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S1.18 .  T h e  i n f l u e n c e  o f  t h e r m a l  m o t i o n  o n  s t r u c t u r e  
d e t e r m i n a t i o n  o f  l i n e a r  m o l e c u l e 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 .  B y  O. BASTIA-~SEN & M. 
TRzETTEBEP.G, I*~stitutt for teoretisk tjemi, Norges tek- 
niske Hogskole, Trondheim, Norway. 
I n  the  s t u d y  of d i m e t h y l d i a c e t y l c n e  i t  was  d i scovered  

t h a t  the  obse rved  n o n - b o n d e d  C-C d i s t ances  were  s h o r t e r  
t h a n  t h a t  ca lcu la ted  s m n m i n g  up  the  observed  bond  
d is tances .  T h o u g h  the  effe('t  was smal l  i t  a p p e a r e d  to be  
real,  a n d  i t  was  a t t r i b u t e d  to ou t -o f - l inca r i ty  v ib ra t ions .  
I t  was  fo lmd w o r t h  whi le  to  s tu( ly  th i s  effect  in o t h e r  
molecules  wi th  l inear  equ i l i b r i m n  con fo rma t ion .  The  
effect  has  been  obse rved  in a l lenc a n d  b u t a t r i c n e ,  a n d  for  
these  molecules  q u a n t i t a t i v e  d a t a  for t he  effect  were 
ob t a ined .  I f  t he  effect  is neglec ted ,  l inear  molecules  
a p p e a r  ben t .  T h e  ou t -o f - l inea r i ty  v i b r a t i o n s  will com- 
p l ica te  s t ru( . turo d e t e r m i n a t i o n s  of l inear  molecules  us ing  
a spec t roscopic  m e t h o d  based  u p o n  m e a s u r e m e n t s  of 
m o m e n t s  of iner t ia .  T he  ave rage  m o m e n t  of ine r t i a  a b o u t  
a n  axis  p e r p e n d i c u l a r  to  the  molecule  will be  a t r i f le  
smal le r  t h a n  for the  p r e s u m e d  st iff  model .  

The  effect  m i g h t  obscure  e lec t ron-d i f f rac t ion  de ter -  
ru ina t ion  of s l ight ly  b e n t  molecules ,  as these  are  diff icul t  
to d i s t ingu i sh  f rom l inear  molecules  w i t h  a large out-of-  
l inea r i ty  a m p l i t u d e  of v ib ra t ion .  One  ease t h a t  wa,s 
supposed  to be  on t he  l imi ts  of t he  two a l t e r n a t i v e s  is 
p r e s e n t e d  b y  t he  molecule  of d i s i ly le the r  s tud ied  b y  
V. Ewing.  I t  can  be  shown  t h a t  th is  molecule  is m o s t  
l ikely b e n t  also in the  equ i l i b r ium confo rma t ion .  

Likely  to be  pub l i shed  in Acta Chem. Scan& 

S I . 1 9 .  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  i n  c a r b o n  s u b o x i d e .  B y  H .  BREED, O. BA- 
STIANSE-N" & A. ALMENNINGE-N', Institutt for teoretisk 
l, jemi, Norges tekniske ttogskole, Trondheim, Norway. 
The  sec tor  m e t h o d  of e lec t ron  d i f f rac t ion  ha s  been  used 

to r e inves t iga t e  the  molecu la r  s t r u c t u r e  of c a r b o n  sub-  
oxide t h r o u g h o u t  t he  r ange  of s f rom 2 to 65 ~ - 1  (where 
s = ( 4 n / ) . )  sin 0). Fou r i e r  t r a n s f o r m a t i o n  of th is  d a t a  
shows t he  C = C  d i s t ance  well  resolved  f rom the  C = O  
dis tance .  The  overa l l  l eng th  of t he  molecule ,  a n d  t he  
d i s t ances  f rom firs t  to th i rd ,  a n d  f i rs t  to  fota ' th  a t o m s  are  
d i s t inc t ly  less t h a n  t he  s u m  of t he  ind iv idua l  c o m p o n e n t  
C = O  a n d  C = C  dis tances .  T h e  effect  is r ep roduceab l e  
a n d  more  t h a n  a n  order  of m a g n i t u d e  larger  t h a n  t he  
unce r t a in t i e s  in t he  e x p e r i m e n t .  I n  c a r b o n  subox ide  t he  
effect  is la rger  t h a n  t h a t  obse rved  in allene, b u t a t r i e n e ,  
a n d  d ime thy ld i ace t y l ene .  Ca rbon  subox ide  seems to 
r ep re sen t  a case where  i t  is d i f f icul t  to  d i s t ingu i sh  be- 
tween  a l inear  molecule  w i th  a large ou t -o f - l inea r i ty  am-  
p l i t ude  of v ib ra t ion ,  and  a molecule  wi th  b e n t  equi l ibr iuzn 
conf igura t ion .  

Like ly  to be  pub l i shed  in J. Chem. Phys. 

S I . 2 0 .  T h e  e f f e c t  o f  t e m p e r a t u r e  o n  t h e  m e a n  s q u a r e  
a m p l i t u d e s  o f  v i b r a t i o n  o f  PCI a. B y  KEN.~E'rH l I E n -  
nERO & M.(CHIO IWASAKI, Delmrtment of Chemistry, 
Oregon State College, Corvallis, Oregon, U.S.A. 
A l t h o u g h  one expec t s  a n  incrca.sed t e m p e r a t u r e  to  

increase  t h e  m e a n  squa re  a rnp l i tudcs  of v i b r a t i o n  of 
nmlecules ,  t he  effect  is too smal l  to  h a v e  been  e v i d e n t  

f rom e lec t ron  d i f f rac t ion  dave  in t he  pas t .  R e c e n t  im- 
p r o v e m e n t s  in e x p e r i m e n t a l  t echn iques ,  however ,  y iehl  
a c c u r a t e  i n t e n s i t y  d a t a  ove r  a m u c h  larger  s c a t t e r i n g  
angle,  a n d  i t  s eemed  w o r t h w h i l e  to  i nves t i ga t e  t he  effect  
of t e m p e r a t u r e  anew.  

Our  d a t a  were t a k e n  a t  27 a n d  232 °C. in t he  Norweg ian  
a p p a r a t u s  f rom gaseous  l)Cla, a molecule  of we l l -known 
s t r u c t u r e  a n d  t h o r o u g h l y  s tud ied  v i b r a t i o n a l  s p e c t r u m ,  
a n d  w i th  a t o m s  of a t o m i c  n u m b e r s  so close as to m a k e  
t he  effect  of p h a s e  sh i f t  negligible.  T h e  d a t a  were r educed  
in t he  usual  way  and  rad ia l  d i s t r i b u t i o n  cu rves  ca lcu la ted  
f rom the  r e su l t ing  i n t e n s i t y  curves .  

W e  f ind PCl z to  h a v e  the  s ame  s t ruc tu re ,  w i th in  ex- 
p e r i m e n t a l  error ,  a t  t he  two t e m p e r a t u r e s  (rp-cI =2 .039  
and  2.044:3~, a n d  r c l . . . o = 3 " 1 3 1  a n d  3.138 :~. a t  27 and  
232 °C., r e spec t ive ly  (in good a g r e e m e n t  w i th  t he  corre- 
s p o n d i n g  g r m m d  s t a t e  m i c r o w a v e  va lues  2-043 a n d  
3.134 3~); however ,  t h e r e  is a cons ide rab le  d i f ference in 
t he  roo t  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  for b o t h  
t h e  P-C1 a n d  C l . . . C l  d i s t ances :  a t  27 °C. t he  pre- 
l im ina ry  va lues  are  rcspe(: t ively 0.050 a n d  0.081 _~., a n d  
a t  232 cC. 0.059 a n d  0.111 3~. These  resu l t s  are  in fa i r ly  
good a g r e e m e n t  wi th  p red ic t ion  f rom spec t roscopic  d a t a .  

P r o b a b l e  p u b l i c a t i o n :  J. Chem. Phys. 

S1 .21 .  D e t e r m i n a t i o n  o f  p o t e n t i a l  c o n s t a n t s  f o r  PCI  s 
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  d a t a  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 .  B y  MACHIO IWASAKI & KEN- 
NE'£II HEDBERG, Department of Chemistry, Oregon State 
College, Corvallis, Oregtm, U.S.A. 
V i b r a t i o n a l  p o t e n t i a l  c o n s t a n t s  are  usua l ly  d e t e r m i n e d  

f rom the  f requencies  of n o r m a l  v ib ra t ions .  Most  o f ten  
these  are  n o t  suff ic ient  to  d e t e r m i n e  c o n s t a n t s  for a 
genera l  q u a d r a t i c  p o t e n t i a l  func t ion ,  so t h a t  e i t he r  a 
s impl i f ied  field m u s t  be  a s s u m e d  or d a t a  m u s t  be  ob- 
t a i n e d  for  i sot ropie  spe(.'ies. 

T h e  r ecen t  d e v e l o p m e n t s  in gas  p h a s e  e lec t ron  diffrac- 
t ion  t echn iques  h a v e  m a d e  i t  possible  to  d e t e r m i n e  m c 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  w i th  h igh  accu racy  a n d  
i t  has  been  shown  that,  these  are  in genera l ly  good agree- 
m e n t  w i th  those  ealculate( t  f r om a s sumed  p o t e n t i a l  
func t ions .  B u t  it seems especial ly  a t t r a c t i v e  to comb ine  
t he  m e a n  a m p l i t u d e s  of v i b r a t i o n  f rom e lec t ron  diffrac-  
t ion  w i th  t he  v i b r a t i o n a l  f requencies  a n d  to a t t e m p t  to  
d e t e r m i n e  p o t e n t i a l  c o n s t a n t s  d i rec t ly .  

PCI a was  chosen  for  th i s  s t u d y  because  ( l )  t he  com- 
pl i ( 'a t ing phase  sh i f t  is negl igible  (see precee( t ing a b s t r a c t ) ,  
(2) the  g e o m e t r y  is qu i t e  favorab le ,  i.e., t h e  ch lor ine  a t o m s  
are  far  enough  a p a r t  so t h a t  s ter ic  effects,  which  m i g h t  
l)c ref lected in d i s t o r t e d  rad ia l  d i s t r i b u t i o n  c u r v e  peak  
shapes ,  would  be  smal l  a n d  (3) t he  four  we l l -known 
v i b r a t i o n a l  f requencies  a n d  t he  two m e a n  s q u a r e  am-  
pl i tu( tes  p e r m i t  e v a l u a t i o n  of the  six c o n s t a n t s  in the  
genera l  quml ra t i c  p o t e n t i a l  func t ion .  The  proce( ture  was 
to ca lcu la te  t he  va lues  of t he  roo t  m e a n  s q u a r e  displace-  
m e n t s  for each  d i s t ance  w i th  t he  four  f u n d a m e n t a l  
f requencies  by  m e t h o d s  s imi la r  to  those  (le~neribed b y  
Merino,  Kuchi t ,su  & S h i m a n o u c h i  (J. Chem. Phys. (1952), 
20,  726) or  Cyvin  (p r iva t e  c o m m u n i c a t i o n ) .  Con tours  
co r r e spond ing  to tbezse wflues were p lo t t ed  as a f unc t i on  
of two c o n v e n i e n t  p o t e n t i a l  c o n s t a n t  p a r a m e t e r s  for 
compar i son  w i t h  t he  obse rved  values .  ~Ve f ind t h a t  ou r  
p r e l i m i n a r y  obse rved  values  of 0.050 a n d  0.081 z~ for 


