  
part icle consists of wedge shaped protein sub-units,  of 
molecular weight,  ca. 18,000, arranged on a helix which 
repeats in three turns,  wi th  49 sub-units  in one repeat.  
Diffract ion photographs  of well or ientated gels of TMV 
and of an  isomorphous mercury  der ivat ive of TMV 
(TMV-Hg) have  been obtained by  the use of Cu K a  
radiation,  a ben t  quar tz  crystal  monochrometer ,  and an 
evacuated Guinier focussing camera. T M V - H g  contains 
one heavy  a tom per protein sub-unit .  This derivat ive 
has been used to determine phases on the zero layer  line 
and the work is pa r t  of a determinat ion of the s t ructure  
of TM-V by  means of the method  of isomorphous replace- 
ment .  

The diffraction pa t t e rn  obtained records a section 
through the cylindrical ly averaged square of the struc- 
ture factor of a single virus particle. The in tens i ty  along 
each layer  line is continuous. The zero layer  line m a y  be 
considered in regions demarcated by  the order of Bessel 
funct ion contr ibut ing to each. The inner par t  is given 
by  the te rm 

~_]fJ J0 (2nRrj) 
J 

(R is the reciprocal space radius, r t and f t  are the radius 
and scat ter ing factor of the j t h  atom), which is real. 
The Fourier-Bessel  t ransform of the ampli tudes  cal. 
culated from the measured intensit ies gives the radial  
densi ty  dis t r ibut ion (1%. E.  F rank l in  & K.  C. Holmes,  
Acta Cryst. (1958), 11, 213). Fa r the r  out  the zero layer  
line comprises largely the te rm 

~ f J  J49 (2nRrj) exp (i499j) 
J 

( ~  is the az imuthal  co-ordinate of the j t h  atom), which is 
complex. The Fourier-Bessel  t ransform of the ampli tudes  
in this  region would give the first component  of a 49-fold 
harmonic analysis of the basal projection (which has 49- 
fold symmetry) .  An a t t e m p t  was made to find the ampli- 
tudes and phases of the J49 term:  since only one heavy  
a tom derivat ive was available only the real par t  could be 
determined.  F rom the radial  densi ty  dis tr ibut ion and the 
real pa r t  alone, a section along a line through the basal  
projection has been calculated. 

(b) Poliovirus 
The poliovirus particles are about  300/~ diameter  and 

contain about  25% ribonucleie acid. Precession photo- 
graphs have  been obtained from crystals  of the virus 
(Mahoney strain) grown in phosphate-sa l ine  solution. 
The uni t  cell was found to be orthorhombic wi th  sides 
320, 353, and 378 A (+_ 6 •). The space group is of the 
type  P2~2t2, bu t  the unique axis has  no t  ye t  been deter- 
mined.  

The in tens i ty  dis tr ibut ion of the X- ray  reflections 

7.4. R e c e n t  s t u d i e s  of the  s t r u c t u r e  of d e o x y r i b o n u -  
c le ic  ac id  ( D N A ) .  B y  M. H. F. WILKINS, W. FULLER, 
D . A .  MAacVlN & M. SPENCER, Biophysics Research 
Unit, King's College, Strand, London, W.C. 2, England. 
DNA can be studied by  means of X- ray  diffraction, 

in the form of fibres containing oriented microcrystals .  
Fa i r ly  complete 3-dimensional in tens i ty  da ta  (down to 
3 /~) has been obtained for 2 different configurations 
(A and B) of the molecule. Three-dimensional  Fourier  
synthesis  has  been made using phases derived from 
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molecular  models.  S tudy  of difference syntheses suggests 
t ha t  some of the  water  molecules in the s t ructure  can be 
located. Recen t ly  reflections down to 1.5 /~ have  been 
observed in the near-meridional  par t  of the pa t t e rn  and 
a t t empts  are being made  to use this da ta  in the Fourier  
synthesis.  2-dimensional diffraction da ta  have  been ob- 
ta ined from a semi-crystall ine form of DNA in which 
the molecule is in a th i rd  configurat ion (C). A molecular  
model  for this configurat ion has been derived.  

7.5. Structure  de l 'acide d e s o x y r i b o n u c l e i q u e  ( A D N ) ,  
des  n u c l e o p r o t a m i n e s  ( D N P )  et des  nuc l eoh i s to -  
nes  ( D N H )  en so lut ion .  ParA.  NICOLAIEFF & V. LUZ- 
ZATI, Centre de Recherches sur les Macromoldcules, Stras. 
bourg, France. 

Nous avons d@crit r@cemment l 'organisat ion des gels 
aqueux d 'ADN,  D N P  et D N H  telle que nous l 'avons raise 
en @vidence par  l '6tude de la diffusion centrale des 
rayons X (J. Mol. Biol. (1959), 1, 127). 

Nous avons examin6 ensuite Faction du NaC1 concentr6 
(jusqu'k 3 molaire) sur la s t ructure  des gels, et  nous 
avons mis en 6vidence le m6canisme de la dissociation des 
nucl@oprot@ines. 

Nous avons @tudi6 @galement des mdlanges d 'ADN,  
DNH,  D N P  et eau, en proport ions variables;  les r@sultats 
obtenus nous ont  aid6 & interpr@ter la s t ruc ture  des D N t t .  

E n  outre, par  l ' interpr6tat ion de mesures de diffusion 
centrale  absolue par  des solutions dilu6es et  isotropes, 
nous avons d@termin6 cer~Mns param@tres relatifs ~ la 
s t ruc ture  des ADN et D N H .  

Publ icat ion:  J. Mol. Biol. 

7-6. X - r a y  diffraction s tud ies  of synthet ic  po lynuc-  
leot ides .  By  ROBERT LANGRIDGE (% ALEXANDER RICH, 
Department of Biology, Massachusetts Institute of Tech- 
nology, Cambridge 39, Massachusetts, U.S.A. 
Polyribonucleot ide chains are able to combine together  

to form helical complexes. I t  has been shown by fiber 
crystal lographic methods  tha t  polyriboadenylic  acid 
(poly A) will combine with  polyribouridylic acid (poly U) 
to make  a two s t randed helical complex with  screw para- 
meters  which are very  similar to those seen in deoxy- 
riSosenucleic acid (DNA). In  a similar fashion, it has 
been possible to demons t ra te  tha t  other  two s t randed  
helices will form: poly A with  polyriboinosinic acid 
(poly I), as well as poly A with  polyr ibothymidyl ic  acid 
(poly T). These two s t randed complexes will take on an 
addi t ional  polynucleot ide s t rand to form three s t randed 
complexes. Thus we have  the combinat ions poly A + 2  
poly U and poly A + 2 poly T. In  these cases it is believed 
tha t  one pyr imid ine  is hydrogen  bonded  to adenine in 
the same m a n n e r  as adenine is hydrogen  bonded to 
thymine  in the Watson-Cr ick  s t ruc ture  for DNA. How- 
ever, the second chain of poly U or poly T is hydrogen  
bonded to another  side of the adenine base and is con- 
nected by  two hydrogen  bonds through N7 and the amino 
group of adenine.  

Fu r the r  crystal lographic work has been done on the 
s t ruc ture  of poly A and poly I. By  comput ing  Fourier  
t ransforms for a series of models,  it has been possible 
to locate the  axis of the molecule and to define limits 
for the configurat ion of the r ibose-phosphate  chains. 

I n  addit ion,  we will discuss stereochemical work on a 
model  of DNA in which the cytosine residue exists in the 
imino form. The imino cytosine hydrogen  bonds to 
guanine in the same way tha t  the second uracil is l inked 
to poly A in poly A + 2 poly U. This type  of bonding has 
also been found in the mixed crystal  of N-methy l  t hymine  
and N-methy l  adenine by Hoogstein.  In  this tau tomer ic  
form, DNA exists as a two s t randed  helix wi th  anti- 
parallel chains which are related by a diad axis passing 
between the aden ine - thymine  and guanine-cytos ine  pairs. 
However ,  a model  of this type  introduces some stereo- 
chemical difficulties which make  it less likely than  t£he 
Watson-Cr ick  model.  Computa t ion  techniques will be 
described which have  been developed for the IBM 704 
for the calculation of strain energies and Four ier  trans- 
forms of these structures.  

Publ icat ion in Biochim. Biophys. Acta. 

7.7. La s tructure  du p o l y - L - g l u t a m a t e  de benzyle  en 
solut ion.  PAr M. CESA~I & V. LVZZATI, Centre de 
Recherches sur les Macromoldcules, Strasbourg, France. 
On a @tudi6, au moyen  de la diffusion centrale des 

rayons X,  des solutions du polypept ide  en diffdrents 
solvants organiques, dans une gamme de concentra t ions  
al lant  des fibres s@ches jusqu ' aux  solutions dilu@es 
(1~o environ). 

A des concentrat ions re la t ivement  61ev@es on a observ6 
des organisations m@somorphes, den t  on a @tudi@ l'6volu- 
t ion avec la concentrat ion.  On a pu remarquer  d 'une  
par t  qu 'aux  concentrat ions  @lev@es la s t ruc ture  est form6e 
d 'un  a r rangement  hexagonal  de b£tonnets ,  den t  les 
dimensions sent  celles de l'h@lice a, et d ' au t re  par t  qu'~ 
des concentrat ions  plus faibles l 'organisat ion du syst~me 
d@pend de la na tu re  du solvant.  Ces observations ont  
@t@ raises en rappor t  avec les ph@nom@nes optiques 
d@crits par  Robinson (Trans. Faraday Soc.(1956), 52, 571 ; 
Disc. Farad. Soc. (1958), 28, 29). 

Pa r  ailleurs, en @tudiant les solutions dilu6es et  iso- 
tropes au moyen  de la diffusion centrale  absolue, on a 
constat@ que le polypept ide adopte  une configurat ion en 
forme de b~tonnet ,  et  que les dimensions des b~tonnets  
d@pendent de la na tu re  du solvant.  E n  part icul ier  on a 
montr6 que dans un groupe de solvants, les dimensions 
du b£tonnet  sent  en ben accord avec celles de l'h@lice a, 
tandis  que dans un autre  groupe l'h@lice dolt  @tre diff@- 
rente.  Ces r@sultats conf i rment  en outre les observations 
effectu@es avec les solutions concentr@es. 

Publ ica t ion:  J. Mol. Biol. 

7.8. S tructure  of frizzle m u t a n t  feather keratin.  By 

S. t'[RIMM, Harrison M. Randall Laboratory of Physics, 
The University of Michigan, Ann  Arbor, Michigan, 
U.S.A. 
One of the central  problems which challenges our 

unders tanding  of the  molecular  basis of biological phe- 
nomena  is the  genetic control of protein synthesis and  
s tructure.  XVhile several cases are known in which a 
mu ta t ion  influences the amino acid sequences in a protein,  
there  is relat ively little evidence on how the configura- 
t ional s t ruc ture  of the protein is affected. The Frizzle 
mu ta t i on  (in fowl) offers an example of this la t ter  type.  
X- ray  diffraction pa t te rns  of the calamus of a homo- 
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zygous Frizzle chicken were obtained and compared, 
under  comparable conditions, with the diffraction pa t te rn  
of the calamus of a normal  chicken. The pat terns  differ in 
two respects: (1) there is less of the crystalline structure 
manifested in the pa t te rn  of the m u t a n t  feather, with  a 
comparable increase in the amorphous scattering, and 
(2) the crystalline par t  of the pa t te rn  tha t  is given by 
the m u t a n t  feather exhibits much  poorer orientat ion 
than  tha t  of a normal  feather. The lat ter  effect is also 
seen in polarized infrared spectra of the  two kinds of 
feathers. Chemical analyses of such feathers indicate tha t  
the  muta t ion  is also associated with a change in some of 
the  gross amino acid compositions. A ten ta t ive  hypo- 
thesis can be formulated in terms of recent ideas on the 
s tructure of feather kerat in  as to how the muta t ion  is 
probably influencing the structure. Since the  muta t ion  
affects primarily the mechanical  properties of the feather 
( thereby leading to poorer feather coverage and increased 
heat  loss, and consequent  physiological changes in the 
animal), this furnishes an example of how changes in 
protein structure can be correlated with defects in 
function. 

To be published in J .  Mol. Biol. 

7.9. S t r u c t u r e  o f  s h a r k - f i n  c o l l a g e n .  B y  N. N.  SA~A & 
S. DAS, Crystallographic & Solid State Physics Labora- 
tory, Saha Institute of Nuclear Physics, Calcutta Univer- 
sity, India. 
The present  investigation comprises in its scope the  

s tudy of collagen (elastoidin) from fin-rays of elasmo- 
branch by X-ray diffraction, chromatographic,  electron 
microscopic and optical methods  and the s tudy of the  
effect of irradiation by 14 Mev. neutrons.  This substance, 
unlike other collagens, does not  respond to usual gelatin 
test. This inertness was a t t r ibuted  by earlier workers to 
the presence of some cross-linkages not  usually me t  wi th  
in other collagens. But,  the present  s tudy shows tha t  the 
removal  of the outer sheath  surrounding the  inner fibres 
eases the gelatinisation and the response to usual gelatin 
test  was immediate .  The swelling proper ty  of this fibre 
has been found very significant in our structural  study.  
When  kept  in water  the fibre increases wi thout  any 
tension whatsoever  by about  30% in length in addi t ion 
to its marked  increase in diameter.  

Birefringence s tudy of the native,  contracted,  elongated 
and neut ron  irradiated fibres has been made  and the 
results obtained were found very useful in elucidating the  
structural  details. 

An extensive X-ray s tudy of this substance under  
various conditions, e.g. native,  contracted,  elongated and 
irradiated fibres, has been made.  Our findings, which 
have been discussed in details in the paper, reveals the 
shortcomings of the existing three-strand coiled coil 
model  for collagen and necessitates its modification. 
Suggestion in this direction has been put  forward. 

The amino acid composition of this substance has been 
found to differ from other  collagens in having a high 
tyrosin content  and also in containing an appreciable 
percentage of cystin. The effect of neut ron  irradiation in 
this substance, with  special reference to the hydrogen 
bonds breakage, is being studied by nuclear magnet ic  
resonance method.  
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7.10. P r e l i m i n a r y  X - r a y  o b s e r v a t i o n s  o n  t h e  t r a n s -  
v e r s e  p a c k i n g  o f  f i l a m e n t s  i n  m u s c l e .  B y  C. R. 
WORTHINGTON, Biophysics Research Unit, Kings College, 
Strand W.C. 2, England. 
Electron microscopy of str iated muscle has shown tha t  

the proteins, myosin and actin are in separate longitudinal  
fi laments and pack together  in an hexagonal  array. 
The myosin fi laments define the primit ive lattice and each 
myosin  f i lament  is surrounded by 6 actins. Most str iated 
muscles, e.g. rabbit  psoas, frog sartorious have the actins 
in trigonal positions and this latt ice is denoted  L2, 
2 actins per uni t  cell at  2 ~, ½ and ½, ~a- However,  electron 
micrographs of insect flight muscle indicate tha t  the 
actins are mid-way between the myosins and this latt ice 
is denoted  L3, 3 actins per uni t  cell at  ½, 0; 0, ½ and ½, ½. 

Low angle X-ray pat terns  were obtained using effective 
pinhole collimation and, for purposes of comparison, 
the muscles were extracted in glycerol. Most of the 
measurements  were made  on L3 using flight muscle from 
a blowfly and a waterbeetle,  a l though the L2 lattice 
(Iluxley, Proc.Roy.Soc., B (1953), 141, 59) was reaffirmed 
using rabbit  psoas muscle. 

The X-ray data  is summarized:  

L2 (10) and (11) reflections of a 440/~. 

L3 (10) and (20) reflections of a 560 •. 

The above reflections are equatorials, as expected from 
a two-dimensional  hexagonal  lattice. The X-ray da ta  is 
consistent wi th  the  electron micrographs for, wi th  the 
actins in the above positions, the actin fi laments contrib- 
ute  strongly to the (11) and (20) reflections respectively, 
whereas the myosins contr ibute mainly  to the  (10) reflec- 
tion. 

The hydra t ion  of each lattice is es t imated to be 90% 
by volume. 

(1) Drying. Spacings decrease and the order quickly 
breaks down. No reflections are observed on air 
drying the muscle. 

(2) Rehydra t ing .  I t  has been shown for insect flight 
muscle tha t  an air-dried specimen kept  for 3 months  
will regain its lattice after rewetting. 

(3) Swelling. Most fluids in which muscle is immersed 
increase the lattice. This involves an increase in the 
myos in-ac t in  distance as the  same reflections are 
observed as in intact  muscle. 

A previous X-ray s tudy on the  axial spacings of str iated 
muscle (Worthington,  J. Mol. Biol., (1959), 1,398) has de- 
scribed a spacing of about  400 A. This period has often 
been seen in electron micrographs associated with 'cross- 
bridges' between the myosin  and actin filaments. In  the  
case of well preserved specimens of insect flight muscle, 
the 400 A spacing is a layer line repeat  with discrete 
reflections observable. Consequently,  this muscle behaves 
more like a three-dimensional  lattice with a hexagonal  
uni t  cell, C = 400 A. 

To be published in J. Mol. Biol. 

7.11. P h a s e  d e t e r m i n a t i o n  in  t h e  F o u r i e r  s y n t h e s i s  
o f  h a e m o g l o b i n  a t  5.5 A r e s o l u t i o n .  B y  A. F.  C ~ L ~ s ,  
H. MUIRH:EAD, M. F. PERUTZ, M. G. ROSSMANN, Medi- 



1054 § 7. P R O T E I N S  A N D  R E L A T E D  C O M P O U N D S  

cal Research Council Unit for Molecular Biology, Caven. 
dish Laboratory, Cambridge, England and A. C. T. 
No~T~, The Royal Institution, 21 Albemarle Street, Lon- 
don W. 1, England. 
Wet  crystals  of horse met  haemoglobin crystallize in 

space group C2 wi th  cell dimensions 

a=109 .2 ,  b=63.2 ,  c = 5 4 . 7 / ~ ,  f l= l10 .7  °. 

There are two molecules per un i t  cell, each containing 
a crystal lographic two-fold axis. I t  was possible to pre- 
pare six different isomorphous haemoglobin derivatives 
by  a t tach ing  different kinds of mercury  compounds a t  
each of two independent  sites. 

The relat ive positions of the heavy  a tom were found 
b y  means of a suitable correlation function. The average 
weight  and anisotropic shape parameters  were determined 
by  a least-squares procedure (M. G. l~ossmann, Acta 
Cryst. (1960), 13, in press). 

The calculated s t ructure  factors of the heavy  a tom con- 
tr ibutions in each compound and the corresponding 
observed s t ructure  factors of the heavy  atom derivatives 
were combined, in order to determine the phase of each 
reflection in the unsubs t i tu ted  protein. The probabi l i ty  
of the phase being 0 °, 5 ° , 1 0 ° . . .  355 ° was calculated 
and then two different procedures were adopted.  The first 
method used the observed s t ructure  factors of the na t ive  
protein as Fourier  coefficients and t ha t  phase which was 
found to have  the highest  probabil i ty .  In  some cases 
anomalous dispersion could be used to dist inguish be- 
tween phases of almost  equal probabil i ty.  The second 
al ternat ive method  (D. M. Blow & F. H.  C. Crick, Acta 
Cryst. (1959), 12, 794) calculated the center of g rav i ty  
of all the probabili t ies plot ted around a circle; the dis- 
placement  of the center of g rav i ty  from the origin gave 
a 'best '  phase wi th  a suitable weighting. The second 
method was foLmd to produce a superior electron-density 
distr ibution.  

This work will be submi t ted  to Prec. Roy. Soc. for 
publication. 

7.12. A n  e v a l u a t i o n  of m e t h o d s  for i s o m o r p h o u s  s u b -  
s t i t u t i o n  in p r o t e i n s .  B y  MurrAY VE~O~q K I l o ,  
Orthopedic Research Laboratories, Massachusetts General 
Hospital, Boston 14, Massachusetts, U.S.A. 
Since bovine pancreat ic  ribonuclease does not  possess 

amino-acid residues capable of specific chemical reaction 
with  heavy-a tom compotmds, it  has been necessary to 
apply  a diversified tr ial-and-error approach, relying on 
unknown steric factors, to the problem of isomorphous 
subst i tu t ion in this protein. Some regularities in the 
abi l i ty  of substances to bind to ribonuclease have 
emerged. Substrate  analogs containing heavy  atoms, e.g., 
mercurated cytidylic acid, have shown effects indicat ing 
binding. However,  mul t iply-charged oxygenated anions 
are found generally to be substrate  analogs in t ha t  they  
bring about  competi t ive inhibit ion and refolding of urea- 
denatured  ribonuclease. Thus, anionic chelates containing 
coordinat ively-saturated heavy  metals  have been tr ied 
as heavy-a tom dyes, in some cases successfully. Some 
chelates containing coordinat ively- lmsaturated metals  
also show evidence of binding, possibly through interac- 
t ion of the meta l  wi th  side-groups of the protein. Func- 
t ional groups found not  to lead to specific binding in- 
clude: -C02H,  -HgC1, and posit ively-charged groups. 

The only generally suitable method  found for deter- 
mining specific binding has been the s tudy  of changes 
in X- ray  diffraction intensit ies upon dyeing the crystal .  
I f  changes in diffraction intensit ies are observed, one- 
dimensional and two-dimensional difference methods  are 
then used as successive steps in screening the crystals  
to eliminate cases showing diffuse binding or s t ructural  
changes. The orthorhombic symmet ry  of ribonuclease I 
makes  possible a check for consistency among the differ- 
ence Pat te rson  projections along all three axes. 

The results of tests  for specific heavy-a tom dyeing 
show tha t  the list of successful dyes for ribonuclease 
differs from those found suitable for other protein crystals.  
Successful dyes include: 

Pt-ssen, Ir-ssen (bis(sulfosalicy]al)ethylene-diamine 
chelates) Pt(C204)~ ~, Ir(C204)~ -~, p-chloromercuri- 
benzenesulfonate,  Urany l  complex of Eriochrome 
Cyanine R. 

7.13. F u r t h e r  d e v e l o p m e n t s  in the  s t r u c t u r e  d e t e r -  
ru inat ion  of r i b o n u c l e a s e .  By C. H. CARLISLE, Birk- 
beck College, Crystallography Laboratory, London, W. C. 1, 
England. 
A study of the fully sharpened three-dimensional  

Pa t te rson  functions of the crystals  of ribonuclease and  
ribonuclease - parachloromercuribenzoate,  respectively, 
has shown t h a t  there are two mercury atoms per mole- 
cule. These are located at  

x=0 .153 ,  y=0 .049 ,  z=0.075,  
and 

x=0 .806 ,  y=0-951,  z = 0 . 1 7 5 .  

The phase contr ibutions of the H g  atoms to the general 
hkl reflections for spacings greater  than  1.7 /k have  been 
calculated and using this information the following 
part ia l  three-dimensional electron-density maps have  
been obtained:  

(1) Elect ron-densi ty  maps of the crystals  wi th  and 
wi thout  the meta l  using reflections wi th  spacings greater  
t han  6 A. A comparison of these maps should show the 
shift  of the molecules relat ive to one another  in the 
presence of the mercury  atoms, and also the possible 
directions and folding of the single polypept ide chain to 
yield the te r t ia ry  s t ructure  of the molecule. 

(2) An electron-density map of the metal-free crystal  
using reflections wi th  spacings greater  than  3 _~, from 
which it  is hoped to find the positions of the sulphur  
atoms belonging to the 4 cyst ine and 4 methionine  re- 
sidues in the molecule and also some information con- 
cerning the detailed nature  of folding of the polypept ide  
chain itself. 

This work is l ikely to be published in Acta Cryst. 

7.14. A c o m p a r i s o n  of the  F o u r i e r  t r a n s f o r m s  of  
s p e r m - w h a l e  and  sea l  m y o g l o b i n  m o l e c u l e s .  B y  
A. C. W. NORTH, D. C. PHILLIPS & m. SCOULOUDI, Davy 
Faraday Research Laboratory, The Royal Institution, 
London, W. 1, England. 
H. Scouloudi (Nature (1959), 183, 374) has  shown tha t  

the electron densi ty  in a sperm-whale myoglobin mole- 
cule (J. C. Kendrew, G. Bode, H.  M. Dintzis,  R.  G. 
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Parrish, H. Wyckoff  & D. C. Phillips, Nature, Lend. 
(1958), 181,662;  G. Bode,  H. M. Dintzis, J.  C. Kendrew & 
H. W. Wyckoff,  Prec. Roy. Soc. (1959), A, 253, 70) can be 
projected in such a way tha t  it agrees closely with the 
electron densi ty  in the  centrosymmetr ic  b-axis projec- 
t ion of seal myoglobin (determined by the  me thod  of 
isomorphous replacement).  The comparison has now been 
ex tended  to a non-cent rosymmetr ic  project ion of seal 
myoglobin.  Since the  electron densi ty in this project ion 
has not  been directly determined,  the comparison was 
made  in reciprocal space ra ther  than  in real space. The 
electron densi ty  in an isolated sperm-whale myoglobin 
molecule was projected in a direction corresponding to 
the a-axis of seal myoglobin.  This projected densi ty was 
then  used to calculate Okl structure factors in the  seal 
myoglobin uni t  cell and these structure factors were 
compared with the observed amplitudes.  The good agree- 
m e n t  obtained confirms the  similarity of the two myo- 
globin molecules previously indicated by the  b-axis 
projection. 

An assessment of the  two methods  of comparison, 
in real and in reciprocal space, will be presented.  

Paper  likely to be published in Acta Cryst. or J. MoL 
Biol. 

7.15. S t r u c t u r a l  r e l a t i o n s h i p  of h o r s e  and  o x  h a e m o -  
g l o b i n s .  By A. C. T. NORTh, Medical Research Council 
External Staff, Davy Faraday Research Laboratory, The 
Royal Institution, London, W. 1, England. 
The 3-dimensional electron-density distr ibution in 

horse haemoglobin is now known (M. F. Perutz,  M. G. 
l%ossmann, A. F. Cullis, H. Muirhead, G. Will & A. C. T. 
North,  Nature, Lend. (1960), 188,416), but  only the centre- 
symmetr ic  projections of ox haemoglobin are available 
at  present  (D. W. Green & A. C. T. :North, accompanying 
paper). H. Scouloudi (Nature, Lend. (1959), 183, 374) 
showed tha t  there was close agreement  between corre- 
spending projections of sperm whale and seal myoglobins.  
A similar comparison has now been made  for ox and horse 
haemoglobins.  

The relative orientations of the  two uni t  cells with  
respect to the  molecule are known with fair accuracy 
from consideration of molecular packing, protein Pat ter-  
sons, optical dichroism and the  positions of the sulphy- 
dryl  groups as revealed by heavy  a tom coordinates. 

The Ferrant i  Mercury computer  was used for the  cal- 
culation. The electron-densities of the horse haemoglobin 
structure were read into the  machine;  a linear 8-point 
interpolat ion was used to evaluate the densi ty at  points 
on a new grid wi th  axes parallel to the ox haemoglobin 
axes. The projections were derived by appropriate sum- 
mations.  Calculations were made  for several slightly 
different relative positions of the horse and ox axes. 

Structure factors, corresponding to the projections of 
the  horse molecule in the  ox uni t  cell, were calculated, 
so tha t  a comparison could be made  directly with the 
ox haemoglobin data.  

The degree of similarity, both  of the  projected electron- 
densi ty  maps and of the  structure factors, will be dis- 
cussed with reference to the  structural  similarities which 
it implies. 

Paper  probably to be submi t ted  to:  J. Mol. Biol. 

7.16. I s o m o r p h o u s  r e p l a c e m e n t  in  ox  h a e m o g l o b i n .  
By  D. W. G ~ E ~  & A. C. T. NO~T~, Medical Research 
Council External Staff, Davy Faraday Research Labora- 
tory, The Royal Institution, London, W. 1, England. 
Ox haemoglobin has been s tudied by means  of the  

isomorphous replacement  method,  as used in horse hae- 
moglobin (D. W. Green, V. M. Ingrain  & M. F. Perutz,  
Prec. Roy. Soc. (1954), A, 225, 287). Ox haemoglobin has 
the advantage  of or thorhombic symmet ry  with three 
centrosymmetr ic  projections, but  the asymmetr ic  uni t  of 
s t ructure is a whole molecule. 

Isomorphous derivatives containing one or two silver 
or mercury atoms per half molecule of protein have been 
prepared, though the satisfactory compounds all have the  
heavy a tom groups at  the  same two sites, the  sulphydryl  
groups. The resultant  intensi ty  changes enable signs to 
be de termined for about  two thirds of the reflections of 
the a and c projections, nei ther  of which suffers appre. 
ciably from overlap of adjacent  molecules. 

The electron-densities in both  projections show a 
tendency  to dyad symmet ry  about  an axis roughly 
parallel to the b axis. Together  with the  presence of 
heavy atoms in two sites symmetr ical ly  placed about  
such an axis and the existence of a second, cubic, form of 
ox haemoglobin in which the  molecules lie on dyad axes 
(A. C. T. North,  Acta Cryst. (1959), 12, 512), this suggests 
t ha t  the  molecules of or thorhombic ox haemoglobin have 
axes of two-fold symmet ry  which are not  made  use of 
in the  crystal structure.  

The features of electron-densi ty are of a similar na ture  
to those found in projections of other proteins. 

The position of the  molecular boundary  was deter- 
mined  from packing considerations, from the appearance 
of the  electron-densi ty maps and from 'sal t -water '  
Fouriers calculated from the intensi ty changes produced 
by varying the salt concentrat ion of the  crystal mothe r  
liquor. The distance between the two heavy  a tom sites 
within one molecule is closely equal to the  separation 
of the sulphydryl  groups of horse haemoglobin;  the  
similarity of horse and ox haemoglobins is discussed 
further  in a separate paper. 

Paper  probably to be submi t ted  to:  J. Mol. Biol. 

7.17. I n s u l i n - c r y s t a l  s t r u c t u r e  s t u d i e s  of  h e a v y  a t o m  
d e r i v a t i v e s .  By BAI~BARA W. LOW, J.  DRE~T~, H. C. 
WATSON, W. T ~ A ~ ,  J.  A. ROSENCRA~rZ & C. H. Ct{EN, 
Department of Biochemistry, College of Physicians and 
Surgeons, Columbia University, New York 32, New York, 
U.S.A. 
Efforts to prepare heavy a tom derivatives of insulin 

(1) by immersing or thorhombic type A insulin sulfate 
and insulin citrate (B. W. Low & J.  E. Berger, in prepara- 
t ion for Acta Cryst.) crystals in solutions containing heavy  
a tom salts and (2) by growing crystals from solutions 
containing these salts have  so far yielded three prepara- 
tions which mer i ted  fur ther  study.  After  immersion for 
several weeks in buffered solutions of either (a) bar ium 
plat inocyanide or (b) thal l ium ni t ra te  the  intensi ty  distri- 
butions of the  three principal zones of reflection for 
insulin citrate crystals are marked ly  changed. The two 
crystal modifications are both  isomorphous wi th  the  
metal-free crystals. Difference Pat terson projections have  
been calculated and the positions of heavy-a tom vectors 
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tenta t ive ly  identified. The results of these investigations 
will be presented.  

After insulin citrate crystals have been immersed in a 
buffered solution of potassium platino-iodide for ten 
days, the uni t  cell dimensions change by shrinkage from 

a=57.7 ,  b=51.4,  c--38-1/~ 
to 

a=59 .1 ,  b--50.6, c = 2 9 . 5 1 ,  

a l though the  space group P212~21 remains unchanged.  
The X-ray photographs are rather  poor with min imum 
spacings of 4.5-5/l_. The crystals have been studied after 
three months  and nine months  immersion. Marked 
intensi ty  changes have been observed, and time-difference 
Pat terson projections have been calculated. The projec- 
tions appear to be interpretable in terms of two heavy.  
a tom groups per asymmetr ic  unit .  Confirmation is being 
sought  through the  calculation of three-dimensional  
Pat terson series. The results of this s tudy will be pre- 
sented. 

This is a report  of work in progress rather  than  of a 
complete structure determinat ion and so it is not  possible 
to specify with cer ta inty the Journal  in which the work 
is likely to be publ i shed- -probably  Aeta Cryst. 

7"18 I n s u l i n  - -  g r o s s  m o l e c u l a r  s t r u c t u r e .  BY BAR- 
BARA W. Low, A. S. McGAvlN AND J. ]=~. EINSTEIIq, 
Department of Biochemistry, College of Physicians and 
Surgeons, Columbia University, New York 32, New York 
U.S.A. 

The three principal weighted reciprocal-lattice sections 
of type A and type B (both wet) and type P (air-dried) 
orthorhombic insulin sulfate crystals all show some rather  
remarkably  simple features of intensi ty distribution. 
Prel iminary efforts to account for these features in terms 
of simple distributions of gross scattering centers in the 
three structures have been partially successful for projec- 
tions along the  a axis. 

During the s tudy of shrinkage in insulin sulfate crystals 
several new crystal forms were discovered (J. 1~. Einstein,  
Ph.D. Thesis, Harvard  University,  1958; J .  1~. Einstein 
& B.W.  Low (in preparat ion for Acta Cryst.)). In  one of 
the in termediate  drying stages, type C, the space group 
of the crystal is I212121 with eight general eq~dvalent 
positions. The drying stages proceed through crystal 
forms of space group P212121 to I2~2~2~ and finally to an 
air-dried form space group P2~2~2p In  the normal  wet 
form there are two molecules of molecular weight 5733 
in the  asymmetr ic  unit .  In  type  C crystals pairs of mole- 
cules are related by two-fold rotat ion axes. From a 
detai led s tudy of the  tran~form~tion~ ~nd from other 
studies we have concluded tha t  the molecular dimer has 
basically an invariant  structure of point  group 2 in all 
these forms and probably also in solution. 

The three basal sections of the weighted reciprocal 
lattice of type C crystals also show simple features of 
intensi ty  distribution. By further  study, using optical 
t ransform techniques and Pat terson projections, it has 
been possible to define a sflnple ar rangement  of gross 
scattering centers which accounts for the  principal 
intensi ty  distributions in the 0kl zone of types A, B, C 
and P crystals (B. W. Low, A. S. McGavin & J.  R. Ein- 
stein (in preparat ion for Acts Cryst.)). 

7.19. X - r a y  s t u d i e s  o n  t h e  s t r u c t u r e  of i n s u l i n .  By 
MARJORIE HARDING, DOROTHY HODGKIN, SABINA 
COLE, ANN KENh~EDY, A. O'CoNNoR, BERYL RI~I]~ER, 
J.  S. I:~OLLETT ~ D. WE1TZMAN, Chemical Crystallogra. 
phy Laboratory, South Parks Rd., Oxford, England. 
We have examined several different crystalline forms 

of insulin. One of these, crystallized from a citrate buffer 
containing sodium chloride, is closely related to the  
already familiar rhombohedral  zinc insulin; bu t  it has 
a higher zinc content,  there is an expansion of 4/~_ along 
the threefold axis, and a small rotat ion of the molecules 
is suggested by the Pat terson projections. The hmct ion  
of the zinc in both forms is impor tan t ;  the  new form 
contains four zinc atoms per uni t  cell (of molecular weight  
36,000), the old form two zinc atoms. 

We have  searched for heavy  metal  derivatives isomor- 
phous with either of these forms, almost  entirely by 
soaking techniques rather  than  crystallization. Up take  
of heavy metal  has been detected either by the change 
in intensi ty in one zone of reflections, or by the  increase 
in density, measured in a densi ty gradient  column, or by 
both  methods.  The amount  of one ion taken  up, mercuri- 
iodide, has been studied by chemical analyses. 

Intensi t ies have been measured to a resolution of 2~ 1 
to 3 A, for numerous projections and for four sets of 
three-dimensional  da ta  on the two unsubs t i tu ted  forms, 
a uranyl  acetate and a mercuri-iodide derivat ive;  then  the  
sharpened Pat terson series were calculated. Determina-  
t ion of the heavy a tom positions from projections which 
are non-centrosymmetric ,  was not  possible. A probable 
mercury position was found from the three-dimensional  
Pat terson series. Using only the da ta  from the mercuri- 
iodide derivat ive a Buerger m in imum function and a 
heavy a tom phased Fourier series were calculated; both  
were able to suggest the ar rangement  of molecules in the 
lattice and some features within the molecules. 

Eventua l  publication; probably Prec. Roy. Soc. 

§ 8.  F i b r o u s  s t r u c t u r e s  

8.1. R 6 n t g e n s t r u k t u r u n t e r s u c h u n g e n  a m  P o l y ~ i t h y -  
l e n .  Von R. BONART ~5 R. HOSEMANN, Fritz-Haber- 
Institut der Max-Planck-Gesellschaft, Berlin-Dahlem, 
Deutschland. 
RSntgenkleinwinkel-  wie such l~6ntgenweitwinkeldia- 

g ramme veto Poly~ithylen sind seit l~ngerer Zeit bekannt .  
Dabei ri ihrt  das Kleinwinkeldiagramm yon der r~ium- 
lichen Anordnung der sog. 'amorphen '  bzw. 'kristal l inen'  
Bereiche, also v o n d e r  Kol loidst ruktur  her. Das Weit- 
winkeldiagramm is dagegen durch die a tomare St ruktur  
in den 'am0rphen' mid 'kristallinen' Bereichen gegeben. 

W~hrend nun die Kris tal ls t ruktur  des Poly~ithylens als 
gesichert angesehen werden darf, sind die Untersuchungen  
fiber die Struktur  in den 'amorphen '  Bereichen noch in 
Fluss. Diese Untersuchungen stiitzen sieh auf die Analyse 
der diffusen Streuung im Wei twinkeldiagramm und auf 
das Tempera turverhal ten  der Kleinwinkel- und  der Weit- 
winkelstreuung. Die bisher vorliegenden Befunde deuten  
darauf hin, dass die 'amorphe '  St ruktur  des Poly~ithylens 
parakristall inen Charakter tr~igt. Auch in den 'amorphen '  
Antei len liegt vermutl ich eine kristall~ihnliche St ruktur  
mi t  definierter Koordinat ionszahl  vor. 

Die Kolloidstruktur  konnte  fin vergangenen Jah r  durch 
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die Annahme  sog. parakristall iner Schichtgit ter  bzw. 
Schichthaufwerke wei tgehend analysiert  werden. Von 
Hendus  (BASF) mitgetei l te  Kle inwinkeldiagramme ver- 
schieden stark gereckter Poly~thylenfolien haben zu einer 
Erwei terung and  Pr~izisierung unserer bisher mi tgete i l ten  
Vorstel lungen fiber die Makrostruktur  gefiihrt. Licht- 
optische Modellversuche (Frauenhofer Diagramme) an 
zweidimensionalen Modells trukturen veranschaulichen die 
gewonnenen Ergebnisse. [K. Hess u. H. Kiessig, Z. phys. 
Chem. 193, 196 (1944), R. Bonar t  u. R. Hosemann,  Z. 
Elektrochem. 64, 314 (1960), R. Bonar t  u. R. I.iosemann, 
Malcromol. Chem. 39, 105 (1960), H. Hendus,  KoU. Z. 165, 
32 (1960)]. 

Ausfiihrliche VerSffentlichung ist vorgesehen in Kol- 
loidzschr. 

8.2. The  effect of degree  of po lymer iza t ion  on crysta l -  
l ite or ientat ion  in regenerated  ce l lu lose  f i laments .  
By K. C. ELLIS and J.  O. WA~WICK~, British Cotton 
Industry Research Association, Shirley Institute, Dids- 
bury, Manchester, 20, England. 
The azimuthal  intensi ty  distributions of the  020 and 

101 reflections have been de termined by pho tomete r  
measurements  on suitable photographs of bundles of 
cellulose fi laments prepared from fractions of cellulose 
acetate  having a very l imited range of degree of poly- 
merization.  

The shapes of the measured azimuthal  intensi ty  distri- 
butions of the 101 and 020 reflections of representat ive 
specimens have  been compared with those predicted by 
Kra tky ' s  'Rodlet '  Theory and it has been shown tha t  the 
fi laments show no appreciable selective orientat ion of the  
(101) planes. 

The degree of orientat ion of the  (101) planes has been 
de te rmined  for a total  of 24 specimens at 6 different 
degrees of polymerizat ion by taking the  reciprocal of the  
half-breadth of the azimuthal  intensi ty distr ibution of 
the 101 reflection. I t  was found tha t  at  low effective 
stretches no crystallite orientat ion occurs but  at  higher 
effective stretches the  degree of crystallite orientat ion 
increases with increasing effective stretch. At  constant  
effective stretch, the crystallite orientat ion increases with 
increasing degree of polymerizat ion unti l  a degree of 
polymerizat ion of about  600 is reached but  then  tends to 
assume a constant value. 

The results can be explained if it is assumed that when 
the filament is stretched it is in a state in which the 
bonding between molecules is very weak so that flow can 
occur in addition to 'affine' deformation. 

To be submit ted  for publication to J.  Polym. Sci. 

8.3. The  m e a s u r e m e n t  of crysta l l in i ty  in polyethy-  
lene  terephthalate  ( 'Terylene'):  A c o m p a r i s o n  of 
X-ray ,  infra-red  and densi ty  m e a s u r e m e n t s .  By 
G. F ~ R o w  & I. M. W~RD, Research Department, I .C.I .  
(Fibres Division), H ookstone Road, Harrogate, Yorkshire, 
England. 
Crystallinities have been measured in drawn poly- 

e thylene te rephtha la te  ( 'Terylene') yarns by methods  
based on density,  infra-red spectra and X-ray diffraction. 
The results have been compared and no correlation exists 
between the  three;  the values from infra-red are high, 
those from X-ray low, and those from the densi ty fall 
roughly between the two. 

The crystMlinity of a polymer  fibre is by definition the  
relative amoun t  of three-dimensional  ordered mater ial  
present  in a sample and this is most  directly measured 
by X-ray diffraction. In  the  X-ray me thod  the  drawn 
fibres are chopped and pelleted to make  a randomised 
sample suitable for mount ing  on the circumference of an 
X-ray focusing camera. A line shaped, strictly mono- 
chromatic X-ray beam is used and the X-ray camera is 
evacuated.  This enables the photographic film, which is 
used to record the X-ray reflections, to be free of 'white '  
radiat ion and parasitic X-ray  radiat ion normal ly  te rmed 
air scatter. Exposure t imes are of the order of one hour. 

The results reported here show tha t  in polyethylene 
te rephthala te  the  infra-red measurements  are only cor- 
related with configurational changes affecting the  order 
within individual  molecules. Using the X-ray measure- 
ments  to define crystall inity it is found tha t  the  densi ty 
of non-crystall ine mater ial  increases wi th  orientat ion so 
tha t  densi ty measurements  based on the concept  of con- 
s tant  non-crystall ine densi ty  (equal to the densi ty  of 
amorphous material) are inevitably in error when applied 
to oriented samples. 

The results also show tha t  highly oriented pin drawn 
yarns of low draw ratio have no appreciable erystallinity 
which is in contradiction to the view that the limitating 
stress built up in the drawing process is caused by the 
onset of crystallinity. Although the onset of crystallinity 
may well increase the reinforcement it is clear that it is 
not essential to it. 

Account to be published in Polymer. 

8.4. Structure  de la ce l lu lose  IV. Par  THi~R~SE PETIT- 
PAS & JACQUES M_ERING, Institut National de Recherche 
Chimique Appliquee, Service de Rayons X ,  Paris (4°), 
France. 
La cellulose IV est g@n@ralement consid@r@e comme une 

forme or thorhombique,  proche de la cellulose I. Le calcul 
de la distr ibution radiale horizontale P(ro) (distribution 
des projections @quatoriales des distances interatomiques)  
a @t~ effectu@ en uti l isant  les donn@es d 'une  photom@trie 
continue. Cette distr ibution est en accord avee le mod@le 
structural  de Meyer & Misch d 'une  chaine unique. 
Mais P(ro) ne cont ient  aucune indication sur une r@p@ti- 
t ion du motif.  On dolt  ainsi consid@rer la cellulose IV 
comme un assemblage de chalnes parall@les, sans ordre 
lat@ral. Les max ima  @quatoriaux du d iagramme ne 
doivent  donc pas @tre consid@r@s comme des r@flexions de 
Bragg. I1 faut  noter,  d 'au t re  part ,  que la s tructure de la 
chaine apparal t  mieux dans P(ro) de cette forme 'amorphe '  
que dans celle de la forme 'cristalliz@e' (cellulose I) :  
en effet dens la cellulose IV la distr ibution des distances 
intramoldculaires n'es t  plus brouill@e par les distances 
intermoldculaires. 

Publicat ion:  Note  aux C. R. Acad. Sci., Paris. 

§ 9. O r d e r - d i s o r d e r  p h e n o m e n a  

9.1. Diffus ion hers  des domaines  de B r a g g  dans la 
muscov i t e .  Par LvcrE~ GATI~EA~, Institut National 
de Recherches, Chimiques Appliqudes, Paris 4 °, France. 
La recherche de la r@partition des substi tut ions iso- 

morphes A1-Si n 'es t  possible qu'~ cause de la diff@rence 
d ' encombrement  de ces ions. Une  projection ~ une dimen- 
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sion permet  de voir qu'ils ne  peuvent  @tre cristallo- 
g raph iquement  confondus. Leur diff@rence de diam~tre 
entratne des distorsions dans le plan des atomes d 'oxyg6ne 
qui leur sont li6s. 

Une  explorat ion continue de l 'espace r@ciproque, par 
sections sph6riques successives, me t  en @vidence des 
ph@nom@nes complexes de diffusion en dehors des do- 
maines de Bragg. L '6tude de ces ph6nom@nes de diffusion 
permet  d'@tablir tes relations d'ordre-d6sordre qui existent  
dans ces substi tut ions A1-Si ~ l'int@riettr d 'un  feuillet et  
d 'un  feuillet & un  autre feuillet. 

9.2. The  s tructure  of the in termediate  p lag ioc lase  
f e l s p a r s .  By H~.LE~ D. MEGAW, Cavendish Laboratory, 
Cambridge, England. 
The ideal plagioclase structure has a uni t  cell made  up 

of 18 albitoid subcells, 16 of which belong to one or other 
of the four types fotmd in anorthite,  and are arranged 
so as to give extensive blocks of anorthi te  structure. 
Sets of stacking faults on several different fault planes 
occur with probabilities depending on the composition, 
and have the effect of displacing the systematical ly-weak 
intensi ty max ima  ('difference reflections') from their ideal 
lattice positions, in three dimensions. These results, wi th  
a detailed quant i ta t ive  description of the  stacking faults, 
are deduced directly from the diffraction effects, wi thout  
the  use of any hypotheses about  atomic ar rangement  or 
atomic 'ordering'.  Wi th  the assumption tha t  faults in 
annealed mater ial  have their  origin in site-mistakes 
which necessarily occur at non-stoichiometric composi- 
tions, it is then  possible to make  some generalisations 
about  the (Si, A1) and (Ca, Na) distributions throughout  
the series, with  the help of the observed resemblances to 
anorthite.  I t  is shown tha t  the geometrical or 'puckering'  
effect noticed in anorthi te  plays a more fundamenta l  
part  than  does the  (Si, A1) ordering, though the lat ter  is 
ulso important. 

The theory provides a complete quantitative explana- 
tion of the positions of the intensity maxima and the 
variation with composition of all three reciprocal-space 
coordinates; it explains qualitatively their variation of 
breadth and intensity with composition and with heat 
treatment; and it shows the relationship of the inter- 
mediate plagioclases to high and low albite on the one 
hand, to low anorthite ('primitive anortbite'), high 
anorthite and 'body-centred anorthite' on the other. 
It opens up possibilities for further understanding of the 
potash felspars in their relation to the soda felspars. 

Probably  to be submit ted  for publication in Prec. Roy. 
Soc. 

9.3. Short  order a n d  X - r a y  Debye t emperature  of 
Ni3Pt.  By V. I. IV-E~ONOVA & A. A. Y~Z~VET,SON, 
Physical Faculty, Moscow State University, Moscow 
B-234, U.S.S.R. 
:No abstract  provided. 

9.4. Electron mi croscope  observat ions  on the d i s -  
o r d e r  --~ order trans i t ion  in CuAu.  By D. W. PASH- 
LEY • A. E. B. PRESLAND, T.I. Research Laboratories, 
Hinxton Hall, Cambridge, England. 
Following the earlier work on the CuAu(I)-CuAu(II)  

transit ion (D. W. Pashley & A. E. B. Presland, J. Inst. 
Met. (1958-59), p. 419), a s tudy of the  transi t ion from 
the disordered s tate  to CuAu(I) and CuAu(II) has been 
made.  This involves a change from f.c.c, to a te t ragonal  
structure with c/a = 0.92. The observations have main ly  
been made  on specimens produced by electrochemical 
th inning of 0.001" thick copper-gold foil. The foils were 
given various heat  t rea tments  before the  thimling.  A few 
direct observations on the  ordering of specimens inside 
the electron microscope have also been made.  

Since the  transit ion occurs by a diffusion process, the  
formation of the tetragonal  structure from a cubic 
structure leads to very high elastic strains. The long range 
effect of these strains is part ial ly accommodated  by  
frequent  changes in the direction of the [00l]ordered axis, 
from one < 100)disordered direction to another.  Each  crystal 
grain is divided into cells within which a lamellar struc- 
ture is formed. The lamellae result from al ternat ion of 
the [001]ordered axis between just  two of the three possible 
<100>di~ordered directions. The detailed crystallography of 
the arrangement,  as deduced from the correlation between 
electron mierographs and selected area electron diffrac- 
t ion patterns,  will be described. 

9.5. On the order ing  kinet ics  of the  alloy Cu3Au. By 
ELEM~R NAGY, Institute for Experimental Physics, 
R. EStv6s University, Budapest, Hungary. 
Electrical resistivity and absolute thermoelectric power 

of the alloy CuaAu were measured at  various tempera-  
tures below the Curie-point in dependence on time. The 
behaviour  of these t ransport  properties is entirely dif- 
ferent:  the thermoelectric power tends to a constant  
value, while the  resistivity decreases continually. The 
t ime dependence of the resistivity in the later stage of the 
anneal can be represented by an exponential  with  an 
act ivat ion energy of 0.81 e N .  The  first phase o[ the  
resistivity variat ion and the  t ime dependence of the  
thermoelectric power cannot  be described by any simple 
law. I t  is ten ta t ive ly  assumed, tha t  the exponential  
dependence is due to the elimination of antiphase domain 
boundaries by diffusion, while the first stage which is 
alone effective in the variat ion of the thermoelectric 
power--corresponds to the ordering within a domain.  
Exper iments  with two-step anneals (successive hea t  treat-  
ments  for definite t imes at different temperatures)  were 
in full accord with this interpretat ion.  

9.6. O r d e r i n g  in the ~AuCd-~AgCd alloy s y s t e m .  
By L. MULDAWER • F. ROTHWARF, CENG, Institut 
Fourier, Grenoble, France. 
Residual resistivity measurements  of the quasi-binary 

AuCd-AgCd system shows the  expected parabolic be- 
havior near  the terminal  binary alloys bu t  not  near  the  
composition AuAgCd 2. In  this region, the  resistivity dips 
markedly  below the  Nordhe im value and indicates 
ordering of the gold and silver atoms. The min imum is 
found at the  equiatomic solid solution of flAuCd and 
flAgCd. Electrical resistivity measurements  as a function 
of tempera ture  show a rise greater than  tha t  produced 
thermally  over the range from 75 to 225 °C. This is 
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associated wi th  the  gold-si lver disordering. Order as a 
funct ion of t empera ture  is obtained by use of Muto's 
theory.  X-ray studies show tha t  the ordered structure 
has the  space group Fm3m and is identical with  the  
Heusler  alloys. This represents a sodiuxn-chloride ar- 
r angement  of the uni t  cells of flAuCd and flAgCd. Order- 
ing is found at  room tempera ture  to include alloys from 
40% to 60% AgCd as expected from the residual resis- 
t iv i ty  data.  

Will probably be submit ted  to J. Appl. Phys. 

9.7. The concept  of l o n g - r a n g e  order and the m e a -  
s u r e m e n t  of order parameters .  By J.  M. COWLEY, 
Division of Chemical Physics, C.S.I.R.O., Australia. 
The long-range order parameter ,  S, defined by Bragg 

& Williams and subsequent ly  used almost  universally, 
mus t  be rejected as a valid order parameter  since its 
definit ion involves making  an arbi t rary assumption in 
tha t  one part icular  position in the  uni t  cell is arbitrarily 
chosen as the 'right '  site for one type of atom. The para- 
meter  S is mult i -valued for any given state of order. 

Correspondingly the Bragg & Williams theory of long- 
range order and all subsequent  developments  and modifi- 
cations of it which involve the quant i ty  S contain 
logical fallacies which falsify the conclusions. 

The observable quanti t ies  relating to long range order, 
e.g. diffraction intensities and electrical resistance, are 
functions of S 2 ra ther  than  S, and it seems appropriate 
to define order parameters  accordingly. This can be done 
by considering the state of order of a system to be 
specified by its auto-correlation, or Pat terson,  function. 
For  a,n ordered alloy in which all a toms can be assumed 
to have the  same size, the  Pat terson function has a 
periodic component  with peak heights proport ional  to S ~, 
and a non-periodic par t  near the origin where peak height  
are proport ional  to ai, the  short-range order parameters  
(J. M. Cowley, Phys. Rev. (1950), 77, 669). Thus S ~ 
appears as the l imiting value of ai for large distances 
from the origin. 

Consideration of the Pat terson function also allows 
calculation of configurational ent ropy and energy and 
so allows the derivat ion of equations giving all order 
parameters  as functions of temperature .  F rom these 
equations it emerges tha t  a single order parameter ,  S 2, 
is usually insufficient to specify long range order. For  
CuaAu-type lattices, for example, S~, the l imiting value 
of ai for sites at  the corners of uni t  cells of the periodic 
Pat terson component ,  differs appreciably from S~, which 
is given by taking the  l imiting value of at for face-centre 
sites. This implies tha t  fluctuations in the composit ion 
of the  alloy must  take place in a non- random way, as is 
the  case, for example, when gold-rich or copper rich anti- 
phase domain boundaries are present.  

The intensi ty of superlatt ice diffraction spots is propor- 
t ional to S~ +S~/3, which gives excellent agreement  with 
the  exper imental  values of D. T. Keat ing  & B. E. Warren 
(J. Appl. Phys. (1951), 22, 286). In  addi t ion there is a 
small increase in the  intensities of the  fundamenta l  
reflections, proport ional  to S~-S~.  

Probable  j ournal for publicat ion:  Phys. Rev. 

9.8. The  effect of t empera ture  on short  range  order 
diffuse scat ter ing  f rom Alloys.* By C. B. W~_~KE~, 
Institute for the Study of Metals, University of Chicago 
and D. T. KEATrNG, Broolchaven National Laboratory, 
U.S.A. 
The theory  of the diffuse scattering of X-rays from 

binary alloys with local order has been ex tended  to in- 
clude explicitly the  effects of thermal  vibration.  By 
adopt ing certain simplifying assumptions about  the  lat- 
tice vibrations it is found tha t  the  thermal  effects can 
be simply expressed in the  form of appropriate  Debye -  
Wailer factors modifying the  usual diffuse scattering 
terms. Exper imenta l  measurements  verify the  predicted 
general na ture  and magni tude  of this t empera ture  effect. 
Neglect of this t empera ture  effect appears to be a source 
of significant error in past  de terminat ions  of local order 
in alloys. 

To be submi t ted  for publication in Acts Cryst. 

9.9. X - r a y  de terminat ion  of crysta l l in i ty  and diffuse 
d i sorder  scatter ing.  By ~r. RU~AND, European Re- 
search Associates s. a., Bruxelles 18, Belgium. 
An X-ray me thod  of crystall inity de terminat ion  has 

been developed which takes into account  the diffuse 
disorder scattering, due to thermal  vibrations and lattice 
imperfections in the  crystalline par t  of a substance. 

The me thod  uses the  ratio of integrated intensities of 
diffraction peaks to the  total  coherent  scattering and the 
dependence of this ratio on the  scattering angle. 

Application of the  me thod  to a series of polypropylene 
samples shows tha t  diffuse disorder scattering is pre- 
dominant ly  caused by thermal  motions.  

The normalizat ion of the  scattering curves leads to 
special absorption corrections for compton scattering and 
indicates a scattering effect due to the  carbon-hydrogen  
bond orbital. 

The paper  will be submit ted  for publication in Acta 
Cryst. 

9.10. The  s tructure  of pyrographite ,  t By O. J.  GUEIV- 
TERT & S. CWKEVIC~, Research Division, Raytheon Com- 
pany, Waltham, Mass., U.S.A. 
A series of pyrographi te  samples have been invest igated 

by X-ray diffraction methods.  The specimens were ob- 
ta ined by pyrolysis of hydrocarbon gases on a plane 
graphite  surface at  temperatures  ranging from about  
1700 to about  2500 °C. This process yields massive 
deposits of a thickness up to several mill imeters whose 
densi ty increases with the deposit ion tempera ture  from 
about  1.50 g.cm. -3 to over 2.20 g.cm. -3. The deposits 
are polycrystall ine but  exhibi t  a considerable degree of 
preferred orientation. The 'crystallites'  consist of groups 
of parallel and approximately  equidis tant  graphite layers 
with nearly random layer order. These results are in 
agreement  with those reported on pyrolytic graphite  by 
A. R. G. Brown & W. W a t t  (Conference on Industr ia l  
Carbon and Graphite, London (1957)). 

* Research supported by the Atomic Energy Commission 
and by the Office of Ordnance Research, U.S. Army. 

t Sponsored by the Special Projects Office of the Bureau 
of Naval Weapons, Department of the Navy. 
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I n  the present  s tudy  the various s t ructural  features 
such as preferred orientation, particle size, r.m.s, strains, 
d%oTee of layer  order, and layer  spacing have been ex- 
amined for different deposition temperatures.  The particle 
sizes and strains were determined from Fourier  analyses 
of the diffraction peak shapes. The Stokes method  was 
applied in correcting for the ins t rumenta l  broadening and 
the Fourier  coefficients thus obtained were then separated 
into particle size and distort ion coefficients using the 
War ren  & Averbach method.  The degree of layer  order is 
indicated by  modulat ions in the two-dimensional (hk) 
reflections. Detai led da ta  on the tempera ture  dependence 
of these s t ructural  features will be presented. The results 
indicate an increase of the preferred orientation,  the 
particle size, and the degree of layer  order wi th  increasing 
deposition tempera ture  and a corresponding reduction 
of the layer  spacing from about  3.45 to near ly  3.35 A. 

Ful l  account  to be published in J. Appl. Phys. 

§ 10. Deformations and imperfections 

10.1. Character i s t i c s  of the  X - r a y  diffract ion m e t h o d  
for observing,  ind iv idua l  d i s locat ions .  By A. 1%. 
LA~ro, H.H.  Wills Physics Laboratory, University of 
Bristol, England. 
Several X- ray  diffraction methods  of observing in- 

dividual  dislocations have  been described. In  these the 
specimen m a y  be used either in reflection or transmission, 
the  incident  radiat ion m a y  be divergent  or collimated 
b y  crystal  reflection, and the radiat ion m a y  be either 
s t rongly or weakly absorbed in the specimen. The au thor  
has  chosen to use specimens in t ransmission in order to 
s tudy  conditions in their  interiors not  observable by  
other means,  to use divergent  incident  radiat ion for 
simplicity,  wi th  wavelength and thickness of specimen 
chosen so t h a t  absorption is small. Such conditions give, 
wi th  near ly  perfect crystals,  ext remely high contras t  of 
dislocation images in section topographs (A. tL  Lang,  
Acta Met. (1957), 5, 358) and good contrast  in projection 
topographs (A. 1%. Lang, Acta Cryst. (1959), 12, 249). 
The apparen t  size of dislocation images depends upon 
various factors. Firs t ly ,  the  geometrical disposition of 
source, specimen and film, which conditions are easily 
controlled. Secondly, the  lengths of photoelectron tracks 
in the X- ray  film; these are troublesome with  penet ra t ing  
radiat ion bu t  can be minimized by  using dense emulsions. 
Third ly  the intrinsic form of dislocation images, which 
varies considerably wi th  or ientat ion of the dislocation 
line and posit ion in the crystal.  Various diffraction effects 
associated wi th  individual  dislocations will be described. 
Similarities and contrasts  to electron microscope images of 
dislocations will be pointed out. An a t t e m p t  will be made 
to interpret  such diffraction effects theoretically.  

To be published (in part)  in Acta Cryst. 

10.2. A c o m p a r i s o n  of X - r a y  diffract ion m i c r o s c o p y  
w i t h  e tch ing  and decorat ion  t echn iques .  By KATA- 
~n~k KRA~gC, Physical Institute, t~aculty of Science, 
Zagreb, Yugoslavia. 
Withdrawn.  

D E E  P H E N O M E N A  

10.3. Observat ions  on i m p e r f e c t i o n s  and d e f o r m a -  
t ion in b e r y l l i u m  by d ivergent  b e a m  X - r a y  photo -  
graphy.  By J. SAWKILL & D. R. SCHV,'AI~ZENBE:RGER, 
Tube Investments Research Laboratories, Hinxton Hall, 
_Nr Saffron Walden, Essex, England. 

When a highly divergent  beam of X-rays  from a point  
source is t ransmi t ted  through a crystal l ine specimen two 
dist inct  types of contrast  may  be recorded: (i) the  dif- 
fraction pa t t e rn  of excess and deficiency conics which is 
normal ly  used to s tudy  the perfection and lat t ice para- 
meters  of good single crystals,  and (ii) the  microradio- 
graph which is formed by  absorption contras t  arising 
from varia t ions in thickness and composition of the 
specimen. There are advantages  in considering these two 
types of information together,  par t icular ly  for metal-  
lurgical specimens of suitable grain size and thickness 
where both  diffraction and absorption contras t  are 
recorded s imultaneously on a photographic plate  placed 
in the pa th  of the t ransmi t ted  beam. These advantages  
are discussed, and demonst ra ted  by  a series of divergent  
X- ray  beam photographs  taken  on a point  projection 
X- ray  microscope (i) a t  intervals along a zone refined 
single crystal  rod of beryll ium, giving information about  
the var ia t ion in perfection and subgrain structure,  the  
var ia t ion in lat t ice parameter ,  and the dis tr ibut ion of 
impurit ies along the rod; (ii) a t  different stages during 
the deformation and recrystal l izat ion of polycrystal l ine 
beryll ium, revealing the formation and extension of 
cracks and the changing perfection of the grains. 

To appear  in Brit. J. Appl. Phys. 

10.4. A s tudy  of a g e - h a r d e n e d  A1-3.85% Cu  and 
A1-19.7% A g  al loys  by m e a n s  of the  d ivergent  
X - r a y  b e a m  m e t h o d .  By T. ]M~RA, S. WEmSM~r~ & 
J.  J .  SLADE, JR., Materials Research Laboratory, College 
of Engineering, Rutgers, The State University, _New 
Brunswick, _New Jersey, U.S.A. 

Single crystal  specimens were studied after  solution 
t r ea tmen t  and successive quenching as well as a t  various 
stages of age-hardening. 

Anisotropic lat t ice distortions associated wi th  pre- 
cipi tat ion phenomena were studied by  means of the 
divergent  X- ray  beam method.  Metallographic and micro- 
hardness studies were also carried out. 

Using more than  ten reflections from the back reflec- 
t ion pa t te rns  at  every stage of aging a complete s t ra in  
analysis of the specimens was carried out. 

The strain dis tr ibut ion could be represented in terms 
of a s train ellipsoid and could therefore be characterized 
by three values, ~1, ~2 and ).3, associated with  the principal  
axes of the ellipsoid. 

The following results were obtained:  

(1) The three principal  axes of the s train ellipsoid 
coincide wi th  the (100) directions. Since the magni tude  
of the observed strain for these three principal directions 
differed, i t  is concluded t h a t  the  amount  of G.-P.  [2] 
zones and 0' phase formed is different for the three 
principal {100} planes. This suggests t ha t  after  quenching 
the quenched-in latt ice defects which p lay  a vi ta l  rSle in 
the aggregation of solute atoms and precipi tat ion seem 
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to be dis t r ibuted in unequal  amounts  on the three dif- 
ferent  sets of {100} planes. 

(2) The latt ice strain due to the  formation of the 
G.-P.  [2] zones is given by 21 =)-[010] = 0.41%, 2~_ = 21001] 
=0"18% and 2z=2[100] = - 0 . 1 0 %  and tha t  due to the  

format ion of 0" is given by Z[010] = 0"46 %, ).[001] = 0" 15 % 
and ),[100] = - 0.03%. 

(3) The matrix,  after precipitat ion of the  0 phase, 
produces sharp reflection lines, bu t  still retains a max- 
imum strain component  in a different cube direction 
identified as the [100] direction. 

(4) Line-broadening characteristics were also observed 
in the  A1-Ag system, al though the  changes of latt ice 
spacings during aging were considerably smaller. 

Paper  to be submi t ted  to Acta Cryst. 

10.5. S u r f a c e  a l t e r a t i o n s  of  s i l v e r  i o d i d e .  By GORDO~ 
BU-RLEY, National Bureau of Standards, Washington, 
D. C., U.S.A. 
Single crystals of hexagonal  (fl)AgI, when exposed to 

light in the presence of water  vapor and certain catalysts, 
develop clouded surfaces. The prism faces are affected 
first, and the basal plane last. 

This deterioration of the  surfaces has been detected on 
polycrystall ine samples with X-ray diffraction. The 
relative intensities of diffracted radiat ion from certain 
sets of planes have been found to vary  wi th  the length of 
exposure t ime to a light source. Initially,  the  (100), (101) 
and (102) reflections increase, while all others remain 
constant.  After a period of time, varying with the light 
intensi ty  and spectral characteristics of the  source, these 
reflections reach a plateau. At  the same time, the  dif. 
fracted intensi ty  from the basal plane begins to increase 
markedly.  At  a still later time, the  intensities of the  
(101), (102) and (103) reflections begin to rise again, 
while the (002) reflection continues to increase at  a con- 
s tan t  rate. 

Qualitat ive evaluat ion of these results leads to the  con- 
clusion tha t  the increase in diffracted intensities is due to 
a decrease in extinction. This is caused by a fragmenta-  
t ion of the  initially well ordered surface layers. At  the 
same time, there is some loss of iodine leading to a de- 
crease in scattering material .  

10.6. T h e  a n o m a l o u s  e n h a n c e m e n t  of  t h e  i n t e n s i t y  
of  X - r a y s  r e f l e c t i o n  a t  t h e  b o u n d a r y  of  d i f f e r e n t  
t r e a t m e n t  o f  a c r y s t a l .  B y  E. FUKUSB~MA, Depart- 
ment of Physics, Faculty of Science, Tokyo Metropolitan 
University, Tokyo, Japan. 
I t  is known tha t  the  intensi ty  of X-ray diffraction 

from such crystal as, for instance, a quartz or a l i thium 
fluoride can be greatly increased by grinding the surface. 
I t  has been reported moreover  (E. Fukushima,  Acta Cryst. 
(1954), 7, 459) that ,  when a boundary  separating the  
e tched and ground regions on one surface and parallel 
to a ne t  plane is prepared, the intensi ty of the  trans- 
rni t ted diffraction from the ne t  plane through the 
boundary  is found to be anomalously higher even than  
one through ground region on the surface. 

This 'boundary  effect' was s tudied by means of micro- 

scopic observation. The boundary  was prepared on the  
upper  surface of a plate-shaped LiF crystal or quartz,  
and the lower surface was etched and chemical polished 
al ternat ively keeping the  upper  free from any chemical 
at tack.  At  the  dep th  of about  100/~ from the upper, 
a sudden increase in the densi ty of etch pits of disloca- 
tions was observed which seemed due to be origi- 
na ted  in the t r ea tmen t  on the  upper  surface. Thus it is 
plausible tha t  the dense distr ibution of dislocations by  
grinding caused the increase in the in tensi ty  diffracted 
through the  ground region. Anomalous increase in the  
in tensi ty  a t  the boundary  is explained by the  gradient  
of the densi ty of dislocations from a ground to an etched 
region. 

This boundary  effect has been also found by Z. Ishii & 
K. Kohra  (private communicat ion)  by Borrmann ' s  
method.  

E. Aerts, S. Amelinckx & W. Dekeyser  (Acta Met. 
(1959), 7, 29) has reported the  surface hardening at  the  
boundary  between irradiated and unir radia ted regions 
of NaCI crystal. The anomalous intensi ty at  the  boundary  
was much  reduced by annealing at  about  400 °C. 

These phenomena  can be interpreted by the behavior  
of nucleated dislocation by the surface t rea tment .  

The full-length account  will be published in J.  Phys. 
Soc., Japan. 

10.7. D i f f r a c t i o n  o f  n e a r l y  m o n o c h r o m a t i c  X - r a y s  
b y  c e r t a i n  t y p e s  o f  r a n d o m  s t r u c t u r e s .  By J.  J.  
Sr~ADE, College of Engineering, Rutgers, The State Uni- 
versity, New Brunswick, New Jersey, U.S.A. 
From the electron-density distr ibution fr(x) for an 

a tom the distr ibution of scattering ma t t e r  

f(x) = ~,.fr (x --Xr --an) 

corresponding to a defective crystal is constructed.  Here 
x is a vector in physical space, Xr the  set of defective uni t  
cell vectors, and an the  set of t ranslat ion vectors subject  
to cumulat ive errors. The defects in Xr and an are charac- 
terized by a set of probabil i ty densi ty distributions. 
The functional 

P(u) = TE(1/X) v Ixf(A)f(x + 2) dv~ 

is the  t ransform of the  expected value of the  integral, 
in which X is ordinary space and dv~ its measure e lement ;  
u is a vector in reciprocal space. 

When  the  cumulat ive errors are characterized by a 
single p.d.d, with  characteristic function ~(u) = exp ( -  ~), 
then  

P(u) = K  [sinh 3 ~///r (cosh ~ - c o s  arUr)] • 

If  the  beam has a distr ibution g($) of wave lengths about  
a mean  length )-0, then  

R(u0) = l P[u0(1 - (~/&))]g(~) d~.  

In  the  neighborhood of a m a x i m u m  R may  be repre- 
sented by the rational function 

R = (M +N~j)/(m +n~ +72) , 

where ~ = 0 -  OB and OB is the  Bragg angle. 

AC 13 -- 70 
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A least-squares scheme of computa t ion  has been 
developed which utilizes ordinates of the observed profile 
near  the  peak. The Bragg angle and parameters  of the 
p.d.d, are expressed in terms of these ari thmetical  para- 
meters.  

To be submit ted  to Acta Cryst. 

10.8. O p e r a t i o n a l  u n f o l d i n g  of  c o m p o s i t e  X - r a y  d i f -  
f r a c t i o n  p r o f i l e s .  By J.  J.  S~XDE & L. F. N~-~'~I, 
Bureau of Engineering Research, Rutgers, The State 
University of New Jersey, U.S.A.  
In  a recent  paper* we have obtained certain opera- 

t ional expressions, suitable for use with the aid of an 
analogue computer,  which permit  the abstract ion of 
Cauehy & Gauss elements from mul t ipeak  line profiles. 
Here  we consider two problems: the resolution of peaks 
wi thout  regard to an 'unfolding' procedure, and the 
unfolding of two peaks resulting from a doublet  source. 

The problem of resolution, other than  through the  
abstract ion of simple elements, presents a number  of 
difficulties tha t  may  only be partially overcome. 

In  the doublet  problem we consider the wave length 
distribution, t ransformed to the  angular domain, to be 
represented by  a function g(O)=gl(O)+ge(O-O1) which 
yields the observed line profile h(O) through the convolu- 
t ion h = g * f  with the profile f(O) tha t  would result from 
a monochromat ic  beam of suitable chosen wave length. 
The inverse transform 

.f = T - i G - i H  

is equivalent  to the operational relation 

f (  O) = GoSh(O) = G-~i(d/dt)h( O) , 

which yields an expression for the monochromat ic  profile 

in which 
f =  l (  - 1)nv/~pGio~ h (0 - nOi) 

Vop = G2(i(d/dt))/G~(i(d/dt)) . 

The operations 
_ _  7 t  - - 1  f~( O) -~opG~op h (0) 

may  be performed by  an analogue computer  whilst  
other means may  be more suitable for obtaining the sum 

f = ~ (  - 1)n~(O - n O D .  

The problems of distort ion and 'noise' have been 
previously discussed. 

To be submi t ted  to Acta Cryst. 

10.9. E l e c t r o n  m i c r o s c o p i c  o b s e r v a t i o n  o f  d i s l o c a -  
t i o n s  i n  l a y e r  s t r u c t u r e s .  By S. AMEr~I~CXX & 
P. DELAVIOiVETTE, Centre d'Etudes Nucl~aires (C.E.N.), 
Mol-Donk, Belgium. 
Dislocations in a number  of layer lattices (Bi.,Te 3, 

Sb2T %, muscovite,  talc, pyrophylli te,  chlorite, graphite) 
have been observed by means of transmission electron 
microscopy of thin foils. Layer  lattices have the consider- 

* 'Analysis of Composite X-ray Diffraction Profiles', to be 
published in Journal of Apolied Physics. 

able advantage  tha t  they  have  usually a pronounced 
cleavage plane parallel to a glide plane. In  such a case 
one may  expect  extensive dislocation arrangements  
parallel to the plane of the foil. In  particular talc tu rned  
out to be of special interest, since the dislocations appear 
as wide ribbons (~  0"5 micron) consisting of four partials, 
separated by stacking faults. Complicated nodes resulting 
from the interact ion of such dislocations have  also been 
observed. These observations provide an explanat ion for 
the  fact tha t  Griine as well as Hendricks  have been 
unable to determine unambiguously the stacking of the  
micalayers in talc and pyrophyll i te.  

Observations of dislocations in the other structures 
will be discussed also. 

10.10. T h e  o b s e r v a t i o n  o f  d i s l o c a t i o n s  i n  m i c a .  By 
E. C. H. SrL~ & R. S. BAritES, Atomic Energy Research 
Establishment, Metallurgy Division, Building 393, Hat- 
well, zYr. Didcot, Berkshire, England. 
Thin cleaved fragments of mica which have been 

examined in the  electron microscope contained disloca- 
tions lying in the cleavage planes. These dislocations, 
which are formed by slip, interact  simply to produce 
either zig-zag dislocations or hexagonal networks when 
they  lie on the same plane. The superposition of loose 
sheets of the mica produced moir6 pat terns  which 
revealed those dislocations which were perpendicular  to 
the  cleavage plane. 

10.11. D e f o r m a t i o n  m e c h a n i s m s  a c t i v e  d u r i n g  t e n -  
s i l e  t e s t s  o f  i r o n  w h i s k e r s .  B y  E. B.  Iq_ENSC~_E & 
H. WEIK, Electronic Technology and Materials Labora- 
tory, Wright Wir Development Division, Wright-Patter- 
son Air  Force Base, Ohio, U.S.A. 
A peculiar transit ion of a regular hexagonal  cross 

section of an iron whisker into an elongated cross section 
having two right angles, observed after tensile test, is 
assumed to be caused by twinning in {112} planes and 
consecutive flexural glide, which convert  the  original 
hexagonal  cross section into a cross section having four 
(100} faces and two {110} faces. Multiple occurrence of 
the same combined deformation and the appearance of 
slip lines in the deformed cross section are in agreement  
with the assumed twinning-flexural glide mechaxLism. 
The brit t le fracture and the  relatively high tensile 
strength,  observed in the same whisker, are considered 
as a support  for the suggested twinning mechanism which 
is believed to occur with whiskers also at  room tempera-  
ture providing the barrier to slip. 

Submit ted  to J. Appl.  Phys. for publication. 

10.12. C o m p r e s s i o n  t e x t u r e s  a n d  t h e  s u r f a c e  r e -  
o r i e n t a t i o n  o f  m e t a l s  a n d  n o n - m e t a l s  b y  a b r a s i o n .  
By H. WnL~A~, Applied Physical Chemistry of Surfaces 
Laboratory, Chemical Engineering Department, Imperial 
College, London, S. W. 7, England. 
Extensive  recent results obtained in the Appl.  Phys. 

Chem. of Surfaces Lab., Imperial  College, are described, 
extending those reported at the 4th Congress of 1957. 



§ I0. DEFORMATIONS AND IMPERFECTIONS 

On most  metals,  unidirect ional  abrasion, filing or 
scraping of single- or po]ycrystal l ine surfaces leads in the 
immediate  surface region to a one-degree ('fibre-') orien- 
tat ion,  wi th  outwardly  directed axis t i l ted back from the 
surface normal,  by  an angle ~ = t an  -1 # for Be, Mg, and 
graphite ,  bu t  a smaller value for cubic metals.  The 
or ientat ion is usual ly  (except for Zn and Cd) the same 
as the  compression tex ture  and is evident ly  due to the 
compression exerted via the indent ing abrasive particles 
on the metal .  For  Be, Mg (Scott & Wilman,  1958) 
and graphi te  (Porgess & Wiiman,  1960) it  is [001]; for 
f.c.c, metals  (Pb, A1, Ag, Cu, Ni, Pt ,  Au) it  is (110) 
(Goddard, Ha rke r  & Wilman,  1960; Avient  & Wilman,  
1960) wi th  addi t ional  (111} twinning ra ther  than  com- 
plete ro ta t ion  round (111) as previously suggested; for 
In  it  is also (110) relat ive to the te t ragonal  pseudo- 
cubic cell (Avient & Wilman,  1960); for Sn it  is (100) 
relat ive to the usual  cell, or (110) relative to a = 8 . 2 1 ,  
c = 3.17 A (Avient & Wilman,  1960); and for b.c.c, metals  
(Fe, Cr, Mo, W, Ta, Nb) it  is a mixture  of (100) (mainly) 
and (211) (Goddard, Ha rke r  & Wilman,  1960). Com- 
pression textures of In and Sn do not appear to have 
been determined previously. 

For non-metals there is little published data. We find 
that at least the softer compounds show well-marked 
compression texture (by electron- and X-ray diffraction) 
when powders are compressed at up to 75 t.in.% The 
orientation found, and also observed (though oblique) 
on abraded surfaces, is (I00) for LiF, NaF, NaCl, KCI, 
KBr, but (Ill} for MgO; (ll0) for CuCl and CuBr; 
(III) for NHdCI; and (III) for NaNO a (rhomboh. axes). 
On abraded NaCI and NHdCI there was in addition 
(also with axis oblique) some azimuthally limited (ll0} 
orientation associated (as for scraped Cu) with the final 
shear as the abrading particles pass over the compressed 
metal, causing orientation with the slip plane (ll0} 
nearly parallel to the surface, with the slip direction 
(here (100)) normal  to the abrasion direction. 

P robab ly  to be published in Acta Cryst. 

10.13. The preferred or ientat ion of abras ive-  crystal  
f r a g m e n t s  embedded  in abraded meta l  surfaces .  
B y  It .  WIL~_AN, Applied Physical Chemistry of Surfaces 
Laboratory, Chemical Engineering Department, Imperial 
College, London, S. W. 7, England. 
Earl ier  electron diffraction results showed tha t  metals  

abraded by  emery papers contain diaspore f ragments  
oriented wi th  a definite face (mainly (010)) parallel to 
the  specimen surface (Kerr & Wiiman,  1955); and t h a t  
metals  polished wi th  commercial  meta l  polishes contain 
much  embedded a-quar tz  pa r t ly  in certain preferred 
orientat ions (Mutucumarana & Wilman,  1958). 

Recent  results in collaboration wi th  Dr J.  H a r v e y  
have  much  extended these results in the case of metals,  
pr incipal ly niobium and tan ta lum,  abraded by  various 
common abrasives, including emery, a- and ~-alumina, 
quartz,  silicon carbide and diamond. The diaspore tended 
to be in mixed (010), (110) and (001) orientat ions;  
a-A1208 in (0001); ~-A1203 in (111) and (110); SiC (hex- 
agonal, form II)  in (110); and diamond in (111) and (110). 
These orientat ions correspond to well-marked cleavage 
or fracture-planes being parallel  to the surface, where 
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such da ta  is previously known. No previous da ta  for 
fracture of SiC or y-Al~O 3 appear  to have  been available. 

:Probably to be published in Acta Cryst. 

10.14. A d i scuss ion  concern ing  the X-ray  de termina-  
t ion of deformat ion  s tacking  fault probabi l i t ies  in 
face centred cubic  meta l s .  By MAn,FRED WILKENS, 
Max-Planck-Institut fiAr Metallforschung, Stuttgart-N, 
Deutschland. 
In  the past  few years  several publicat ions based 

on the theory  of M. S. Pa terson  (J. Appl. Phys. (1952), 
23, 805) have  been concerned wi th  the determinat ion of 
s tacking fault  probabili t ies in deformed metals.  Several 
authors  ( e . g . J . W .  Christ ian & J .  Spreadborough (Proc. 
Phys. Soc. (1957), ]3, 70, 1151) have  pointed out t ha t  
difficulties in interpret ing the measured probabili t ies 
arise because of the assumptions of the Paterson theory.  

The main  assumptions are:  

(1) The s tacking faults  are dis t r ibuted randomly  
th roughout  the crystal .  

(2) The stacking faults  extend lateral ly through the 
entire crystal .  

The restr ict ion of assumption (1) can be avoided by  
introducing general dis t r ibut ion functions for the dis- 
tances between the s tacking faults. The relat ion between 
the Fourier  coefficients of the in tens i ty  profiles and the 
dis t r ibut ion functions are similar to those for the distri- 
but ion function of particle size as shown by  E. F.  Be r t au t  
(Acta Cryst. (1950), 3, 14). The shift  of the centre of 
g rav i ty  of the in tens i ty  profile (but not  the shift  of the  
posit ion of m a x i m u m  intensi ty)  is near ly  independent  of 
the form of the dis tr ibut ion functions as long as there is 
no strong depar ture  from a random distr ibution.  If ,  
contrary to assumption (2); the stacking faults occur as 
small ribbons (extended dislocations), the distortion of 
the lattice above and below the ribbons causes a shift 
of the centre of gravity of the order of magnitude of 
that due to the stacking fault. The direction of the shift 
on the 0-scale depends on the relative orientation between 
the reflecting planes and the ribbons. The main part of 
these additional shifts cancels out for powder samples 
and also for single crystals if the assumption is made 
that the distribution of the ribbons within the (11 l)-plane 
concerned has threefold symmetry. 

Will be published in Acta Cryst. 

10.15. Structure  and s tacking  faults  of HfFe2. B y  
ELIZABETH A. WOOD & VERA B. COMPTON, Bell Tele- 
phone Laboratories, Murray Hill, N . J . ,  U.S.A. 
The s t ructure  of HfF% and its relat ion to the s tacking 

faults  which cause reciprocal lat t ice rods (Z. Kristallogr. 
(1959), 112, 97) will be discussed. 

Ful l  length account  likely to be published in the 
Z. KristaUogr. 

70* 
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10.16. Res idua l  s t res ses  and s tacking  faults  in cold 
drawn  wire .  By I-I.M. OTTE, RIAS,  7212 Bellona 
Avenue, Baltimore 12, Maryland, U.S.A. 
A m unber  of FCC metals  have been invest igated in 

order to examine more closely X-ray diffraction line 
displacements due to stacking faults (SFs) and due to 
residual stresses. 

Polycrystal l ine wires were cold-drawn to various re- 
ductions and all Bragg reflexions measured with mono- 
chromated  Cu Kal radiation in a Debye-Scherrer  arrange- 
m e n t  using a G.E. spectrogoniometer modified for the 
pm33ose. Latt ice parameters  were obtained by s tandard 
extrapolat ion techniques even when shifts due to stacking 
faults were present.  

Cold-drawn wires should have at the surface zero radial 
residual stress which reaches at the center a peak tensile 
or compressive value depending on the severity of the 
reduction. Due to the finite penetra t ion of the  X-rays, 
some strain should, however, be observed at the surface. 

Commercial pur i ty  a luminium wire, found metallo- 
graphically to recrystallize between 250 and 300 °C., 
showed no change in lattice parameter  after 83% R.A. 
nor  any significant shifts of individual lines due to SFs. 

A commercial  Cu-6-6 A/O Si (1.1% Mn) alloy yielded 
upon deformation a marked  change in lattice parameter .  
Indiv idual  lines were displaced in accordance with SF- 
theory, and the displacement increased wi th  increasing 
amounts  of deformation. If  only the separation between 
two diffraction lines had  been measured,  appreciable line 
broadening due to SFs would have been observed but  in 
certain cases the  lattice parameter  decreases would have 
been such tha t  the  expected decrease, say, in separation 
of the  111 and 200 lines would not  have been found. 

This effect is probably also responsible to a large extent  
for discrepancies and inconsistences experienced in at- 
t empt ing  to measure residual strains in FCC metals  by 
X-rays. The details of the  work to be reported suggest 
tha t  residual elastic strains in metals  may  be smaller 
than  is generally considered to be the case. 

10.17. Imperfect ions  in crystals  of z inc  sulfide.  By 
W. L. ROTH, General Electric Research Laboratory, 
Schenectady, New York, U.S.A. 
A variety  of crystal forms and polymorphs are produced 

when zinc sulfide is crystallized from the vapor phase. 
X-ray diffraction and electron microscope studies have 
been used to elucidate the nature  and origin of the 
imperfections in single crystals. Al though most  crystals 
are imperfect  and contain large concentrations of stacking 
faults and dislocations, a few crystals have been found to 

be essentially perfec~ in both respects. There is consider. 
able difference in the physical properties of the perfect 
and  imperfect  crystals: their  strength,  resistance to phase 
t ransformation upon heat  t rea tment ,  photoconduct ivi ty ,  
and sublimation characteristics. Most of these properties 
can be explained by the dislocation and fault structures 
in the crystals. 

A quant i ta t ive  s tudy of the stacking faults in quenched 
and annealed crystals has been accomplished by measur- 
ing the diffuse X-ray scattering in the reciprocal lattice. 
F rom these data  a probabil i ty distr ibution function is 
constructed which describes the  variat ion in stacking 

sequence of planes perpendicular  to the  C axis. The 
measured function is compared with functions computed  
for models which assume the faults (a) were produced 
coincidental with  the  growth process, (b) are the  con- 
sequence of shearing of the crystal after growth, or (c) 
are associated with small coherent  nuclei of a second 
phase. I t  is concluded tha t  the faults originate from shear 
processes which occur when the  crystal is cooled through 
the phase transit ion region. In  subsequent  low tempera-  
ture anneals, the faults become nuclei for the  growth of 
the low tempera ture  cubic phase and the  faulted regions 
grow into twinned cubic crystals with the  (111) planes of 
the cubic phase parallel to the  basal plane of the  parent  
hexagonal  crystal. 

Direct observation under  the  microscope shows tha t  
the non-perfect  crystals usually contain bands parallel to 
(00.1). The fault  model  deduced from X-ray measure- 
ments  is confirmed by electron diffraction which shows 
tha t  the bands contain faults as a substructure.  The 
faults can be seen directly in transmission electron 
micrographs, and the  magni tude  of their  separation, as 
well as their  crystallographic orientation, agrees with 
tha t  deduced from the diffraction experiments.  

To be submi t ted  for publication in Acta Cryst. 

10.18. Format ion  of ZnS polytype and m i x e d  s truc-  
tures  by partial  phase  trans i t ions .  By LESTER W. 
ST~OC~, Sylvania Lighting Products, 60 Boston St., 
Salem, Mass., U.S.A. 
Withdrawn.  

10.19. The  s tack ing- fau l t s  and the intens i ty  of the  
X-ray  diffraction l ines .  By V. I. IVERONOVA, I. I. 
POPOVA & G. P. REVKEWCH, Physical Faculty, Moscow 
State University, Moscow B-234, U.S.S.R. 
No abstract  provided. 

10"20. On  the  format ion  of interst i t ia ls  in alkal i  
haHdes*. By R.E.HowARD, R. S~OLUCHOWSKI & D.A. 
WIEG~_ND, Carnegie Institute of Technology, Pittsburgh, 
Pennsylvania, U.S.A. 

There is little doubt  tha t  ionizing radiat ion decreases 
the  densi ty of alkali halides and tha t  it leads to the  

formation of halogen ion vacancies. I t  is far less certain 
whether  there is a parallel formation of metal  ion vacan- 
cies, halogen interstitials, or meta l  interstitials. This is 
related to our lack of knowledge of the  under lying 
mechanism of defect generation. Some theoretical esti- 
mates  and extensive measurements  of changes of densi ty 
and of optical properties have been made  down to 4 °K. 
on LiF, KC1 and NaC1. While the complete data  are no t  
yet  available it appears tha t  there is considerable evidence 

* Research supported by an A.E.C. and an O.N.R. 
contract. 
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for the  formation of intersti t ial  halogens in LiF at  low 
temperatt tres by X-ray  photons which have a too low 
energy to produce displaced atoms directly. Changes in 
configuration of the interstit ials account  for the observed 
densi ty changes during annealing. I t  appears further  tha t  
the mechanism and kinetics of defect formation depends 
strongly on tempera ture  and on the nature  of the  metallic 
and  halogen ions. In  particular, the  t ime constant  
associated with the  rate of generation of defects in KCI 
at room temperature appears to be proportional to the 
square of intensity, while it is linear in LiF at room 
temperature and at low temperature. The influence of 
previous plastic deformation and of heat treatment also 
differs for the different alkali halides. Possible models 
and theoretical correlations are suggested. 

About one third of this material will appear in Phys. 
Rev. before summer this year. The rest will be sub- 
mitted to the same journal at a later date. 

10.21. Defec t s  in  the crystal  and m a g n e t i c  s tructures  
of ferrous  oxide.  By W. L. RoT~, General Electric 
Research Laboratory, Schenectady, New York, U.S.A. 

Ferrous oxide (Wiistite) forms NaC1 type phases in 
which the  Fe/O ratio is variable. Below the Neel tempera-  
ture of 198 °K., ferrous oxide is ant iferromagnetic  and 
a periodic magnet ic  structure is superimposed on the  
atomic structure.  The deviat ion from stoichiometry 
produces defect regions in the atomic structure, and these 
in turn produce magnet ic  defects in the  antiferromagnetic  
structure. Neut ron  and X-ray  diffraction have been used 
to elucidate the  nature  of these imperfections in the  
crystal and magnet ic  structures. 

The deviations from stoichiometry are the  result of 
perturbat ions to the cation port ion of the  structure, and 
the  substructure of oxygen anions essentially is intact.  
Cation vacancies alone do not  explain the observations, 
and it is found tha t  the  simplest defect  consists of two 
cation vacancies associated wi th  an iron in an intersti t ial  
position. The structure is described formally by distribut- 
ing vacancies and interstit ials among the  16(d) and 8(b) 
positions, respectively, of space group _Fd3m. These 
defects are fur ther  associated in clusters, and conse- 
quent ly  the non-stoichiometry produces diffuse scattering 
effects in addit lon to alterations in the  intensities of the  
sharp Bragg peaks. The atomic ar rangement  in the  
vicinity of the  defect is similar to tha t  in magnet i te ,  
and the crystal may  be regarded as a t ransi t ion structure 
in termedia te  to tha t  of rock salt and spinel. 

The iron atoms associated in the  vacancy-interst i t ial  
defect region form small islands in which the magnet ic  
moments  are ferromagnetically coupled. These clusters 
are so small tha t  their  magnet iza t ion directions f luctuate 
with thermal  excitation, so the  clusters may  be regarded 
as 'super-paramagnets ' .  At  sufficiently low temperature ,  
the  magnet ic  moment s  in the larger clusters become 
stabilized with respect to the  antiferromagnetic  mat r ix  
and a ferromagnetic remanence is observed in confirma- 
t ion of the model  deduced from the diffraction experi- 
ments .  

To be published in Acta Cryst. 

10.22. Cleavage- sur face  fracture  of NaCI crystal .  By 
TA]LEO FUJIWA_RA, TAKAO KINO & SH-USO NAE-~GAWA, 
Laboratory of Crystal Physics, Faculty of Science, Hiro- 
shima University, Hiroshima City, Japan. 
The behaviours of the  cleavage surface of NaC1 crystal 

formed in NaC1 aqueous solution containing Mn++ ion 
were studied through electronmicroscopical observations. 
The exper iment  succeeded in get t ing the figures matching  
together  on both  cloven surface, and on the  flat cleavage 
surfaces, protuberances of various shapes, circular-cone 
or square-cone, or long narrow height,  etc., and those 
presenting torn off fractures were found at the same time. 
I t  was seen tha t  both  the  wide step lines running roughly 
parallel to the  direction of cleavage crack and the  steep 
and zigzag ones running almost at  r ight  angle to tha t  
direction are generated.  

Some large disc-shaped flat eminences were found on 
the  cleavage surface, and on the  central flat surfaces of 
t hem m a n y  small round protuberances could be detected 
in fairly regular rows. And it was also detected,  tha t  small 
round protuberances,  some of their  tops shaped like crater 
either arranged on the  low cleavage step line or on the flat 
surface taking the  direction of (110) or (100), and tha t  
the  longish and flat protuberances arrange themselves 
s traight  in the  direction of (100). 

I t  is considered tha t  these small protuberances oc- 
curred out of the impurit ies which some kind of vacancies 
enfolded tightly.  

Such view concerning the  impur i ty  and vacancy can 
be also proposed on the  basis of our research work on 
quench hardening of a luminium of two kinds in puri ty.  
Tha t  is, the  process of resoftening of the  quenched 
specimen was remarkable  at  two stages near  of 200 °C. 
and  near of 400 °C. respectively. F rom the  isothermal 
annealing experiments at each stage, the activation 
energy of those process were obtained as about 1.4 e.V. 
and about 3 e.V. respectively. This second stage of re- 
softening, (the case tha t  the  act ivat ion energy is 3 e.V.) 
was found only in the specimen of lower puri ty.  

10.23. Auf  p r i s m a t i s c h e  Verse tzungen  h i n w e i s e n d e  
r ing fSrmige  Spa l t s trukturen  auf NaC1-Kristal len 
und deren Abh~ingigkeit  von der Vorbehandlung  
des Kr i s ta l lmater ia l s .  Yon HEINZ BET]=fGE, Arbeits- 
stelle fiir Elektronenmikroskopie, Deutsche Akademie der 
Wissenschaften zu Berlin, Porschungsgemeinschaft, Halle/ 
Saale, Deutschland. 
Dutch  die Anwendung  der G olddekorat ionsmethode 

(Bassett) gelingt die elektronenmikroskopische Abbildung 
yon Strukturen mi t  Stufenh6hen bis herab zu einem Netz- 
ebenenabstand.  Durch diese Technik konnten  auf Spalt- 
fl~tchen von NaC1-Kristallen ringf6rmige Strukturen auf- 
gefunden und  in Abh~ngigkeit  yon verschiedenen Vor- 
behandlungen untersucht  werden. 

In Abiinderung des im Programm angezeigten In- 
haltes der Mitteilung wurde auf diese ringfSrmigen 
Strukturen, die auf prismatische Versetzungen hin- 
weisen, nur kurz einegangen. Da nach den erst kiirzlich 
erzielten eigenen Ergebnissen der unter Vakuum durch- 
gefiihrten Spaltversuche klargestellt werden konnte, dass 
die Luftfeuchtigkeit der freien Atmosphiire yon ausser- 
ordentlichem Einfluss auf die 'Spaltstrukturen' ist, 
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scheint es notwendig,  auch die ringf6rmigen Spaltstruk- 
turen und  deren Abh~ingigkeit unter  Vakuumbedingungen 
zu untersuchen.  

Die unter  Vakuum erhal tenen Spal ts t rukturen sind 
durch gerade Stufen ausgezeichnet, die aber unter  spitzem 
Winkel ein etwa blitzartiges Muster bilden. Aussagen 
fiber die Stufenh6he sind schwierig, es ist aber wahr- 
scheinlich, dass die H6he der Stufen des Musters nur  
einen oder zwei Netzebenenabst~inde betr~igt. Wird eine 
solche Spaltfl~iche nu t  ffir eine kurze Zeit der freien 
Atmosphere  ausgesetzt, so sind die echten Spaltstruk- 
turen zerst6rt;  es werden jetzt  die in elektronenmikro- 
skopischen Arbeiten der letzten Zeit als 'Spal ts t rukturen '  
beschriebenen bogenfSrmigen und etwa parallele Anord- 
nungen bfldenden Stufen aufgefunden. Eine Erkl~rung 
hierfiir ist folgende: Der Wasserdampf der freien Atmo- 
sph~ire 15st die Kristalle in einer diinnen Oberfl~chen- 
sehicht. Beim Einbringen der Kristalle ins Vakuum zum 
Zwecke der Aufdampfung des Abdruckfilms wird das 
Wasser wieder verdampft ,  und  die zuvor gelSsten Kri- 
stallbausteine bewirken ein Wachs tum auf der Ober- 
fliiche. Erstaunlich ist dass dieses Wachs tum offenbar 
genfigend langsam erfolgt, so dass dabei sehr gut  aus- 
gebfldete Wachstumslamellen atomarer  Stufenh6he (mo- 
nosteps) entstehen,  die mi t  dem Dekorat ionsverfahren 
abgebildet werden. Durchstosspunkte von Versetzungen 
bilden Zentren besonderer TrSpfchenbildung; beim nach- 
folgenden Wachs tum sind oftmals in Form einer Spirale 
verlaufende Wachstumslamellen um Schraubenversetz- 
ungen he rum zu beobachten.  

Likely to be published in Z. Nalurforsch. 

10.24. ]~tude des pr@cipit@s de l i th ium meta l l ique  
form@s dans les se ls  de l i th ium par irradiat ion.  
Par M. LAMBERT, C. MAZI~RES ~% A. GUINIER, La Resi- 
dence, Orsay (Seine et Oise), _France. 
On @tudie par rayons X et microanalyse thermique  

diff6rentielle les pr6cipit@s de l i thium qui apparaissent 
lorsqu'on bombarde  des monocris taux de sels de l i thium 
(fluorure, hydrure)  au moyen  de neutrons thermiques.  

Lorsque la dose de neutrons crolt, on constate la for- 
mat ion  de plaquet tes  de l i thium d'6paisseur faible (1 ou 2 
distances atomiques), puis de globules de l i thium m6tal- 
lique en epitaxie dans le r@seau des sels de l i thium con- 
sid@r6s. 

Dans le cas du fluorure de li thium, le m@tal apparal t  
sous une forme anormale c.f.c, qui, par chauffage, se 
transforme en donnan~ le~ phase 8~able o,o,, ~ou~ forme de 

grains plus gros mais toujours orient6s dans le r6seau du 
fluorure. Des mesures quant i ta t ives  sont faites de fagon 

d@terminer la teneur  en l i thium des cristaux irradi@s. 

10.25. X-ray  diffraction s tudies  of f i ss ion f ragment  
damage .  By J.  ADAm, A. C. Fox,  M. D. ROGERS 
E. W ~ T ,  United Kingdom Atomic Energy Authority, 
Atomic Energy Research Establishment, Harwell, Dideot, 
Berlcs., England. 

When  fission fragments pass through ma t t e r  a largo 
number  of atoms are knocked out from their  positions 
in the crystal. A problem of determining the  number  of 
atoms affected by a fission event  has been approached 
using X-ray diffraction techniques.  Uran ium carbide and 
ni tr ide show measurable increases in uni t  cell size after 
irradiation in a nuclear reactor. The increase in uni t  cell 
size follows ( 1 - e x p  [ - y n ] )  law where n is the neut ron 
dose and 7 a constant  for given material .  Assuming tha t  
a given crystal can contain only a certain concentrat ion 
of defects of a given type at least unti l  it becomes very 
heavily damaged we can deduce a number  of atoms 
affected by one fission. The numbers  obtained for uranium 
carbide and ni tr ide are of the order of 2 × 106 atoms per 
fission event.  

These results were obtained on powders of natural  
materials  irradiated to low neutron dose of the  order of 
10 is thermal  neutrons per sq.cm, and examined in a 
specially designed diffractometer.  

Examina t ion  of highly enriched minu te  single crystals 
(10-50 tt diameter) of UC confirmed the  measurements  
of cell size changes and showed tha t  the strain broadening 
of X-ray reflection is readily detectable at a burn up 
above 50 wat t  days/g, and above 200 wat t  days/g, crystal 
f ragmentat ion is observed. 

Paper  will be submit ted  to Journal of Nuclear Energy. 

10.26. Phase  change  induced by pile  irradiat ion of 
U Z r  2. By J.  W. I-IA~I~ISON, United Kingdom Atomic 
Energy Research Establishment, HarweU, Didcot, Bert:- 
shire, England. 
A specimen of U-70  a/o Zr in the room tempera ture  

stable ordered delta phase was irradiated in the Harwell  
reactor BEPO at a tempera ture  not  exceeding 100 °C. 
X-ray diffraction pat terns  indicated tha t  the  ordered 
phase was t ransformed to the  metas table  disordered 
gamma phase on irradiation. I t  was observed tha t  the  
degree of t ransformation due to a given neut ron  dose 
was given by a single exponential  term. F rom the 
measurements  it was concluded tha t  the  number  of 
atoms in the delta phase converted to the gamma phase 
was of the order of 2 × 106 per fission event  in the material .  

Full length accounts to be published in the Journal of 
Nuclear Energy. 

10.27. Irradiat ion effects in rochel le  salt  crystals .  By 
R. T. Q ~ N ~  & J.  R. Cr,A~K, United States Naval Post- 
graduate School, Monterey, California, U.S.A. 
Alterations in the hysteresis loops and the  coloring of 

Rochelle salt crystals by X-rays are discussed. Absorpt ion 
spectra in the  visible and infra red are compared in irra- 
diated and unirradiated crystals. Microscopic examina- 
t ion of i rradiated crystals shows a structure of fine lines; 
apparent ly  decomposit ion products have coalesced within 
the crystal. 
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10.28. D y n a m i c  crysta l  defects  produced dur ing  
irradiat ion.  B y  M. W. T ~ o ~ s o N  & 1%. S. NELSON, 
Metallurgy Division, Building 393, A.E.R.E. ,  Harwell, 
Berks., England. 

Specimens of copper, silver and gold have  been bom- 
barded wi th  0.3 inV. protons and 10 kV. ions of argon 
and xenon. Atoms were ejected from crystal  surfaces with  
m a x i m u m  in tens i ty  along low index crystal  directions. 
The effects are interpreted as being due to the arr ival  
a t  the surface of three types of focussed collision sequence. 
The first t ravels along (110) directions, momen tum being 
focussed by  the geometrical  properties of a close-packed 
line of spheres. No mass t ransfer  is thought  to occur in 
this  type  of sequence and exper iment  shows its range to 
be roughly 350 A. The second and th i rd  types t ravel  
along (100) and (111) directions and are though t  to 
consist of successive collisions in which the projectile 
a tom replaces the target ;  focussing being due to the rings 
of atoms which encircle the projectile 's  path .  A theoretical  
s tudy  shows these rings to behave wi th  formal s imilar i ty 
to the th in  lens in optics, and an upper  energy l imit  for 
focussing is derived. I t  is predicted t h a t  the m a x i m u m  
ranges in copper are roughly 35 /~ for {100) sequences 
and 120 A for (111) sequences, the  corresponding figures 
in gold being 50 A and 300 A respectively.  These pre- 
dictions are shown to be in agreement  wi th  experiment.  

10.29. Act ion des ions  argon de basse  energ ie  (10 KV) 
sur  des surfaces  d 'uranium.  Par P. I-IA¥~A~ & 
MELLE C. LECOMTE, 7me du Colonel Moll, Paris X VIIme 
(Seine), France. 
Le bombardement  effectu@ sur des @chantillons d 'ura-  

n ium plac@s dans une enceinte sous faible pression 
d'oxyg@ne (10 -5) par  des ions argon acc@l@r@s sous des 
tensions pouvan t  varier entre 5.000 et 15.000 V. provoque 
une croissance de l 'oxyde UOe orient@ qui se produi t  
s@lectivement sur les joints  de grains, les sous joints  de 
polygonisation,  les joints  de macles et les lignes de glisse- 
ment .  Le nombre de ces germes d@pend de l 'or ientat ion 
cristalline et la dimension des germes du temps de 
bombardement .  Ces conditions sent  @tudi@es plus en 
d@tails. 

D 'au t re  pa r t  ces ph@nombnes ne peuvent  se produire que 
pour un domaine de densit@ ionique compris entre I / I  o et  
I ttA./mm."/s, et peuvent  sans doute intervenir  dans le 
cas ou l 'on bombarde  d 'autres  m@taux oxydables.  Ces 
r@sultats doivent  fournir des renseignements sur l 'activa- 
t ion superficielle due aux processus secondaires qui 
suivent  le choc d 'un  ion. 

Publ icat ion : R. C. Acad. Sci. Paris. 

Cathodic sput ter ing has previously been studied by  
m a n y  different techniques,  bu t  it  has not  so far been 
invest igated on the atomic and near-atomic scale. In  the 
present  work an a t t e m p t  is being made  to s tudy  the 
effects produced at  the  surface and jus t  below the surface 
of th in  metal  films bombarded by  low energy ions in a 
beam of small (1"5 e.V.) energy spread. 

(b) Some theoretical aspects of low energy ion bombardment 
Previous results indicate t h a t  the sput ter ing process 

is a funct ion of the masses of the bombarding  ion and 
sput tered a tom and of the elastic properties of the ta rget  
material .  By  considering the different mechanisms of 
energy transfer,  both  by  the original ion and by  subse- 
quent ly  displaced atoms, it  is possible to draw some 
conclusions as to the threshold energies for the different 
processes which m a y  occur and the metal lographic 
features to which they  m a y  give rise. 

10.31. Diffract ion pat terns  of perfect  crys ta l s  and 
their  s lopes .  B y  M. RE~I~OEI~,  Kristallographisches 
Institut der Universitiit, Marburg-Lahn, Deutschland. 
The exper imental  diffraction pa t te rns  of well-grown, 

near ly  perfect crystals  (calcite, Ge, Si) measured by  the 
three-crysta l -method described b y  the au thor  agree 
ra ther  well wi th  those predicted b y  the dynamica l  theory  
in the central  regions of the pat terns .  Bu t  the slopes on 
both  sides of the  exper imental  pa t te rns  are much less 
steep than  demanded by  theory.  The slopes are containing 
two shares, of which only one is given by  the dynamica l  
theory:  The proper slope of the diffraction pa t t e rn  is 
superimposed by  another  dropping of intensi ty ,  t h a t  of 
the ' ex t ra  spot '  which results from tempera ture  move- 
men t  of the crystal  lattice. Both  shares can be observed 
separated:  I f  the crystal  is turned,  the proper beam 
reflected by  the ideal crystal  lat t ice is turn ing  wi th  
double speed seeming as if optically reflected by  the net  
planes. The other share, however, the (diffuse) beam 
result ing from the lat t ice oscillations holds its direction 
inclined to the p r imary  beam at  twice the Bragg-angle 
near ly  wi thou t  turn ing  if the  crys ta l  is turned.  
The la t te r  is dropping down more rapidly  in in tens i ty  
with  deviation of the p r imary  beam from the Bragg angle 
than  the former. Besides its in tensi ty  is too small for 
get t ing comparable with  t ha t  of the former a t  devia- 
tions less than  half  a degre. Therefore it  cannot  be 
made responsible for the disagreement in steepnes be- 
tween theoretical  and experimental  diffraction pat terns .  
- The real in tens i ty  of the extra  spot m a y  be dis turbed 
b y  superimposi t ion of Bragg reflexions from crystal  
particles s l ight ly disorientated against  the  main  latt ice,  
especially if the  crystal  face has been t rea ted mechani-  
cally, for example if i t  has  been ground. 

10.30. Atomic  d i sp lacements  produced by low energy  
b o m b a r d m e n t .  B y  D. G. BI~AlqDON, University Dept. 
of IVletallurgy, Cambridge, England. 

(a) Preliminary observations on metals bombarded with ions 
of the rare gases and hydrogen 

10.32. Zusammenh~inge  z w i s c h e n  den riSntgenogra- 
ph i schen  M e r k m a l e n  versch iedener  Diamanten .  
Yon M. ~ENNINGER, Kristallographisches Institut der 
Universitg~t, Marburg-Lahn, Deutschland. 
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Systematische R6ntgenographisehe LTberpriifung einer 
grSsseren Zahl herausgegriffener Exemplare  aus einem 
dem Verfasser yon Dame Kath leen  Lonsdale zur Ver- 
fiigung gestell ten Sort iment  von kleinen Diamanten  ergab 
folgendes: 

(1) Entgegen  frikher vom Verfasser geausserter Auf- 
fassung konnte  in Ubere ins t immung mit  den Feststellun- 
gen aus dem Labor yon Dame Kath leen  Lonsdale keinerlei 
Zusammenhang  zwisehen (rSntgenographischer) Wachs- 
tumsgfite und  dem Atfftreten der anomalen Extra-spots  
('spikes') gefunden werden. Es befinden sich unter  den 
un te rsuchten  Steinen sowohl extreme Mosaikkristalle mi t  
sehr ausgepriigten und scharfen 'spikes' als auch nahezu 
ideale Kristalle mi t  kaum angedeute ten  solchen. 

(2) Eindeut iger  Zusammenhang besteht  dagegen durch- 
weg zwischen Wachstumsgii te  (charakterisiert durch die 
Intensi ta tsverhal tnisse der regularen Reflexe) und Um- 
weganregung (double reflexion), beobachtet  am (222)- 
Reflex. Letztere t r i t t  durchweg umso intensiver auf, je 
geringer die Ext inkt ion.  

(3) Unte r  den untersuchten Steinen war die t Iaufigkei t  
yon Mosaik-Typen gr6sser als die yon r6ntgenographisch 
vol lkommeneren.  Dies s teht  in gewissem Widerspruch zu 
den bisherigen anderweit igen Feststellungen, wonaeh 
Diamanten  des Typ I I  (Mosaik-Typ) sehr viel seltener 
sein sollen als solche des Typ I (Ideal-Typ). 

10.33. A n o m a l o u s  t r a n s m i s s i o n  of X - r a y s  in h i g h l y  
perfect ,  s t r e s s e d ,  g e r m a n i u m .  By It .  CO~E, G. E. 
BROC~ & F.W. C ~ B E R S ,  I B M  Research Laboratory, 
Poughkeepsie, New York, U.S.A. 

The predictions of the dynamical  diffraction theory,  
especially with regards to the Borrmann effect, have 
been the  subject of several recent investigations (It. Cole 
& G. E. Brock, Phys. Rev. (1959), 116, 868; G. Hilde.  
brandt ,  Z. Kristallogr. (1959), 112, 312). I t  is now well. 
known tha t  the  energy flow through a perfect crystal 
during diffraction is along the diffracting planes, even 
under  certain types of deformation.  Fur ther  studies of 
the anomalous transmission of X-rays in highly perfect, 
stressed and unstressed, doped and undoped,  bars of 
germanium and silicon have been carried out  in this 
laboratory, with  both  Geiger counter  and film detection.  
A summary  of the experimental  results, and an inter- 
pre ta t ion in terms of what  is presently known about  
energy flow paths, will be presented.  

Would be submit ted  to Acta Cryst. 

10.34. L a u e  s t u d i e s  of e x t i n c t i o n  in s i l i c o n  s i n g l e  
c r y s t a l s .  By ROBERT I-I. BR~G~, Armour Research 
Foundation, Physics of Solids Section, Chicago 16, Il- 
linois, U.S.A. 
Withdrawn.  

10.35. V~r i f i ca t ions  q u a n t i t a t i v e s  de  la t h 6 o r i e  d y n a -  
m i q u e  s u r  le s i l i c i u m  d a n s  le  cas  de  la t r a n s m i s -  
s i o n  et ~ tude  p h o t o g r a p h i q u e  des  d i s l o c a t i o n s .  
Par A. AUTH~ER, Laboratoire de Min~ralogie et Cristallo- 
graphie, Facultd des Sciences de Paris, France. 
On salt que lorsque an  faisceau incident  T~ a) de rayons 

X tombe sur un cristal parfait  sous l ' incidence de Bragg 
pour une famille de plans r6ticulaires suff isamment  
inclines par rapport  k la face d 'entr6e du cristal, il donne  
naissance, sur l 'autre face du cristal, ~ deux faisceaux 
T(od) et T(hd) dirig6s, le premier parall~lement au faisceau 
incident  T(o a) et le second parall~lement k la direction 
r6fl6chie. Nous avons 6tudi6 la variat ion des pouvoirs 
r6fleeteurs Re et Ra de ces deux faisceaux en fonction de 

Pangle d~incldence sur des crlstaux de sil~c~um d'~pals- 
seurs diff6rentes et contenant  peu de dislocations. Pour  
cela, nous avons utilis4 an  double spectrographe par trans- 
mission, les deux cristaux ~tant de m6me ~paisseur et 
taill6s dans le m6me 4chantillon. Les diff6rents faiseeaux 
sent  re~us dans une chambre d' ionisation et leurs inten- 
sit6s sent  enregistr~es en fonction de la position du 
deuxibme cristal. Ce montage  nous a permis de v6rifier 
que la largeur de raie, la forme des courbes et les :inten- 
sit6s int6gr6es sent  en ben  accord avec les valeurs th~o- 
riques pr6vues ~ l 'aide de la th6orie dynamique.  

Nous avons utilis6, d 'autre  part,  lm montage  analogue, 
mais avec an  monoehromateur  par r6flexion, ce qui 
simplifie consid4rablement les r6glages, pour faire une  
6tude photographique des dislocations dans nos cristaux 
de silieium. Si l 'on place une plaque photographique der- 
ri6re le cristal, parallblement k la face do sortie, on observe 
en effet dans les traces des faisceaux T(0 d) et  T~ d) de fines 
traln6es que l 'on mont re  ~tre les images do dislocations. 
Los dislocations que l 'on volt  sent  proches de la face de 
sortie du eristal et  leur densit6 est en ben  accord avec 
cello des figures d ' a t t aque  obtenues chimiquement .  
L '6tude cristallographique de l 'or ientat ion des traLu~es 
confirme leur interpr6tat ion comme des dislocations. 
Elles se prdsentent  sous la forme de doubles traits, noirs 
et  blancs, le contraste noir-blanc ~tant invers6 dans los 
faisceaux T(0© et T (d) et 6rant i nd@endan t  de la di- 
sym~trie du d~faut cristallin. 

The work described above will be published part ly  in 
Acta Cryst. and part ly  in the  Physics and Chemistry of 
Solids. 

10.36. T h ~ o r i e  d y n a m i q u e  de la  r~ f l ex ion  des  r a y o n s  
X p a r  des  c r i s t a u x  c o u r b 6 s  e l a s t i q u e m e n t .  Par  

A. GUINIER & D. TAUPIN, 205 t~ue J~larcadet, Paris 
X V I I I  °, France. 
Nous avons appliqu~ les principes de la th~orie dyna- 

mique  de Darwin au cas des cristaux perturb6s. La per- 
turbat ion est suppos6e r6guli~re et continue et ne d6pend 
que d 'une  seule coordorm6e d'espace, perpendiculaire aux 
plans rSflecteurs et aux surfaces du cristal; (nous nous 
sommes ]imit6s au cas de Bragg sym6trique). Nous on 
avons d6duit une 6quation diff6rentielle, int6grable num6- 
r iquement ,  qui donne la forme des raies et la valeur 
absolue du pouvoir r6flecteur. 

Nous avons 6tudi6 en d6tail l e c a s  off la per turbat ion 
est fonction lin6aire de la coordonnde et nous donnons 
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une m4thode  de calcul pra t ique du pouvoir  r~flecteur 
dans le cas gdn~ral off le d6placement  est fonction quadra- 
t ique des trois coordonndes de l'espace. Nous avons ~tudi6 
num6r iquement  le cas du silicium. 

1Vous avons 6tudi6 exp~rimentalement  la r~flexion 400 
du  silicium avec la radiat ion du molybd~ne (mesures 
absolues de pouvoirs r~flecteurs), pour des courbt~res 
dlastiques variables. L'accord est satisfaisant et les ~carts 
semblent  dus aux dSfauts de l '6chantillon. 

The account  is likely to be published in Acta Cryst. 

§ 11. Liquids, liquid crystals, amorphous 
materials, glasses 

11.1. La s truc ture  des  co l lo ides  d 'assoc iat ion .  Par  
V. LIIZZATI, A. SKOULIOS, F. HUSSON & J.  SPEGT, 
Centre de Recherches sur Ies Maeromoldcules, Strasbourg, 
France. 
Apr~s avoir d6termin6 Ia s tructure des phases m6so- 

morphes des syst~mes amphiphi le -eau  (Acta Cryst., sous 
presse) et  des savons de sodium purs, ~. tempdrature  dlev~e 
(Nature, Lond. (1959), 183, 1310) nous avons 4tudi~ un 
syst~me ternaire savon--eau-solvant non polaire et nous 
avons entrepris la d4terminat ion de la s tructure des 
micelles de savon dans l 'eau. 

Dans le syst&me ternaire nous avons rencontr~ plu- 
sieurs phases m~somorphes dont  la s tructure d~rive de 
celles des syst&mes savon-eau,  l~lous avons analys6 la 
variat ion de la surface disponible pour chaque groupe 
hydrophi le  et nous avons mis en 6vidence le r61e de la 
polarit6 du solvant.  

Dans l '6tude des phases micellaires, c 'est la technique 
de la diffusion centrale absolue qui nous a permis d'ob- 
tenir  des rdsultats nouveaux et assez inat tendus.  Nous 
avons montr~, en effet, que la forme des micelles dSpend 
de la nature  de l 'amphiphile  et  de la concentrat ion:  dans 
certains cas il semble exister une transit ion entre la forme 
sph~rique et la forme de b~t, onnet.  Nous avons pu d~ter- 
miner  les dimensions et la masse des micelles. 

11.2. Molecu lar  a r r a n g e m e n t s  in c o m p l e t e l y  d i s -  
ordered  coherent  s tates  and their  appl icat ion  to 
the  theory  of l iquids .  By J.  D. BERNAL, BirkbeJc 
College, London, W.C. 1, England. ~ 
An extended  homogeneous ar rangement  of molecules 

of finite dimensions is defined by the statistical constancy 
of the  particle densi ty over volumes large compared with 
the  molecular dimensions. The ar rangement  is called 
disordered if no two molecules are identically surrounded 
by  others. Coherence is defined by the impossibility of 
drawing extended surfaces through the med ium wi thout  
touching a molecule. 

For  spherical molecules the  type  of coherent  arrange- 
m e n t  is specified when the overall densi ty is given. This 
densi ty  can in general not  be less than  one thi rd  of the 
close packed density.  

The variations of neighbour  arrangements ,  the radial 

distr ibution function and the  number ,  size and shape of 
holes be tween molecules for in termedia te  densities can be 
explained in te1~ns of groups of quasi equidis tant  mole- 
cules formed by te t rahedra  sharing faces in a variety of 
ways, called pseudo-nuclei.  These are in general non. 
crystallographic in character,  in particular possessing 
pentagonal  and helical symmetries.  Wi th  d iminut ion  of 
density,  the  size and, ul t imately,  the  number  of pseudo- 
nuclei diminish. 

These concepts can be ex tended  to cover non-spherical 
molecules where the pseudo-nuclei will in general be more 
stable and may  even be more  so than  regular arrange- 
ments  of such molecules. 

These geometrical considerations are used to explain 
on a statistical basis the  t ranspor t  and the rmodynamic  
properties of liquids. 

11.3. T h e  s truc ture  of l iquid  a l loys  of iron and 
a l u m i n i u m .  By 1 ). J .  BT,Ac~ & J.  A. CVNDAT,L, Physics 
Department, The University, Birmingham 15, Great 
Britain. 
Aluminium-rich compounds of t ransi t ion metals  form 

complicated structures which seem to be based on poly- 
hedra  in which nine or ten a luminium atoms closely sur- 
round a central t ransit ion meta l  atom. If the  bonds within 
the  polyhedra  are much  stronger than  the  bonds which 
link the polyhedra  to each other, then  only these lat ter  
bonds will be disordered on melt ing so tha t  the polyhedral  
units will still exist in the liquid alloys. Certain densi ty 
anomalies in liquid a luminium-i ron  alloys seem to support  
this hypothesis.  To invest igate it further, an X-ray dif- 
fraction camera has been buil t  in which the  specimen is 
the  free horizontal  surface of a liquid alloy contained in 
a vacuum furnace. Bragg-Bren tano  focussing is main- 
ta ined by moving  both  the  X-ray tube and the detector  
in a vertical plane about  an axis which lies in the surface. 
The detector  is a curved monochromator  crystal which 
focusses characteristic radiat ion onto a Geiger counter.  
Amongst  the corrections applied to the measured inten- 
sities are new correction factors which have been eval- 
uated to allow for the combined effects of specimen 
absorption and departures from ideal Bragg-Bren tano  
conditions. 

Measurements of the  scattering from i ron-a luminium 
alloys are compared with scattering curves which are 
predicted for different structural  models  of the  liquid 
alloy; computer  programmes have been prepared which 
calculate the scattering both  for a random mixture  of 
iron and a luminium atoms and for a mix ture  composed 
of i ron-a luminium polyhedra  in liquid aluminium. 

The full-length account  of this work will probably be 
published in Aeta Cryst. 

11.4. Die  Koordinat ion  in den g e s c h m o l z e n e n  inter-  
m e t a l l i s c h e n  V e r b i n d u n g e n  NaHg,  KHg und KHg 2. 
Von I-I. SC~rU~_ANN, Institut fi~r physilcalische Chemic 
der Universildt, Halle (S), D.D.R. 
Withdrawn.  
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11"5. T h e  e x p e r i m e n t a l  d e t e r m i n a t i o n  of o r d e r  p h e -  
n o m e n a  in l iquids b y  X - r a y s .  By  H. MENDEL, 
Koninklijke-SheU.Laboratorium, Amsterdam. The 1Ve- 
therlands. 
Order phenomena  in liquids show up in the dis tr ibut ion 

curves, which are a funct ion of the deviat ion of the actual  
electron densi ty  from an average one. A reliable inter- 
pre ta t ion  of these curves is only possible if they  are the 
outcome of careful exper iments  and calculations. A cri- 
ter ion for the reliabili ty of dis t r ibut ion curves obtained 
from X- ray  measurements  is their  slope near  the origin; 
which mus t  conform to the slope calculated from the 
mean  volume per  a tom and the average electron densi ty  
of the sample. A me thod  has been developed for obtaining 
dis t r ibut ion curves t ha t  closely meet  this cri terion of 
reliabili ty up to distances of the order of an atomic radius. 
This has been effected by using non-sharpened intensities, 
while the use of recent ly  calculated atomic scat ter ing 
curves proved to be essential for a correct calculation of 
the  background.  The dis t r ibut ion curves thus obta ined 
did no t  show any  spurious ripples at  small distances. 

The m e t h o d  stood a check on amorphous  quartz,  
where for Si it  gave the expected distance to O and the 
expected coordinat ion number .  I t  has a l ready proved 
valuable  in the s tudy  of water ,  giving distances of 
H to O, intra- and  intermolecular .  

A recent  s tudy  of 1,3 di - ( t r imethyl t in)-propane is 
described in which the  dis tr ibut ion of the in t ramolecular  
Sn-Sn  distances was de te rmined  exper imental ly .  The 
results are in terpre ted  in terms of a model  consisting of 
the trans- and  one gauche configuration. 

To be published in Acta Cryst. 

11.6. B e s t i m m u n g  d e r  Polydispersit{it kolloider Sy-  
s t e rne .  Von F. MomzKcs & R. H O S E ~ A ~ ,  Fritz-Haber- 
Institut der ~1ax-Planck-Gesellschaft, Berlin-Dahlem, 
Deutschland. 
Withdrawn.  

11.7. ~Jber  d ie  N a h o r d n u n g  i m  f l i i s s i g e n  G e r m a -  
n i u m .  Von H.  K R ~ s  & CL. WII~'KX~ER, Chemisches In.  
stitut der Universitdt Bonn, Bonn-Rhein, Deutschland. 
The abs t rac t  can not  be submi t ted  ye t  because the 

exper imenta l  investigations are still in progress. 

The paper  will be publ ished in Z. anorg. Chem. 

§ 12 Phase transformation, martensitic 
transitions, ferroelectrics, k-point transitions 
12.1. F e r r o e l e c t r i c i t y  a n d  n o r m a l  m o d e s  of v i b r a -  

t i o n  in  b a r i u m  t i t a n a t e .  By  W. Coc~r~i~, Crystallo- 
graphic Laboratory, Cavendish Laboratory, Cambridge, 
England. 

The atomic parameters  which de termine  the  lat t ice 
vibrat ions of a cubic ionic crystal  m a y  be chosen in such 
a way  tha t  the crystal  will exhibit  ferroelectric or anti- 
ferroelectric properties.  The t ransi t ion to a phase of lower 
s y m m e t r y  is to be regarded as the result  of an instabi l i ty 
of the crystal  against  a cer tain normal  mode  of v ibra t ion 
- - a  t ransverse optic mode  having wavenumber  zero, in 
the case of a ferroelectric transit ion.  An outl ine of the  
calculation for a diatomic crystal  has been published 
(Phys. Rev. Lett. (1959), 3, 412). 

Applicat ion of the me thod  to BaTiO 3 leads to the  
conclusion tha t  the  three successive transit ions,  the  di- 
electric propert ies and  the relat ive movemen t s  of the  
atoms, can be accounted  for numerical ly  uskng atomic 
parameters  which are physically reasonable. Devonshire 's  
expression for the  free energy as a power series in the  
polarization is derivable in terms of these atomic para- 
meters .  The more  impor tan t  physical  assumptions in- 
volved are as follows: 

(i) Atoms m a y  be polarized not  only in an electric field, 
bu t  also as a direct  result  of short-range interact ion 
be tween them.  This fact  (for which there  is direct  ex- 
per imenta l  evidence from crystals of simple s t ruc ture  such 
as germanium) does not  affect the principle of the method ,  
bu t  results in the replacement  of ionic charges and short- 
range in tera tomie  force constants  by  'effective' values, 
which are the a tomic parameters  a l ready referred to. 

(it) The oxygen atoms are l inked by bonds having 
compara t ive ly  large force constants.  This assumption is 
necessary to account  for the exper imental  fact t ha t  the  
oxygen octahedron is very  little dis tor ted a t  the  first 
t ransi t ion.  

(iii) The short-range force be tween t i t an ium and the  
oxygens depends on powers of their  relat ive displacement  
higher than  the first. Only a small anharmonic  componen t  
is required, there  is no question of a double -min imum 
potential .  

The theory  relates the lowest dielectric dispersion 
f requency v~ to the static dielectric constant ,  the  spon- 
taneous polarizat ion and the displacements of the  a toms 
at  the first t ransi t ion,  v 2 should va ry  wi th  t empera tu re  as 
(T-To)½ in the cubic phase, reaching a min imtun  value 
of about  3.5 × 1011 c.p.s. Diffuse scat ter ing of X-rays  near  
reciproca] lat t ice points  (in addi t ion to the usual  the rmal  
diffuse scat ter ing by acoustic modes of vibration) is also 
predicted,  wi th  an intensi ty  approximate ly  proport ional  
to the product  of dielectric cons tant  and absolute tem- 
perature .  

12"2. Studies on the phase transformations  of 
NH4NO3, N a N O  3 and NaNO2*. By J. L. AMogds, 
M. L. CANUT, P. ALONSO, E.  I~IAI~O, 1~. L. BANERJEE, 
M. MORE~O, F. A~RESE & C. ABASOLO, Departamento 
de Cristalografla, C.S.I.C., Madrid, Spain. 
We first found disorder diffuse scat ter ing in NH4NO3, 

I I  phase (55-83 °C.) and in terpre ted  in terms of packing 
disorder of the NO3 groups. The mechanism of this 
metas tab le  I V - I I  t ransi t ion has now been s tudied by  

* Supported by the European Research Office, U.S De- 
partment of the Army, under Contract DA-91-591-EUC-1084. 
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ref inement  of the IV and I I  phases by  Fourier  methods.  
This t ransi t ion occurs by development  of packing disorder 
of the  :NO~ groups in two ext reme centrosymmetr ic  A 
and B positions along the polar axis. The structure of the 
I I  phase is formed by the  sum of about  75% and 20% 
of the  A and B positions respectively, as well as a residue 
of the  room tempera ture  phase. This residue depends 
upon the  exper imental  conditions and the hysteresis of 
the phenomenon.  

The :NH4NO 3 transi t ion I V - V  (at - 18 °C.) occurs with 
superlatt ice formation. The low tempera ture  phase is 
tetragonal,  P4Jncm, Z = 8  and a=7 .90 ,  c=9 .79  /~. The 
:NH 4 are located at  a and e positions; the NO 3 groups 
on the  mirror planes. The crystal s tructure analysis is in 
progress. 

The phase transi t ion of NaNO 3 has been s tudied via 
diffuse scattering and di latometric  techniques.  Thermal  
diffuse scattering of the room tempera ture  phase has 
been recorded and also the  diffuse scattering versus 
tempera ture  through the transit ion point  in some specific 
reciprocal positions by Geiger counter  and monocromat-  
ized Cu K s  radiation. 

The diffuse scattering of both  the ferroelectric and non- 
ferroelectric phases of NaNO2 has been recorded at  
20 °C. and at 220 °C. respectively and plo t ted  in [100]0 
and [10011. The diffuse scattering of the  ferroelectric 
phase is associated to reciprocal latt ice points wi th  2'0 
strong. The non-ferroelectric phase shows the  same 
diffuse scattering pa t te rn  as the  ferroelectric phase but  
stronger. The X-ray diffuse scattering versus tempera ture  
near  the  transi t ion point  (I59 °C.) has been studied by 
Geiger counter  and monocromat ized  Cu K s  radiat ion 
near 040, 002 and 022. The anomalies found will be dis- 
cussed. 

Probably  to be published in P. Dep. Crist. Min.  

12.3. X - r a y  s t u d i e s  of abso lu te  conf igurat ions  of 
ferroe lectr ic  crysta ls .*  By R. PEPINSKY, Y. O]~AYA & 
F. U~'TERLEITNER, Crystal Research Laboratory, The 
Pennsylvania State University, University Park, Pa., 
U.S.A.  
In  determining the  structttral mechanism for ferro- 

electric behavior, it is necessary to know not  only the  
atomic displacements which occur wi th  polarization, bu t  
also their  directions with respect to the polarization 
direction. 

Ferroelectrics can be divided into two classes: one, 
those with centrosymmetr ic  pseudo-symmetry ,  such as 
(glycine)3. H2SO 4 (TGS), the  perovskites,  the  alums, 
(glycine)z.HNO 3, glycine.AgNO3, NHaHSO 4, and prob- 
ably also (NH4)2SO a and l i thium hydraz in ium sulfate; 
and two, those wi th  non-centric pseudo-symmetry,  such 
as the  tartrates. (Rochelle salt, L iHta r t r a t e .  II20 ), guani- 
d inium a luminum sulfate hexahydrate ,  KH~PO4(KDP ), 
ammonium monochloracetate,  di-calcium s t ront ium hexa- 
propionate,  (glycine)2. MnC12.2 HeO, etc. 

In  class one, X-ray anomalous dispersion observations 

* Supported by Contracts with Air Force Office of Scien- 
tific Research, ARDC and U.S. Atomic Energy Commission. 

are necessary to establish the  directions as well as 
magni tudes  of small atomic displacements wi th  respect 
to the  electric field; in class two, the  absolute configura- 
t ion of the  pseudo-symmetr ic  non-centric phases mus t  be 
established, then  the  magni tudes  of small displacements  
in the  ferroelectric phase determined,  and finally the  
directions of these ascertained with respect to the field 
direction. In  the case of the ferroelectric tartrates,  the  
absolute configuration of the  d- tar t ra te  ion is already 
known (J. M. Bijvoet,  Proe. K.  Ned. Akad. Wet. (1949), 
52, 313; A. F. Peerdeman,  A. J.  van  Bommel  & J.  M. 
Bijvoet,  Proc. Roy. Soe. Amst.  (1951), B, 54, 16), bu t  the  
directions of O and H displacements wi th  the  field is 
unknown.  

In  class two, ~f the  absolute configuration of a pseudo- 
symmetr ic  (paraelectric) phase is known (as in RS), then  
the  ferroelectric atomic displacements can in principle 
be de te rmined  wi thout  anomalous dispersion if all do- 
mains are polarized in one direction by a field. Thus neu- 
trons could be used to de termine  the displacement  direc- 
tions of atoms in ferroelectric /~S. This is not  t rue for 
class one crystals. 

Anomalous dispersion measurements  of 

IFhl ~ -- IF~I ~ = AF~ 

values, for de terminat ion  of the  small atomic displace- 
ments  in crystal of ei ther class, can be made  extremely 
accurately on a counter  diffractometer,  since field reversal 
alters h to - h  values along the  ferroelectrie axis essen- 
tially wi thout  disturbing angular positions of the reflec- 
tions. 

Using the Ps(u) function (R. Pepinsky & Y. Okaya, 
Prec. Nat. Acad. Sei., Wash. (1956), 42, 286), it has been 
possible to de termine  the  entire s t ructure and absolute 
configuration (as a function of field direction) of TGS. 
Cu Ka was used to excite the  imaginary component  of S. 
The planar  glycinium ion nearly in the  pseudo-mirror 
plane tilts in the  direction of the  field. 

In  te t ragonal  BaTiO 3, measurements  using C o K e  
establish tha t  Ti ions move  in the field direction. 

In  the  K D P  group (class two), KHeAsO4 was examined 
wi th  Me Ko,  Ps(u) immedia te ly  revealed the  absolute 
configuration of the  paraelectric phase;  and both  field- 
reversal X-ray measurements  and deduction.s from piezo- 
electric observations showed tha t  arsenic (with charge 
--- +4.5e) moves in the  field direction, while K + moves 
oppositely. This is confirmed with KH2PO 4 also, using 
Cu K s .  This is contrary to the  conclusions of G. E. Bacon 
& R. S. Pease (Prec. Roy. Soc. (1955), 230, 359), who 
assigned - 3 e  as charge to P.  

Similar measurements  are in progress on other ferro- 
electrics of both  classes. The field-reversal me thod  plus 
application of Ps (u) is the best route to structure analyses 
of m a n y  ferroelectrics, part icularly those in class one. 
Most accurate results are obtainable using the  strob- 
oscopic diffraction me thod  with a periodically-pulsed 
X-ray tube (K. Drenck & R. Pepinsky,  Rev. Sci. Instrum. 
(1951), 22, 539), since this entirely eliminates effects of 
pr imary beam intensi ty  fluctuations. Stroboscopic studies 
of ferroe]ectric reversals were previously applied by P. B. 
Braun (private communicat ion,  1958), using a dc-operated 
tube wi th  gated counter  amplifier. 

Paper  in full to be submi t ted  to Phys. Rev. 
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12-4. P h a s e  t rans i t ions  and crys ta l  s t ruc tures  of the  
a l k a l i  i o d a t e s  as s tud ied  by nuc lear  quadrupole  
resonance ,  X - r a y  diffraction and die lectr ic  m e a -  
s u r e m e n t s .  By F. HERLAGH, H. GRXNICHER, D. IT- 
SCHBER & P. KESSELRII'~G, Physi/calisches Institut der 
ETH, ZiPrich, Switzerland. 
The pure quadrupole resonances of I ~7 in the alkali 

iodates have been studied in the  tempera ture  range from 
liquid hel ium up to several hundred  degrees centigrade. 
The resonance frequencies at  0 °C. (in Mc./sec.) and 
their  temperatL~re coefficients av/~T (in kc./sec. °C.) are: 
Li lO 3 1 5 1 . 5 - 8 ;  NaIOa.HpO (a) 149 .6 -15 ;  (b) 162 .8 -30 ;  
KIO  z (a) 144"6-27 ;  (b) 145 .1 -27 ;  (e) 145 .6 -27 ;  
(d) 1 4 6 . 1 - 2 7 ;  RbIO3 very weak resonance at  145; 
CsIO a 144-2 - 14; N H , I O  a 147.9 - 14. 

F rom these results and from the behaviour  of the 
resonances as a function of tempera ture  the following 
conclusions can be drawn:  

(1) The iodine atoms are no t  in centrosymmetr ieal  
positions (in contradict ion to the published structure 
data). In  KIO3 there exist 4 different iodine lattice sites. 
The different tempera ture  coefficients of the  two reso- 
nances in NaIO3.H~O indicate different modes of thermal  
mot ion  at  the two sites. 

(2) The surrounding of the  iodine atoms is similar in 
all alkali iodates al though they  have different structures. 

(3) Several phase transitions have been observed in the  
alkali iodates. KIO 3 undergoes four phase transitions at  
--190, - 1 0 ,  75 and 220 °C. At  the upper transition, the 
pseudocubic symmet ry  changes from trigonal to triclinic 
with falling temperature ,  and there is a change in the  
mode  of thermal  vibration. The 75 °C transit ion shows 
almost no changes in the X-ray diagrams, but  the number  
of iodine sites increases from 1 to 4. Resonance (a) derives 
from the high- temperature  resonance whose intensi ty 
decreases at  the transit ion while (b), (c), (d) appear. 
This might  indicate the coexistence of two phases at  
room temperature .  

The structures of the alkali iodates have also been 
reinvest igated by Debye-Scher re r  photographs from 
liquid air tempera ture  up to several hundred  degrees 
centigrade. Unfortunately,  the growth of single crystals 
has proved to be ra ther  difficult, so tha t  only prel iminary 
dielectric measurements  have been performed. These 
investigations are still in progress. 

A paper with the  complete and more recent results, 
including the  discovery of ferroelectricity in KIO a, will 
be published in Helv. Phys. Acta. 

12.5. T w o  s t r u c t u r e s  in  the  s y s t e m  (Na, K ) N b O  a. 
By  M. WELLS & I4. D. MEGAW, Cavendish Laboratory, 
Cambridge, England. 
NaNbOz and (Na0.97~K0.02~)NbO 3, the lat ter  to be re- 

ferred to as phase II ,  are two distinct phases at the sodium 
rich end of the system (Na, K)Nb03. At  high ( > 600 °C.) 
temperatures,  when the structure is tha t  of an ideal 
perovskite,  wi th  one formula uni t  per cubic uni t  cell, 
there is a complete range of solid solution. I t  has been 
established optically tha t  at  room tempera ture  only two 

phases appear be tween NaNbO~ and (Na0.~K0..~)NbO a 
which coexist over a narrow (0-3%) range near  the  
boundary  at  (Na0.99K0.00NbO 3. The room tempera ture  
structures invest igated are distortions of the ideal perov- 
skite structure, the  distortions leading to the  formation 
of mult iple  uni t  cells. 

NaNbO3, space group Pbma, is antiferroelectric at  
room tempera ture ;  the orthorhombic uni t  cell contains 
eight formula units, the  a and c axes being face diagonals 
of the original cubic uni t  cell and the length of the  b axis 
being four t imes tha t  of the  cubic cell edge. 

Phase II,  space group P21ma, is ferroelectric at  room 
tempera ture ;  the orthorhombic cell has a b axis which 
is twice tha t  of the cubic uni t  cell and is thought  to be 
one half of tha t  of NaNbO~. I t  is probable tha t  phase I I  
is identical with  the 'forced ferroelectric' s tructure found 
when large fields are applied to NaNbO 3. 

Detailed analyses of both  these structures have been 
carried out  using three-dimensional  data  and Fourier 
synthesis techniques. 

To be published in Acta Cryst. 

12.6. S tructure  and n o n - s t o i c h i o m e t r y  of ferroelec-  
tr ic  PbNb~O6-type c o m p o u n d s .  By E. C. SUBB~AO 
& G. SHmA~-E, Westinghouse Research Laboratories, 
Pittsburgh, Pennsylvania, U.S.A. 
The crystal s tructure of tetragonal  PbNb206 is related 

to t ha t  of some alkali tungs ten  bronzes (e.g., K0.5~WO3) 
and consists of a three-dimensional  framework of NbO 6 
octahedra linked through corners to form four- and five- 
membered  rings. The Pb 2+ ions occupy 5 out of 6 inter- 
stitial sites formed by the octahedra. The possibility of 
variable occupancy of Pb 2+ sites has been invest igated 
by preparing several single-phase, non-stoiehiometric  
compounds with PbNb~O6-type structure. The non- 
s toichiometry was achieved, for example, by replacing 
one Pb ~+ ion by two monovalen t  ions (Li, Na, K, Rb or Cs) 
or by two-thirds t r ivalent  ions (Y, La, or Sin). The 
resulting family of compounds may  be represented by  
Al+xB206 where A and B may  consist of two kinds of 
atoms of different valency and x has values be tween 
-0 -08  and 0-15. The observed changes in lattice para- 

meters  can be explained in terms of the size of ions 
replacing Pb 2+ and the variable occupancy of Pb e+ sites. 
X-ray intensi ty data  are consistent with the  assumption 
tha t  the addit ional  ions introduced occupy the same sites 
as Pb 2+ ions. 

PbNbp06 has orthorhombic symmet ry  at  room temper-  
ature and is ferroelectric. I t  undergoes an orthorhombic- 
tetragonal  phase change at the  Curie temperature,  570 °C. 
Besides ionic size and other factors, non-stoichiometry 
has been invest igated as a parameter  in changing the  
Curie temperature.  For  compositions with x > 0 in 
AI+xB~O 6, the Curie tempera ture  is not  very sensitive 
to composition, changing by _+ 30 °C. in the invest igated 
systems. As the number  of unfilled interstit ial  sites in- 
crease (x < 0), the transit ion temperature  decreases sharply 
(by several hundred  degrees). 

To be published in J. Chem. Phys. 
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12.7. O n  crystal  chemis try  of perovski te- type  com-  
pounds possess ing  special  dielectric properties.  
By Yc.  N. VENEVZEV, G. S. ZEDANOV, S. P. SOLOVIEV, 
i .  V. BEZUS, V. V. IVANOVA, S. A. FEDULOV, A. G. 
KAPISl~EV, Institute for Phys.-Chem. Research, Moslcow, 
USSR. 
The exper imental  and theoretical  studies of the crystal  

chemis t ry  of the ABe3  perovski te- type compounds pos- 
sessing special dielectric properties are carried out  wi th  
the purpose of f inding out  the origin of the unusual  
propert ies of these compounds. 

Experimental 
(1) The anomalous changes of the lat t ice parameters ,  

dielectric and piezoelectric properties have  been found in 
(BaPb)TiO 3 solid solutions. Some of these anomalies are 
due to the different ions responsible for the ferroelectric 
ac t iv i ty  of BaTi03 and PbTiO3 (ions B = T i  and A = P b  
respectively).  

(2) The discrepancy between the X- ray  and the optical 
da t a  concerning the s y m m e t r y  of the h igh- tempera ture  
phases of :NaNbO3 has been eliminated.  Using the X- r ay  
method  it  was in par t icular  proved by  us t ha t  wi thin  
360-430 °C. the distort ion of the sub-cell of NaNbO3 is 
monoclinic (the true symmetry-or thorhombic)  the lat t ice 
parameters  being a = b - c, fl > 90 °. 

(3) The B a T i Q - t y p e  solid solutions obtained as a result  
of a s imultaneous subst i tu t ion of Ba  and Ti ions by  
A" and B' ions respectively (where A '  =Ca,  Sr, Bi and 
B'=Sn ,  Zr, A1, Cr) have  been studied. 

The combined da ta  obtained and the known da ta  on 
solid solutions in which Ba  and Ti ions are subs t i tu ted  
b y  A ' = B a ,  Sr, Ca and B ' = T i ,  Sn, Zr ions permi t  to 
analyse the influence of different factors on the Curie 
temperature .  

(4) I t  has been shown tha t  the  dielectric properties of 
some ferro- and non-ferroelectric mater ials  can be essen- 
t ia l ly  improved by  vary ing  their  compositions. 

Theoretical 
(1) A general me thod  for the calculation of the internal  

fields has been developed for the crystal  s t ructures of 
any  possible dipole configuration. 

(2) The method  has been applied to the real ortho- 
rhombic s t ructure  of CaTiO3. In  this  case the internal  
electric field act ing upon the Ti ions comes to nought  
cont rary  to the case of the ABO3-type ferroelectrics. 

The results of the above ment ioned studies will be pub- 
lished in Kristallographija, the Bulletin of the Academy of 
Sciences of the USSR (Izvestija Academii Naulc USSR) 
and the Solid State Physics (Fizika Tverdogo Tela). 

12.8. X - r a y  and neutron a n a l y s e s  of f e r r o e l e c t r i c  
and piezoelectr ic- ferromagnet ic  crystals.* B y  Y. 
O]LkYA, l:~. PEPII~'SKY, I. SttIBU-YA, I. ~_RSTANOVIC, 

* Supported by Air Force Office of Scientific Resarch 
(ARDC), U.S. Atomic Energy Commission, Office of Naval 
Research, and Brookhaven National Laboratory. 

K. VEDAI-~, S. HosmNo,  T. ]VIITSUI, B. SINGIt, M. KAY 
& B. C. FRASER, Crystal Research Laboratory, The Penn- 
sylvania State University, University Park, Pa. and 
Brookhaven National Laboratory, Upton, New York, 
U.S.A. 
The recent development  of au tomat ic  high-speed least- 

squares ref inement  methods  (V. Vand  & 1%. Pepinsky,  
Z. Kristallogr. (1958), 111, 46; cf. IBM 704 programs 
PS X1%3 and PS X1%4) has  prompted  re-examinat ion of 
a number  of ferroelectric structures,  in order t h a t  the  
s t ructural  mechanisms of their  polarizations can be bet ter  
understood. 

The s tructures  of the three phases of Rochelle sal t  
(at 32, 20 and - 5 0  °C.) have  been accurate ly  determined 
in three dimensions from X- ray  data.  Significant depar- 
tures have  been found from the Beevers - t tughes  struc- 
ture (C. A. Beevers & W. Hughes,  Prec. Roy. Soc. (1941), 
A, 177, 251), and from the F raze r -Pep insky  two-dimen- 
sional neut ron determinat ion (B. C. Frazer,  M. McKeown 
& 1%. Pepinsky,  Phys. Rev. (1954), 94, 1435; details to 
be published). Two- and three-dimensional  difference 
maps  reveal the positions of all hydrogens.  No anisotropy 
of K-ion vibrat ions appear  in any  phase, nor  are these 
ions displaced from their  special positions. The t a r t r a te  
ion alters in configuration in the ferroelectric phase, due 
to a t ransfer  of charge (~-~ ¼e) from one carboxyl  to the 
other  in the same ion. The two orientat ions of the H a tom 
on 05 and water  W s are confirmed (B. C. Frazer,  M. 
McKeown & 1%. Pepinsky,  Phys. Rev. (1954), 94, 1435; 
details to be published). The infamous OrW10 H bond 
(C. A. Beevers & W. :Hughes, Prec. Roy. Soc. (1941), A, 
177, 251) plays  no apparen t  role in the polarization. 

All H coordinates in (glycine)3. H2SO 4 have  been estab- 
lished from b- and c-axis projections, using neut ron  data .  
The s t ructure  and polarizat ion mechanism from a three- 
dimensional  X- ray  s tudy  (S. Hoshino,  Y. Okaya  & 1%. 
Pepinsky,  Phys. Rev. (1959), 115, 323) are confirmed. 
Exper imenta l  and theoret ical  results of critical X- ray  
scat ter ing and thermal  measurements  near  the Curie point  
establish t h a t  the  t rans i t ion is of order-disorder  type  
(S. Hoshino,  T. Mitsui, F. J o n a  & 1%. Pepinsky,  Phys. Rev. 
(1957), 107, 1255; I.  Shibuya,  T. Mitsul, Y. Okaya  & 
1%. Pepinsky.  Paper  A-4,  P rogram and Abstracts ,  Amer. 
Cryst.  Assoc., Washington,  Jan .  24 (1960)). Changes in 
Bragg intensit ies are related to the spontaneous polariza- 
tion, and critical scat ter ing to the dielectric constant .  
A pair-correlation function is evaluated from the critical 
scattering.  

Structural  features based on extensive X- ray  and neu- 
t ron studies of the various phases of (NH4)2SO 4 and  
(NH4)2BeF 4 (S. Hoshino,  K.  Vedam, Y. Okaya  & 1%. Pe- 
pinsky,  Phys. Rev. (1958), 112, 405) are reported, and 
polarizat ion mechanisms explained in terms of these. 
Complete X- ray  analyses of ferroelectric phases of 
LiH3(SeO~) 2 and paraelectric NaHa(SeO3) 2 are described, 
as are X- r ay  studies of 

1%bHSO4, Li(Iq2Hs)SO4, (glycine)2.MnC12.2 H20 , 

and (glycine)2. H N O  3. 
The s t ructure  of G a F e Q ,  a piezoelectric-ferromagnetic, 

has been determined wi th  Me Ka radiat ion.  The s t ructure  
is a new type,  composed of highly-dis tor ted AO:~ and B e  3 
octahedra  and A B e  3 cubes. 

This paper  involves X- ray  and neut ron  determinat ions  
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of 15 structures, diffuse X-ray  studies of two phases of 
(glycine)z.H~SO4, and several theoretical  studies. 

Proposed publications:  Phys. Rev., Z. KristaUogr., and 
J. Physics and Chemistry of Solids. 

12"9. Quanti tat ive  s tudy of low frequency hys teres i s  
loops of polarized polycrysta l l ine  bar ium titanate.  
By G~A~AM W. MARKS & DEAI~ A. HANNA, Solid State 
Physics Section, Code 2646, Acoustics Division, U.S. 
Navy Electronics Laboratory, San Diego 52, California, 
U.S.A. 
Quant i ta t ive  studies at 25 °C. were made  of the 60 c.p.s. 

hysteresis loops of polarized bar ium t i tanate  ceramics 
which contained the  following addit ives respectively:  
0%, 2%, 4~o, PbTiO3, and 12% PbTiO 3 plus 8% CaTiO 3. 
Polarization versus t ime and field s t rength versus t ime 
curves were analyzed by the  Fourier  method.  The lat ter  
curves do not  depar t  greatly from a sine wave. I t  was 
found tha¢ the  energy loss represented by the  area en- 
closed by  a ferroelectrie hysteresis loop varies as the 
square of the  m a x i m u m  applied field over a range from 
an initial value on the  field axis up to saturation.  Dif- 
ferential permit t ivi t ies  were deduced from measured 
angles of slope at  points on the hysteresis loops. Maxima 
are found in all curves when the applied field is opposite 
to the direction of polarization, and the value is constant  
or nearly so when the  applied field is in the  polarized 
direction. The normal  permi t t iv i ty  also was deduced from 
the hysteresis loops. By replacing the mica condenser in 
series with the  polarized ceramic with a non-induct ive 
resistor in the display circuit, current  densi ty versus field 
s t rength  diagrams were obtained.  From such diagrams 
the  differential complex conduct ivi ty  was determined.  
A small anomalous loop was observed in these diagrams 
at  high field strengths. A partial  explanat ion for this 
occurrence is given. 

Probably appear in Trans. Amer. Inst. Elect. Engrs. 

12-10. T h e  s tructural  t rans format ions  of a s ing le  
crystal  of p o t a s s i u m  cyanide at a t emperature  of 
about  - -106 °C. By G. S. PARRY, Department of Chemi. 
cal Engineering, Imperial College of Science and Technol- 
ogy, London, S.W. 7, England. 
The behaviour  of a single crystal of the cubic high 

tempera ture  form (C) of potassium cyanide when it trans- 
forms into domains of the orthorhombic low tempera ture  
form (R), has been discussed by Cimino, Parry & Ub- 
belohde (Proc. t~oy. Soc. (1959), A, 252, 445). I t  was 
shown tha t  if a crystal was immediate ly  recooled after a 
t ransformation cycle C-> R--> C, it t ransformed into 
domains of a th i rd  structure I which was apparent ly  
stable with t ime and which t ransformed into the normal  
low tempera ture  form R at a tempera ture  several degrees 
lower than  tha t  at  which the  form R appeared in the  
straight  t ransformation C--> R. 

The detailed appearance of oscillation photographs of 

this new form I has now been interpreted in terms of 
a monoclinic cell wi th  dimensions 

a=9 .2 ,  b=4.5, c=7.6A,  fl--124 ° 

whose orientat ion relative to the  high tempera ture  form 
are [00lie [[ [102]i, (111) c [[ (011 h. The uni t  ce]l contains 
four formula units KCN and the systematic absences are 
consistent wi th  th~ space groups Aa, A2 or A2/a. Of 
these, the space group Aa is preferred. At  the  t ime of 
writ ing this abstract,  no detailed structure of this form 
has been proposed but  consideration of the intensities of 
the superlattice reflexions suggests tha t  the  y parameters  
of the potassium ions are small al though significant. An 
a t t empt  is being made  to est imate this unknown para- 
meter  in the hope tha t  a knowledge of the potassium ion 
lattice in the  three structures C, I and R will throw some 
light on the complex problem of domain coexistence in 
these crystals. 

A detailed account  of this work will be submit ted  for 
publication in Acta Cryst. 

12.11. Phase  trans i t ions  in p o t a s s i u m  th iocyanate  
KSCN and a m m o n i u m  thiocyanate  NH4SCN. By 
M. SAKIYAMA, Y. YAMADA, H. SUGA, S. SEKI, T. WA- 
TANAB~ & I. NrrTA, Department of Chemistry, Faculty 
of Science, Osaka University, Nakanoshima, Osaka, 
Japan. 
The polymorphic phase transitions in a m m o n i u m  com- 

pounds containing anions of spherical shape have  been 
invest igated extensively by many  workers with applica- 
tion of various ldnds of physical and chemical methods.  
As one of the typical ammonium compounds involving 
rod-shape anion we have invest igated here NHaSCN by 
use of various kinds of experimental  methods.  Potassium 
thiocyanate  was taken  for s tudy as the  comparat ive  
material  to the ammonium compound and its crystal 
structure above the transit ion point  (142 °C.) was deter- 
mined  by the X-ray methods.  :By use of the  methods  of 
differential thermal  analysis, volume di la tometry  and 
specific heats measurement ,  the lower transi t ion of 
NH4SCN at 90-2 °C. was found to be of the first-order 
type accompanied with large volume contraction, whereas 
the higher transit ion at 119.8 °C. and the transit ion in 
KSCN at  142 °C. was recognized as the typical higher- 
order transition. Volume expansion coefficient, amoun t  
of volume change and also the  heats and entropies of 
transit ion were determined.  The expansion coefficients, 
along three crystallographic axes of KSCN crystal below 
and above the transit ion point  were determined by the 
X-ray methods  and their  results together  with the  da ta  
ment ioned  above led us to conclude tha t  the  abnormal  
behavior  found recently by Plester, Rogers & Ubbe- 
lohde (1959) could not  be detected in our case. Wi th  
the polarized light the infra-red spectra of the  tempera-  
ture variat ion of the anisotropy of the bending vibrat ion 
(V2a, v2b) of SCN- ion in KSCN and the combinat ion band 
(v a +v6) of NH~ radical in NH4SCN were studied below 
and above the transit ion points. Finally, the explanat ion 
of the mechanism on these phase transitions was given 
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on the  basis of the results obtained by these structural,  
thermal  and optical measurements .  

The par t  of the X-ray  crystal analysis of KSCN will 
be published by T. Watanab6 & Y. Yamada  in J. Phys. 
See., Japan and the  other par t  will be published by 
M. Sakiyama, H. Suga, S. Seki & I. iXlitta in Bull. Chem. 
Soc., Japan. 

12.12. A s tructural  s tudy of t rans format ions  in 
m e t a s t a b l e  body-centered  cubic  alloys*• By H. L. 
YAKEL, Metallurgy Division, Oalc Ridge National Labo- 
ratory, Oak Ridge, Tennessee, U.S.A. 
Recent  investigations have shown tha t  several body- 

centered cubic (fl) alloys of t i t an ium or zirconium with  
other  3d or 4d transi t ion metals  m a y  be retained in a 
metas table  condit ion at  room tempera ture  by quenching 
from high- tempera ture  regions of fl stability. Fur ther  
studies have demons t ra ted  tha t  transit ions from the 

• metas table  fl s tate may  proceed through another  recta- 
stable phase - - ' omega '  phase. 

The metas table  or t ransi tory nature  of the 'omega'  
phase in such systems as Ti-V, Ti-Cr, and Zr -Nb may  be 
contrasted to the occurrence of a stable intermetall ic 
phase with a part ial ly ordered 'omega'  s tructure in the  
z i rconium-uranium system. 

This paper presents results of a search for the formation 
of metas table  'omega'  phases in binary alloys of t i tanium, 
zirconium, and uran ium with  4d and 5d transi t ion metals.  
In  these alloys, the X-ray scattering powers of the compo- 
nents  are sufficiently different to show possible ordering 
of the  'omega'  structure. Single-crystal X-ray diffraction 
techniques were employed to enhance the  sensit ivity of 
the measurements  and to fix lattice relationships of the 
phases formed. 

Paper  will probably be submit ted  to Acta Met. 

12.13. Studies  of d imens iona l  changes  at and be low 
the 'dif fusionless  non-martens i t i c ' ,  t r a n s f o r m a -  
t ion in MnAs:  e x a m i n a t i o n  of ternary al loys.  By 
R. O. KORNELSEN & W. B. PEA_RSO~, National Research 
Council, Division of Pure Physics, Low Temperature and 
Solid State Physics, Sussex Drive, Ottawa, Ontario, Ca. 
nada. 
Manganese arsenide undergoes a first order t ransi t ion 

at  about  313 °K. wi th  a loss of ferromagnet ism on heating, 
but  wi thout  change in its NiAs type of structure. At  the  
t ransformat ion which shows hysteresis, a and U decrease 
discontinuously on heat ing but  there is little change in c. 
The change is diffusionless, bu t  ra ther  than  occurring by 
the normal martensitie mechanism it occurs with a 
'brute-force-bust' process, since the strain energy of the 
transformation is reduced by the grains fracturing along 
[001] to form a stack of slightly misoriented pencil-like 
subgrains whose axes lie along the c direction (Basinski 
& Pearson). 

* Operated for the U.S. Atomic Energy Commission by the 
Union Carbide Corporation. 

The unusual  nature of the transformation makes it  
interesting to examine the change of lattice spacings 
above and below it in greater detail than hithertofore 
(cf. Guillaud, Willis & Rooksby) and therefore lattice 
spacings and magnetic properties of MnAs and ternary 
alloys with Mn partially replaced by Co, Fe or Cr have 
been measured. Addition of Co or Fe lowers the transfor- 
mation temperature. The alloy 2 at.% Co, 48% Mn does 
not become ferromagnetic down to 173 °K., whereas that 
with 1% Co becomes ferromagnetic at 265 °K. on cooling. 
The 2% Co alloy does, however, transform at about 
250 °K. and both high and low temperature phases could 
coexist in this alloy. 

Below the  t ransformat ion a increases while c and c/a 
decrease with decreasing temperature .  In  pure MnAs a 
increases rapidly from 313 to about  275 °K. and then 
less rapidly down to at  least 185 °K. The ne t  effect of 
these dimensional  changes is a negative volume expansion 
coefficient between 313 and 275 °K. where it changes 
rapidly being positive below this temperature .  Similar 
effects are, for instance, found in te rnary  alloys with 
¼, ½, I and 2 at.% Co, the maximum in the atomic 
volume-temperature curve moving to lower temperatures 
with increasing cobalt content. (The discontinuous change 
of U at the transformation also increases in size with the 
cobalt content of these alloys.) The rapid change of vol- 
ume expansion coefficient in MnAs at about 275 °K. 
appears to be discontinuous suggesting a further--second 
order--transformation at this temperature. The origins 
of this and the negative expansion coefficient are at pres- 
ent unknown. 

Publication Journal: Undecided--publication will not 
occur for some time. 

§ 13.  C r y s t a l  g r o w t h ,  m o r p h o l o g y ,  t w i n n i n g  

13.1. A m e t h o d  for observ ing  the so l id - l iqu id  inter-  
face in m e l t  g r o w n  hal ides .  By WlLLI~V~ ZIM~mR- 
~AN, I I I  & WILLIAM H. VAUG]KAN, U.S. Naval Research 
Laboratory, Washington 25, D.C., U.S.A. 
In  an a t t empt  to observe solid-liquid interface in mel t  

grown alkali halides, we have been able to freeze bubbles 
inserted during the actual growth into the solid crystal. 
Briefly, the  technique involves the insertion of a bubble 
of gas below the  surface of the  mel t ;  controlling the size 
of the bubble;  making  contact  with the  interface in such 
a way tha t  the  bubble adheres wi thout  mot ion  at the 
growth interface; and finally growing the bubble into the 
crystal. After cleavage to expose the surface of the bubble, 
it  may  be examined for growth features by microscopic 
and interferrometric means.  Various observed growth 
features will be discussed. 

To be published in J. Appl. Phys. 

13.2. Growth  features  on surface dendri tes  of tin. 
By K. E. PUTTICK, Davy Faraday Laboratory, The Royal 
Institution, London, W. 1, England. 
When the surface of liquid Chempur t in is rapidly 

cooled, for instance by sudden contact  with an ingot wall, 
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flat leaf-shaped dendrites form. Examina t ion  of these 
shows a number  of features which throw some light on 
their  growth : 

(a) A system of impur i ty  sub-boundaries originating 
at  the  central  axis of the  dendrite.  The pa t te rn  of these 
suggests tha t  the  tip of the  dendri te  grows by thermal 
supercooling (i.e. hea t  conduction into the liquid) while 
the  redistr ibut ion of hea t  and impuri ty  produced by the 
growing tip results in conditions of constitutional super- 
cooling along the dendri te  edge. 

(b) On surfaces which nearly coincide with a (100) 
plane, a system of steps develops bounding (100) pla- 
teaux.  These steps (previously no ted  on steadily grown 
crystals by Chalmers et al.) pile up along the impur i ty  
boundaries.  

(c) On basal and near-basal surfaces, very low growth 
mounds  possessing 4-fold symmet ry  in the shape of 
Maltese crosses are observed. These appear to be centred 
on lattice singularities which can move, and therefore 
may  represent  growth on screw dislocations. 

To be submit ted  to Acta Met. 

(B) Spontaneous Conversions. (See below), are restr icted 
to within families except very close to M.P. 

(4) Post-crystallization processes 
Protracted crystallization consists of gradual  increase of 

birefringence of a given form, on heating,  i l lumination or 
ageing, wi thout  any morphological change. An L.T. 
var ie ty  of a given form may  undergo partial spontaneous 
conversion to the  H.T. one, through the  format ion 
(particularly on rapid heating) of a generat ion of discrete 
and often co-orientated tI .T. grains, which cease to grow 
due to progressive protracted crystallization of the  re- 
maining original phase, whereas the  'full spontaneous 
conversion' between members  of the  same family, results 
in 100% recrystallization. Contact conversions proceed  
from interfaces between all the forms, and  they  often 
reveal a more or less stable transitional phase, which may  
even randomly nucleate. Part ial  conversions are sluggish, 
those towards the family fl speed up rapidly between 
50 and 70 °C.; they all depend on pre-crystallizations 
thermal  history of the melt,  relative orientations of the  
two phases, etc., except of the  conversion a-fl all are 
irreversible at I arm. 

13.3. T h e  c r y s t a l l i s a t i o n ,  c o n v e r s i o n  a n d  m e l t i n g  
m e c h a n i s m s  o f  t h e  II f o r m s  of  s u p h u r ,  g r o w n  
f r o m  t h i n  f i l m s  o f  u n d e r c o o l e d  m e l t s .  B y  G. MUEL- 
I~ER, University of Concepcidn, Chile. 
The most  interest ing results obtained through direct 

observations under  appropriate  conditions of moun ted  
th in  melts  are summarized below: 

(1) New modifications 
5 known and 6 new forms were identified through 

optic properties, S.G., M.P., X-ray data, etc. These are 
symbolised wi th  greek letters, in order of stabili ty 
benea th  97 °C., and they  further  subdivide, with  more 
or less gradual  transitions into high and low tempera ture  
varieties, habit- types,  and all reveal one or more quasi- 
constant  orientations to the plane of the film. 

(2) Growth history 
The tempera ture  ranges of the  I I  forms overlap, thus 

at 20 °C., a, 7, t, u and o~ S are spontaneously seeded from 
randomly dis tr ibuted points. The growth rates reach a 
m a x i m u m  some 15 °C. below the M.P., they  decrease 
wi th  the thickness and age of the mel t  and when two 
crystals approach within 0.005 ram. The t ime gaps of 
commencement  of spontaneous seeding, and the sub- 
sequent  rates, can be respectively decreased and in- 
creased, through the addi t ion of minute  quanti t ies of 
crystalline powders, friction, ultrasonics, surface tension 
along bubbles, etc. No simple relations exist between 
growth and nucleat ion rates and stabilities. 

(3) The definition of 'families' 
The independent  a-S and two families with most  stable 

members  of fl and t-S respectively can be defined thus:  
(A) Continuous growth. The growth front of a given 

modifications may  convert  to another  member  of the 
same family, quasi-reversibly with T., either through a 
series of ever diminishing twin lamellae, leading to a 
homogeneous phase, or through spontaneous, random and 
often co-orientated seeding of a faster growing form. 

(5) Ageing effects 
The rate of conversions w-~ and w-a, drastically 

increase, within minutes  and days, respectively, with  the  
age of the original form, whereas tha t  of e-a  slows to a 
standstil l  in 10 sec. 

(6) Dissolution and melting 
Solution in CHBra of freed films results in residues, 

which differ in colour, etc. from form to form. The 
M.P.-s  with characteristic mel t ing pat terns  range from 
95 to 120 °C., increasing on the  whole, with  stabilities 
over 97 °C. After brief heat ing a few degrees over the  
M.P., a given mel t  preferentially nucleates the  original 
modifications. 

The present  work a t tempts  to illustrate the  full ex- 
ploration of potentiali t ies of 'direct observation methods '  
in problems of crystallization and is being extended to 
other substances, including silicate melts.  

13.4. A n e w  t h e o r y  o f  m e l t i n g .  :By T. A. I - IoFF~_~ ,  
Central _Research Laboratory for Physics and _Research 
Institute for Telecommunication, Budapest, I I ,  Hungary. 
The author  shows theoretically tha t  the  energy- 

mixing-entropy curve of a crystal containing vacancies 
has two inflexion points if the block contains a definite 
number  of atoms. The existence of two inflexion points  
includes the existence of a ~emperamre at which one 
state with a higher entropy and one with a lower one can 
coexist. This is the mel t ing temperature .  The theory  
predicts very small intrinsic crystallite blocks in the  solid 
state, containing about  2-10,000 atoms only. The numer-  
ical results for the mel t ing point  agree with the experi- 
menta l  values within 6% for alkali metals  and for noble 
metals.  The theory is supported also by some numerical  
results concerning the anomalous behaviour  of specific 
heat  near  the  mel~ing point  and by a general relation 
between the mel t ing entropy and crystal structure. 

To be published in Acta Phys. Hung. 
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13.5. A n e w  t h e o r y  of  ~,rain f o r m a t i o n .  By T. A. 
HOFFMann, Central Research Laboratory for Physics and 
Research Institute for Telecommunication, Budapest, I1, 
Hungary. 
Based on his theory  of mel t ing the au thor  shows tha t  

in a simple mel t  there  m a y  exist grains even over the 
mel t ing point.  However  there  exists a definite mel t ing 
point  for each graln-size, a smaller grain having a higher  
mel t ing point.  At  a fixed t empera tu re  h igher  than  the  
mel t ing point  of the solid there  exist therefore only grains 
smaller t han  t ha t  which has its mel t ing point  at  this 
t empera ture .  At  the  real mel t ing point  the  final grains 
are formed the sizes of which are about  containing 
2-10,000 atoms.  Conclusions are d rawn relat ing to the  
circumstances at  which an even growth  of the crystal  
m a y  be efforted. 

To be publ ished in FestkSrperphysik Tagung Balaton- 
fiired, 1959. 

13.6. T h e s e s  de la  c o m m u n i c a t i o n  'La f o r m a t i o n  de  
c r i s t a u x ' .  Pa r  A. V. SEUB~IKOV, Institute of Crystallo- 
graphy, Academy of Sciences of the USSR, Moscow, 
B- 17, USSR. 
L 'au t eu r  veu t  mon t re r  un  film ~ propos de plusieurs 

ph6nom~nes de la cristallisation, les plus int6ressants et  
les moins 6tudi6s, ent re  eux quelques nouveaux  ph~no- 
m~nes et ceux, qui j u squ ' au jou rd 'hu i  ne sent  pas adopt6s 
par  l 'dcran. La ddmonst ra t ion  du  film sera suivi d 'une  
explication. 

(1) La  cristallisation de la chlorure d ' ammon ium,  dis- 
soute dans l 'eau. Les dendri tes  se fe rment  seulement  
la p6riphdrie de la goutte .  Les cristaux ne naissent  jamais  
dans  le milieu de la goutte .  

(2) La naissance de cristaux sous l ' influence du champ 
61~ctrique. Le commencemen t  de la cristallisation est le 
m6me. Quand on approche un  corps charg6 (par exemple 
un  peigne frott4 aux cheveux) on peut  voir une  grande  
quantit(~ de peti ts  cristaux en forme de croix ou de peti tes 
(itoiles. 

(3) La cristallisation de salol fondu et 16gerement sur- 
refroidi. Les cristaux ont  la forme d 'un  rhombe.  

(4) La format ion de cristaux du salol dans la fusion 
fo r tement  surrefroidie (vingt degr6s). Ces cristaux ont  la 
forme d 'un  pet i t  ba teau.  Dans le s tade dernier  de la 
cristall isation les ba teaux  monocristal l ins se t ransforment  
en rhombes.  

(5) La format ion de sph~rolites de menthol .  I1 existe 
trois modificat ions cristallines de cet te  substance.  

(6) La cristallisation de tymole.  Les marches  du cristal 
se m o u v e n t  d 'une  fagon tangentielle.  

(7) La croissance ry thmique  de cristaux de tymole.  
(8) La r6g~n6ration de cristaux de thiosulfate de sodium. 
(9) La croissance ry thmique  de sph6rolites de t r iphenyl-  

me thane .  Un  ph~nom~ne neuf, mal  6tudi6. La cristallisa- 
t ion est accompagn~e de la format ion des ondes dans la 
fusion visqueuse, off se t rouve un peu de colophane. 

(10) Les cristaux nageants  de pentaery thr i te .  Le 
ph6nom~ne, d~crit par  Renninger  & Krause.  Les cri- 
s taux ne se touchent  pas. Ils sent  charg6s n~gat ivement .  
Le peigne, charg~ aussi n~gat ivement ,  les repousse. Les 
plus grands cristaux ~xigent pour soi un espace plus vaste. 
Parfois le champ ~l~ctrique favorise l 'appari t ion d 'une  
grande  quanti t~ de cristaux. 

(11) La  format ion d ' anneaux  de Liesegang. 
(12) La cristallisation de sodium ni t ra te  sur la surface 

de calcite. Les cristaux apparaissent  sur les marches  de la 
surface. 

(13) La tex ture  de salol, a y a n t  la forme d 'une  enve- 
loppe. La cristallisation s 'expance de quat re  cot~s du 
couvreverre.  Dans la lumi~re polaris6e la p repara t ion  
s '~teint quat re  fois, quand  on la fait tourner  au tour  de sa 
normale.  

(14) L 'englout issement  de bulles d 'a i r  par  les cr is taux 
de salol croissants. Pa r  la forme de bulles englouties on 
peu t  d6t~rminer la direct ion de la croissance de cristaux. 

(15) La format ion de bifeuilles de d iphenylamine .  La 
bifeuille p rend  naissance d 'un  pe t i t  cristal, a y a n t  la forme 
d 'un  ba ton  ou d 'une  aiguille, par  l ' embranchemen t  de 
deux bouts.  

(16) La  cristall isation r y t h m i q u e  de salol. On 6tale 
une pet i te  quanti t~ de salol fondu sur la surface d 'un  verre 
d6poli. La cristall isation commence,  quand  on touche le 
l iquide par  une aiguille, infect~e par  le salol cristallis~. 
On trace sur un  verre d6poli avec un  tire-ligne, rempli  
du salol fondu, deux lignes crois6es et on excite la cristalli- 
sation au bout  d 'une  de cettes lignes. Le front  des ondes 
prend la disposition normale  & chaque branche  de la 
croix. La ligne de salol a m a i n t e n a n t  la forme d 'un  cercle. 
Les ondes n ' o n t  pas assez de temps pour  se me t t r e  
no rma lemen t  ~ la ligne. 

(17) La  format ion de sph~rolites de choles terylaceta te  
de la phase cristalline liquide. 

(18) La format ion de bifeuilles de benzoine. L 'em-  
b ranchemen t  de cristaux, qui ont  la forme d ' un  baton.  

(19) La croissance spirale de cristaux de para toluidine  
de la vapeur  par  la m~thode  de Prof. Laemmlein .  La  
gout te  l iquide de cet te  substance se mouve  irr~guli~re- 
m e n t  pros du centre  de la dislocation. La gout te  nourr i t  
le cristal, mais ne change pas sa dimension.  

13.7. T h e  g r o w t h  of c a d m i u m  c r y s t a l s  f r o m  t h e  
v a p o u r .  By P. B. PRICE, Research Laboratory for the 
Physics & Chemistry of Solids, Cavendish Laboratory, 
Cambridge, England. 
A cell for the growth  of crystals of c admium from the  

vapour  in an a tmosphere  of argon was designed so t ha t  
the tempera ture ,  T, could be measured  and the  super- 
saturat ion,  a, calculated a t  every point .  The crystals 
were grown on a th in  quar tz  fibre which could be moved  
into various regions of a and T in the cell. Crystal  habi ts  
and  growth rates were s tudied as a funct ion of ~ and T. 
A critical a of --- 40% for nucleat ion was observed below 
which no crystals grew and  above which the densi ty  of 
crystals increased wi th  a. Once nucleated,  crystals were 
observed to grow when a was as low as 12 %. At  low super- 
sa turat ions  (a<~ 2) the crystal  habi t  appeared to be 
de te rmined  a t  a very  early stage in growth and was 
independent  of a and T, consisting main ly  of whiskers 
and thin  platelets.  For  a > 2 the f requency of two- 
dimensional  nucleat ion was so great  t ha t  whiskers and  
thin  platelets th ickened and grew into each other,  leaving 
as the stable growth forms main ly  th ick hexagonal  plates. 
The average plate dimensions decreased as the densi ty  
increased, because of increased compet i t ion for the  
vapour.  At  very  high supersaturat ions  (a > 102) crystals 
wi th  dendri t ic  habi ts  grew to large dimensions from the 
deposit,  the  most  f requent  and interest ing type  being a 

AC 13 ~ 71 
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twinned  leaf-like dendri te  wi th  a [1230] twin axis and a 
(000I) composit ion plane. 

Axial growth rates of whiskers were measured as a 
funct ion of a and whisker radius and found to give fair 
agreement  with rates derived assuming growth to be 
controlled by the diffusion of cadmium vapour through 
argon. Evidence  for both tip growth and non-t ip growth 
of whiskers was obtained. 

To be published in Phil. Mat .  

13.8. B e o b a c h t t m ~ , e n  z u m  K r i s t a l l w a c h s t u m  y o n  
Z n S  aus  der  D a m p f p h a s e .  Von It .  HAa~T~A~, 
Deutsche Alcademie der Wissenschaften zu Berlin, Phy- 
sikalisch-Technisches Institut, Bereich Lumineszenzfor- 
schung, Liebenwalde, Deutschland. 
Bekannt l ich ist Zinksulfid ein wichtiger LLuninophor. 

U m  eine gute Grundlagenforschung betreiben zu k6nnen,  
wurde die Einkristal lzt ichtung des ZnS durchgeftihrt.  
Die geeignetesten Bedingungen ftir die Zfichtung der 
ZnS-Einkristalle aus der Dampfphase sind experimentel l  
ermit te l t  worden. Die erhal tenen Kristalle wurden k r i -  
stallographisch unter  besonderer Berficksichtigung des 
Kristal lwachstums und der Morphologie untersucht  und 
die Frage der Abh~ngigkeit  des Wachstttms von den 
verschiedensten Kristall isationsbedingungen, wie Aus- 
gangsmaterialien, Gasatmosph/~re, Temperatur ,  Druck 
u .a . ,  n~her betrachtet .  So wurde z .B .  des Verhi~Itnis 
yon HC1-Gasstrom: H2S-Gasstrom ge/~ndert und die Be- 
einflussung von Kristal l t racht  und  -habitus beobachtet .  
Es wurden ausserdem noeh einige interessante Ergebnisse 
mikroskopischer und r6ntgenographischer Untersuchung- 
en erhalten. Auch die Lumineszenzerscheinungen der 
Kristalle werden dutch die schon oben erw~hnten Kristal- 
l isat ionsbedingungen beeinflusst. 

ary does not  always form. Some nuclei join more  in the  
manner  of liquid drops and at the m o m e n t  of touching 
a rapid m o v e m e n t  of material  occurs. Occasionally iso- 
lated nuclei completely vanish leaving no visible trace. 

As an example of the growth of a single crystal film, 
the growth of silver on a cleavage face of molybdeni te  
(MoS2) has been studied. Silver grows in (111) or ientat ion 
and in this si tuation a moir6 pa t te rn  with a periodici ty 
of 17 /~ is formed between deposit and substrate.  The 
moir6 pa t te rn  is highly sensitive to the  angular mis- 
orientat ion of nuclei observed in the early stages of 
growth. As growth proceeds misorientat ion be tween 
adjacent  nuclei is not  always accommodated  by building 
a dislocation into the structure. If the misorientat ion is 
sufficiently small the moir6 pa t te rn  in the nuclei is 
observed to rotate  to become parallel. Possible mecha- 
nisms whereby this may  occur will be discussed. 

13"10. T h e  e p i t a x y  of c o p p e r  b r o m i d e  on  c o p p e r .  By 
KENNETH R. LAWLESS • :ROBERT H. K_EAN, Cobb 
Chemical Laboratory, University of Virginia, Charlottes- 
ville, Virginia, U.S.A. 
Single crystals of copper were exposed at  room tem- 

perature to a known vapor pressure of bromine and the  
reaction product  was examined by electron diffraction 
and electron microscope techniques. The reaction product  
was y-CuBr and was epitaxially oriented on the copper 
substrate with apparent  twinning of the bromide. Carbon 
replicas of the surface were examined in the  electron 
microscope and showed the  surface to consist of small 
facets. The relative rates of formation of the bromide 
film were different for different crystal faces, but  the  
magni tude  of the differences was apparent ly  small. 

Journa l :  Most likely Acta Cryst. 

13.9. C o n t i n u o u s  o b s e r v a t i o n  by  e l e c t r o n  m i c r o s c o p y  
of the  g r o w t h  of e v a p o r a t e d  m e t a l  f i l m s .  B y  G. A. 
BASSETT, Tube Investments Research Laboratories, Hinx- 
ton Hall, Hinxton, Nr. Saffron Walden, Essex, England. 
The microstructure of certain single crystal evaporated 

meta l  films has been extensively studied in the past. 
Characteristic features of such films are for example, 
the  occurrence of a relatively high dislocation content,  
about  101°]cm. ~ is typical, the presence of stacking faults, 
and various types of boundaries. Speculation about  the 
origin of these structural  features during growth and 
subsequent  rearrangement  when the film is removed from 
its substrate has lacked exper imental  support.  

In  the present  investigation an a t t empt  has been made  
to elucidate the origin of some of these structural  features 
by preparing the film inside the electron microscope 
enabling the  growth mechanism to be followed in con- 
siderable detail. A hot  specimen stage eliminates side 
effects due to specimen contaminat ion and enables a 
specimen tempera ture  to be maintained,  sufficient for 
epitaxial growth to occur on suitable substrates. 

In  the case of the growth of a polycrystalline silver film 
on an amorphous carbon substrate, it has been found tha t  
after the initial product ion of nuclei, growth proceeds by 
addit ion of new material  to these nuclei, and new ones 
are but  rarely formed. Al though adjacent  nuclei have no 
fixed orientational relation on co-alesence a visible bound- 

13.11. G r o w t h  of t r i o x a n e  c r y s t a l s .  By Jom~ H. 
I~OBERTSON, School of Chemistry, The University, Leeds, 
2, England. 
Single crystal whisker-like filaments of s-trioxane grow 

very readily when this substance sublimes at  room 
temperatures  in a closed space, and the growing crystal- 
fi laments can be demonst ra ted  to bend elastically towards 
one another  of their  own accord within the vessel. 

Physical properties of these crystals are discussed in 
the light of their  known crystal s tructure (found by 
Moerman, 1937). At ten t ion  is directed to the  pronounced 
s t rength along the needle axis, and the electrical charge 
developed by growing or evaporat ing crystals which is 
responsible for their  mutua l  at traction,  bending and 
curvature during growth. These properties may  be ex- 
plained by the dipolar na ture  of the  t r ioxane molecule, 
together  with the polar symmet ry  of the crystal space 
group. 

13.12. S u c r o s e  c r y s t a l l i s a t i o n  s t u d i e s .  B y  H. E. C. 
POWERS, Tare & Lyle Limited, Thames Refinery, Silver- 
town, E. 16, England. 
The s tudy of sucrose crystallisation in th in  films offers 

increased facility for: 
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(1) Observation and  photo-micrographic recording of 
crystallisation phenomena.  

(2) More rapid control, or deliberate change of tem- 
perature,  hence degree of supersaturation.  

(3) More rapid change of concentrat ion by diffusion of 
solvent from the film to the vapour phase, or vice versa, 
if one face is open to the  surrounding atmosphere.  

(4) Operating at  higher  degrees of supersaturation,  
before spontaneous nucleat ion sets in, on account  of the 
very small volumes so used. 

(5) Producing either continuous films, or a dispersion 
of droplets of widely varying size, by manipula t ion of 
surface tensions. 

(6) Ensur ing immedia te  vegeta t ive  growth by using 
sucrose cleavage face as support ing medium,  or delayed 
spontaneous nucleat ion by using glass or plastic for this 
purpose, in each case start ing with the solution slightly 
sub-saturated to ensure freedom from pre-existing nuclei. 

By taking advantage  of the  above facilities it has been 
possible to invest igate and record some remarkable new 
sucrose crystal forms. An effort has been made  to pu t  
forward a more specific nomencla ture  for the  various 
dendrit ic  and mult i-crystal  forms. Many illustrations will 
be exhibited.  

Evidence  is accumulat ing indicat ing tha t  not  only do 
sucrose crystals grow by a complex and varied layer 
mechanism, but  that ,  under  suitable conditions, this 
action appears to be reversible. The surface of a crystal 
covered by a sa turated solution is in dynamic  ra ther  than  
static equilibrium. If the solution becomes supersaturated,  
immedia te ly  the layer growth advances, building up the  
crystal mass. If the  solution becomes very slightly sub- 
saturated,  the layers recede as the crystal mass dissolves. 
A crystal freshly immersed in the la t ter  solution first 
develops faint etching, then  receding layers develop and 
proceed continuously as the  crystal dissolves away. 
These receding layers have been recorded upon several 
faces of a dissolving sucrose crystal. 

13.13. O b s e r v a t i o n s  o n  i m p u r i t y  d i s t r i b u t i o n s  in  
a l k a l i  h a l i d e s .  By PAUL L. SMITH, WILLIAM H. 
VAUGHAN & LEWIS R. JOHNSON, U.S. Naval Research 
Laboratory, Washington, 25, D.C., U.S.A. 
Several methods  which have proved useful in the s tudy 

of macroscopic impur i ty  distributions in alkali halides 
(regions of 0.1 ram. and larger) will be described. These 
include (a) a differential bleaching rate of color centers 
formed by high intensi ty  low energy x-irradiation, (b) 
precipitat ion at  low tempera ture  ( ~  300 °C.) and (c) strain 
birefringence. Al though these methods  alone do not  
provide information on the  type  of impuri ty  and only 
qual i ta t ively on the amount ,  they  do clearly distinguish 
regions which can then  be studied by other means such as 
optical absorption (ultra violet and infrared) chemical 
analysis and X-ray techniques for measuring misorienta- 
tion. 

An even more sensitive technique for detect ing small 
amounts  of impurit ies in the  as-grown crystal, is by ultra 
microscopic i l lumination. After a suitable heat  t r ea tmen t  
impurit ies cluster on dislocation, grain boundaries and at  
isolated random spots. This me thod  of collecting im- 
purities at  grain boundaries by heat  t r ea tmen t  to make  
t h e m  visible, has made  it possible to easily view im- 
purities at  the lowest concentrations.  
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These methods  will be i l lustrated by examples of both  
melt-  and solution-grown NaC1 and KC1 with and wi thout  
added impurities. 

To be published in J. Appl.  Phys. 

13.14. G r o w t h  t e x t u r e s  in  s o l u t i o n  g r o w n  a l k a l i  
h a l i d e s .  By LEwis R. JOHNSON & PAUL L. SMITH, 
U.S. Naval Research Laboratory, Washington 25, D.C., 
U.S.A. 
The techniques described by Smith, Vaughan & John-  

son* in combinat ion with s tandard  X-ray methods  were 
used to s tudy growth textures in alkali halide crystals 
grown from solution on mel t  grown seeds. The te rm 
' texture '  as used here refers to regions of macroscopic size 
(0-1 ram. and larger). 

The textures observed were studied as functions of 
growth temperature ,  growth rate, concentrat ion of im- 
purity,  degree of agitation, and index of the  seed surface. 

I t  was possible to distinguish textures of growth formed 
on 100, 110, and surfaces of positive and negat ive curva- 
ture. Regions parallel to the growth front, mark ing  suc- 
cessive stages of growth are dist inguished as well as 
dist inctly defined individual  erystallites. Growth on a 
concave surface was found to be more rapid than  growth 
on a convex surface. The texture  formed appears in- 
dependent  of degree of agitation, tempera ture  of growth, 
and to some extent  independent  of overall growth rate. 

Correlation of surface features observed during growth 
with final texture  is considered in relation to theories of 
crystal growth. 

To be published in J.  Appl.  Phys. 

13.15. l~ tudes  s u r  la  c r o i s s a n c e  et  l e s  i m p e r f e c t i o n s  
des  c r i s t a u x  d ' h a l o g e n u r e s  d ' a r g e n t .  Par CLAUDE 
SELLA, Laboratoire de Microscopic et Diffraction Elec- 
troniques de la Facultd des Sciences de Paris, France. 
L'6tude en microscopic, diffraction et microdiffraction 

61eetroniques de la s tructure et de la morphologie des 
cristaux d'halog6nures d 'argent ,  /~ diff6rents stades de 
leur croissance, et  en partieulier apr6s matura t ion  phy- 
sique, permet  d 'analyser  les m6canismes de cristallisation 
et en particulier les ph6nom6nes et eroissance secondaire 
r6sultant de l 'agglom4ration et l 'aceolement  6pitaxique 
des cristallites primaires. 

La croissance ult6rieure et le r6arrangement  interne de 
ces cristaux secondaires sont contrS16s par un m6canisme 
de dislocations. Ces cristaux pr6sentent  alors, suivant  les 
conditions de sursaturation, des faei6s g6om6triques tr6s 
vari6s (poly6dres, filaments, dendrites,  etc.). 

Une  a t taque  chimique sp6ciale perrnet de r6v61er d 'une  
fagon part icul i6rement  ne t te  les d6tails de ]eur structure 
interne, dislocations, joints de flexion, plans de glisse- 
ments ,  m~cles, etc. La diffraction et la microdiffraction 
61ectronique pe rmet t en t  6galement une analyse fine de la 
structure et des soils structures de ces cristaux. 

* Impurity Distributions in Alkali Halides, Paul L. Smith, 
William H. Vaughan & Lewis R. Johnson, paper submitted 
to International Union of Crystallography, 5th General As- 
sembly, Cambridge, England, 1960. 
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13.16. T h e  e f f ec t  o f  i m p u r i t i e s  o n  g r a p h i t e  ~ d i a -  
m o n d  t r a n s i t i o n s .  By It .  JUpITer MILLEDGE & ERIC 
NAVE, Department of Chemistry, University College Lon- 
don, London W.C. 1, England. 
A resume will be given of the results of X- ray  studies of 

synthet ic  diamonds formed with  different catalysts .  The 
effect of impurit ies on the t ransi t ion diamond -> graphi te  
a t  high temperatures  is reported for pressures ranging 
from zero to 75,000 atmospheres for both  na tura l  and 
synthet ic  diamonds. The relationship between the prod- 
ucts of these experiments  (which included the graphitisa- 
t ion of i rradiated diamonds) and various graphi te  ( ) dia- 
mend  phases found in meteorites and in certain diamond 
mines will be discussed. 

To be published in Phil. Trans. Roy. Soc. 

13.17. ~ b e r  W a c h s t u m  u n d  A b s o r p t i o n  v o n  m a n g a n -  
a k t i v i e r t e n  K o r u n d e n .  Von W. KLEBER, Mineralo- 
gisch-Petrographisches Institut der Humboldt-Universi- 
t(~t, Berlin N 4, Deutschland. 
Bei der Ziichtung yon  Korund-Einkr is ta l len  nach dem 

Verneuil-Verfahren mi t  Zusatzen yon Manganverbind~m- 
gen wird Mangan nur  zum geringen Tell als diadocher 
:Ersatz des Ahtminiums in das Korundgi t t e r  eingebaut.  
Aus kris tal lchemischen Griinden kann  angenommen wer- 
den, dass beim Wachs tum manganakt iv ie r te r  Korunde  
Adsorptionsmischkristal le  ( 'anomale'  Mischkristalle) zwi- 
schen a-A1203 und  kubischem Mn203 gebildet werden. 

Auch die Absorpt ionskurven der manganha l t igen  
Korund-Einkr is ta l le  stfitzen weitgehend diese Annahme:  
Die gemessene Rotverschiebung der Absorpt ionskante  
mi t  zunehmendem Mangangehal t  kann  mi t  einer Ein- 
lagerung von Mn~O3-Schichten in das Korundgi t t e r  
zwanglos erklar t  werden. Der Verlauf der Kantenver-  
schiebung als Funk t ion  des Mangangehal tes  s t immt  
recht  gut  mi t  der theoret ischen Kurve  fiberein. 

Irn iibrigen kSnnen die Absorptionsbanden,  deren In- 
tensi t i i ten mi t  waehsender Mangan-Konzent ra t ion  linear 
zunehmen, auf Grund der Theorie der Termaufspal tung 
ira Kristal lfeld (Bethe, H a r t m a n ,  Hellwege u . a . )  ge- 
deutet  werden, wobei das eingebaute Manganion als drei- 
wertig angenommen werden muss. Eine geringe Ver- 
schiebung der Haup tbande  nach kfirzeren Wellen mi t  
zunehmender  Mangankonzent ra t ion  kann  auf ~_nderung- 
en des Kristallfeldes zuriickgeffihrt werden. 

Bei RSntgenbes t rah lung der manganak t iv ie r ten  Ko- 
rund-Einkris ta l le  erscheint in ~mmittelbarer Niihe der 
Mn3+-Bande eine weitere Absorptionsbande,  die wahr- 
scheinlich mi t  der Bildung von F-Zent ren  zusammen- 
hangt .  Weitere Veranderungen des Absorptionsverhal-  
tens kSnnen atd tiefer greifende StSrungen des Korund-  
gi t ters  durch die R6ntgenbes t rah lung  zurfickgeffihrt wer- 
den. 

13.18. O b s e r v a t i o n s  o n  t h e  r e d u c t i o n  o f  t h e  s p o n -  
t a n e o u s  d e t o n a t i o n s  p r o b a b i l i t y  of  l e a d  a z i d e  c r y -  
s t a l s  d u r i n g  c r y s t a l  g r o w t h .  By MARYLAND D. 
Y~M~, U.S. Army Engineer Research & Development 
Laboratories, Basic Research Group, Fort Belvoir, Vir- 
ginia, U.S.A. 
There are at  least two crystall ine modifications of lead 

azide, an a lpha form tha t  is orthorhombic and a beta  form 

M O R P H O L O G Y ,  T W I N N I N G  

tha t  is monoclinic. Both  forms are explosive and are 
generally grown from solutions. The a lpha form m a y  be 
obtained by  slowly cooling sa tura ted solutions. The beta  
form is obtained utilizing the diffusion techniques of 
Miles. During crystal  growth of both forms from purely  
aqueous solutions spontaneous detonat ions f requent ly  
occur. In  general, prior to exploding, the crystals  exhibit ,  
when observed visually, very  desirable optical properties. 
The probabi l i ty  of explosion for the a lpha form during 
growth for long periods of t ime approaches 1, while t h a t  
for the beta  form is considerably less, about  0.3. As par t  
of the effort to obtain reasonably sized crystals,  a s tudy  
was conducted to reduce the explosion probabi l i ty  of the 
growing crystals.  

I t  is generally known tha t  once the crystals  are ob- 
ta ined free of the mother  liquor, they  m a y  be stored on 
the shelf for indefinite periods. They  are still sensitive 
to thermal  or impact  initiations. Theoretical considera- 
tions led to the use of addit ives to the growing media  
and it  was found tha t  the  use of e thylene glycol an an  
addit ive considerably reduced the explosion probabil i ty .  
For  the beta  form, glycol concentrat ions of 50%, or 
more, completely el iminated the spontaneous detona- 
tions. For  the alpha form, similar results were obtained. 
Observations were made on the thermal  and physical  
properties of the two forms as obtained from purely 
aqueous media and from the glycolcontaining media.  
I t  was found tha t  insignificant changes occur in the 
crystal  habi t  and none in the chemical and physical  
properties. 

An explanat ion for these observations will be suggested 
in tel~ns of solvent parameters .  

To be published in Faraday Soc. 

13.19. I n v e s t i g a t i o n s  o f  t a c t o i d - f o r m i n g  m i c r o c r y -  
s t a l s  o f  ~ - F E O O H  f r o m  s l o w l y  h y d r o l y z i n g  i r o n  
c h l o r i d e  s o l u t i o n s .  B y  JOHN H. L. WATSON & JONA- 
ThAN PARSONS, Physics Dept., Edsel B. Ford Institute 
for Medical Research, Detroit 2, Michigan, U.S.A. and 
WILFRIED I~ELLER & TODD SCttUSTER, Chemistry Dept., 
Wayne State University, Detroit 2, Michigan, U.S.A. 
Results  are reported for experiments  concerning the 

properties of microcrystals  which occur in the sediments 
of a series of concentration-controlled,  hydrolyzing iron 
chloride solutions (W. Heller, O. K r a t k y  & H.  Nowotny.  
C. R. Acad. Sci., Paris (1936), 202, 1171; H.  Z o c h e r , &  
W. Heller, Z. Anorg. Chem. (1930), 186, 73). F rom particle 
size studies M1 samples showcd quite monodisperse, 
single distributions,  wi th  s tandard  deviat ions of the order 
of 10%. The distr ibutions were negat ively  skewed in all 
cases wi th  crystal  lengths ranging from 330 to 480 m~, 
and axial ratios from 5-1 to 7-3. The influence of original 
concentrat ion upon crystal  dimensions will be discussed. 
The influence is stronger a t  lower concentrations.  The 
rate of schiller layer  formation increased with  decreasing 
original FeC13 concentration,  as was found previously by,  
W. Heller, O. K r a t k y  & H.  Nowotny  (C. R. Acad. Sci. 
Paris (1936), 202, 1171). Pre l iminary  observations indi- 
cate t ha t  the rate of schiller layer  formation is dependent  
upon more than  original solution concentrat ion alone. 

X- ray  diffraction powder analysis has been carried out  
on these specimens. The d-values obtained here have  
agreed closely with  values given for f l - F e 0 0 H  earlier by  
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H .  B. Weiser & W. O. Milligan (J. Amer. Chem. Soc. 
(1935), 57,258),  and O. K r a t k y  & H.  Nowotny  (Z. Kristal- 
logr. (1938), 100, 356), bu t  a much more complete table 
of reflections has been obtained. Because of the pur i ty  
of the preparat ions  and the exper imental  care exercised 
in the work, it is felt t h a t  par t icu lar ly  useful identifica- 
t ion da ta  for fl-FeOOH has been obtained. These da ta  will 
be given. 

Likely  to be published in J.  Phys. Chem. 

13.20. Kris ta l l ogene t i s che  E x p e r i m e n t e  zu e iner  Ma-  
tr izentheor ie  der S i l ikose .  Von H. SEIFERT & G. 
LABROT, Mineralog.-Petrologisches Institut der Universi- 
tgtt, Mi~nster/Westf., Deutschland. 
On the base of general principles of surface ac t iv i ty  of 

solids and of the s t ructure  bound and s t ructure  controlled 
molecular processes of lung dust  particles, R.  Jager  & 
H.  Seifert, in 1949 and fur ther  on, developed a templa te  
theory  of silicosis. Especial ly quartz was thus  considered 
to be a false template,  instead of, for example, nucleic 
acids, for the biological product ion of t ransformed 
proteins. Al though the adsorpt ion of proteins upon quartz  
was verified and it was shown, in the meant ime,  t ha t  
adsorbed protein has changed enzymat ic  properties, the  
crystal lographer  should give exper imental  facts in sup- 
por t  of the thesis above. During the last  years, proofs 
were given in m a n y  series of experiments,  stepwise pushed 
on, about  s t r ic t ly  selected oriented overgrowths of amino- 
acids upon quartz  and other silicates which are considered 
to be analogous effects of the postula ted p r imary  ad- 
sorption processes of the effective particles in the lung. 
Biogenetic consequences were discussed elsewhere. 

I t  is considered as impor tan t  that ,  fur ther  on, the selec- 
t ive epitaxial  tests were also successful wi th  oligopeptides. 
A stat is t ical  discussion about  near ly  twen ty  such sub- 
stances is given. Structural  and epitaxial  details are con- 
sidered for two of these, because of their  interest ing 
morphological properties,  i.e. glycyl- tyrosine and di- 
glycylglycine.  

Wi th  a high probabil i ty ,  we were also successful in the 
product ion of epitaxial  growth of minute  rods of albumi- 
noid proteins under  the condition of crystal l izat ion of 
such proteins after  the information in biochemical litera- 
ture.  Because of the difficulties of their  identification, 
we tr ied to get an epitaxial  effect wi th  more simple 
globuline proteins, the pepsine etc. The effects are 
hi ther to  still somewhat  doubtful.  The investigations are 
continued. The epitaxial  effect would be of great  impor- 
tance for the mechanism of the processes of folding and 
unfolding of the molecules connected wi th  nucleat ion and 
crystall ization.  - -  Some interest ing and par t ly  positive 
results wi th  saccharides upon quartz are also discussed 
in  the l ight  of the theory.  

P robab ly  published in Kolloidzschr. or Beitriige zur 
Silikoseforschung. 

13.21. E l e k t r o n e n m i k r o s k o p i s c h e  U n t e r s u c h u n g e n  
z u m  Kris ta l labbau  durch V e r d a m p f u n g  i m  Hoch-  
v a k u u m .  Von H.  BETHGE • W. KELLER, Halle/Saale, 
Deutschland. 
Gelegentlich frfiherer Untersuchungen  zur Temperatur-  

behandlung von Ionenkris ta l len im H o c h v a k u u m  warden  

auf NaC1-Spaltfli~chen bei Tempera turen  um 500 °C. sehr 
feine ausgebildete Abdampfs t ruk tu ren  beobachtet ,  die 
elektronenmikroskopisch sehr viel mehr  Einzelhei ten 
zeigten als die bei Tempera turen  dicht  un ter  dem Schmelz- 
p u n k t  in freier Atmosph~ire erzielten. Diese St rukturen  
wurden inzwischen n~Lher untersucht .  Als Pr~parat ions-  
verfahren eignete sich vorziiglich die yon Basset t  ange- 
gebene Methode der Golddekoration.  Dieses Verfahren 
er laubt  die Abbi ldung des Verlaufes yon Stufen auf der 
Kristalloberfl~che, die nur  einen Netzebenenabs tand  hoch 
sind. 

Die Abdampfung  im H o c h v a k u u m  bei Tempera turen  
von 400-500 °C. erfolgt hinreichend langsam, so dass die 
ents tehenden Abdampfs t ruk tu ren  Gleichgewichtsbedin- 
gungen entsprechen. 

Besonderes Interesse beanspruchen die lml Durchstoff- 
punkte  yon  Versetzungen herum ausgebildte S t rukturen .  
Sowohl ffir Schrauben- als auch ftir Stufenversetzungen 
sind die entsprechenden Abdampfs t ruk turen  eindeutig zu 
beschreiben. Die Ergebnisse entsprechen den yon  F rank  
u. a. gegebenen Vorstel lungen fiber das Kr is ta l lwachs tum 
auf der Oberfl~iche yon Realkris tal len.  Ffir  den Fal l  der 
Schraubenversetzungen lassen sich aus den Einzelhei ten 
der in Form einer Spirale ausgebildeten Abdampflamel len 
Voraussagen zur GrSsse des Burgersvektors  gewinnen. 
Aussagen zur Stufenh6he der Abdampflamel len lassen sich 
aus der Wechselwirkung der von verschiedenen Ver- 
setzungen herrf ihrenden Lamel lensysteme gewinnen. 

Mit geringerer H~Lufigkeit aufzufindende pyramiden-  
f6rmig begrenzte Gruben mi t  wesentlich hSheren Lamel- 
lenkanten  sind wahrscheinlich verunreinigte Versetzungen 
zuzuordnen. 

Die Wechselwirkung der yon einzelnen dicht  benach- 
bar ten  Versetzungen ausgelSsten Abdampfs t ruk tu ren  und 
die in En t fe rnung  yon  einigen # vom Zent rum ent- 
stehenden,  je tz t  die einzelnen Versetzungen gemeinsam 
umfassenden Abdampfs t ruk tu ren  zeigen, dass genaue 
Angaben fiber Versetzungsdichten nur  aus dem elektro- 
nenmikroskopischen Bild zu gewinnen sind. 

Infolge der urn Schrauben- und  Stufenversetzungen 
verschiedenen Mechanismen zur En t s t ehung  der Lamel- 
lensysteme ist deren jeweilige Ausbi ldung yon  der Tem- 
pera tur  abh~ngig. Auch hierzu wird entsprechendes Bild- 
mater ia l  vorgelegt. 

In  press: Z. Naturforsch. 

13.22. T w i n n i n g ,  s tacking ,  and p o l y t y p i s m  in a l u m i -  
n u m  bor ides  and p o t a s s i u m  cobal t icyanide .  By 
J. A. KOHN, W. D. Tow~,u~s & D. W. ECKART, U.,~. 
Army Signal Research and Development Laboratory, Fort 
.Monmouth, New Jersey, U.S.A.  
Twinning is commonly regarded as a specific form of 

defect structure,  defined by  one of several twin  laws. 
I t  is of greater  significance to consider twinning  as the 
applicat ion of an operator (or operators) to (a) a s t ructure  
(i.e., twinning  in its more physical  sense) or (b) a uni t  cell 
(i.e., repet i t ive twinning in its more geometrical  sense). 
Thus T. I to  (X-ray Studies on Polymorphism, Maruzen 
Co., Ltd. ,  Tokyo (1950)) differentiates ' s t ructure  twin- 
ning'  and 'cell twinning ' .  The usefulness of t rea t ing  
twinning in this  larger sense is ap t ly  demonst ra ted  by  
a-, fl-, and y-A1B12 and by  the poly types  of K3Co(CN)s. 

Orthorhombic,  pseudotetragonal  fl-A1B12 shows ex- 
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t remely  fine ( ~  2000 A), regular, polysynthet ie  's tructure 
twinning '  on bo th  (110) and (110). Single-crystal X- ray  
diffraction pa t te rns  show quadruply  mult iple reflections. 
Tetragonal ,  pseudocubie a-A1BI~ is observed as a simple, 
macroscopic ' s t ructure  twin '  on (101) (=pseudocubic  
(111)) after  the  spinel law. The a phase can also be 'cell 
twinned '  on (101) after  a s ingly repeti t ive scheme (i.e., 
a 1-1 s tacking sequence) to generate orthorhombic 
?-A1B~2. The c~ and ? phases, most  often syntaxica l ly  
intergrown, thus  represent  end members of a potent ia l  
po ly typ ie  series. The K3Co(CN)6 polytypic  series has five 
known members :  1-, 3-, 7-, and 8-layer monoelinic 
(1M, 3M, 7M, 8M) and 2-layer orthorhombie (2 Or.). 
li]// shows simple, macroscopic, (100) ' s t ructure twin- 
ning' ,  diffract ion effects being addit ive.  'Cell twinning '  
of 1M on (100) af ter  1.1 and 2.1 s tacking sequences gives 
2 Or. and 3M uni t  cells, respectively.  More complex 
sequences are required for 7M and 8M, the la t ter  prob- 
ably  being 2.1.1.2.1-1 or 3.1.3.1. 2 Or. can be derived 
from 1M using either of two 'cell twinning operators '  
(stacking mechanisms).  Only one gives the observed 
space group, permi t t ing  unambiguous designation of the 
correct s tacking geometry.  

I n t ended  for Z. Kristallogr. 

13.23. T w i n n i n g ,  in  l e u c i t e .  By M. KOREKAWA, Max. 
Planclc-Institut fiPr Sililcatforschung, Wi~rzburg, Deutsch- 
land. 
The twin s t ructure  of leucite (from Albano mounta ins  

near  Rome) has been determined by means of precession 
photographs.  At  room temperature  leucite has the latt ice 
constants  : 

a0=13.10, c0=13.78 /~, Co/ao=1.052 

and a prel iminary space group I41/a. The twin s t ructure  
consisting of four individuals is shown in reciprocal space 
in Fig. 1. W h e n  the (101) direction in the crystal  space of 
leucite ( low-temperature modification) is fixed, then two 
possibilities for the lattice direction exist (Fig. 2). In  the 
case where co/ao=1.052 the calculated value for a in 
Fig. 2 is 2 ° 52'. I n  considering the mechanism of twinning 
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Fig. 2. 

i t  is no tewor thy  t ha t  the calculated and observed values 
for a are equal. 

13.24. A s i m p l e  m e t h o d  to d e d u c e  t h e  m o r p h o l o g y  
of a c r y s t a l  f r o m  i t s  s t r u c t u r e .  B y  P. HARTMAN, 
Geologisch en Mineralogisch Instituut, Garcnmarlct l b, 
Leiden, The Netherlands. 
The periodic bond chain theory of crystal  morphology 

(cf. P. H a r t m a n  & W. G. Perdok, Acta Cryst. (1955), 8, 49) 
enables one to classify the crystal  faces into three classes: 
flat, s tepped and kinked faces. To this  end all possible 
periodic bond chains in the s t ructure  have  to be found 
and their  combinations to form flat  faces are to be 
studied. This procedure is ra ther  tedious. 

A far more simple method  consists in the use of projec- 
tions. First ,  a projection is made  on the plane per- 
pendicular  to the shortest  lat t ice t ranslat ion.  The peri- 
odic bond chains parallel to this latt ice row are drawn;  
each of them should have the same composition as the 
crystal  and its projection should be centrosymmetrical .  
Only in certain directions are these chains connected to 
each other by  strong bonds, so as to form slices parallel  
to the f lat  faces in the zone under  consideration. Other  
periodic bond chains mus t  be responsible for these con- 
nections and projections are made parallel to each of these 
chains. In  each projection the chains again form slices, 
so tha t  eventual ly  new flat  faces and new chains are 
found. In  practice a few projections are sufficient to f ind 
all f lat  faces. 

Moreover this method  gives some indications on the 
possible types  of growth features to be expected on the  
various faces. 

Publ ica t ion:  will probably  be submit ted  to Acta Cryst. 

13.25. A n  e x t e n d e d  t h e o r y  of c r y s t a l  f o r m s  a n d  t h e  
m o r p h o l o g y  of t w i n s .  By  I. Sm~RANOVSKI, Institute 
of Mines, Vasilievsky Ostrov, Leningrad, USSl~. 
For ty-seven simple crystal lographic forms in fact  per- 
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mi t  to characterize exact ly  only the convex crystal  poly- 
hedrons.  Skeleton crystals,  twins, induct ive surfaces, 
zones and pyramids  of growth, sculptural  complications 
on the faces require other geometrical  models for their  
exact  description. 

This necessitated the int roduct ion of a series of new 
conceptions in the modern  morphology of crystals.  I t  has 
proved expedient  to pu t  forward the conception of simple 
peak and edge fo rms- - the  aggregates of corners and 
edges of a crystal  interconnected by  its s y m m e t r y  
elements. I t  became also necessary to extend the l imits 
of the theory  of simple face forms of crystals  by  introduc- 
ing into it  the varieties of reen t ran t  angles. 

At  present  the definition of all these geometric varieties 
of crystal lographic forms is completed. The varieties of 
face forms wi th  reen t ran t  angles are par t icular ly  im- 
po r t an t  for the exact  morphologic description of skeleton 
forms and twins. 

H.  Curien & Le Corre suggested t ha t  bichromatic  sym- 
m e t r y  using the Shubnikov elements of an t i symmet ry  be 
applied for the characterist ics of twins. H.  Curien & 
J .  D. H.  Donnay  use the conception of chromatic sym- 
me t ry  to define the complete s y m m e t r y  of twins. HOwever 
these methods  concern only the general s y m m e t r y  of the 
twin and give no conception about  its form. Here  the 
varieties of simple face forms, f requent ly  displaying 
themselves on twins, m a y  be successfully applied. 

Using in the description of twins the conception of 
summarized simple forms, wi th  reen t ran t  angles or 
wi thout  them, we mus t  consider all these forms as hi- 
chromatic  figures; so, for instance, a penet ra t ion  twin of 
two te t rahedrons  of a te t rahedr i te  gives a stur~marized 
simple bichromatic  form corresponding to the var ie ty  of 
an  octahedron wi th  reen t ran t  angles. The penet ra t ion  
twin  of two pentagon- -dodecahedrons  of pyr i te  corre- 
sponds to a summarized simple bichromatic  f o r m - -  
a var ie ty  of a t e t rahexahedron  wi th  reen t ran t  angles. 

The addi t ion of a list of bichromatic  simple forms to 
the formulas of general s y m m e t r y  gives an  exhaust ive 
conception of twins. 

§ 14.  S y m m e t r y ,  i n c l u d i n g  e x t e n s i o n s  o f  
s p a c e - g r o u p  t h e o r y  

14.1. A n t i s y m m e t r i c a l  a r r a n g e m e n t s  in the  plane,  
and r e g u l a r  t h r e e - d i m e n s i o n a l  bodies  as s o u r c e s  
of in sp ira t ion  to an art ist .  By M. C. ESCHER, Van 
Heemstralaan 28, Baarn, The Netherlands. 
The division of a plane into identical  and/or  similar 

figures in such a way t h a t  no ' empty '  space is left, is a 
problem which has fascinated me as an ar t is t  for over 
t h i r t y  years. I-Iowever, I wish to indulge in this jig-saw 
puzzle mania  only by  using figures which have  a 'mean- 
ing' ,  which are recognized as such by  an observer. Animal  
shapes are the most  suitable for this purpose, p lants  to 
a lesser degree, and objects only rarely. 

F rom the beginning of m y  investigations,  the  use of 
contras t ing colours or shades wgs bo th  self-evident and 
necessary in order to dist inguish visual ly between neigh- 
bouring figures. I was therefore surprised to learn t h a t  

the notion of antisymmetry has only recently been 
introduced into and accepted by crystallography. My own 
applications are unthinkable without the use of colour 
contrast. 

A series of sets of two pictures each, projected simul- 
taneously, will be shown, to the left, a fragment of an 
infinite planar array of identical interlocking figures, and 
to the right, a drawing in which the 'motif' shown on the 
left has been used to build up a closed composition. 
In these compositions chiefly three different ideas have 
been visualised. 

(1) If  the  a n t i s y m m e t r y  is restr icted to two shades, 
say, b lack and white, then  the white  figures can serve as 
a background to the black ones, and vice versa. This m a y  
lead to the conception of a polar dual i ty,  such as day-  
and-night ,  or sky-and-water .  

(2) A t ransi t ion from flat  to spatial,  from inanimate  
to living, from rigid to moving,  can be suggested. 

(3) The figures can gradual ly  change their  shape;  also, 
though remaining similar, they  can gradual ly  expand or 
contrast .  This m a y  lead to the notion of infini ty,  which 
can be approached in various ways.  

After these imaginat ions which all per ta in  to p lanar  
an t i symmet ry ,  there will be shown and discussed some 
reproductions the subject  of which are suggestions of 
space, m y  inspirat ion here has been the sense of beau ty  
I experience when looking at  regular polyhedra  or spher- 
ical bodies. 

14.2. Ear ly  c o n t r i b u t i o n s  to the  theory  of s y m m e t r y  
groups .  B y  J .  D. H.  D o ~ A Y ,  Johns Hopkins Univer- 
sity, Baltimore 18, Maryland, U.S.A. 
The historical development  of t - t ranslat ional  d-dimen- 

sional s y m m e t r y  groups G~ (A. l~iggli's notat ion)  is 
marked  by  the following mi les tones . - -The  32 G~: Hessel 
(1830), Bravais  (1849), who also enumera ted  the non- 
crystal lographic cases, Gadolin (1871), and Minnigerode 
(1887).--The 230 G~: Jo rdan  (1867) and Sohncke (1879), 
for the 65 groups of movements  only;  for the remaining 
165 groups Fedorov (1891)-Schoenflies (1891), followed 
by  Barlow (1894), who missed a few possibi l i t ies . - -The 
17G~: Fedorov (1891); followed by  Fricke & Klein 
(1897), Po lya  (1924), who considered them as G~ groups 
of movements ,  P. Niggli (1924), and Giinzburg (1929), 
followed by  Shubnikov (1940).--The 75 crystal lographic 
G~: C. I . iermann (1928); the  non-crysta l lographic  G~: 
C. H e r m a n  (1928) and E. Alexander  & K. i e r r r i a n n  
(1928).--The 80 G~: C. H e r m a n n  (1928), Weber  (1929), 
E.  Alexander  & K. I . iermann (1929), Heesch (1929), fol- 
lowed by  Shubnikov (1940, 1946). Motzok (1930) found 
2 n +  1 generalized s y m m e t r y  operations in Gn; Hur ley  
(1951) gives 222 crystal lographic G °. On the fa i th  of 
Gn+l = 2  Gn+(Gn), where G stands for the number of 
groups G, we get 1651 G~.--As to the (black-white, 
nei ther  colorless nor grey) a n t i s y m m e t r y  groups (G~)', 
the  58 (G~)' are due to I-Ieesch (1930), who also began 
the s tudy  of the (G~)' and lists the  7 triclinic and the 
91 monoclinic (G~)'. The complete enumerat ion of the 
1191 (G~)" came 25 years  later :  Zamorzaev (1953-54), 
Below, Neronova & Smirnova (1955-57) . - -Recent  devel- 
opments  deal wi th  degenerate symmet ry ,  including color 
groups, and superpositions of groups (see nex t  abstract) .  
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14.3. Later contr ibut ions  to the  theory  of s y m m e t r y  
groups .  By A. L. MAcxkY, 21, Torrington Square, 
London, W.C. 1, England. 
(See paper by J.  D. H. Donnay).  The development  of 

symmet ry  group theory since about  1950 is reviewed and 
an a t t empt  is made  to relate individual advances to each 
other. Most contributions are concerned with describing 
the systematic ordering of elements which have more 
properties than  mere position. Many of these properties 
can be identified with physical features (spin or dipole 
moments ,  etc.). Types of disordering have also been 
systematised theoretically as a result of observing certain 
of them experimental ly.  Various non-crystallographic 
groups have been encountered (cylindrical lattices, helical 
and surface packings, etc.). Progress has also been made  
in t reat ing theoretical aspects. 

14.4. C r y p t o s y m m e t r y  and tensors .  By A. NIGCLI, 
Institut fi~r Kristallographie, Eidg. Techn. Hochschule, 
Zi~rich, Switzerland. 
The c ryp tosymmetry  concept, covering ant i symmetry ,  

color symmet ry  and more complex degenerate kinds of 
symmetry ,  has been introduced as a generalization of the  
point  symmet ry  concept (A. Niggli & H. Wondratschek,  
Z. Kristallogr. (1960), in the  press). I t  is now applied to 
space-group symmetr ies  as well. 

Fur thermore,  the  combined effect of inherent  and 
imposed symmetr ies  on a tensor describing any physical 
proper ty  will be characterized in terms of crypto- 
symmetries.  

The inherent  c ryp tosymmet ry  describes the proper 
symmet ry  of the tensor, caused by addit ional  general 
conditions intrinsic to the physical property.  

The imposed c ryp tosymmetry  describes the  modifica- 
tion (or annihilation) of the tensor, caused by the be- 
haviour  of the  tensor (e.g., invariance) under  external  
symmet ry  conditions. 

The inherent  cryptosymmetr ies  and the imposed ones 
do not  operate in the same way. 

14.5. S y m m e t r y  in  Four ier  space .  By A. BIENENSTOCK, 
Division of Engineering and Applied Physics, Harvard 
University, Cctmbridge 38, Mass., U.S.A. and P. P. 
EWALD, 19 Fordyce Road, New Milford, Conn., U.S.A. 
Since the  symmet ry  properties represented in crystal 

space by the array of symmet ry  elements, or the coor- 
dinates of equivalent  points, are equally contained in the 
expressions of the geometrical structure factor, it should 
be possible to derive the symmet ry  of the lat ter  directly 
in Fourier space, wi thout  any reference to crystal space. 
This program involves the distribution of complex 
weights on the  lattice points of the reciprocal lattice. 
The relative phases of the weights at  symmetry-re la ted  
points can be determined by considerations of uniqueness. 
This leads to the Fourier  space equivalent  of complex 
symmet ry  groups in crystal space (including black/white 
and  colored groups). In  order thence to arrive at the  
230 Fourier transforms of the Schoenfl ies-Fedorov groups 
a restriction has to be placed on the phase relations which 
corresponds to the exclusion of complex and anti- 
symmet ry  elements in crystal space. 

To be submi t ted  to Acta Cryst. 

14.6. T h e o r y  of O D - ~ , r o u p o i d s m a n  ex tens ion  of 
space  group theory.  By K. DORNBERGER-SCHIFF, 
Deutsche Akademie der Wissenschaften zu Berlin, lnsti- 
tut fi~r Stru/cturf orschung, Berlin-Adlershof, Deutschland. 
As is well known, space groups are not  applicable to 

structures showing one- or two-dimensional  disorder. 
An extension of space-group theory is therefore necessary, 
in order to obtain the  adequate  tools for such structures 
(see K. Dornberger-Schiff (1956) and submit ted) .  In  an 
other session a report  will be given on two examples of 
such applications. 

The elements of the Brandt  groupoids which corre- 
spond to the space groups are partial  operations which 
will bring par t  of the structure into coincidence with 
part  of the structure, wi thout  necessarily t ransforming the  
whole structure into itself. 

The principles of a groupoid theory of OD-structures 
i.e. of structures which have essential properties (namely 
a certain kind of short  range order) in common with 
ordered structures, will be given and shown, how the  
groupoid family may  be deduced from the distr ibution of 
sharp points and diffuse rods in reciprocal space, from the 
symmet ry  of this distr ibution and from systematic  
absences. From the groupoid family general expressions 
for the coordinates of atoms are obtained, which may  
serve as a basis for structure factor calculations and 
certain modified Patterson- and Fourier-projections. On 
the  other hand,  twinning of such a kind, tha t  the twin- 
individuals have a l aye r - - the  boundary  layer - - in  com- 
mon (see e . g . W . T .  Holser (1958), K. Dornberger-Schiff 
(1959)) may  also be described as special cases of OD- 
structures. 

14.7. T h e  interpretat ion  and n o m e n c l a t u r e  of col-  
oured space  groups .  By C. HERMAN,, Kristallogra- 
phisches Institut der Universit~t, Marburg, Deutschland. 
Coloured space groups admi t  of several interpretations.  
E.g.:  (1) Different colours may  mark  different atoms. 

Any crystal, in which different atoms occupy equal 
lattice complexes, may  be described by two space groups: 
an 'upper group' tha t  considers all points equivalent  and 
a 'lower group' (necessarily a subgroup of the former) 
tha t  transforms only one set of one colour into itself. 
The index of the lower group in the upper group gives 
the number  of colours required. If  it is a prime number ,  
the subgroup must  be either class equivalent  or cell 
equivalent.  In  these cases it is sufficient to describe, 
respectively, the upper  group by its t ranslat ion symbol 
only, or the lower group by its symmet ry  elements only. 
Examples :  

Nut1, P~m3m: Fm3m or f~: Fm3m; CsC1, Im3m '. rm3m 
or I : P m 3 m  ; Zinc blende, Fd3m:F43m or Fd3m:43m; 
Wurtzite,  C6/mmc : C6mc or C6/m~zc : 6me ; FeSi, Pa3 : P213 
or Pa3:213. If, before the  distr ibution of colours, the  
symmet ry  of the upper  group is reduced, the m a x i m u m  
group may  be prefixed between parentheses.  Examples :  

CuAu, (Fm3m)F:C4/mmm; cubic PtCu, (I2)P 2:Fd3m. 
If the lower group is a self-conjugate subgroup of the 
upper  group (as is always the case for bicoloured groups), 
the lower group transforms not  only one but  each set of 
atoms into itself and is the conventional  space group. 
If it is a general subgroup, and all colours represent  dif- 
ferent atoms, the group of the total  s tructure is only the  
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largest self-conjugate subgroup of the  upper  group con- 
ta ined in the lower group. Thus, the 4-coloured group 
F:Pm3m will describe structures of symmet ry  Pmmm 
only. No symmet ry  is lost, however,  when one kind of 
a toms is assigned to black points, and another  to points 
of all other  colours, as in Cu3Au, space group Pm3m. 
Likewise MoSi2 would have  Ic:I4/mmm, with space 
group I4/mmm (instead of I4mm, if the two sets of Si 
were different). 

(2) Colours may  symbolize addit ional  dimensions. 
No full n-dimensional  crystal lography will be derived in 
this way, as space dimensions are never  t ransformed into 
colour dimensions. E.g. bicoloured groups based on the  
17 plane groups lead, depending on the  z-coordinates 
assigned to the two colours, ei ther to 46 of the  80 ne t  
groups or to 46 hemimorphic  space groups with only two 
al ternat ing layers in the z-direction. If  more than  2 
colours occur, the number  of addit ional  dimensions mus t  
be de termined by group theory : Mark all colour permuta-  
tions tha t  accompany any translat ion or symmet ry  
operation of the upper  group and find the  min imum 
number  of dimensions needed to represent  their  group by 
transformations.  If this group consists only of real 
t ransformations there is no need to introduce translations 
in the colour dimensions. If  complex factors exp (2zi/n) 
are admi t ted ,  some of the  colour dimensions may  be 
spared, but  we shall have operations wi th  glide compo- 
nents  in colour directions creating addit ional  translations 
in colour space. 

14.8. T h e  a p p l i c a t i o n  of m a g n e t i c  s y m m e t r y  to n e u -  
t r o n  d i f f rac t ion  data .  By J.  S. KASPER, General 
Electric Research Laboratory, Schenectady, N. Y., U.S.A. 
An elegant procedure (G. Donnay,  L. M. Corliss, J.  D. H.  

Donnay,  N. Ell iot t  & J.  H. Hastings, Phys. Rev. (1958), 
112, 1917-1923), utilizing considerations of symmet ry  
and  ant i symmetry ,  has been proposed for the determina-  
t ion of magnet ic  structures from neut ron  diffraction data.  
Since the materials  often are available only in poly- 
crystalline form, a unique magnet ic  space group deter- 
minat ion  frequent ly cannot  be made.  In  such circum- 
stances, the procedure is still useful in providing syste- 
matical ly a variety of possible models;  it may  even allow 
a greater cer ta inty in the assignment of magni tudes  of 
magnet ic  moment s  since these may  be found to be the  
same in all possible space groups. On the  other hand,  
caution is advisable regarding the choice of the highest  
symmet ry  group as defining the spin direction. I t  is 
desirable to utilize information on magnet ic  anisotropy 
or in the lack of it to give due consideration to models, 
possibly of lower symmetry ,  which may  be physically 
more acceptable. 

The main  examples to be considered are (1) N i M n - -  
an ant i ferromagnet  of simple crystal s t ructure;  (2) a-Mn 
- - a n  ant i ferromagnet  of complex crystal s tructure;  and  
(3) Mn304 a ferr imagnet  of complex magnet ic  structure. 

Probably to be published in J. Phys. Chem.Solids. 

14.9. T a b l e s  of m a g n e t i c  s p a c e  g r o u p s .  A j o i n t  
project .  By N. V. BELOV & N. N. NERONOVA, U.S.S.R. 
and  J.  D. H. DONNAY & C. DO~&Y, U.S.A. 
The recently proposed tables of magnet ic  space groups 

(J. D. H. Donnay  & G. Donnay,  tZedorovskaya Sassiya po 
Kristallografii, Tezisy Dokladov, 45-46, Leningrad, May 
21-27, 1959; C. R. Acad.Sci., Paris, 248, 3317-19, J u n e  8, 
1959), in which the  magnet ic  moment ,  considered a dipole, 
is represented by an axial vector, are now being con- 
s tructed independent ly  in Moscow and in Baltimore.  The 
presentat ion of the  results for all general positions lends 
itself to great  simplification; in any one crystal system a 
one-or-two-page table suffices to answer the  following 
quest ion:  let t ing [uvw] be the m o m e n t  on site xyz, what  
is the  m o m e n t  on all the remaining sites of the  general 
posit ion (in any colorless or black-white space group)? 
At  least a one-page table is required for the  special 
positions of a colorless space group and its related black- 
white  groups with colorless lattice (cp. the list given by 
N. Belov, N. N. Neronova & T. S. Smirnova, KristaUo- 
grafiya (1957), 2, 315-325); groups with black-white lat- 
tices require special t rea tment .  Various modes of present- 
Lug the results are being considered. 

Publication.  I t  is expected tha t  these tables will be 
published as a special volume, possibly in the series of 
International Tables. 

14.10. F u r t h e r  s t u d i e s  of t h r e e - d i m e n s i o n a l  n e t -  
w o r k s .  By A. F. WELLS, Research Department, I.C.I. 
Ltd., Dyestuffs Division, Hexagon House, Manchester, 9, 
England. 
In  earlier papers a number  of three-dimensional  net- 

works were derived and illustrated, in part icular  networks 
in which either three or four links mee t  at  each point.  
Some entirely new families of three-dimensional  networks 
can now be described. They will be i l lustrated by models 
and stereoscopic photographs.  

To be submit ted  to Acta Cryst. 

14.11. A m o d u l a r  a l g e b r a  for the  d e s c r i p t i o n  and  
c l a s s i f i c a t i o n  of c r y s t a l  s t r u c t u r e s .  By A. L. LOEB, 
Department of Electrical Engineering, M.I.T., Cam- 
bridge, Mass., U.S.A. 
Algori thms have been presented (A. L. Loeb, Acta 

Cryst. (1958), 11, 469; Acta Cryst. (1960), in print) for 
the location of cubically and hexagonally close-packed 
arrays and their  interstices. The distr ibution of ions over 
these interstices is given by a binary distr ibution func- 
tion. The purpose of these algori thms is three-fold:  
(1) To describe directly the symmet ry  of fields sur- 
rounding any given ion rather  than  the symmet ry  of a 
uni t  cell; (2) to provide a description of crystal structures 
suitable for storage in a computer  memory,  and (3) to 
classify, unify and correlate a wide var ie ty  of different 
structures. Building blocks have been designed to demon- 
strate the  algorithms and use them to build a var ie ty  of 
different crystal structures. Structures analyzed since the  
latest  publication (Acta Cryst. (1960)) include cuprite, 
cadmium iodide and corundum. The me thod  has also been 
extended to include structures containing no close-packed 
arrays, such as caesium chloride and rutile. 

Results likely to be published in Acta Cryst. 
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14.12. C l a s s i c a l  n u m b e r  t h e o r y  a n d  l i n e a r  r e l a t i o n s  
b e t w e e n  l a t t i c e  s u m s .  By P. NAOR, Technion-Israel 
Institute of Technology, Haifa, Israel. 
The following problem is posed:  I t  is desired to find 

the  n u m b e r  of relations be tween  latt ice sums (i.e. crystal- 
l ine potent ia ls  made  up of e lementa ry  atomic or ionic 
potent ia ls  each of which is isotropic wi th  respect to its 
source) a t  the  points Pl/q, P2/q . . . . .  Pz/q . . . . .  p~/q, where  
q is some fixed na tu ra l  integer, t~ an integer be tween 
0 and  q - 1 ,  and  v the dimensional i ty  of the lattice. 
A solution is presented  for the following cases: 

(a) • = 1. I t  is shown tha t  the number  of relations be- 
tween lat t ice sums can be obtained from Euler ' s  
number- theore t ic  funct ion ~(q). 

(b) v = 2 .  (Square lat t ice and  hexagonal  lattice). I t  is 
shown tha t  the solution m a y  be obta ined from 
a generMisation of Euler ' s  nmnber- theore t ic  
function.  

(c) v = 3 .  (Cubic lattice). I t  is shown tha t  the three- 
dimensional  case differs radically from the first 
two cases and  tha t  the  solution is connected 
wi th  the (so-called) optical equat ion in nmnber-  
theory.  

This s tudy  is a cont inuat ion  of the  author ' s  'Linear  
Dependence  of Lat t ice  Sums' (Z. Kristallogr. (1958), 110, 
112) and  will be submi t ted  to the same journal .  

§ 1 5 .  N e u t r o n  d i f f r a c t i o n  

15b.1. T h e  e f f ec t  o f  c r y s t a l  i m p e r f e c t i o n s  i n  f e r r o -  
m a g n e t i c  m a t e r i a l s  o n  t h e  d e p o l a r i z a t i o n  o f  c o l d  
n e u t r o n .  By ALFRED SEEGEI~ (% HELMUT KRONM0Z_~- 
LER, .Max-Planc]c-Institut fi~r Metallforschung, Stutt- 
gart, Deutschland. 

Hughes ,  Wallace & Ho l t zman  showed exper imenta l ly  
tha t  small deviat ions from the  uniform magnet iza t ion  
of a ferromagnet ic  mater ia l  give rise to a measurable  
depolarizat ion of a neu t ron  beam t ransmi t t ed  through 
the magnet ized  material .  We have invest igated theoret-  
ically the effect of the deviations from ~miform magnet iza-  
t ion due to lat t ice imperfections, in par t icular  disloca- 
tions. The measuremen t  of the depolarizat ion of the 
t r ansmi t t ed  beam provides the same information on the 
number  and  a r rangement  of dislocations as direct  sus- 
ceptibili ty measu remen t  in the  sa tura t ion range do. 
However ,  considerable addi t ional  information can be 
obtained if the depolarizat ion of the scat tered neutrons  
is measured  as a funct ion of scat tering angle. We shall 
present  detai led theoret ical  results relat ing the degree of 
depolarizat ion to the dislocation distr ibution.  

The full account  of the work m a y  be submi t ted  to J .  
Phys. Chem. Solids. 

15.2. T h e  u s e  o f  n u c l e a r  n u l l - m a t r i x  in  n e u t r o n  d i f -  
f r a c t i o n  s t u d i e s  o f  c r y s t a l  s t r u c t u r e s  a n d  m a g n e t i c  
s t r u c t u r e s .  By S. S. S I D e ,  LERoY HEATO~ & M. H. 
MUELLER, Argonne National Laboratory, Lemont, Illi- 
nois, U.S.A. 

Crystal  s t ruc ture  studies of systems containing light 
a toms such as hydrogen,  carbon, ni trogen,  etc., among 
heavy  atoms, and  studies of magnet ic  m o m e n t  align- 

ments in magnetic structures have been made by means 
of 'nuclear null-matrices'. A null-matrix consists of two 
types of nuclei. One type scatters thermal neutrons 180 ° 
out of phase with the other. The atomic percentages and 
the amplitudes of randomly distributed atoms in a matrix 
are such that the structure factor: 

Fa~z = . v  (pAbA + pBbB) exp 2zd(hun + kVn + lwn) = 0 .  
n 

Since ~gAb A + pBbB = 0.  
Here  PA and PB are the fractions of all sites occupied 

by  A and B type  a toms respectively and bA and bB 
are the ampli tudes.  F rom the known ampli tudes* of 
various nuclei the  following null-matr ices were pre- 
pared :  (1) 3ITi_Zr=62 at.~o Ti and 38 a t .% Zr;  
(2) MTi-w =55 a t .% Ti and 45 a t .% W; (3) MM,-Co 
= 43 at. % Mn and 47 at.  ~o Co; and (4) 3l~n-Cu = 69 
a t .% Mn and  31 at. % Cu. 

Each  mat r ix  was employed for a specific investigation.  
M T i _ Z r  w a s  deute ra ted  to MTi-ZrD1.99, which was s tudied 
by  neu t ron  diffraction to de termine  the positions of 
deu te r ium atoms with  respect to one another  and to the  
meta l  a toms ; -/]~Wi--W was made  into MTi-wC to s tudy  the  
positions of carbon a toms;  Mnl.ssCo2.nC was prepared  
from M~n_Co to s tudy  atomic ordering of Mn, Co and C, 
and  magnet ic  m o m e n t  ordering of M_u and Co, and  
_~irgn_Cu was s tudied for magnet ic  m o m e n t  al ignments  of 
Mn atoms. 

~Vhen the a toms of the null  mat r ix  remain  r andom in a 
compound  formed by  the nul l -matr ix  wi th  ano ther  ele- 
ment ,  the intensities of the diffraction peaks in a neu t ron  
diffraction pa t t e rn  result  from the  coherent  scat ter ing 
by  the compounding  atoms only. Where  addi t ional  neu- 
t ron  scat ter ing takes place due to ordering of magnet ic  
moments ,  these intensities superimpose in the case of 
ferr imagnetic and the ferromagnet ic  materials ,  bu t  give 
addi t ional  diffraction peaks for the  ant i ferromagnet ic  
materials .  These results then  m a y  determine  uniquely  
the positions of light a toms among heax~y atoms, and the  
magnet ic  m o m e n t  al ignments  in the unit-cell.  

If, however,  the atoms of the nul l -matr ix  take  ordered 
positions in the compound,  then the intensities of the  
peaks result from scat ter ing both by the nul l -matr ix  
elements and the compounding  atoms. This has been 
found to be the case in MTi_zrD1. ~ and Mnl.ssCo.~.12C. 

15"3. A n o m a l o u s  n e u t r o n  s c a t t e r i n g  i n  a c a d m i u m  
s u l f i d e .  By S. W. PETERSON & H. G. SMrr~, Chemistry 
Division, Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, U.S.A. 
Bre i t -Wigner  dispersion theory  implies t ha t  the  neu- 

t ron scat ter ing ampl i tude  is complex, thus  tha t  there  is 
a component  of scattering, from an isotope in a resonance 
state  of the compound  nucleus, which is 90 ° out  of phase 
wi th  normal  scattering. While the Bre i t -Wigner  for- 
mula t ion  has been tested in total  cross section measure-  
ments ,  no explicit demonst ra t ion  of the 90 ° out  of phase 
scat ter ing or measu remen t  of the  magn i tude  of the  
imaginary  component  has previously been given. 

* bTi = --0.38 × 10 -12 era.; bzr=0"62 × 10 -12 era.; 
bw=0"466 x 10 -12 cm.; 

bMn = --0.36 × 10 -12 cm.; boo= 0.28 x 10 -12 cm.; 
bCu=0"75 x 10 -12 cm. 
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The present  experiments  on the  coherent  neut ron  
scattering of a-CdS give clear indication of anomalous 
scattering which is in excellent agreement  with theory. 
The measurements  consist of integrated intensities of the  

_ _ _  

(h/c/), (hkl) mates  of a series of reflections from single 
CdS crystals at  several wave lengths. Values for the 
scat ter ing ampl i tude  of cadmium and its real and 
imaginary components  as a function of wave length have 
been obtained. Comparisons have been made  of the anom- 
alous scattering of both  X-rays and neutrons  from the 
same crystal establishing tha t  the direction of the phase 
shift is the  same for X-rays and neutrons  in accord with 
expectation.  

Neut ron  measurements  can, in principle, be used then  
to establish absolute configuration; in the present  case 
the direction of the  polar axis in CdS. A number  of 
isotopes with resonances close to thermal  energies exist, 
making  similar measurements  possible in a number  of 
potent ial ly  interest ing cases. 

Expec ted  to be published in the  Phys. Rev. 

15"4. P y r o n i o b a t e s  e t  p y r o t a n t a l a t e s  de  m 6 t a u x  de  
t r a n s i t i o n  b i v a l e n t s  c o m p o s 6 s  a n t i f e r r o m a g n 6 -  
t i q u e s .  Par E. F. BERTAVT, F. FORRAT, Centre d'Etudes 
Nucldaires, Grenoble, tPrance, et L. M. CORLISS, Brook- 
haven National Laboratories, Upton, U.S.A. 
On a prdpar6 les composds Nb~MaO 9 et Ta2M40" od 

M = M n ,  Fe, Co, Ni et Mg. Les compos6s de Ni sont 
orthorhombiques.  Tous los autres pyroniobates et pyro- 
tanta la tes  sont hexagonaux.  Leur structure d~rive simple- 
m e n t  de la s tructure rhombo6drique de A1,O a. Si l 'on 
d6signe par (0, O, 0), (½, 2 2 ½, ~, ½) et (ll, §) los 3 sous-r6seaux 
rhombo~driques de A1203, dans les pyro-niobates et tan- 
talates, Nb respect ivement  Ta occupent le sous-rSseau 
(0, 0, 0) tandis que les cations M occupent los sous- 
r6seaux (½, 2 2 ~, ½) et (~, ~, §). 

Les structures cristallines et magn6tiques obtenues aux 
rayons X et aux neutrons seront donn~es avec plus de 
d6tail. 

Publicat ions p lanned in Phys. Chem. Solids. 

15.5. N e u t r o n  d i f f r a c t i o n  s t u d i e s  of  t h e  h e x a h y d r a -  
t e s  of  s o m e  t r a n s i t i o n  m e t a l  f l u o s i l i c a t e s . *  By 
WALTER C. tIAMrLTON, Chemistry Department, Brook. 
haven National Laboratory, Upton, L. I., New Yor]c, 
U.S.A. 
The compounds M+2SiFe, where M is a divalent  tran- 

sition metal ,  crystallize as hexahydrates ,  the meta l  ion 
being surrounded by a nearly regular octahedron of water  
molecules. As these ions are thought  to be similarly co- 
ordinated in aqueous solution, it is of great  interest  to 
de termine  the detai led configuration of the water  mole- 
cules, as well as the vibrational  parameters.  The s tudy of 
these crystals was under taken  as the  first par t  of a 
neut ron  diffraction program to obtain similar information 
about  a variety of crystalline hydrates .  Al though all the 
fluosilicates have  been assumed to be isomorphous to 
NiSnC16 . 6 H20, which crystallizes in space group R3 wi th  

* Research performed under the auspices of the U.S. 
Atomic Energy Commission. 
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Sn at the origin, Ni at  the body center, and the  oxygen 
and halogen atoms in general positions, X-ray  and neu- 
t ron diffraction d a t a  agree in indicating tha t  the iron, 
nickel, and cobalt  fluosilicates have structures which 
belong to space group /~gm. This apparent  symmet ry  
is due to disorder in the  packing of the  octahedral 
ions. The neut ron  data  for FeSiF6.6 H20 are being 
refined to obtain very accurate values for the structural  
and thermal  parameters.  The Fe(I-I20)6 octahedron is 
quite regular with an Fe -O distance of 2.15 A. The 
O - H  distance and the H - O - H  angles are normal,  and 
the two-fold axis of the  water  molecule is directed 
directly toward the  meta l  ion, wi thin  the  es t imated 
errors at  the  present  stage of ref inement ;  the F e - H  
distances are 2.79 and 2.68 /~, both  with a s tandard 
deviat ion of 0.07 A. The SiF e octahedron is also regular. 

To be published in Acta Cryst. 

15.6. N e u t r o n  d i f f r a c t i o n  s t u d y  of  o r t h o r o m b i c  l e a d  
m o n o x i d e .  By J A ~ s z  L~.CrEJEWICZ, Institute of Nu- 
clear 1%search, Warszawa 9, ul. Dorodna 18, Poland. 
The oxygen positions in the e lementary  cell of ortho- 

rhombic modification of lead monoxide  were de termined 
using powder neut ron  diffraction data.  In  the proposed 
structure model  each Pb a tom coordinates two oxygen 
atoms at  a distance of 2.19 A forming an infinite chain 
along the  a axis. The chains are packed to form a layer 
lying in the ac plane with the Pb -O  distance of 2.48 i 
between atoms belonging to separate chains. The bond 
distances indicate a polarized covalent  bond wi th in  the  
chains, and weaker most  probably of van der Waals type  
between the  chains and between the layers. 

Submit ted  for publicat ion to Acta Cryst. 

15.7. A n e u t r o n  d i f f r a c t i o n  i n v e s t i g a t i o n  o f  t h e  
s t r u c t u r e  of  C a N H .  B y  M. I. KAY* & A. F.  AI~DI~E- 
SE~, Institutt for Atomenergi, Kjeller, Norway. 
The alkaline earth imides were originally prepared and 

characterized by H. t i a r tmarm,  H. J.  Fr6hlich & F. Eber t  
(Z. Anorg. Chem. (1934), 218, 181). They reported t hem 
to be face centered cubic. The present  invest igation has 
confirmed the appearance of a face centered cubic powder  
pa t te rn  corresponding to the  lattice constant  5.13 A for 
the calcium imide. 

X-ray  and neut ron diffraction data  show the ni t rogen 
and calcium atoms to be placed in the corner and body- 
centered positions respectively (N = 4). :For the  hydrogen  
atoms, the neut ron  da ta  at room tempera ture  indicate a 
spherical distr ibution around the ni t rogen atoms. The 
possibility of a statistical distr ibution can, however,  not  
be excluded. 

Such a rotat ion or disorder suggests the  possibility of 
a phase transi t ion at  low tempera ture .  The results of an 
invest igation at  liquid ni t rogen t empera tu re  will be 
discussed. 

Proposed publisher:  Acta Cryst. 

* Postdoctoral fellow of the Royal Norwegian Council for 
Scientific and Industrial Research. 
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15.8. T h r e e - d i m e n s i o n a l  n e u t r o n  dif fract ion s tudy  
of f e r r o c e n e .  By B. T. M. WILLIS, Atomic Energy 
Research Establishment, Harwell, Didcot, Berks., Eng- 
land. 
Ferrocene has been examined in order to determine the 

hydrogen a tom positions and to investigate the suggestion 
of J.  W. Edwards,  G. L. Kington  & R. Mason, Trans. 
Faraday Soc. (1960), to be published), based on thermo- 
dynamic grounds, tha t  the  cyclopentadienyl  rings are 
rotat ionally disordered at room temperature.  A number  
of a t tempts  were made  to solve the structure by a least- 
squares analysis of two-dimensional  FhoZ and Fhko data ;  
these proved only part ial ly successful, because the ratio 
of the number  of measured F values to the number  of 
unknown parameters  was too small. The spectrometer  
was accordingly modified to allow collection of full three- 
dimensional  Fhkl data.  

The modificat ion consists of the addit ion of a two-circle 
device to the spectrometer  table, which acts as the third 
circle. By mount ing  the  crystal on the innermost  circle 
and rotat ing the three circles through appropriate angles, 
each (hkl) plane of the crystal can be brought  into the 
Bragg reflecting position, with  the reflected neut ron beam 
entering the counter  moving  in the horizontal  plane. 
The choice of these three angles is not  unique, but  for 
one set the normal  to the (hkl) plane lies in the plane of 
the vertical circle. The advantage  of this me thod  of 
set t ing is tha t  three-dimensional  data  can be obtained 
from a pillar-shaped crystal with approximately  the same 
accuracy (with respect to absorption and extinction) as 
two-dimensional  data, obtained with a conventional  
(one-circle) spectrometer  by rotat ing the crystal about  its 
long axis. 

The analysis of the three-dimensional data  indicated 
tha t  the hydrogen atoms were in the planes of the rings 
and tha t  the  rings were rotationally disordered. 

Probably to be published in Acta Cryst. 

15.9. A m e c h a n i s m  for f e r r o m a g n e t i c  order ing  in 
crys ta l s ,  w i t h  s t ruc tura l  appl icat ions .  By R. E. 
RIY~DLV., Department of Chemistry, Iowa State Univer- 
sity, Ames, Iowa, U.S.A. 
In  a ra ther  large group of transit ion meta l  halides, 

the  cations are symmetr ical ly  bridged together  by halide 
ions, wi th  M-CI-M very nearly 90 °. In  these circum- 
stances a molecular orbital t r ea tmen t  of the compound 
reveals tha t  the  unpaired, magnet ic  electrons are usually 
in ant ibonding molecular orbital with some halide con- 
tr ibution. Moreover, the molecular orbitals contr ibut ing 
to the magnet ic  electron densi ty at the halide ion from 
different meta l  centers are, in many cases, or~h0gonal. 
In  this case the largest te rm in the interaction of un- 
paired electrons from different meta l  sites is a Hund ' s  
Rule type of interaction at  the halide, which leads to 
ferromagnetic ordering. The magni tude  of the interaction 
depends upon the square of the electron densi ty at the 
halide, and can be relatively large. 

Such an interaction mus t  be responsible for ferro- 
magnet ic  ordering in the layered structures of the MX2 
and m a n y  of the MX3 chlorides, bromides and iodides 
of the first t ransit ion group. I t  is expected to lead to 
ordering in Cu X 2 (chloride and bromide) chains, and in 
a wide variety of other compounds. 

Limitat ions on the  mechanism will be discussed, Mong 
with neut ron diffraction, magnet ic  and thermal  da ta  
bearing on these compounds, as well as the relation of 
this mechanism to the general theory of the magnet ic  
ordering by P. Anderson (Phys. Rev. (1959), 115, 2). 

15.10. The  crys ta l  and m a g n e t i c  s t r u c t u r e s  of l i t h i u m  
cupric  ch lor ide  d ihydrate  and of l u d l a m i t e  at the  
t e m p e r a t u r e  of l iquid h e l i u m .  By S. C./LBRA•AMS,* 
Bell Telephone Laboratories, Murray Hill, N. J., U.S.A. 
Li th ium cupric chloride dihydrate,  LiCuC13 . 2 H20, has 

been studied below its Neel point  of 5.2 °K. by the  
neut ron  diffraction method,  using techniques previously 
published (E. Prince & S. C. Abrahams, Rev. Sci. In- 
strum. (1959), 30, 581; S. C. Abrahams,  Rev. Sci. Instrum. 
(1960), 31, 174). Two dimensional Fourier series and 
least-squares ref inement  give the  position of the  l i thium 
and hydrogen atoms, in addi t ion to those of the remaining 
atoms previously de te rmined  by Vossos & Rundle  
(Iowa State College, Conmlunication No. 1074, 1958). 
Reflections forbidden by the nuclear space group are 
shown to be magnet ic  in origin, on the basis of a tem- 
perature dependence which follows a Brillouin function. 
The magnetic  scattering indicates an orientat ion of the  
'magnetic '  electrons parallel with  the 011 plane. The 
variat ion of the paramagnet ic  diffuse scattering at small 
angles is consistent with a ferromagnetic interact ion 
between the copper atoms in the Cu2C16 'dimer' .  

Ludlamite,  Fe3(P04). 2. 4 H20, becomes ferr imagnetic 
below 16 °K. The neut ron diffraction pat tern  at  4-2 °K. 
contains a large number  of reflections: in one zone, over 
150 independent  nuclear and over 40 independent  mag- 
netic reflections have been measured.  The positions of 
all the  atoms are being refined, based upon the  iron, 
phosphorus and oxygen parameters  reported by T. I to  
& H. Mort (Acta Cryst. (1951), 4, 412). The vibrational 
ampli tudes will also be given. Analysis of the  magnet ic  
scattering gives the  spin orientat ion and distr ibution of 
the unpaired electrons on the two magnet ic  sublattices. 

This paper will probably be submit ted  to Acta Cryst. 

15.11. A n t i f e r r o m a g n e t i s m  in CrVO4 type s t r u c t u -  
r e s . t  By B. C. FRAZER, Brookhaven National Labora- 
tory, Upton, New York, U.S.A. 
CrVO4 is a typical member  of a series of orthorhom- 

bie crystals belonging to the space group Cmcm(D~ h) 
(K. Brandt ,  Ark. Kemi, Min. Geol. (1943), A, 17, 1). 
Recent ly  it has been shown by neut ron diffraction tha t  
this crystal transforms to an antiferromagnetic phase at  
about  50 °K. NiSO4 and FeSO a also exhibit  antiferro- 
magnet ic  behavior at  low temperatures.  The neut ron data  
in the case of CrVO 4 agree with a model involving alter- 
na t ing ferromagnetic Cr+3 sheets on the  (002) planes. 
These compounds are of interest  not  only because they  
belong to a new antiferromagnetic class of crystals, bu t  
also there are some structural  similarities to the ex- 
tensively invest igated spinel system. 

Proposed journal:  J. Phys. Chem. Solids. 

* Guest Scientist, Brookhaven National Laboratory, Up- 
ton, New York. 

t Work performed under the auspices of the U.S. Atomic 
Energy Commission. 
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15.12. A n e u t r o n  d i f f rac t ion  r e f i n e m e n t  of the  t e t r a -  
p, ona l  s t r u c t u r e  of BaTiO3.*  B y  H. R. DANNE~, 
C.B.N.,  Mol-Donk, Belgium and B. C. FRAZER, Brook- 
haven National Laboratory, Upton, New York, U.S.A. 
and R. PEPINSKY, Pennsylvania State University, Uni- 
versity Park, Pennsylvania, U.S.A. 
The results of a single neut ron  diffraction s tudy of the 

ferroelectric tetragonal  phase of BaTiO 3 were reported 
several years ago (B. C. Fraser, H. R. Danner  & R. Pe- 
pinsky, Phys. Rev. (1955), 100, 745). While excellent 
agreement  between calculated and observed data  was 
obtained,  the atomic tempera ture  parameters  appeared 
to be somewhat  unreasonable. Also, possible effects of 
thermal  anisotropy were not  investigated.  This problem 
has now been re-examined using addit ional  data  collected 
at  higher Bragg angles. The atomic coordinates found by 
least-squares ref inement  are very close to those found 
earlier, but  substantial  changes were found for the tern- 
perature parameters.  In  every case these parameters  are 
larger than  the previously reported values. While a high 
degree of vibrat ional  anisotropy was not  found for any 
of the atoms, it may  be significant in the cases of Ti 
and Oii. 

Proposed journal:  J.  Phys. Chem. Solids. 

15.13. A n e u t r o n  d i f f rac t ion  s t u d y  of the  h i g h  t e m -  
p e r a t u r e  m o d i f i c a t i o n  of N a N O 2 . t  B y  B. C. F~AZER, 
RYUZO UEDA,$ & 1~. I. KAY,§ Brookhaven National 
Laboratory, Upton, New York, U.S.A. 
The t ransformation of NAN02 at  158 °C. from the 

ferroelectric phase to the high tempera ture  paraelectrie 
phase is marked  by the  gain of a mirror plane perpen- 
dicular to the b axis. The crystal remains orthorhombic,  
but  the space group changes from Im2m to Immm.  The 
disorder necessary for this change could arise either from 
thermal  motions (rotations about  ~, or anomalously large 
oscillations parallel to b), or from positional disorder. 
In  an earlier X-ray s tudy (B. Strijk & C. H. MaeGillavry, 
Rec. Trav. Chim. Pays-Bas (1943), 62, 705) the  evidence 
was slightly in favor of the positionally disordered model.  
Neut ron  diffraction provides a somewhat  more favorable 
tool for investigating this problem. The angular inde- 
pendence of the atomic scattering lengths provides con- 
siderable advantage  in the de terminat ion  of accurate 
thermal  vibrat ion parameters.  Also, some advantage  is 
gained from the relative increase in ni trogen scattering 
for neutrons as compared to the X-ray case. A prel iminary 
s tudy with single crystal neut ron data  shows agreement  
with the  positionally disordered model,  a l though the  
evidence is not  regarded as conclusive at this writing. 
The results of an analysis with a more accurate and more 
extensive set of data will be presented. This work will 
be compared with a recently completed neutron refine- 
ment of the ferroelectric phase (M. I. Kay & B. C. Frazer, 
Acta Cryst. (1960), in press). 

Proposed journal:  J. Phys. Chem. Solids. 

* Work performed in part under the auspices of the 
U.S. Atomic Energy Commission. 

t Work performed under the auspices of the U.S. Atomic 
Energy Commission. 

Now at Waseda University, Tokyo, Japan. 
§ Now at Institutt for Atomenergi, Kjeller, Norway. 

15.14. S p i n  p o l a r i z a t i o n ,  c r y s t a l l i n e  f ie ld  ef fects  a n d  
m a g n e t i c  f o r m  fac tors  for the  t r a n s i t i o n  e l e m e n t s .  
By A. J.  FREEMAN, Materials Research Laboratory, Ord- 
nance Materials Research Office, Watertown, Massachu- 
setts and Solid State and Molecular Theory Group, 
M. I .T . ,  Cambridge, Massachusetts, U.S.A.  and R. E. 
WATSON,* Solid State and Molecular Theory Group, 
M. I .T . ,  Cambridge, Massachusetts, U.S.A. 
The relation between measured neut ron  form factors 

and theoretical  charge densities has been invest igated 
for some iron group transi t ion elements in ionic com- 
pounds. Unl ike  the  case for X-ray scat ter ing (see the  
report  at  this Congress by D. R. Chipman, J.  J .  DeMarco 
& B. W. Bat terman) ,  magnet ic  form factors based on 
free a tom charge densities do not  give agreement  wi th  
experiment .  Our studies consider the  effects of crystalline 
fields and spin polarization on the 3d charge densities and 
magnet ic  form factors in order to unders tand  and explain 
these differences. The effects of the crystalline environ- 
m e n t  are discussed using the results of Har t r ee -Fock  self- 
consistent field calculations which were carried out  for 
some ions in both  free ion and external  cubic field poten- 
tials (see for example, the calculation reported by R. E. 
Watson, Phys. Rev. Feb. 1960). Fur thermore ,  in order to 
determine the  effect of spin (or exchange) polarization 
on the  form factor, several 'unrestr icted'  Ha r t r ee -Fock  
calculations (for an example of the unrestr icted Har t r ee -  
Fock formalism (applied to atomic li thium) see R. K. 
Nesbet  & R. E. Watson,  Annals of Physics, Feb. 1960) 
were also carried out  (for Mn ++ and Ni++). Since, for an 
ion with a ne t  spin greater  than  zero, there are more 
electrons with spin up (i.e. the  major i ty  spin) than  with 
spin down, the greater exchange interaction causes the 
spin up electrons to be more contracted than  the  spin 
down electrons. The effect of the spin polarization is to 
give rise to different radial charge densities for electrons 
in the same shell bu t  differing in spin. (The Har t r ee -Fock  
calculations are called 'unrestr icted '  because of this 
relaxation of the  conventional  restriction on having a 
single radial charge densi ty per shell). The spin polariza- 
t ion results in a net  3d charge densi ty (for Ni++) which is 
more contracted than  the restricted Har t r ee -Fock  free 
a tom 3d charge densi ty and hence in a magnet ic  form 
factor which is larger than  the  free a tom 3d form factor. 
Comparisons between the  results of these theoretical  
considerations and exper iment  are made  and differences 
discussed in the light of current  theory and the informa- 
t ion available from optical absorption data.  

Par t  of this work has been submit ted  for publicat ion 
in the  Phys. Rev. ; the remainder  will also be submi t ted  
to this journal. 

15.15. T h e  m a g n e t i c  s t r u c t u r e  of h i g h - p u r i t y  c h r o -  
m i u m .  By G. E. BAcozq, A.E.R.E. ,  Harwell, England. 
A neutron diffraction s tudy has been made  of high 

pur i ty  chromium in both  polycrystall ine and single- 
crystal form. Part icular  a t tent ion  is paid to the tempera-  
ture dependence of the antiferromagnetic reflection in the  
neighbourhood of 40 °C. (which corresponds to the  point  

* Now at AVCO, l%esearch and Advanced Development 
Division, Wilmington, Massachusetts. 
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of anomaly  for m a n y  physical properties) and at  low 
temperatures .  

Probable publicat ion:  Acta Cryst. 

15.16. Le syst@me F e - - R h .  Par F. DE BERGEVIN, Labo- 
ratoire d'Electrostatique et de Physique du Mdtal, Institut 
Fourier, Place du Doyen Gosse, Grenoble, _France. 

Withdrawn.  

15.17. A t o m i c  m a g n e t i c  m o m e n t s  in  F e V  b y  n e u t r o n  
d i f f r a c t i o n . *  By RONALD C~AND~OSS & BAWD P. 
S~OE~KER, Department of Chemistry, Massachusetts In- 
stitute of Technology, Cambridge, Massachusetts, U.S.A. 
I r o n - v a n a d i u m  alloy (1 : 1 atomic composition), quench- 

ed from 1250 °C. and heat  t rea ted  at 600 °C. for several 
hours, is largely ordered with the CsC1 structure (T. V. 
Phil ip & P. A. Beck, J .  Metals (1957), 9, 1269). This has 
been verified in our neut ron powder diffraction work 
(specimen kindly furnished by Prof. P. A. Beck, Univer- 
sity of Illinois), which indicates about  75% order before 
correction for magnet ic  scattering. The alloy is ferro- 
magnet ic  at  room temperature.  Addit ional  specimens 
have been prepared and are being studied. Results will 
be presented from neut ron  powder diffraction work at 
various temperatures,  and in the presence of a saturat ing 
magnet ic  field. 

§ 16 .  E l e c t r o n  d i f f r a c t i o n  

16.1. B e s t i m m u n g  y o n  S t r u k t u r f a k t o r e n  a u s  d e r  
A u f s p a l t u n g  d e r  E l e k t r o n e n b e u g u n g s r e f l e x e  b e i  
der Durchstrahlun~ yon KristaUkanten. Von G. 
LEHM-PFUH:L & K. MOLII~RE, Fritz-Haber-Inst i tut  der 
Max-  Planclc. Gesellschaft, Berlin - Dahlem, Deutschland. 
Die Aufspal tungen der Elektronenbeugungsreflexe bei 

der Durchstrahlung keilfSrmiger Kristallbereiche (Inter- 
ferenzbrechung) war bisher nur  an submikroskopischen 
Kristallen (racist MgO) s tudier t  worden. Dabei wurde 
der ganze Kristall  (oder ein polykristallines Pri~parat) 
der von einer nahezu punktf6rmigen Quelle ausgehenden 
Strahlung ausgesetzt. Aus der Geometric der Fein- 
s t rukturen  konnten  Strukturfaktoren ohne Intensit~tts- 
messungen bes t immt  werden. Einer  allgemeinen An- 
wendung dieser Methode s teht  der Ums tand  ira Wege, 
dass sich nur  aus wenigen Substanzen gut ausgebildete, 
submikroskopische Kristalle yon kubischer oder parallel- 
epipedischer Ges~al~ herstellen lassen. Nur ftir diese Form 
ist eine einfache Auswerttmg der Feins t rukturen  mSglich. 

Wir haben die Aufspaltung der Beugungsreflexe unter- 
sucht, die bei der I)urchstrahlung makroskopischer,  
keilfermiger Kristallbereiche entsteht ,  welche z. B. durch 
Spalten hergestell t  sind. Es wurde ein Feinstrahlkon- 
denser  verwendet ,  mi t  dem auf der Photopla t te  ein Fokus 
yon 11/t Durchmesser bei einer Bestrahlungsapertur  yon 
1,3.10 -5 erzeugt werden kann.  Die yon den beiden Spalt- 
fl~ichen gebfldete Kan te  wurde nur  wenig in den Strahl 
h ineingetaucht ;  der t Iaupt te i l  des Prim~irstrahls ging am 

* Sponsored by the Office of Ordnance Research. 
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Kristall  vorbei. Aufladungen wurden durch einen De- 
charger beseitigt. Die Beugungsreflexe konn ten  durch 
eine transversale elektrisehe Wechselspanmmg zu Stri- 
chen auseinandergezogen werden. Die gegenseitigen Ab- 
st~nde der Fe ins t ruk tu rkomponen ten  des Nullstrahls 
und der Interferenzstrahlen liessen sich so photometr i seh  
mi t  guter  Genauigkeit  best immen.  Die Kristallorientie- 
rtmg wurde aus dem Kikuchid iagramm ermit tel t ,  das bei 
Fokussierung im Kristall  ents teht .  Durch Beobachtung 
dieses Diagramms konnte  die Kristal lorientierung so regu- 
liert werden, dass im wesentl ichen nur  Beugtmg an einer 
Netzebenenschar  auftrat  ( 'Einfachanregung') .  

Die Aufspaltung des 000- und  des h/el-Reflexes bei 
exakter  Erffillung der Lauebedingung betrug z .B .  fiir 
die 220-Interferenz yon MgO etwa 80/z (Elektronen- 
energie 50 kV., BeugungsNinge 405 ram.). Aus dem Ab- 
s tand der beiden Duble t tkomponen ten  des hlcl- oder 000- 
Reflexes konnte  der Strukturfaktor ,  aus dem mit t le ren  
Abstand des 000-Dubletts vom Prirn~irfleck das mitt lere,  
innere Potent ia l  bes t immt  werden. Die st~irkeren Struk- 
turfaktoren liessen sich mi t  einer Genauigkeit  von 3°,/0 
ermitteln.  

16.2. M e a s u r e m e n t s  of  d y n a m i c a l  e f f e c t s  on  e l e c t r o n  
d i f f r a c t i o n  i n t e n s i f i e s .  B y  M. HOnSTMA~ & G. 
MEYER, Hamburg 36, Jungiusstr. 11, Deutschland. 
By means of a retarding field apparatus direct intensi ty 

measurements  in electron scattering distributions have 
been made  with an accuracy of some percent  in order 
to check the kinematical  theory in the energy range from 
20 to 50 kV. Previous experiments  with polycrystall ine 
a luminium foils (Z. Phys. (1959), 184, 633) have shown 
marked  deviations of the ring intensities from the kine- 
matieal  values, when the crystal size exceeds 100 A. 
The deviations can be interpreted as dynamical  effects. 

The apparatus used for these investigations in principle 
consists o[ a Faraday cage which can be moved  on 
circular arcs around the scattering foil. The cage current  
is measured by a d.c. amplifier. The potential  of the  
Faraday cage can be varied in order to filter off the in- 
elastically scattered electrons or to measure (integral) 
energy distributions. 

In  order to investigate more closely the  dynamical  
effects, the mean crystal size of a polycrystalline alumi- 
n ium foil (thiclmess 200 A) was increased by annealing 
in several steps from 30 to 200 A and at each step un- 
filtered and filtered scattering diagrams were taken  at  
different accelerating voltages. F rom these diagrams the 
dependence of the ring intensities on crystal size and 
energy of the incident electrons was determined.  

By comparison of unfiltered and filtered diagrams the  
port ion of inelastically scattered electrons in the rings 
and in the continuous background was de termined at  
constant  foil thickness and at  various crystal sizes and 
electron energies. Moreover by this comparison the  
broadening of the Debye-Scherrer-rings by the inelastic 
scattering processes could be investigated. 

To be published in Z. Phys. 

16.3. E l e c t r o n  d i f f r a c t i o n  i n t e n s i t i e s  f r o m  p o l y c r y -  
s t a l l i n e  m a t e r i a l  c o n t a i n i n g  h e a v y  a t o m s .  B y  J .M.  
COWLEY • SHIGEYA KUWABARA, Division of Chemical 
Physics, C.S.I.R.O., Melbourne, Australia. 
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The two beam approximat ion to the dynamic  theory of 
electron diffraction does not  give an adequate  description 
of intensities from small crystals because, especially when 
heavy atoms are present,  appreciable deviations from 
kinematic  scattering can occur while the  crystals are so 
th in  tha t  m a n y  diffracted beams appear simultaneously. 
A more realistic est imation of the deviat ions from kine- 
matic  scattering in the case of very thin crystals con- 
taining heavy atoms is obtained by using the first 
approximat ion proposed by J.  M. Cowley & A. F. Moodie 
(Acta Cryst. (1959), 12, 360) in which the diffraction 
pattern from a thin crystal is taken as the Fourier trans- 
form of the projection of the lattice considered as a phase 
grating. For polycrystalline materials the intensity of a 
ring or arc is given by the average Fourier coefficient of 
the projections for the corresponding range of orienta- 
tions, or, what is not very different if special orientations 
are ignored, the Fourier coefficient of the average of the 
projections. 

It follows that in 'oblique texture' patterns obtained 
from oriented polycrystalline material the relative inten- 
sities of the arcs will vary with the angle between the axis 
of orientation and the beam direction. This prediction 
has been tested by careful measurements of the relative 
intensities of the hk0 arcs given by very thin crystals, 
of the order of l0 unit cells thick, of BiOCl, oriented 
with the c-axis perpendicular to a supporting carbon film. 
With an angular spread of about 5 ° in the orientation of 
the crystal axis, the relative intensities of the stronger 
reflections were found to vary by up to 40% for tilting 
angles of 0 to 25 ° in excellent agreement with calculations 
made from the above model. 

It is expected that for more accurately aligned crystals 
and for thicker crystals the intensity variations will be 
greater and also more difficult to calculate. For thicker 
crystals especially, it may be necessary to make use of the 
second approximation of J. M. Cowley & A. F. Moodie 
in which some account is taken of Fresnel diffraction 
within the crystal i.e. of the finite curvature of the Ewald 
sphere. 

Probable journal for publication: Acta Cryst. 

16.4. A d y n a m i c a l  t h e o r y  of  w a v e  d i f f r a c t i o n  in  c r y s -  
ta l s .  By N. I(ATO*, Division of Engineering and Applied 
Physics, Harvard University, Cambridge 38, Massachu- 
setts, U.S.A. 
The layer crystal approach of dynamical  theory (C. G. 

Darwin, Phil. Mag. (1914), 27, 315, 675, (1922), 43, 800; 
J.  M. Cowley & A. F. Moodie, Acta Cryst. (1957), 10, 609; 
L. Sturkey, Acta Cryst. (1957), 10, 858) is refol~nulated 
by using the Fourier transform method for optical prob- 
lems (e.g.J.A. l~atcliffe, Report on Progress in Physics 
(1956), 19, 188). Certain assumptions made by J. M. 
Cowley & A. F. Moodie, such as smallness of the Bragg 
angle, paraboloidal form of wave front, and the sym- 
metrical Laue case are shown to be unnecessary and can 
be eliminated. This opens the way for application of the 
theory also to X-rays. Perfect and deformed crystals are 
considered in the two beam case. Matrix methods are 
used throughout the treatment. In perfect crystals corn- 

* Now at: H. H. Wills Physics Laboratory, University of 
Bristol, England. 

plete equivalence between the  present  approach and the  
Laue -Be the  approach can be demonstra ted.  Pendell6sung 
pat terns  in X-ray cases (N. Kato  & A. R. Lang, Acta 
Cryst. (1959), 12, 787) are interpreted by the  present  
approach as due to mult iple  reflection in reciprocal space, 
whereas they are interpreted as an interference between 
two wave bundles corresponding to conjugate points on 
the dispersion surface by the Laue -Be the  approach 
(N. Kato ;  in preparation).  

The theory can be ex tended  to deformed crystals 
under  certain conditions, which are satisfied in most  cases 
of electron micrographs. In  particular, if the distort ion 
is expressed by a relative displacement  between crystal 
slices the results are the same, in the kinematical  limit, 
as those of M. J .  Whelan  (J. Inst. Met. (1959), 4, 392). 

To be published in par t  in Acta Cryst. 

16.5. T h 6 o r i e  d y n a m i q u e  r i g o u r e u s e  de la  d i f f r a c t i o n  
d e s  61ectrons  s u i v a n t  u n  n o m b r e  q u e l c o n q u e  de  
f a i s c e a u x  h t r a v e r s  u n e  l a m e l l e  c r i s t a l l i n e  a b s o r -  
bante .  Par M. TOU~A~IE, 40, rue Mangeon, Massy, 
(S. et 0.), France. 
Pour d~crire la propagation des ~lectrons ~ travers des 

cristaux non infinis, la souci de rigueur interdi t  l 'emploi 
des zones de Brillouin et de la thdorie des bandes (~tablies 
seulement  pour des cristaux infinis), de la d6composition 
en ondes de Bloch (applicable seulement  aux ~lectrons 
res tant  dans un cristal infini ou ~ parois r6fl~chissantes), 
de la th~orie des rayons X (off ne se rdfl6chissent jamais 
plus de deux faisceaux), du d6veloppement  de Born pour 
des raisons de convergence lente ou incertaine, de l'ap- 
proximat ion  Wentzel,  Kramers,  Brillouin, Rayleigh par 
suite du d6phasage n6glig6 entre  les faisceaux, et exige 
la conservation de la continuit~ de la fonction d 'onde et 
de sa d6riv6e dans tout  l'espace. 

L 'auteur  a donc repris la th~orie dynamique  ~ part ir  
de l '~quation de SchrSdinger. Pour une lamelle cristalline 
absorbante,  l '6quation de propagat ion se r6sout sans 
approximat ion gr&ce k une repr6sentation matricielle 
dans un 'espace mixte '  (direct dans la direction normale 

la face d'entrSe et r~ciproque dans les deux autres 
directions). 

La forme de la solution mont re  que les conditions aux 
limites doivent  ~tre r igoureusement  exprim~es dans un 
milieu absorbant  pour que le r~sultat soit repr~sentatif 
du ph6nom~ne vrai. 

On retrouve dans le cas ~ un faisceau les pouvoirs de 
r~flexion et de transmission du tour de potentiel ,  k deux 
faisceaux la solution pendulaire et l 'effet Bormann.  On 
peut  t rai ter  le cas f requent  d 'un  tr~s grand nombre  de 
faisceaux. 

Ainsi formul6e, la th~orie dynamique  devient  un outil 
encore lourd k manier,  mais d6jk susceptible de permet t re  
la comparaisons entre diff6rentes theories, de pr~ciser des 
domaines de validit6 et de calculer certains diagrammes.  

Probably  will be published in Acta Cryst. 

16.6. I n t e n s i t y  of  f o r b i d d e n  r e f l e c t i o n s  f r o m  g e r m a -  
n i u m .  By SATIO TAKAGI, FUMINORI FUJIMOTO, MYEKO 
TAKAGI • SETSU MORIlVIOTO, Institute of Phycics, College 
of General Education, University of Tokyo, Komaba, 
Meguro-ku, Tokyo, Japan. 
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The in tens i ty  o f  reflections in electron diffraction 
deviates marked ly  from the kinematical  value owing to 
the dynamical  effect. One of the most  prominent  example 
is the appearance of forbidden reflections such as 222- 
reflection from diamond type  crystals.  Hoerni  has cal. 
culated the in tensi ty  of 222-reflection from diamond type  
crystals,  assuming the systemat ic  interactions among 
hhh-refleetions. 

We have calculated the intensi ty  of forbidden reflec- 
tions from germanium by  the method developed by  one 
of us (F. Fuj imoto,  J. Phys. Sot., Japan (1959), 14, 1558), 
making  use of the expansion of the scat ter ing mat r ix  in 
power series. The in tensi ty  of 222-reflection is calculated 
assuming the systematic  interaction, and the in tens i ty  
of 200-reflection is calculated assuming the accidental  
interact ion between 111- and llY-reflections. I t  is found 
t h a t  the  rat io of the integrated intensities I22~/I4o o varies 
as (~tD) 2 and I~oo/I22~, as liD for small 2D (~t = wave length, 
D = crystal  thickness). 

The in tens i ty  of reflections from evaporated germa- 
n ium films is measured by  the photographic method,  
using the high voltage diffraction camera. The rat io 
1~.~2/[4o o is obtained as the function of AD, which agrees 
wi th  the theoretical  predictions. 

The full-length account  will be published in J. Phys. 
Sot., Japan. 

16-7. A n o m a l o u s  e l e c t r o n  a b s o r p t i o n  e f f e c t s  in  m e t a l  
fo i l s .  By H.  I-IAs~I~OTO, Metallurgy Dept., Cambridge 
University and P. B. HIRsc~, A. HOWIE & M. J.  WHJE- 
LAX, Cavendish Laboratory, Cambridge, England. 
Transmission electron micrographs of meta l  foils show 

certain interest ing contrast  effects in the form of dark  
bands in thicker regions (greater t han  about  0-1 # in 
thickness), which can be explained in terms of an 
anomalous absorption effect similar to the well-known 
Bor rmann  effect observed with  X-rays.  The bands 
appear  dark  and show poor resolution, suggesting strong 
absorption, whereas regions jus t  outside the bands show 
very  good electron transmission and resolution. Selected 
area diffraction experiments have  shown t h a t  a dark  
band  with  its l ight  borders is associated wi th  Bragg 
reflexions (hkl) and (hki), where (hlcl) is usually a low index 
reflection. In  thin  regions of the foil the bands merge 
into bend ext inct ion contours showing principal and 
subsidiary maxima.  

The observations can be explained phenomenologically 
by  applicat ion of the dynamical  theory  of electron dif- 
fraction to a crystal  wi th  complex latt ice potential .  The 
imaginary  par t  of the latt ice potent ia l  gives rise to ab- 
sorption. Theory shows tha t  the in tens i ty  profile of the 
br ight  field image of a bend ext inct ion contour is asym- 
metrical  about  the centre of the Bragg reflection, the 
effective absorption coefficient being increased on one 
side of the Bragg reflexion and reduced on the other. 
The ratio of the intensit ies t ransmi t ted  on either side 
of the Bragg reflection increases wi th  increasing crystal  
thickness,  while the visibil i ty of subsidiary fringes 
decreases. The in tensi ty  profile of the dark field and br ight  
field images are similar, in contrast  to the case of a th in  
crystal  where they  are complementary.  

The theory  accounts for the high electron transmission 
of th ick foils or ientated close to the reflecting position. 

The na ture  of the imaginary  par t  of the scat ter ing 
potent ia l  is not  known at  present.  

Will be published in Phil. Mag. 

16.8. T h e  s o l u t i o n  o f  t h e  d y n a m i c a l  e q u a t i o n s  o f  
e l e c t r o n  d i f f r a c t i o n  for  t w o  s t r o n g  r e f l e x i o n s .  B y  
M. J.  WRELA~ & A. HOWIE, Cavendish Laboratory, 
Cambridge, England. 
The fundamenta l  secular equat ion of the dynamica l  

theory  of electron diffraction has been solved using a high 
speed digital computer  for the case where two strong 
' systematic '  lowest order reflexions (hkl) and (hkl) occur. 
The form of the dispersion surface, and the var ia t ions 
of wave ampli tudes and effective absorption coefficients 
on the various branches of the dispersion surface have  
been invest igated and compared wi th  the results of the 
theory  for one strong reflection. The results are particu- 
lar ly relevant  to the detailed in terpre ta t ion of ext inct ion 
contours due to buckling of th in  foils examined by  trans-  
mission electron microscopy. 

Will be published in Phil. Mat. 

16.9. T h e  e f f ec t  of  a b s o r p t i o n  o f  e l e c t r o n  w a v e s  o n  
t h e  a p p e a r a n c e  o f  i n t e r f e r e n c e  f r i n g e s  o b s e r v e d  
a t  s t a c k i n g  f a u l t s  b y  t r a n s m i s s i o n  m i c r o s c o p y .  
By It .  HASHIMOTO, Metallurgy Department, Cambridge 
University. Department of Physics, Kyoto Technical 
University, Japan and A. ]-IowiE & M. J.  Wm~T,~,  
Cavendish Laboratory, Cambridge, England. 
The profile of the fringes observed a t  a s tacking faul t  

inclined to the crystal  surface has been studied taking 
account  of absorption of electron waves. The phenomeno- 
logical theory of absorption (assuming only one strong 
diffracted beam) shows tha t  the in tensi ty  profile of the 
interference fringes across the s tacking fault  is compli- 
cated and depends on the deviat ion from the reflecting 
position and on certain absorption parameters  determined 
by  Fourier  coefficients of the imaginary  par t  of the lat t ice 
potent ial  and by  the crystal  thickness. At  the reflecting 
position (for small absorption parameters)  the  depth  
periodicity of the fringes is approximate ly  half  the  
ext inct ion distance for the Bragg reflexion, as in the case 
of zero absorption. The fringes m a y  show al ternat ing  
in tens i ty  of either fringe max ima  or min ima depending 
on crystal  thickness par t icular ly  near  the edges of the 
fault.  For  large absorption parameters  the depth perio- 
dici ty of the fringes near  the edges of the faul t  is ap- 
proximate ly  equal to the ext inct ion distance. The average 
t ransmi t ted  in tens i ty  and the visibil i ty of the fringes 
decreases towards the centre of the fault.  The in tens i ty  
profile of the fringes is symmetr ical  about  the centre of 
the fault  in the br ight  field image whereas it  is asym- 
metrical  for the dark  field image. Observations of the 
predicted effects will be described. 

To be published in Phil. Mat. 

16.10. D y n a m i c a l  t h e o r y  of  d i f f r a c t i o n  c o n t r a s t  f r o m  
d i s l o c a t i o n s .  By A. I-IOWiE & M. J.  W~ELA~, Caven- 
dish Laboratory, University of Cambridge, England. 
Dynamica l  equations of diffraction in the form of 
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s imultaneous differential equations for the direct and 
diffracted waves in a deformed crystal  have  been derived 
for the case when the angle of diffraction is small. 
These equations make  it  possible to invest igate the image 
contras t  due to the s t ra in  field round imperfections in 
th in  meta l  foils examined by  transmission electron micro- 
scopy. A high speed digital  computer  has been used to 
s tudy  in detail  the contras t  from dislocations in various 
configurations. Many  of the predictions of a simple 
kinemat ical  theory  previously derived have  been con- 
firmed. The effects of absorpt ion can also be included in 
the equations. 

Paper  probably  will be published in Phil. Mag. 

16.11. Study on an t i -phase  d o m a i n s  of the  ordered 
Cu3Pd al loy by e lectron diffraction and e lectron 
microscopy .  B y  SmRO OOAWA & DENJIRO WATA~ABE, 
The Research Institute for Iron, Steel and Other Metals, 
Tohoku University, Sendal, Japan. 
The ant i-phase domain s t ructure  of the ordered CuaPd 

alloy was previously studied by  electron diffraction 
(D. W a t a n a b e  & S. Ogawa, J. Phys. Soc., Japan (1956), 
11, 226), using th in  films, and the domain s t ructure  was 
concluded to be two-dimensional,  unlike the one-dimen- 
sional s t ructure  in CuaAu or CuAu(II) .  

I n  the present  s tudy  ant i -phase domains in well 
oriented, evaporated films of sufficiently ordered Cu3Pd 
have  direct ly been observed by  t ransmission electron 
microscopy. The electron diffraction pa t t e rn  has shown 
the splits of superlat t ice reflections characterist ic of the 
domain  s t ructure  as previously concluded. The size of a 
domain  has  been es t imated from these splits to be 20.7 A 
along the a axis and 14.4 A along the c axis, respectively. 
The dark  field technique has been adopted in trans- 
mission electron microscopy, t h a t  is, the (ll0)cub" splits 
or the (100)cub. splits of superlat t ice reflections have been 
brought  into the position of the direct spot by  inclining 
the electron gun, and electron micrographs have been 
taken, utilizing these split reflections. Corresponding to 
the (ll0)cub" splits, four sets of parallel lines have sepa- 
rately been observed on the micrographs, two sets of 
them being orthogonal to the other two. The parallel 
lines have the two spacings 20 ,-- 22 A and 14 ~ 14.5 /~, 
which nearly coincide with the said domain lengths along 
the two directions. The moir@ patterns due to the over- 
lapping of domains of different sets have also been ob- 
served. Corresponding to the (100)cub" splits, two sets of 
parallel lines, with the spacings 20--~ 22/~ and 14--~ 14.5 A, 
have separately been observed along one direction. A_u- 
other set of crossing parallel lines has been observed, 
the two spacings of this cross grid having also the said 
values. These crossing lines best reveal the two-dimen- 
sional domains. 

The above observations support the domain structure 
previously concluded only by electron diffraction, in the 
size as well as in the distribution of the domains. The 
two-dimensional antiphase domain structure in the 
present alloy has thus been confirmed by electron 
microscopy. 

The full-length account of the present paper will be 
published in J. Phys. Soc., Japan or in Acta Cryst. 
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16.12. Contrast  of an t i -phase  boundar ies  in e lectron 
m i c r o g r a p h s  of ordered AuCu 3. By R. M. Fism~R, 
Department of Metallurgy, University of Cambridge, 
England and M. J .  MA~CINKOWS~:i, U.S. Steel Res. 
Center, Monroeville, Pa., U.S.A. 
The ant i-phase boundaries  in AuCu 3 show different 

types  of contras t  in electron micrographs depending on 
the thickness and or ientat ion of the ordered crystal .  The 
boundaries m a y  appear  l ighter or darker  than  the back- 
ground and f requent ly  are outlined by  darker  lines. All 
of these types  of contras t  can be explained by  introducing 
the appropriate  phase angle across the boundary  and 
ext inct ion distance in the crystal  into the dynamica l  
theory  of Whelan  & Hirsch  for the contras t  of s tacking 
faults. The phase angle is 0 or 2z when the  crystal  is 
oriented for diffraction contras t  by  one of the principle 
reflections and the boundares  are not  visiible. The phase 
angle is 0 or z for super-latt ice reflections and for the 
la t ter  case the boundaries are visible /n the microscope. 
F rom knowledge of the exact  indices of the super-latt ice 
reflections which cause the ant i -phase boundaries  to 
appear  and or disappear  i t  is possible to dist inguish 
between type  I and type  I I .  For  super-latt ice reflections 
the s t ructure  factor is very  small and the corresponding 
ext inct ion distances are quite long, e.g. for (110) t o = 1100 
A as compared to (111) t0---225 /~ for 100 kV. electrons. 
Since the thickness of the foil specimens is usual ly  less 
than  the super-latt ice ex t inc t ion  distance, mul t iple  sets 
of interference fringes do not  occur. The long ext inct ion 
distance also causes the  contras t  of the boundaries  to 
decrease more rapidly wi th  increasing deviat ion from the 
reflecting position as compared to the case for s tacking 
faults  and the boundaries are not  visible if the  crystal  is 
t i l ted more than  one degree away from a reflecting 
position. Appl icat ion of these considerations to other 
ordering systems suggests t h a t  the  domain s t ructure  will 
no t  be visible unless the components  are separated by  
more than  five places in the periodic char t  of the elements.  

To be published in Phil. Mag. 

16.13. Electron diffraction and m o i r 6 - p a t t e r n s  of 
the waved  super lat t ice  of ant igori te .  By G. K~NZE, 
Institut fiir Metallkunde der Bergakademie Clausthal, 
Clausthal-Zellerf eld, Deutschland. 
The X- ray  analysis of ant igori te  showed t h a t  the single 

layers Oa-Sie-O2OH-Mg3-(OH)a of this  mineral  are sin- 
usoidally waved (satisfactory representat ion of the shape 
of the atomic networks  by  3 Fourier-components) .  
Structure- theoret ical ly i t  could be predicted t ha t  not  only 
one antigori te  wi th  a single superperiod ( = l a y e r  wave- 
length) bu t  a whole antigori te  series wi th  different, bu t  
discretely differentiated superperiods should be exis tent  
(non discrete superperiod intervals  being caused by  
f luctuat ions of chemical parameters ,  lat t ice distortions, 
vacancies . . . .  ). Electron optical examinat ions  confirmed 
this supposition. Near  the p r imary  beam of electron 
diffraction pa t te rns  no satellite-reflections (H00) appear,  
or a t  best  only the first order of these (100), which, 
however, is overlapped by  the p r imary  beam. The pauc i ty  
of (000)-satellites results from the wave-shape of the 
ant igori te  layers;  this  is compatible wi th  X- r ay  observa- 
tions. Consequently the appearence of the superlat t ice 
in the form of electron optical fringes has  to be though t  
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of as caused only by  the  zero order and  first order beam 
(angle be tween the two beams 0.05 ° for spacing A ~ 43/~ 
and  Jt ~ 0.04 A). This fact restricts the information about  
the  waved  ant igori te  layers to tha t  of the superperiod. 
Because of the  long superperiod, electron optical fringes 
can also occur in relat ively thick crystals (up to 

2. l0 a A), for which the 3rd Laue condit ion is practi-  
cally fulfilled. I t  is only in th in  ant igori te  platelets t ha t  
the higher order reflections possibly take par t  in produc- 
ing the electron optical fringesystems, though the next  
reflection of the (H00)-clusters occurs only when  H ~ 16. 
E lec t ron  optical moir6-pat terns disclose in this mineral ,  
too, latt ice distortions in the form of dislocations, bu t  of 
low densi ty.  These dislocations possibly contr ibute  to the 
the rmal  dissolution of the antigori te  superlat t ice dur ing 
electron bombardment ,  which can be observed in the 
diffraction pat terns .  Simul taneously  the remaining re- 
flections increase in wid th  point ing stresses and deforma- 
t ion in the lat t ice prior to the subsequent  phase change. 

P robab ly  will be published in Fortschritte der 2tIinera- 
logie. 

16.14. A n  a t t e m p t  to  d e t e r m i n e  s t r u c t u r e  p a r a -  
m e t e r s  o f  c o n d e n s e d  r i n g  h y d r o c a r b o n s  u s i n g  t h e  
e l e c t r o n - d i f f r a c t i o n  m e t h o d  o n  g a s  m o l e c u l e s .  By 
A. ALlV£ENNINGEN, 0 .  BASTIANSElg & F. DYVIK, Insti- 
tutt for teoretislc ]cjemi, Norges telcnislce H0gskole, Trond- 
heim, Norway. 
Both  theoret icians and  experimental is ts  have  shown 

great  interest  in s tudying  bond distances in condensed 
ring hydrocarbons .  J .  M. Rober tson 's  and  D. W. J .  
Cruickshank's  pioneering work using X- ray  crystallo- 
g raphy  has inspired us to s tudy  the potent ia l i ty  of the 
electron-diffraction gas me thod  for such molecules. 

I n  spite of the promising results obta ined for benzene 
using the  electron-diffraction method ,  electron diffrac- 
tionists have  hesi ta ted to apply  the me thod  to large 
aromat ic  molecules. This is connected to the fact t ha t  the 
in tens i ty  values as well as the radial  dis tr ibut ion curve, 
as s tudied in electron-diffraction gas work, represent  one- 
dimensional  descriptions. For  benzene this does not  
in t roduce par t icular  difficulties, as all the  three C-C 
distances in benzene show up as three well resolved peaks 
in the radial  dis t r ibut ion curve. In  molecules like naph-  
thalene,  anthracene,  and  coronene pract ical ly  all the  
peaks of the radial  dis t r ibut ion curve are composed of 
contr ibut ions from two or more distances of slightly 
different values. The peaks of the radial  dis t r ibut ion 
curves cannot  be resolved. The s t ructure  pa rame te r  
de te rmina t ion  has to be based upon least-squares cal- 
culations. 

For  naph tha lene  one unambiguous  result  was obtained.  
For  an thracene  no single set of parameters  was found. 
For  coronene one set of parameters  was obtained,  bu t  the 
s tandard  deviat ions were too large to admi t  unambiguous  
conclusions to be drawn.  

Our a t t e m p t  leaves us wi th  a modera te  opt imism as to 
the potent ia l i ty  of the electron-diffraction me thod  on this 
k ind of molecules. F u r t h e r  work has to be carried out  to 
give definite conclusions as to the best possible accuracy 
obtainable.  

Likely to be published in Acta Cryst. 

16.15. E l e c t r o n  d i f f r a c t i o n  p a t t e r n s  f r o m  m o l e c u l e s  
i n  t h e  p r o c e s s  o f  e x c i t a t i o n .  B y  J. EARLE, U.S.  
Naval Research Laboratory, Washington 25, D.C., U.S.A. 
A new technique has been developed in our labora tory  

for s tudying  energy levels and diffraction pa t te rns  from 
molecules being excited by the incident  electron beam.  
I n  the usual  scat ter ing exper iments  electrons suffer 
inelastic collisions which raise molecules to quant ized 
excited states wi th  a consequent  loss of energy. The total  
inelastic scat ter ing falls off monotonica l ly  wi th  scat ter ing 
angle. If  a specific q u a n t u m  loss is considered, the scat- 
ter ing curve will not,  in general, be monotonica l ly  de- 
creasing, bu t  ra ther  will contain m a x i m a  and  m i n i m a  
arising from intera tomic  interactions.  We have  demon- 
s t ra ted  this exper imenta l ly  by use of a velocity analyzer  
of the Mollenstedt  type.  

I t  is of considerable interest  therefore to derive a 
theory  of scat ter ing for the individual  levels of energy 
loss, corresponding to the eigenstates of the system. 
This m a y  be done by  use of scat ter ing theory,  the  
F ranck -Condon  principle and the applicat ion of group 
theory  to form correct  l inear combinat ions  of a tomic  
orbitals. As in spectroscopy this is another  example of 
the power of group theory  to predic t  valuable  results 
about  the na tu re  of a physical  process wi thou t  the  
necessi ty of producing explicit  functions for the  eigen- 
states. By  the use of tables similar to character  tables, 
the form of the electron scat ter ing for any  type  of 
molecular  s y m m e t r y  and any  possible eigenstate wi th in  
tha t  s y m m e t r y  can be readi ly found. The electron scat- 
ter ing theory  to be used in conjunct ion with  the tables 
has been worked out. We thus have  a theory  for predict-  
ing the possible forms for the incoherent  scat ter ing of 
any  molecule. 

To be published in J. Chem. Phys. 

16.16. M e a s u r e m e n t  of  i n t e n s i t y  i n  e l e c t r o n  d i f f r a c -  
t i o n  by  t h e  e l e c t r o n - b o m b a r d m e n t  i n d u c e d  c u r -  
r e n t  i n  a C d S  s i n g l e  c r y s t a l .  By SATIO T A ~ O I  & 
FUI~CIII~IORI FUJIMOTO, Institut of Physics, College of 
General Education, University of Tokyo, Komaba, Me- 
guro-Ku, Tokyo, Japan. 
One of us reported the possibility of the  in tens i ty  

measu remen t  in electron diffraction by the  electron- 
b o m b a r d m e n t  induced current  (EBIC) in a CdS single 
crystal  (S. Takagi  & T. Suzuki, Acta Cryst. (1955), 8 ,441).  
The method  has been developed and now is used for the  
in tensi ty  measu remen t  work in our laboratory  wi th  
sat isfactory results. 

The crystal  used are made  by  the Frerichs '  me thod ,  
no impur i ty  being added.  They  have  sticklike shape and  
are 0.5 ~ 1 ram. in d iameter  and 3 ~ 5 ram. in length.  
I n d i u m  meta l  is evapora ted  onto the surface wi th  a gap 
of 0"03 ram. wid th  which serves as electrodes and at  the  
same t ime as a slit of the detector,  the effective area of 
the detector  being about  0.03 x 0"7 ram. 2. The electron 
beam intensi ty  suitable for the measu remen t  is abou t  
1 x l0 -14 ~-~ 2 × l0 -12 A.mm.  -2 which gives EBIC of about  
1 .5×10  - s ~ 3 x l 0  -s A. in a good CdS crystal  wi th  the  
applied voltage gradient  of 50 V.mm.  -1. The relat ion be- 
tween the electron current  le and the EBIC  I is ap- 
proximate ly  expressed as 

1 = const. Ie p 
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with p = 0 " 9  ~--1"0. The response t ime of EBIC is suffi- 
ciently short, and the  reproducibil i ty is satisfactory. 

The CdS crystal is set on a insul tat ing base and can 
be moved  perpendicular  to the  incident  beam by a sdrew 
dr iven by a synchronous motor.  EBIC is measured 
directly wi th  an automat ic  recording mill ivoltmeter .  
Time of total  run covering the half of a diffraction pa t te rn  
is about  8 rain. The intensi ty of the incident  electron can 
be kep t  constant  sufficiently by suitable precautions i.e. 
(1) self biasing the  Wehnel t  cylinder, (2) the  automat ic  
stabilization of the  accelerating voltage and (3) the high 
vacuum (8 x 1O -5 mm.Hg) in the diffraction apparatus. 

Examples of measurement with Ag and CuCI will be 
given. 

The full-length account will be published in the 
J. Phys. Soc., Japan. 

16.17. P r e c i s i o n  la t t i ce  c o n s t a n t  d e t e r m i n a t i o n  of 
TIC1 by  e l e c t r o n  di f fract ion .  By K. MEYEI~ttOFF, 
Institut fi~r Angewandte Physik der Universitdt Ham- 
burg, Hamburg 36, Deutschland. 
Withdrawn.  

16.18. S t r u c t u r a l  t r a n s f o r m a t i o n s  in  the  i ron  o x i d e -  
h y d r o x i d e  s y s t e m .  By A. L. MACKAY, 21, Torrington 
Square, London, W.C. 1, England. 
A combinat ion of electron diffraction, electron micro- 

scopic and X-ray  diffraction methods  has been used to 
s tudy  the transformations,  chiefly those occurring on 
heating,  of the  less common phases of the  iron oxide-  
hydroxide  system. The materials  part icularly s tudied 
were fl-FeOOH, d-FeOOH and the  'green rusts' ,  the  
hydra t ed  ferrous-ferric oxysalts which decompose to 
lepidocrocite (~-FeOOH) or to spinel phases. These sub- 
stances have previously only appeared as powders to 
X-ray  techniques and much  more information is provided 
when single crystal pat terns  can be obtained by selected 
area diffraction techniques from individual  crystals of 
mass about  10 -14 g. An EM-6 microscope with an optional 
diffraction specimen holder  has been employed for this 
micro-mineralogical study.  

16.19. A n e w  f o c u s s i n ~  aid,  a p p l i e d  to the  i n v e s t i g a -  
t ion  of g a m m a  MnO~. By  F. H. PLOMP, J .  B. LE 
POOLE & P. M. DE WOLFF, Adr. Pauwstraat 67, Delft, 
The Netherlands. 
In  our electron diffraction camera, two magnet ic  lenses 

s i tuated between the  electron source and the  specimen 
produce a central  spot of about  5 micron diameter.  
This spot is focussed as follows: A Pt - ta rge t  is moun ted  
on the shutter,  slightly above the  film. Secondary radia- 
t ion from this target  projects the shadow image of a fine 
grid on a fluorescent screen with a high magnification. 

72* 

The sharpness of this image, therefore, affords a sharp 
criterion for the  qual i ty  of focusing. 

Wi th  this camera, we succeeded in obtaining trans- 
mission diffraction pat terns  of a small number  of gamma- 
MnOe crystals. The shifts and the diffuse streaks predicted 
earlier from X-ray powder  pat terns  for reflections with 
k =odd ,  (De Wolff, Acta Cryst. (1959), 12, 341) have  now 
been confirmed in a much  more direct way. 

A detailed account is to be published in App. Sci. t~es. 

16.20. E l e c t r o n  d i f f rac t ion  s t u d i e s  of  s t a c k i n g  m o d i -  
f i c a t i o n s  in  the  c a l c i u m  s i l i ca te s .  B y  J. A. G~_RD, 
Department of Chemistry, University of Aberdeen, Old 
Aberdeen, Scotland. 
Single-crystal electron diffraction was used to deter- 

mine  the  positions of weak reflections with k-odd in the  
reciprocal lattices for na tura l  and synthet ic  specimens of 
fl-CaSiQ, foshagite, xonotli te,  and tobermori te .  These 
positions indicate that ,  even in disordered specimens, 
certain stacking modifications occur while others do not.  

fl-CaSiOa and foshagite both give streaks parallel to a*, 
which have max ima  indicating the p redominan t  modifica- 
tions, c is always equal in both  the  true and pseudo-cells 
of fl-CaSiO z, but  c is doubled in the true cell of foshagite, 
which is ei ther A-cent red  or 2'-centred. The occurrence 
of the  modifications which give these reflections, and the  
exclusion of others, are explained in te~zns of the coor- 
dinat ion to calcium atoms of the  oxygen atoms and  
hydroxyl  ions (Acta Cryst, in the  press). The reciprocal 
latt ice of xonotl i te  is more complex. The streaks have no 
dist inct  maxima,  but  are continuous in the  a*-direction;  
they  pass close to the  centre of the  Oa*b* face, as with 
foshagite, bu t  each streak appears to be split in two length- 
wise. This recalls the  reciprocal lattice of tobermori te  
from Loch Eynort ,  which has similarly doubled streaks 
parallel to c* (Miner. Mag. (1957), 31,361) .  The implica- 
tions of the resemblance between the two reciprocal 
lattices are discussed. 

16.21. P r e p a r a t i o n  and  b e h a v i o u r  of m e t a l  c r y s t a l s  
of a s p h e r i c a l  s u r f a c e  n o n  c o n t a c t e d  by  any  p h y -  
s i ca l  or c h e m i c a l  t r e a t m e n t .  B y  E. MENZEL, CH~. 
MENZEL-KoPP, M. OTTER, W. STOSSEL, Phys. Inst., 
Tech. Hochschule, Darmstadt, Deutschland. 
A piece of meta l  is degassed by melt ing it on an elec- 

trically hea ted  tungsten  ribbon in a vacuum of bet ter  
than  10 .6 ram. Hg. Metals which form an alloy with tung- 
sten are kept  separated from the ribbon by a thin layer of 
sintered BeO or A120 ~. The meta l  drop is placed on the  
r ibbon asymmetr ical ly  in order to init iate crystallization 
at  one point  only, when the current  is diminished.  In  this 
way single crystals were prepared,  their  surfaces are very 
smooth, they  are no t  contacted by any physical or 
chemical preparation.  

Electron diffraction experiments  show a very clear 
Kikuchi  d iagramm of great  contrast.  No point  pa t terns  
due to surface contaminat ions  are present  on crystals of 
Ag, Cu or Ni. If a crystal is heated,  the contrast  of the  
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diffraction diagram decreases; this is evidence for a 
correlation of the tempera ture  and the ampli tude of the  
thermal  vibrations in the surface. The optical behaviour  
of Cu spheres, prepared in this way, were measured by 
analysis of the  ellipticity of the reflected light. On crystal 
spheres of Cu, Ag and Ni, the epitaxy of the meta l  oxide, 
grown at  e levated tempera ture  was invest igated by :X-ray 
and  electron diffraction. Using the me thod  of crystal 
spheres described, the epitaxy on all possible crystal 
planes may  be observed wi th  one preparat ion only. 
If  the  oxygen pressure is small enough, the oxidation of 
Cu and Ag does not  produce coherent  films but  isolated 
crystallites of the oxide spread over the sphere; their  
forms depend characteristically on the position with 
respect to the  crystal lattice inside the sphere. On Ag 
spheres sulphur vapour produces isolated crystallites of 
Ag2S. 

To be published in Acta Cryst. 

t ique H 0. Cet effet est interpr6t6 par  l 'existence d 'une  
diffusion facile des mol6cules d 'eau (temps de corr61ation 
10 -~ sec.) et  par l ' influence du champ cristallin pos- 
sedant  la sym6trie rhombobdrique.  

Des mesures de la constante di61ectrique et des pertes 
di61ectriques ont  6t6 r6alis6es ~ diverses fr6quences 
(entre 100 C. et 100 Kc.), diverses temp6ratures  (20 
80 °C.) et pour diverses valeurs du rapport  Ca/Na (modifi6 
par 6change d'ion). Les domaines de relaxation mis en 
6vidence sent  attribu6s k l 'existence d 'une  mobilit6 des 
cations Ca et Na (temps de relaxation respect ivement  de 
10 -~ et 10 -~ sec.). On mont re  que la teneur  en eau influe 
no tab lement  sur le temps de relaxation. Cet effet est 
attribu6 k l ' influence electrostat ique de la mol6cule d 'eau 
asshnil~e ~ un dip61e. 

The work described above will be published in Bull. 
Soc. Fran¢. Mindr. Crist. 

16.22. A super lat t i ce  c o m p o u n d  in the  ep i taxy  of 
N a F  on NaC1. By H. WrLM_~, Applied Physical 
Chemistry of Surfaces Laboratory, Chemical Engineering 
Department, Imperial College, Prince Consort Road, 
London, S .W.  7, England. 
Electron diffraction results are outlined, obtained in 

collaboration with Dr IV[. Levy, on the epitaxial orienta- 
t ion of NaF deposits condensed in vacuo on NaC1 faces. 
In  particular, a compound between NaF and NaC1 was 
observed on two occasions, though repeated a t tempts  to 
determine the conditions of its formation have not  so far 
been successful. I t  appears to represent a segregated 
state of the nature  of a superlattice having a cubic cell 
(not necessarily a cubic structure) with a about  twice 
tha t  to be expected from a roughly 50% solid solution 
of the  two materials.  The diffraction-spot intensities are 
compatible with a f.c. cubic lattice of Na ions of the usual 
size, wi th  F and C1 ions shared equally between the  
usual anion sites of the  NaCl-type structure. In  the 
suggested structure, each (001) plane has al ternate N a - F  
and Na-C1 rows parallel to one cube edge, and if this cube 
axis (a) of the  cell is an Na-C1 row, then  in the vertical 
plane (010) through it (and the  origin) the nex t  three 
such rows are all Na~-F. No such compound formation 
in binary alkali-halide systems appears to have been 
reported previously. 

Probably  to be published in Acta Cryst. 

§ 17. Physical techniques (other than 
diffraction) 

17.1. Etude  des  m o u v e m e n t s  des  cat ions  et des  m o l 6 -  
cu le s  d'eau darts la Chabas ie  par re laxat ion  di61ec- 
tr ique  et r~sonance  m a g n 6 t i q u e  nucl6aire.  Par 
P. DucRos, Laboratoire de Mingralogie et CristaUographie, 
Facultg des Sciences de Paris, France. 
La r6sonance magn6t ique nucl6aire des protons permet  

de met t re  en ~vidence deux raies identiques et fines 
(0,1 G.) den t  l '6cartement  varie comme 

H = 0,7(3 cos 2 0 - 1 )  G. , 

0 6tant l 'angle de l 'axe ternaire avec le champ magn~- 

17.2. N.M.R.  Study  of the boron  s i tes  in inder i te  and 
lesser i te .  By H. E. PETCH & K. PENNINGTON, Depart- 
ments of Physics and Metallurgy, Hamilton College, 
McMaster University, Hamilton, Ontario, Canada. 
N.m.r. techniques have been used to s tudy single 

crystals from the Kramer  district, Cal., U.S.A., of inderi te 
and lesserite which are believed to be triclinic and mono- 
clinic polymorphs,  respectively, of Mg2BeO n . 1 5  H20. 
The quadrupolar  splittings of the B n n.m.r, signals were 
investigated as the crystal was rotated in turn about 
three mutually perpendicular axes held normal to the 
magnetic field. The complex B n spectra can be explained 
in detail if one assumes that in both cases the asymmetric 
unit contains three boron sites and that the electrostatic 
interactions at two of the sites are weak, whereas the 
interaction at the third site is strong. The electric quadru- 
pole coupling constant, the asymmetry parameter, and 
the directions of the  principal axes of the electric field 
gradient  tensor will be given for each boron site in the  
asymmetr ic  units of inderi te and lesserite. The results 
will be interpreted in terms of boron coordinations. 

17.3. Propri6t6s  cr i s ta l l ograph iques  et m a g n 6 t i q u e s  
de FeAsS .  Par  ]V[ICHELL~E WINTEI~BERGER, Laboratoire 
de Mingralogie et CristaUographie, Facultd des Sciences 
de Paris, France. 
Util isant  une m~thode appropri6e ~ l '~tude des min6- 

raux naturels, on a mesur6 la magn~tor6sistance d'6chan- 
tillons de mispickel de diverses origines. On me t  ainsi en 
6vidence des phenom~nes d'hyst6r6sis qui pourraient  
s 'expliquer par une structure magn~tique particuli~re. 
Diverses m6thodes physiques ont  6t6 raises en oeuvre 
pour obtenir  une confirmation de cette hypoth~se. 

A para~tre dans Bull. Soc. Fran 9. Mingr. Crist. 

17.4. A technique  for the  rapid accurate  and s tra in  
free m a c h i n i n g  of m e t a l  s ing le  crysta ls .  By M. COLE, 
I. A. BUCKLOW & C.W.B.  GRIGSON, Metals Research 
Ltd., 91, King Street, Cambridge, England. 
Spark planing, a new spark erosion me thod  for the  

production of flat smooth meta l  surfaces, is described 
and its application to single metal crystals and to metallo- 
graphic preparation is illustrated. The use of conventional 
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spark erosion methods  for crystal cut t ing and forming is 
also described. 

The spark planing technique is far more  rapid and 
accurate than  chemical or electrochemical machining and 
it causes very much  less damage to the surface than  the 
most  careful grinding operation. 

Spark planed surfaces have been examined by X-ray 
diffraction, reflection electron microscopy and a Talysurf 
tracer;  these results are presented and the na ture  and 
ex ten t  of surface damage to various metals  is discussed. 

§ 18.  C r y s t a l  D a t a  

18.1. Crysta l lographic  data. By J.  D. BERZq~_L, Birk- 
beck College, Malet Street, London, W.C. 1, England. 
The nature  of crystallographic investigations requires 

a most  thoroughgoing system of da ta  collection and 
preservation.  The problem is a cumulat ive one and may  
become unmanageable  if no t  dealt  with  systematical ly 
now. Data  need not  only be collected but  kept  up-to-date  
and be readily accessible within a short t ime after publica- 
tion. The Union, however,  could furnish through appro- 
priate national  bodies, the  means to carry out  this task, 
while the use of modern  methods  of storage and reference 
can provide the technical means.  

18.2. The organ i sa t ion  and s o m e  resul t s  of c r y s t a l -  
l o g r a p h i c  documentat ion .  By O. KENNAI~D, National 
Institute for Medical Research, Mill Hill, London, N. W. 7, 
England. 
No abstract  provided.  

18.3. Report  on 'crystal  data'. By J. D. H. DONI~AY, 
Department of Geology, The Johns Hopkins University, 
Baltimore, Md., U.S.A. 
No abstract  provided.  

18.4. D o c u m e n t a t i o n  in  the  U.S.S.R.  By G. B. BOKII, 
Ministry of Higher Education, Moscow State University, 
Faculty of Geology, Moscow, U.S.S.R. 
No abstract  provided.  

18"5. T h e  w o r k  of the  Japanese  Nat ional  C o m m i s s i o n  
on crys ta l lographic  data and s tructure  r e p o r t s .  
By 1%. SADANAGA, Mineralogical Institute, Science De- 
partment, University of Tokyo, Hongo, Tokyo, Japan. 
No abstract  provided.  

18.6. Crysta l lographic  in format ion  retr ieval  m e t h -  
ods in the Groth  Institute.* By R. PEPI~SKY & 
V. VAMP, Physics Department, Pennsylvania State Uni- 
versity, Pa., U.S.A. 
In  the  Groth Institute, all da ta  on the physical and 

chemical properties of crystalline solids are being ex- 
t rac ted  from the l i terature and transferred to IBM 
punched  cards. Each  card contains:  a card number ;  
a 3-character operator symbol to indicate the character 
of following information;  a Peek-a-Boo card number ;  
the  information (in a l imited number  of formats);  perti- 

* Supported by Air Force Office of Scientific Research, 
ARDC; IBM 704 computations supported by U.S. Atomic 
Energy Commission. 
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nent remarks; and codes which completely identify 
primary and secondary references. 

Information is coded in Publication (P) language, 
with upper and lower case (plus subscript) control sym- 
bols for Cardatype printouts; and in Sort (S) language, 
which is upper case only for printouts by fast tabulators. 

The following classes of Reports are issued: 

L =Literature Image, including not more than 500 crys- 
talline species. 

S =Property Sort, with information from a given L-repox~ 
sorted according to properties. 

P K B  =Peek-a-Boo cards, corresponding to a given S- 
report,  for rapid manua l  or machine  retrieval. 

C = Concordance, for each L-report.  
RMS =Reference  Merged Sort, for a complete single 

secondary source. 
CML =Compound  Merge Image,  including all da ta  for 

one species and from all sources--ar ranged chem- 
ically. 

CMS = P r o p e r t y  Sort of information from all sources. 
Concordances of RMS, CML and CMS Reports.  
Critical Monographs. 
Reques t  Repor t s - -answer ing  various search questions. 
MD = Missing Data  Reports.  
Second and third-stage Peek-a-Boo cards, for retrieval 

of Repor t  Numbers  in mega- i tem files. 

All classes of Reports  subsequent  to L-reports, wi th  
exception of Critical Monographs, are machine-preparable  
using simple programs. 

Data  amenable  to computa t ion  are so arranged tha t  
calculations are automat ical ly  made  on signals to the 
machine.  

Informat ion  retrieval methods  are divisible into two 
classes: those using small-scale punched-card  and paper- 
tape machines (IBM Cardatype and associated ar i thmetic  
unit ,  407 tabulator,  sorter, reproducing punch,  collator, 
etc., Flexowriter);  and those using large-scale processing 
machines with magnet ic  tape and core storage (IBM 704, 
etc.). Coding of input  da ta  on punched cards is designed 
for processing by either class of processing equipment .  

Large advances have  been made  in the  applicability 
of small-scale machines for preparat ions of concordances 
and indices, and for retrieval of data  in mega- i tem card 
files. Peek-a-Boo cards, one for each proper ty  and with 
a m a x i m u m  of 500 species on a card, are automatical ly  
prepared on Cardatype and 407 machines.  To permi t  
sorting on any word (of any variable size) in a sentence, 
the word order in the  sentence is automatical ly  rotated 
by a Cardatype-407 program, and a concordance of 
words is prepared by  machine  sorting. Automatical ly-  
prepared second-stage Peek-a-Boo cards indicate in which 
Repor t  of 500 i tems crystals showing a given proper ty  
may  be found. This is equivalent  to preparat ion of an 
index of indices of 500 volumes. Higher-stage retrieval is 
equally feasible. Thus mega- i tem files may  be searched 
very rapidly, to identify materials  with any given prop- 
erty or collection of properties. 

To facilitate machine  calculations and rapid print-outs  
of answers to any search question, information is trans- 
ferred from cards to magnet ic  tapes. All the above small- 
scale machine  processes are also programmed for fast tape 
machines wi th  core storage. Search speeds are two or more  
orders of magni tude  faster than  with cards; very fast 
tabulat ion of answers to search questions is provided;  
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and computat ions  are available automat ica l ly  on demand.  
Files, concordances and indices are kept  up-to-date,  
automatical ly .  

Paper  in full to be submit ted  to Scientific American. 
Abstrac t  exceeds 300 words because i t  covers about  80 
man-years  of work. 

18.7. Zur n u m e r i s c h e n  B e h a n d l u n g  der S y s t e m e  von 
E i g e n s c h a f t s d a t e n  bei  Krista l len.  Von F . E .  Bu- 
~ESCH & I-I. V. P~LIPSBORN, .Mineralogisches Institut, 
Poppelsdorfer Schloss, Bonn-Rhein, Deutschland. 
Zur Unte rsuchung  der Abh~ngigkei t  mehrerer  Eigen- 

schaf tsdaten yon  Kvistallen yon  vorgegebenen Bedin- 
gungen wird iiblicherweise die graphische Darstel lung 
benutzt .  3 Ver~nderliche werden z. B. in einem Dreieck 
dargestellt .  Fi i r  die Untersuchung der Abh~ngigkeit  4 
Variabler  werden Tetraeder  benutzt ,  w~hrend fiir 5 die 
Ineinanders te l lung mehrerer  Tetraeder  vorgeschlagen 
worden ist. Die Schwierigkeiten, die sich bei diesen gra- 
phischen Methoden bei der In terpola t ion  ergeben sind 
bekarmt.  Zur numerischen Behandlung wurden lineare 
Beziehungen aufgestellt .  

t i l e r  wurde versucht  den Funkt ionsver lauf  durch ganze 
rat ionale Funk t ionen  mehrerer  Ver~nderlichen n nach der 
Methode der kleinsten Quadrate  anz~m~hern. Geometrisch 
sind dies Hyperf l~chen mten Grades in einem n-dimen- 
sionalen Raum.  Sie werden als Matr i tzenfunkt ionen dar- 
gestellt, deren Elemente  quadrat ische Formen sind. ])as 
lineare Gleichungssystem, das sich bei der Minimalisierung 
ergibt,  ha t  z . B .  bei einer Funk t ion  5 Ver~nderlicher 
3. Grades 56 Unbekannte .  Programme fiir die LSsung 
linearer Gleichungssysteme liegen bei jeder Rechen- 
maschine vor. 

Die Hyperf l~ehen n-Ver~nderlicher schneiden sich in sol- 
chen (n - l ) -Ver~nde r l i che r  deren Gleichungen sich durch 
Transformat ionen ergeben. Dadurch sind die Randwer te  
eines Gebietes festgelegt, die somit  e×perimentell  n icht  
ermit te l t  werden miissen bzw. durch gezielte Versuche 
bes t immt  werden kSnnen. Beliebige Schnit te  durch die 
Hyperf l~chen erlauben den Verlauf einer abh~tngig Ver- 
~nderlichen fiir vorgegebene Verh~ltnisse der Variablen 
zu ermitteln.  

Das Verfahren eignet sich besonders auch fiir dan 
Studium des Gleichgewichtes polyn~rer Systeme yon 4, 
5 und mehr  Stoffen. 

P a r t  of the dissertat ion of Mr F. E.  Buresch at  the 
Univers i ty  of Bonn, 1960. 

18.8. Rev i s ion  of the crystallop, raphic  sect ion in the 
h a n d b o o k  of c h e m i s t r y  and phys ics .  By G. DONNAY, 
Department of Geology, The Johns Hopkins University, 
Baltimore, .Md., U.S.A. 
:No abs t rac t  provided. 

18.9. Current  and future operat ions  of the  X - r a y  
P o w d e r  Data File.  B y  J.  V. S~ITH, Department of 
.Mineralogy, Pennsylvania State University, Pa., U.S.A. 
Current  and future operations of the X R P D F  are 

described to provide a basis for constructive criticism by  
users of the file. Fu tu re  plans include the following: 
annual  publicat ion of a new set of cards, each to include 
da ta  for a t  least 1,000 substances;  preparat ion of a larger 
proport ion of da ta  by  the File organization and its 

affiliates; revision of the index volumes to permi t  faster  
use of the index;  systematic  preparat ion of da ta  to fill 
in especially useful regions; ut i l izat ion of modern da ta  
processing and retrieval methods;  publ ic i ty  to dissem- 
inate  information on X- ray  powder diffraction methods,  
and to, encourage the preparat ion of da ta  by  individual  
scientists;  and cooperation wi th  other data-collection 
agencies. 

May be published in A S T M  Bulletin. 

18.10. Standard  X - r a y  p o w d e r  pat terns  at the  N a t i o -  
n a l  Bureau  of S tandards .  B y  H.  F. McMURD~E & 
:[-I. E.  SWANSON, National Bureau of Standards, 
Washington 25, D.C., U.S.A. 
The Nat ional  Bureau of Standards,  in cooperation wi th  

the Jo in t  Committee Fellowship, prepares X- ray  powder 
pa t te rns  of materials  of known high pur i ty  for inclusion 
as s tarred pa t te rns  in the Powder  Da ta  File. Counter 
diffractometer  methods  are used with  special precaut ion 
taken  to prevent  errors result ing from lack of random 
orientat ion or from lack of proper fineness. The pa t te rns  
are indexed and the cell dimensions refined using an  
IBM 704 calculator. Problems in the source of sui table 
samples will be discussed. A design of a back reflection 
camera for precision measurement  of unit-cell size has  
been made.  

18.11. S o m e  aspec t s  of the  Cardiff  w o r k  for the  
A.S .T .M.  X - r a y  p o w d e r  data file. By B. W. DELF, 
J .  W. HUGHES, I. E. LEWIS & A. J .  C. ~TILSON, Uni- 
versity College, Cardiff, England. 
The preparat ion of specimens, choice of radiat ion and 

relative advantages  of camera and diffractometer methods 
for obtaining data  for the A.S.T.M.  X-ray Powder Data File 
are discussed. A simple procedure for the determinat ion of 
the specimen-surface displacement in a diffractometer by  
direct measurements  is described. An account is given of the 
choice of substances for investigation and the indexing 
of the pa t te rns  obtained from them. 

18.12. P r e c i s i o n  r e q u i r e m e n t s  for a u t o m a t i c  hand-  
l ing of p o w d e r  data. By  P. M. DE WOLFF, Labora- 
torium veer Technische Fysica der Technische Hoge- 
school, Delft, The Netherlands. 
Whereas automat ic  sorting methods  are often applied 

to powder da ta  for identif icat ion purposes, l i t t le use has  
so far been made of computers for the physical  inter- 
pre ta t ion of these data.  Such applications could be useful 
pr imar i ly  for (a) indexing of pa t te rns  wi th  unknown 
unit-cell;  (b) precise determinat ion of lat t ice parameters  
when the uni t  cell is approximate ly  known;  (c) calcula- 
tion, ~rom these parameters,  of ' ideal '  d- or Q-values 
which in several cases would increase the select ivi ty of 
identifications. 

Some examples of such calculations will be given, wi th  
special emphasis  on the influence of the precision of the 
exper imental  da ta  on the results. 

18.13. A r e c o m m e n d e d  pract ice  for the  X - r a y  coun-  
ter d i f fractometry  of po lycrys ta l l ine  s p e c i m e n s .  
By W. PARRISI% Philips Laboratories, Irvington on Hud- 
son, New York, U.S.A. 
The selection of a specific set of opt imum exper imental  

conditions requires a knowledge of certain characterist ics 
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of the specimen and of the precision required for the 
intensit ies and reflection angles. Vary ing  the conditions 
m a y  cause large var ia t ions in the qual i ty  of the data .  
I t  is not  possible to set up specific exper imental  condi- 
t ions t ha t  are op t imum for all types  of analyses.  An 
outl ine will be presented to show the effects of m a n y  of 
the ins t rumenta l  and specimen factors. The information 
will enable one to select and apply  the methods  best  
suited for the par t icular  analysis.  In te rpre ta t ion  and com- 
parison of da ta  obtained a t  different laboratories will 
then  be faci l i tated and the l imits of precision can be 
be t te r  evaluated.  

Most of the factors contr ibut ing to the qual i ty  of the 
da ta  are now well known. These will be described in 
several major  categories. (I) X-ray spectra: stabi l i ty ,  
selection of targets,  beta  filters, spectral  pur i ty ;  (2) Dif- 
fractometer geometry: X-ray  optical system, tube focus, 
apertures  in focussing and axial  planes, 2:1 setting, 
receiving slit;  (3) Alignment and angular calibration; 
(4) Specimen factors: preparat ion,  homogenei ty,  surface 
displacement,  t ransparency,  preferred orientation, s t ra in  
and plastic deformation, crystal l i te  sizes; (5) X-ray coun- 
ters: electronic circuits, l ineari ty,  q u a n t u m  counting effi- 
ciency, pulse ampl i tude distr ibution,  electronic discrimi- 
na t ion  and its effect on peak-to-background ratio, non- 
X- r ay  background;  (6) Counting statistics; (7) General 
considerations: comparison of diffractometer  and camera 
data,  peaks versus centroids and other angular  measures, 
peak  versus in tegrated intensities,  absolute intensities,  
lower l imits of intensit ies to be listed, d-spacing range. 

18.14. Identification of organic compounds  from 
X-ray  powder Patterns.  B y  B. JERSLEV, Organic 
Chemistry Dept., Royal Danish School of Pharmacy, 
Universitetsparken 2, Copenhagen O, Denmark. 
:No abs t rac t  provided. 

§ 19.  M i s c e l l a n e o u s  

19-1. Low-angle  X-ray  scattering by crystal l ine po- 
lyethylene. B y  B. G. RAz~BY & H. BR~M~ERO~R, De- 
partment of Chemistry, Syracuse University, Syracuse 10, 
New Yorlc, U.S.A. 
R~nby,  Morehead & Wal te r  have  recent ly  shown 

(in press) t h a t  the  folding length d* of polyethylene  chains 
arranged perpendicular ly  to the top and bo t tom surfaces 
of single-crystal  platelets  is l inearly dependent  on the 
crystal l izat ion tempera ture  tc, as predicted, and t ha t  d* 
tends to increase when mater ia l  crystal l ized from dilute 
solutions (0-5 g./100 ml.) a t  low tc is recrystall ized a t  a 
higher temperature .  

This work is continued, wi th  the in tent ion  of f inding 
out  whether  d* is the rmodynamica l ly  or kinet ical ly  
determined.  I f  d* is an equil ibrium value at  tc, i t  should 
decrease when polyethylene  crystal l ized a t  higher  tem- 
peratures  is recrystall ized a t  lower ones. 

The low-angle X- r ay  scat ter ing of crystall ine,  pressed 
polyethylene  flakes oriented parallel to the X- ray  beam 
was recorded on film, using CuKa radia t ion and a 
K r a t k y - S k a l a  camera. One to three orders of diffraction 
were observed, as well as the intense, diffuse scat ter ing 
shown by  all samples. 

The linear dependence of d* on tc is confirmed; d* 
increases from 115 to 164 /~ as tc increases from 50 to 
110 °C. These d* values are uniformly higher  than  earlier 
ones, bu t  wi th  the same slope. Recrysta l l iza t ion of 78 °C.- 
samples a t  90 and 100 °C. caused d* to increase from 141 
to 152 /~, the la t te r  value being predicted for tc=95 ° 
from the d*-tc curve. Samples crystall ized at  h igh tc and 
allowed to recrystall ize a t  lower temperatures  for periods 
up to 24 hr. showed a very  high barrier to changes in d*, 
no significant changes being observed except  in one case, 
where d* decreased very  slightly.  

The diffuse scat ter ing yielded exponent ia l  Debye  cor- 
relat ion functions for all samples, wi th  correlation dis- 
tances of 30-50 A, indicating a random arrangement of 
the amorphous portion of the polymer. 

On the basis of these results, no conclusion can yet be 
reached concerning the thermodynamic or nucleation- 
controlled growth of the crystals. Further experiments 
are in progress, particularly with samples recrystallized 
over much longer periods, and will be reported at the 
meeting. 

19.2. Smal l  angle  X-ray  scattering from pr isms .*  
B y  PAUL W. SCHM-IDT & AKELEY MILLER, Dept. of 
Physics, University of Missouri, Columbia, Mo., U.S.A. 
The techniques previously developed (P. W. Schmidt  & 

R. Hight ,  Jr. ,  J. Appl. Phys. (1959), 30, 866) for calculat- 
ing the in tens i ty  of small  angle X- ray  scat ter ing a t  the  
larger angles of the small angle region have  been applied 
to a s tudy  of the scat tered in tens i ty  from prismatic  
solids. Also, an expression for the characterist ic  funct ion 
(A review of the characterist ic  function and its properties 
is given in Chapter  I I  of Small Angle Scattering of X- 
Rays, by  A. Guinier et al. (1955). New York:  Wiley) 
of a prism has  been developed. This expression gives the 
characterist ic  funct ion for the solid in terms of an integral  
over the two-dimensional  characterist ic funct ion of the 
cross section of the prism. The scat tered in tens i ty  for 
rectangular  parallelepipeds has been evaluated.  A s tudy  
has  been made  of the case of very  long, rod-like prisms. 
The relat ion of the result ing expressions for the scat ter ing 
in tens i ty  to the calculations of A. R.  Stokes (Proc. Phys. 
Soc. (1957), B, 70, 379) is discussed. 

Probable  place of publ icat ion:  J. Appl. Phys. 

19.3. Smal l  angle X-ray  scattering from clay suspen-  
sions.~" B y  PAre; W. SCHMIDT & R. HIGHT, JR., Dept. 
of Physics, University of Missouri, Columbia, Mo., 
U.S.A. 
A s tudy  has been made  of the small  angle X- r ay  scat- 

ter ing from montmori l loni te  cIay suspensions. After  
collimation corrections were made,  the scat tered in tens i ty  
was found to be proport ional  to the inverse square of the 
scattering angle, except at the largest angles, for which 
the intensity decreased more rapidly. The shape of the 
scattering curve did not depend on the concentration or 
upon the average particle size, as determined by centri- 
fugation. The intensity was proportional to the coneen- 

* Work supported by the National Science Foundation. 
t Work supported by Shell Development Corporation. 
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tra t ion and at  a given concentrat ion was independent  of 
the  average particle size. 

These results can be explained if one considers the 
suspensions to consist of thin, non-interact ing platelets. 
F rom the angle at  which the scattering begins to fall off 
mor3 rapidly than  with the inverse square of the scatter- 
hag angle, the thickness of the platelets was est imated to 
be 9 A. Using the me thod  outl ined by P. W. Schmidt  & 
R. Hight ,  Jr. (J. Appl .  Phys.  (1959), 30, 866), an in- 
dependen t  thickness determinat ion was made  by measur- 
ing the absolute intensi ty  of scattering in the inverse 
square region. The results were found to be in essential 
agreement  with the above value of the thickness. F rom 
the fact tha t  the inverse square angular dependence 
persists at  the smallest angles measured,  a lower limit of 
about  500 /~ can be established for the large dimension 
of the  platelets. 

Probable place of publicat ion:  J .  Chem. Phys. 

Cotte technique est bas@e sum la comparaison directe 
de l ' intensit6 des faisceaux incidents et  diffus@s. Le 
probl@me exp6rimental  est assez ddlicat: nous l 'avons 
rgsolu en employant  un g@n@rateur de rayons X ~ d@bit 
stabilis6, un faisceau monochromat ique  focalis@, un  d@- 
tecteur k compteur  de Geiger et un jeu de filtres @talonn6s. 

Un  certain nombre  de param@tres devierment  acces- 
sibles k l 'expgrience grace ~ cette technique.  Dans le cas 
des solutions de particules globulaires, on peut  ddter- 
miner  leur masse et leur degr@ de solvatat ion:  nous avons 
@tudi@ plusieurs prot@ines. Dans le cas des particules en 
forme de bg tonnet  on mesure leur masse spgcifique 
lin@aire ainsi que le rayon de giration des particules 
autour  de leur axe: nous avons examin@ l'acide d@soxy- 
ribonucl@ique, le poly-T.-glutamate de benzyle. Dans tous 
ces exemples nous avons fait des observations nouvelles. 

A paraitre dans Acta Cryst. 

19-4. L o w  a n g l e  s c a t t e r i n g  f r o m  w h e a t  p r o t e i n s  a n d  
l i p o - p r o t e i n s .  By J.  C. GROSS~EVTZ, Midwest Re- 
search Institute, Kansas City, Missouri, U.S.A.  
Low angle scattering curves from stretched, freeze 

dried crude glutens extracted from a pure strain flour 
dough show marked  orientat ion and can be interpreted 
in terms of parallel sheets of gluten platelets whose 
thickness does not  exceed ~ 70 A. Electron micrographs 
taken  of surface replicas of the stretched glutens confirm 
the sheet structure. Moist, relaxed glutens, while not  
exhibit ing the  orientat ion into sheets still give the 
characteristic platelet  scattering. Scattering from dilute 
dispersions of gluten in acetic acid give a radius of gyra- 
t ion of 31.5 A for the  platelet.  

Low angle scattering curves were also obtained from 
the gluten components,  gliadin and glutenin, as well as 

flotLr. Scattering from dry powdered samples did not  
differ markedly  from the gluten scattering. 

Several small angle diffraction peaks observable in both 
dry and moist  glutens, in glutenin and in evaporated 
films of gliadin can be t raced to bound phospholipids 
which are extractable with water  sa turated n-butanol.  
These peaks correspond to d-spacings in the range 40-60 
A, and are characteristic of the bimolecular leaflet struc- 
ture of m a n y  phospholipids. Removal  of the lipids from 
Gluten does not  mater ia l ly  change the  lipid scattering 
pa t t e rn  but  does destroy the abili ty of the remaining 
gluten to form into continuous sheets. Based on the 
available data  a lipo-protein complex is postulated for 
crude gluten consisting of protein chains adsorbed onto 
the  hydrophill ic ends of phospholipid bimolecular leaflets. 
Such lipo-protein sheets should be of the order of 60 /~ 
thick in agreement  with the  X-ray data.  

A major  port ion of this work will appear in Biochim. 
et Biophys. Acta, (1960), 38, 400. I t  is p lanned tha t  only 
the  later, unpubl ished interpret ive work be presented at 
the  Congress. 

19.5. S u r  l ' e m p l o i  de  la  d i f f u s i o n  c e n t r a l e  d e s  r a y o n s  
X m e s u r e e  h l ' e c h e l l e  a b s o l u e :  t e c h n i q u e  et  r e -  
s u l t a t s .  Par V. LUZZATI, Centre de Recherches sur lea 
Macromoldeules, Strasbourg, .France. 

19-6. M e s u r e  d e s  s u r f a c e s  sp@ci f iques  p a r  l a  d i f fu-  
s i o n  c e n t r a l e  d e s  r a y o n s  X.  Par R.  B ~ o  & V. Luz-  
ZATI, Centre de Recherches sur lea Macromoldcules, Stras- 
bourg, France. 

On sait depuis Pored qu'il  eat possible de d6terminer  
la surface sp@cifique d 'un  6ehantillon h@t~rog~ne en 
6tudiant  le compor tement  asymptot ique  de la diffusion 
centrale des rayons X obtenue avec une pr@paration de 
faible 6paisseur. Par  ailleurs, en analysant  le ph~nom@ne 
de la diffusion multiple,  nous avons montr@ r@cemment 
que, lorsque l'@paisseur de l'@chantillon eat grande, 
l 'allure de la courbe des intensit@s diffus@es au centre ne 
d6pend que de la surface sp@cifique. 

Nous avons utilis@ cette m@thode nouvelle pour d@ter- 
miner  la surface spdcifique d 'un  grand nombre  de sub- 
stances que nous avons @tudi@es dgalement selon la 
m@thode de Pored,  et  den t  lea surfaces sp@cifiques 

mesur~es par ]e microscope ~]ectronlque et par  ]es iso- 
thermes d 'adsorpt ion (BET) 6talent cormues. 

La comparaison de tous ces r@sultats nous a permis de 
confirmer la validit6 de la technique bas6e sur la diffu- 
sion multiple,  et de pr6ciser lea domaines d 'applicat ion 
et lea l imitations inh@rentes aux diff@rentes techniques.  

A paraltre dans Acta Cryst. 

19.7. A b s o l u t e  c o n f i g u r a t i o n  a n d  o p t i c a l  r o t a t o r y  
p o w e r  o f  NaCIO3 a n d  N a B r O  8 c r y s t a l s .  B y  J. M. 
BNVOET, Laboratorium veer Kristalchemie, Utrecht, The 
Netherlands. 
NaBr03 and NaC103 crystals of same sign of optical 

ro ta tory  power are proved, by the anomalous scat ter ing 
technique,  to be of inverse configuration. 

Reflexions hhl and hhl (= hhl) have been registered 
simultaneously and measured photometr ical ly  on oscilla- 
t ion diagrams. Wi th  Cr K a  rays 

(Af"(Br) =2-7, Af"(Cl) = 1.3) 

the  calculated ratios Ihkz/Iiii of 4 reflexions in the  case 
of NaBrO 3 and 6 reflexions in tha t  of NaC1Oa give 
significant anomalous effect. In  all these reflexions 
measured and calculated ratio are in good agreement  
and consistent as to configuration. 

The view has been expressed in the  l i terature tha t  in 
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the presence of more than  one scattering a tom per cell, 
the  anomalous scattering factor should not  be calculable 
taking into account  the  anomalous scat ter ing effect for 
each a tom independent ly .  This conclusion has been 
proved to be in error. 

The remarkable result ment ioned  in the first paragraph 
finds some affirmation in the fact tha t  whilst  a crystal 
of NaBrO 3 or NaC103 brought  into its supersaturated 
solution continues growing with the  same sign of optical 
rotation, a crystal of NaBrO 3 in the supersaturated 
solution of NaC1Os grows with opposite rotat ion sign. 
In  both  cases it is the  configuration which is preserved 
in the growth. 

The crystals of NaC10 a and especially those of NaBr03 
occasionally exhibi t  deviat ions from cubic symmetry .  
I t  is hard  to see how this could influence the  above find- 
ing. I t  is under  invest igation whether  a ref inement  of 
the  calculation of the ro ta tory  power can bring out the  
unexpected  difference in optical behaviour.  

Will be published in Acta Cryst. 

19.8. T h e  s ta t i s t i c s  of s u p e r e x c h a n g e  interact ion  and 
ionic  d i s tr ibut ion  in subs t i tu ted  f e r r i m a g n e t i c  
rare  earth  iron garnets .  By  S. GELLER, Bell Tele- 
phone Laboratories, Incorporated, Murray Hill, New 
Jersey, U.S.A. 
Ideas on the  statistics of superexchange interact ion 

developed and applied to subst i tu ted y t t r ium- i ron  garnet  
by M. A. Gilleo (J. Phys. Chem. Solids (1960) in press) are 
ex tended  and applied to subst i tu ted rare earth iron 
garnets.  I t  is shown by means of structural  considerations 
tha t  only four interactions per c site ion with d site ions 
are impor tan t  in de termining  the contr ibut ion of the  
c site ions to the 0 °K. saturat ion magnet izat ion.  The 
statistical theory accoLmts especially well for the behavior  
of nB(O °K.) versus x( =y +z) of the system 

( Gd 3 ) [AIyFee -y] (AlzFea -z) O 1~ 

(G. Villers, 1~. Pau thene t  & 5. Loriers, J. Phys. et Radium 
(1959), 20, 382) and for 

(Gd~.4Ca0.6} [AIyFe2-y] (Alz-o.6Sio.6Fe3-z)01~ 

(R. M. Bozorth & S. Geller, J. Phys. Chem. Solids (1960), 
11, 263) corrects the  previously obtained ionic distribu- 
t ion which had  been considered anomalous. Other systems 
are also considered. 

Crystal chemical aspects of some of the results, com- 
pensat ion points and some minor  l imitat ions of the treat-  
m e n t  are discussed. 

Manuscript  submi t ted  to J. Phys. Chem. Solids. 

changes, intensity changes, and changes of the shapes 
of the  reflections (differing for different crystallographic 
directions). 

While NAN3, as invest igated by Krasner  & Keat ing  
(Picatinny Arsenal Tech. Report 2489 (May, 1958), under- 
goes under  the  influence of irradiation a latt ice contrac- 
t ion due to induced stacking faults, various other  azides 
wi th  layer structures experience a latt ice expansion. 
These expansions are invest igated along different crys- 
tallographic directions at  different stages of decompo- 
sition. The results are correlated with the  crystal struc- 
tures. Fur thermore ,  the  results of exper imental  investiga- 
t ion of the  measurement  of ni t rogen escape, line profile 
analysis on powder reflections and shape of single crystal 
reflections are discussed in terms of structural  damages.  

19.10. S tructure  and therapeut ic  proper t i e s  of m a n -  
gos te in  scales .  By N. N. SAHA, Crystallographic & 
Solid State Physics Laboratory, Saha Institute of Nuclear 
Physics, Calcutta University, India. 
Mangostein scales are locally used in Burma  as a quack 

remedy for dysentry.  These are adminis tered orally both  
in the form of paste as well as water-extract .  Both  the 
forms have  curative effect, bu t  the  latter, as they  claim, 
is more effective. No exper imental  data  or reliable 
statistics were available. An invest igation employing 
X-ray  diffraction and chemical analysis was, therefore, 
under taken  by the  author.  

On chemical analysis, the  pounded air dried scales was 
found to contain 12.86% moisture,  3-5% proteins, 2"48% 
ash (soluble), 23.63% fibrous mat ter ,  4.5% tannin,  
4.5% nontann in  astr ingents and the rest p i thy  material .  
The analysis of water-extract and acetone-extract reveals 
that the major constituents of both are tannin and non- 
tannin astringents, constituting about 90 %. 

X-ray diffraction patterns of all these samples mainly 
consist of diffuse haloes. The pattern due to pounded 
scales contains some additional reflections characteristic 
of cellulose and that due to acetone-extract contain 
some due to resinous substances. Comparison photographs 
of these samples and some vegetable tannins show that 
there is an overall correspondence between the patterns 
due to water-extract and that of a particular vegetable 
tannin, Goran. 

As the removal of components other than tannin and 
non- tannin  astr ingents does not  seem to affect the  
curative proper ty  and also tha t  it is not  a characteristic 
proper ty  of all tannins,  the  structure appears to be the  
decisive factor. An a t t emp t  to get the oriented pat terns  
has been made  by taking X-ray photographs of the  
samples in the  form of films with the X-ray  beam parallel 
and perpendicular  to the film surface. A detai led dis- 
cussion of our findings has been incorporated in the paper.  

19.9. D e c o m p o s i t i o n  of az ides  under  the inf luence  of 
X-rays. By BRIGITTE H. Y~ItAUSE & FRANKLIN E, 
WAW~ER, JR., Engineer Research and Development Labs., 
Fort Belvoir, Virginia, U.S.A. 
A serious difficulty encountered in determining the  

structure of a- and t - lead azide, thus far not  taken  into 
consideration by investigators, is the slow decomposit ion 
of the  crystals while under  the influence of X-ray irradia- 
tion. This decomposit ion produces lattice constant  

19.11. T h e  t e m p e r a t u r e  dependence  of the  inter layer  
s p a c i n g  in carbons  of dffferin~ graphi t ic  perfec-  
t ion.  By E. G. STEWARD, B. P. COOK & E. A. KELLETT, 
Research Laboratories of The General Electric Co. Ltd., 
Wembley, Middlesex, England. 
A recent  l i terature survey (Nature, Lond. (1960), 185, 

78) of the tempera ture  variat ion of the  interlayer spacing 
in graphitic carbons revealed some impor tan t  incon- 
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sistancies and gaps in our knowledge.  P re l iminary  ex- 
per iments  to resolve these, were reported.  

Measurements  at  low tempera tures  (down to - 180 °C.) 
have  now been made  wi th  graphites of widely different 
degrees of graphi t izat ion:  the effect of s t ruc tura l  disorder 
( turbostrat ic  layer-s tacking etc.) on the u l t imate  close 
approach  of the ad jacen t  aromat ic  layer-planes,  is con- 
sidered. 

Measurements  and  technique  to obtain da ta  a t  tem- 
pera tures  well in excess of 2000 °C. are also described. 
This pa r t  of the invest igat ion is resolving the past  un- 
cer ta in ty  as to the  t empera tu re  dependence of the inter .  
layer  expansion coefficient. 

Journa l  for publ icat ion uncer ta in :  possibly J. Chim. 
Phys. 

19.12. S o m e  cons idera t ions  on X - r a y  protec t ion  i n  
X - r a y  crystal lo~,raphy.  By S. A. WYTZES, N.  V. 
Philips Gloeilampenfabrieken, Scientific Equipment 
P.I.T., Eindhoven, The Netherlands. 
No abs t rac t  provided.  

Symposium 1: Thermal motion in crystals 
and molecules 

S I ' I .  I n t r o d u c t o r y  l e c t u r e .  T h e  interact ion  of m e -  
. chanica l  and e lectroma~,net ic  w a v e s  in  crys ta l s .  
B y  J.  C. Sr,ATE~, Massachusetts Institute of Technology, 
Cambridge, Mass., U.S.A. 
As shown by  H u a n g  (K. Huang ,  Nature, Lend. (1951), 

167, 779; ~¢I. Born  & K.  Huang ,  Dynamical Theory of 
Crystal Lattices (1954). Oxford: Univers i ty  Press), and 
earlier by  Lyddane  and others (R. H.  Lyddane  & K.  F. 
Herzfeld,  Phys. ]Rev. (1939), 54, 846; R. H.  Lyddane ,  
1~. G. Sachs & E.  Teller, Phys. Rev. (1941), 59, 673; 
H.  Fr6hl ich & :N. F. Mott,  Prec. Roy. Soc. (1939), A, 171, 
496), a t ransverse electromagnet ic  wave in an ionic crys- 
ta l  such as an alkali hal ide interacts  wi th  the t ransverse 
optical mode  of the crystal,  producing the phenomenon  
of anomalous  dispersion a round the  Res ts t rahlen  fre- 
quency.  This can be indicated by plot t ing the angular  
f requency w of the wave as a funct ion of k, the propaga- 
t ion constant .  We can derive the relat ion easily. The 
dielectric cons tant  is given by  

1 +  
4=Neg/m 

- J  + o)~ -4zNe2/3m 
in which  N is the  number  of displacable ions per  un i t  
volume, e their  charge and m their  mass, w 0 their  resonant  
na tura l  f requency in the absence of a local field, and  in 
which we have  assumed the presence of the Lorentz  field, 
equal  to 4z/3 t imes the polarization. For  simplicity we 
neglect  electronic polarizabili ty.  The dielectric cons tant  
is the square of the index of refraction, or equals (kc/og) 2. 
If  we equate  this to the value above, we have  a relat ion 
be tween k and  co. 

This relat ion is p lo t ted  in the figure. There are two 
branches  to the curve, each corresponding to two trans- 

verse oscillations a t  r ight  angles to each other ;  the  
in t roduct ion  of the  electromagnet ic  oscillations has in- 
t roduced a new type  of mode  in addi t ion to the  ordinary  
acoustic and  optical modes  of mechanical  vibrat ion.  If  

co I 

ah 

I 

it were not  for the  interact ion,  the  electromagnet ic  mode  
would follow the  curve ~0 =/cc, and  the  mechanica l  vibra- 
t ion the curve o) = cot, the  angular  f requency of t ransverse 
oscillation. The interact ion has pushed the  two branches  
of the curve apar t .  The lower b ranch  consists largely of 
a t ransverse mechanica l  oscillation, the  upper  one largely 
of an electromagnet ic  oscillation, except  near  the  cross- 
over, where they  are mixed  together .  One can show tha t  
the f requency marked  o~ is also the  f requency of the  
longi tudinal  optical oscillation, which does no t  in terac t  
wi th  the electromagnet ic  wave.  All of the phenomena  
shown take  place at  very small values of/c, corresponding 
to long waves,  equal  in wave  length to e lectromagnet ic  
waves of infrared frequency.  

The t ransverse mechanica l  f requency wt can be found 
easily. I t  is de te rmined  by the  condit ion t ha t  k be 
infinite, or the dielectric cons tant  be infinite, leading to 
o9~ =09 o -4zeNe2/3m. I t  is known tha t  we can obtain a 
simplified model  of a ferroelectrie by assuming tha t  
4zNee/3m is large enough so tha t  it equals o9~ ; the  theories 
of Devonshire  and of the  au thor  (A. F. Devonshire,  Phil. 
Mag. (1949), 40, 1040; (1951), 42, 1065; J .  C. Slater, Phys. 
Rev. (1950), 78, 748) for the ferroelectrici ty of ba r ium 
t i t ana te  are ref inements  of this simple theory.  I n  such a 
case, as Cochran (W. Cochran, Phys. l~ev. Letters (1959), 
3, 412) has pointed out, cot will go to zero, so t ha t  the  
dielectric cons tant  becomes infinite at  zero frequency,  
instead of at  a higher f requency o~t. This simple model ,  
then,  reproduces this behavior  discussed by  Cochran. 

The model shows, however, that probably the phe- 
nomenon is not  as simple as it seems a t  first sight, namely  
an observable lowfrequency resonance of the  crystal  as 
we approach the ferroelectric behavior.  For  in the  in- 
terval  of frequencies be tween wt and  wt in the  figure, 
k S is negative,  k imaginary,  or we have  damping.  In  the  
ordinary  case of Rests t rahlen,  this absorption is associated 
wi th  the high ref lect ivi ty of the crystal  for the  Rest-  
s t rahlen frequency.  Bu t  in the ferroelectric case, it seems 
likely tha t  this absorpt ion would extend over the  whole 
spec t rum from low frequency up to the  infrared. Hence  
this absorption,  r a the r  t han  any  sharp resonance,  would 
be observed experimental ly .  
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S1.2. Invited paper.  The  de terminat ion  of a tomic  
v ibrat ion ampl i tudes  in crysta ls  by X - r a y s  and 
their  interpretat ion.  B y  D. W. J.  CRUICKSHANK, 
School of Chemistry, The University, Leeds 2, England. 
The determinat ion of atomic v ibra t ion  ampli tudes  in 

crystals  by  X-rays  will be surveyed.  Par t icu lar  a t t en t ion  
will be paid to molecular crystals,  in which the vibrat ions 
are necessarily anistropic. I n  the harmonic  approxima- 
t ion a mean  square v ibra t ion  tensor wi th  six independent  
components  can be found for each atom. The methods  of 
analyzing these tensors in terms of the rigid body and 
in ternal  vibrat ions of the molecules will be considered; 
no complete solution is possible from X- ray  da ta  only. 
For  relat ively rigid molecules a t  room tempera ture  the 
internal  vibrat ions are small  compared wi th  the external  
vibrat ions,  and the la t ter  can generally be analyzed into 
t rans la t ional  and rota t ional  components.  Examples  will 
show t h a t  appreciable angular  oscillations can be ex- 
pected when a molecule has  an  axis of low inertia.  As the 
tempera ture  decreases the relat ive contr ibut ion of the  
in ternal  vibrat ions to the to ta l  atomic vibrat ions in- 
creases. Among the different kinds of in ternal  vibrat ion,  
twis t ing vibrat ions (as in hindered rotors) are par t icular ly  
impor t an t  and can produce effects comparable wi th  the 
rigid body  angular  oscillations. To assist an  analysis  in 
terms of external  and in ternal  vibrat ions it  is impor tan t  
to use available spectroscopic and other data .  

I t  is hoped to discuss the X- ray  diffuse scat ter ing from 
crystals  containing molecules in angular  oscillation. 

The paper  in this  form is unl ikely  to be published. 

S1.3. T h e r m a l  m o t i o n  in crysta ls  and mo lecu l e s .  
Studies  at Univers i ty  College,  London.  (Collected 
work ) .  By KATHLEEN LONSDA_LE, RONALD MASON, 
m. JUDITH MILLEDGE & JACK FORRESTER and others, 
University College, London W.C. 1, England. 
Studies a t  Univers i ty  College, London,  have  been 

directed main ly  along two lines: 
I .  Invest igat ions  of thermal  vibrat ions in small mo- 

lecular crystals  of two types :  (a) those of high symmet ry ,  
in which the principal  directions of r igid-body vibrat ions 
are identical  wi th  those of intra-molecular  v ibrat ions;  
(b) those of low symmet ry ,  where the directions are dif- 
ferent.  Examples :  (a) hexamine,  urea;  (b) naphthalene ,  
anthracene.  

Exper iments  a t  various tempera tures  lead to inde- 
penden t  sets of da ta  from which to es t imate  the magni-  
tude and temperature-dependence of r igid-body and 
non-r igid-body vibrat ions and their  influence on thermal  
expansion coefficients. Problems of bond anisotropy and 
zero-point energy will be considered. 

I I .  Methods of obtaining and correcting da ta  accurately  
enough for the above analyses.  

To be published in Acta Cryst., Prec. Roy. Soc., J. Chem. 
Soc. etc. 

S1.4. Electron scat ter ing  and internal  rotation.  B y  
J. KARLE, U.S. Naval Research Laboratory, Washington 
25, D.C., U.S.A. 
In  order to facil i tate the in terpre ta t ion  of the Fourier  

t ransform of the molecular intensi ty,  theoretical  functions 
have  been derived for the probabi l i ty  distr ibutions 
describing the interatomic vibrat ions.  We are here con- 

cerned wi th  the probabi l i ty  dis tr ibut ions associated wi th  
restr icted internal  rotat ion.  I n  addi t ion to the torsional 
oscillation, i t  is necessary to include the over-all v ibra t ion 
of the molecular  frame. Probabi l i ty  dis tr ibut ions for dis- 
tances whose equil ibrium positions occur anywhere  on 
the circle of ro ta t ion  have  been derived. 

The theory  has  been applied to the s tudy  of 1,2- 
dichloroethane,  hexachloroethane,  hexafluoroethane,  and 
hexachlorodisilane.  The na ture  of the results obtained 
will be described. 

S1.5. T h e r m a l  effects in crystals .  B y  BEN POST, Poly. 
technic Institute of Brooklyn, New York, U.S.A. 

The thermal  motions of a toms in a number  of organic 
and inorganic compounds have  been analyzed on the basis 
of measurements  of diffraction intensi t ies  a t  room tem- 
pera ture  and  a t  several t empera ture  intervals  down to 
- 1 6 0  °C. The substances include: 

(a) Graphi te  and diamond.  (e) Calcium carbonate  
(b) Alpha quartz.  (calcite). 
(c) T i t an ium diboride. (f) Urea. 
(d) Zinc sulfide (cubic). (g) Fumaroni t r i le .  

Diffract ion intensit ies were recorded with  proport ional  
and scinti l lat ion counters.  Fi l tered Me K radia t ion was 
used. 

The exper imental  da ta  have  been analyzed by  least- 
squares and difference Fourier  methods  for the determina-  
t ion of anisotropie tempera ture  motions of individual  
a toms as well as for the var ia t ion wi th  tempera ture  oi 
peak electron densities, central  curvatures  and posit ional  
parameters  of the atoms.  Coefficients of thermal  expan- 
sion have  also been determined.  

The exper imental ly  determined ampli tudes  of thermal  
mot ion of carbon atoms in graphi te  have  been compared 
wi th  ampli tudes  computed on the basis of a theoret ical  
model proposed by  J .  Krumhans l  & H.  Brooks (J. Chem. 
Physics (1953), 21, 1663). 

The above work was supported by  the Office of Scien- 
tific Research of the U.S. Air Force and by  the Office 
of Naval  Research. 

Papers  based on above will be published in Acta Cryst. 

S1.6. The  col lect ion of X - r a y  diffraction data f rom 
s ing le  crysta ls  at l iquid hydrogen  t emperature .  
By J.  D. FORRESTER, Chemistry Department, University 
College, London W.C. 1, England. 
A l iquef ier-cryosta t  is used to produce the l iquid 

hydrogen and the crys ta l  is cooled in si tu to l iquid 
hydrogen temperature .  

This method  introduces problems involving crystal  
cooling, crystal  mount ing,  the  rota t ion of the crys ta l  
and the provision of X- ray  t ransparen t  windows in the 
c ryos ta t  walls. These are discussed together  wi th  some 
pre l iminary  results obtained wi th  the apparatus .  

To be published in J. Sci. Instrum. or Acts Cryst. 

$1.7. The  a tomic  and m o l e c u l a r  t h e r m a l  v ibrat ions  
in chrysene  crystals .  B y  D. M. BlmI~s & J .  IBALL, 
Queen's College, Dundee, Scotland. 
In  the course of the three-dimensional  ref inement  of 

the s t ructure  of chrysene a detailed analysis  has  been 
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made  of the atomic and molecular thermal  motions. 
There were 1034 observed structure factors and the 
thermal  parameters  of the carbon atoms were determined 
by three-dimensional  least-squares ref inement  using only 
those structure factors for reflections with sin 0 > 0.65. 
This was at  a late stage in the ref inement  when the 
posit ional parameters  were known quite accurately. The 
final value of R=XllFol-lFcll/XIFol is 7.5%. Adopt ing 
the  m e t h o d  of D. W. g. Cruickshank (Acta Cryst. (1956), 
9, 754) the molecule was regarded as a rigid body and 
from the  individual  atomic parameters,  the two sym- 
metr ic  tensors (T) giving the translational vibrations of 
the mass centre and (w) the angular oscillations about  
axes through the  centre were calculated. The values were 
as follows: 

( 5.07 --0"05 0.29\ (0"06 0.06 0-07\ 
T = 4.61 - 0 . 4 2 l ;  a(T) = 0.09 0.09| 

3.55/ 0.14/ 

(17.43 -1"54  - 0 . 7 6 \  ( 1 . 6 1 0 . 3 9 0 . 6 6 ,  
= 568 0.39/; ~(~) = 033 0.30! 

6.11/ 0.26/ 

F' 

D' 

y 

H' I' C D 

C' / H 

Fig. 1. Chrysene (ClsH12). 

Th~s~ ~ f ~  to m0i~culu~ ux~ 0X (puruli~l to boud GF, 
see Fig. 1), OY (perpendicular to OX and in the same 
plane), OZ (perpendicular to OX and OY) which are 
related to the rectangular crystal axes x'(5), y'(b), z'(-6*) 
by the equat ion:  

Y = 0-4815 -0 .8735  0.0724 y' 
Z -- 0.85036 0.4856 0.2027 z' 

F rom the  above tensors it was now possible to compute  
the  U tensors for each a tom and to compare these 
'calculated'  values with those obtained from the least- 
'squares ref inement  directly. The r.m.s, difference between 
U~j(obs.) and Uij(cale.) was 0.0017 A-% I t  is therefore 
reasonable to regard the thermal  motions of the atoms in 
chrysene as being due to the mot ion  of the molecule 
vibrat ing as a rigid framework. 

The X-ray diffraction pat terns  of the  highly crystalline 
polymer,  polytetrafluoroethylene,  lend themselves readily 
to interpretat ion in terms of the physical na ture  of the  
thermal  motions of long chain molecules. X-ray  diffrac- 
t ion studies as well as published information from specific 
heat,  specific volume, nuclear magnet ic  resonance and  
dynamic mechanical  experiments  suggest t ha t  the  
polymer  chains undergo both torsional oscillation and an 
untwist ing of the  helical conformation. 

The diffraction pat terns  are interpreted using the  
helical structure approach originated by W. Cochran, 
F. H. Crick & V. Vand (Acta Cryst. (1952), 5, 581) ex- 
tended to include the effect of specific types of disorder 
about  the axes of the helices in the polytetrafluoro- 
e thylene crystal lattice. Below the  crystalline transit ions 
taking place close to room temperature,  the  polymer  
molecules are arranged in an orderly fashion into a 
triclinic lattice. As the tempera ture  is increased to the  
first crystalline transit ion (about 19 °C.), the  chain 
molecules untwis t  from a 136 symmet ry  (a 180 ° twist  of 
the  zig-zag molecule per 13 CFe groups) to a 15~ symmet ry  
(a 180 ° twist per 15 CF 2 groups) and pack into a hexagonal  
lattice. At  the same time, the  chain molecules exhibi t  a 
torsional oscillation with a long distance between nodes. 
This particular torsional oscillation affects the  diffraction 
pa t te rn  in the same way as small angle librations of chain 
segments which take  place about  a preferred direction 
perpendicular  to the helix axis. Between the  first and 
second crystalline transition, approximately  in the  tem- 
perature range from 19 to 30 °C., no addit ional  untwist ing 
takes place but  the  chain segments retain the 15~ con- 
formation. The 157 conformation is accommodated  by 
the  hexagonal  lattice with the space group P31. Packing 
of the chain molecules into this latt ice apparent ly  
imposes a restraint  on the  untwist ing.  

At  the  second crystalline transition, the  chain mole- 
cules are subject to further  untwist ing and lose their  
preferred orientat ion relative to their  neighbors. The 
distance between the nodes in the torsional oscillation is 
decreased and the  torsional oscillation now gives rise to 
segmental  l ibration with a random angular distr ibution 
of chain segments.  

Data  from specific heat,  specific volume, nuclear 
magnet ic  resonance and dynamic mechanical  experiments  
are consistent with the thermal  motions suggested by the  
X-ray diffraction work. 

Full  length account is likely to be published in J. Chem. 
Phys. 

$1.9. T h e  t e m p e r a t u r e  v a r i a t i o n  of the  la t t i ce  v i b r a -  
t i o n s  of h e x a m e t h y l e n e t e t r a m i n e .  By  L. N. B~.c~_~ 

I). W. J.  CRUICKSHANK, School of Chemistry, The 
University, Leeds, 2, England. 

I t  is hoped tha t  a full account  of this work will be • On account  of its cubic symmet ry  with one molecule 
in the  primit ive cell hexamine  is a key substance in the  

published in Prec. Roy. Soc., London. 

$1.8.  T h e r m a l  m o t i o n s  in  p o l y t e t r a f l u o r o e t h y l e n e .  
By E. S. CLa.RK & L. T. M~-us,* Polychemicals Depart- 
ment, E. I. du Pont de Nemours & Company, Du Pont 
Experimental Station, Wilmington, Delaware, U.S.A. 

* Present Address: Physical Chemistry Department, Aar- 
hus University, Aarhus, Denmark. 

s tudy of the lattice vibrations of molecular crystals. 
On the  simplest theory the  external  vibrations in hex- 
amine can be separated into translat ional  and librational 
modes,  respectively obeying Debye & Einste in  ap- 
proximations.  The published two-dimensional  X-ray  
(Brill et al., 1939) and three-dimensional  neut ron  da ta  
(Andresen, 1957) at  room tempera ture  have  been re- 
fined (R = 7"9% and 2-2%) and analyzed in terms of mean  
molecular vibrations with 0.17 A r.m.s, t ranslat ional  and 
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7 ° r.m.s, angular amplitudes.  The la t ter  causes a correc- 
t ion of 0.02 J~ to the  CN bond length and raises it to 
1.48/~ in agreement  with the  gaseous electron diffraction 
value (Schomaker & Shaffer, 1947). The angular oscil- 
lat ion corresponds to a latt ice frequency of about  40 
cm. -1 and confirms Couture-Mathieu's  (1951) assign- 
m e n t  in the R a m a n  spectrum. The translat ional  ampli- 
tude  implies a OD close to tha t  derived from the elastic 
data.  

New three-dimensional  single crystal da ta  have been 
measured photographical ly wi th  X-rays at  ~ 295 °K., 
~-~ 130 °K. and --~ 40 °K. At  the  t ime of writ ing R---6% 
for both  the  295 °K. and 40 °K. data.  The results of the  
ref inements  show a great  reduct ion at  the  lower tem- 
perature  of both  the  translat ional  and angular oscilla- 
tions. Their  measured tempera ture  variat ion will be 
discussed in terms of the  simple theory. Specific hea t  
measurements  (with T. P. Melia), which we hope to ex- 
t end  down to 30 °K., have been made  between 100 °K. 
and 300 °K., and  agree to 1% with those calculated 
theoretically. 

The mater ial  of this paper  will probably be submi t ted  
to Acta Cryst. in due course. 

SI.10. T h e o r y  of t h e r m a l  diffuse scattering, by a 
m o l e c u l a r  crystal .  By W. Cocm~A~, Crystallographic 
Laboratory, Cavendish Laboratory, Cambridge, England. 
The theory of lattice dynamics can be used to calculate 

the  scattering of X-rays by a molecular crystal. In  m a n y  
cases the  main  features of the scattering will be cor- 
rectly given when the  internal  degrees of freedom of the 
molecule are neglected and only first order (one phonon) 
scattering is considered, (W. Hoppe,  Z. Kristallogr. 
(1956), 107, 406). In  this approximation,  the  diffuse 
intensi ty  can be calculated rather  simply by the  me thod  
of W. Cochran & G. Kar tha  (Acta Cryst. (1956), 9, 941). 
I t  is found that ,  for a pr imit ive uni t  cell containing one 
kind of molecule, the  ampl i tude of the  diffusely scat tered 
radiat ion in general involves a sum of two terms, only 
one of which depends on the molecular Fourier transform. 
In  the  case of a symmetr ical  molecule, only this lat ter  
t e rm is involved for certain directions of the scattering 
vector, whatever  the  details of the  molecular inter- 
actions. In  general the  same te rm will dominate  to the 
ex ten t  tha t  displacements due to translat ional  compo- 
nents  are greater than  those due to rotat ional  components  
in all normal  modes of vibrat ion which contr ibute  to the 
scattering. (The concept of separate translational and 
rotat ional  modes having different frequencies is shown to 
have very l imited validity.) These and other conclusions 
will be i l lustrated by numerical  calculations made  for a 
simple model  of a molecular crystal in which forces act 
be tween adjacent  molecules only. 

S I . l l .  The  theory  of diffuse X - r a y  scattering, on 
e las t ic  w a v e s  in m o l e c u l a r  crysta l s .  By W. HOPPE, 
Abteilung fi~r R6ntgenstrulcturforschung am Max-Planclc- 
Institut fiir Eiweiss- und Lederforschung, Miinchen 2, 
Deutschland. 
We have  ex tended  the  Fax6n-Wal le r -Lava l  theory of 

diffuse scattering to molecular crystals (W. Hoppe,  Z. 
Kristallogr. (1956), 107, 406; W. Hoppe,  Acta Cryst. 

(1956), 9, 770; W. Hoppe,  Z. Elektrochem. (1959), in print) 
(taking also into account  the  optical branches of the  
elastic spectrum), and  we have  shown tha t  the  scattering 
consists of 2 factors, i.e. 

(a) A factor t ha t  describes the enhancement  of diffuse 
scat ter ing in the neighbourhood of reciprocal lattice 
points (depending on the  elastic constants of the  crystal) 
and  tha t  describes the  overall increase of the  diffuse 
scattering wi th  the  reciprocal space vector  H. 

(b) A structural  factor, which consists of a phase- 
dependan t  superposit ion of the  Fourier  transforms of the 
rigid groups in the  uni t  cell. 

The theory differs from the elder theory  of diffuse 
electron diffraction from A. Charlesby, G. I. F inch & 
H. Wi lman (Prec. Phys. Soc., London (1939), 51, 479), 
which was recently used by J .  L. AmorSs et al. (J. L. 
AmorSs, M. L. Canut, S. Annaka  & A. de Acha, Publica. 
clones del Departemento de Crivtalografia y 2VJineralogia, 
1958) for the  explanat ion of diffuse X-ray scat ter ing as 
w e l l - - t h a t  it takes into account  the  strong coupling of 
the  m o v e m e n t  of the  rigid groups in the  crystal. The 
results of the  two theories differ mainly  in the  following 
details:  

(1) Our theory  explains the  enhancement  of diffuse 
scattering in the  neighbourhood of reciprocal lattice 
points, whereas the  Fineh-Char lesby theory  does not  
reveal it. 

(2) In  the  theory of Charles-Finch the  Fourier  trans- 
forms superpose wi thout  phases, in our theory  they  super- 
pose wi th  the  phase differences of the  vibrat ing rigid 
groups in the  uni t  cell. 

In  order to find relations for these phase differences, 
we have developed the 'pseudoacoustic approximat ion '  
(W. i o p p e ,  Z. Kristallogr. (1956), 107, 406) for the 
normal  type of molecular crystals (similar masses, inertia 
moments  and force constants  of the  molecules in the  
crystal). I t  can be shown (W. Hoppe,  Z. Elektrochem. 
(1959), in print) tha t  the  phase-dependent  superposition 
of the different components  of diffuse scattering simulates 
a phase- independent  superposition in special planes of 
the  reciprocal space (p.e. in the interlayer lines). Our 
experiments  and the experiments  of J.  L. Amor6s et al. 
(J. L. Amor6s, M. L. Canut, S. Annaka  & A. de Acha, 
Publicaciones del Departemento de Cristalografia y Minera- 
logia, 1958) have shown a diffuse scattering of this type 
in several organic molecular crystals. J .  L. Amor6s et al. 
(J. L. Amor6s, M. L. Canut, S. Annaka  & A. de Acha, 
Publicaciones del Departemento de Cristalografia y Minera- 
logia, 1958), have  pointed  out tha t  the  'phase-inde- 
pendent '  superposition of the  Fourier  transforms between 
the  reciprocal lattice points demonstra tes  independent  
vibrations of the  molecules in the optic branches. Our 
results show tha t  such a rgumen t s - -wh ich  would hardly  
be physically under s t andab le - -a re  not  necessary in the  
explanat ion of the diffuse scattering in molecular crystals 
and tha t  a diffraction theory based on the  Born lattice 
dynamics  accounts for all details of the  experiments.  

S1.12. The  d e t e r m i n a t i o n  of s t ruc tures  by diffuse 
X - r a y  scat ter ing  on e las t ic  w a v e s  in m o l e c u l a r  
crys ta l s .  By W. HOPPE, G. WILT,, R. RAUc~ & 
K. ANZE~HOFE~, A bteilung fiir .R6ntgenstrukturf orschung 
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am Max-Planclc-Institut fi~r Eiweiss- und Lederfor- 
schung, Mi~nchen 2, Deutschland. 
Our theory  (preceding lecture) shows tha t  the s tudy  of 

the diffuse X- ray  scat ter ing in crystals  has made it pos- 
sible to s tudy  the s t ructure  of rigid groups; experiments  
on known structures have  proved these conclusions 
(W. Hoppe,  Naturwis. (1955), 42, 484; W. t toppe,  Z. 
Kristallogr. (1956), 107, 434). 

The diffuse scat ter ing of molecular crystals  consists of 
two factors, the  second of which contains the s t ructural  
information. When doing quantitative interpretations, 
first the elasticity will have to be determined (at least 
approximately). This is possible by measuring the diffuse 
scattering near strong reciprocal lattice points; then the 
distribution of the first factor can be calculated and 
can be used for the reduction of the diffuse scattering to 
the second (structural) factor. 

For semi-quantitative interpretations it is frequently 
sufficient to identify position and form of the diffuse 
regions only and to compare them with the maxima of 
the square of the Fourier transform. 

The diffuse scattering shows an overall increase de- 
pending on the vector in the reciprocal space IH[ (see 
the formulas in our theoretical  paper  (W. Hoppe,  Z. Kri- 
stallogr. (1956), 107, 406). This increase can also be 
deduced from the Char lesby-Finch  theory  (A. Charlesby, 
G. I. F inch  & H.  Wihnan  (Prec. Phys. See., London 
(1959), 51, 479). I t  can be incorporated into the Fourier  
t ransform of the rigid groups ( 'Difference Fourier  Trans- 
form' (J. L. AmorSs, M. L. Canut,  S. Annaka  & A. de 
Acha, Publicaciones del Departemento de Cristalografia y 
Mineralogia, 1958) and leads to a bet ter  representat ion 
of the intensit ies of the diffuse domains for qual i ta t ive 
interpretations. 

But it should be pointed out that this reduction is not 
essential; the function used (l-exp (-B. IHI) is monot- 
onously rising and does not alter the number and the 
distribution of the Fourier transform maxima (apart from 
the elimination of the zero-maximum). In connection 
with such a reduction it is advantageous to correct the 
calculated distribution by the Lorentz and the polariza- 
tion factor as well. 

Examples showing the application of the method in 
several organic structure determinations will be given. 
Compared with the Fourier transform method, the elim- 
ination of the influence of the translational parameters of 
the rigid groups is of special interest. This will be demon- 
strated on experimental results of diffuse scattering of 
biflorin. 

This method must not be confused with the method 
of the determination of orientation in chain and layer 
structures using diffuse stratifications caused by the 
pronotmced elastic anisotropy in such structures (K. 

Lonsdale, J. M. Robertson & I. Woodward, Proc. Roy. Soc. 
(1941), A, 178, 43). 

S1.13. T h e r m a l  m o t i o n  in m o l e c u l a r  crysta ls .*  B y  
M. L. CA~-UT & J.  L. AMOR6S, Departamento de Cristalo. 
grafia, C.S.I.C., Madrid, Spain. 
The theoret ical  isodiffusion contours derived by  using 

a simple model of molecular crystal  whose ' r igid-body'  

* Supported by the Air Force Office of Scientific Research, 
through the European Office, under Contract No. AF-61- 
(052) 193. 

molecules und4rgo independent  molecular  mot ion gives 
account  for the observed extended regions of X- r ay  
diffuse scattering.  As the above model neglects inter- 
actions between molecules, good agreement  is achived 
only when weak van  der Waals  forces held the molecules 
in the lattice. A new function, the Difference Fourier  
Transform (of the molecules a t  rest  and a t  mot ion 
respectively) can be used when t rans la t ional  mot ion 
contr ibut ion is considered. The isodiffusion lines can also 
be computed by  tak ing  into account  the l ibrat ional  
molecular movement .  

The experimental  results obtained with several crystals  
of different molecular shape and s t ructural  type  (di- 
carboxylic acids, hexamine,  pentaerythr i to l ,  naphthalene ,  
acridine) have shown tha t  the shape and location of the  
extended diffuse domains are correlated with  the shape 
and orientat ion of the individual  molecules. The agree- 
men t  obtained when theoretical  isodiffusion contours are 
compared with  the observed values shows t h a t  these 
diffuse regions arise from independent  (out of phase) 
molecular motion with  vibrat ional  frequencies of the 
optical type,  being this kind of diffuse scat ter ing a func- 
t ion of (1 - e x p  [ -  2B sin 2 0/~2]) as was first predicted by  
Debye, and it  has the same na ture  as the electron diffuse 
scat ter ing bands found in anthracene  by  Charlesby, F inch 
& Wiiman.  

The whole X- ray  diffuse pa t t e rn  (extended regions and 
sharp spots) of the [001]0 reciprocal space of hexamine  
has  been recorded by diffractometer  technique wi th  
Geiger counter  and monochromat ized Cu K s  radiat ion.  
Three effects have  been taken  into account  in the com- 
puta t ion  of the diffuse in tens i ty  dis t r ibut ion:  transla-  
t ional and anisotropic l ibrational  independent  molecular 
motion and thermal  elastic waves (computed in the 
neighbourhood of non forbidden reciprocal lat t ice points  
in terms of the elastic constants  given by t tausstihl) .  
The good agreement  achieved when compared experi- 
menta l  and theoretical isodiffusion lines is shown. 

S1.14. Exterrded t h e r m a l  diffuse s c a t t e r i n g  of X - r a y s  
f rom m o l e c u l a r  s ing le  crysta l s .  By E. SX~DoR & 
W. A. WOOSTER, Cavendish Laboratory, Cambridge, 
England. 
In  addit ion to the thermal  diffuse scat ter ing restr icted 

to the immediate  neighbourhood of the reciprocal lat t ice 
points  the diffraction pa t t e rn  of molecular single crystals  
shows extended diffuse areas covering several reciprocal 
lat t ice points.  The in tensi ty  distr ibution in these areas 
can be approximated  by  an expression of the type  

{F~(0)-F~(T)},  where Fi(O) is the Fourier  t ransform 
i 

of the i th  molecule a t  rest, Fz(T) the same a t  the tem- 
perature  of observation and the summat ion  is to be t aken  
over all molecules in the uni t  cell. 

The above expression is s t r ict ly valid according to the 
theory  only for molecules carrying out  independent  
t ranslat ional  vibrations.  The departures of the observed 
diffuse pa t te rns  from the above expression (e.g. the  
parallel fringe system passing through the diffuse pa t t e rn  
of anthracene) indicates that the actual thermal motion 
of molecules is more complex than is assumed in the 
derivation of the above expression. 

Nevertheless the approximation is good enough to be 
useful for structural analysis in two ways. One possible 
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use is the  de terminat ion  of the  orientat ion of a molecule, 
whose approximate  shape is known. If the  molecule is 
planar, the procedure is quite simple and straightforward 
and can be carried out with an accuracy of 2-3 °. 

The other possible use is the  de terminat ion  of the  
molecular s tructure by calculating a molecular Pat terson 
funct ion from the intensi ty  distr ibution of the  ex tended  
diffuse areas. Again the  me thod  is most  effective in the  
case of planar  molecules, where it reduces to a two- 
dimensional  problem. Bu t  even in three dimensions it 
offers two advantages  over convent ional  Pa t te rson  
methods,  namely,  the possibility of measuring intensities 
on a finer mesh than  tha t  of the reciprocal lattice, and 
also the possibility of separating the contributions of the 
molecules wi thin  a uni t  cell. 

Similar ex tended  diffuse areas were first observed in 
electron diffraction pat terns.  X-ray diffraction has the  
dist inct  advantage  tha t  by using an appropriate  tech- 
nique the  ex tended  diffuse areas can be studied in sec- 
tions, which are practically free from disturbing Laue 
spots and the  strong diffuse regions surrounding them. 

To be published in Acta Cryst. 

Cette 6rude a montr@ que, pour un  vecteur  d 'onde  
dirig@ suivant  un axe de sym@trie ternaire, les fr@quences 
des oscillations optiques longitudinales sont sup@rieures 
& celles des oscillations optiques transversales. 

Pour  les trgs grandes longueurs d 'onde le rapport  des 
fr@quences des oscillations longitudinales et transversales 
est sensiblement  6gal k 1,1. 

Pour  interpr@ter ces r@sultats exp@rimentaux, nous 
avons d@compos@ le champ de force qui r@gne dans le 
cristal en deux part ies:  

(1) Un  champ de force repr@sent6 par des tenseurs 
assujettis & la sym@trie du milieu cristallin rendant  
compte  des interactions k courte distance. 

(2) Un  champ de force coulombien produi t  par  la 
polarisation @lectrique d@velopp@e par une onde d'agita- 
t ion thermique.  

Ce champ de force est d@fini ~ part i r  des constantes 
@lastiques, de la fr@quence d 'absorpt ion infra-rouge et de 
la charge effective des ions suppos@s rigides et non  
polarisables. 

La charge effective ajust@e aux r@sultats exp@rimentaux 
doit  @tre prise @gale /~ 0,3 fois eelle d 'un  @lectron. 

S1.15.  La  densit@ @ l e c t r o n i q u e  d u  m i l i e u  c r i s t a l l i n  e t  
l a  d i f f u s i o n  d e s  r a y o n s  X p a r  l ' a g i t a t i o n  t h e r m i -  
q u e  d e s  a t o m e s .  Par  JEA~r LAVAL, Coll@e de France, 
Paris, France. 
L'agi ta t ion thermique  des atomes fair fluctuer la 

densit@ @lectronique du milieu cristallin. Cette densit6 ne 
reste p@riodique qu 'en  moyenne  dans le temps. N6an- 
moins, on peut  en effectuer l 'analyse harmonique  au 
moyen  de l'int@grale de :Fourier. Outre des composantes 
stat ionnaires qui donnen t  lieu aux r@flexions s@lectives 
de Bragg, on t rouve des trains d 'ondes progressives 
planes, produits  par l 'agi tat ion thermique  des atomes. 
Comme les strates cristallines, ces trains d 'ondes de 
densit@ 61ectronique r@fl@chissent s@lectivement les rayons 
X. Leur pouvoir  diffusant global ~5 (par angle solide 
unitaire et par @lectron du cristal) peut  @tre exprim6 
par une s6rie: 

o5 =c51 +c52 + . . .  

don t  le terme ash, mesure l ' intensit6 des rayons X qui 
sont rejet@s par les r@flexions s@lectives sur les ondes de 
densit@ @lectronique form@es par n oscillations harmo- 
niques des atomes. Si la fr@quence, la forme et l 'ampli tude 
des oscillations thermiques  sont connues, on peut  d6duire 
du pouvoir  r5 les modules de facteurs de structure qui, 
semblables aux facteurs de structure associ@s aux r@- 
flexions s@lectives de Bragg, sont d@termin@s par la 
densit6 @lectronique du milieu cristallin. Les modules de 
ces facteurs l ivrent  de nouvelles donn@es sur la densit@ 
61ectronique, ils pe rme t t en t  de la d@finir avec une 
pr@cision accrue. 

S1.16.  F r @ q u e n c e s  d e s  o s c i l l a t i o n s  o p t i q u e s  d a n s  l a  
s y l v i n e  h 140 °K. Par  M. N. BOCCA-RA, Coll~ge de 
France, Paris, France. 
Par  la photom@trie des rayons X diffus@s par un cristal 

de sylvine ma in tenu  ~ 140 °K., nous avons d@termin6 
les fr@quences des oscillations 'optiques'  ou 'rapides'.  

S1.17.  T h e  e f f ec t  o f  t h e r m a l  v i b r a t i o n  o f  g a s e o u s  
m o l e c u l e s  i n  e l e c t r o n  d i f f r a c t i o n  s t u d i e s .  By Yo- 
~-EZO MOI~INO, Department of Chemistry, Faculty of 
Science, The University of Tokyo, Tokyo, Japan. 
A general formula for analyzing the  electron diffrac- 

t ion halos by gaseous molecules is presented by taking 
into account  the  thermal  mot ion  of a toms in molecules. 
The exact  meaning  of the  quanti t ies  obtained by electron 
diffraction, i.e., the  atomic distances and their  mean  
square amplitudes,  is discussed based on the thermal  
vibrat ion of polyatomic molecules. 

The atomic distances revealed by electron diffraction 
depend upon the parallel and perpendicular  ampli tudes 
as well as the anharmonicity terms in the potential func- 
tion. Prof. Bastiansen and his co-workers found the 
interesting relation that the atomic distances between 
carbon atoms in molecules such as allene, butatriene, and 
dimethyldiacetylene were shorter than the sum of the 
individual bond lengths. It can be shown that these 
differences are mainly due to the perpendicular displace- 
ments of the atom pair. The influence of the anhar- 
monici ty  factors which have the first-order effect on the  
atomic distances is cancelled out  by the  procedure of 
taking the difference s ta ted above. 

On the other hand  the mean  square ampli tudes ob- 
ta ined can be compared with the  values computed  by 
the use of spectroscopically obtained normal  modes  
because the anharmonici ty  of the potent ial  function of 
the  molecular field gives only a second-order effect on 
the  mean  square ampli tudes.  The agreement  be tween 
the observed and the  calculated values were found to be 
good. I t  suggests tha t  the mean  square ampli tudes will 
offer addit ional  information for determining the potent ia l  
field of the molecule. A few examples are presented along 
this line. 

The paper is to be published in J. Chem. Phys. or in 
Bull. Chem. Soc. Jap. 
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S1.18. T h e  i n f l u e n c e  of  t h e r m a l  m o t i o n  on  s t r u c t u r e  
d e t e r m i n a t i o n  of  l i n e a r  m o l e c u l e s  u s i n g  the  e l e c -  
t r o n - d i f f r a c t i o n  m e t h o d .  By O. BASTIANSEN & M. 
T~E~r~.BE~G, Institutt for teoretis/c /cjemi, Norges te/c- 
nis/ce Hogs~cole, Trondheim, Norway. 
I n  the  s tudy  of d imethyld iace ty lene  it was discovered 

t h a t  the  observed non-bonded  C-C distances were shorter  
t han  t h a t  calculated summing  up the observed bond 
distances.  Though  the effect was small it appeared to be 
real, and  it was a t t r i bu ted  to out-of-l ineari ty vibrations.  
I t  was found wor th  while to s tudy  this effect in other  
molecules wi th  l inear equi l ibr ium conformation.  The 
effect has been observed in allene and butatr iene,  and for 
these molecules quan t i t a t ive  da ta  for the effect were 
obtained.  If  the  effect is neglected,  l inear molecules 
appear  bent .  The out-of-l ineari ty vibrat ions will com- 
plicate s t ruc ture  determinat ions  of linear molecules using 
a spectroscopic m e t h o d  based upon measurements  of 
moments  of inertia.  The average m o m e n t  of inert ia about  
an  axis perpendicular  to the molecule will be a trifle 
smaller t han  for the presumed stiff model.  

The effect migh t  obscure electron-diffraction deter- 
ruination of slightly bent  molecules, as these are difficult 
to distinguish from linear molecules wi th  a large out-of- 
l ineari ty ampl i tude  of vibrat ion.  One case tha t  was 
supposed to be on the  limits of the two al ternat ives  is 
presented by  the  molecule of disi lylether s tudied by 
V. Ewing.  I t  can be shown tha t  this molecule is most  
likely ben t  also in the equil ibrium conformation.  

Likely to be published in Acta Chem. Scand. 

S1.19. S t r u c t u r e  a n o m a l i e s  a n d  m o l e c u l a r  v i b r a -  
t i o n s  in  c a r b o n  s u b o x i d e .  By H.  BREED, O. BA- 
STIA~SEN & A. ALM~N~-INGEN, Institutt for teoretislc 
/cjemi, Norges te/cniske Hogs~cole, Trondheim, Norway. 
The sector m e t h o d  of electron diffraction has been used 

to reinvest igate  the molecular  s t ruc ture  of carbon sub- 
oxide th roughou t  the range of s f rom 2 to 65 A -1 (where 
s=(4~/2) sin 0). Fourier  t ransformat ion  of this da t a  
shows the  C = C  distance well resolved from the C = O 
distance. The overall length of the molecule, and the 
distances from first to third,  and first to fourth a toms are 
dist inct ly less t han  the  stun of the individual  component  
C = O  and  C = C  distances. The effect is reproduceable 
and  more  than  an order of magn i tude  larger t han  the 
uncer ta int ies  in the exper iment .  I n  carbon suboxide the 
effect is larger t han  tha t  observed in allene, butat r iene,  
and  d imethyldiacety lene .  Carbon suboxide seems to 
represent  a case where it  is difficult to distinguish be- 
tween a l inear molecule wi th  a large out-of-l inearity am- 
pl i tude of vibrat ion,  and a molecule wi th  bent  equil ibrium 
configuration. 

Likely to be published in J. Chem. Phys. 

S1.20. T h e  ef fect  of  t e m p e r a t u r e  on  the  m e a n  s q u a r e  
a m p l i t u d e s  of  v i b r a t i o n  of  PC1 a. By  K_ENNET~r NED- 
B~,I~G & MACttIO IWASAXI, Department of Chemistry, 
Oregon State College, Corvallis, Oregon, U.S.A. 
Although one expects an increased t empera tu re  to 

increase the  m e a n  square ampli tudes  of vibrat ion of 
molecules, the effect is too small to have  been evident  

from electron diffraction da~a in the  past .  Recen t  im- 
provements  in exper imenta l  techniques,  however ,  yield 
accura te  in tensi ty  da t a  over a m u c h  larger sca t ter ing 
angle, and it seemed worthwhi le  to invest igate  the  effect 
of t empera tu re  anew. 

Our da ta  were taken  at  27 and 232 °C. in the  Norwegian  
appara tus  from gaseous PC1 a, a molecule of wel l -known 
s t ructure  and thoroughly  s tudied vibrat ional  spect rum,  
and wi th  a toms of atomic numbers  so close as to make  
the effect of phase shift negligible. The da ta  were reduced  
in the usual  way  and radial  dis t r ibut ion curves calculated 
from the result ing intensi ty  curves. 

We find PC1S to have  the same structure,  wi th in  ex- 
per imenta l  error, a t  the  two tempera tu res  (rP-c1=2"039 
and 2.044 A, and rcl...cl--3"131 and 3.138 A a t  27 and 
232 °C., respectively (in good agreement  wi th  the  corre- 
sponding ground s ta te  microwave values 2-043 and  
3.134 A); however,  there  is a considerable difference in 
the root  mean  square ampl i tudes  of vibrat ion for both  
the P-C1 and  C 1 . . .  C1 distances:  at  27 °C. the  pre- 
l iminary values are respectively 0.050 and 0.081 A, and  
at  232 °C. 0.059 and  0.111 A. These results are in fairly 
good agreement  wi th  predict ion from spectroscopic data .  

Probable  publ icat ion:  J. Chem. Phys. 

S1.21. D e t e r m i n a t i o n  of  p o t e n t i a l  c o n s t a n t s  for  PCIs 
f r o m  g a s e o u s  e l e c t r o n  d i f f r a c t i o n  data  a n d  n o r m a l  
v i b r a t i o n  f r e q u e n c i e s .  By MAcmo IWASA~Z & KEN- 
NETH HEDBERG, Department of Chemistry, Oregon State 
College, Corvallis, Oregon, U.S.A. 
Vibrat ional  potent ia l  constants  are usual ly de te rmined  

from the  frequencies of normal  vibrations.  Most often 
these are no t  sufficient to de termine  constants  for a 
general  quadra t ic  potent ia l  function,  so t ha t  ei ther  a 
simplified field mus t  be assumed or da t a  mus t  be ob- 
ta ined for isotropic species. 

The recent  developments  in gas phase electron diffrac- 
t ion techniques have  made  it possible to de termine  mean  
square ampl i tudes  of vibrat ion with  high accuracy and  
it has been shown tha t  these are in generally good agree- 
m e n t  wi th  those calculated from assumed potent ia l  
functions. Bu t  it seems especially a t t rac t ive  to combine 
the mean  ampli tudes  of vibrat ion from electron diffrac- 
t ion wi th  the vibrat ional  frequencies and  to a t t e m p t  to 
de termine  potent ia l  constants  directly.  

PC13 was chosen for this s tudy  because (1) the  com- 
plicat ing phase shift is negligible (see preceeding abstract) ,  
(2) the geometry  is quite favorable, i.e., the  chlorine a toms 
are far enough apar t  so tha t  steric effects, which migh t  
be reflected in dis tor ted radial  dis t r ibut ion curve peak  
shapes, would be small and (3) the  four wel l -known 
vibrat ional  frequencies and the two mean  square am- 
pli tudes permi t  evaluat ion of the six constants  in the  
general  quadrat ic  potent ia l  function.  The procedure  was 
to calculate the values of the root  mean  square displace- 
ments  for each distance wi th  the  four fundamen ta l  
frequencies by  methods  similar to those described by  
Merino, Kuch i t su  & Shimanouchi  (J. Chem. Phys. (1952), 
20, 726) or Cyvin (private communicat ion) .  Contours 
corresponding to these values were p lot ted  as a funct ion 
of two convenient  potent ia l  cons tant  pa ramete rs  for 
comparison wi th  the observed values. We  find t ha t  our 
pre l iminary  observed values of 0.050 and  0.081 ~ for 
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P-C1 and C1. • • C1 at  27 °C. lead to imaginary potent ia l  
constants,  bu t  only very small changes which may  lie 
well wi thin  the  s tandard  errors, are necessary to obtain 
real potent ia l  constants.  For example, root mean  square 
displacements  of 0.0515 and 0.0812 /~ correspond to 
the  reasonable values fr = 2"842, frr" = 0"637, fro = 0"350, 
fro'=0"050, fo=0"304, foo'=0"047, all in units of 105 
dyn.cm. -1. 

Probable publicat ion:  J. Chem. Phys. 

S1.22. T h e  t e m p e r a t u r e  d i f f u s e  s c a t t e r i n g  of  e l e c -  
t r o n s  f r o m  the  s u r f a c e  of  a s i n g l e  c r y s t a l .  By 
SATIO TAKAGI & MIEKO TAKAGI, Institute of Physics, 
College of General Education, University of Tokyo, Ko. 
maba, 31eguro-lcu, Tokyo, Japan. 
The per turbat ion theory  of the  tempera ture  diffuse 

scattering of electrons developed by one of the authors 
(S. Takagi, J. Phys. Soc. Japan (1958), 13, 278, 287) is 
applied to the  case of reflection from a crystal surface. 
I t  is shown tha t  diffuse spots due to tempera ture  scat- 
tering appear separately from the spots due to ordinary 
diffraction, and tha t  strong diffuse spots can be observed 
when the  incident  beam satisfies closely the  Bragg con- 
dit ion concerning a set of lattice planes and resulting 
Bragg reflection makes  a small angle wi th  the  surface. 
These results are in accordance with the observed features 
of diffuse spots in the electron diffraction pa t te rn  from the 
surface of single crystals; e.g. zincblendc, germanium and 
diamond.  

The intensi ty  of diffuse spots from the surface of 
d iamond crystals is measured.  I t  has previously been 
confirmed with X-rays tha t  they  do not  give 'diffraction 
spikes' which are believed to be due to imperfections. 
The intensities of the  444- and 555-diffuse spots at  the 
room tempera ture  and at  400 °C. are p lo t ted  against the  
distance ~ in the reciprocal space between the  Ewald  
sphere and the  444- or the  555-points. I t  is shown tha t  
the intensi ty is inversely proport ional  to the  square of 

and proport ional  to f/'. 
The profiles of diffuse spots are also obtained which 

show tha t  the  intensi ty  region due to tempera ture  scat- 
ter ing around the 444-reciprocal lattice point  is not  spher- 
ically symmetrical .  Though these exper imental  results 
are not  fully explained yet, this me thod  may  be used for 
the  elucidation of the  surface mode  of thermal  vibrat ion 
in crystals, since the penet ra t ion depth  of electrons is 
very small in the  reflection case. 

The full-length account  will be given in Acta Cryst. 

S1.23. S t u d i e s  of  l a t t i ce  d y n a m i c s  by  n e u t r o n  s p e c -  
t r o s c o p y  at  C h a l k  R i v e r .  By B. N. BttOCKHOUSE, 
W. COC~RAN, A. D. B. WOODS, T. ARASE, G. CAGLIOTI, 
M. SA~tMOTO & R. N. SINCLAra, Atomic Energy of 
Canada, Chalk River, Ontario, Canada. 
For nearly six years experiments  have  been underway 

at  Chalk River  Laboratories to s tudy atomic motions in 
crystals (and in liquids) by measurement  of energy 
distr ibutions of scat tered neutrons.  [See Phys. Rev. (1958), 
111,747].  This abstract  outlines work (by various authors 
in the  group) not  yet  published. An extensive series of 
measurements  has been made  on lead single crystals, 
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in which the  f requency/wave vector [v(q)] dispersion 
relation has been measured for several directions at  
temperatures  from 100 °K. to 570 °K. [Bull. Amer. Phys. 
Soc. (1960), 5, 39, 199]. Wi th in  the limits of error ( ~  2%) 
all dispersion curves can be fi t ted by Fourier  series wi th  
few terms. The number  of terms and their  interrelation- 
ship indicate t ha t  long range forces are involved. The 
range of the  forces seems to decrease on the  whole with 
increasing temperature .  At  the  higher  temperatures  the 
neut ron  groups are notably  energy broadened,  suggesting 
tha t  phonons in lead have very short  lifetimes. If  the full 
wid th  at  half m a x i m u m  (W) of the  broadened neut ron  
group is related to the  phonon  lifetime (T) through the  
uncer ta in ty  relation WT=h/2z, the  lifetimes near  the 
mel t ing point  are found to be roughly equal to the 
periods of the  vibrations! 

A phenomenological  theory  of phonon  lifetimes has 
been constructed by adding to the equations of mot ion  
of the  Born -von  K~rm~n theory dissipative terms 
proport ional  to the  relative velocities of the  ions. For  
symmet ry  directions, [100] and [111], and dissipative 
forces be tween first neighbors only, the  damping rate 
constant  and therefore the energy width  turns out to have  
the  form 

W =_r '{1- cos (q/qmax.)}, 

where F is proport ional  to a linear combinat ion of the  
dissipative constants,  depending on the  branch and 
direction. For  exper imental  reasons it is difficult to get  
accurate widths, but  results so far are consistent with the  
phenomenological  theory.  

Extens ive  measurements  have  been made  on the  
alkali halides, potassium bromide and sodium iodide 
[Bull. Amer. Phys. Soc. (1959), 4, 246, and Phys. Rev. to 
be published]. For both  materials  dispersion relations in 
the  symmetr ic  [1, 0, 0], [1, 1, 0], and [1, 1, 1] directions 
are f i t ted reasonably well by curves calculated on a simple 
version of the  'shell' model  [see Proc. Roy. Soc. (1959), 
A, 253, 260] in which the negat ive ion only is polarizable. 
Measurements on KBr  at  95 °K. verify the  well known 
relation ~LO/VTO =(e0/eoo)½ between the longitudinal  and 
transverse optical modes at  q = 0, and the  low and high 
frequency dielectric constants.  The LO modes of fairly 
long wavelength  are noticeably energy broadened even 
at  95 °K. Other modes are much  less broadened,  even at  
higher  temperatures .  

The experiments  on Pb and KBr  were greatly facili tated 
by apparatus  which permits  energy distr ibutions to be 
taken  at constant  neut ron  wave vector change, and thus 
at  constant  q. 

The distr ibution of optical modes in LiH has been 
s tudied by a new me thod  in which neutrons  of variable 
incoming energy are scat tered into a beryll ium shielded 
detector  sensitive only to neutrons  of energy < 0.005 e.V. 
The distribution, which extends from 0.070 e.V. to 0.145 
e.V., has a strong m a x i m u m  at  0.097 e.V. and a weaker  
m a x i m u m  at 0.128 e.V. 

S1.24. Ef fec t  of  t h e r m a l  v i b r a t i o n s  on  e s t i m a t i o n  of  
i n t e r a t o m i c  d i s t a n c e .  By HE~rai A. LEvy & W. R.  
BUSlNO, Oalc Ridge National Laboratory, Post Office 
Box X,  Oak Ridge, Tennessee, U.S.A. 
Crystal s tructure parameters  refined by least-squares 

from Bragg diffraction intensities generally define the  
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centroids of the  atomic positions under  the per turbing 
influence of thermal  vibrations. The rigorous es t imat ion 
of interatomic distances from crystal parameters  requires 
knowledge of the joint  distr ibution of pairs of atoms under  
thermal  displacement,  knowledge not  directly obtainable 
from Bragg diffraction data.  Under  suitable assumptions, 
useful est imations can however  be made.  A general 
formalism for the problem will be presented and several 
special cases discussed with applications. 

Probable publicat ion:  Acta Cryst. 

S1.25. T h e r m a l  m o t i o n s  in  cupr i c  f l u o r i d e  d i h y d r a t e  
at 298 °K and at 4.2 °K. By S. C. ABttA~AI~IS, e¢ Bell 
Telephone Laboratories, Murray Hill, N.J. ,  U.S.A. 
The Okl, hkO and hkh reflections of CuF 2. 2 H20 have 

been measured by  the neut ron diffraction method,  both  
at room tempera ture  and at  liquid hel ium temperature .  
These measurements  were made  using the Single Crystal 
Automat ic  Neut ron  Diffractometer  (Prince & S. C. 
Abrahams,  Rev. Sci. Instrum. (1959), 30, 581) and also 
a new goniometer -mounted  cryostat  (S. C. Abrahams, 
Rev. Sei. Instrum. (1960), 31, 174). The hydrogen a tom 
positions were determined by s tandard means,  s tart ing 
from the 'heavy" a tom positions reported by Geller 
& Bond (J. Chem. Phys. (1958), 29, 925) using X-rays. 
A least-squares analysis of the complete set of structure 
factors was made,  in which all the  (six) positional and 
(seventeen) thermal  parameters  were varied, in addi t ion 
to an overall scale factor. The calculations were performed 
on an IBM 704 using the Busing & Levy program. 
The anisotropy in vibrational  ampli tudes present  at  room 
tempera ture  does not  disappear at 4.2 °K., nor do these 
displacements become vanishingly small. In  the  ease of 
the  hydrogen atoms, the motions (ca. 0.25 ~ r.m.s.) are 
vir tual ly identical at  the two temperatures.  

The bond lengths and angles in CuF2.2 HI20 at 298 °K. 
and at 4-2 °K. have also been measured, using an extra- 
polation of Barbieri, Bond & Cooper's (private com- 
municat ion,  1959) precision lattice constants de termined 
at  298, 273, 196 and 80 °K. The Cu-O and one pair of 
Cu-F distances remain the  same at  298 and 4.2 °K.: 
the O - H  distance is significantly shortened and the  
H - O - H  angle decreased at  the  lower temperature .  An- 
other significant change is the  reduct ion in the  long 
Cu-F octahedral  contact.  

The structure of the  antiferromagnetic  electron array 
has also been determined.  The 'magnetic '  electron at the 
origin is antiparallel  to tha t  at  the body center, and both 
are approximately  parallel to the c-axis direction. 

This paper will probably be submitted to Acta Cryst, 

S1.26. N e u t r o n  scat ter ing ,  inves t i~ ,a t ion  on a f e w  
m e t a l  h y d r i d e s .  By J.  BEROS~_A, Institutt for Atom- 
energi, Kjeller, Norway. 
A study of the  dynamical  behaviour  of hydrogen atoms 

in a number  of meta l  lattices has been made  using neut ron 
diffraction techniques for elastic and inelastic scattering. 

* Guest Scientist, Brookhaven National Laboratory, 
Upton, N.Y. 

Due to the  favourable energy m o m e n t u m  relat ion the  
phonons of atomic oscillators are comparable in size to 
the energy of thermal  neutrons.  

Single crystal neut ron  diffraction da ta  obtained from 
two zones of PdH0.63 confil~n the  occupation of the  
octahedral  positions in the pal ladium lattice by the hy- 
drogen atoms as has been reported by VVorsham et al. 
(J. Phys. Chem. Solids (1957), 3, 303). 

The vibrational  ampli tudes derived from the decrease 
of this coherent  scattering intensi ty could be correlated 
wi th  inelastic scattering experiments.  

Fermi  gave a derivat ion of the neut ron  cross section of 
hydrogen chemically bound as a harmonic  oscillator. 
Basically this function shows a number  of sharp dips at  
energies equal to multiples of the fundamenta l  vibrat ional  
energy quantum.  The cross section variat ion was mea- 
sured by means of a crystal spectrometer,  the results of 
which were found to be in substantial  agreement  with the  
decrease in the  Bragg scattering. 

Using the  cold neut ron  scattering technique,  the  ex- 
change of energy with the lattice vibrations gave more 
direct information concerning the  acoustical and optical 
vibrat ion branches. The results from these inelastic scat- 
tering measurements  and the  elastic diffraction da ta  
could be correlated with the  act ivat ion energy for dif- 
fusion of hydrogen in palladium. The various data  m a y  
be collected in a diagram showing the  potent ia l  energy 
of the proton as it is displaced in the  [ l l l ] -d i r ec t ion  and 
are in good agreement  with each other. 

A Debye tempera ture  obtained from the mean  square 
displacement of the pal ladium atoms and compared wi th  
the  interaction of the  cold neutrons with the  acoustic 
branch turns out  to be lower than  the one for pure metal ,  
which suggests a somewhat  weaker binding between the  
pal ladium atoms. 

Besides the  experiments  on pal ladium hydr ide  work 
has been done on copper hydr ide  and the hydr ide  of the  
intermetall ic alloy A1Th2. The hydrogen atoms in these 
systems occupy the  centres of tetrahedra,  formed by the  
meta l  atoms. 

The paper is likely to be published in J.  Phys. Chem. 
Solids. 

$1.27. D e t e r m i n a t i o n  of D e b y e - W a l l e r  f a c t o r s  in  
Li H by  X - r a y  and  n e u t r o n  s c a t t e r i n g .  B y  R. S. 
CALDE~ & W. COCmRAN, Cryst. Lab., Cavendish Labora- 
tory, Cambridge, England and D. GRIFFITtIS & R. D. 
LOWDE, Atomic Energy Research Establishment, Har- 
well, England. 

The values of BIt and BLi ha the  expression 

f =re exp ( - -B  sin S O/A 2) 

have been de termined by two independent  methods  in 
each c a s e .  B L was obtained by X-ray diffraction and 
neut ron diffraction using single crystals, BE by the  lat ter  
me thod  and also by measuring the intensi ty of neutrons  
scattered incoherently from powdered material .  The re- 
sults are in good agreement  with one another,  and support  
earlier conclusions about  the electron distr ibution in LiH. 
(Rev..Mod. Phys. (1958), 30, 47.) At  room tempera ture  
BLi = 1"00 _~2, BR = 1"85 .h.~. 
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S1-28. O n  t h e  z e r o  p o i n t  v i b r a t i o n s  i n  c r y s t a l s  a n d  
t h e i r  r e l a t i o n  to  d i f f r a c t i o n  e x p e r i m e n t s .  By I. WAL- 
LER, Institutionen f6r teoretisk fysik, Uppsala, Sweden. 
An analysis will be given of the  influence of the  zero 

point  vibrations in crystals for those cases where these 
vibrat ions are of essential importance.  The accuracy of 
the  approximations which have been used in calculating 
the  zero point  vibrat ional  ampli tudes and energies will be 
discussed and also the  importance of the  anharmonic i ty  
of the  residual vibrat ions at  low temperatures .  The 
possibilities to get  fur ther  insight into the zero point  
vibrat ions by  crystal diffraction exper iments  will be 
discussed in some detail. 

S1.29. N u l l p u n k t u n r u h e  u n d  F l u k t u a t i o n s t e r m .  Von 
1%. H O S E M ~ ,  Fritz-Haber-Institut der Max-Planck- 
Gesellschaft, Berlin-Dahlem, "Deutschland. 
Die quant i ta t ive  und  direkte Auswertung der R6ntgen-  

interferenzen yon Kristal len liefern nicht  nur  Informa- 
t ionen fiber die mi t t lere  Elekt ronendichtever te i lung in 
e inem Atom, sondern auch fiber die statistische Schwan- 
kung der Dichtever te i lung u m  diesen Mittelwert.  Die 
Auswer tung der R6ntgeninter ferenzen yon Kochsalz 
(Messung yon Schoknecht  & Renninger)  mit tels  Fal- 
tungsintegralen und  Gauss-Analyse beweisen, dass die 
Dichtever te i lungen nicht  starr  mi t  dem Schwerpunkt  der 
Ionen  mitschwingen.  Der F luk tua t ions te rm wirkt  sich 
im diffusen Unte rg rund  aus und  gibt  die Erkl/~rung fiir 
die von Harvey  1933 bei Sylvin gefundenen Anomalien.  
Berficksichtigt man  diese Fluktuat ion,  so ist es nicht  mehr  
n6tig apt ier te  Tempera tur fak toren  einzuffihren. Die 
direkte Auswertung der R6ntgeninter ferenzen an Dia- 
m a n t  (Messungen von Brill bei 290 °K.) mit tels  Faltungs- 
integralen und  Gauss-Analyse beweist  die Existenz der 
Nul lpunk tunruhe  mi t  einer Genauigkeit  yon wenigen 
Prozent .  Die /iusseren Schalenelektronen sind allerdings 
auch hier durch die Nachbara tome beeinflusst. Es wird 
der Schluss gezogen, dass der F luk tua t ions te rm so lange 
vernachlassigbar ist, als die Tempera tur  genfigend weir 
unterhalb  der charakteris t ischen Tempera tur  liegt. [R. 
Hosemann  u. G. Schoknecht,  Z. Nat. Forsch. 12a, 932 
(1957). G. Schoknecht,  Z. Nat. Forsch. 12a, 983 (1957). R. 
Hosemann u. G. Voigtlaender-Tetzner,  Z. Elektrochem. 63, 
902 (1959)]. 

Ausffihrliche Ver6ffentl ichung ist vorgesehen in Z. 
Elektrochem. 

S1.30. T h e r m a l  m o t i o n  i n  c r y s t a l s  a n d  m o l e c u l e s  a s  
r e v e a l e d  b y  n u c l e a r  map,  n e t i c  r e s o n a n c e .  By E. 1%. 
ANDREW, Department of Physics, University College of 
North Wales, Bangor, Caernarvonshire, Wales. 
Thermal  motions in crystals generally reduce the static 

magnet ic  dipolar interact ion between the  atomic nuclei, 
and  as a consequence the observed nuclear magnet ic  
resonance spectrum is narrower than  it would be if the  
mot ion  were absent.  There is a marked  reduct ion in 
spectral wid th  only if the  nuclear displacements are 
comparable with the  inter-molecular spacing. Vibrat ion 
about  fixed sites therefore produces only small effects. 
On the  other hand  the me thod  readily reveals the rota- 
t ion of molecules, molecular ions and groups (whether 
free or hindered),  the rotat ional  oscillation of molecules, 
and the  diffusion of molecules and ions. The me thod  is 
sensitive since rates of 10 4 c./s. generally suffice to cause 

73* 

spectral narrowing. Unl ike  the  dielectric me thod  the  
nuclear magnet ic  resonance me thod  can be applied no t  
only to polar bu t  also to non-polar  molecules which are 
often of interest  since, having greater  symmetry ,  they  
are usually more mobile. 

Al though the  me thod  can be applied to any  nucleus 
having a magnet ic  moment ,  most  work has concerned 
protons. Examples  will be given of applications to mot ion  
in ionic and molecular crystals, metals  and polymers.  
A quant i ta t ive  examinat ion  of the spectrum enables the  
na ture  of the  mot ion  to be determined.  Fur thermore  a 
s tudy of the  nuclear spin lattice relaxation t ime fre- 
quent ly  yields the  rate of mot ion;  from its t empera ture  
dependence an act ivat ion energy can, in suitable cases, 
be determined.  Some of the effects can be readily demon- 
s t ra ted by the  macroscopic rotat ion of crystals. 

S1.31. M o l e c u l a r  m o t i o n  i n  s o m e  s i m p l e  a m i d e s .  By 
J.  W. EMSLEY & J. A. S. SMITH, School of Chemistry, 
The University, Leeds, 2, England. 
The proton magnet ic  resonance spectra of single crys- 

tals of urea, thiourea, and formamide have been recorded 
over a range of temperature .  F rom a careful s tudy of the 
angular dependence of the  spectra, it is shown tha t  the  
changes observed in thiourea between 220 to 260 °K. 
and urea between 300 to 370 °K. are produced by essen- 
tially the  same type  of molecular motion,  despite the 
differences in crystal structure.  Both  molecules undergo 
hindered rotat ion about  the C = 0  (or C =S) bond, t ha t  
is the  molecule flips between the  two planar, or near- 
planar, equil ibrium configurations related by the mirror  
plane perpendicular  to the  plane of the heavy  atoms and 
passing through the carbon and oxygen (or sulphur) 
atoms. The energy barriers h inder ing reorientat ion are 
approximately  9 Kcal . /mole for urea and 4 Kcal . /mole 
for thiourea, possibly indicat ing differences in the s t rength 
of hydrogen bonding between the two crystals. The  
existence of this mot ion  is in agreement  with the  large 
X-ray  tempera ture  factors of the ni trogen atoms in a 
direction perpendicular  to the  molecular plane. In  con- 
trast  to the  results of other  investigators, the spectra of 
formamide are found to undergo no significant change 
from 138 °K. up to the  mel t ing-point ;  there are no 
changes t ha t  can be a t t r ibuted  to reorientat ion of the  
NI t  2 group about  the  C-N bond in agreement  with recent  
high-resolution studies of the  liquid. 

To be submi t ted  for publicat ion in Trans. Faraday Soc. 

81.32.  C a l c u l  d e s  c o n s t a n t e s  6 1 a s t i q u e s  p a r  la  m 6 -  
t h o d e  de  l a  d 6 f o r m a t i o n  h o m o g @ n e .  Par  Y. Lv. 
CORRE, Coll~ge de France, Paris, France. 
Contrai rement  /~ l 'avis de M. Born & K. Huang,  on 

montrc  qu'i l  est possible de ealeuler les constantes 
61astiques d 'un  cristal par la re@rhode de la d@formation 
homog@ne. Il est impor tan t  pour y parvenir  de d@nombrer 
les variables ind@pendantes. 

Le r@sultat est le re@me que celui qui est obtenu par 
la re@rhode des ondes longues. 

Si on suppose que l'@nergie de coh@sion du cristal libre 
ne d~pend que des distances relatives des noyaux (con- 
dit ion qui permet  de re t rouver  la th@orie classique de 
l'@lasticit@), on t rouve que l ' invariance par rotat ion rigide 
donne certaines relations dans les interactions entre  pro- 
ches voisins; exemple, pour les cristaux du type d iamant :  
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Matrice d ' in terac t ion  entre premiers  voisins: 

b a b  . 
b b a  

Matrice d ' in terac t ion  entre  deuxigmes voisins- 

- d  e .f . 
- d f  e 

On t rouve  la relation- 

d = f - c - e + ~ ( b - a )  + . . . .  

E n  particulier,  dans l ' approximat ion  dite des 'premiers 
voisins', 

d =~(b - a ) .  

I1 est, en effet, n@cessaire de tenir  compte  des variat ions 
distances entre  deuxi@mes voisins pour  transcrire l'@carte- 
m e n t  des liaisons t6tra@driques. 

I )oi t  @tre publig dans J.  Phys. Radium. 

S1.33. T h e r m a l  m o t i o n  in cubic  meta l  crystals .  By 
T. LL. RICHXRDS, College of Advanced Technology, Bir- 
mingham, England. 
I t  can be shown tha t  for cubic meta l  crystals the major  

pa r t  (in m a n y  cases near ly  the whole) of the elastic energy 
associated with  an external ly  applied stress corresponds 
to the energy of the  mean  longitudinal  displacement  of 
the  atoms in the  direction of the stress. When  the applied 
stress is near  a (100) direction pract ical ly  all the  energy 
is associated wi th  the displacement  along (100). This 
m a y  signify t ha t  elastic distort ion of meta l  crystals 
occurs in domains  analogous to those of magnet ism.  

The elastic modul i  of crystals are proport ional  to the 
ne t  a t t rac t ive  forces be tween atoms, and, since also at  
room tempera tu re  near ly  all the  hea t  energy is due to the  
the rmal  mot ion  of the atoms then it is possible to equate  
the energy J h T associated wi th  a small t empera tu re  rise 
T to the work done against  the a t t rac t ive  forces given 
by Cll T2($11+$12)/$11 where  the constants  have  the 
usual significance. This leads to a relation for J which is 
similar to t ha t  of Gruneisen except  t ha t  Cll is used in 
place of the compressibil i ty modulus.  Using the  new 
relation, values of J der ived for nine cubic metals,  for 
which all the  necessary da ta  are available, are as follows: 

to extend the concept  and thereby  predict  the  u l t ima te  
s t rength  of metals.  

To be published in Acta Metallurg. 

S1"34. Compar i son  of the  Debye t e m p e r a t u r e s  of 
s o m e  cubic crysta ls  m e a s u r e d  by different ex -  
p e r i m e n t a l  methods .  By F. H.  HERBSTEI~, National 
Physical Research Laboratory, South African Council for 
Scientific and Industrial Research, Pretoria, South Africa. 
A number  of different exper imenta l  methods  are used 

for de te rmining  the ] )ebye tempera tures  of cubic crystals.  
These include the  der ivat ion of O from specific heats,  
the rmal  entropies, thermal-expansion coefficients, elastic 
constants  and neut ron,  X- ray  or electron-diffraction 
measurements at a single temperature or over a range of 
temperatures. Comparison of Debye temperatures deter- 
mined by different experimental methods is complicated 
by theoretical differences due to the different methods 
of averaging over longitudinal and transverse vibrational 
modes, and by the differing contributions of various 
regions of the frequency spectrum to the quantity mea- 
sured experimentally. 

A survey of available results shows that, in general, 
the various values of 0 for cubic metals and alloys at 
300 °K. do not differ by more than 5-10°. It seems 
likely that some larger discrepancies reported between 
X-ray values, on the one hand, and specific-heat or 
elastic-constant values of O on the other, are due to 
experimental errors in the application of the X-ray 
methods. Accurate values of O (X-ray) at 300 °K. are 
available for Cu, Ag, Al, Pb, and a-Fe and these are all 
slightly lower than the elastic-constant values. X-ray 
measurements at very low temperatures are not available 
for direct comparison with elastic-constant or specific- 
heat values, which have recently been shown to be in 
excellent agreement in the vicinity of 0 °K. (G.A.Alers 
& J. R. Neighbours, Rev. Mod. Phys. (1959), 31, 675). 
However extrapolation of the meagre results published 
does suggest that O (X-ray) may also be systematically 
lower than the other values at very low temperatures. 
At high temperatures the variation of OM with T is in 
reasonable agreement with the Zener-Bilinsky-Paskin 
theory of the volume-dependence of OM for some crystals 
(e.g. Ag) but not for others (e.g. Al, Pb). 

This material will probably be submitted for publica- 
tion to Rev. Mod. Phys. 

Mechanical equivalent of heat J ( x 10 7 ergs./cal.) 

Copper Aluminium Iron Gold Lead 

4.06 5.67 4.10 4.32 4.38 

Molybdenum Nickel Silver Tungsten 
5-55 4.25 4.40 5.00 

The agreement  wi th  the s tandard  value (4.18) is reason- 
able for six of the metals  but  appreciably in error for the 
remaining three.  These la t ter  are known to be different 
from the  others in their  degree of elastic anisotropy.  

The general agreement  of the new relation m a y  be of 
significance in connect ion wi th  the theory  of metall ic 
cohesion and an a t t e m p t  is made  in another  contr ibut ion 

S y m p o s i u m  2:  L a t t i c e  d e f e c t s  a n d  t h e  

mechanical properties of solids 
$2.1. Introductory  lecture.  Lattice defects  and the 

mechan ica l  propert ies  of sol ids.  By N. F. MoT% 
Cavendish Laboratory, Cambridge, England. 
The mechanica l  propert ies of crystal l ine solids are 

de te rmined  by the dis t r ibut ion and propert ies of crystal  
defects such as dislocations, vacancies,  etc. In  recent  
years  exper imenta l  methods  have  been developed for 
direct  observat ion of dislocations, s tacking faults, small 
precipi tates  and clusters of point  defects. The theory  of 
dislocations has now a firm exper imental  foundat ion,  
and m a n y  of the predicted properties of these defects 
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have  been confirmed. Whereas  previously phenomena  
such as work-hardening had  to be in terpreted assuming 
wha t  appeared to be likely distr ibutions of dislocations, 
direct  correlation is now possible be tween the part icular  
mechanical  proper ty  of interest  and the actual observed 
distributions. However,  a l though the  a r rangement  of 
defects may  be known, there still remain the  difficult 
problem of quant i ta t ive  in terpreta t ion of bulk properties 
in terms of the complex structures observed and also the  
processes by  which these structures are formed. Recent  
advances made  in this field will be reviewed and some of 
the  outs tanding problems indicated.  

$2.2. T h e  y ie ld  s t r e n g t h s  of crys ta l s .  By JOHN J. 
GILMAn, General Electric Research Laboratory Schenec- 
tady, N.Y. ,  U.S.A. 
Direct exper imental  measurements  now provide abun- 

dan t  evidence tha t  the  stress required for plastic flow in 
crystals is primarily de te rmined  by the  mobi l i ty  of screw 
dislocations. The sharp dependence of this mobi l i ty  on 
the  applied stress is wha t  causes plastic 'yielding' in a 
narrow range of stress. Since dislocations mul t ip ly  in 
number  as they  move  through a crystal, the  yielding 
process is fur ther  sharpened,  and becomes catastrophic 
under  some conditions. Many factors influence dislocation 
mobilities and thereby change the  yield stress of a crystal. 
Some of these are: dislocation type,  glide plane, elastic 
modulus,  temperature ,  impurities, radiat ion damage,  and 
strain-hardening.  These effects have  not  only been mea- 
sured in ionic crystals (LiF), bu t  also in meta l  crystals 
(iron-silicon). 

$2.3. T h e  d e f o r m a t i o n  of  g e r m a n i u m .  By 1~. L. BELL 
& W. BONFYELD, Metallurgy Dept., Royal School of 
Mines, London, S.W. 7, England. 
Germanium single crystals oriented for single slip 

were deformed in tension at  570 °C. A large yield-point  
drop was observed both  in materials  tha t  had  been doped 
wi th  indium or gallium impuri ty ,  and in the purest  
(50 ohm.cm.) material .  The restorat ion of the  yield 
point  by  annealing did not  occur unless the  t r ea tmen t  
were sufficient to reduce the  dislocation densi ty to values 
approaching tha t  in the  s tar t ing material .  F rom studies 
of the  postyield flow stress and its variat ion wi th  strain 
rate, it  is concluded tha t  the major  port ion of the  yield 
drop is associated with the  velocity-stress dependence 
of the  dislocations. 

$2.4. Effects  of doped  i m p u r i t i e s  on the  s t r e n g t h  of  
g e r m a n i u m  crys ta l s .  By TA~aA Svzuxi ,  The Institute 
for Solid State Physics, Tokyo University, Tokyo and 
HIDEO KAYANO & J m o  WATAI~IABE, The Research In- 
stitute for Iron, Steel and Other Metals, Tohoku Univer- 
sity, Sendal, Japan. 
Effects of doped impurit ies of both  n- and p-types on 

fracture s t rength  and plastic yield stress of germanium 
crystals grown from the mel t  were examined by bending 
tests in a controlled atmosphere.  The concentrat ion of 
doped impurit ies ranged from 1013 to 5 × 1019 cm. -a. 
Dislocations were found to be of the  order of 104 cm. -~ 
for each sample. Increasing concentrat ion of impurit ies 
decreased the fracture stress from 40 to 8 kg.mm. -~ and 

also shifted the  bri t t le-ducti le  transit ion point  from 380 
to about  400 °C. 

Upper  yield stress for plastic flow could be expressed 
as au =da-{- aS, where Aa is the difference between upper  
and lower yield stresses and af is the lower yield or flow 
stress. Aa tends to disappear with the increase of doped 
impur i ty  for the  case of phosphorus owing to a rapid 
increasing rate of af overwhelming tha t  of au. In  this case, 
zJa = 0 occurs at  about  1019 cm. -3, above which the yield 
stress increases in a different manne r  probably by pre- 
cipitation hardening.  In  general, however,  the  tempera-  
ture dependence of af was found to be similar to silicon 
crystals measured by Pearson et al., whereas the  varia- 
t ion of au wi th  tempera ture  was slightly slower. 

I t  is quite impor tan t  to remark  tha t  p- type  samples 
loose the  feature of characteristic yielding and it becomes 
au =af above 600 °C., while n- type  crystals persist the  
feature even at 800 °C. The pinning energies thus esti- 
m a t e d  are 1.4 e.V. for p- type  and 1.8 e.V. for n- type.  
These are certainly based on an electronic origin. Any  
positive evidence of the  nucleat ion of dislocations in a 
perfect region of the lattice responsible for plastic yielding 
was not  found here. 

To be published in J. Phys. Soc., Japan. 

$2.5. T h e  t e m p e r a t u r e  d e p e n d e n c e  of the  y ie ld  s t r e s s  
of NaCI crys ta l s .  By C. W. A. ~(EW~Y & P. L. P~ATT, 
Department of Metallurgy, Imperial College, Kensington, 
London, S.W. 7, England. 
The yield stress of single crystals of NaC1, of high 

pur i ty  and also containing known concentrat ions of 
Cd ++ and Ca ++, has been measured in compression over 
the  tempera ture  range - 1 9 6  to 550 °C. After  annealing 
at  650 °C. and slowly cooling, the  yield stress of the  
pure crystals was found to decrease rapidly as the  
tempera ture  was increased from - 1 9 6  to 0 °C., (450 
g.mm. -2 to 60 g.mm.2), and then  more gradually at  higher  
temperatures .  A 0.1 proof stress varied in a similar way 
except t ha t  a wide peak  occurred between 200 and 
400 °C. Crystals containing 0"05 a t .% Cd ++ were trans- 
lucent  after a slow cool from 650 °C., and electrolytic 
conduct iv i ty  and densi ty  measurements  showed tha t  some 
of the  Cd ++ was in precipi tate  form. These crystals had  
increased yield stresses at  all test ing temperatures ,  (e.g. 
750 g.mm. -2 at room temperature) ,  and a m a x i m u m  of 
1300 g.mm. -2 was observed at  265 °C. After an air-cool 
from 300 °C., the  crystals were t ransparent  and their  
yield stress was increased further, by about  500 g.mm. -2, 
a t  temperatures  below 300 °C.; a m a x i m u m  of 1700 
g.mm. -~- occurred at  240 °C. A similar addi t ion of Ca ++ 
produced no obvious precipi tat ion;  the  room tempera-  
tare  yield stress of both  slowly-cooled and air-cooled 
crystals was about  4000 g.mm. -~ and a peak at higher  
temperatures  was no t  observed. 

Possible Journal :  Phil. Mag. 

$2.6. I n t r o d u c t o r y  l e c t u r e .  W o r k - h a r d e n i n g ,  f r o m  
the  po int  of v i e w  of the  long  range  s t r e s s e s - t h e o r y .  
By A. SEEGE~, Max-Planck-Institutfi~r Metallforschung, 
Stuttgart, Deutschland. 
The basic explanat ion of the three stages of the  work- 

hardening curve of f.c.c, single crystals and of the  work- 
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hardening  and recovery characteristics of hexagonal  
meta l  single crystals such as Zn or Cd will be reviewed. 
Quant i ta t ive  formulations of the theory which account  
well for the  experimental  facts are now available for the 
work-hardening of hexagonal  metals  at  low temperatures,  
for the work-hardening in the easy glide region and in 
stage I I  of the stress strain curve of f.c.c, crystals, and 
for the  beginning of stage I I I .  The striking differences in 
the  work-hardening rates in the hexagonal  metals  and 
in the easy glide region on one hand and in stage I I  on 
the  other hand  are a t t r ibuted  to different ways in which 
gliding dislocations feel the stress-fields of piled up dis- 
location groups. Roughly  speaking, in stage I I  a piled-up 
group acts as a giant  dislocation, whereas in stage I the 
stress fields of the  dislocations in a piled-up group 
(which are separated by ra ther  large distances) have to 
be considered individually. The irreversible tempera ture  
dependence of work-hardening is ei ther due to climbing 
of dislocations (hexagonal metals,  and f.c.c, metals  a t  
high temperatures)  or to cross slip of screw dislocations 
(f.c.c. metals  at  low or modera te  temperatures) .  The 
relation of these 'pr imary '  processes of glide, work- 
hardening and softening to the  'secondary'  features like 
kink-bands,  bands of secondary slip and development  of 
a cell s tructure will be briefly discussed. 

Recent  evidence support ing this picture will be pre- 
sented:  (1) Measurements of the tempera ture  variat ion 
of the flow-stress as a function of strain, showing tha t  
in stage I and I I  of f.c.c, metals  the Cottrel l-Stokes law 
is not  valid. The variat ion is such as to correspond with 
the  theory.  (2) Detai led e]ectronmicroscopic studies of 
slip lines showing tha t  the same sizes of piled-up groups 
are obtained from cross slip data  and from slip line 
heights. (3) Measurements of the approach to saturat ion 
in ferromagnetic metals  and alloys which give directly 
the long range stress-fields of the dislocations wi thout  
any uncertaint ies due to the  averaging procedure. They 
confirm quant i ta t ive ly  the description of stage I and I I  
given above. (4) A calculation of the fractional stored 
energy, giving 7-8% in stage II .  This seems to agree 
with the existing experimental  data, if they  are taken  
at  sufficiently small strains. 

$2.7. I n v i t e d  p a p e r .  F l o w  s t r e s s  a n d  w o r k h a r d e n i n g  
of  f a c e - c e n t r e d  c u b i c  m e t a l s .  By  P. B. I-ILnscH, 
Crystallographic Labo~'atory, Cavendish Laboratory, Cam. 
bridge, England. 
Recent  results on the  strain rate and tempera ture  

dependence of the flow stress have led to a re[nterpre~a. 
t ion of the flow stress. The forest intersection mechanism 
and the role of jogs are discussed and a model  of the 
flow stress proposed, based on these considerations. 

Transmission electron micrographs of single crystals 
of Cu deformed at room tempera ture  show tha t  the dis- 
locations are arranged in dense irregular networks;  pile- 
ups are no t  observed. A theory of work-hardening is 
proposed which accounts for the observed work-harden- 
ing rate wi thout  involving the presence of long range 
elastic stresses. 

Paper  to be published in Phil. Mag. 

$2.8. O b s e r v a t i o n s  of  d i s l o c a t i o n  d i s t r i b u t i o n s  as  a 
f u n c t i o n  of s t r a i n  in  s i n g l e  c r y s t a l s  of v a r i o u s  
f.c.c, m e t a l s  a n d  a l l o y s  of  d i f f e r e n t  s t a c k i n g  f a u l t  
e n e r g y .  By A. HOWIE, Cavendish Laboratory, Univer- 
sity of Cambridge, England. 
Single crystals in the  form of long strips 0-02" in thick- 

ness were prepared (by strain anneal methods  in the  case 
of A1 and by cooling from the mel t  in the  case of Cu 
and some CuA1 alloys in the  solid solution range). The 
crystals were then strained to various points on the  stress 
strain curve and the resulting dislocation distr ibut ion 
examined by the transmission electron microscopy 
technique.  

In  the easy glide region most  of the dislocations were 
found to lie on the principal slip plane and few inter- 
actions were observed. No signs of piled up groups of 
dislocations were found in a luminium or copper. 

In  stage I I  in copper an increasing number  of inter- 
actions were seen leading to the  formation of a ragged 
dislocation ne twork  with a rough cell structure. The cell 
s tructure was less clearly defined in the  CuA1 alloys of 
stacking fault energy y ~ 20 ergs/cm. 2. Piled up groups 
of dislocations were not  observed in either the  pure 
copper or in this alloy but  they  were seen in an alloy 
of very low stacking fault energy 7 _  ~ 3 ergs/cm. 2. 

In  stage I I I  of the  stress strain curve the  cell s tructure 
observed in A1 and Cu became increasingly well defined. 
The cell walls in A1 were very sharp. In  the  alloy wi th  
7_~ 20 ergs/cm. ~ a more uniform extremely dense dis- 
location distr ibution with regions of heavy  misor ientat ion 
was seen. Observations of the low stacking fault energy 
alloy and also of one with a stacking fault  energy F_~ 10 
ergs/emY are in progress. 

Paper  will probably be published in Phil. Mag. 

$2.9. D e f o r m a t i o n  of c l o s e  p a c k e d  m e t a l s  at  l o w  
t e m p e r a t u r e s .  By Z. S. BASINSKI, Division of Pure 
Physics, National Research Council, Ottawa, Canada. 
The results of measurements  of strain rate dependence 

of the flow stress in close packed metals  at  sub atmos- 
pheric temperatures  will be presented.  Special emphasis 
will be laid on the  causes of deviations from the Cottrel l-  
Stokes Law. Correlation will be made  between the  results 
from tensile tests and electron microscope observations. 

$2.10. F l o w  s t r e s s  m e a s u r e m e n t s  in  m e t a l s  a n d  
a l loys .  By J.  W. Cm~ISTL~N, B. C. MASTERS, A. MIT- 
CHELL & F. W. J.  P~_RGETER, Department of Metallurgy, 
Oxford, England. 

Reversible changes of flow stress wi th  tempera ture  and  
strain rate have been measured in single and polycrys- 
talline specimens of the hexagonal  metals  cadmium and 
cobalt, the b.c.c, metals  niobium and vanadium,  and the  
f.c.e, a-phase copper -a luminium alloys. For  the  pure 
metals,  two general types of behaviour  may  be distin- 
guished: 

(1) Cottrel l-Stokes law. :Here the change in stress zia 
produced by a given tempera ture  or strain rate change is 
proport ional  to the stress level a at  which the  change is 
made.  The constancy of the  Cottrel l-Stokes ratio is one 
start ing point  for the  current  'forest theory '  of work 
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hardening in f.c.c, metals.  In  the  hexagonal  metals  in 
which the  basal plane is the  usual slip plane, the  law is 
found to be valid for polycrystall ine specimens, but  for 
single crystals it only applies after extensive twinning.  
The Cottrel l-Stokes law does not  apply to the copper-  
a luminium alloys of low stacking fault  energy. 

(2) Change of stress independent  of stress. Here  A a is 
a constant  for any given change, irrespective of the stage 
in the stress-strain curve at  which the  change is made.  
This implies tha t  the  densi ty of obstacles which disloca- 
t ions overcome with the  aid of thermal  agitat ion does 
not  increase with strain. The change in stress is ap- 
proximate ly  constant  in the  easy glide region of single 
crystal  stress-strain curves, and in the basal slip deforma- 
t ion of hexagonal  single crystals. This law is also valid 
for b.c.c, metals  in polycrystall ine form, and for iron it 
has been interpreted in terms of the  Peier ls-Nabarro 
force. The applicabil i ty of this in terpreta t ion to other  
b.c.c, metals  will be considered. 

The flow stress measurements  have been supplemented  
by metal lographic and  X-ray  investigations. The results 
include observations on mechanical  twinning in copper-  
a luminium alloys, the  tempera ture  and strain rate 
dependence  of the t ransi t ion from linear to parabolic 
hardening in these alloys, and the effects of zone purifica- 
t ion of the b.e.c, metals.  

This work may  be submi t ted  to Phil. Mag. or Acta Met. 
when complete.  

$2.11.  I n t e r a c t i o n  of d i s l o c a t i o n s  and  c r e a t i o n  of 
p o i n t  de fec t s  in  w o r k h a r d e n i n g .  B y  G. SAADA, Fa-  
cultd des Sciences d'Orsay (Groupe II), Service de Physi- 
que des Solides, B.P. 2~ ° 11, Orsay (Seine et Oise), 
.France. 
The elastic interactions of a gliding dislocation wi th  

a 'forest' due to a three dimensional  ne twork  of disloca- 
tions are s tudied in some detail. The parts of the  harden-  
ing which depend or not  on tempera ture  are shown to be 
mainly  related to the  crossing of repulsive or a t t ract ive  
trees respectively. A mechanism for creating point  defects 
after crossing a t t ract ive  trees is described. Average 
numerical  values are given, in the FCC structure,  for the  
hardening and the rate of creating point  defects. They 
are compared with known observations. 

$2.12. T h e  s t r e n g t h  of a t t r a c t i v e  d i s l o c a t i o n  i n t e r -  
s e c t i o n s  in m e t a l s .  By J.  D. BAIRD & B. GALE, Natio- 
nal Physical Laboratory, Teddington, Middlesex, Eng- 
land. 
Dislocations of certain Burgers vectors combine when  

they  intersect  to form a length of a new junct ion disloca- 
tion. During cold work these intersections mus t  be made  
and broken. The stress required to reach the breakaway 
configuration is derived by following the  m o v e m e n t  of 
the  equil ibrium positions of the  nodes as the dislocations 
bow out under  stress. The main  variables are the  disloca- 
t ion spacing R, the angles of intersection of the disloca- 
tions, the type of junct ion dislocation formed, and the  
applied stress system. The general equat ion is solved for 
a number  of different combinat ions of these variables to 
give an est imate of the flow stress due to this type of 
barrier. 

In  f.c.c, metals  most  a t t ract ive  junct ions are found to 
break down by inward m o v e m e n t  of the  nodes at  shear 
stresses in the range 0 to 2Gb/R. This includes the cases 
where the  junct ion dislocations are Lomer-Cot t re l l  ses- 
siles, so tha t  in practice almost  all long Lomer-Cot t re l l  
barriers will collapse in this way at quite small stresses. 
The mean  flow stresses are es t imated to be about  Gb/R 
for f.c.c, and Gb/2R for b.c.c, metals,  where R is approx- 
imately the m a x i m u m  spacing of dislocations which give 
intersections of this type. These figures lead to reasonable 
est imates for the  total  flow stresses. 

Calculations of the  positions of the nodes at  junctions 
as a function of the  applied stress show tha t  in some cases 
the m a x i m u m  stress is reached before the  nodes coincide 
(the breakaway point).  In  some of these cases the  inter- 
section jog energy will be supplied automat ical ly  so tha t  
intersection will no t  be tempera ture  sensitive. 

Only in very rare cases does a loop bow out to a semi- 
circle before it breaks free, so t ha t  F r a n k - R e a d  sources 
are infrequent.  

Probable publicat ion:  Acta Metallurg. 

$2"13. T h e  d i s l o c a t i o n  d i s t r i b u t i o n ,  f l o w  s t r e s s  and  
s t o r e d  e n e r g y  in c o l d - w o r k e d  p o l y c r y s t a l l i n e  s i l -  
ver .  :By J.  E. BAILEY & P. B. HIRSC~, Cavendish Labor- 
atory, Cambridge, England. 
Distr ibut ion and densities of dislocations, de te rmined  

by  electron transmission microscopy, flow stress and 
stored energy measurements  (by microcalorimetry) on 
cold worked polycrystall ine silver are correlated wi th  
each other. The dislocations are arranged in dense net-  
works forming the  boundaries  of an otherwise relat ively 
dislocation free cell structure.  The flow stress is explained 
quant i ta t ive ly  in terms of the  forest intersection mech- 
anism at the  boundaries.  The stored energy after recovery 
is of the same order as the  total  self energy of the  dis- 
location arrangement ,  so tha t  the  long range stresses 
mus t  be largely relaxed. The considerable energy release 
during the recovery stage produces no observable change 
in dislocation distribution.  This recovery stage is thought  
to be due to the relief of long range stresses or to the  
removal  of point  defects. 

While the  values of flow stress and stored energy can 
be accounted for in terms of the  observed non-uniform 
distr ibution of dislocations (cell structure), they  are not  
compatible  wi th  each other  on a model  based on a 
uniform distr ibution of pile-ups; nor  are pile-ups observed 
on the  electron micrographs. 

To be published in Phil. Mag. 

$2.14. T h e  t h e o r e t i c a l  s t r e n g t h  of m e t a l s .  B y  T. LT,. 
R I c ~ D s ,  College of Advanced Technology, Birming- 
ham, England. 
So far all theories of the  s t rength  of metals  have  

yielded values m a n y  t imes greater than  those actually 
observed, and as M. Born & R. F(irth (Prec. Camb. Phil. 
Soc. (1940), 36, (4), 454) suggested this is probably 
because the  effect of thermal  mot ion  of the atoms has 
been neglected. In  an analysis (T. L1. Richards,  Rheologica 
Acta (in the  press)) of the  tensile deformat ion of copper 
strip in cube-texture orientat ion the  author  has shown 
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t h a t  yielding is de te rmined  by  a shear energy criterion. 
In  common wi th  other  theories, the total  elastic energy 
of the specimens at  m a x i m u m  loading was only about  
1/700th of the s tacking fault  energy. If it is assumed, 
however,  tha t  stress fields associated with  s tacking faults 
are triggered-off by thermal  waves then an es t imate  can 
be made  of the real technical  s t rength  of metals.  

Two approaches are possible, one from the energy of 
the rmal  waves and  the other  by considerat ion of the  
dynamics  of a tom m o v e m e n t  from one lat t ice site to 
another .  As indicated below, both  approaches yield 
reasonably accurate  results in some cases. The possible 
significance of the relat ively high theoret ical  s t rength  of 
a lumin ium and  lead will be discussed. 

Ultimate tensile Ob- 
strength (t./sq.in.) served 

Aluminium . . . . .  3.8 
Nickel . . . . . . . . . .  20.5 
Copper . . . . . . . . .  14.0 
Silver . . . . . . . . . .  9.0 
Gold . . . . . . . . . . .  7-9 
Lead . . . . . . . . . . .  1.28 

Atom 
Theore- Wave energy dynamics 

tical approach approach 

7.6 7.23 - -  
27.7 18-2 - -  
14.0 14.0" - -  
7.5 8.4 - -  
5.9 7.16 - -  
1.56 4-12 - -  

* This value fitted for copper to derive the strengths of 
the other metals by the atom dynamics approach. 

To be published in Acta Metallurg. 

$2.15. C r o s s - s l i p ,  w o r k - h a r d e n i n g ,  and the duct i l i ty  
of i o n i c  c r y s t a l s .  By  P. L. PRAtt ,  Dept. of Metallurgy, 
Imperial College, London, England. 
Ionic crystals normal ly  slip on (110) in [ l i0 ] .  I n  

addi t ion there  is exper imenta l  evidence for slip on (100) 
in [110] a t  room tempera ture ,  and theoret ical  a rguments  
suggest t ha t  this is a more  difficult process than  the  
normal  (110) slip. Cross-slip on (100) planes however  is 
an impor tan t  feature  of the deformat ion of ionic crystals 
since it provides a mechanism for the broadening of glide 
bands  observed by etch pi t  studies. F rom the tempera-  
ture  dependence  of the flow stress for slip on (100), and  
the shape of crossing screw dislocations, est imates are 
made  of the degree of broadening at  different tempera-  
tures.  I n  addit ion,  cross-slip is the  easiest way  in which 
dislocations can by-pass barriers in the lattice. The 
relat ion be tween the onset of wavy  slip in ionic crystals 
wi th  increase of tempe1:ature, and  the s imultaneous 
reduct ion  in the ra te  of work-hardening  and the enhance- 
men t  of ducti l i ty,  is discussed in some detail .  

To be publ ished in J. Appl. Phys. 

$2.16. Creep of sodium chloride. By C. E. SILVER- 
STONE & P. L. PR~-TT, Dept. of Metallurgy, Imperial 
College, London S.W. 7, England. 
The creep behaviour  of relat ively pure and  of cadmium 

doped NaC1 has been measured  in compression at  applied 
stresses be tween  150-1500 g .mm. -~ in the range - 196 to 
400 °C. The logari thmic law of creep is obeyed by the 
relat ively pure  mater ia l  a t  all t empera tures  and stresses 
wi th in  these ranges. The creep strain occurring be tween 
one and ten minutes  after  the applicat ion of the full load, 
a, varies anomalously  wi th  tempera ture .  After  increasing 
l inearly from - 1 9 6  to - 8 0  °C., a sharply decreases, and  

from - 4 0  °C. to a critical t empera ture ,  dependen t  on 
the applied stress, it remains constant  a t  about  five t imes 
less than  a t  - 8 0  °C. At  tempera tures  above the  critical 
value, a increases very  rapidly.  

The cadmium doped mater ia l  creeps in a similar way  
to the purer  NaC1 except  a t  t empera tures  higher  than  
200 °C., where  linear creep predominates .  

To be published in Phil. Mag. 

$2.17. The  effects of surface  coat ings  on the  m e c h a n i -  
cal propert ies  of l i t h i u m  f luoride  crys ta l s .  By 
A. R.  C. WESTWOOD, Research Institute for Advanced 
Studies, Baltimore 12, Maryland, U.S.A. 
A s tudy  has been made  of the  mechanica l  behavior  

of coated and  uncoa ted  l i th ium fluoride crystals. Coatings 
were produced by vacuum-deposi t ion,  by chemical  reac- 
t ion wi th  pure  magnes ium oxide powder  a t  600-700 °C. 
and  by adsorpt ion from solution. 

Ex t r eme ly  thin  vacuum-depos i ted  coatings of chro- 
m i u m  increased the yield stress by  some ten  percent  b u t  
had  no significant effect on the  critical resolved shear  
stress. 'Thin '  reacted-coat ings ( :k 10/z thick) increased the  
yield stress of as-cleaved crystals by  more  than  fifty 
percent  bu t  had  little effect on the yield stress of pre- 
viously chemically-polished specimens. Thinly  coated as- 
cleaved specimens also exhibi ted a 'catastrophic '  stress- 
drop at  the critical resolved shear stress and  the  sub- 
sequent  ra te  of work-hardening  was less t han  t h a t  of 
uncoa ted  as-cleaved crystals. Thicker  reacted coatings 
(:k 50# thick) increased both  the  yield stress and the  
critical resolved shear stress by sixty percent  bu t  stress 
drops were not  observed. However ,  the stress and strain 
to fracture was reduced to half t ha t  of uncoa ted  crystals.  
Fai lure  occurred by the format ion of St roh- type cracks 
at  intersecting bands of edge dislocations. 

The adsorption of stearic acid molecules f rom a 
hexadecane  solution resulted in large decreases in mechan-  
ical propert ies  wi th  m a x i m u m  effects (up to sixty 
percent)  occurring at  concentra t ions  of order 10-4.N. 
At  higher concentrat ions  positive effects were observed. 

An explanat ion of these and other  results will be 
offered based on considerations of the effects of surface 
films, cleaving and chemical polishing on the dis t r ibut ion 
and  operat ion of dislocation sources, possible mech- 
anisms of work-hardening  in l i thium fluoride and  the  
piling-up of dislocations at  intersect ing slip bands and 
beneath  surface films. Metallographie evidence for such 
pile-ups will be presented.  

A note  ent i t led 'Evidence  for the  piling-up of disloca- 
tions beneath a surface film' has been submlt~ed to 
Nature. A full-length account  of this work will be sub- 
mi t t ed  to Trans. A.I.M.E. 

$2.18. Pr6c ip i tat ion  du cuivre  dans  le s i l i c ium;  m i -  
crodurete  du g e r m a n i u m .  Par  BERNARD, BERTH, 
BU-RGE.4,T, DEVAUX, Mme SOULA & TSOUCARIS, Centre 
National d' Etudes des Telecommunications, Issy-les.M ou- 
lineaux, Seine, France. 
Le cuivre in t rodui t  dans les monocr is taux de silicium 

par  diffusion ~ hau te  temp4ra ture  forme des pr4cipit4s 
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que l 'on a observ6s par microscopic infrarouge et par 
microscopic 61ectronique; ces pr~cipit~s pr6sentent  des 
aspects diff~rents selon les conditions exp6rimentales:  
vitesse de refroidissement, presence ou absence de dis- 
locations naturelles ou introduites  par d6formation pla- 
stique. Ces preeipit6s peuvent  conduire A un marquage  
trgs fin des dislocations, comme W.C.  Dash l 'avai t  
r6alis6, ou i nd@endanunen t  des dislocations, a t te indre  
une taille eonsidgrable (200 microns); dans ee eas on 
mont re  que les pr6cipit6s sont form6s de 12 lamelles 
issues d 'un  centre de nuel6ation et parallbles aux direc- 
tions 110 du r~seau de silieium. On a examin6 l ' influence 
de ces propri~t6s sur les diagrammes de rayons X (pouvoir 
r6flecteur et domaine angulaire de rgflexion). 

On a ~tudig d 'aut re  par t  la microduret6 du germanium:  
on a montr6 qu'i~ temp6rature  ambiante  et jusqu'/~ 
160 °C. la microduretg est indgpendante  de la tempgra- 
ture, de l 'or ientat ion de la face 6tudi6e (100, 110 ou 111), 
de la densit6 des dislocations et de la concentrat ion des 
impuret6s substitutionnelles.  Au contraire, des essais de 
microduret6 k ehaud (250, 350 et 450 °C.) ont  montr6  que 
l ' impaet  produi t  un r6seau de dislocations dont  la densit6 
d6croit en fonction de la distance du point  d ' impac t ;  
on diseute l ' in terpr6tat ion th~orique de ces r6sultats. 

$2-I9.  D e c o m p o s i t i o n  of d i s l o c a t i o n s  in b o d y - c e n -  
t ered  iron.  By C. CRUSSAtCD, IRSID,  185, rue Prdsident 
Roosevelt, Saint Germain en Laye (S. et 0.), France. 
Possible models of decomposit ion of dislocations in 

iron are examined,  in (110), (112) or other  planes. Some 
rules are presented in order to select the probable mech- 
anism between the  m a n y  possible stacking faults. In- 
fluence on mechanical  properties is studied, and com- 
pared with observed facts. 

Full  tex t  likely to be published in C. R. Acad. Sci., 
Paris. 

$2-20. W o r k - h a r d e n i n g  and  r e c o v e r y  in iron.  B y  K. F. 
HALE & D. McLEAn, National Physical Laboratory, 
Teddington, Middlesex, England. 
The arrangements  of the dislocations had  been studied 

in iron in various conditions, namely  annealed, cold- 
worked,  recovered and after creep by th in  foil electron 
microscopy. In  all conditions the dislocation ne twork  is 
characterized by a t t ract ive  intersections where two dis- 
locations join to make  one dislocation. 

Cold-worked specimens have been examined after 
various strains between 3% and 85% and it was seen tha t  
the  dislocation densi ty increased and a cell s tructure made  
up of dislocations developed with increasing strain. 
A mechanism of dislocation mult ipl icat ion is proposed. 
Observations on the  dislocations in the  cell interior have 
been correlated wi th  exper imental  determinat ions  of the 
flow stress. Agreement  over a range of strains be tween 
a simple theory of the  effect of a t t ract ive  junctions on 
the flow stress and the observed flow stress lend support  
to the  idea tha t  a t t ract ive  junctions are impor tant .  
There are also repulsive intersections but  they  are con- 
sidered to be weaker obstacles to flow than  the a t t ract ive  
junctions.  Considerable numbers  of dislocation rings 
probably formed from collapsed vacancy clusters have  
been observed after cold-work bu t  their  contr ibut ion to 
flow stress is not  ye t  clear. 

Observations have also been made  on the  recovery of 
the  cold-worked structure in iron after annealing at 
temperatures  be tween 450 and 600 °C. During recovery 
the  dislocations making  up the  cell walls resolve them- 
selves into simple sub-boundary networks  made  up of 
twist-t i l t  boundaries on r andom planes whilst  the  interior 
of the  sub-grains become relatively dislocation free. 
Some 50 of these networks  have been analyzed by the  
methods  of F rank  and there  is convincing evidence tha t  
the junctions of m a n y  of these networks  consist of two 
½ a ( l l l }  dislocations joining up to make  one a(100} 
dislocation. 

Probable publicat ion:  A physical journal.  

$2.21. A c o r r e l a t i o n  of the  s u b s t r u c t u r e  p r o d u c e d  
d u r i n g  h i g h  t e m p e r a t u r e  d e f o r m a t i o n  w i t h  the  
m e c h a n i c a l  p r o p e r t i e s  of m e t a l s .  B y  D. H. W ~ -  
RIZ~G~O~r & P. ]3. HIRSClZ, Cavendish Laboratory, Cam- 
bridge, England. 
The work has been concerned mainly  with the  metals  

a luminium and copper though observations on iron and 
the  low mel t ing point  hexagonal  metals  are also discussed. 
The techniques used included:  

(a) Optical observation of subgrain boundary  migra- 
t ion and the  interact ion of the  boundaries wi th  slip lines 
at  room temperature .  

(b) X-ray microbeam-microfocus  observations of sub- 
grain size and boundary  misorientat ion.  

(c) Transmission and diffraction electron microscope 
observations on the  sub-structure in t roduced during 
deformation.  

In  copper observations show m a n y  sub-boundaries are 
parallel to the crystallographic planes (100), (110) and  
(111), indicating a predominance  of slip on two systems. 
In  no meta l  invest igated was any indication of remaining 
slip band structure observed in the  interior of the metal .  

In  all metals  invest igated a tempera ture  range has been 
found where the sub-grain life begins to increase rapidly 
and the  cell walls become clean; this t empera ture  being 
in the region where appreciable grain boundary  migra- 
t ion and sliding (observed by electron microscopy and 
optically) occurs. Throughout  this range the ratio of flow 
stress to tha t  at  0 °C. decreases appreciably. Tha t  this 
decrease is no t  fundamenta l ly  due to grain boundary  
migrat ion is shown by the fact tha t  it also occurs in 
single crystals. 

Act ivat ion energy studies from the flow stress ratio 
curves are in support  of the  hypothesis  tha t  diffusion is 
a controlling factor in determining the type of sub- 
s tructure observed. The physical significance of this and 
its consequent  effect upon work hardening  theories 
applicable to elevated temperatures  is discussed. 

$2.22. D i r e c t  m e a s u r e m e n t s  of  s t a c k i n g  faul t  e n e r -  
g i e s  in  s o m e  a l loy  s y s t e m s .  B y  A. HOWIE, Cavendish 
Laboratory, University of Cambridge, England and P. R. 
SWA~,  Metallurgy Department, University of Cam- 
bridge, England. 
Thin foils of various alloys with compositions in the  

solid solution range of the  systems Cu-Zn and Cu-A1 
have been highly deformed and examined by transmission 
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electron microscopy. By measuring the  radius of curva- 
ture  of three-point  dislocation nodes a direct determina-  
t ion of the  stacking fault energy y can be made.  There 
appears to be a s teady fall in ), with increasing elec- 
t ron /a tom ratio to a value of ~--5 ergs/emY for the 
Cu-Zn alloys and ~--1.5 ergs/cm. ~ for the Cu-A1 alloys 
a t  the  phase boundary  (electron/atom ratio ~ 1.34). 
These results can be qual i tat ively tmderstood in terms of 
interactions of the conduction electrons with the Bril- 
louin zones. They are of considerable interest  for the 
theory  of work hardening and also in theories of the 
stabil i ty of crystal structures. Al though the difference 
between the  results for the  Cu-Zn alloys and the Cu-A1 
alloys could perhaps be explained by segregation of solute 
atoms at  the  stacking faults no direct evidence of segrega- 
t ion has been found. 

$2.23. Stacking faults at dislocation nodes. By B. A. 
BILBY, A. GRINBEI~G* & K. H. SWINDEN, Metallurgy 
Department, University of Sheffield, England. 
When  suitable dislocation lines fall across one another  

in the face centred cubic lattice small regions of stacking 
fault  appear a t  the  resul tant  dislocation node. These 
curvflinear triangles of stacking fault are observed in 
electron microscope pictures of thin meta l  films, and an 
est imate of the  stacking fault energy may  be obtained 
by measuring their  size and geometry.  In  this paper  the 
equil ibrium position of such an ar rangement  of part ial  
dislocations is de termined by minimizing the contribu- 
tions due to the stacking fault, and the elastic self energy 
and interact ion energy of the  dislocation lines. The 
calculations are carried out  assuming isotropic elasticity 
and a symmetr ical  dislocation arrangement .  An equilib- 
r ium configuration is de termined for various values of 
the  stacking fault energy and the elastic constants,  and 
the  results are compared with more approximate  treat- 
ments .  

This paper  will probably be submi t ted  to Phil. Mag. 

$2"24. T h e  r61e of dislocations and stacking, faults in 
t h e  d e f o r m a t i o n  of evaporated si lver f i l m s .  By 
V. A. P~iIz_~Ps, General Electric Research Laboratory, 
Schenectady, New York, U.S.A. 
Single crystal {100} silver films have been grown on 

cleaved rocksalt  crystals. The nature  of the defects 
present  has been studied by transmission electron micro- 
scopy. The major  defects are stacking faults and line 
dislocations running from surface to surface of the film. 
The minor  defects are dislocation loops, te t rahedral  
stacking faults, triangular defects probably Frank sessile 
dislocations, and 'point '  defects believed to be un- 
resolved loops or vacancy clusters. 

In  fresh areas of f i l l  the stacking faults are main ly  
'simple' faults, t ha t  is, faults confined to a single plane, 
and are most ly  relatively narrow (0.2-0.5/~). Stressing 
in the electron beam produces glide of partials in tho 
fault  plane resulting in widening of the  faults and inter- 
action to form 'complex'  faults ex tended on two or more 
different {I 1 l} planes. Faults  act as barriers to dislocation 

* A.G. is a member of the Facultad de Ciencias Exactas, 
Universidad de Buenos Aires, Argentina. 

movement. Continued stressing causes further widening.  
Faul t  widths of several microns are commonly  observed. 
Hole edges act as sources of new faults. Holes also act  
as barriers to dissociation and as pinning points for faults. 
A cin@ film has been made  to il lustrate the effect of 
stressing. 

Anneal ing at  300 °C. decreases the  number  of s tacking 
faults by a factor of 2-3 and gives most ly  short  simple 
faults. The remarkable stabili ty of these is a t t r ibu ted  
part ly  to the low stacking fault energy and par t ly  to a 
marked  reduction in the  energy of the  partial  dislocations 
when they lie in (110} directions. 

The minor  defects are thought  to form by a vacancy 
collapse mechanism. The major  defects are ascribed to 
dissociation of dislocations, the  low line energy in (110) 
directions playing a major  rSle in determining the  fault  
shapes. 

I t  is believed tha t  the  stacking faults play a major  r61e 
in determining the  mechanical  properties, such as the  
yield strength,  of evaporated silver films. 

Full- length account  is likely to be published in Phil. 
Mag. 

$2.25. T h e  d e f o r m a t i o n  of t h i n  single crystal f i lms  
produced by evaporation. By D. W. PAStILEY & 
A. E. B. PRESLAND, T.I. Research Laboratories. Hinxton 
Hall, Cambridge, England. 
The paper  describes studies made  on single crystal 

films of f.c.c, metals  produced by evaporation,  and 
consists of the following parts. (1) The deformation of the  
films by controlled application of tension inside the  
electron microscope; (2) the observation of dislocation 
m o v e m e n t  induced by the use of an intense localised 
electron beam in the electron microscope; (3) a t t empts  
at  correlation of the  mechanical  behaviour  with the  ob- 
served microstructure of the f i l l s .  

The earlier work (D. W. Pashley, Prec. Roy. Soc. A, 
1960, in press) on (111) gold f i l l s  has been ex tended  to 
include films in (100) orientation, and also films of silver. 
In  particular, the  effect of holes in the  films has been 
studied. 

$2.26. K i n k i n g  in cadmium single  crystals  deformed 
in tension. By K. C. A. BLASDALE, 1%. KING & I~. E. 
Pu~rICK, Davy Faraday Research Laboratory, The Royal 
Institution, London, W. 1, England. 
Kinking  has been observed to occur profusely through- 

out  the length of single crystals of cadmium of certain 
high purities, tested in tension under  normal  c o n d i t i o n s ,  
when crystals of other degrees of puri ty  show no evidence 
of kinking, apart from occasional kinks near the grips. 
The tendency to form kinks has been found to be sensitive 
to both  tempera ture  and rate of strain. Taking as a 
criterion the number  of kinks formed in a specimen of 
s tandard length extended by a s tandard amount ,  the  
intensi ty of kinking is for a rate of strain of 10 % per min.,  
a max ,mum around room temperature ,  falling at  higher 
and lower temperatures  to as little as 10% of the  room 
tempera ture  value. Increasing the rate of deformat ion 
raises the tempera ture  at which the  m a x i m u m  occurs. 
The kinking appears to be dependent  upon specific 
impurities, as the  intensi ty differs between batches of 
cadmium of the same nominal  overall purity.  
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A dependence upon crystallographic orientat ion of the  
specimen has been observed bu t  no simple relation ye t  
established. Metallographic examinat ion has revealed 
several interest ing features. The detailed structure of the  
k inked region is complex, there being, in general, a 
number  of subsidiary k ink  walls besides the  major  
boundaries across which changes of orientat ion es t imated 
to be as high as 45 ° have  been observed to occur. The 
s tructure differs significantly from tha t  previously postu- 
la ted for k ink bands. 

Paper  to be submi t ted  to Acta Metallurg. 

$2-27. Twinn in l~ .  By  J.  W. Cm~IsTIAN, Dept. of Metal- 
lurgy, Parks Rd., Oxford, England. 
Current ideas on mechanical  twinning will be discussed 

under  the  following headings:  

(1) Crystallography 
Consideration of the  actual atomic movements  at the  

interface has recently led to a bet ter  tmders tanding of the 
factors determining the  operative twinning modes in 
m a n y  single and double latt ice structures. The work of 
Crocker & Bilby indicates tha t  in order of importance 
these factors are (a) the  magn i tude  of the  lattice shear, 
(b) the  'shuffle' mechanism, (c) the  magni tude  of the 
shuffles, and (d) the  direction of the shuffles. 

(2) Nucleation 
Exper iments  suggest tha t  twin nuclei are either present  

initially, or are formed in regions of high local stress. 
Twins may  be able to form from monolayer  nuclei 
(stacking faults) in b.c.c, metals,  bu t  not  in other struc- 
tures. A suggestion tha t  twin boundaries may  result  
from high concentrat ions of edge dislocations of one sign 
does not  usually seem to fit the  observed crystallography. 

(3) Growth 
In  a type  I twin, displacement  of the  rat ional  K 1 

interface apparent ly  requires ei ther the  two-dimensionM 
nucleat ion of successive twin layers or the  presence of 
indestructible steps ( twinning dislocations) in the inter- 
face. Indestruct ible  steps, as in the  Cottrel l -Bilby theory,  
seem essential if the twinning shear is large. In  te t ragonal  
or or thorhombie crystals, the  shear may  be small, and 
twins are mobile under  very small stresses; deformat ion 
by twin boundary  displacements may  be 'rubber-like'  at  
low temperatures .  

(4) Twinning and slip 
Twinning, as opposed to slip, is generally more probable 

a t  low temperatures .  Other  effects are not  so consistent;  
e.g. twinning is reported to be favoured by decreasing 
pur i ty  in iron, bu t  by  increasing puri ty  in tanta lum.  
The present  information on mechanical  twinning in f.c.c. 
metals  and alloys will be summarized.  

(5) Twinning and fracture 
Several workers have shown that cracks in bri t t le  

b.c.e, and h.c.p, single crystals may  be nucleated at  twins 
or twin intersections. Current theories of bri t t le  fracture 
a t t r ibute  cracks to coalescence of dislocations on single 
or intersecting slip planes. I t  is not  yet  clear whether  

cracks in polycrystall ine mater ia l  are usually ini t ia ted by  
slip or twinning.  

$2-28. M e c h a n i c a l  t w i n n i n g  in  face  c e n t r e d  c u b i c  
m e t a l s .  B y  J. A. VE~_BT,ES, Crystallographic Labora- 
tory, Cavendish Laboratory, Cambridge, England. 
A model  will be proposed for the  ini t iat ion of mechan-  

ical twinning in workhardened  and neutron- i r radia ted  
face centred cubic metals.  The dissociation of dislocations 
(long jogs in the  case of workhardened  metals  and dis- 
location loops in the  case of neutron- i r radia ted metals) 
which are not  in their  glide plane has been considered, 
and their  r61e as twin sources discussed semi-quanti ta-  
tively. The predictions on this model  of the  orientations 
of the  tensile axis required for twinning to occur and 
of the possible twin systems are in agreement  wi th  the  
published observations on copper, silver and gold. The 
relationship between discontinuous slip and twinning has 
been considered in some detail  for workhardened  ma- 
terials, and an upper  l imit  to the  stacking fault energy 
for which twinning can occur calculated. This calculation 
is in agreement  with published observations on alu- 
minium.  

$2.29. I n t e r a c t i o n  of t w i n s  a n d  d i s l o c a t i o n s  i n  a l p h a -  
i r o n .  By A. W. SLEESWYK, Koninklijke/Shell-Labora- 
torium, Amsterdam, The Netherlands. 
Arrnco iron specimens were strained in tension at room 

temperature and subsequently broken at lower tempera- 
tures down to 35 °K. In the interpretation of the results 
it is assumed that microcracks, once they are created, 
deform in conformity with the bulk of the material. 
The experiments show that at room temperature micro- 
cracks are created exclusively during the propagation of 
Lfiders bands, but that below 85 °K. during the appar- 
ently elastic loading of the prestrained specimens new 
cracks may be formed. This is presumably due to the 
interaction of dislocations and twins created during the 
application of the load. 

It is shown that a dislocation with a (III) Burgers 
vector which is incorporated in a (lll) (211) twin band 
may be transformed, depending on the relative orienta- 
tion, into either a similar (lll) dislocation in the new 
lattice orientation, or a (I00) dislocation. In the latter 
case the incorporation of the dislocation in the twin band 
requires extra energy; thus arrays of such dislocations 
may  act as barriers against  the  propagat ion of twins. 
Fur thermore  it was realized tha t  (100) dislocations in 
the  b.e.c, latt ice are not  stable as such, bu t  mus t  be 
regarded as nuclei of mierocracks. 

From a micrographic invest igation of high-puri ty  iron 
deformed in liquid oxygen it is evident  tha t  slip planes 
act as barriers against the  propagat ion of twin bands, 
and fur thermore tha t  twins, created ei ther in tension or 
in compression often contain m a n y  microcracks. 

Abstract  of a lecture based on two papers to be offered 
for publication in Acta Metallurg. : 'Strain-hardening and 
crystalline fracture in polycrystall ine iron' by A . W .  
Sleeswyk, and 'Cracks through twin-bands in alpha-iron'  
by A. W. Sleeswyk & J.  N. Helle. 
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$2.30. Ini t iat ion of s l ip  at the  tip of a de format ion  
t w i n  in s i l i con- iron .  By D. HULL, Department of 
Metallurgy, University of Liverpool, England. 
Evidence  will be presented to show tha t  slip on (011) 

[111] systems can be ini t ia ted a t  the tip of a twin, which 
is held up, ei ther at  the  free surface or inside single 
crystals of 3% silicon iron. The slip results frnm a dis- 
location react ion involving the  a/6 [111] twinning dis- 
locations, and not  from the operat ion of dislocation 
sources in the  mat r ix  mater ia l  by the stress field ahead 
of the twin.  The details of the dislocation react ion will be 
considered and also the importance  of this effect on 
bri t t le fracture.  

$2-31. Deformat ion  t w i n n i n g  in near ly  perfect  z inc  
crys ta l s .  By P. B. PRICE, Research Laboratory for the 
Physics & Chemistry of Solids, Cavendish Laboratory, 
Cambridge, England. 
The deformat ion of near ly  perfect  zinc crystals was 

s tudied by  transmission electron microscopy.  Vapour-  
grown whiskers and platelets with {0001} faces, less than 
½ micron thick and initially completely free of disloca- 
tions, were deformed in tension inside a Siemens Elmi- 
skop I. In some cases crystals were deformed in a high 
sensitivity microtensile testing machine and examined 
in the electron microscope at various stages in the 
deformation. Since the axis of tension was in the basal 
plane, only twinning and non-basal glide could occur. 
It was observed that plastic deformation always began 
by the nucleation of a narrow lenticular twin at a large 
growth step at the edge of a crystal, where the stress was 
highest (~ ~v/~ to ~-%/~). Further deformation occurred 
at a lower stress (--~ I0 -3 #) by growth of the twin and 
by the production of dislocations at the twin boundary 
and at surface steps. The interactions of dislocations on 
various observed glide systems in the matrix and in the 
twin are discussed, and the results of moving a twin 
bounda ry  th rough dislocations wi th  various possible 
Burgers vectors are considered. A mechanism for the 
propagat ion of a twin  bounda ry  is proposed and com- 
pared  wi th  exper imenta l  observations.  

To be published in Phil. 2/lag. 

$2.32. T h e  g r o w t h  of t w i n s  in t in s ing le  crys ta l s  as 
observed  by t r a n s m i s s i o n  e lectron m i c r o s c o p y .  
B y  J.  T. Fotmn~, F. WEI~CBEI~G & F. W. C. BOSWELL, 
Physical Metallurgy Division, Mines Branch, Depart- 
ment of Mines and Technical Surveys, Ottawa, Ontario, 
Canada. 
During examination of thinned tin single crystals in 

the  electron microscope, the format ion and growth of 
deformat ion  twins due to stresses set up in the  foil in 
the  microscope were observed. I t  was verified by  selected 
area electron diffraction tha t  the observed s t ructures  were 
twins associated with  the  usual  (301), [i03] twinning 
system. The twins nuclea ted  pr imar i ly  near  the edge of 
the  foil and also at  etch pits, o ther  twin boundaries  and  
a t  unident i f ied defects within  the foil. In  general  nuclea- 
t ion occurred in areas relat ively free from dislocations. 
I t  is concluded from the observations tha t  a twin nucleus 
in the  foil is formed as a whole by a local homogeneous 
shear of the  lat t ice in a t ime interval  of less than  1/35 sec., 

r a the r  than  by  a Cot t re l l -Bi lby dislocation mechanism.  
In  m a n y  cases twins were observed to grow in length 
at  a ra te  of about  10 -6 cm. per sec. Widening  was also 
observed which probably  occurred by the stress-induced 
creat ion of addi t ional  twinning dislocations. In  some 
cases several parallel twins were observed to grow in 
wid th  Lmtil they  merged to form a relat ively large 
twinned area. 

A Cin@ film will be shown which illustrates the arrange- 
ments  and growth characterist ics of the twins. This f i l l  
was made  by photographing  the fluorescent screen of the  
electron microscope. 

A complete account  of this work will probably  appear  
in Acta Metallurg. 

$2.33. Deformat ion  t w i n n i n g  in th in  evaporated  gold 
f i lms .  By AVERY CATLIN, WALTER P. WALKER & KEN- 
NETH R. LAWLESS, Cobb Chemical Laboratory, University 
of Virginia, Charlottesville, Virginia, U.S.A. 
Single crystal  gold films of 1000 to 5000 / l  thickness 

wi th  a [001] orientat ion were grown by  v a c u u m  evapora- 
t ion onto hea ted  (375 °C.) sodium chloride substrates.  
The films were cont inuous and free of holes. The mechan-  
ical properties were de te rmined  both  by  stressing the  
films using the 'bulge'  technique,  a small hole hav ing  
been drilled th rough the  substra te  wi th  a wa te r  jet ,  
and by dissolving away  the substrate  and subject ing the  
films to uniaxial  tensile stress in the  [110] direction. 
Apparen t  deformat ion twinning was observed wi th  the  
optical microscope at  resolved shear stresses of ap- 
proxinmtely  5 x l0 s dynes per  square cent imeter .  Elec- 
t ron microscope observations of the  gold films showed 
both small and large lenticular  bands  having a different  
orientat ion from tha t  of the original unstressed gold film. 
X- ray  diffraction studies showed these bands  to have  a 
twin relationship to the  original mater ia l .  

To be published in Acta l]letallurg. 

$2.34. F r a c t u r e .  By  A. H.  COTTRELL, Department of Met- 
allurgy, Cambridge, England. 
The bri t t le  or semi-bri t t le  f racture of m a n y  crystal l ine 

solids at  applied stresses considerably below the theoret-  
ical value is a t t r ibu ted  to the  format ion of small cracks. 
Many such fractures in ionic crystals are caused by  surface 
defects. These defects can be removed by careful t reat-  
m e n t  of the surface bu t  cracks are often formed as soon 
as the mater ia l  is allowed to deform plastically, especially 
at  places where slip bands  intersect .  High s t rength  and  
fair duct i l i ty  can be produced in some crystals, normal ly  
considered weak and brittle, by proper control of such 
sources of cracks. Cleavage fracture  in steel often occurs 
a t  the  ins tant  of plastic yielding by  slip or twinning  and  
cracks nuclea ted  by intersect ing twins have  been ob- 
served. A striking feature  of cleavage cracks in steel is 
t ha t  they  are often nucleated  more  easily than  they  are 
grown; non-propagat ing  microcracks are thus  produced.  
The recognition of this fact has enabled the dislocation 
theory  of br i t t le  f racture  in steel to take  in effects of 
hydros ta t ic  stress and of various kinds of hardening,  
including irradiat ion hardening.  

The role of latt ice defects in o ther  t)~pes of f racture  
is less clear. Many aspects of ducti le  f racture  can be 
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accounted for in terms of plastic ins tabi l i ty  wi thou t  
referring explici t ly to lat t ice defects. Vacancies are 
p robab ly  impor tan t  in fractures under  creep and fatigue 
conditions.  

$2.35.  Effect  of s l ip  d i s t r i b u t i o n  on the  c l e a v a g e  frac -  
t u r e  of m a i ~ n e s i u m  o x i d e  s i n g l e  c r y s t a l s .  By R. J .  
STOKES, T. L. JOHNSTON & C. H.  LI, Honeywell Re- 
search Center, Hopkins,  Minnesota, U.S .A.  
The ex ten t  to which chemical ly polished magnes ium 

oxide crystals  deform in tension has been correlated wi th  
the dis t r ibut ion of slip manifested at  the  onset of plastic 
flow. If  the dislocation sources generate two slip bands on 
orthogonal  (110) planes which intersect  to nucleate a 
crack [by the mechanism of Stokes et al., Phil.  Mag. 
(1959), 4, 920] before other slip bands  are produced, 
t hen  the crystal  will be brit t le.  This is because there are 
no adjacent  bands  to stabilize the crack. If  a single slip 
band  is generated which expands lateral ly to fill the entire 
gauge length,  then  the crystal  will be ductile because 
conditions necessary to nucleate a crack are not  satisfied 
wi th in  the gauge length.  Between these two extremes of 
behavior,  cracks can become stabilized by  adjacent  slip 
bands  and the duct i l i ty  depends upon the number  and 
spacing of slip bands.  

Thus, the  critical conditions for crack nucleat ion and  
propagat ion are s t rongly influenced by slip band  width,  
inter-slip band  spacing and  the number  of operative 
systems. A 16 nun.  mot ion picture t aken  wi th  polarized 
l ight  i l lustrates these impor tan t  aspects of the cleavage 
fracture of magnesium oxide. 

For  polished crystals,  slip dis tr ibut ion and therefore 
mechanical  behavior  cannot  be predetermined.  However,  
i t  is possible to ensure ductility by  first injecting disloca- 
t ion sources into the crystal  surface by  sprinkling with  
carborundum. When  such a crystal  is deformed, slip is 
d is t r ibuted uniformly on a very  fine scale throughout .  

I n  crystals  deformed by  bending, the above surface 
t r ea tmen t  produces a profound change in fracture be- 
havior.  Ins tead  of cleaving simply in two, they  shat ter .  
The fracture surface is very  rough and the component  
pieces contain m a n y  secondary cracks. Frac ture  originates 
from a nucleus formed parallel to the tension direction by  
a mechanism which is not  fully understood.  

To be submi t ted  to Phil.  Mag. 

$2.36. T h e  Jof fe  effect.  B y  R. J. STOKES, T. L. JOHNSTON 
& C. H.  LI, Honeywell Research Center, Hopkins,  Minne-  
sota, U.S.A.  
I t  will be shown t h a t  the Joffe effect in sodium chloride 

m a y  be interpreted quite s imply in terms of the removal  
of surface microcracks. 

Al though it  is well appreciated t h a t  ionic solids of the 
rock salt  s t ructure  are br i t t le  in the presence of a notch,  
insufficient a t t en t ion  has  been paid to the exper imental  
techniques necessary for the complete elimination of 
surface flaws. Microcracks m a y  be introduced easily by  
convent ional  cleavage and handl ing  techniques;  such 
damaged crystals  are bri t t le .  Removal  of surface flaws by  
immersion in water  leads to an enhancement  of duct i l i ty  
which is re tained indefini tely in dry  air providing:  

(a) Microcracks are no t  reintroduced b y  mishandl ing  
the gauge length.  

(b) The crystal  is dried wi thou t  leaving a surface 
precipitate.  

We have  found t h a t  the  crystal  mus t  be thoroughly  
rinsed on removal  from the  water  otherwise, when i t  is 
dried, crystal l i tes precipi tate  onto the surface. Plast ic  
deformation then  leads to the formation of microcracks 
a t  the interface between the crystal  and the surface 
deposit  and it  is re. embri t t led.  Evidence will be presented 
which indicates t h a t  these cracks originate by  the  pile up 
of edge dislocations a t  the  surface deposit.  

Wi th  special care a perfect  surface can be prepared in 
which case single crystals  of sodium chloride m a y  be 
elongated in tension by  as much as 40% before cleavage 
fracture.  This duct i l i ty  is retained indefini tely providing 
the crystal  is stored in dry  air, storage in a damp at- 
mosphere results in the formation of surface deposits and 
consequent  embri t t lement .  This is considered to be the 
explanat ion of the aging effects described by  recent 
authors.  

Submit ted to Trans. A . I . M . E .  

$2.37. A n  i n v e s t i g a t i o n  of the  fracturinl~ of s i l i c o n -  
i ron  by  the  e t c h - p i t  t e c h n i q u e .  B y  F. B. CUFF, 
I R S I D ,  185, rue Prdsident Roosevelt, Saint  Germain 
en Laye (S. et O.), France. 
This paper  describes certain observations on the 

fracturing and the associated deformation in silicon-iron. 
The s tandard  etch-pi t  technique was used for determining 
dislocation distr ibut ions in the vic ini ty  of the fracture.  

Three different types  of tests were employed to cause 
fracture:  

(1) low-temperature cleavage tests of single crystals,  
(2) high- temperature ,  high velocity compression tests  

and  
(3) high- temperature ,  high velocity torsion tests. 

The various phenomena  related to fracture are reported 
upon and certain conc]usions are drawn. 

$2.38. D e r  E i n f l u s s  y o n  K o l l o i d e n  a l s  I n h o m o g e n i -  
t/itCh auf  die  S t r u k t u r  v o n  S p a l t -  u n d  Reiss f l { i -  
chen .  Von HEINZ BETHGE & VOLKER SCHMIDT, Arbeits- 
stelle fi~r Elektronenmikroskopie, Deutsche Akademie der 
Wissenschaften zu Berlin, Halle, Saale, D.D.R.  

Zum Studium des Einflusses yon Inhomogeni t / i ten  auf 
die Ausbildung yon  Bruchfl/ichen eignet sich in ausge- 
zeichneter Weise der NaC1-Kristall. Durch Anwendung 
besonderer Pr/~parationsverfahren gelingt die elektronen- 
mikroskopische Abbi ldung feinster Oberfl/~chenstruktu- 
ren, und  durch die gut  reproduzierbare Erzeugung von 
Kolloiden sind die gewiinschten Inhomogenit/~ten herzu- 
stellen. Es wurde zun/ichst die Einwirkung von Kolloiden 
auf die Spa l t s t ruk turen  untersueht .  Die Erzeugung der 
Kolloide erfolgte durch Verf/%rbung yon NaC1-Kristallen 
im Goldchloriddampf. In  bes t immter  Tiefe yon der Ober- 
fl/~che sind Goldkolloide aufzufinden, die als Wfirfel von 
etwa 0,1 # Kantenl/~nge vorliegen. Das elektronenmikro- 
skopische Bild yon  Spaltfl/%chen in entsprechenden 
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Ebenen  zeigt typische durch das Kolloid hervorgerufene 
Spalts trukturen.  An genfigend voneinander  entfernt  
l iegenden Kolloiden sind Strukturen zu beschreiben, die 
yon der allgemeinen Spal ts t ruktur  unabh~ngig sind und 
nur  vom Kolloid herrtihren. Die aus dem elektronen- 
mikroskopischen Bild folgende wahrscheinliche Mitwir- 
kung der an den Kolloiden ausgel6sten Versetzungen wird 
diskutiert .  

E in  anderes Bild ergeben die ira nattirl ichen blauen 
Steinsalz vorliegenden Kolloide. Hier wirken die Kolloide 
als Ausgangszentren zahlreicher neuer Spaltstufen. Die 
gesamte Spal ts t ruktur  wird in diesem Fall wesentlich 
yon den Kolloiden bes t immt.  

I n  Erg/~nztmg zu den Ergebnissen auf Spaltfl/ichen 
wurden auch Reissflachen untersucht ,  die bei verschiede- 
nen  Belastungsgeschwindigkeiten erhal ten wurden.  

Wahrscheinlich verSffentlicht in Z. Naturforsch. 

$2-39.  F r a c t u r e  o f  t h e  a l u m i n i u m  t h i n  fo i l s .  By 
TAX_EO FIIJIWARk & S~o YOSHII)A, The Laboratory of 
Crystal Physics, Hiroshima University, Japan. 
The process of fracture caused by the stretching of an 

ahlminium foil was studied under  an electron microscope 
by using the specially designed stretching apparatus and 
the  cine camera a t tached to the  electron microscope. 

The a luminium thin foils to be examined,  were prepared 
from the cold-rolled a luminium plates (99.993% A1, 0.01 
ram. in thickness) by the t r ea tmen t  of so-called electro- 
lyrical polishing. 

The specimen of such thin foils was s tretched gradually 
with the stretching apparatus in the electron microscope, 
and the process of its fracture was continuously observed. 
Moreover, the  behaviour  of dislocations and habi t  of th in  
foils show during fracturing were taken on a 35 ram. cine 
film with the special camera under  the following con- 
ditions. The cine film was directly exposed to an electron 
beam in the  electron microscope with the camera speed 
of 2-3 frames per sec., and the accelerating voltage of the 
electron microscope was 80 kV. and electronic magnifica- 
tions were from 60,000 to 100,000. 

The cine film thus taken  were reprinted to the 16 ram. 
cine film and will be presented,  in which the m o v e m e n t  
of the dislocations behaves during stretching of the  thin 
foil and etc., could be seen. 

1000 dislocations have been found to originate from one 
point.  Similarly very dense pile-ups of as m a n y  as 500 
dislocations against a grain boundary  or other  obstacle 
have been seen. The surface offset resulting from the 
movemen t  of large numbers  of screw dislocations in the  
foil occasionally is sufficient to cause the crystal to sepa- 
rate completely along the slip plane. In  other  cases the 
presence of fine precipitates or intersection slip systems 
results in the formation of a jagged fracture crack. 

To be published in Trans. A.I .M.E.  

$2.41. F r a c t u r e  in  z i n c .  By J.  T. BA~-BY & P. L. PRATT, 
Fulmer Research Institute, Stoke Poges, Bucks, England. 
Variation of ducti l i ty and flow-stress with tempera ture  

were measured for polycrystall ine zinc. A plot  of fracture 
stress versus d-l~ 2, d being the average grain diameter ,  
gave a slope, k, of 0.23 tn.in.-3/2 agreeing with t ha t  
measured by Perch & Zein, but  not  with k = 0-46 tn.in-3/2 
obtained by Greenwood & Quarrell. The lat ter  authors 
found (~i =0,  whereas Perch & Zein and the  present  
work found values of 0.5 tn.in. -2 and 1-0 tn.in. -2 respec- 
t ively for ai, the stress ordinate intercept.  

No increase in ducti l i ty was observed in test ing zone- 
refined zinc specimens. Thus either the  start ing mater ial  
is typical of pure zinc, or the dislocation locking e lement  
was not  removed.  

Kenneford reported high ducti l i ty in a 1.0% aluminium 
in zinc alloy containing a fine, globular precipitate.  I t  
seemed possible tha t  precipitates acted as barriers to 
dislocations, effectively reducing grain size. Fracture  
test ing of different grain sizes of this alloy showed a 
higher k and ai than for zinc. As expected from Cottrell 's 
analysis of fracture the alloy was more bri t t le  than  zinc. 

Addit ion of 0.01% cadmium to zinc gave an increase 
in Ic, but  no further increase occurred with more cad- 
mium. This is evidence tha t  0.01% cadmium is sufficient 
to saturate  dislocations in zinc. Cadmium produced no 
change in at. 

Locking .forces deduced from measurements  of /c are 
higher than  expected. An explanat ion is sought in terms 
of deformation modes in zinc, and models of crack nuclei. 

Cottrell 's analysis of fracture is successful in explaining 
the  low k for cadmium relative to zinc, in predict ing a 
reasonable surface energy for zinc from the grain-size 
fracture-transit ion condition, and in explaining stable 
micro-cracks observed at  - 1 9 6  °C. in zinc. 

To be submit ted  to J. Inst. Met. 

$2.40. D e f o r m a t i o n  a n d  r u p t u r e  o f  t h i n  m e t a l  f o i l s .  
By R. M. FISHEI¢, & J.  NUTTII~G, Department of Metal- 
lurgy, Univ. of Cambridge, England. 
Observations have  been made  of the  deformat ion of 

th in  meta l  foils in the  electron microscope using a spec- 
imen straining device. Most f requent ly dislocations are 
generated at  the  edges or at  holes in the foil but  oc- 
casionally a F r a n k - R e a d  type of source has been observed 
in operation. Much higher local stress concentrations can 
occur in such foils compared to bulk materials and up to 

$2.42. T h e  p o s s i b l e  r61e o f  e m b r i t t l e m e n t  i n  s t r e s s -  
c o r r o s i o n  c r a c k i n g .  By A. J.  FORTY, H. H. Wills 
Physics Laboratory, University of Bristol, England. 
Withdrawn.  
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$2.43. T h e  or ig in  of the  surface  cracks  r e s p o n s i b l e  
for bri t t le  fracture  in g lass .  By S. A. F. MrYR~ELL, 
Mining Department, The University of Sheffield, Shef- 
field, 1, England. 
Recent  observations by  light and electron microscopy 

have  confirmed the existence of the  surface microcracks 
originally postulated by Griffith to explain the  bri t t le  
fracture of glass. However,  the  origin of these cracks is 
still unexplained.  

The problem is to explain how local stresses of the 
order of magni tude  of the theoretical  s t rength  can arise 
in glass. I t  has been necessary to invoke the  conception 
of crystallographically oriented dislocations in the crystal 
s t ructure to explain the discrepancy between the theoret-  
ical and observed strength of crystalline solids, and it 
migh t  therefore be expected tha t  glassy (non-crystalline) 
solids should be extremely strong, in which case the  
existence of cracks in glass is difficult to explain. 

I t  is shown in the  paper  tha t  surface devitrif ication on 
quite a fine scale could give rise to the  observed cracks 
and  would thus remove the apparent  anomaly.  The 
stresses due to devitrif ication could cause groups of 
dislocations in the crystallites to pile up against  the  
crystal-glass interface, which would produce the stress 
concentrat ions necessary for crack formation. 

The stresses in and around a spherical devitrified re- 
gion have been calculated and using Stroh's equat ion 
for the stress required to produce a crack by disloca- 
t ion pile-up it is found tha t  crysta!lites of diameter  
-~- O. 1 micron are required in vitreous silica. The length 
of the  crack produced is also about  0.1 micron on this 
hypothesis, which is the right order of magnitude.  

$2.44. F a t i g u e .  By N. TEO~PSON, H. H. Wills Physics 
Laboratory, Royal Fort, Bristol, 8, England. 
An a t t empt  is made  to survey recent  work relating to 

the  product ion of vacant  lattice sites, and other point  
defects, by the  action of an al ternat ing stress on a metal .  
The relevance of such defects to the  process of fatigue 
fracture is discussed. Phenomena  more  directly attrib- 
utable to dislocations are also considered in a similar way. 

$2.45. The  d i s locat ion  d i s tr ibut ion  in fat igued face-  
c en tred-cub ic  m e t a l s .  By  P. G. PARTRIDGE & R. L. 
SEG~L, Crystallographic Laboratory, Cavendish Labo- 
ratory, Cambridge, England. 
Transmission electron microscope observations have  

been carried out  on fat igued polycrystall ine copper, 
nickel and gold. Some experiments  have  also been done 
on copper single crystals. The dislocation ar rangement  
found in these metals  can be compared with tha t  found 
in previous experiments  on a luminium and austenit ic 
stainless steel (18/8 type). 

The dislocation ar rangement  in fat igued copper, nickel 
and gold is quite unlike tha t  found after unidirectional  
deformation.  There is no tendency to form sub-grains 
after fatigue. The dislocations are arranged in regions of 

very high densi ty  (--~ 101° to 1011 cm. -2) surrounded by  
less dense regions (--~ 10 s era.-2). There are m a n y  small 
dislocation loops, up to about  200 A in diameter .  I n  
addi t ion there are m a n y  large elongated dislocation 
loops. Exper iments  on copper single crystals have shown 
tha t  the  elongated loops have their  long axis normal  to 
the operative Burgers vector and in the slip plane. I t  is 
suggested tha t  these loops are formed from mult iple  
jogs on screw dislocations. 

The differences be tween aluminium, where the  disloca- 
tions after fatigue are arranged in a random network,  
and copper, nickel and gold are discussed in terms of the  
relative ease of cross slip and vacancy migration.  The 
annealing kinetics and tensile properties of fatigue- 
hardened metals  are considered in relation to the ob- 
served dislocation distribution. 

$2.46. C r o s s - s l i p  as  a s ign i f i cant  m e c h a n i s m  in the  
fat igue of m e t a l s .  By T. BRoom, Department of Indu- 
strial Metallurgy, University of Birmingham, Birming- 
ham 15, England. 
An essential condit ion for fatigue failure is covtinuing 

reversed slip in local regions. The common manifesta- 
t ion of this is the product ion of slip 'striations' .  

The fatigue softening of work-hardened copper single 
crystals is shown to be dependen t  on the product ion of 
striations. The chief criterion for their  formation is tha t  
the fatigue stress should exceed a v~lue which is close 
to tha t  necessary for cross-slip as indicated by the end 
of stage I I  in tensile tests. 

Striations are prolific in a luminium single crystals 
because of the  ease of cross-slip and their  suppression in 
dilute a lumin ium-magues ium alloy crystals can be as- 
sociated with increasing difficulty of cross-slip. 

Based on papers to be submi t ted  as follows: 

R. K. H a m  & T. Broom, Phil. Mag. 
T. Broom & G. J.  Waldron,  Acta Met. or Phil. Mag. 

$2.47. The  t e m p e r a t u r e  dependence  of fat igue  life. 
By P. B. I-Izasc~r & R. L. SEGALr,, Crystallographic La- 
boratory, Cavendish Laboratory, Cambridge, England. 
The tempera ture  dependence of the  fatigue life of 

aluminiurn single crystals has been s tudied in the  tem- 
perature range 4.2 to 293 °K. The specimens were fatigued 
in push-pull  and the stress necessary to cause failure in 
106 cycles was determined.  The results are in terpre ted  in 
terms of a process of thermal ly  act ivated cross slip. 

$2.48. Di s locat ion  theory  of the ex trus ion ,  in trus ion  
and fat igue crack.  By F~A~cisco EncHi  FIYJITA, 
Japan Atomic Energy Research Institute, Tokai, Ibaraki, 
Japan. 
The most  interest ing and impor tan t  outcome of recent  

works concerning fatigue phenomena  may  be the  observa- 
tion of extrusion and intrusion in slip bands, t towever ,  
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whether  or not  they  play the  main  rSle in fatigue is not  
certain at  present.  The theory first treats a dislocation 
mechanism of extrusion and intrusion: The proposed 
mechanism is somewhat  similar to those by Cottrell & 
Hull & Thompson, in such point that a latent slip system 
causes the disturbance of the main slip system, but 
more general one. In the second, the theory treats the 
oxidation process which would take place in active slip 
bands during fatigue: By to-and-fro motion of disloca- 
tions in a slip band during stress cycles of period of the 
order of I0 -3 sec., a step with new metallic surface appears 
in every first half cycle and disappears in the second 
half cycle. Applying the theory of the initial rapid 
oxidation developed by Mort et al., the rate of oxidation 
of such surface can be estimated. The result shows that 
oxygen atoms may be supplied at this step, be trans- 
ported or diffuse into the slip band, and finally form 
oxide layers or inclusions at the depth of several microns 
from the crystal surface, which would become the strong 
obstacles for dislocations to generate a fatigue crack 
even in absence of intrusions. Such oxidation mechanism 
can explain not only microscopic observations such that 
the incipient crack does not always occur in the region 
where extrusions and intrusions are frequently observed, 
but also the effects of temperature, stress, atmosphere 
and speed of testing on fatigue life. Oxidation may take 
place at the hmer surface of intrusions too, and would 
cause the crack generation there especially at higher 
temperatures. 

To be published in the  J. Phys. Soc. Jap. 

$2.49. The  m e c h a n i s m  of fati~,ue crack propa~,ation 
in  a l u m i n u m  s ing le  crystals .  By J.  C. GROSSKREUTZ, 
Midwest .Research Institute, Kansas City, Missouri, 
U.S.A. 
Aluminum single crystals grown by strain-anneal have 

been stressed at  N 400 e.p.s, in pulsating tension and the 
init iat ion and propagat ion of fatigue cracks observed 
continuously under  300 x magnification. Motion photo- 
micrographs have been taken  under  controlled conditions 
of i l lumination and exposure. Playback of the film at  
accelerated speeds allows the surface mechanism of crack 
init iat ion and propagat ion to be studied at  leisure. In  
all cases cracks were observed to initiate in surface slip 
bands;  three or more neighboring bands may  develop 
simultaneously and independent ly  and later join by cross- 
slip to form the  main  failure crack. Propagat ion occurs 
strictly along crystallographic slip systems, usually { 111 }. 
The direction of propagat ion is as nearly perpendicular  
to the tensile axis as is possible with the available slip 
systems. Even  while mainta in ing a s teady course, the 
crack frequent ly jumps  from one parallel slip band to 
another  by means of cross-slip. The pr imary mechanism 
of propagat ion appears to be a series of re-initiations in 
persistent slip bands at the  tip of the advancing crack. 
Large grain (--- 5 ram.) samples were grown to s tudy the 
effect of grain boundaries. The effect depends in large 
measure on the  relative orientat ion of the two grains. 
Examples  are shown and discussed. Taper sections and 
sections cut transverse to the crack have shown tha t  the  
crack always propagates from the surface into the volume 
of the sample. The pa th  taken is again strictly crystallo- 
graphic and  roughly perpendicular  to the tensile axis. 

Average dislocation densities in polycrystall ine alu- 
minum samples were measured at  various stages of 
fatigue by back reflection X-ray methods.  Saturat ion 
at  about  2 × l0 s lines/cm. 2 occurs after about  the  first 
1% of fatigue life. A further  increase by a factor of 10 
occurs near  the vicinity of the crack as failure occurs. 
A model for crack propagation is proposed based on these 
observations and the evidence obtained from the mot ion 
photomicrographs.  

To be submit ted  to J. Appl. Phys. 

$2.50. Res i s t iv i ty  recovery  of co ld -worked  di lute 
copper  al loys.  By C. PRITCttARD Cf~ P. L. PRATT, Dept. 
of Metallurgy, Imperial College, Kensington, London 
S. W. 7, England. 
The effect of impurities on resistivity recovery was 

studied by carrying out experiments  on a series of poly- 
crystalline dilute copper alloys. These alloys contained 
up to 1 a t .% of beryllium, arsenic, cadmium or silver. 
After  extending by 15% at  - 1 9 6  °C., the  tempera ture  
of Stage I I I  recovery ( that  occurrh~g near room tem- 
perature) and also the act ivat ion energy with which it 
occurred were found to depend both on the  alloy content ,  
and on its concentrat ion.  The lifetime of the migrat ing 
defects remained the same, and, except for those con- 
taining arsenic, the  amount  of recovery a t t r ibutable  to 
point  defects was the  same in each alloy. 

During deformation the concentrat ion of point  defects 
was found, from resistivity measurements ,  to increase as 
the  square of the applied strain, after allowing for the  
dislocation contribution to the resistivity. This is in good 
agreement  with van Bueren's  prediction based on the  
production of vacancies by jogged screw dislocations 
during mult iple slip. Prestrain experiments  indicated tha t  
defect production is normally balanced by a simultaneous 
sweep-up process which goes on during the deformation 
itself. 

The recovery of the arsenical alloys differed from the 
others, and the results were interpreted in terms of the  
diffusion of arsenic atoms to form atmospheres around 
dislocations. 

To be published in Phil. Mag. or Acta Met. 

$2.51. Irradiat ion effects in co ld -worked  and l ight ly -  
doped copper.  By A. SOSIN, Atomics International, 
Canoga Park, California, U.S.A. 
An extensive s tudy has been made  of the  low tem- 

perature,  high energy electron irradiation and residual 
resistivity recovery characteristics of pure copper which 
has been previously subjected to varying degrees of 
plastic deformation at room temperature.  The following 
characteristics have been observed. 

(1) In  specimens irradiated below 10 °K., the  recovery 
characteristics below 33 °K. (Stage IA, IB and Ic) are 
only slightly altered by previous deformation.  

(2) In  specimens irradiated below 10 °K., the recovery 
characteristics between 33 °K. and 65 °K. (Stages ID 
and IE) are appreciably altered by previous deformation.  
In  particular, 
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(a) the  initial rates of isothermal  and  isochronal re- 
covery are enhanced  by cold work;  however,  

(b) the  fract ional  a m o u n t  of damage  in cold-worked 
specimens remaining above 65 °K. is greater  than  
in annealed  specimens. The a m o u n t  of damage  
re ta ined increases wi th  the a m o u n t  of deformat ion 
but  appears to reach a l imiting value even for 
ex t reme amounts  of deformation.  

(3) I n  specimens i r radia ted near  90 °K., the initial 
damage  ra te  (resistivity increase per uni t  integrated flux) 
is enhanced  by  previous deformat ion.  This increase is 
compat ible  wi th  the reduced recovery in St, age~ ID and I s .  

(4) The 90 °K. damage  ra te  is not  cons tant  bu t  de- 
creases and  approaches the damage  ra te  characteris t ic  
of annealed  specimens. 

(5) The recovery kinetics in Stage I I I  (~-- 0 °C.) are no 
longer bimolecular,  as is character is t ic  of annealed  
copper, but ,  for in te rmedia te  a m o u n t  of plastic deforma- 
tion, m a y  be f i t ted to a model  based upon m u t u a l  annihi- 
lat ion at  sinks in t roduced by deformat ion.  

(6) Unde r  proper  pre- i r radiat ion t r ea tmen t ,  the residual 
resis t ivi ty value obta ined after  Stage I I I  recovery is less 
t han  the pre- i r radiat ion value. 

The effects of suitable solute a toms appear  to exceed 
those of dislocations. For  example,  Stage ID and IE are 
more  thoroughly  suppressed by  0.1 a t .% of silver than  
by  large amounts  of plastic deformat ion.  I r radia t ions  a t  
10 and  90 °K. and subsequent  recovery in a series of 
l ight ly-doped copper specimens is in progress. 

$2.52.  La t t i c e  de fec t s  in  m o l y b d e n u m  a n d  n i o b i u m .  
By A. A. JOHNSON, D. E. PEACOCK & A. WRONS~I, 
Physical Metallurgy Dept., Imperial College of Science 
and Technology, London, S .W.  7, England. 
The yield stress, ay, of m o l y b d e n u m  was measured  as 

a funct ion of grain diameter ,  l, a t  room tempera ture .  
The results can be f i t ted to Pe tch ' s  relation 

ar = ai + kr1-1/~ 

with  a i = l l . 0  kg .mm.  -9 and k y = l . 7  × l0 s dyn.cm.  -3/e. 
The yield stress of n iobium was found to be independent  
of grain size at  20, 76, 195 °K., and room tempera ture .  
I n t e rp re t ed  in terms of cur ren t  theories of deformat ion 
these results mean  t ha t  the dislocations in n iobium are 
no t  appreciably locked by  Cottrell  a tmospheres  of im- 
pur i ty  a toms bu t  t ha t  in m o l y b d e n u m  the locking is 
par t icular ly  strong. 

The effect of i r radiat ing m o l y b d e n u m  to an in tegra ted  
flux of 2 x 1019 n.v. t ,  cannot  be described in terms of 
changes in ai and ky. I t  is suggested t ha t  the complex 
effects ac tual ly  observed were the  result  of the  disloca- 
t ion s t ruc ture  of the meta l  being modified by climb 
processes caused by  the  point  defects created during 
irradiat ion.  

The recovery of both  i r radia ted  and  plastically de- 
formed niobium and m o l y b d e n u m  was s tudied by mak ing  
electrical resist ivi ty measurements  on wire specimens. 
A species of point  defect  was found to anneal  out  of both  
types of n iobium specimen in the  t empera tu re  range 
80-120 °C. wi th  an ac t iva t ion  energy of about  1.0 e.V., 
and  a similar defect  to anneal  out  of m o l y b d e n u m  spec- 
imen in the  t empera tu re  range 130-170 °C. wi th  an 

ac t ivat ion energy of about  1.3 e.V. The defects in bo th  
meta ls  are t en ta t ive ly  identif ied as lat t ice vacancies.  

To be published in _Phil. Mag. and  Acta Metallurg. 

$2.53. L o w  t e m p e r a t u r e  r e c o v e r y  in  t i t a n i u m  and  
z i r c o n i u m .  By E. SMITH & M. S. STAGG, Associated 
Electrical Industries Limited, Research Laboratory, Alder. 
maston Court, Aldermaston, Berkshire, England. 
Results  of tensile exper iments  on polycrystal l ine 

samples of the hexagonal  meta ls  t i t an ium and zirconium 
at  room tempera tu re  and below, suggested t ha t  point  
defects were mobile at  sub-zero tempera tures  in these 
metals ,  which have  mel t ing points in excess of 1500 °C. 
In  order to s tudy  the mobi l i ty  of these defects, wires of 
t i t a n i u m  and zirconium were s t rained in tension a t  
- 1 9 5  °C. and the ext ra  resist ivi ty in t roduced by the 

plastic strain was measured  a t  - 1 9 5  °C. as a funct ion 
of this strain. The wires were then annealed for 15 rain. 
a t  progressively higher t empera tures  and  the resistivities 
re-measured at  - 1 9 5  °C. af ter  each anneal.  The a m o u n t  

• of deformat ion induced resist ivity recovered after  a room 
tempera tu re  anneal  was about  50% for t i t an ium and  30% 
for zirconium. These resist ivi ty results confirmed t ha t  
point  defect migra t ion was occurring a t  sub-zero tempera-  
tures. Moreover, it was observed tha t  in t i tan ium,  the 
resist ivity was recovering a t  - 1 9 5  °C. Accordingly,  
deformat ion exper iments  have  been conducted  a t  much  
lower temperatures ,  wires being s t rained a t  - 2 5 3  °C., 
and then annealed at  - 195 °C. and higher  tempera tures .  
I t  was observed t ha t  both  in t i t an ium and  zirconium, 
approximate ly  30% of the  resist ivi ty induced by the  
- 2 5 3  °C. deformat ion was recovered after  15 rain. 
anneal ing a t  - 1 9 5  °C. This recovery,  at  t empera tu res  
below - 195 °C., of resist ivity induced by plastic deforma- 
tion in the hexagonal  metals  t i t an ium and  zirconium, 
is in marked  contras t  to the behaviours  of face-centred- 
cubic metals  in which there  is essentially no resist ivi ty 
recovery after  plastic deformat ion a t  such tempera tures .  
In  this la t ter  group of metals,  resist ivity recovery below 
- 1 9 5  °C. is only observed after  i rradiat ion.  The various 

ideas proposed for such recovery are:  

(a) Free  migra t ion  of intersti t ials to vacan t  lat t ice sites. 
(b) Recombina t ion  of close pairs of interst i t ials  and 

vacancies.  
(e) Atomic re-ar rangements  in d isplacement  spikes 

formed by irradiat ion.  

These proposals are considered in explaining our results. 

The journal  in which this paper  will be published has 
no t  been decided. 

$2.54. S o m e  o b s e r v a t i o n s  of  e t ch  p i t s  in a l k a l i  h a l i d e  
c r y s t a l s .  By R. W. DAWDGE, R. W. WmTWORTH & 
P. L. PRATT, Dept. Metallurgy, Imperial College, London 
S. W. 7, England. 
Certain etching reagents  produce several types of etch 

pits in NaC1 and LiF. For  example,  in l ightly deformed 
NaC1 etched with acetic acid plus me thy l  alcohol shallow 
ra ther  indist inct  pits are sometimes formed on (110} slip 
bands, together  with the normal  pyramida l  pits which 
are believed to be formed a t  dislocations. These shallower 
pits are no t  formed in crystals which have  been ei ther  

AC 13 -- 74 
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annealed at  250 °C. or X-irradiated subsequent  to defor- 
mation,  and thus the total densi ty of pits formed along 
slip bands is smaller after these t reatments .  These 
observations suggest tha t  some defects other than  normal  
dislocation lines are present  on slip planes after deforma- 
tion. 

Accepted for publication in Phil. Mat. 

$2-55. Effect  of p r e s s u r e  a n d  p l a s t i c  d e f o r m a t i o n  o n  
p o i n t  d e f e c t s .  By D. LAzA_~us, Department of Physics, 
University of Illinois, Urbana, Illinois, U.S.A. 
Studies have been made  of the effects of hydrostat ic  

pressures to 10,000 atmospheres and of small torsional 
plastic strain on the generat ion and mobi l i ty  of point  
defects in solids. A var ie ty  of experimental  techniques 
have  been used, including anelastic relaxation methods  
for substi tut ional  and interstit ial  solid solutions, quenched 
resistivity measurements  for pure gold, and electrical 
conduct ivi ty  methods  for alkali halides. Pure hydrostat ic  
pressure causes a decrease in the rate of production of 
vacancies and in the rate of mot ion of vacancies and small 
interstitials, the effect varying exponential ly with pres- 
sure. Small amounts  of plastic deformation cause a con- 
siderable enhancement  in the rate of diffusion-limited 
relaxation at  low temperatures,  possibly demonstra t ing 
the generation of mobile vacancies by moving  disloca- 
tions, al though the effect may  involve more complex 
mechanisms. 

To be published (as several papers) in Phys. Rev. 

$2.56. I n t e r n a l  f r i c t i o n  o f  c o l d - w o r k e d  g o l d  a n d  
c o p p e r  a t  l o w  t e m p e r a t u r e s .  By RYUKITI R. HASI- 
GU~rI, Department of Metallurgy, University of Tokyo 
and SIOEO OKUDA, Institute of Physical and Chemical 
Research, Tokyo, Japan. 
The aim of this paper is to find the behaviours of 

dislocations and point  defects which give rise to internal  
friction peaks and changes of dynamic modulus of gold 
and copper. The measurements  were performed at  tem- 
peratures from about  100 to 360 °K. Latt ice defects 
were introduced by cold-working at liquid ni trogen tem- 
perature or at  room temperature.  

Three new peaks of low frequency (--~ 1 c.p.s.) internal 
friction, P1 (~'~ 130 °K. in Au), P2 (~" 190 °K. in Au) and 
P3 (~'~ 210 °K. in Au), were found between liquid nitro- 
gen temperature  and room temperature.  These peaks all 
disappear by the room temperature  annealing. 

P2 is observed in the specimen which is cold-worked 
at liquid ni trogen temperature.  P1 and P3 are fom~d in 
the specimen which is cold-worked at liquid nitro~ea 
tempera ture  and then  annealed at higher temperatures  
below room temperature,  or in the specimen immediate ly  
after the room temperature  cold-working. 

A new theory was proposed to explain the above 
experimental  results. The dislocations produced by cold- 
working are pinned down by the point  defects which are 
produced during the cold-working and migrate  to the 
dislocations during and after the cold-working. A dis- 
location segment  which contain a pinning point  has a 
certain probabil i ty to be torn off from the pinning point  
by the help of thermal  energy. When  the frequency of 
the tearing off process coincides with the external  

vibrat ional  frequency of the specimen, there appears an 
internal  friction peak as a relaxation process. I t  is con- 
sidered tha t  vacancies, interstitials and divacancies may  
be the pinning point  defects. 

The act ivat ion energies obtained from the peak shifts 
correspond to the interaction energies between a disloca- 
t ion and respective point  defects, and the act ivat ion 
energies of the growth processes of peaks are those for 
the migrations of respective point  defects to dislocations. 

The authors in tend to submit  the  manuscr ip t  of full 
paper to Phil. Mag. in near  future. The prel iminary 
short-note was published in Prec. Jap. Acad. (1959), 35, 
284. 

$2"57. I n t e r a c t i o n  of d i s l o c a t i o n s  a n d  p o i n t  d e f e c t s  
i n  s i l v e r  c h l o r i d e . *  By L. SLIF~r~, M. KABLER & 
:[-I. LAYER, University of North Carolina, Chapel Hill, 
North Carolina, U.S.A. 
Single crystals of silver chloride subjected to successive 

tensile tests exhibit  strain-aging near room temperature .  
The magni tude  of the effect in nominal ly 'pure'  crystals 
increases monotonical ly with hnpur i ty  content,  as gauged 
by the room-temperature  ionic conductivi ty.  Whereas 
after brief aging both upper  and lower yield points are 
observed, prolonged aging so strongly anchors the dis- 
locations tha t  the  lower yield point  disappears. The 
kinetics of the increase in flow stress during aging have 
been studied as a function of aging temperature,  giving 
an act ivat ion energy of 0.4 e.V., a value very close to 
tha t  for vacancy migration. Since at  these temperatures  
the crystals are in the extrinsic, or impurity,  conduct ivi ty  
range, this result is consistent with the migrat ion of 
either the impuri ty  atoms or the  vacancies themselves 
to the dislocations. The two possibilities are distinguished, 
however, by the fact tha t  the t ime required for sub- 
stantially complete hardening (a few hours at  room 
tempera ture  wi th  a vacancy concentrat ion of 10 -5) is 
too long for vacancy migrat ion times, but  is consistent 
with the diffusion rate of impurities. This is in contrast  
to the si tuation in alkali halides, where it appears tha t  
impuri ty  hardening is primarily due to the interaction 
of vacancies with dislocations, rather  than  the impurities 
themselves. 

The ionic conduct ivi ty  of silver chloride has been 
studied during a pulse of plastic deformation.  After  an 
elongation of 10 or 20%, a further extension of 3% in 
5 milliseconds produces a t ransient  conduct ivi ty  increase 
which at  room tempera ture  builds up and decays with 
a relaxation t ime of 2 milliseconds. I t  is believed tha t  this 
effect is due to the production of excess interstit ial  silver 
ions by dislocation intersection. The very small magnitude 
of the effect (a m a x i m u m  transient  increase of 1-5 x 10 -1° 
mho/cm.) indicates a product ion rate of defects a t  
room temperature  far below the often-quoted value of 
10-4/unit strain. Large voltages (of the order of ten ths  
of a volt) also appear across the faces of the crystal 
during extension, especially when the deformation is 
very inhomogeneous. 

Probable publication med ium:  J. Phys. Chem. Solids. 

* Supported by the U.S. Army Office of Ordnance Re- 
search and the U.S. Atomic Energy Commission. 
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$2.58.  I n f l u e n c e  d e s  d 6 f o r m a t i o n s  m 6 c a n i q u e s  s u r  
l a  c o n d u c t i b i l i t 6  6 1 e c t r i q u e  et  la  p o l a r i s a t i o n  de  
m o n o c r i s t a u x  de  f l u o r u r e  de  l i t h i u m .  Par I t .  CU- 
RIEN & Z. MIHAILOVlC, Laboratoire de Mindralogie de la 
,Facultd des Sciences, Paris,  .France. 

Dans un cristal de fluorure de l i thium soumis /~ une 
diff6rence de potent ie l  continue fixe, le courant  6volue 
en fonction du temps depuis une valeur I 0 jusqu'~ une 
valeur plus faible Ioo. Le temps d '6volution est de l 'ordre 
de l 'heure. Seule, la valeur I 0 ob6it ~ la loi d 'Ohm. Le 
taux de polarisation rep6r6 par le rapport  S = (I o - loo) /1  o 
varie avec la temp6rature,  l ' intensit6 du champ 61ec- 
trique, les t ra i tements  m6caniques subis par le cristal. 

L'allure des courbes de d6polarisation permet  de 
dist inguer les parts respectives dues au ph6nom~ne para- 
site p rovenant  de la modificat ion chimique des 61ectrodes 
et au ph6nom~ne de polarisation dans le cristal. 

A 400 °C., un 6crouissage faible dans le sens des lignes 
de courant  (taux de variat ion de la longueur dans le 
sens de la compression de 1,2%) provoque une 16g~re 
d iminut ion  de I 0 et une augmenta t ion  de S; d 'aut re  par t  
l '6volution de la polarisation est beaucoup plus rapide. 
Un  6crouissage plus impor tan t  (de l 'ordre de 5%) pro- 
voque une forte d iminut ion  de I 0 et une diminut ion de S. 
Le m6me 6chantillon, recuit apr~s 6crouissage ~ 5%, 
pr6sente une conductibilit6 plus faible encore  et un taux 
de polarisation pra t iquement  nul. On peut  rendre compte  
de ces diverses observations en faisant intervenir  les 
interactions entre les dislocations et les lacunes d' ions 
positifs qui const i tuent  les porteurs de charges. 

To be published in Journal des Recherches de C.N.R.S .  

$2.59.  E r z e u g u n g  e l e k t r i s c h e r  L a d u n g e n  b e i  p l a s t i -  
s c h e r  D e f o r m a t i o n  v o n  N a C 1 - E i n k r i s t a l l e n .  Von 
H. BETHGE & F. FR6LIOH, Insti tut  fi~r experimentelle 
Physik,  Halle, Saale, D.D.R.  

I m  Anschluss an vor einiger Zeit bekann t  gemachte  
Exper imente  (J. E. Caffyn & T. L. Goodfellow, Nature, 
Lend. (1955), 170, 878; D. ]3. Fischbach & A. S. Nowick, 
J .  Phys.  Chem. Solids (1957), 2, 226; (1958), 4/5, 302) 
wurden  die bei plastischer Deformat ion yon NaC1- 
Einkristal len ohne angelegtes ~usseres Feld kurzzeitig 
auf t re tenden elektrischen Str6me untersucht .  Die plasti- 
sche Deformation der Kristal lproben erfolgte in zeitlich 
aufeinanderfolgenden Stiffen zwischen zwei Stempeln 
verschieden grosser Druckfl~chen, die gleichzeitig als 
Elekt roden ftir die elektrischen Messungen dienten.  Die 
bei der Deformation gebildeten Versetzungen liessen sich 
durch geeignete J~tzverfahren auf der Oberfl~tche der 
Proben und durch spannungsoptische Beobachtungen  
nachweisen und  gesta t te ten Rtickschltisse auf den Gleit- 
mechanismus bei den verschiedenen ]3elastungsstiffen. 

]3ei der Deformation ents tanden in der Umbegung  der 
kleineren Druckelektrode bei den ersten Belastungen 
nu t  positive, nach weiteren ]3elastungsstufen jedoch 
negative Ladungen.  Vorzeichen und Betrag der erzeugten 
Ladung h~Lnge~l neben der Gesamtbelastung weiter yon 
der Form der Proben und in hohem Masse v o n d e r  Vor- 
behandlung des verwendeten Kristallmaterials ab. Ins- 
besondere wurde untersucht  der Einfluss einer vorher- 
gehenden R6ntgenbestrahlung,  einer nachfolgenden Blei- 
chung und  einer Dotierung der Kristalle mit  Kalzium- 
ionen. 

74* 

Ferner  wurde gezeigt, dass in rSntgenverfi~rbten Kri- 
stallen eine Eins t rahlung von Licht  aus der F -Bande  
ebenfalls zeitlich schnell abkl ingende Stromimpulse her- 
vorruft,  falls die Kristalle vorher  im Dunkeln  plastisch 
deformiert  werden.  

M6gliche Deutungen  ftir die gefundenen Ergebnisse 
werden diskutiert .  

VerSffentlichung erfolgt voraussichtlich in Z.  Phys.  

$2.60.  T h e  k i n e t i c s  of  i m p u r i t y  m i g r a t i o n  to  d i s l o c a -  
t i o n s .  B y  1%. ]3ULLOUGH & R. C. NEWMAN, A . E . I .  
Research Laboratory, Aldermaston, Berks, England. 

Previous theoretical  t rea tments  of this problem may  
be criticized for the  neglect  of either diffusion flow 
(A. H. Cottrell & ]3. A. Bilby, Prec. Phys.  Soc. Lend. 
(1949), 62, 49) or drift  flow (B. A. ]3ilby, J .  Phys.  Soc. 
Japan (1955), 10, (8), 673) or the imposition of an in- 
flexible boundary  condit ion at the  dislocation core 
(F. S. Ham,  Appl .  Phys.  (1959), 30, 915). 

In  the  present  t r ea tmen t  we shall invest igate:  (a) the  
kinetics of formation of a t rue Maxwellian a tmosphere  
(R. ]3ullough & R. C. Newman,  Prec. Roy. Soc. (1959), 
A, 249, 427) round a dislocation in the  absence of any 
precipitation, (b) the  kinetics of migrat ion to such a dis- 
location when precipitat ion of a second phase takes place 
at  discrete sites along the  dislocation; allowance is made  
for a finite dislocation densi ty in both cases. In  the model  
adopted  for (b) we assume tha t  the core of the dislocation 
acts as a channel  of high mobil i ty  for the impurit ies and 
tha t  there is a finite rate l imitat ion controlling the  
incorporation of the  impurit ies into the prenucleated 
precipi tate  particles. 

Both  problems have been solved analytically, regarding 
the  drift  flow as a small per turbat ion on the diffusion 
flow and where the  form of the interaction potent ia l  is 
assumed to be: 

9 = - A r - 1 ,  r>_r  o [ 
= - A r e 1 ,  r<_r  o I 

For larger, more physically realistic drift  flows, re levant  
solutions of the  governing partial  differential equation 
have been obtained by direct numerical  methods.  For  
this work a more  sophist icated interaction potent ia l  
appropriate to a non-Hookian  dislocation. 

9 = - A [  rg" +r02]-½ all r 

has been used. The la t ter  results are compared both  
with the former analytic t r ea tmen t  and with the  available 
exper imental  results for quench and strain aging in some 
steels. 

$2.61.  T h e  c o n t r i b u t i o n  o f  t h e r m a l  l a t t i c e  d e f e c t s  to  
t h e  s t r u c t u r a l  e n e r g y  a n d  e x p a n s i o n  in  p u r e  m e t -  
a l s .  By H. U. /~STaSM, Department of Physics, Institute 
of Technology, Stockholm 70, Sweden. 

The development  of thermal  lattice defects has been 
studied by means of isothermal calorimetry for silver 
(H. U. AstrSm, Ark.  Fys.  (1959), 14, 263) and for alu- 
minium, gold and molybdenum (H. U. AstrSm, Ark.  Fys.  
(in print)). All metals  were of high purity.  The specimens, 
enclosed in argon-filled Pyrex containers, were heated 
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from room-tempera ture  to various temperatures  in the  
range 160 to 480 °C. The energy absorbed in order to 
obtain equilibriura at  the  new tempera ture  had  an 
exponent ia l  tail, wi th  a t ime-constant  of a few hours. 
Increasing tempera ture  leads to an isothermal absorption 
of hea t  which becomes larger with increasing grain size 
and  pur i ty  of the metal .  In  ( i .  U. AstrSm, Ark. Fys. (in 
print)) the  thermal  expansion in gold has been studied 
wi th  an isothermal method.  With  the same pre-annealings 
as in the  calorimetric case a small exponential  expansion 
was observed which took place with about  the  same 
velocity as the  energy absorption. The tempera ture  
dependence of the energy and volume increase corre- 
sponded to an energy of formation of 0.11-0.27 e.V. 
The t ime-constants  of the experimental  curves changed, 
however,  very little with temperature .  As impurities, 
vacancies and/or  dislocations cannot  explain more than  
a smaller par t  of the observed effects, it has been sup- 
posed tha t  they  may  be caused by an unidentif ied type 
of thermal  defect discussed by G. Borelius (Arlc. 2'ys. 
(1959), 15, 65; 16, l l9) .  

in supersaturated A1-Cu, A1-Ag, A1-Mg, A1-Si, and A1-Zn 
alloys. Some solute atoms lower the  stacking fault  energy 
of a luminium and this phenomenon  influences the struc- 
ture of the quenched alloy and the  early stages of precipi- 
ta t ion on dislocations. The structure near  grain boundaries  
may  also be affected but  here the at t ract ion between 
solute atoms and vacancies is usually the deciding factor. 

To be published in Acta Metallurg. 

$2.65. The  part  of vacanc ies  in the  a g e i n g  of quenched  
a l u m i n i u m  and a l u m i n i u m  al loys .  By G. BO~ELIUS 
& L. E. L ~ s s o ~ ,  Teknislca Hdgslcolan, Stoclcholm 70, 
Sweden. 
Withdrawn.  

$2.62. Introductory  talk.  Quench  hardening .  By 
1~. MADDI~, School of Metallurgical Engineering, 
University of Pennsylvania, Philadelphia 4, U.S.A. 
The effect of quenching and ageing on properties 

(mainly mechanical) of solids will be reviewed. Recent  
data  concerned with the tempera ture  dependence of the 
yield strength,  with  the resoftening of the  quench hard- 
ened state and the results of recent experiments  on 
quenching effects in body centered cubic metals  will be 
reported. The observations will be considered in light of 
results from transmission electron microscopy of quenched 
metals  and theories of the interaction of point  defects 
with dislocations. 

$2-63. Vacancy  t rapp ing  in quenched  a l u m i n i u m  
al loys.  By K. H. WESTMACOTT, 1:~. S. B~a~VES, R. E. 
S~I~-~L~-~ & D. H~yLL, Atomic Energy Research Estab- 
lishment, Metallurgy Division, Building 393, Harwell, 
Berkshire, England. 
Foils of some aluminium alloys have been given various 

quenching t rea tments  and the  densi ty and distr ibution 
of the  vacancy clusters observed in an electron micro- 
scope. I t  is concluded tha t  the solute atoms trap the  
vacancies and t ha t  their  binding energies determine both  
the  scale of the  clusters and the number  of vacancies 
they  contain. 

$2"64. The  interact ion  of so lute  a t o m s  and d is loca-  
t ions  in  a l u m i n i u m  al loys .  By R. B. NIcEoLso~, 
Department of MetaUurgy, University of Cambridge, Cam- 
bridge, England. 
Transmission electron microscopy has been used to 

s tudy the interaction of solute atoms and dislocations 

$2.66. The  inf luence  of q u e n c h e d - i n  vacanc ie s  on the  
rate  of c lus ter in~  in a l u m i n i u m - z i n c  a l loys .  By 
VOLKMAR GEI~OLD ~5 WERN-ER SCHWEIZER, Max-Planck- 
Institut fi~r ~V1etallforschung, Stuttgart N, Deutschland. 
The change in small angle X-ray scattering from AI-Zn 

alloys has been measured using counter teclmiques. The 
scat tered intensi ty is due to the formation and growth of 
zinc-rich clusters in the quenched alloys (6, 9 and 12 
at. % Zn). The intensi ty has been measured at a constant  
scattering angle for different quenching temperatures  
(Ts =250 to 550 °C.) at a constant ageing temperature 
(Ta=20 °C.). After times of 20 rnin. to several hrs. 
(depending on Ts) the intensity reaches a final maximum 
value. The time, th, required for the necessary intensity 
to reach half its value was taken as a measure of the rate 
of clustering. A plot of log ta versus 1/Ts gives straight 
lines in the range from 300 to 500 °C., indicating an 
activation energy of QI ~ 20 kcal. or 0.86 e.V. With 
higher quenching temperatures  (550 °C.) the  rate is 
lowered instead of increased. 

If it is assumed tha t  the rate is proportional to the  
concentration, Cv, of quenched-in vacancies, which is 

cv ~ exp ( - UvlkT~), 

the act ivat ion energy Q1 may  be identified with the 
energy Uv of vacancy formation. At  higher quenching 
temperatures  (550 °C.) the vacancies form clusters and 
hence are less effective in diffusion processes. As a result 
the diffusion rate of Zn atoms is lowered in agreement  
with  our observations. 

The migrat ion energy of vacancies has been deter- 
mined  from the clustering rate at  two different ageing 
temperatures  (Ta =20 and 50 °C.). A value of Q2 ~ 10 
kcal. or 0.43 e.V. was found. The act ivat ion energy for 
the diffusion of zinc atoms is then  given by Q1 + Q.~ ~ 30 
kcal., which is in agreement  with high tempera ture  
measurements .  

The influence of plastic deformation on the clustering 
rate has also been studied. Deformation immediate ly  after 
quenching gives (1) an increase of the clustering rate and 
(2) leads to a more rapid a t t a inment  of the  final value, 
which is lower than  in the undeformed state. Both  effects 
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m a y  be explained by  (1) an increase of vacancy concen- 
t ra t ion  due to plastic deformation and (2) a higher 
concentrat ion of vacancy  sinks as dislocations in the 
deformed foils. 

This paper  will be published in Z. Mctallk. 

$2.67. A n  i n v e s t i g a t i o n  on  t h e  e f f ec t  o f  q u e n c h i n g  o n  
t h e  i n t e r n a l  f r i c t i o n  of  A1. By  D. GELLI & T. FEDE- 
~IGHI, Istituto Sperimentale Metalli Leggeri, Novara, 
Italy. 
The effect of quenching on the internal  friction (i.f.) 

of samples of high pur i ty  a luminium (99.995%) have  been 
invest igated at  very low stra in  ampl i tude ( ~  10 - 7 - 1 0  -8) 
by  the electrostatic (Bordoni type) method  of excitat ion.  
Some observations on the var ia t ion  of the resonance 
frequencies are also included. 

Measurements have been carried out at room tem- 
perature after furnace cooling and after quenching from 
several temperatures, on specimens of different size and 
at various resonance frequencies; polycristalline samples 
and also single crystals have been employed; finally the 
effect of quenching rate has been investigated. 

Although the i.f. of well annealed specimens is ampli- 
tude-dependent even at the very low strain amplitude 
employed, the results obtained after quenching are very 
complex and are depending on many factors as size, rate 
of quenching, quenching temperature, time of aging after 
quenching and so on. Generally speaking however the 
effect of quenching is to eliminate the amplitude- 
dependence, to increase the i.f. (when the evaluation is 
made at the lowest vibration amplitude) and also to 
decrease slightly the frequency of resonance. Many of 
these results are in agrement with the results obtained 
previously by Levy & Metzger. 

Preliminary results of annealing after quenching show 
that the effects of quenching are practically but not 
comp]etely eliminated in the range 150 to 200 °C., while 
the well annealed state is obtained only after annealing 
at higher temperatures. 

An attempt of interpretation of the results on the basis 
of internal strains produced by the quenching and on the 
pinning of dislocations by point defects and dislocation 
loops is made. 

To be submi t ted  to Nuovo Cimento. 

$2.68. I n t r o d u c t o r y  t a l k  o n  c l i m b  a n d  c r e e p .  B y  
J. FttIEDEL, Physique des Solides, Faculte des Sciences, 
Orsay (Set  O), France. 
The e lementary  processes and  kinetics of dislocation 

climb are briefly discussed. Applications to the growth 
of loops and helices, to polygonizat ion and creep are 
reviewed. 

$2.69.  D i r e c t  o b s e r v a t i o n s  o f  c l i m b  i n  d e f o r m e d  z i n c  
c r y s t a l s .  By P. B. P~ICE, Research Laboratory for the 
Physics and Chemistry of Solids, Cavendish Laboratory, 
Cambridge, England. 

The climb of dislocations in zinc crystals  a t  room 
tempera ture  was studied by  transmission electron micro- 
scopy. Vapour-grown whiskers and platelets,  less than  
½ micron th ick  and ini t ial ly completely free of disloca- 
tions, were deformed in tension, parallel  to the (0001) 
faces, inside a Siemens Elmiskop 1. Climb occurred in 
the following instances:  (1) During the deformation 
(I120) type  dislocations were observed to glide rapidly  
along the directions of their  Burgers vectors and to climb 
slowly in other  directions in order to avoid obstacles. 
(2) In  regions where pyramida l  glide on the system 
(1122)/[1153] took place, circular pr ismatic  dislocation 
loops up to 1000 A in radius were produced, which 
appeared to lie on basal  planes and which shrank  in size 
and disappeared in a few minutes  at  room temperature .  
The measured rates of decrease of loop radii  were con- 
s is tent  wi th  rates predicted assuming t h a t  climb by  
vacancy  diffusion was tak ing  place. A mechanism for the 
product ion of loops during pyramida l  glide is proposed. 
(3) After glide occurred on non-basal  planes in a twinned 
region, the  dislocations remaining in the twin arranged 
themselves,  by  a combinat ion of glide and climb, into 
low-angle boundaries perpendicular  to the basal plane in 
the twin. The rate  of polygonizat ion was comparable  to 
the ra te  of disappearance of pr ismatic  loops. 

To be published in Phil. Mag. 

$2.70. O n  t h e  m e c h a n ~ i s m  of  f o r m a t i o n  o f  h e l i c a l  
d i s l o c a t i o n s  i n  s i l i c o n . *  B y  W. C. DAsh, General 
Electric Research Laboratory, Schenectady, New York, 
U.S.A. 
Screw dislocations climb to form helices when  gold is 

diffused into silicon crystals  a t  about  1200 °C. (W. C. 
Dash,  Phys. Rev. Letters (1958), 1, 400). The following 
experiments  have been performed to elucidate the  
mechanism of formation of the helices. F rom localized 
surface damage, a small number  of dislocation loops are 
moved into an otherwise dislocation-free crystal  by  an  
applied stress a t  900 °C. The geometry of deformation is 
such t h a t  the  screw portions of the loops are left-handed.  
Upon  diffusion of gold only r ight -handed helices are 
formed. This leads to the conclusion t h a t  in effect a 
vacancy  deficiency produces the climb. The present  
invest igat ion has shown t h a t  only those screw dislocations 
which are subs tan t ia l ly  free from impuri t ies  climb to 
form helices. In  other cases either dis tor ted helices form, 
or there m a y  be no climb of the screw dislocations. In  
such specimens randomly  dis t r ibuted prismatic loops are 
f requent ly  found. 

Will  be submit ted  to J. Appl. Phys. 

$2-71.  T h e  i n t e r a c t i o n  o f  p o i n t  d e f e c t s  w i t h  d i s l o c a -  
t i o n s  i n  s i l i c o n . ~  B y  1~. C. NEWMAN, J. WAF~EFI~LD, 
J .  B. WILLIS & ~:~. BU-LLOUG~[, A.E.I. Research Labora- 
tory, Aldermaston, Bcrks, England. 
The phenomenon of s t ra in  aging (G. L. Pearson,  W. T. 

* Supported by Wright Air Development Center. 
l~esearch supported by the Admiralty. 
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Read  & W. L. Feldmann,  Acta Met. (1957), 5, 181) has 
been demonst ra ted  in silicon crystals known to contain 
oxygen and probably carbon. By the use of infra-red 
spectrographic techniques it has also been shown tha t  
oxygen precipitates on annealing at  a tempera ture  of 
1000 °C. and there is indirect evidence of interaction with 
dislocations (S. Lederhandler  & J.  R. Patel, Phys. Rev. 
(1957), 108, 239). 

The present  work (R. Bullough, 1%. C. Newman,  J .  
Wakefield & J.  B. Willis, J. Appl. Phys., to be published 
(April, 1960)) is concerned with a direct observation of 
these precipitat ion phenomena,  in single crystals con- 
raining controlled grown-in dislocation densities from 
zero up to 105 cm. -~, together  with some isolated crystal 
boundaries;  the  effect of plastic deformation has also 
been studied. The location of any precipitated oxygen 
after annealing is revealed by a novel  me thod  using 
crystals which contain accurately predetermined con- 
centrat ions of a luminium and phosphorus, the a luminium 
being slightly in excess so tha t  initially the crystal is 
wholly p-type. I t  is shown thermodynamica l ly  tha t  the 
a luminium will undergo an exchange reaction with the 
'precipitated'  s i l icon-oxygen complex, similar to tha t  
observed in chromium steels. In  the vicinity of the oxygen 
precipitates the a luminium concentrat ion is therefore 
reduced and the crystal becomes locally n-type. From the 
nature  of the resulting p - n  junctions, which are de- 
l ineated by etching, the type of nucleating site, random, 
dislocations or boundaries can be readily ascertained. 
The actual precipitates can b e r e v e a l e d  by transmission 
optical microscopy and correlated with the former surface 
features. Observations have been made  over the tem- 
perature range 950 to 1350 °C.; the mode of precipita- 
t ion is dependent  both  on this tempera ture  and on the 
oxygen concentration. Electron diffraction observations 
indicate tha t  carbon is also involved in the precipitat ion 
process. 

$2.72. Radiation hardness in copper. By T. t t .  BLE- 
WITT, R. R. COLTM~N, R. E. JAMISON,* (~ J.  K. RED- 
MAN, Solid State Division, Oak Ridge National Labora. 

• tory, T U.S.A. 
The effect of nuclear radiat ion on the mechanical  

properties of copper has been studied. I t  has been found 
tha t  the yield stress, which is substantial ly increased by 
the radiation, increases as the cube root of the flux. 
A strong tempera ture  dependence of the yield stress of 
irradiated copper is observed with the yield stress being 
given by a function similar to (~=A-BT½ above 40 °K. 
A Luders band with slip lines of very large step height  
is associated with the enhanced yield stress at  small 
strains. At  large strains the phenomena  of overshoot is 
observed. 

The annealing kinetics of the radiation hardness have 
also been studied in the tempera ture  range from 25 to 
700 °K. Lit t le  or no annealing is observed in the region 
below 80 °K. In  the region from 80 to 300 °K. approx- 
imately 20% of the yield stress is recovered with the 
remainder  annealing in the range from 600 to 700 °K. 

* Now with the Research Department of Carrier Corpora- 
tion, Syracuse, New York. 

Oak Ridge National Laboratory is operated by Union 
Carbide Corporation for the United States Atomic Energy 
Commission. 

These results have been discussed in terms of the pos- 
sible mechanisms by which the  hardening can occur. 
While by no means  conclusive, these data  support  a 
dislocation locking mechanism. On the other hand a very 
close analogy to radiat ion hardening and the hardening 
which arises from the addit ion of impurities exists, e.g., 
the hardening in a brass. The correlation between work 
hardening and radiat ion hardening appears to be quite 
small. 

Submit ted  to Journal of Nuclear Materials. 

$2.73. Radiation damage in face-centred cubic me-  
tals. By J.  SiLcox, Crystallographic Laboratory, Caven- 
dish Laboratory, Cambridge, England. 
The transmission electron microscopy technique was 

applied to the s tudy of the dislocation distr ibution in 
thin foils of face-centred cubic metals  prepared by electro- 
polishing from neutron-irradiated bulk material.  The bulk 
specimens were neutron-irradiated in the  A . E . R . E .  
Harwell  atomic piles BEPO and DIDO at  tempera ture  
of ~ 35 °C. and 60-100 °C. to doses of 6.7 x ]017 n.cm. -2, 
5.6 × l0 is n.cm. -2 and 1.4 x 1020 n.cm. -2 of fast neutrons  
(Energy > 1 MeV.). In  copper and gold at low doses the  
observations show the existence of small regions of strain 
(~-~ 50/~ in diameter  at  densities ~ 1015 c.c.-1) some of 
which at high magnifications can be resolved as small 
dislocation loops. At  higher irradiation the loops grow in 
size and densi ty and in copper at the highest dose m a n y  
large (-., 300 A in diameter) loops are detected.  Other  
dislocations thought  to be present  in the material  prior 
to irradiation are observed to be 'joggy'. This is thought  
to be due to the absorption of point  defects produced 
during irradiation. 

The stabili ty of the loops and the behaviour  on anneal- 
ing (in copper) are as expected from prismatic dislocation 
loops and can be interpreted in terms of any displacement 
spike mechanism which produces separated vacancies and 
interstitials. The loops are considered to nucleate as a 
result of the collapse of discs of vacancies produced by 
vacancy clustering in the central region of a displacement 
spike, and to grow by migrat ion of vacancies or vacancy 
clusters. 

Radiat ion hardening is in terpreted in terms of the  
large densi ty of dislocations in loops. In  copper, radiat ion 
hardening anneals out at  the same tempera ture  at which 
the loops are observed to disappear by climb. 

A full-length account of the work on copper will be 
published in Phil. 3lag. 

$2.74. The mechan i sm of irradiation hardening in  
copper. ]By M. J.  MAKIN, A. D. WI~APnAM & F. J.  MIN- 
TER, Atomic Energy Research Establishment, Metallurgy 
Division, Building 393, Harwell, Nr. Didcot, Berkshire, 
England. 

The mechanism of irradiation hardening in copper is 
being s tudied both by detailed mechanical  proper ty  
measurements  and by thin film transmission electron 
microscopy. The lattice and dislocation components  of 
irradiation hardening have been measured as a function 
of test ing tempera ture  and neut ron dose and the  results 
compared with Seeger's theory of lattice hardening,  
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which is based on dislocations cut t ing through a forest 
of obstacles under  both  stress and thermal  activation. 
The observed tempera ture  dependence is in excellent 
agreement  with the  theory in the  as-irradiated condit ion 
but  mild annealing t rea tments  greatly reduce the temper-  
ature sensitivity, indicating tha t  lattice hardening is due 
to obstacles of various act ivat ion energies. 

The hypothesis  tha t  these obstacles are the  dislocation 
loops observed in th in  film electron microscopy of irra- 
d ia ted copper is being invest igated and it has been shown 
tha t  the  densi ty of loops increases rapidly wi th  dose to a 
saturat ion value of about  5-6 x 1015 cm. -3 and tha t  the 
average size of the  loops increase steadily wi th  dose. 
Exper iments  are also in progress on the formation of 
loops during irradiation at  - 1 9 5  °C., where the full 
latt ice hardening is observed, and on the effect of the 
recovery stage at  0 °C., where a reduction in dislocation 
hardening takes place. In  addi t ion the correlation be- 
tween the loop size and densi ty  and the great reduction 
in the tempera ture  sensit ivity of the lattice hardening 
on annealing is being studied and will be presented at the  
Conference. 

Expec ted  to be published in Phil. May. 

$2.75. S t u d y  of w o r k - h a r d e n i n g  and  s l i p - l i n e  p a t -  
t e r n s  of n e u t r o n - i r r a d i a t e d  c o p p e r  sinl~le c r y s t a l s .  
By ALFRED SEEGER, SIEGFRIED MADER & UWE Ess- 
~ A ~ ,  Max-Planck-Insitut .liar Metallforschung, Stutt- 
gart, und Institut fi~r theoretische und angewandte Physik 
der Technischen Hochschule, Stuttgart, Deutschland. 
The work-hardening and the  surface phenomena  of 

copper single crystals deformed in tension at 90, 293 and 
513 °K. after a neut ron bombardmen t  of nvt ~. 6 × 101~ 
fast neu t ron /cm2 were invest igated and compared to the 
behaviour  of unirradiated crystals. The similarity be- 
tween irradiated and unirradiated crystals was largest 
at  high strains, i.e. in stage I I I  of the stress-strain curve. 
The irradiated crystals show qual i ta t ively the  same 
tempera ture  dependence of the work-hardening rate, slip 
bands, and cross slip between slip band fragments as 
unir radia ted crystals. Stage I I I  is preceded by a stage of 
constant  and tempera ture  independent  rate of work- 
hardening,  the reciprocal length of active slip lines 
varying linearly with stress or strain. Both  the work- 
hardening rate and the length of the slip lines are smaller 
than in stage II of the unirradiated crystals, although 
the general appearance of the slip pattern in the electron 
microscope resembles the structurized fine slip of the 
unirradiated crystals. 

The largest differences between irradiated and un- 
irradiated crystals are found at small deformations. We 
confirmed the result of previous authors that the critical 
shear stress 30 increases strongly with decreasing tern- 
perature, and that it is followed by a region of jerky 
flow without an increase in the average flow stress. This 
region is the more pronounced the lower the temperature. 
The deformation occurs by the migration of two L/iders 
bands starting from the grips. The Liiders strain in- 
creases markedly with decreasing temperature. The front 
between the strained and the unstrained portions of the 
crystals is less sharp at lower temperatures, where it may 
even appear that the crystal is gradually filled with 
clusters of slip lines, each cluster containing about 50 

lines. Slip in the cross slip system similar to tha t  in the  
Liiders bands of a-brass is found with a frequency in- 
creasing with temperature .  

F rom the tempera ture  dependence and the  recovery 
characteristics of 3 0 it is concluded tha t  the  radiation 
hardening is mainly  due to ex tended defects generated 
by the neut ron  bombardmen t  and not  due to point  
defects. The work-hardening and slip line characteristics 
have to be interpreted in terms of the gradual reduction 
of the radiat ion hardening by the deformation and the  
build-up of internal  stresses due to the  normal  work- 
hardening process. 

$2.76. T h e  i n t e r a c t i o n  b e t w e e n  d i s l o c a t i o n s  and  i r -  
r a d i a t i o n - i n d u c e d  de fec t s  in  m e t a l s .  B y  A. SoslN, 
Atomics International, Canoga Park, California, U.S.A. 
Since irradiation is an excellent me thod  of introducing 

known concentrat ions of various point  defects, irradiation 
studies should be valuable in the s tudy of the  interaction 
between dislocations and point  defects in metals.  Al- 
though a relatively large amoun t  of a t ten t ion  has been 
directed toward an es tabl ishment  of the  possible mechan-  
isms of radiat ion damage and recovery, only a small 
amoun t  of this work is useful in advancing our under-  
s tanding of dislocation-point defect interaction. Most of 
the  per t inent  data  in this area comes from measurements  
of internal  friction, elastic moduli ,  and critical shear 
stress. The large amoun t  of resistivity data  serves main ly  
to complement  the above measurements .  

A review is made  here of the available information in 
this area. Account  is also made  of other, non-irradiat ion 
experiments  which bear "on the subject. The following 
general s ta tements  are inferred. 

(1) All types of point  defects are capable of pinning 
dislocations. 

(2) The s t rength of the pinning interaction is dependent  
on the  type of dislocation. Both  dislocation orientat ion 
and extension are probably important .  

(3) The importance of point  defects in pinning dis- 
locations is l imited to low stresses. 

(4) The hardening of metals  produced by neut ron  
irradiat ion is not  primari ly due to point  defects. Dis- 
p lacement  spikes or zones are the  most  probable cause of 
neutron-hardening.  

(5) Dislocations act both  as sinks and traps for point  
defects. 

$2.77. T h e  n a t u r e  of  r a d i a t i o n  i n d u c e d  d i s l o c a t i o n  
l o o p s  in  c o p p e r .  By lZ. S. BAI~ES & D. J. MAZEY, 
Atomic Energy Research Establishment, Metallurgy Divi- 
sion, Building 393, Harwell, Berkshire, England. 
Dislocation loops formed by the  clustering of point  

defects have been studied in copper foils which have been 
bombarded  with 38 MeV. alpha-particles. The foils 
through which the  alpha-particles have passed con- 
ta ined clusters which annealed differently from those 
contained in the foil in which the alpha-particles came 
to rest. The hel ium atoms contained in this lat ter  foil take 
vacancies from the clusters during heat ing and form 
hel ium bubbles in the  meta l  permi t t ing  the nature  of the  
irradiation induced clusters to be inferred. 
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$2.78. Radiat ion  d a m a g e  by nuc lear  f i s s ion  in u r a -  
n i u n l  steel .  By A. J .  BAF~ER & J.  NUTTING, Depart- 
ment of Metallurgy, Cambridge University, Cambridge, 
England. 
In  order to s tudy the effect of radiat ion damage in 

steel a small quan t i ty  of enriched uranium has been 
alloyed with a low carbon steel and the alloy irradiated 
in a fast neut ron  flux. This me thod  enables large amounts  
of damage to be produced in the material  by fission 
fragments  after relatively short irradiation times. 

The damage has been observed directly by transmission 
electron microscopy of thin foils of the irradiated material.  
F rom these observations it is possible to draw some 
conclusions on the  influence of radiat ion damage on the 
physical properties of steel and to contrast  the effects of 
damage due to neutrons alone and  a combinat ion of 
neutrons and fission fragments.  

$2.79. Studies  of radiat ion  d a m a g e  in graphite .  By 
G. K. Wrr,LIAMSON,* Berkeley Nuclear Laboratories and 
C. BA~_E~, Department of Metallurgy, Cambridge Uni- 
versity, Cambridge, England. 
I r radiat ion damage produces a spectacular rise in the 

elastic modul i  of polycrystall ine graphite. Studies are in 
progress, using transmission electron microscopy and 
mechanical  test ing of single crystals, which will test  
whether  these effects are due to the pinning of the dis- 
locations by point  imperfections. These results, and 
possible interpretations,  will be given in the paper. 

$2.80. Observat ion  of latt ice defects  and irradiat ion  
effects in graphite .  By FI~ANCISCO EncHI FUJITA & 
KAZUmKO Izu~, Japan Atomic Energy Research Insti- 
tute, Tokai-mura, lbaraki, Japan. 
By using the  electron microscope with resolution of 

about  10 A, lattice defects inherent  and irradiation 
induced in graphite crystals were directly observed. 
Dislocations are created, move and form subboundaries 
or networks as those observed in metal  crystals. Espe- 
cially, from the analysis of disturbances in moir4 pat terns  
due to the  dislocations lying in basal planes, their Burgers 
vectors can be determined.  The analysis predicts the 
existence of half dislocations, which are actually observed 
as paired partials. Al though extra terminat ing half lines 
in moir@ pat terns  are sometimes observed, most  of them 
are the  so-called ghosts. Nevertheless, there are a few 
examples which seem to indicate the real existence of 
edge dislocations lying in the c-direction in graphite 
crystal which are very difficult to consider in the  weakly 
interact ing layer structure of graphite. Moir@ pat tern  is 
also very useful to see the irradiation effects in graphite. 
The crystals irradiated by fission fragznents from U 235 
exhibit  small localized disturbances in moir@ pat terns  
which may  be the highly imperfect areas or possibly be 
the tempera ture  spiked regions. I t  is possible as well to 
see the traces of fission fragments in the crystals as the 
straight  lines with contrast  different from tha t  of the 
matr ix  and sometimes apparent ly  as the straight  narrow 
recrystallized regions. Moir4 pat terns  are fotmd even in 
artificial graphite of reactor grade. But,  they are very 

* At present at Department of Metallurgy, Cambridge Uni- 
versity, Cambridge, England. 

rare and highly disturbed, corresponding to the  fact t h a t  
artificial graphite is far from the complete graphit izat ion 
or is very imperfect. Neutron irradiation to the total  flux 
of 102° nvt thoroughly extinguishes the moir8 pat terns .  

To be published in J. Phys. Soc. Jap. 

$2.81. The  yie ld s t r e n g t h  of a l loys .  By A. KELLY, De- 
partment of Metallurgy, University of Cambridge, Cam- 
bridge, England. 
Many ideas have been proposed to account  for the  

values of the stress at  which alloy crystals yield in a 
tensile test. These are such things as segregation of solute 
atoms at a dislocation, long and short range order, varia- 
tion of latt ice parameter  in solute enriched regions, 
internal  stresses etc. They can be convenient ly  classified 
into those interacting with dislocations over long dis- 
tances in the  crystals and interaction of a short  range 
nature.  The problem is to decide on the particular effects 
of importance in any given alloy system. Measurements 
of the temperature  dependences of the  flow stress can 
in some cases be used to separate the  various effects in 
much the same way as short  and long range interactions 
between dislocations are distinguished during work- 
hardening of pure mctals. 

In  many  precipitat ion hardening systems the  disloca- 
tions are known to pass through precipitates and in some 
cases the short range effects can be calculated. The same 
is true of alloys showblg short range order in which short  
range order coefficients have been obtained from X-ray 
measurements .  Aluminimn base precipitat ion hardening 
alloys have been extensively studied and in these a fairly 
clear picture can be obtained of the relative importance 
of the various effects. 

$2.82. The  interact ion  b e t w e e n  d i s locat ions  and the  
ordered latt ice in CuAu. By D. W. PAStILEY & A. E. B. 
PI~ESLAND, T.I. Research .Laboratories, Hinxton Hall, 
Cambridge, England. 
The m o v e m e n t  of dislocations in a crystal grain of 

ordered CuAu is influenced by the  following factors 
which are specific to the ordered lattice: (1) two-thirds 
of the grown-in dislocations are joined together  in pairs 
by ribbons of anti-phase boundary,  which will be ex- 
tended when one of the terminat ing dislocations moves;  
(2) all moving  dislocations mus t  repeatedly cut through 
existing anti-phase boundaries, often producing jogs in 
them;  (3) the ordered structure is tetragonal,  and the  
direction of the [001]ordered axis changes frequent ly from 
one <100>disordere d direction to another,  to form a lamellar 
structure. This gives rise, at  the interface between the  
lamellae, to lattice strain and discontinuities in the slip 
planes. 

The effect of these on the mechanical  behaviour  of the  
alloy is being invest igated by s tudying CuAu foil de- 
formed in tension. The foil is th inned electrochemically 
and examined by transmission electron microscopy. In  
addition, suitable thin specimens are deformed inside the  
electron microscope, and the  resulting dislocation mot ion  
observed directly. 

The results of these experiments  will be described and 
discussed in relation to the mechanical  properties of CuAu. 
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$2.83. D i s loca t ion  arrays  in ordered  al loys .  By M. J. 
M~_RCIN~OWS~, U.S. Steel Research Center, Monroeville, 
Pa., U.S.A., N. BROWN, Ford Scientific Laboratory, 
Detroit, Michingan, U.S.A. and R. M. FISHER, Depart- 
ment of Metallurgy, Univ. of Cambridge, Cambridge, Eng- 
land. 
Single dislocations moving  through an ordered lattice 

would leave a strip of disordered mater ial  in an anti- 
phase boundary  in their  wake. The large amoun t  of 
energy required for this process is greatly reduced if the 
dislocations move as coupled pairs rather  than  as in- 
dividuals. The equil ibrium separation between the pairs 
has been analyzed theoretically for ordered AuCu 3 
(L12 structure) and predicted to be 111 /~ for pure edge 
(0 °) dislocations and 179 A for near  screw (60 °) disloca- 
tions. The mutua l  a t t rac t ion due to the  strip of anti- 
phase boundary  between the  two extended dislocations 
tends to compress the  stacking faults. In  the disordered 
alloy, the stacking fault  r ibbon widths are 10.6 A and 
20.5 _~ for the  0 ° and 60 ° orientations, whereas in ordered 
AuCu3 they  are reduced to 9 /~ and 11 J[. Electron 
microscopic observations on deformed samples of ordered 
alloys of AuCu 3 and Ni.~Mn show tha t  the dislocations 
do occur as pairs and tha t  the  spacing is in good agree- 
m e n t  with the  predicted values. The dislocations remain 
grouped as pairs in low densi ty  pile-ups and when severely 
jogged by  intersections wi th  other dislocations during 
deformation.  

To be published in Acta Metallurg. 

$2.84. Order  and prec ip i ta t ion  h a r d e n i n g  in an 
austen i t i c  steel .  By  M. J. BLACKBV~ & J. NUTTING, 
Department of Metallurgy, Cambridge University, Cam- 
bridge, England. 
A steel containing 24% Ni, 15% Cr, and 3.5% A1 has 

been solution t rea ted  and then  aged. Changes in hardness 
occur and these are found to be associated with an 
initial ordering within the  matr ix  followed by the forma- 
t ion of a precipitate.  The ordered structure and pre- 
cipi tated phases have been examined by transmission 
electron microscopy, electron diffraction and X-ray  
diffraction. 

$2.85. D i s loca t ion  generat ion  by  prec ip i ta tes  and 
the ir  s ign i f i cance  on the  creep re s i s tance  of au-  
s ten i t ic  a l loys  s tee ls .  By  J. M. ARROWSMITH & J. 
NUTTING, Department of Metallurgy, Cambridge Univer- 
sity, Cambridge, England. 
Thermal  contract ion stresses around large niobium 

carbide particles are considered to be responsible for the 
generat ion of dislocations in an alloy steel on cooling it 
from below the solidus temperature .  During subsequent  
ageing, these dislocations are the only sites in the mat r ix  
for precipitation. This mode of precipitat ion is considered 
to be largely responsible for the high creep resistance of 
austenit ic alloys containing niobium. 

To be published in J. Iron Steel Inst. 

$2.86. Martens i t i c  t r a n s f o r m a t i o n s  and latt ice  de-  
fects.  By T. A. READ, Department of Mining and Metal- 
lurgical Engineering, University of Illinois, Urbana, 
Illinois, U.S.A. 
Latt ice defects are of interest  in connection wi th  

martensi t ic  t ransformations in two ways. First, they are 
presumably  responsible for the init iation of mar tens i te  
formation at  certain preferred sites in the lattice. Second, 
lattice defects are generated or mult ipl ied during mar- 
tensitic t ransformation;  the product  lattice is always 
less perfect than the parent  lattice unless some annealing 
process is allowed to intervene.  Recent  results bearing on 
these two aspects of the rble of lattice defects in trans- 
formations will be surveyed. 

$2.87. P las t i c i ty  of m e t a l s  u n d e r g o i n g  p o l y m o r p h i c  
t r a n s f o r m a t i o n s .  By T. A. READ, Department of Mi- 
ning and Metallurgical Engineering, University of Il- 
linois, Urbana, Illinois, U.S.A. 
I t  has long been known tha t  iron and certain iron alloys 

exhibi t  a lower resistance to deformation in the tern- 
perature range of the alphm-gamma transformation than  
they  do at  lower or higher temperatures .  This effect was 
dramatical ly il lustrated by Sauveur, who twisted iron 
bars of square cross-section held in a tempera ture  gra- 
dient.  Some authors have suggested tha t  this behavior  
may  be associated with polymorphic t ransformations in 
general. The necessity of considering the  crystallographic 
features of a part icular  t ransformation will be pointed  
out. The essential dist inction is between (a) those trans- 
formations for which the  crystallographic symmet ry  of 
the  product  phase differs from tha t  of the  parent  phase 
only by the disappearance of some of the symmet ry  
elements  of the lat ter  and (b) t ransformations for which 
disappearance of symmet ry  elements is coupled with the  
appearance of other new symmet ry  elements.  An example 
of type (a) is the  cubic-tetragonal t ransformat ion in 
indium-thal l ium alloys. Examples  of (b) are the f.c.e.-b.c.c. 
t ransformation,  as in iron, and the b.c.c.-h.c.p, transfor- 
mations.  The effects of an applied shear stress on a com- 
plete cycle of t ransformation will be discussed for each 
type.  

$2.88. T h e  genera l i zed  theory  of the  m a r t e n s i t i c  
cubic  to o r t h o r h o m b i c  phase  t rans format ion .  By  
M. S. WEC~SLER, Solid State Division, Oak Ridge Natio- 
nal Laboratory,* Oak Ridge, Tennessee, U.S.A. and 
i .  M. OTTE, RIAS,  7212 Bellona Avenue, Baltimore 12, 
Maryland, U.S.A. 
The crystallographic theory of the  martensi t ic  cubic-  

or thorhombic phase t ransformation is described in terms 
of a generalized lattice invar iant  shear, G. The complexi ty 
of the  analysis depends chiefly upon ]c e, the direction 
mutua l ly  perpendicular  to the  shear direction, i a, and  
the  shear plane normal,  jg. When k e coincides with one 
of the  axes of the pure lattice distortion, T, considerable 
simplification occurs and the  normal to the  undis tor ted  
planes may  be expressed as explicit functions of the lat- 
tice parameters  and an isotropic dilatation, d. The ex- 
pressions obtained are more general than  those derived 

* Oak Ridge National Laboratory is operated by Union 
Carbide Corporation for the U. S. Atomic Energy Commission. 
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by Christian (1955) and include his solutions as special 
c a s e s .  

For a given set of ig, jg, and kg, there are, in general, 
four dist inct  (non-crystallographically-equivalent) solu- 
tions. Two types of degeneracy, K-degeneracy and g- 
degeneracy, may  occur to reduce the  number  of dist inct  
solutions to two or one. The conditions for these degener- 
acies are discussed. K-degeneracy pertains when  kg 
coincides wi th  one of the  axes of T and is a two-fold or 
four-fold axis of symmet ry  in the  cubic system. When  
the shear elements are rational, g-degeneracy results 
when either ig of jg coincides with one of the axes of T 
and is a direction of two-fold or four-fold syrmnetry in 
the  cubic system. 

The conditions for the existence of a solution are 
analyzed for the  ease where kg coincides with one of the 
axes (the r-axis) of T. A necessary condit ion for the 
existence of a solution is tha t  the pure distortions, 
~c, ~s, ~ be such tha t  (~2r-1) and ( ~ 2 _  1) do not  have 
the same sign. Thus, one of the three factors ( ~ - 1 ) ,  
i =r, s, t, mus t  differ in sign from the other two. When  
(~r2-1) bears the  unique sign, the above condit ion is 
sufficient. :But, when (~r -1)  does not  bear the unique 
sign, a second condit ion is derived, which mus t  be satis- 
fied in order tha t  there be a solution. 

Submit ted  to Acta Metallurg. 

formation and to examine dislocation positions in the 
austenite  resulting from the martensi t ic  t ransformation.  
This paper will present  these result. 

Probably to be published in Acta MetaUurg. 

$2.91. The  mar tens i t e  t rans format ion  in s ta in less  
steel .  By J.  A. VENABLE$,  Crystallographic Laboratory, 
Cavendish Laboratory, Cambridge, England. 
Thin foils of an austenitic stainless steel (18% Cr, 

8% Ni) have been observed by transmission electron 
microscopy. Specimens strained up to 5% in tension at  
77 °K. contained platelets of the  s (h.c.p.) phase, the  
thickness of the platelets depending on strain. Above a 
certain thickness all such platelets had  the  a '  (b.c.t.) 
structure, with both  { 111 } and { 522 } habi t  planes. Fur ther  
experiments  on straining at  low temperatures  followed 
by anneal ing in the range 300-500 °C. also suggested 
tha t  the reaction takes place in the sequence 

f. c.c. h.c.p, b.c.t .  

and tha t  the  reaction s --> a t is thermal ly  act ivated.  

$2.89. The hardness  of martens i te .  By P. M. K~T.T,y, 
Department of Metallurgy, University of Cambridge, 
Cambridge, England. 
Thin foils of martensi t ic  steels have been prepared 

from bulk  mater ia l  and examined by transmission elec- 
t ron microscopy. In  high carbon steels and iron-nickel  
alloys the  mar tens i te  was found to consist of plate-like 
grains internal ly twinned on a fine scale (the average 
twin spacing was about  100 A) while no evidence of 
twinning was found in the  needles of martensi te  in low 
carbon steels. This fine internal  structure has been con- 
sidered as responsible, at  least in part, for the high 
hardness of martensi te ,  while an explanat ion of the 
variat ion of the hardness of quenched steels with carbon 
content  has been based on the change of morphology of 
mar tens i te  from the low carbon needles to the internally 
twinned plates found at high carbon contents.  

$2.90. S o m e  exper imenta l  evidence  regard ing  dis-  
locat ions  and the martens i t i c  t rans format ion  in 
1 8 C r - 8 N i  s tee l .  :By R. P. REED 85 1~. L. GREESON, 

Cryogenic Engineering Laboratory, National Bureau of 
Standards, Boulder, Colorado, U.S.A. 
A dislocation etch pit  technique has been developed 

for austenitic stainless steels (18 Cr-8 Ni). At  low tem- 
peratures (below approximately  150 °K.) these steels 
part ial ly t ransform to a martensi t ic  structure. 

Some investigators have predicted tha t  the martensi t ic  
t ransformation mus t  proceed by a dislocation mechanism. 
Therefore, the  etch pit  technique was used to examine 
dislocation positions in the austenite prior to the trans- 

$2.92. Recovery  and recrystal l izat ion.  :By K. L~C~E, 
Technische Hochschule, Aachen, Deutschland. 
Withdrawn.  

$2.93. Recovery  and recrysta l l i sa t ion  in po lycrys ta l -  
l ine si lver.  By J.  E. BAILEY, Crystallographic Labora- 
tory, Cavendish Laboratory, Cambridge, England. 
The annealing processes occurring in cold worked 

polycrystalline silver have been invest igated using the  
transmission electron microscopy technique.  

Stored energy measurements  show tha t  two annealing 
stages occur in silver deformed 25% in tension, a recovery 
stage followed by recrystallization. During the  recovery 
stage there is no observable change in dislocation distribu- 
t ion but  there is a possiblity of small scale re-arrangement  
within the  cell boundaries. Recrystall ization occurs by 
the  migrat ion of the grain boundaries present  in the  meta l  
and ~hi~ proc0~ is discussed in ~ome de~i l .  

Observations on heavily rolled silver foil (95% reduc- 
tion) show tha t  subgrains forth prior to recrystallization. 
Al though recrystallization occurs by the  migrat ion of 
high angle boundaries, it is not  clear whether  the  moving  
botmdaries formed par t  of the original grain boundaries 
or of subgrain boundaries produced during the deforma- 
t ion or during annealing. The distinction between these 
two mechanisms may  be trivial, since in the heavily 
rolled silver the misorientat ions across subgrain bound- 
aries are large. 

Observations on heavily rolled silver (95% reduction) 
using a heat ing stage in the electron microscope showed 
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tha t  th in  foils (--, 1000/~) behaved differently to the bulk 
material .  The foils did not  recrystall ize a t  the same 
tempera ture  as the bulk mater ia l ;  instead subgrain 
format ion and some growth was observed over a wide 
range of temperatures.  

To be published in Phil. Mag. 

$2.94. Recrysta l l i za t ion  and grain  g r o w t h  in a t i ta-  
n i u m  10% m o l y b d e n u m .  By T. H.  SCHOFIELD & 
A. E. BACOn, National Physical Laboratory, Teddington, 
Middlesex, England. 
The dis t r ibut ion of dislocations in a t i t an ium 10% 

molybdenum alloy after  cold deformation and anneal ing 
has been studied using a decoration technique to reveal 
the dislocation sites. The technique has  been previously 
described (Acta Met. (1959), 7, 403) and depends on 
heat ing  the alloy in the fl phase field followed by  cooling 
a t  a fairly critical rate.  

Specimens have  been deformed a t  various degrees of 
s t ra in  by  cold rolling between 4 and 80% reduction and 
subsequent ly  reheat ing for increasing periods in the fl 
phase field followed by  cooling a t  the critical rate.  

In  l ight ly  deformed mater ia l  recrystal l izat ion begins a t  
the  compara t ive ly  few points  of high s t ra in  t ha t  occur 
a t  the  intersection of deformation bands.  At  the same 
t ime sub-grains are formed in the lesser s t ra ined regions; 
the size of the sub-grains also seems to depend on the 
degree of s t ra in  and is smaller for higher strains. The new 
crystals  grow preferent ial ly  along the deformation bands 
bu t  also gradual ly  absorb the surrounding sub-grains;  
islands of sub-grains m a y  remain however even after  
prolonged anneal ing if the init ial  s t ra in  is slight. As 
growth proceeds dislocations appear  to segregate into 
closely spaced arrays  a t  some of the advancing bound- 
aries. 

After  high degrees of deformation and very  short  
heat ing  periods the microstructure shows a pa r t ly  ordered 
network (mesh size ~ 0.3/~) t h a t  probably  indicates the 
recovery stage. Fu r the r  sl ight hea t ing  results in the 
nucleat ion of numerous new crystals  scat tered at  m a n y  
points.  The new crystals  grow rapidly  and consume the 
surrounding network and the remaining dislocations are 
again accommodated in arrays  a t  the boundaries.  

Continued heat ing  results in fur ther  growth and i t  
appears t h a t  dur ing this  process some dislocations are 
removed b y  interact ion of the arrays  a t  intersecting 
boundaries.  Even  after  prolonged heat ing  however some 
arrays  remain.  

The phenomena  in general resemble those occurring 
during the reheat ing of deformed iron as revealed by  
electron microscopy. 

Probable  publ icat ion:  Acta Metallurg. 

$2.95. Growth  processes  and subs truc ture  in the 
recrys ta l l i zat ion  of pure  and i m p u r e  a l u m i n u m .  
B y  S. WEISSlVL~NN, T. IMURA & Y. NA_KAYAMA, Materials 

Research .Laboratory, College of Engineering, Rutgers. 
The State University, New Brunswick, New Jersey, 
U.S.A. 
Using the  combined techniques of l ight  and X- ray  

reflection microscopy, as well as diffraction analysis  
based on the double-crystal  diffractometer  method,  i t  
was observed t h a t  the  recrystall ized grains of pure and 
impure a luminum incur lat t ice defects during the growth 
process. 

The lat t ice defects were studied as a funct ion of prior 
cold-working. Comparing grains of the same size, the  
grains of the weakly deformed pure a luminum specimens 
(2% and 6%) exhibi ted single-peaked rocking curves 
wi th  hal fwidth  values of the order of 1.5'-3'  of arc, 
whereas the grains of the s t rongly deformed specimens 
(81% deformation) often exhibi ted mul t i -peaked in tens i ty  
dis tr ibut ion curves indicat ive of extensive substructure.  
The disorientat ion angles of ad jacent  macroscopic sub- 
grains in the la t te r  specimens sometimes reached values 

lo and the lat t ice misa l ignment  wi thin  of the order of 
these subgrains expressed in terms of their  rocking curve 
hal fwidth  was of the order of 10' of arc. 

The format ion of lat t ice defects during the growth 
process result ing from grain impingement  and adap ta t ion  
in or ientat ion could be qual i ta t ive ly  shown by  X- ray  
reflection micrography through ext inct ion contras t  and 
quan t i t a t ive ly  expressed by  the increased halfwidths of 
the rocking curves. 

Paper  to be submi t ted  to the Trans. Amer. Soc. Met. 

$2.96. T h e  r o l l  t e x t u r e s  of the  a l u m i n i u m  s i n g l e  
crystal  plates  and the  recrysta l l izat ion.  B y  TA~CEO 
FUJIWAI~A & YASUMASA TAKANO, Laboratory of Crystal 
Physics, Faculty of Science, Hiroshima University, Hire- 
shims City, Japan. 
The roll textures  of micro-crystals  produced in the 

single crystal  plates through rolling done them always 
along the lengthwise direction, were examined by  means 
of X-rays  about  the eight kinds of specimens hav ing  the 
par t icular  crystal lographic orientat ion.  And the re- 
crystal l izat ion of these rolled plates a t  various stages 
of rolling was also s tudied by  means of X-rays  and 
microscopical observation. 

I t  can be pointed out  t h a t  the  single crystal ,  as its 
rolling proceeds, is destroyed into aggregates of micro- 
crystals,  and they  are respectively arranged symmetr i -  
cally around three different directions (axes) which are 
crossed almost  perpendicular ly  to each other, bu t  have 
changed the manner  of their  a r rangements  accordingly 
to each direction, and are also related to the main  pla te  
axes of the original single crystal .  Concerning the manners  
of destruct ion and se t t lement  of the roll t ex ture  and the  
relat ion between the main  plate  axes of the original single 
crystal  and the axes of the new created fibre tex ture  
each original crystal lographic orientat ion of the specimen 
has its own characterist ic  var ia t ion.  

In  part icular ,  i t  has been found tha t  in each case of 
single crystal  plates [001]-(110), [ l i 0 ] - ( l l 0 )  and [ i12] -  
(110), as to the fibre axes of the roll texture,  t hey  remain 
the same with  those of the original plate  axes in spite 
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of the  rolling; and  tha t  concerning the distr ibution range 
of the  or ientat ion of micro-crystals, they  make  the largest 
variat ion in bo th  the  specimens [001]-(110) and [1i0]-  
(110), and  it is least in the  specimen [112]-(110). 

The manners  of recrystallization, are differed according 
to the  original crystallographic orientat ion of the  single 
crystal plate. 

$2.97. T h e  r61e of g r a i n  boundary  m o t i o n  in t h e  l a s t  
s t a g e  of s i n t e r i n g .  By J.  HO~NSTRA & H. G. VA:V 
B:rEREN, Philips Research Laboratories, Eindhoven, The 
Netherlands. 
I n  m a n y  technically impor tan t  metallurgical processes, 

such as sintering, recrystallization and grain growth, 
diffusion of vacancies to grain boundaries (G.B.) takes 
place. The vacancies, being absorbed at the boundaries~ 
provide a driving force for the  mot ion of the latter,  
as will be shown for the  case of the disappearance of 
isolated pores in the last stages of sintering. Here the 
driving force of the diffusion is the surface energy of the  
pores. If  the  grains cannot  slide along the G.B., the rate 

of precipitat ion has to be uniform over the  entire area 
of the G.B., otherwise elastic stresses normal  to the  G.B. 
will be formed, and these will cause the rate of precipita- 
t ion to become uniform (H. G. van Bueren & J.  I-Iornstra, 
4th Internat ional  Symposium on the React iv i ty  of Solids, 
Amste rdam 1960). Diffusion of vacancies along the G.B. 
is not  fast enough to el iminate these stresses. If the  G.B. 
(e.g. an asymmetr ic  t i l t -boundary) allows sliding of the  
grains along it and is able to migrate  side-ways, it will 
change its form in such a way as to allow a non-uniform 
rate of precipitation. In  the lat ter  case the  vacancies have  
to diffuse a shorter distance and hence sintering is faster 
than  in the  former case. 

This sliding may  be caused by an external  shear stress 
but  also by the stresses tha t  arise from the non-uniform 
rate of precipitation. The mechanism of these processes 
will be discussed and different types of G.B. will be con- 
sidered. Use will be made  of the  dislocation model  of 
a G.B. because it has been shown tha t  in certain lattices 
dislocation models may  be constructed even for large- 
angle grain-boundaries (J. Hornstra,  l:)hysica (1959), 25, 
409). 

The paper  will probably be published in Physica. 
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Supplementary Abstracts (a) 
9.3. T h e  s h o r t - r a n g e  order  and the  Debye  t e m -  

perature  of the al loy NiaPt.  BY V. I. IV~RONOVX & 
A. A. KAZNELSON. 
I. The short-range order of the hardened alloy Ni.~Pt 

was measured by means of diffuse X-ray scattering. It 
was shown that independently of the temperature of 
hardening the parameter of short-range order of the 
first shell (al)-negative and of the second shell (a2)- 
positive. This fact means the augmentation of the 
number of different-signed pairs in comparison with the 
statistic disordered distribution. 

2. The temperature dependence of the parameters of 
short-range order has been studied. It was shown that 
in the range of temperature 700-1050 °C. the absolute 
value of the parameter al is decreasing and the absolute 
value of the parameter a~ is increasing. As a result the 
exceeding number of Ni atoms (comparing with the dis- 
ordered state) on the first two shells surrounding the 
atom of Pt quickly decreases approaching zero at t = I050 
°C. whereas the parameter a I essentially differs from 
zero (at=-0.130). This means that the dimensions of 
the concentrated unhomogenities decrease with the tem- 
perature more rapidly than the number of the nearest 
neighbours of the type AB. 

3. The kinetic of establishment of the short-range 
order during the annealing by t = 700 °C. in previously 
strained samples has been studied. It was shown that in 
this case the rate of approach to the equilibrium of the 
parameters a I and a2 essentially differs one from another. 
Hence the number of Ni atoms on both first shells sur- 
rounding Pt atom passes through the maximum. The 
parameters of short-range order of the samples hardened 
at t = 1050 °C. and annealed at t = 700 °C. slowly approach 
the data a: and a2 obtained on the samples previously 
plastically strained and then annealed at t=700 °C. 
The surplus of atoms Ni on the first two shells change 
monotonously  wi thout  passing through a maximum.  

4. Together  with the measurements  of the parameters  
of the short-range order on the same samples were carried 
out  X-ray measurements  of the  Debye tempera ture  O. 
The coincidence between the  change of number  of ex- 
ceeding Ni atoms on both  first shells and the change of 
the  Debye tempera ture  of hea t  t reated samples is shown. 
The Debye tempera ture  as well as the  number  of Ni 
atoms on both first shells pass through the m a x i m u m  for 
short- term annealed (1 hr. at  t = 7 0 0  °C.) and previously 
strained samples. 

Such changes of parameters  of short-range order and 
the  Debye- tempera ture  may  be explained by the spec- 
ifically concentrated micro-unhomogenit ies  occurring dur- 
ing the annealing of alloy sa tura ted with dislocations. 

10.19. T h e  inf luence  of the  s tack ing - fau l t s  on the  
in tens i ty  of the D e b y e - S c h e r r e r  l ines .  BY V . I .  
IVEI~ONOVA, I. I. PoPovA & G. P. I~EVKEVITCH. 

I. A.J.C. Wilson & B.E. Warren showed in their 
investigations that the integral intensity of the selective 
reflections does not change in the presence of the stacking 

faults. Their calculations are carried out  by integrat ing 
all the  energy scattered, i.e. the background intensi ty  is 
added to intensities of the  lines. However,  experimental ly  
the  line intensities are measured over certain level of 
background.  If this is t aken  into consideration, it is 
obvious, tha t  the  presence of stacking faults should lead 
to the  decrease of the measurable integral line intensities. 

2. We exper imental ly  confirmed the  decrease of line 
intensities and the  increase of background intensi ty  for 
the  samples of meta l  filings (for Cu, a-brass (f.c.e.) and 
fl-brass (b.c.c.)). The intensi ty  of the most  broadening 
lines is the weakest.  I t  is for these lines tha t  the structure 
factor has changed the most  of all. 

3. The probabil i ty of stacking faults dis tr ibut ion ob- 
ta ined from intensi ty measurements  was compared with 
that obtained from the line broadening measurements. 
This was done for fl-brass specimens. 

Supplementary Abstracts (b) 
l ( i ) .X. l .  C h a m b r e  de poudre  ~ tr6s haute  t e m p 6 r a -  

ture.  PAx F. FOU~NrE~ & A. RIMSKY, 8 bis rue des 
Jardies Meudon-Set O, France. 
L'apparei l  consiste essentiel lement en une enceinte 

sph6rique o~t r~gne un vide 61ev6 den t  un  grand cercle 
est constitu6 par  une fen6tre eylindrique en b6ryllium 
destin6e au passage des rayons X. 

Au centre de la Sph@re est dispos4 un support  qui peut  
entrainer  la pr6paration d 'un  m o u v e m e n t  de rotat ion 
continu. Cet ensemble est entour6 d 'un  miroir  r6flecteur 
sph6rique, qui l'isole thermiquement .  

Sous la pr6parat ion est dispos6 un canon 61ectronique 
qui bombarde  cette derni@re et permet  de la porter  
haute  temp6rature.  I1 est possible, ainsi, de reenter  
3000 °C. en moins de 15 see. 

A l 'ext6rieur un cylindre enveloppe l 'enceinte et porte 
le film qui enregistre les diffractions s61ectives. 

Ce film peut  se d6placer corr61ativement A u n  pro- 
gramme de chauffe d6fini. 

l(ii).X-1. X - r a y  d e t e r m i n a t i o n  of e lectron d i s tr ibu-  
t ion and phys i ca l  propert i e s  of s o m e  crys ta l s  of 
d i a m o n d ,  z i n c b l e n d e - t y p e s  and i ts  c h a n g e  by  
phase  t rans format ion .  BY N. N. SmOTA, Institute of 
Solid State and Semiconductors Ac, Sci. B S S R  USSR, 
Minsk, Podlesnaja 25. 
No abstract  provided.  

2.X.1. S o m e  quant i ta t ive  eva luat ions  for the  Pat ter -  
son function.  BY S. V. BoRisov & V. V. ILffUKEIN, 
Institute of Inorganic Chemistry, Sovietskaja street, 20, 
Novosibirslc, USSR. 
The method  of comput ing of the integral characteristics 

which was developed for the  electron-density function 
has been used for evaluat ion of the magni tudes  and shapes 
of Pa t te rson  peaks and also for de terminat ion  of the  
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influence of the  atomic thermal  vibrations in crystals. 
The Pat terson function 

P(r )  = (1 /V)~XXFHF* cos 2~(r .H)  

is being interpreted as the  electron-density function of 
the  structure wi th  structure ampli tudes:  

#H=FI.I.F~ = ~, f~ +.~, f~f~ exp 2~i(H. ,  r ~ - r l )  . 

The heighth of the three-dimensional  Pat terson peak duo 
to the  pair of atoms k and j may  be found from 

l S:f~(S)f,(S)S'dS'm l nmn~=ff~ P~(O) = ~ ~ = (Sn)fa(Sn)Z~AZn . 

In  the  process of the peak shape's de terminat ion the 
following integral is approxinxately computed  for the 
range of values near  the  maximum.  

l fTf~(S)f ,(s)sSin (Sr) P~1(r) = ~  - ~ ( ~ -  dS 

1 ~m~.~ ~ sin (S~r) 
~ ~Y fe(Sn)f1(Sn)Sn :-~---: ASh. 

n=O (~nr) 

In  the same way it is possible to determine the height  
and the shape of the two-dimensional  Pat terson peaks. 
The fairly good agreement  between calculated and ob- 
served values (the discrepancy less than  10%) obtained 
for the  three-dimensional  Pat terson function of Zr- 
sflicate-lovozezite is i l lustrated in a number  of corre- 
sponding graphs. The influence of thermal  vibration and 
the methods  of introducing corresponding corrections are 
discussed. 

2.X-2. IIPOF_,K~HI4: B3BEIIIEHHOITI 9AEKTPOHHOI~I 
I I A O T H O C T H  B CTPYKTYPHOM AHA.AH3E KPI/I- 
CTAAAOB. H. 11,1. Py~auoea. Institute of Crystallography, 
Academy of Sciences of USSR, Pyzhevskii per 3, Moscow, 
USSR. 
Ilpe~aomermI npoeKg~m saBeme~Hoi~ BAeKTpOHHOfI nAo-  

THOCTH 

(x, y, z)f(z)dz = ~ . ~ v ,  A~$~ cos 2z + 
h k l 

+ Bakz sin 2z~ + , 

¢XAa KOTOpI~IX KO3~I~I4CHTI~I pa3AO~KeHH~t ¢Pyp~e 6BICTpO 
y6~ma~oT c y~eAn~eH~eM ~In~e~ca 1. ¢~Aa nx nocTpoeH~a 
Tpe6ycTc~ 3Ha~TeA~HO MeH~m~fi o6%e~ ~KcnepHieHTa 
BI, IqHCAeHI4I~I~ tIeM ~A~I CHHTC~I~ TpCxMCpHOF0 pacnpeAeheHHa 
9AeKTpOHHOI~ nAOTHOCTH H O6~,IqHbtX n O a C H ~  npoeKI~I4I~ 
¢Dyp~e. 

O6blqHblC B3BelIIeHHble HpoeK~HH ~AeKTpOHHOIYI IIAOTHOCTH 

li@(x, 2~zilz 
at(x, y) = y, z) exp - -  

c 
dz 

CAymaT ~>m~pn~rqaM~<~, ~3 I~OTOpSlX 3aTCM ~co6~IpaloTCag 
6ohee chomH~Ie npoe~c~mI. B CBa3H C ~T~M ~ha npaKTH~tecKof~ 
pa6oT~I paccMo~peHa ~ npoTa6yhHposaHa cmv~Mewprta O- 
6blqHI~ZX: B3BemeI-IH~IX npoeK~HI~ 9AeKTpOHHO~ YIAOTHOCTH ~A~I 
npocwpa~cTSeHHS~ rpynn CnMMeTpHm 

Bsme~eHbi ~opMy~I paaxomcmla ~yp~e ~ a  ~aa~ofi 
nxocKo~ rpynn~i C~MMea~p~ BaBemeHH~tX Ilpoem2m2 
yKaaaHbi Roa~rlgrlen'rbI pa3AomeHrta ~Aa Bcex BOaMOmemlX 
npoeKg~fi. 

3.X.1. T h e  c r y s t a l  s t r u c t u r e  o f  b r a n d i s i t .  BY S. C, 
~¢~AMEDOV, Institute of Chemistry, Tolstoj street, 142, 
Balcu, USSR. 
:No abstract  provided. 

3.X'2. T h e  e l e c t r o n  d i f f r a c t i o n  r e f i n e m e n t  of t h e  
s t r u c t u r e  of  m u s c o v i t e .  BY B. B. ZVJAGIN. 

No abstract  provided. 

5.X. 1. T h e  c r y s t a l  c h e m i s t r y  of c o m p l e x  c o m p o u n d s  
of m e t a l s  of ~ r o u p  VII I .  BY G. B. BoKII & M. A. 
PORAJ-Kos~ITS, Academy of Sciences, USSR. 
1. The central position of elements  of group V I I I  of 

the  Periodic Table in the chemistry of complex com- 
pounds. Main properties (parameters) characterizing the  
elements of group V I I I :  atomic and ionic radii;  main  
valency typical of complex compounds;  electronic s tate  
of free and chemically bonded atoms;  magnet ic  s tate  
(spin-bonded and spin-free complex compounds).  

2. General features of octahedral  compound structures. 
Analogy in the structures of compounds of elements of 
group V I I I  having different valencies bu t  identical 
electron composition. Changes hi structural  types result- 
ing from changes in the metric relations between outer- 
spheric and complex ions. 

Peculiarities in the structures of metals  of the  first 
triad. Differences in the structures of high-spin complex 
compounds of cobalt and nickel. Chain structures of the  
composition MeA2X 2. 

3. The crystal chemistry and stereochemistry of com- 
plex compomlds of square and distorded octahedral  
coordinations. Structure, properties and typical addenda  
of compounds of planar coordination (Pt, Pd, Ni). The 
rble of isomorphism as the quali tat ive criterion of coor- 
dination. Dimerie Pd  and P t  compoLmds. The effect of 
trans-influence in crystals. Complex Pd and P t  com- 
pounds with three-centered bonds. Distorted octahedral  
coordination of Cu atoms. Distorted octahedral complexes 
in diamagnetic  compounds of Ni, Pd and Pt.  

4. Structure, properties and typical addenda  of com- 
plex compounds of te t rahedral  coordination. The special 
position of divalent  cobalt, and isomerism of Co com- 
pounds of the composition CoA~X2. 

5. The crystal chemistry of complex compounds with 
mult iple  bonds. 

General features of complex compounds with mult iple  
bonds. Their differences from ordinary complex com- 
pounds. Ru then ium compounds containing NO-group as 
an addendum.  Osmium compounds containing oxygen 
and nitrogen atoms as addenda.  Carbonyl compounds of 
metals.  

Conclusion. 

The full-length account of the paper is likely to be pub- 
lished in Kristallografija. 
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5.X.2. C r y s t a l  s t r u c t u r e s  of t w o  heteropoly salts: 
potassium 1 2 - t u n g s t o c o b a l t i a t e ,  Ks[CoWl2040 ] . 
20 H 2 0  a n d  s o d i u m  6 - t u n ~ s t o n i c k e l a t e ,  
Na4[NiW6024H6] .  16 H 2 0 .  BY KLAAS ERIKS, NICHO- 
LAS F.  YANNOI~I, UMESH C. AOARWALA, VIOLET E.  
SIMMONS & LOUIS C. W. BAKER, Boston University, 
Chemistry Department, Boston, Mass. USA.  
The crystal  s t ruc ture  of potass ium 12-tungstocobal- 

t iate,  first p repared  by  L. C. W. Baker  & T. P.  McCut- 
cheon (J. Amer. Chem. Soc. (1956), 78, 4503), has been 
de termined.  Br ight  yellow, well-formed hexagonal  prisms 
were grown from aqueous solution for this work.  

The uni t  cell is hexagonal  wi th  a =b = 19.11 + 0.06 and  
c=12.56_+0"08 A, Z = 3 ,  giving an X- ray  densi ty  of 
4.33 g.cm. -a as compared  wi th  4.401 g.cm. -a de te rmined  
pycnometr ica l ly .  The space group is P6222. 

The s t ruc ture  of the  anion resembles tha t  of the  12- 
tungs tophosphate  anion described by  J .  F.  Keggin  
(Prec. Roy. See. (1934), A, 144, 75). The twelve tungs ten  
a toms in the anion are located at  the corners of a slightly 
dis tor ted cube-octahedron wi th  the  cobaltic ion at  its 
center .  

The mos t  significant feature  of the  oxygen arrange- 
m e n t  in the anion is t ha t  the cobaltic ion is sur rounded 
by four oxygens a t  the  vertices of a near ly  regular  tetra-  
hedron.  This is the first cobaltic compound  to be repor ted  
in which the cobalt  is located in a te t rahedra l  site. 

The s t ruc ture  of the  anion in 6- tungstonickelate  was 
de te rmined  from the  l ight blue crystals obtained from 
aqueous solution. 

The uni t  cell in this case is triclinic wi th  

a=10 .55 ,  b=12.14,  c = 8 . 0 0  ~ ,  
--105 ° 4', f l=96  ° 23', 7 = 107 ° 21'. 

There  is one molecule per  cell, dc = 3.54 g.cm. -a, do = 3.66 
g.cm. -a. The space group is P1.  

The anion s t ruc ture  is identical  to tha t  of the molyb-  
dote l lura te  anion [TeMo~O~] -~ de te rmined  by H. T. 
Evans  (J. Amer. Chem. Soc. (1948), 70, 1291). 

The interest ing result  of this de te rmina t ion  is t ha t  
three  molecules of s t ruc tura l  water  are incorporated in 
the anion, a feature no t  previously observed in heteropoly  
compounds.  

+ ++ 
5.X.3. S t r u c t u r a l  s t u d i e s  on  M e o _ 4 i e 2 _ o  UO2 (CO3)3 
n H 2 0  c o m p o u n d s  I. T h e  c r y s t a l  s t r u c t u r e  of 

NaK3UO$(COa)3.  BY FIORE~ZO MAZZI & FRANCESOO 
]~INALDI, Istituto di Mineralogia Universitd, Piazza S. 
Marco 4, Firenze (Italy). 
l~aKaUOe(CO.~)a crystals were obta ined from aqueous 

solutions of UO~-nitrate mixed with  K- and Na-carbon- 
ates. The crystals are yellow in color wi th  hexagonal  
prismatic habit .  

The lat t ice constants  are as follows: a0=9"29; c o = 
8.26 J~; the uni t  cell contains two formula units.  The 
space group is P62c from s t ruc tura l  determinat ions .  
The X- ray  studies were carried out  by means  of Weis- 
senberg pictures along the c- and  a-axes. The radia t ion 
was the filtered Cu K s .  The intensities were visually 
est imated,  then  corrected for the  absorpt ion according 
to the Grdenid formulas. 

The electron-densi ty project ion along the [0001] axis 
is enough to obtain the x- and y-parameters  of all the  
atoms.  The z-parameters  of a lmost  all the  a toms are 

de te rmined  by  the  space group (z=O, ¼, ½, ~); only the  
UO~-oxygen a toms have  different z-parameters .  

According to the  space group P-62c, the  a toms lie on 
the  following positions: 

2 U  c 6 40(UO~)  e 3 
2 N a  d 6 6 O h m 
6 K  g 2 6 0  h m 
6 C  h m 6 0  h m 

The u r an ium and  sodium atoms have  a di tr igonal  
d ipyramida l  coordination,  whereas potass ium has a 
tr igonal  pr ismatic  coordinat ion.  Carbon a toms have  an 
almost  regular  t r iangular  coordinat ion.  

The full-length account  will likely be published in 
Atti della Accademia Nazionale dei Lincei, R o m a  (Italy).  

5.X.4. Die  K r i s t a l l s t r u k t u r  y o n  K u p f e r a c e t a t  
C u 2 ( C H a C O O ) , . 2  CsHsN.  VoN F. HANIC, D. ~TEM- 
PELOVA & K. HANICOVi, [INTER MITA/~BEIT VON 
T. VESELSK.~, Institut fizz anorganische Chemic der 
Slovakisehen Akademie der Wissenschaften in Brati- 
slava, Lehrstuhl fi£r anorganische und physikalische Che- 
mie der Naturwissenschaftlichen Fakultdt an der Komen- 
sky-Universitdt in Bratislava, Tschechoslovakei. 
Kupfe race t a t  Cu e(CH~CO0)~. 2 C~H~N kristall isiert  

rhombisch mi t  den Gi t t e rkons tan ten :  

a = 13,21, b = 8,67, e -- 19,77 .A_ 

und  mi t  e inem Zell inhalt  von 4 Cug(CHaC00) 4. 2 CsHsN. 
Die R a u m g r u p p e  ist Pbca. Die S t ruk tu r  ist yon  den zwei- 
kernigen Komplexmolekf i len  Cue(CH.~COO)4.2CsHsN auf- 
gebaut ,  wobei ffir jede yon diesen Molektilen eine Cu-Cu 
Bindung  typisch ist. E in  Vergleich mi t  der  S t ruk tu r  yon  
K u p f e r a c e t a t - H y d r a t  (J. N. van  Niekerk  & F. R. L. 
Schoening, Acta Cryst. (1953), 6, 227) wird angegeben.  
Es  wird fiber den Einfluss von Pyr idinmoleki i len  auf die 
S t ruk tu r  der  Bindungsorbi ta le  yon  Cu(II) diskutier t .  

5.X.5. C r y s t a l  s t r u c t u r e  of b a o t i t e .  B r  V. I.  SIMONOV, 
Institute of Crystallography, Academy of Sciences of the 
USSR,  3 Pyzhevsky per Moscow 13-17, USSR.  
Crystal s t ruc ture  of baot i te  (space group I41/a, dimen- 

sions of the un i t  cell: a=19 .68 ,  c = 5 . 8 8  /~) has been 
established by  the  me thod  of minimal iza t ion of Pa t te r son  
projections.  The final a tomic coordinations resul ted from 
several comput ing  signs of reflexions a l ternat ing wi th  
:Fourier syntheses.  Baot i te  is a new example  of ring 
silicate wi th  a te t ragonal  radical  [Si4012]. The detai led 
formula of baot i te  is Ba4(Ti, :Nb)sC1018[Si4012]. The r ing 
radicals [Si4012 ] a r e  on the  4-fold inversion axes, and  
(Ti, Nb)-octahedra  are around ~-fold screw axes in 
columns analogous to those in the s t ruc ture  of ruffle. 

Kp~cTa~xn~ecKaa CTpyK~pa 6aOTHTa (npocTpaHCTBeH- 
Haa rpynna I41/a, llapaMCTpbI ~AeMeHTapHo~ amiCfiKI~I a = 
19,68 ~ ,  ¢ = 5,88 ~)  olipe~eAeHa MeTog~OM MI~IHI~MaA~I3a~III 
npoeI<~m2 ~yHK~m~ IIaTepcoHa. YTOqHeHI4e cTpyKTyp],I 
i l poBe~e l lo  IIOCAeclOBaTCABHBIM paCn~TOM 3HaKOB cTpyKTyp-  
HBIX aMIIAHTy~ H IxpOeK~HI~I 9AeKTpOHHOI?I IIAOTHOCTH. ]~aOTHT 
oKa3aAca KOAI, tlaTI~IM CIIA~II~aTOM C I<pCMHeK~ICAOpOc~III, IM 
pa~HKaAOM [Si4012 ]. Pa3B~pHyTWO XHM~I~ecKy~ 4popMyny 
6aOTHTa cAe~yeT nacaTb Ba,  (Ti, lXTb)sClOls[Si401~]. Pa~ll- 
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i<aAi, I [Si40~2 ] B 6aOTHTe HaHH3aHI~I Ha tlCTBepHI, Ie ttHBepc- 
HOHHSIe OCH, a (Ti, Nb)-o~Ta~psi pacnoAomeHbi BoKpyr 
BHHTOBBIX oceM qeTB~pToro nopaaKa TaKHM me o6pa3oM, NaN 
Ti-oKTascxpbI B CTpyKType pyTHaa. 

6.X-1. The  crys ta l  s t ruc ture  of d i p h e n y l i o d o n i u m  
f luoroborate .  BY Ju .  T. STRUCHKOV & T. L. KHOT- 
SYA2COVA, Institute of Organo-Element Compounds, Le. 
ninsky prosp. 31, Moscow, USSR.  
The X-ray s tudy was carried out  by employing the 

procedure of oscillation and taking reciprocal lattice 
photographs (K Cu and K Me radiation). 

The coordinates of the atoms were determined by  
calculating two approximations of the triple series of the 
electron density (the total  number  of non-zero reflections 
being 1-509). The precision of determinat ion of bond 
length is not  worse than _+ 0.03 .~, tha t  of valency angles 
+ 2 °. 

The purely ionic structure of d iphenyl iodonium fluoro- 
borate consists of sets of four ions (two cations [(C6Hs)eI]+ 
and two anions BF~-), s i tuated at the centres of symmet ry  
½, 0, 0. Such sets are superimposed by translation a to 
form endless columns elongated along axis a, each column 
being surrounded by six other columns, with no ionic 
interaction between the columns. The packing coefficient 
of the structure k = 0.66. Cation [(C~Hs)_~I]+ has an angular 

t configuration: I-C =2.02, C-C = 1.40 / l ;  /_ CI_I_C~ = 94 °. 
The angle between the plane C~IC~ and the plane of the 
benzene nucleus 1 is 92 °, tha t  between the plane C~IC~ 
and the plane of the benzene nucleus 2 being 30.5 °. 

t The increase in the valency angle C~IC~ as compared to 
the theoretical one (90 ° ) as well as the mutual  turning 
of benzene nuclei is accounted for by steric hindrances. 
Anion BF~- has an essentially non-distor ted te trahedral  
configuration: B - F = l . 4 3 ,  F - F = 2 . 3 4  /k, /_ F - B - F =  
109"5 °. The van der Waals radii de termined from the 
structure are as follows: C -1 .70 ,  H -1 .10 ,  F -1 .39 ,  
I -2 .11  .~. 

The distances I . - .  F 2.94, 2-96, 3.01, and 3.40 A 
correspond to electrostatic attraction.  The present  work 
is one in the series of investigations tha t  we are under- 
taking to s tudy the crystals of diphenyl-halogen onium 
compounds of true ionic character. 

T. [A Sconf" [ > A Ustr. -4- AFcry st.vibr. + x(F~ ryst" - F~ ryst') + x. A E  

tha t  is, the configurational mixing effect mus t  exceed 
the sum of the four terms such as (1) the strain energy, 
(2) the change in the free energy at  the  expense of the  
change of the vibrational spectrum of the crystal lattice, 
(3) the addi t ive change in the  crystal par t  of the  free 
energy, and (4) the change in the energy of the  conforma- 
t ion of the foreign molecule. These four factors de termine  
the  conditions of solubility. For  the solubility conditions 
to be checked experimental ly  one mus t  est imate (1) the  
strain ene rgy- - in  terms of the change of the  crystal cell 
volume and by means of the energy interaction curve of 
the non-bonded atoms, (2) the change of the  vibrational  
molecular ene rgy - -by  means of X-ray determinat ion of 
the characteristic temperature,  and (3) the difference in 
the  free energies of componen t s - -by  measuring the hea t  
of sublimation. 

The preliminary calculations have shown the  suggested 
simple thermodynamic  scheme to be in agreement  with 
the experimental  data.  

2. The effective region of the foreign molecule 
The foreign molecules by entering the  cells of the sol- 

vent  cause some distort ion of the volume of the  sur- 
rounding cells. One may  logically assume this distortion 
to decrease from the 'centre'  of per turbat ion in sym- 
metrical  spheres in terms of the distance r following the 
exponential  law A V = A V m . e  -~r, with A Vm being the  
change in the volume of the cell tha t  has incorporated a 
foreign molecule. For  sufficiently low concentrations,  
when the mean distance between the foreign molecules 
2@ exceeds the range of the action of a single molecule 
(@ >r) one can determine the mean  value of the  cell 
volume:  

A Vm lOexp 
V~ = V o + ~  ,o [ - ar] .4~r °-dr. 

The value of a, referring to the rate with which the  
distort ion decreases, is es t imated from the experimental  
data and evidence obtained from the geometrical analysis 
of the acridine phase in the acr id ine-anthracene system. 
The calculations show tha t  the action range of a foreign 
molecule r_~25 /~, there being about  200 molecules 
(over 20 cells) in this effective region. 

6.X-2. On  the  theory  of so l id  so lut ions  of organic  
c o m p o u n d s . *  BY A. I. KITAYGORODSKY • R. M. 
MYASN-IKOVA, Inst. of Organo-Element Compounds, Le- 
ninsky prosp. 31, bloscow, USSR.  
In  the  middle 50's we star ted our systematic ex- 

perimental  and theoretical investigation of the solubility 
and structure of organic substances in solid state to obtain 
information on the interaction of molecules and thereby 
enlarge our "knowledge of organic crystallization phenom- 
ena. 

1. Solubility conditions 
The geometrical conditions formulated previously for 

the  mutual  solubility of two organic substances can be 
convincingly expressed in terms of thermodynamics  by 
stat ing the conditions of solubility as 

* Translated by A. L. Pumpiansky, Moscow. 

3. True and interblock solid solutions 
The results of the precision determinat ion of para- 

meters  of uni t  cells of monocrystals  in solid solutions 
enable to distinguish in binary organic systems between 
two types of solid solutions: (1) t rue solid solutions, 
whose e lementary cells considerably increase in volume, 
V~, as the concentrat ion of the admixtures  (dibenzyl-  
stilbene, acr idine-anthracene,  para-  di- chloro- benzene, 
para-di-bromo-benzene) is increased (2) interblock solid 
solutions, whose V~ undergoes almost  no change with the  
increase in the concentration. 

As these solid solutions, being invest igated as mono- 
crystals, belong to one-phase system we are to assume 
tha t  the foreign molecules should be si tuated at the block 
boundaries in some oriented way, such being the  case 
with solid solutions of fl-Cl-naphthalene in naphtha lene  
and 1,8-di-nitro-naphthalene in 1,5-di-nitro-naphthalene. 
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6-X'3.  S t r u c t u r e  du  c r i s t a l  m i x t e  NH~CI ,  C [NH2]  2. 
P~u~ A. RIMSKY. 

Ce cristal, obtenu par l'6vaporation d'une solution 
aqueuse satur6e d'ur6e et de chlorure d'ammonium, ap- 
partient ~ l'holo6drie du syst~me orthorhombique. 

Les caract~res cristallographiques, sent: 

elasse:  m : m . m . - g r o u p e :  Pcnm, avee  

a = 8,03, b = 17,08, c = 7,81 /~ ° 

8 moMcules  par  mai l le  de  compos i t ion  [hiH4C1, C(hiH2)2], 
Dens i t6  = 1.40 g .cm.  -3 . Cris ta l  b iaxe  posit if .  

L a  s t r u c t u r e  a 6t~ d6du i te  de  l ' 6 tude  de  1200 r6flexions 
s61ectives i nd6pendan te s .  

I1 s ' ag i t  d ' u n e  s t r u c t u r e  ion dip61e, c o m p o r t a n t  d e u x  
chaines  ioniques  C 1 . . .  :NH a i nd6pendan te s ,  et  ma in -  
tenues  en place,  p a r  des moMcules  d 'u r~e  f o r t e m e n t  pola-  
ris6e. 

L ' i o n  a m m o n i u m  est t 6 t r a  coordonn6.  
Cet te  s t r u c t u r e  rappel le ,  les r6par t i t ions  a t o m i q u e s  

la fois de  l 'ur6e e t  d u  ch lo rure  d ' a m m o n i u m .  

6.X.4.  T h e  c r y s t a l  s t r u c t u r e  of q u a t e r r y l e n e .  BY 
N. H .  SHRIVASTAVA & J .  S. SPEAKMAN, Chemistry De- 
partment, The University, Glasgow, W. 2, England. 
T h e  c rys t a l  s t r u c t u r e  of p e r y l e n e  (I) was  r e p o r t e d  

f rom this  d e p a r t m e n t  in 1953. T h e  in t e re s t ing  f ea tu re  of 
this  s t r u c t u r e  was  t he  two  long pe r i -bonds  (1.50 /~) 

(I) ( i i )  

l ink ing  the  two  n a p h t h a l e n i c  res idues  in this  molecule .  
I n  q u a t e r r y l e n e  (II)  tlaere are  six such per i -bonds  a n d  
a g r ea t e r  s ta t i s t ica l  s ignif icance w o u l d  a t t a c h  to  t he  
l eng th  ob ta inab le  f rom it.  W e  h a v e  n o w  c o m p l e t e d  t he  
s t r u c t u r e  ana lys is  of th is  c o m p o u n d  b y  2D X - r a y  m e t h -  
ods. A l though ,  diff icul t ies  s imi lar  to  those  e n c o u n t e r e d  
in pe ry l ene  bese t  this  analysis ,  we h a v e  been  able  to  ca r ry  
i t  to  a s tage  of r e f i n e m e n t  f u r t h e r  t h a n  t h a t  of pe ry lene .  
T h e  l eng th  we f ind (1.53_+0.01 /~) is g r ea t e r  t h a n  t h a t  
c u r r e n t l y  a c c e p t e d  for this  t y p e  of b o n d  in this  class of 
compo~mds.  Possible  exp l ana t i ons  are  cons idered .  

A full a c c o u n t  of this  w o r k  will be pub l i shed  in Prec. 
Roy. Soc. 

6.X.5. P o s s i b i l i t e  d ' e x i s t e n c e  d 'une  l i a i s o n  h y d r o -  
~,ene d a n s  l e s  c h l o r h y d r a t e s  et  b r o m h y d r a t e s  

AC 13 --  75 

d ' a m i n e s  et  d ' a m i n o x y d e s .  PA~ G. TSOUCARIS, 
Laboratoire de Cristallographie du C.N.R.S. ,  Bellevue, 
France. 
P a r  ana lyse  r ad ioc r i s t a l l og raph ique  et  p a r  spec t ro-  

g raph ie  in f ra rouge ,  nous  avons  ~tudi6 les l iaisons 
N . . .  H . . .  C1 e t  O . . .  H . . .  C1 dans  les sels d ' a m i n e s  
p r ima i re s  [RNH3]+X- ,  seconda i res  [R2NH2]+X - ,  ter-  
t ia i res  [R3NH]+X - ,  a insi  que  dans  les sels d ' a m i n o x y d e s  
[ R z N O H ] + X - ;  les p r i n c i p a u x  r6sul ta t s  s e n t  les su ivan t s :  

(a) L a  coord inence  d u  chlore  est  6gale au  n o m b r e  
d ' h y d r o g ~ n e s  mobi les .  

(b) L a  d i s t ance  N-C1 d i m i n u e  r6gu l i~ rement  avec  la 
coo rd inence ;  elle est  de  3,35 • p o u r  le NH4C1 (coor- 
d inence  8) e t  de  3,12 /~ p o u r  u n e  a m i n e  seconda i re  
(coord inence  2). 

(c) Les spec t res  in f ra rouges  des sels d ' a m i n e s  p r~sen t en t  
des b a n d e s  d ' a b s o r p t i o n  dans  la r6gion de  2000-3400 
cm.  -1 qui  s e n t  absen tes  dans  les spec t res  des  amines ,  
e t  d e n t  les f r6quences  d i m i n u e n t  avec  la coord inence .  

Les r6su l ta t s  e x p 6 r i m e n t a u x  p e r m e t t e n t  d ' e n v i s a g e r  
l ' ex i s tence  d ' u n e  l iaison h y d r o g ~ n e  p o u r  les ra isons 
su ivan t e s :  

(1) Les d i rec t ions  des vec t eu r s  N-C1 et  O-C1 observ6es 
co inc iden t  a p p r o x i m a t i v e m e n t  avec  celles q u ' o n  p e u t  
pr6voi r  p o u r  les d i rec t ions  N - H  et  O - H :  Les g roupes  
h l .  • • I-I • • • C1 e t  O • • • t t  • • • C1 s e n t  p r a t i q u e m e n t  lin6- 
aires  dans  rou tes  les s t r uc tu r e s  connues .  

(2) Les d i s tances  hi-C1 et  O-C1 sen t  p lus  pe t i t e s  que  la 
s o m m e  des r a y o n s  de  v a n  de r  W a a l s  (de l ' o rdre  de  3,3 A 
et  de  3,2 A r e spec t i vemen t ) .  

(3) P lus ieurs  fai ts  i n d i q u e n t  que  les b a n d e s  d ' a b s o r p t i o n  
larges ou mul t ip l e s  dans  la r~gion de  2000-3000 cm.  -1 
p e u v e n t  ~tre a t t r ibu6es  ~ u n e  l iaison h y d r o g ~ n e :  

- -  L a  fo rme  tr~s 61argie de  ce r ta ines  bandes .  
- - L e  fair  que  les f r~quences  v a r i e n t  p e u  lorsque  l 'on  

r e m p l a c e  le C1 p a r  u n  a u t r e  halog~ne.  
L a  cons t ance  re la t ive  de  ces f r6quences  pou r  u n e  

s~rie d ' a m i n e s  de  fo rmules  ch imiques  voisines.  
(4) On c o n s t a t e  u n e  corr61ation en t re  la d i s t ance  N-C1 

et  O-C1 et  la f r6quence  co r r e spondan t e .  
Ainsi  p o u r  le t r i m 6 t h y l a m i n o x y d e  (CH3)3NO et  le 

p y r i d i n o x y d e  CsHshiO les d i s tances  O-CI s e n t  respec t ive-  
m e n t  6gales k 2,94 e t  k 2,84 /~ e t  les f r6quences  ~ 2650 
cm.  -1 et  ~ 2000 cm. -1. 

7.X.1. S o m e  d i f f rac t iona l  p r i n c i p l e s  of f i b r o u s  p r o -  
t e i n s  s t r u c t u r e  c l a s s i f i c a t i o n .  BY N. S. ANDREEVA 
& V. I. IVEI~ONOVA. 

On the ground of recent chemical investigations it is 
possible to establish some new prineiples of fibrous 
proteins structural classification. This classification may 
also be found on their diffraetional features. All fibrous 
proteins can be divided into two groups. One may in- 
elude the proteins with chain configuration and packing 
mainly independent from sequence of amino acid residues 
along the chains. It may include all proteins with statis- 
tical or approximate statistical arrangement of various 
residues. To another group may belong those proteins 
which chain packing and configuration in crystalline 
parts is the consequence of the special arrangement of 
residues. It may be possible if some residues or more or 
less regular sequence of simple combination of several 
residues concentrate in certain parts of chains. The 
diffractional basis for such classification is the following: 
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1. Statist ical  a r rangement  of different side chains in 
proteins of the  first group preven t  regular  az imuthal  
or ientat ion and displacement  (along fibre axis) of 
neighbouring chains, as well as regular  displacement  of 
layers in their  fl-modifications. In tens i ty  dis tr ibut ion in 
reciprocal space for three schemes was calculated.  As our 
calculations show such distortions of lattices predeter-  
mine  the difference of intensi ty  dis tr ibut ion for zero and 
non-zero layer  lines ( three-dimensional  Laue function for 
zero layer  line and two or unidimensional  Laue function 
for non-zero layer  lines). 

2. R a t h e r  regular sequence of simple combinat ion of 
residues in proteins of second group permi t  more regular  
packing of chains. The main  feature of their  wide angle 

' X - r a y  pa t t e rn  is the appearance  of Laue max ima  on 
non-zero layer lines. 

To the first class belong all a-proteins.  To the second 
fibroin silk and  collagen. In  crystall ine par ts  of these 
proteins more  or less regular  sequence of simple com- 
binat ion of residues was found (gly-ala)n-fibroin silk 
Bombyx  mori,  (ala)n-silk Tussah, (gly-pro-hypro)n-col- 
lagen. 

8.X-1. X - r a y  d i f f r a c t i o n  b y  s y s t e m s  of  lon~, m o l e -  
c u l e s  a n d  o n e - d i m e n s i o n a l  X - r a y  d i f f r a c t i o n  o f  
c e l l u l o s e . *  BY A. I. KITAY'GORODSKY (~ D. YA. 
TSVA~KIN, The Institute of Organo-Element Compounds 
of the USSR Academy of Sciences, Moscow, USSR. 
The repor t  deals wi th  methods  of calculat ing the  

in tensi ty  of scat ter ing by groups of parallel  macro 
molecules packed wi th  a different degree of order. 

I 

1. Equa t ions  were deduced to calculate the diffraction 
intensi ty  by a system of parallel  macromolecules  or 
packages forming the textures.  

All packages were taken  as equal and buil t  up of chain 
molecules with axes parallel to tha t  of the texture .  
Three a l ternat ive  distr ibutions of the macromolecules  
inside the packages were considered: (a) wi th  a complete  
tr i -dimensional  order wi th in  each package,  (b) wi th  
r andom az imuthal  rotat ions of the chains about  their  
axis, the shifts of the chains along the tex ture  axis 
remaining  regular, (c) wi th  r andom shifts of the chains 
along the tex ture  axis. 

The second and th i rd  a l ternat ives  assume the chain 
centres in the equatorial  plane as forming a regular two 
dimensional  lattice. 

For  the first a l ternat ive  the scat ter ing intensi ty  is 
represented as a series in terms of Bessel functions of 
different orders, in the second and third al ternat ives  only 
the zero order Bessel functions bein~ effective. 

To make  use of the formulas deduced it is necessary 
to have  at  one's disposal a set of all inter  a tomic distances 
in a cell of the  chain, inter-chain distances in the equa- 
torial plane, and the magni tudes  of the relative shifts 
along the axis. Therefore, the calculations in terms of 
these formulas are t iresome and most ly  useful wi th  
packages containing few chains. 

2. If  the dis tr ibut ion of the in tensi ty  in the case of the 
t ex ture  is known,  it is easy to deduce the formulas for the  
scat ter ing intensi ty  by the isotropic sys tem of the macro- 

* Translated by A. L. Pumpiansky, Moscow. 

molecular  packages.  The possing to the  isotropic sys tem 
is accompanied by  the averaging of the intensi ty ,  this 
interval  for averaging broadening with  the  decreasing 
chain length and  increasing the n u m b e r  of the layer  line. 
Wi th  a longer chain one mus t  allow for the angle factor  
of a new type.  

3. Wi th  the  diffraction by a system of parallel chains, 
in some cases the  intensi ty  is dis t r ibuted cont inuously  
along the layer  lines of a small width.  When  measur ing  
the X- ray  pa t te rn  the measur ing slit will be wider  than  
the layer  line, bu t  along the layer line the in tensi ty  across 
the slit m a y  be taken  to be constant .  Therefore, to be 
compared with  the  exper imental  data ,  the theoret ical  
dis tr ibut ion of intensi ty  should be in tegrated in one 
direction tha t  is, across the layer  line. This has been 
done and resulted in formulas of integral in tens i ty  for 
different X- ray  photography  procedures.  

4. To check the intensi ty  formulas obtained the  dif- 
fraction has been calculated by a sys tem of package 
containing 10, 25, and 60 chains (CH2)n. The results 
were compared wi th  values of the s t ructural  factors 
Y~,kl- The calculations were carried out  for packages with 
a three dimensional  order  and  for r andom az imutha l  
rotations.  

The calculations show tha t  the m a x i m a  on the  in tensi ty  
curves fairly well denote  the position and relat ive in- 
tensi ty  of s t ructural  factors. Wi th  the three dimensional  
order, good agreement  is achieved by means  of a curve 
build up from two members  of the  series consisting of 
zero- and second order Bessel functions or even solely 
from the first member  of the series. 

The calculations also show tha t  in the  case of az imutha l  
randomness  of the chain sys tem (CH2)n, the  X- ray  tex- 
ture  pa t t e rn  mus t  reveal s imultaneously two types  of 
interference, the  usual  three dimensional  reflections on 
the zero layer  line and  the scat ter ing by  individual  
chains or one-dimensional  diffraction on the  first layer  
line. 

I I  

Applying monochromat ic  radiat ion,  X- ray  diffraction 
pa t te rns  of various cellulose- and hyd ra t ed  cellulose 
fibers were obtained.  

A peculiar characterist ic  of the X- ray  tex ture  pa t te rns  
of highly oriented fibers (Rami, Fortisan) is the one- 
dimensional  diffraction on the zero- and non-zero layer  
lines. As the intensi ty  of this diffraction is low and  
cont inuously dis t r ibuted along the layer  lines, the  dis- 
tor t ion of or ientat ion leads to the one-dimensional dif- 
fract ion merging with  the general background of the 
pat tern .  On the X- ray  pa t te rn  of an imperfect ly oriented 
viscose it will therefore be seen only on the second layer  
line. This also accounts  for the absence of one-dimen- 
sional di£fraction on the X- ray  pa t t e rn  of cotton.  

One-dimensional  diffraction can appear  as a result  of 
diffraction by separate chains or a group of chains s i tuated 
in the short  range order or due to statistical deviat ions 
of chains from their  ideal position corresponding to the  
three-dimensional  order. I t  has been shown tha t  the la t ter  
case results in one-dimensional diffraction such as: 

~0 [1 - e x p  ( - 0.5g2S2rAe 2 - -  4y~2~2/1~]2c)] , 

where  ~0 is the  scat ter ing by  a single chain, V(A~2) - 
the square mean  deviat ion of chain centres in the equa- 

torial plane, ~/(A~c2)--the square mean  deviat ion of the  
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relative shift of the  chains along the axis, Sr---the projec- 
t ion of S(S =4~ sin 0/~t) on the  equatorial  plane, ~ - - the  
number  of layer lines. 

The distr ibution of the intensi ty  of the one-dimensional 
diffraction on the  zero layer line has been calculated 
for three possible alternatives.  The curves obtained were 
compared with the experimental  one. Comparison showed 
tha t  one-dimensional diffraction is due to statistical 
scatterings of chains about  the sites corresponding to 
the  three-dimensional  order. 

Using the  exper imental  intensi ty  relations of one- 
dimensional  diffraction in different layer lines it is pos- 

sible to est imate the values of V(Ao~c) and of V(AUc2). 

I t  was found to be V(A@c 2) =0.6-0.9 /~_ and b. ~/(A~c 2) = 
0.7-1.4/~ (b = 10.35 ~).  

As the intensi ty  of the one-dimensional diffraction is 
proport ional  to the  number  of chains in one region--n ,  
and  tha t  of three-dimensional  reflections is proport ional  
to h 2, the comparison of intensities permits  to est imate 
one region as containing about  170 to 300 chains. 

Thus, the structure of cellulose displays considerable 
displacement  of chains from their  ideal position. 

Besides, the  continuous par t  of the  scattering, tha t  is 
often segregated from X-ray pat terns  of isotropic samples 
to determine the percentage of crystal l ini ty consists 
essentially of one-dimensional  diffraction. The deter- 
ruination of crystall inity percentage for cellulose seems 
therefore meaningless. 

9.X-1. D i f f u s e  s c a t t e r i n g  o f  X - r a y s  b y  a l u m i n u m  
b r a s s .  BY A. S. KAGA_,~, V. A. SOMENKOV & J. S. 
UM~_WSKY, Steel Institute, Leninsky Prospekt 6, Moscow, 
USSR.  
Measurements of the  diffuse scattering of X-rays by 

a luminum brass containing 18 at .% A1 is carried out  in 
an evacuated camera by means of a Geiger counter. 

Cu Ka radiat ion used in the investigation was mono- 
chromatised through the  diffraction from a germanium 
crystal cut parallel the plane (111) ; the advantage  of such 
Ge monochromator  being the  absence of.(222) reflection. 

The scattered intensities were converted to absolute 
scale by comparison with the  scattering by mel ted  silica. 
The contr ibut ion of Compton scattering, tempera ture  
diffuse scattering and double Bragg scattering was 
es t imated  and eliminated.  A correction for anomalous 
dispersion was included into calculations of Laue scat- 
tering. 

The diffuse scattering by quenched from 700 °C. 
samples was measured in the  range from 8 ° to 43 ° in 
Bragg angles. The calculation of the  short  range order 
coefficients carried out for six coordination shells in the 
assumption tha t  coefficients of the  size effect fl~ are 
equal to zero gave following figures: 

a l - - - 0 . 4 3 ± 0 . 1 0  , a 2 = + 0 . 1 2 ± 0 . 0 5  , a 3 = - 0 . 3 2 ± 0 . 0 5 ,  

a 4 - - + 0 . 2 8 + 0 . 1 0  , a 5 = - 0 . 2 7 ± 0 . 0 5  , a 6 - - - 0 . 7 7 ± 0 . 1 0 .  

The diffuse scattering curve p lo t ted  on the  basis of 
the  short  range coefficients given above agrees reasonably 
wi th  the experimental  curve, thus support ing the as- 
sumpt ion fl~ =0  made  previously. This assumption is 
supported also by measurements  of static displacements 
es t imated from the intensities of structure lines. 

The annealing reduces the  short  range order, the 

amoun t  of reduct ion increasing with the  annealing tem- 
perature.  The short  range order is considerably destructed 
by cold working. The best short  range order was dis- 
covered after a low-temperature annealing (260 °C.) of 
cold worked sample. 

These data  explain the anomaly  of the  behavoir  of 
a luminum brass after cold working and annealing. 

As the  coefficients of the short range order for the first 
coordination shell were considerably higher than  they  
should be for the  superstructure Cu3Au it was assumed 
tha t  the atomic scattering functions of alloy components  
differ from atomic scattering functions of pure elements.  
This assumption was confirmed by an analysis of the  
intensities scat tered by an intermetall ic compound NiA1. 

10.X.1. M o d i f i c a t i o n s  de  l a  s t r u c t u r e  c r i s t a l l i n e  de  
q u e l q u e s  m i n e r a u x  p a r  b r o y a ~ e .  PAz~ CHARLES 
LEGRAND, 11, rue Lagarde, Paris V °, France. 
On a v@rifi@ que le broyage effectu@ en pr@sence d 'eau 

ou d 'un  liquide non polaire @tait sans effet appr@ciable 
sur la s tructure cristalline. 

Dans le cas de ce broyage ~ sec, les effets sent  tr~s 
variables selon le mode  de broyage. Ainsi, avec un 
broyeur b~ Boulets les kaolonites mon t r en t  de faibles 
per turbat ions li@es au d@veloppement d 'un  r@seau bi- 
dimensionnel;  par centre,  l 'emploi d 'un  vibrobroyeur  
oscillant conduit  ~ des modifications beaucoup plus 
profondes qui ven t  jusqu'~ la disparit ion de route struc- 
ture eristalline. 

Le mica mont re  une ext inct ion rapide des r@flexions 
basales avec la dur@e de broyage tandis que l'intensit@ 
des autres r@flexions diminue moins vite pour s 'annuler  
ensuite brusquement .  

La fluorine manifeste  un 61argissement des raies qui 
doit  @tre reli@ ~ la d@formation du r@seau et non & la 
taille des particules. 

Le mode de broyage a une influence sp@cifique sur les 
air@rations structurales obtenues et par cons@quent sur 
les propri@t@s physico-chimiques des produits  obtenus. 

10.X.2. X - r a y  s t u d y  of  d i s t o r t i o n s  in  s t e e l  s t r u c t u r e  
d u e  to  w e a r  a n d  t e a r .  BY I. TERMINOSOV & W. 
SERGEEVA, Institute of Economic Engineers, Marot 
Street 27, Leningrad, USSR.  
:No abstract  provided.  

10.X.3. X - r a y  i n v e s t i g a t i o n  o f  f a t i g u e  i n  m e t a l s .  
BY I. TERMINOSOV & W. BUYKO, Institute of Economic 
Engineers, Marot Street 27, Leningrad, USSR.  
No abstract  provided.  

12.X-1. O n  t h e  n a t u r e  o f  o m e g a - p h a s e  in  q u e n c h e d  
t i t a n i u m  a l l o y s .  BY Yu.  A. BAGARYATSKII, G. I. 
NOSOVA & T. V. TAGUNOVA, Central Scientific Research 
Institute for Ferrous Metallurgy, Radio Street, 23, 
Moscow, USSR.  
Withdrawn.  
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12.X.2. O K I 4 H E T I 4 K E  (I)A3OBbIX YIPEBPAII~EHI4IYl B 
H E K O T O P b I X  ~ I B Y X K O M Y I A H E H T H b I X  C I I A A -  
BAX.  I4 ~oKAa~y B. B. Cauacx¢e. 
]~IalAH I43y~CHl, I TBep2~l~Ie pacTnopbI B CHCTCMaX HI4KeAb- 

30AOTO~ nAaTI4Ha-3OAOTO 14 cepe6po-MecX~,. 
HccAe~OBaH~IC npoBO~HAOCb MeTO~OM IIocAeg~OBaTeAbHblX 

3aKaAOK C IIOCAe~ylOIl.~I4M H3MeHeHI4CM MHKpOTBep~ocTH~ 
aAeKTponpoBO2~HOCTH, (I)OH~a H iXtrlp~lm, i peHTreHOBCKHX 
hrlmlfI. 

IIoKa3aao,  qTO B TBepgx~IX paCTBOpax CrlCTeM~I HHKCAI~- 
30AOTO rrMeeT MeCTO ¢XByx~a3H~I~ pacna~ .  3TOT ¢XByxc~a3H~I~ 
paclIagX nocAeg~OBaTeAI~HO n p o x o ~ r r  ,~cpc3 pa~ ynopa~oqeH- 
H~IX COCTOaH~: Au3Ni,  AulXTi ~ NiaAu.  YliopacxO~CH~Ie 
CTpyKTypbI  IIOAy~IalOTCa B pcayAr,  TaTC ilepepacnpe~eheHr~a 
aTOMOB 30AOTa Mex~Ay TBepg~BIMH paCTBOpaMH Ha OCHOBe 

HHKCA~I I4 30AOTa. 
IIp~I pacnagxe TBepgx~IX paCTBOpOB CrlCTeM~I ilaaTrma- 

3OAOTO iio~rBhaeTca IIpOMe~KyTOqHaa ~a3a c napaMeTpoM 
3HaqHTCAI~HO yMCHBIJ.ICHHBIM no  cpaBHeHI4IO C napaMcTpaMH 
qHCTBIX KOMnOHeHTOB. 

~ByX~a3~u2 p a c n a ~  B TBep~LX paCTBOpax CHCTeMbI 
cepe6po-MC~, 6bIA Ha6A~O~eH H paHce. O¢IHaKO paCCMO- 
"rpei~le KHHeTHKFI pacnacxa aTI4X CIIAaBOB BI~IIIIeyHOMRHyTblM 
MeTO~OM IIOKa3aAo~ qTO 06pa3OBaHHe ylIOpa~otteHHblX (I)a3 
IIpOHCXOcXHT C TOni ~Ke IIOCAC~OBaTeAI~HOCTBIO~ qTO H B 
chy~ae crlAaBOB HHKeAb-3OAOTO. 

12.X.3.  I n v e s t i g a t i o n  o f  t h e  m a t r i x  s t r u c t u r e  d u r i n g  
t h e  a g e i n g  p r o c e s s  in  hip, h m a n p ,  a n e s e  s t e e l  a n d  
a l u m i n i u m  z i n c  a l l o y s .  BY M. I .  ZACHA~OVA & 
VAN CVrYA-FoY, IVIoscov State University, Faculty of 
Physics, Moscow, USSR. 
X - r a y  ana ly se s  of s t a t i o n a r y  s ingle  c rys ta l s  of s teel  w i t h  

12 w t . %  M n  a n d  1 .2% C q u e n c h e d  a n d  aged  a t  750 °C. 
show,  t h a t  t h e  t r a n s f o r m a t i o n  y--> y + c a r b i d e  p r o d u c e d  
t h e  a p p e a r a n c e  of e x t r a  m a x i m a  a n d  arcs  n e a r  m a x i m u m  
y sol ide so lu t ion .  

S imi la r  d i f f r ac t i on  p i c t u r e  is o b s e r v e d  in A1-4% Zn  
a l loy  q u e n c h e d  a n d  aged  a t  100 a n d  150 °C. T h e  ana ly se  
of g e o m e t r y  of d i f f r ac t ion  p i c t u r e  ha s  shown ,  t h a t  t h e  
a p p e a r e n c e  of e x t r a  m a x i m u m s  a n d  arcs  are  p r o d u c e d  
d e s o r i e n t a t i o n  of blocs  of s o m e  v o l u m e  m a t r i x  a r o u n d  t h e  
p r e c i p i t a t e .  

W i t h  t h e  g row of t h e  p r e c i p i t a t e  d e s o r i e n t a t i o n  of b locs  
inc rease  u p  to  severa l  degrees ,  t h e n  i t  dec rease  aga in .  
I n  a l u m i n i u m  = 20 wt .  % zinc a l loy  such  d i f f r ac t i on  effects  
n o t  a p p e a r .  T h e  e x p l a n a t i o n  local  e las t ic  d e s o r i e n t a t l o n  
of blocs  for  a b o u t  severa l  degrees  is g iven .  

SUPPLEMENTARY ABSTRACTS (b) 

14"X'l .  I. O YIPABHAt )HbIX  P A 3 B H E H H H X  YIPO- 
C T P A H C T B A .  E. /~e.~oue, H. Can3auoea. 
KaK noKa3l~iBaeT paCCMOTpCHI4e IlpaBHAI~HblX pa3614cHn~ 

n]kOCKOCTI4~ B o n p o c  DTOT B OCHOBHOM TOnOAOFHqCCKH~, a 

nOaTOMy Talcme no  CyII~eCTBy TOnOAOrn~ecK~i~ I4 Bonpoc O 
2-MepHblX ~p~cTahhorpa~rqecKviX rpyxmax, fl~ha N >  3 
TaKoro TOnOhorn~ecKoro pememla  Bonpoca noKa HafiTH He 
y2~acTca. ABTOpaMI~ ¢XAa mo6oro  n ¢XaHO noAHoe pemeHi4e 
Bonpoca,  eCAH pacCMaTpHBaTI~ He AIO6ble, a TOA,bRO IIpaBHA~- 
Hl~Ie paa6r~eHrla ~Ip~lxAe, T. e. TaKHe, KOTOpI, Ie rloAyqalOTCa, 
eCAH pacCMaTpHBaTI, 06AaCTH ¢~Hpaxhe TOqCK IlpaBI4Ar, HOfi 
CHCTeM_bI TOtleK Ag~ role A AIo6aa 3a(I)I4KCHpOBaHHa~I TOqKa~ 
a G npocTpaHCTBeHHa~ i(prlcTahhorpa~I~ecKaa rpynna .  

14.X.2.  Z u r  R e d u k t i o n s t h e o r i e .  VoN B.  DELAUNAY, 
Institute of Mathematics, I Academicheski proezd 8, 
Moscow, USSR. 
I c h  gebe  in d i e s e m  A u f s a t z  d e n  v o l l s t ~ n d i g e n  Beweis  

d e r j e n i g e n  R e d u k t i o n s b e g i n n u n g e n  we lche  V o r o n o i  o h n e  
Beweis  in  se iner  A r b e i t  f iber  d ie  p e r f e k t e n  F o r m e n  ange-  
f f ihr t  h a t .  I c h  e r fo r sche  n a c h h e r  d i e j en igen  Be re i che  des  
5 - d i m e n s i o n a l e n  (/~hnliche G i t t e r n  w e r d e n  n i c h t  als ver-  
s c h i e d e n  b e t r a c h t e t )  r e d u z i e r t e n  R a u m e s  v o n  V o r o n o i  
we l che  v e r s c h i e d e n e n  m e i n e n  24 S o r t e n  e n t s p r e c h e n .  :Die 
m o n o k l i n e n  S o r t e n  erffi l len 9 ganz  b e s t i m m t e  3 -d imen-  
s ionale  T e t r a e d e r n  u n d  die  S o r t e n  v o n  h 6 h e r e n  S y m m e t r i c  
ganz  b e s t i m m t e  Dre iecke ,  S e g m e n t e  u n d  P u n k t e  in  
d iesen  T e t r a e d e r n .  

14.X.3.  A n t i s y m m e t r y  o f  F o u r i e r  t r a n s f o r m s  o f  
f i g u r e s  w i t h  a p a r t i c u l a r  p o i n t .  BY B. K .  V x m S ~ -  
TEIN, Institute of Crystallography, Academy of Sciences 
of the USSR, Pyjewsky, 3, Moscow, B-17,  USSR. 
I t  is adv i s ab l e  to  use  t h e  idea  of ' b l a c k - w h i t e ' ,  i.e. 

' a n t i ' - s y m m e t r y  for  desc r ib ing  s y m m e t r y  of c o n t i n u o u s  
or  d i sc re t e  d i s t r i b u t i o n s  of c o m p l e x  va lues .  T h e  an t i -  
s y m m e t r y  of F o u r i e r  t r a n s f o r m s  of t h e  f u n c t i o n  of real  
va r i ab le ,  w i t h  p a r t i c u l a r  p o i n t  is cons ide red .  Th i s  t r ans -  
f o r m a t i o n  g ives  m u t u a l  (one to  one) c o n n e c t i o n  b e t w e e n  
t h e  p o i n t  g r o u p  of s y m m e t r y  of in i t ia l  f u n c t i o n  a n d  t h e  
p o i n t - g r o u p  of a n t i s y m m e t r y  of i ts  F o u r i e r  t r a n s f o r m s ,  
a n d  gives  also t h e  c o n n e c t i o n  w i t h  L a u e  s y m m e t r y .  
In t h e  specia l  c~se of 32 c rys t~ l log raph ic~ l  p o i n t  g r o u p s  
11 c e n t r o s y m m e t r i c a l  ones  are  in c o n n e c t i o n  w i t h  11 g r e y  
c e n t r o s y m m e t r i c a l  p o i n t  g r o u p s  of a n t i s y m m e t r y ,  a n d  
21 n o n - c e n t r o s y m m e t r i c a l - - w i t h  21 p o i n t  g r o u p s  of an t i -  
s y m m e t r y  possess ing  t h e  c e n t r e  of a n t i s y m m e t r y .  

13.X.1. E p i t a x i e  e t  a d s o r p t i o n  r e c i p r o q u e  de  l ' u r e e  
et  d u  c h l o r u r e  d ' a m r n o n i u m .  PAR A. RIMSKY. 

W i t h d r a w n .  

/~A~I onI4CaHttR CI4MMeTpI4rt paclipecxeAeHH~ KOMIIAeKCHblX 
BeAI4qHH~ KaK I-ICnpepl~IBHhlX, TaK I4 ¢~I4CKpeTHblX I2cAeco- 
06pa3HO HClIOAb3OBaTb IIOHaTHe ~)qepHo-6eAo~<~ CHMMeTprm-- 
T. e. aHTrtCHMMeTpI414. PaCCMOTpeHa aHT~ICHM~eTpI4a ripe06 
pa3oBaHrla (I)ypx, e ~yHI<I2~l~I ¢xefiCTBrrre~a, Horo nepeMeH- 
HOrO, o6AagxarolIAefi oc060fl TOnKOfi. 3TO ilpeo6pa30BaHx~e 
ycTaHaBArmaeT B3artMrtO-OcXHO3HanHylO CBa3b Memcxy TOneq- 
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HOfl C~MMeTp~e~ nCXO~HOfi dpylzx~n,  a aaTrtCrtMMeTpne~ ee 
TpaHc4popMa~TSI (l)ypse, a TavoKe ~aeT CBa3~ C Aay~BCI~O~ 
CnMMeTp~Ie~. B ttaCTHOM cay~ae  32 xp~cTa~aorpa~p~raec~nx 
TOtteqHSlX r p y n n  l l-TH I~eHTpOCHMMeTprI-~IHI~IM rpynnaM CO- 
OTBeTCTByIOT 11 I~eHTpOCHMMeTpI4XtH~,IX cepslx r p y n n  aHTrlCI4M- 
MeTpHH, H 21-fi 6ea I~eHTpa--21 r p y n n a  aHTHCrlMMeTpHrl C 
I~eHTpOM aHTrlCHMMeTprlH. 

16.X.1. P A 3 P A B O T K A  I I P E ~ H 3 I / I O H H O I Y I  M E T O -  
~ H K H  9 A E K T P O H O F P A O H H E C K O F O  C T P Y K T Y P -  
H O F O  A H A A H 3 A .  3. F. Huncuep. 
1. ]3oa~maa ~aCT~ BBIIIOAHeHHBIX ~O CHX nop  9AeKTpOHO- 

rpa~p~ecx~IX cTpy~TypH~IX pa60* OCHOBaHa Ha ~IClIOA~30- 
BaHHH KHHeMaTI4~IecKo~I Teop~IH pacceaHga 3AeKTpOHOB~ 
i lpmle~  xopomee  COOTBeTCTBHe ~AeKTpOHorpa(pI4xIecKHx H 
peHTFeHOBCI<HX cTpyKTypHt,IX ~aHHblX ~AYl MHOrI4x BelI~eCTB 
y~aa~maeT Ha O60CHOBaHHOCT~ ~IcnoA~3OBaHna XnHelaT~I- 
~ e c ~ r x  ¢opMya.  

2. B pa6oTax COBeTCKI4X~ a Taxme HYIOHCKI4X aBTOpOg~ 
BBIIIOAHeHHBIX C 1957-ro ro~a~ c yClIeXOM I4CnOAl~ayeTcg 
~IHaM~I~ecxaa nonpaB~a (Ha ilepB~I~aym ~ x c T m ~ m ) ,  
rlpe~aoa<eHHaa B CBOe BpeMa M.  BAeXM~HOM. ~ a  HOpM~- 
poB~I  ~XClIep~IMeHTaASH~IX ((I)) ~" MOmHO pexOMeH~OBaTl~ 
MeTOd~ BHABCOHa. 

3. BamHsle ~Aa Bt,IqgCAeHI~q ~HHaMI4xtecKoI4 IIOIIpaBKH 
~aHHI, Ie O paaMepax pacce~maion~tx KpI4CTaAAHI¢OB MOryT 
6BITI, IIOAy~IeHbI pa3AI4XIHbIMI4 MeTO~aMI4: Ha (HHTerpaABHOfl) 
n o h y t t m p n a s i  oTpameHHff, na 3aaaeHn~ BeAHqI4H ~ ( A ) -  
~HHaMH~ecI<OfI nonpaB~n nai l  B pe3yA~,TaTe (I)ypse a a a h ~ a a  
(I)opul~i AI4HHffl. ~TOT noche~Hgfi  MeTO~ nOaBOAHeT BBIqI4CAI~TB 
TaIOKe I4pHBy!O paclipe~eAeHi4a KpHcTaAAHKOB ri0 BeAHHttHe. 

4. OgeHK~ X~ pac~ewsI cpe~H~x 3aa~eHnfi BeArragHSI pac-  
CeHBaIOII~HX KpI4CTaAAIelKOB~ BBIIIOAHeHHBIe pa3AI, ItIHbIM~I Me- 
TO~aMleI B pa~e pa6oT, yKa3l, IBa~OT C HeCOMHeHHOCTBIO Ha T% 
qTO TeOpeTHt~ecKHe oI~eHRH rpaHHg IIpHMeHHMOCTH RHHeMa- 
TIfftleCKO~I TeopH~ (I)aKT~eCKg He IIOATBepw,~alOTCa. 

IIOB~I~I4MOMy, BamHefimeft IIpHNHHOI~ TOrO O6CTO~ITe- 
AbCTBa~ qTO KHHeMaTI4XtecKaR TeopI4a IIpHMeHI4Ma K xpHcTaA- 
AHKaM~ AHHeI~Hble pa3Mep~,I KOTOpBIX ilpeB~iIllalOT TeopeTH- 
NeCKHe IIorpaHH~HblC 3Ha~IeHHa~ ~IBA~eTCg HeCOBeplIIeHCTBO 
pacceHBaIOII~HX KpHcTaAAHKOB B I4ccAe~yeM~,IX IIAeHKaX~ 
HeCMOTpa Ha MaAl~Ie pa3Mepl, i 3TI4X KpHCTaAAI4KOB. IlpaMSlM 
yKaaaH~Ie~ Tai<oro po~a  aB~aeTca pesym~TaT~,i (I)yp~,e- 
aHaa~Iaa ~pOpM~,I AI4I~IfI, IIpOBe~eHHOI~ ~ a  ~aeKTpOI~OrpaMM- 
OT W ~  a TaloKe ~aHHBIe IIO HccAe~oBaHHIO ~AeKTpHtleCKHX 
CBO~ICTB TOHKI, IX cAoeB Ge. 

OqeBg~H% qTO B 3aBHCHMOCTI40T yCAOBHI~ 06pa3OBaHHg 
KpHcTaAAIdKOB B TOHKHX CAOHX I4 CTelIeHH I4X CoBepUleHCTBa 
MO~KHO omgAaTl, Bce THIII~I pacceaH~Ia: KHHeMaTI4~IecKoe, 
IIpOMemyTOgHOe, n p g  I<OTOpOM HcnoM~ayeTcg nolipaBxa Ha 
DKCTHHK~HIO~ 14 qHCTO ~HHaMHttecKoe. 

5. ~ma 6oAee m ~ p o x o r o  ~I rxy6oKoro IlpnMeHeH~Ia sAeKT- 
poHorpa~p~I~ecKoro aHaA~aa Heo6xoA~MO pasB~IBaT~ (I)yp~,e- 
CHHTe3 B aAeKTpOHorpa~gH. I/lclIOa~aya (I)ypse-pa~si IIOTeH- 
~HaAa~ BI~VIHCAeHHble Ha OCHOBe ~OCTaTOqHO 6OABIIIOFO 
qHeAa aKCrlepgMeHTaAl~HblX CTpyKTypHSlX aMIIAHTy~ MO~KHO 
pemaT~, Bamm, m 3 a ~ a ~  xp~cTaAAorpa~n~,  ~ s m ~ I  TBep~oro 
t e a s  ~I I~pncTaAAox~rMmI. CylgeCTBeHH~I~ aBmaeTca iioAy- 
• IeHne TO~HSIX sHaqeH~A ~IHTeHCnBHOCT~I ( ~ o T o r p a ~ i ~ e c ~ t M  
~4AI~ aAeKTpOMeTpI4~ecKIa~ MeTO~aMI~) I4 npaBI~Al~Hl~IfI nepe-  
xo~ OT 3HatIeHHfI HHTeHCHBHOCTH K HClIpaBAeHHBIM ~I<ClIe- 
pI4MeHTaAI~HBIM aMIIAHTy~aM. Heo6xo~HMO 06paTnT~, BHH- 
MaHHe Ha IIOAy~eHHe CXaHHBIX rio a6COAIOTHt,~M 3HaHeHIIHM 
paclipe~eAeH~Ia IIOTeHI~HaAa B pemeTKe. 

6. AHaAH3 ~ a i ~ i x  iio pac l ipe~eaeHgm IIOTeH~IaAa 
Mo~KeT 6BITI~ EtCIIOAI~3OBaH xa~ ~ a  Haxom~eHIa.a xoop~IHaT 
aTOMOB~ TaK I4 dU~q yTO~IHeH I4H n p ~ I p o ~ I  XHMIfftIeCKOfl CBH3H~ 
xapaKTepa TelIAOBBIX xoAe6aHH~I aTOMOB B pemeTI<e, ~e~)eI<T- 
HOCT~I ~I p a a y n o p a ~ o ~ e m l a  cTpyxTyp ~I ~pyrmx napaMeTpoB 
~I~eaA~,HOi~ ~I peaAl~HOfI cTpyxTyp~I. O6cym~a~oTca Ha 
KOHKpeTHI~IX np~Mepax yxaaaHm, ie IIpHMeHeHH~I ~AeI<TpOHO- 
rpa ( I )~ecxoro  aHaAH3a. 

16.X.2. I / I C C A E ~ O B A H I / I H  C T P Y K T Y P  I/I Y I P O ~ E C -  
C O B  Y Y I O P I t d l O t I E H I / I H  B I / I H T E P M E T A . A A I / I t I E  - 
CKI / IX 14 Y I O A Y Y I P O B O ~ H I / I K O B B I X  q~A3AX. 3 .  F.  
Hunc~cep, C. A. Ce~uu~emoe, B. tI. Xumpoea, F. F. ~sopau- 
v, una. Institute of Crystallography, Acad. Sci. USSR.  3 
Pyzhevsky per., Moscow B- 17, USSR.  
3 a  nocAe~HHe rodtl~I B 9AexTpOHOrpa~)HqecxHX ha6opa-  

TOp~L~X I/IHcT~ITyTa xpHcTa~xorpa~p~H a OTqaCTH FopbKOB- 
cxoro YmmepcnTeTa (Flcch. (I)n3. I/IH-Ta) 6~Ihn IIOhy~eHbI 
HOBI, Ie ~axlii~ie~ OTiiOCai~Ieca K cTpyI<TypaM HeynopagoqeH- 
HSIX ~)a3 x ilpo~eccaM yliop~LaoneH~Ia, 3HaqgTehbI-IO pacmH- 
pmolgHe HamH Ilpe~CTaBAeHHa O Tgnax ylIopa~otleHga. IdMea 
B BI4~y yliop~l~oqeHge TelIAOBOe I4 KOHI~eHTpa~HOHHOe~ 
MOmHO npe~AOmHTl, cAe~ylolIJyio xAaccH~pHica~mo Heynopa-  
~OqeHHI~IX HAH qaCTHqHO ylIOpH~otteHHblX (pa3 I4 (~a3OBt,IX 
Ilepexo~oB nopa~ox-6ec l Iopa~ox:  

I. HeynopaOoeeum,,e gSasm 
A" ATOMBI pa3AI4X~HBIX KOMIIOHeHTOB 3aHHMatOT ynopa -  

~otIeHHO I4AH HeyIIOp~I~OqeHHO paaAHqHBIe~ T. e. KpHcTaA- 
Aorpa~)I4-qecKg He~KBI4BaAeHTHble IIOAOmeHgg B cTpyKType. 

B: ATOMBI paaAHqHBIX KOMIIOHeHTOB 3aHHMaIOT O~HHa- 
KOB~,Ie IIOAOmeHga B cTpyKType. 

]3oAee ~eTam, Haa KAaCCH(I)I4Ka~Hg~ BKAIOqalOlI~ag npmaep~,i 
COOTBeTCT~ym~X T~nOB (~ nO~T~mOB) : 

A1---ATOMt,I O~HIdX KOMIIOHeHTOB HeylIOpH~oqeHM~ aTOMbI 
~pyr~IX XOMnOHeHTOB o6paaymT BIIOAHe ynopa~oqeHm,  ifI, 
mecT~nfi ~apxac  pemeTxm YIp~tMep~: I. Y i e p e x o ~ i e  q a a ~  
B C~ICTeMax N i - S b ,  N i - T e  B o6AaCT~I XOHI£eHTpa~I N i :  
50 %-33 %. 

2. Fe~caroHam~HSm HI4TpHfl~BI ~KeAe3a B o6AaCTH KOH- 
~eHTpai2m~I ~o 30 % a3oTa. 

3. (Daasi iip~I6a~lmeHHoro COCTaBa: CurSe,  Cu2Te, AgeS, 
Ag~Se. 

4. He~oTopsle  ~pa3~i COCTaBa Ga2Se a, I n , T e a .  ~t ~p.  
5. Ky6nnecKnfi  HHTpI,'I~ W .  
A ~ ATOMBI O~HHX KOMYIOHeHTOB 3aHHMalOT O~HH IIOAO- 

meHHa B cTpyI~Type yriopa%oneHHO, %pyrHe IIOAOmeHHa 
Heynopa~o~eHHO, co3~aBaa %e~exwHy~O pemeTxy. ATOM~,I 
~pylwlX XOMHOHeHTOB MOryT 6~,IW~, ylIOpa~o~eH~I HAH Hey- 
IIOpH~o~eHbI. 

IIpmaep~,~: 
1. K y 6 m t e c ~ n ~  H m ' p ~  M O .  
2. O ~ H  ~I3 rexcaroHaa~,H~X HHrp~OB W .  
A~----HOBn~IMOVry BOaMOmeH 0 6 I ~  cay~afi ,  xo r~a  aTOM~,I 

Ka~OFO H3 KOMIIOHeHTOB 3aHHMaIOT HeylIop~I~OHeHHO CBOH~ 
OC06~Ie i i o ~ o m e H ~  B cTpy~Type. 

B. IIp~_MepbI : 
1. (1)aas~ B crlcTeMe C u - A u .  
2. (I)aas~ B ci4cTeMe Fe-A1.  
3. (l)a3si B CnCTeMe A g - C d .  
4. f l ' -CusTi .  

I I .  Tum, z gSasos~,v¢ nepexoOoe nopaOo~c-6ecnopaOou 
1. Y n o p a ~ o ~ e a n e  B HeRoTopI~IX 4paaax A 1, rlpHqeu ~I<eCTKVlI~ 
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KapKac pelneTKrI IIpoxoC~HT 6e3 H3MeHeHH,q ~epe3 TO~IKy 
(nprI TelIAOBOM ynopacxo~eHm~) ~Art o6AaCT~ (np~ XOrt- 
I~eHTpal2rtOrtHOM nepexocxe) npeBpa~eHrm. 

IlprlMepM : 
1. TenAoBoe ynopacxoqemle B A~3. 

IZOR-geHTpaI~rlOHHOe ylIopacxoqerme B A~I H A~2. 
2. Ynopacxo~eH~e B ~eXoTop~rx ~pa3ax A ~ rl A ~, conpo- 

B o ~ a m K ~ e e c a  HaMeHCHrIeM ~KeCTKOI~ HAH qacTrmHo-ynopa- 
¢XozfeHHOl~ cTpyxTypM, o6pa3OBaHHO~ aTOMaMH O~HOFO 
KOMIIOHeHTa. 

rlpm~epbl: TenAoBoe ynop~AoqeHHe B TIBiSe2, Bepo~ITHO 
B T1SbSe v 

KOHIAeHTpaI~HOHHOe ynopa~oqeHr le  B CHCTeMax W - N  
H Mo-N. 

3. 1-IprlMepM TelIAOBOFO ( A u - C u )  HAH KOH~eHTpaI..~HOH- 
rtoro (Fe-A1)(Ag-Cd) ynopacxoqemm B B% B ~, B 3, B t. 

~aAee paccMaTprlBaeTca cTpyxTypHaa xapaxTepHcTrlKa 
ynop~OqCHH}t B yKaSaHHblX CHCTeMax~ 3KCIIepHMeHTaAbH~,Ie 
~aHHI, Ie COIIOCTaBAmOTCa C TeopHe~ ylIopgd~OqeHHa H TeopHeI~I 
XHMHqecKoI~ CB}13H B KpHCTaAAax. 

16-X.3. Electron  diffraction inves t iga t ion  of th iourea  
at 20 °C. and - - 1 4 0  °C. BY B. K. VAINSHTEIN & 
V. F. DVOI~;IANKIN. 

1. Review of X-ray and other  data  on the crystal 
stmmture of thiourea at room temperature.  

2. Electron diffraction investigation of the high- 
tempera ture  phase of CS(NH2),. The influence of dynam- 
ical correction Q on peak's  co-ordinates. The structure of 
thiourea molecule and hydrogen a tom's  positions from 
electron diffraction data.  

3. Crystal chemistry of h igh- temperature  phase of 
thiourea and related compounds.  The hydrogen bonds. 
The packing of molecules. 

4. X-ray and other data  on low-temperature phases of 
CS(NHz) z. The low-temperature electron diffracbion ~ech. 
nique. Electron diffraction investigation of thiourea at 
- 1 4 0  °C. The structure of low-temperature phase and 

hydrogen atoms positions. 
5. The discussion of mechanism of phase transit ion of 

thiourea from paraelectric to ferroelectrie phase. 

1. O63op pCHTreHorpa~h'xtCCKI4X 14 ¢xpyrnx ¢~aHHMX O 
cTpyKType sMcoxoTeMnepaTyprto~l ~a3si THOMOqemmM. 

2. ~AeKTpoHorpa~rlqecKoe rlccAe~oBaHrie BblCOKOTeMIIe- 
paTypHO~ ~baaLi CS(NH2) 2. BA~am~e ¢~HaMH~eCKO~ non- 
paBKH Q Ha Koop~HHaTM aTOMOB. CTpyKTypa MOAeKyAbI 
THOMO~teBI4X-I~I H nOAO~KeHHe BO~OpoAa cOrAacHo DAeKTpO- 
I-IOrp a ~i4xi CCKI~V~ ~aHHbllVL 

3. K p H c T a ~ o ~ e c K o e  paccMoTpemle cTpyKTypLI BbI- 
COKOTeMIIepaTypHoI~ ~a3bi TMOMO~teBHHBI I4 pO~CTBeHHBIX eI4 

coe~rmermfi. Bonpoc 0 B02~0p0~HMx CBa3ax B ~aHHOfi 
CTpyKType. YnaKoBxa MoAeKyA. 

4. PeHTreHorpa~rmecx~e ri ¢xpyrHe ¢XaHHble no HH3KOTe- 
MIIepaTypH~IM ~paaaM CS(NH2)~. AnnapaTypa ¢Xma 3AexTpO- 
Horpa~rI~eCKrlX HCCAed.OBaHHI~ IlprI HH3KHX TeMnepaTypax.  
DAeKTpoHorpa~rmecxoe rlCCAe~oBamle CS (NH2)2 nprI ~ 140 
°C. CTpyKTypa H~SKOTeMnepaTypHofi ~assI T~OMO~eB~HM 
corAacHo ~AeKTpOHorpa~rlqeCKrlM ~aHHI~IM. 1-IoAomeHrle aTO- 
MOB BOcXOpoAa B AaHHOfI ffpa3e. 

5. O6cymcxeH~e MeXaH~3Ma ~a3oBoro nepexo~a TnOMO- 
qeBrmM n3 napa3AeKTprr~ecKoA ~pa3~i, cym£ecTBy~igeA np~ 
KOMHaTHO~I TeMllepaType, B cerHeTO3AeKTpHReCKyIO, CTa6ti- 
A~rlylO Hnme ~140"8 °C. 

17.X.1. Radio frequency  absorbt ion  of i m p e r f e c t i o n s  
in  natural  and synthet ic  a l u m o s i l i c a t e s .  BY V. 
JOFF~, Institute of Silicates Chemistry, Nab Makarowa 
2, Leningrad B-164, USSR. 
No abstract  provided.  

17.X.2. Nuc lear  quadrupole  r e s o n a n c e  i n v e s t i g a t i o n  
of radiat ion d a m a g e  in cr i s ta l l ine  p - d i c h l o r o -  
benzene.  BY A. I. KITAIGORODSKII & E. I. FEDIN.  
Inst. of Elem.-Organic Compounds, Moscow. 
Nuclear quadrupole resonance [1] (NQR) seemed to 

be a fine me thod  for investigation of real crystal. The 
NQR frequency depends upon value of intracrystall ine 
electric field gradient  q, in which nucleus is, a width  of 
resonance line defining by spreading of q from one 
nucleus to another.  That  is why crystalline lattice imper- 
fections influences directly and strongly on NQR signal. 
For example instiling of 1-2% of impuri ty  into lattice of 
invest igated crystal decreases the intensi ty of NQR signal 
in 10 or more times [2]. 

We have used NQR as indicator of radiat ion damage of 
polycrystall ine samples of p-dichlorobenzene, being irra- 
diated by different electron radiat ion doses, energy 
being 750 kV. Frequency modula ted  spectrometer  with 
lock-in detector  and recording mil l ivol tmeter  was used 
[3, 4]. The circuit voltage have been measm'ed contin- 
uously during the experiment.  NQR lines from each sam- 
ple was recorded m a n y  times with following averaging 
of all amplitudes,  error being not  more than  5%. Equal  
weight  samples (4.1 g.) were used. 

The results of exper iment :  (1) There is a saturation,  
when an increasing of satur radiat ion dose does not  
effect on NQR ampli tude.  (2) This saturat ion realizes, 
NQR ampli tude decreasing unexpectedly  little. If  A 0 is 
a NQR ampli tude in unradia ted  sample and A - - a n  

amplitude after achieving of saturation, then A/A0 = 
0.75 in our experiments.  An essential decreasing of signal 
(till A/A o = 0.3) managed  to watch in a sample, being no t  
enough cooled during irradiation forming melt ing centers. 
An overheated irradiated sample has lost both an external  
similarity with unradia ted  crystals and melt ing point, 
NQR frequency being the same. 

Similar saturat ion of radiation damage being registered 
by NQR, was noticed in report  [5], where C0S0-radiation 
was used. This fenomenon was not  explained there. 

I t  can be simply explained suggesting chemical con- 
vertions resulting in NQR frequency shift under  y- and 
fl-radiation may  be unreversibly realized in tha t  places 
of crystal, where packing densi ty is decreased in com- 
parison with ideal lattice (cracks between the  blocks and 
similar regularity disturbances). In  places with normal  
package an ar rangement  of molecular fragments,  formed 
by fl-radiation, remains rigidly fixed and chemical bond 
is instant ly reproduced. With  tha t  point, of view chemical 
convertions may  take place only on the surface of crys- 
talline block where free space is for placing of molecular 
fragments.  I t  is clear tha t  molecular fragments will be 
packed in interblock free space with less densi ty than  
molecules in a crystalline lattice. Volume of these frag- 
ments  as performed calculations show for probable ways 
of chemical convertions of p-dichlorobenzene, coincides 
with tha t  of initial molecules (with error not  exceeding 
2-3%). Thus split t ing of molecules on the block surface 
ceases, when molecular fragments packed with co- 



S U P P L E M E N T A R Y  A B S T R A C T S  (b) 1147 

efficient K will fill the  whole volume formed after de- 
stroying of the block surfaces. The height  of layer on the 
block surface, which will be destroyed till fur ther  chem- 
ical convertions ceases, depends upon interblock spacing. 
There is simple equat ion between those values:  

b = 2nao(Ko/K - 1),  (1) 

where b is the  interblock spacing, a 0 the average molec- 
ular dimension, n is the  number  of destroyed mono- 
molecular layers, is the  packing coefficient of molecules 
in the ideal lattice. For  organic crystals Ko/K <_ 1.25. 

According to suggesting model  a relative decreasing 
of NQR ampli tude mus t  be equal to ratio of number  of 
molecules being on the block surface to whole number  
of molecules in the block: 

(A o - A ) / A  =N1/N . (2) 

One may  correlate the ratio Ns/N with block dimensions. 
If  V is an average block volume and V~ is the  volume of 
its surface layer being destroyed by radiation, then  
NI /N  = Vx/V. Let us assigne tha t  Aa is height  of surface 
layer and a is linear block dimension. Simply speaking 
block has a cubic form. Then Vl=6a2.Aa, V = a  a and 
taking into consideration (2) we have 

Aa/a =~. (A o - A ) / A  o . (3) 

We shall receive a minimal  est imation of block dimen- 
sions suggesting Aa = a  0. Subst i tut ing a molecular dimen- 
sions of p-dichlorobenzene and its uni t  cell volume one 
may  calculate tha t  such block contains 4.104 molecules. 
If  Aa = 3a0, then block contains ~ l0 s molecules. Thus, 
es t imation of block dimensions on the  basis of develop- 
ing suggestion gives sensible results. I t  is interest ing to 
note  tha t  combined consideration of equations (1) and (3) 
results in a conclusion tha t  crack volume occupy ~ 4% 
of whole crystal volume well coinciding with X-ray data.  
One may  conclude tha t  thoroughly grown single crystal 
in which lattice is near  to ideal one, mus t  have more 
resistance to y- and fl-radiation than  polycrystall ine one. 
I t  is interest ing to test  this conclusion experimental ly.  
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S1.X.1. Date  on t h e r m a l  m o t i o n  obta ined  by X - r a y  
spectra l  m e t h o d .  BY I. B. BOROVSKY, Moscow 17 rcn, 
Leninsky Prospect, 49, A. A.  Baikov Institute o] Metal- 
lurgy of Academy of Sciences, USSR. 
:No abstract  provided.  

$2.X.1.  T r a n s l a t i o n a l  s l ip  and latt ice  reorientat ion.  
BY M. V. KLASSE~-:NEKLTJDOVA, Institute of Crystallo. 
graphy, Academy of Sciences of the USSR, Pyzhevskii 
per. 3, Moscow, USSR. 
Different variants  of latt ice reorientat ion resulting from 

non-uniform distr ibution of gliding within a deformed 
crystal were discussed by m a n y  authors beginning with 
N. A. Bril l iantov & I. V. Obreimov. Some of the  proposed 
schemes of the  lattice reorientat ion process have been 
included into different handbooks  though their  val idi ty 
has not  ye t  been exper imental ly  tested. The test  proves 
difficult, as a rule, due to insufficient resolution obtain- 
able with usual methods  applied to s tudying space and t ime 
intervals. The first problem can be solved by using 
modern  techniques of revealing individual  dislocations, 
the  resolution of the  second problem requires the  ap- 
plication of high-speed filming. 

The parallel investigations with X-ray, interferometric 
and optical-polarization methods  as well as by selective 
etching has revealed tha t  in the  NaC1 type crystals the  
formation of desoriented regions previously called 'ir- 
rational twins'  is caused by the fact tha t  in certain crystal 
areas the slip occurs along different glide systems. The 
boundaries of these areas are de termined by conditions 
of deformation compatibi l i ty  (equaIity of tangent ia l  
displacement  on both  sides of the boundary) .  If  the  
boundary  deviates from the correct posit ion macroscopic 
stresses appear on both  of its sides. 

To s tudy the  process of kink formation high-speed 
filming has been used at  the  speed of 5,000 frames/sec. 
To synchronize the  deformation and the  m o m e n t  of 
shooting a compressive impact  load has been employed.  
Applying polarized light permi t ted  to observe stress re- 
a r rangement  (in CsI crystals) and lattice reorientat ion 
(in naphtha lene  crystals) during the compression process. 
Specimen orientat ion has ensured the slip along only 
one of the  possible glide systems; plastic deformat ion 
prior to k ink formation as well as the  process of k ink 
formation itself occurring along the  same glide system. 

K ink  formation is immedia te ly  preceded by sharp 
stress rearrangement .  Slip in the initial k ink band always 
occurs in the  direction opposite to tha t  of the  previous 
plastic deformation.  Then reoriented wedge-shaped re- 
gions are being formed, in each series of successively 
formed wedges the  slip occurring in the  opposite direc- 
tions. If the formation of the  first kink lamella is followed 
by the  formation of a second lamella the  slip in this 
second lamella will spread in the opposite direction. 

Each reversion of slip direction is connected with the  
change of sign of the shear stress in the  direction of glide 
on the glide plane. 

This is due to:  a deflection of loading axis from spec- 
imen axis as a result of plastic distort ion of specimen 
butts ,  b relative displacement of specimen parts separated 
by kink band  due to slip localization in this hand,  
c lagging of k ink boundary  ti l t  in relation to plastic 
deformation run in the  kink band.  

The phenomena  invest igated show the de te rminan t  role 
of stress rearrangement  in the  process of latt ice reorienta- 
tion. 

$1.X.2.  X - r a y  m e a s u r e m e n t  of t h e r m a l  m o t i o n  in 
s o m e  crys ta l s  w i t h  d i a m o n d ,  z incblende ,  w u r z i t e  
and s p i n e l - t y p e  s tructures .  BY N. :N. SIROTA. 
:NO abstract  provided.  

$2.X.2. 0 PACYIPE~EAEHHFI HAI-IP~_.,~KEHI/IffI I4 
3APOZK~EHHH ~HCAOKAI~HIYI YIPH PACYIPOCT- 
PAHEHHI4 TPEII_~FIH B I/IOHHblX KPI/ICTAAAAX. 



1148 S U P P L E M E N T A I ~ Y  A B S T R A C T S  (b) 

M. 17. IHacuoa~cuaa, ~oueum, uanOu3am 96usuuo-~name~amu. 
u¢cuux uayu (ua95eOpa 96uzuuu Mocuoecuoeo Hucmumvma 
Cma:zu um. 14. B. Cmaau,ta). (The Moscow Steel Institute, 
Leninsky  prospect, 6, Moscow, USSR.  
I/lay~amxca x p e ~ H b l  cnafiHOCT~, co3~aBaeM~e ac~yc- 

cTBeHnO ~ xp~cxa~xax NaCI,  KCI  ~ L iF  nyTeu BBeAeH~a 
Ae3BHR HOma. IIpH nocTeneHnoM yBeAHqeHHH Harpy3KH Ha 
AeSB~Ie TpelIA~Ha npoglBaraeTca cKaqKaM~. MeTOgXOM ~pOTOylI- 
pyrocTH noKa3aHo, qTO Ha KOHI~e TpelI~HHI, I BO3HKaeT Rpec- 
Too6pa3naa o6AacTs AoKaA~HOfi KOHI2eHTpalgHa HanpameH~fi. 
rlocAe ¢~OCTHYKeHHR I-IeKOTOporo npe~eABHoro 3Ha~eHHa Ha- 
npameHHfi B BTOI4 o6AaCTH, Tpe~HHa cKaqKOM npOABH- 
raeTca ~ a ~ m e ,  Kon~eHTpa~H~ HanpameHHfi y ee KoH~a 
pe3Ko ocAa6CBaeT, H BO3HHKaeT HOBaa o6AaCTb TaKOfi me 
AOKaAI~HOI~ KOH~eHTpaI2HH HanpameH~fi. H a  nyTH pac- 
npocTpaHmo~efica Tpe~mHSl coxpanamTCa AoRaA~Hsle o6- 
AaCTH OCTaTOqHbIX HaIIpa~KeHH~. 

MeTO~OM H36HpaTeA~noro TpaBAeH~L~ noKa3an% ~TO B 
~TI4X 06AaCTKX BO3I-LVIKaIOT TaK~xe H AoKa~HMe cocpeC~OTO- 
qeHH~I ~HCAOKaI~I4_~I, reoMeTp~a pacnoAomeH~a KOTOpI~IX 
oT~e~aeT reoMeTpH~ pacnpeAeAeHHa HanpameH~A. H a  npo- 
,~oAmen-~ TpelgI4Hl, I 06pa3yeTca pa~ A~tCAOKalg~fi B nAOC- 
KOCT~ (100). Ilpe~;noAaraeTca, ~TO aTe C ~ m ~ e  a~CAO- 
Ka~HH, 06pa30BaBlm~eca npH qaCTtl~inoM CAHRHHI4 TpelI~I~H~,I 
npH nO~OM BOCCTaHOBAeHHH n~eAOCTHOCTII ~p~cTa~xa.TaKoc 
me cA_v/la_vlHe T p e ~ l ~ I  C BOCCTaHOBAeHHeM IgeAOCTHOCTH 
KpHcTaAAa H C paglOM ¢~I4CAOKa~HI~I Ha MeaTs, rae  npoxo~H^a 
Tpell~HHa~ MO~KI-IO IIOAVXttlTB H I4cKyCCTBeHHO. MecTO 3a- 
AeqHBaHI4R TpelJ~HHbI o6Aa~aeT HOBI~IIIIettHOI~I IIpOqHOCTI~IO. 

$2 .X.2 .  T h e  d i s t r i b u t i o n  o f  s t r e s s e s  a n d  t h e  ~ e n e r a -  
t i o n  o f  d i s l o c a t i o n s  c a u s e d  b y  c l e a v a g e  c r a c k s  i n  
i o n i c  c r y s t a l s .  BY M. S~AS~OLSKAYA, Chair of 
Physics, Moscow Steel Institute, USSR.  
Cleavage  cracks  ar t i f ic ia l ly  p r o d u c e d  in c rys ta l s  of 

NaC1, KC1 a n d  L iF  by  inser t ing  a razor  b lade  are  in- 
ves t iga ted .  A g r a d u a l l y  increasfi~g load on the  b lade  
causes  t he  c rack  to  p roceed  by  jmnps .  B y  m e a n s  of t he  
pho toe l a s t i c i t y  m e t h o d  it  is shown  t h a t  a t  t he  end  of t he  
c rack  t he r e  arises a c ross-shaped region of local s t ress  
concen t r a t i on .  W h e n  the  stresses in this  region h a v e  

r e a c h e d  a ce r t a in  l imi t  va lue ,  t he  c rack  j u m p s  f u r t h e r ;  
t he  c o n c e n t r a t i o n  of s tresses a t  its f o r m e r  end  decreases  
a b r u p t l y ,  whi le  f u r t h e r  on t he r e  arises a n e w  reg ion  of 
local stress concen t r a t i on .  Along  t h e  a d v a n c i n g  c r ack  
r ema ins  a succession of local regions of res idua l  stresses.  

I t  is shown  b y  e t ch ing  t h a t  these  regions  coincide  w i t h  
those  of local c o n c e n t r a t i o n  of dis locat ions,  t he  a r r ange -  
m e n t  of t he  l a t t e r  co r respond ing  to  t h e  d i s t r i bu t ion  of 
stresses.  As a c o n t i n u a t i o n  of t he  c racks  appea r s  a row 
of dis locat ions  in t he  (100) plane.  These  are  supposed  
to be sessile dis locat ions,  f o r m e d  by  a pa r t i a l  closing up  
of the  r e t r e a t i n g  crack,  whi le  t he  pe r fec t ion  of t h e  c rys t a l  
is whol ly  res tored .  T h e  same  p h e n o m e n o n  m a y  be caused  
ar t i f ic ia l ly .  

T h e  region of t he  f o r m e r  c rack  is c h a r a c t e r i z e d  b y  in- 
c reased  s t r eng th .  

$2.X.3. C T P O E H I / I E  FPAHI/II~ 3 E P E H  c E P P H T A .  
(Tearlcht ~oKna~a Ha V M e ~ y H a p o ~ n o M  Kot~rpecce 
KpHCTaAAorpadpOB). (On the  n a t u r e  of gra in  b o u n d a r i e s  
in a- i ron) .  Cuauoe I0. A., Oogeum uafeOpr, z pemneeuoepafuu 
u 95usu~cu ~emaaaoe Moc~coecuoeo uu-ma cma.~u. The Moscow 
Steel Institute, Leninsky prospect, 6, Moscow, USSR. 

O6cymuxaeTc~ CTpOeHHe rpaHH~ 3epeH B o6hrqHbIX 
HOAHKpHCTaAAHqeCKHX MaTep~aAax (TeXHiiqecKoe LKeAe30, 
Tpancc~opMaTopHaa CTaA~). YIp•  sAeKTpOHHOMn~pocKo- 
nHqecKoM tIccAe~oBaHtIII MeTOg~OM OTHCqaTKOB rIoAy~IeHbI 
CBILe~eTeABCTBa ynopa~o~ermofi CTpyKTypI, I FpaHrlL~ IlptI 
aHaqrlTeASHblX paaopneHTa.I~rlax 3epeH. BnepB~ie BL~aB- 
AeHI, I rI no~po6HO HccAe~OBaHbI ~MHOrOCTeHOqHbIe(t rpa-  
Hr~SI, T.e. rpaHHt/~, COCTOan~e Ha ~ByX ~ 6ones napaa -  
AeArDrlblX CTeHOK C paapemaeuofi  B ~AeRTpOHHOM MHKpocKone 
~I4CAOKaI~I4OHHOI~ cTpyKTypofi (~I4CAOKaI~HtI BblffBA~IAIICI, no 
ToqKaM TpaBAeHHa B MeCTaX cerpera~rtfi). 

MCTaHOBAeI-IO~ ~ITO MHOFOCTeHOqHOI~ rpai~I~e~ ocym~ecT- • 
BAaeTCa CBa3S Me~x~y Kp~cTaAA~ITaM~ C BecsMa 6oA~mofi 
pa3op~eHT~p0BKOfi (60A~me 20°). PaccuaTp~IBaeTca Bonpoc 
06 yCTOfiqI4BOCTI4 rpaHrt~ ~aHrtoro T~Ina xt o poAl~ aAAOT- 
ponrlnCCKOrO npeBpatt~eH~a B BOSU~K~O~e~I MHOFOCTeHO- 
nHSlX rpaHn~. 


