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The Winter Meeting of the 
American C r y s t a l l o g r a p h i c  
A s s o c i a t i o n .  A lbuque rque ,  3-7 
Apr i l  1972.  

The Winter meeting of the ACA at the 
University of New Mexico and the Hil- 
ton Inn opened with a symposium on 
Experimental and Theoretical Studies of 
the Electron Density in Crystals and 
Molecules which will be published as 
Volume 8 of the Transactions of the 
ACA. The lectures brought together 
quantum chemists, interested in the a 
priori calculation of molecular proper- 
ties, and the growing number of experi- 
mentalists who are attempting to deter- 
mine accurate charge and spin densi- 
ties by diffraction (X-ray, electron, and 
neutron) methods. Since the difference 
in density between the real molecule 
and a molecule composed of non-in- 
teracting atoms is small, great care 
must be exercised in both theoretical 
and experimental approaches. 

The emphasis to date has been on the 
attempts to obtain agreement between 
theory and experiment for small molec- 
ules. Such attempts have led to an 
examination of the validity of various 
approximations in the theory and to the 
critical evaluation of experimental error. 
A number of models for the refinement 
of quantum mechanical parameters from 
the experimental data were suggested 
during the symposium. It appears that 
the purely theoretical approach may pro- 
vide the most definitive results for or- 
ganic molecules containing only a few 
atoms. For larger molecules, however, 
the experimental approach, when prop- 
erly calibrated by comparison with the- 
ory, will probably provide most new in 
formation on complex systems. The im- 
portance of a comparison between data 
from neutron diffraction (scattering by 
nuclei) and from X-ray diffraction (scat- 
tering by electrons) in aiding this cali- 
bration (D1, B3) °, and the beneficial 
effects of data collection at tempera- 
tures approaching 0°K (D3), were rec- 
ognized. 

The proceedings were enlivend by the 
display 'for the first time in public' of a 
real picture of the electron density as- 
sociated with an atom (A2). The photo- 
graph was produced by laser illumina- 
tion of a hologram obtained from an ap- 

* The numbers in parentheses refer 
to the title program at the end of the 
report. 
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propriately modified electron diffrac- 
tion pattern of argon gas. The interesting 
suggestion that a formalism relating the 
second-order density matrix to the X-ray 
structure factors might provide a new 
method of structure factor phase deter- 
mination was made in a post-deadline 
paper (B4). 

In the meeting itself large-molecule 
structural studies were reported (to 2 A 
resolution) on a bacterial ferredoxin 
(L2), in which compact clusters of iron 
and sulphur atoms perform oxidation- 
reduction functions, and (to 2,5 A reso- 
lution) on a flavodoxin (L1), in which 
similar biological functions are per- 
formed by a mononucleotide without 
the participation of a heavy metal. The 
clusters in the ferredoxin consist of two 
interpenetrating tetrahedra of iron and 
labile sulphur atoms respectively, plus 
four cysteine sulphur atoms coordinated 
to each iron atom. In the flavodoxin the 
flavin lies over a tyrosine residue. An- 
other large structure reported on was 
alkaline phosphatase (L7) for which the 
electron density map at 7.7 A resolution 
revealed the site of metal binding and 
the dimer structure. 

There were several themes through- 
out the sessions on organic s t ruc-  
tures. Studies, such as that on the 
naturally occurring antileukemic agent, 
maytansine (C4), C34H46CIN3OI0, re- 
vealed the previously unknown chem- 
ical formula of the molecule as well as 
its absolute configuration. In the same 
way, from other structural work the 
courses of reactions such as the photo- 
dimerization of 3-phenyl-2-cyclo-pen- 
tenone (P9) of the sorption of ammonia 
onto zeolites ( N l l )  were ascertained. 

Many structures, such asthose of the 
alkaloids zygacine ( M 8 ) ,  nupharidine 
(M10) and yohimbin (M9) were deter- 
mined to reveal details of their stereo- 
chemistr ies. Peptides, such as Pro- 
Pro-Gly (L 3) which is a part of a col- 
lagen model), and some nucleosides, in- 
cluding 2-thioisouridine (L8) and 6- 
thioguanosine (L9) (which were inves- 
tigated to determine the effect of incor- 
poration of sulphur) were described. 
The re lat ionship of  the molecular and 
crystal s t ruc tu re  to  various biological, 
chemical and physical propert ies was 
stressed in many reports. Such proper- 
ties included antitumor, antibiotic and 
antimalarial activity, analgetic potency, 
non-reactivity of a double bond (due to 
steric effects), Cotton effect, n.m.r, vici- 
nal proton coupling constants, and di- 
chroism. I n the latter example the yel low- 

red dichroism of a lumiflavin naphtha- 
lene diol complex (El 1 ) was correlated 
with its molecular packing. 

The effect on the molecular packing 
of substitution in a molecule by, for ex- 
ample, sulphur or halogen, was inves- 
tigated. An interesting study of molec- 
ular packing involved crystals of a 1:1 
complex of deoxycholic acid and acetic 
acid (M4). These crystals were shown 
to contain acetic acid molecules, which 
are hydrogen bonded in the same way 
as in the crystal structure of acetic acid, 
and lie in tunnels between sheets of 
deoxycholic acid molecules. No hydro- 
gen bonds, only van der Waals contacts, 
were found between guest and host 
molecules. Structures and conforma- 
tions of several 'overcrowded" mole- 
cules such as tetranitrofluorene deriva- 
tives (P4) and 2-bromo- and 2-methyl- 
hexahelicene (P3), were described. 

Several reviews of related structures 
were given, the most extensive of which 
dealt with the molecular packing of 
some 150 published structures of ster-  
oids (M1).  The dominant feature is a 
tendency to form head-to-tail chains by 
hydrogen bonding. The conformation - 
of the molecule influences the chain 
type. Estranes tend to form extended 
chains, androstanes form twisted chains, 
while pregnanes show helical packing 
with molecular shape bowed toward the 
c( side of the molecule. The relevant 
features will be included in Volume 1 
of Atlas of Steroid Structures which 
should be available by the end of 1972. 

The papers on minerals were con- 
cerned with si te occupancy and dis- 
order. In the zeolite, bikitaite (F1), 
LiAISi206. H20, the lithium ion is tetra- 
hedrally coordinated by three oxygen 
atoms and one water molecule, an un- 
"usual coordination in mineral structures. 
The occupancies of tetrahedral sites in 
orthopyroxenes (F2) and the iron oc- 
cupancies of the octahedral sites in a 
titaniferous clinohumite (F4) were dis- 
cussed. Disordering, such as that of car- 
bonate groups in the layered structure 
of scawtite (F3), 
Ca6Si6Ot8.2H20. CaCO3, was found. 

In the sessions on coord ina t ion  
compounds several structures were de- 
scribed which gave important new evi- 
dence about the geometry of the attach- 
ment of ligands, such as nitrosyl groups 
(H3, H4, H6), to metals. By contrast, 
it was also made clear that sulphur 
dioxide was bound, not to the metal, but 
rather to the halogen in an iodo-plati- 
num complex (H11 ), 
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Pt[P(C6Hs)3]CH31. SO2. Also a correla- 
tion of color of a complex with the 
nature of the coordination about a given 
cation was again stressed and studied. 
~c-Sandwich complexes of uranium(IV) 
and cerium (Ill) with cyclooctatetraene 
and its derivatives (/4, /5) were de- 
scribed and so was the first structure of 
a heptavalent neptunium complex (/6). 

In the session on in te rmeta l l i c  
compounds,  it was stressed that similar 
formulae, space group and lattice par- 
ameters do not necessarily lead to iso- 
morphism, the cases of the non-iso- 
morphous Mg6AI and Mg6Rh being an 
example (K1). Also it was pointed out 
that high thermal parameters may cover 
disorder. 

The structural basis of the metallic 
conductivity found in the newly prepared 
(at 15 to 60 kb) compounds CrP4 and 
MoP4 (N7) was suggested to be the 
rather close approach of the metal ions; 
the Cr-Cr distance, for example, is only 
20% larger than it is in chromium metal. 
Similarly, for Nil/4Pt304 (K2), the Pt-Pt 
distances are almost as short as those 
in platinum metal, while the nickel can 
move through channels in the structure 
to give ionic conductivity. In Eu3As4 
(K4) the structure is based on a unique 
space-filling arrangement of trigonal 
prisms of europium atoms with arsenic 
atoms at the centers of the prisms. The 
As-As distances of 2.29 A are the 
shortest known and may indicate some 
double bond formation. 

Some interesting studies of phase 
changes were presented. The structure 
of 7-uranyl dihydroxide (K10) is com- 
posed of layers of shared octahedra 
composed of two uranyl oxygen atoms 
and four hydroxyl oxygen atoms. A 
hydroxyl group of one layer is hydrogen 
bonded to a uranyl oxygen atom in an 
adjacent layer. This structure is very 
similar to that of the/Y modification, the 
major difference being in the nature of 
the hydrogen bonding. There is a shear 
relation by which the forms can inter- 
convert, but there is no stable region 
where the/~ form is in equilibrium with 
the 7 form. Comparison of structural de- 
tails determined with neutron diffrac- 
tion for wholly, partially and undeut- 
erated YH502(C204)2. H20 (N1) led to 
the conclusion that the order-disorder 
phase transformation took place by an 
inversion of the orientation of the H50~ 
ion (like the inversion of ammonia). The 
inverted fraction was, for example, 8% 
at 25"C and 0% at -155°C.  The struc- 
tures of the high-pressure phases of the 
tetrahedral halides of C, Si, Ge, Sn and 
Ti (G5) were reviewed and the data 

suggested that the stabilities of these 
phases are governed primarily by geo- 
metric packing considerations. 

Papers were presented on several 
fer roe last ic  and fe r roe lec t r i c  com- 
pounds. Crystals whose structures are 
slight distortions of the higher sym- 
metry 'parent structure' (which is usually 
the higher-temperature structure of th3 
same compound) are called ferroelastic 
if mechanical stress causes reversible 
switching between different orienta- 
tions which are symmetrically equivalent 
with respect to the parent structure. The 
atomic shifts involved may only be a few 
tenths of an Angstrom unit. Boracite, 
Mg3BTO13CI (F6, G9), normally trans- 
forms from a high-temperature cubic 
phase to a low-temperature highly 
twinned orthorhombic form, but, on 
cooling a cubic single crystal in a suit- 
ably directed stress field, a single un- 
twinned crystal can be obtained. Sub- 
sequent application of stress in other 
directions causes ferroelastic switching. 
It was shown that the movements of 
boron and oxygen atoms must be con- 
sidered as contributing to the 'ferro" 
(ferroelectric and ferroelastic) effects as 
much as are those of the metal and 
halogen atoms. The structure of 
PbsGe3011 (G7), which is both optically 
active and ferroelectric was reported. 
Domain reversal by an electric field 
causes a reversal of both the polarization 
and the optical rotation, that is, the 
structure is transformed to its own mirror 
image. Slight rotations and shifts in the 
Ge04 and Ge207 groups are involved. 

X-ray radial distribution curves for 
showing ordering detail out to 20 ~, 
were shown for silica glass (N10). To 
obtain such long-range detail, analysis 
techniques similar to those previously 
developed to extract long-range radial 
distribution information from electron 
scattering from gases were applied to 
the X-ray scattering data. This previously 
unreported long-range order  in sil ica 
glass was then related to a tridymite- 
like ordering. 

The rapid progress being made in 
electron-optical d i rec t - imag ing at 
atomic-scale resolut ion is typified by 
two papers (N3, N4) that were given 
on electron microscopy of crystal struc- 
tures at approximately 3 A resolution. 
It was shown with direct-image micro- 
graphs that the nonstoichiometry of 
TiO2.7Nb205, for example, is due to a 
variety of planar defects as well as to 
Wadsley intergrowth defects. 

Mu l t i p le  d i f f rac t ion ,  which takes 
place when two or more Bragg reflec- 
tions occur simultaneously, was re- 

viewed (J1). This effect can cause in- 
correct intensity measurements in struc- 
ture work, but can also serve as a useful 
event for the study of the interaction of 
wave fields in crystals. Its occurrence 
can be predicted easily by use of pro- 
grams which monitor the relation of all 
reciprocal lattice points to the Ewald 
sphere at any given moment. It was 
shown that, for temperature and strain- 
dependent intensity measurements, the 
change in lattice constants or orienta- 
tion can cause additional unsuspected 
multiple reflections (J3). 

Methods for high speed data col- 
lec t ion were discussed including the 
storage and matching (retrieval) of film- 
recorded powder patterns (J7, J8) ,  a 
computer-controlled single-crystal dif- 
fractometer (J9),  where the emphasis 
was on checking drifts in standard peak 
positions rather than intensities (i.e. be- 
fore intensity changes occur), and a 
high speed, multiple detector, comput- 
erized data acquisition system for pro- 
tein intensity measurements (J10). It is 
estimated that, for the latter, 12000 re- 
flections per hour can be measured with 
adequate spatial resolution. 

In a session on current advances in 
computa t iona l  procedures,  attempts 
to improve the accuracy of tangent for- 
mulae were described (O1). A method 
for specifying the enantiomorph in polar 
space groups such as P21 was detailed 
(02, 03). Specific classes of reflections 
were employed in the structure-invariant 
relationships to provide distinct enan- 
tiomorph discrimination. These classes 
of reflections were deduced through the 
calculation of structure invariant cosine 
averages. This work, with a 78-atom 
problem as an example, demonstrated 
the power of current direct methods in 
the determination of larger molecular 
structures. It was also demonstrated that 
direct methods, well proven with X-ray 
analyses, may be applied to neutron data 
with equal confidence (05). Descrip- 
tions were given of the use of anomalous 
dispersion data (07), collected at several 
wavelengths or used together with the 
tangent formula (06) as a means of 
solving the phase problem. 

Two cases of three independent struc- 
ture refinements on a given compound 
were discussed (08, P12) and the use 
of the method of normal probability 
plots was suggested in compar ing the 
results. 

This report was made possible by 
help from L. D. Calvert, W. H. De Camp, 
J. R. Clark, H. Cole, S. R. Hall, W. C. 
Hamilton, K. A. Kerr, M. V. King, E. C. 
Lingafelter, J. A. McGinnety, P. J. 
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Shlichta and R. A. Young, whom I 
thank. 

JENNY PICKWORTH GLUSKER 

The Institute for Cancer Research 
Fox Chase 
Philadelphia 
Pennsylvania 19111 
U.S.A. 
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A1 Electronic charge distributions and 
chemical bonding in simple mol- 
ecules. P. E. CADE 

A2 Determination of electron distri- 
butions by electron diffraction. L. 
S. BARTELL 

A3 Experimental spin densities. R. M. 
MOON 

B1 Aspects of the electron density 
problem. Theoretical and experi- 
mental. W. N. LIPSCOMB 

B2 Alternatives in the comparison of 
experimental and theoretical 
charge densities. P. COPPENS 

B3 Charge density distribution in te- 
tracyanoethyleneoxide by differ- 
ence Fourier techniques and pop- 
ulation refinement of the diffrac- 
tion data. D. A. MATTHEWS & G. D. 
STUCKY 

B 4  MASSA (Post-deadline paper) 
Cl  The crystal structure of 1,3-O-o- 

mannitol borate monohydrate, 
[1,3- (hydroxyborylene)- D-man- 
nitol monohydrate]. J. C. WAL- 
LACE 

C2 The crystal structures of two 
Schiff's bases - N-benzylidene-p- 
bromoaniline and N-(2-naphthyl- 
methylene)-p-bromoaniline. B. T. 
BLAYLOCK & R. F. BRYAN 

C3 The structure of two biologically 
interesting molecules. W. H. WAT- 
SON, J. E. WHINNERY & K. C. GO 

C4 Crystal and molecular structure of 
maytansine. R. F. BRYAN, C. J. 
GILMORE & R. C. HALTIWANGER 

C5 A comparison of two anthracene 
alkylating agents, ICR 489 and 
ICR 450. A. CHOMYN, J. P. 
GLUSKER, H. M. HERMAN & H. L. 
CARRELL 

C6 The structure and absolute config- 
uration of pactamycin. X-ray anal- 
ysis of desalipactamycate tosylate. 
D. J. DUCHAMP 

C8 The crystal and molecular struc- 
ture of alpha promedol alcohol. 
W. H. DE CAMP & F. R. ARMED 

C9 The crystal structure of heliotrine: 
A pyrrolizidine alkaloid (mono- 
ester). S. WODAK 

C10 Crystal and molecular structure of 
barium 2-sulfuryl-L-ascorbate di- 
hydrate. B. W. MCCLELLAND & J. 
R. EINSTEIN 

C l l  Molecular and crystal structures 
of two compounds of pharmaceu- 
tical interest. D. B. COSULICH & F. 
M. LOVELL 

D1 Refinement of the structure of 
sucrose. J. C. HANSON, L. C. SIL- 
KEN & L. H. JENSEN 

D2 The crystal structure and electron 
distribution of 1 ,l '-azobisdicarba- 
Tide and acetylene dicarboxylic 
acid. D. T. CROMER &A. C. LARSON 

D3 The use of liquid-helium data in 
charge density studies: p-nitro- 
pyridine N-oxide. F. K. Ross & P. 
COPPENS 

E1 Crystal and molecular structure of 
2,2,3,3,4- pe nta methyl- 1 - phenyl- 
phosphetane-l-oxide. A. FITZGE- 
RALO,C.N.CAUGHLAN & G.D.SMITH 

E2 The crystal structure of bis-p-meth- 
oxy-phenyl 2,5-furandicarboxyl- 
ate.W.C.BRYSON & S.H.SIMONSEN 

E3 The molecular structure of ethyl 
2 - amino - 4,5,6,7 - tetrahydroben- 
zo [b]thiophene-3-carboxylate. S. 
H. SIMONSEN 

E4 The structures of pyridine and 
isoquinoline fluvalenes. G. L. 
WHEELER & H. L. AMMON 

E5 Aminopentafulvenes. 5-ring bond 
lengths. N.M.R. coupling con- 
stants and rotational energies. H. 
L. AMMON, G. L. WHEELER & L. A. 
PLASTAS 

E6 The structure of exo-2-methoxy- 
3- aza- 4- keto-7,8- benzobicyclo- 
[4.2.1]nonene. P. H. WATTS JR, 
H. L. AMMON, P. H. MAZZOCHI, H. 
J. TAMBURIN & W. J. KOPECKY 

E7 Crystal structures of two photo- 
products of N-chloroacetyltyra- 
mine. D. S. JONES & I. L. KARLE 

E8 The crystal structures of two anti- 
malarials. L. A. PLASTAS & H. L. 
AMMON 

E9 The crystal and molecular struc- 
tures of three compounds derived 
from a benzodiazepine. Co G. 
CHILDESTER, D. J. DUCHAMP & J. 
SZMUSZKOVICZ 

E1 1 The crystal structure of the orange 
molecular complex lumiflavin bis- 
(naphthalene-2,3-diol) trihydrate. 
C.J.FRITCHIE JR.& R.M.JOHNSTON 

E12 Crystal structure of bis-10-me- 
thyl-i-alloxazine sesqui [silver(I)] 
perchlorate hydrate. G. D. SPROUL 
& C. J. FRITCHtE JR 

F1 The crystal structure of bikitaite. 
V. KOCMAN, J. C. RUCKLIDGE & 
R. I. GAIT 

F2 Tetrahedral sizes of orthopyrox- 
enes and silicon-aluminum order- 
ing. H. TAKEDA 

F3 The crystal structure of scawtite. 
J. J. PLUTH & J. V. SMITH 

F4 The crystal structure of a titanifer- 
ous clinohumite. J. C. RUCKLIDGE 
& V. KOCMAN 

F5 The crystal structure of gladite, 
PbCuBisSR. I. KOHATSU & B. J. 
WUENSCH 

F6 Borate framework of boracite and 
its relationship to the ferroelectric 
effects. E. DOWTY & J. R. CLARK 

F7 Fully automated computer con- 
trolled laboratory. M. SLAUGHTER 
(Post-deadline) 

G1 Concept of lattice. F. E. WANG & 
J. R. HOLDEN 

G2 Definition and determination of 
derivative lattices. A. D. MIGHELL 
& A. SANTORO 

G3 Application of derivative lattices 
to the determination of coinci- 
dence-site lattices. A. SANTORO & 
A. D. MIGHELL 

G4 Diamorphism in the three colored, 
crystallographic, point groups. D. 
HANKER 

G5 Packing of tetrahedral molecules 
in molecular crystals. G. J. PIER- 
MARINI & S. BLOCK 

G6 Structural relationships of com- 
pounds A2BX4 and A2BX3. W. 
EYSEL & T. HAHN 

G7 Domain patterns and crystal struc- 
ture of PbsGe3Ozl, an optically- 
active ferroelectric. J. P. DOUGH- 
ERTY, E. SAWAGUCHI, C. N. W. 
DARLINGTON & R. E. NEWNHAM 

G8 Neutron diffraction study of vana- 
dium deuterides at various temper- 
atures. M. H. MUELLER, D. G. 
WESTLAKE & H. W. KNOTT 

G9 Ferroelastic reorientation and de- 
twinning in synthetic boracite. L. 
P. TORRE, S. C. ABRAHAMS, R. L. 
BARNS & K. NASSAU 

G 10 New ferroelastic crystals - predic- 
tions and verification. S. C. ABRA- 
HAMS 

G l l  A disordered structure - octaflu- 
oronapththalene. G. S. MANDEL & 
J. DONOHUE 

H1 The structure of (bicyclo[6.2.0]- 
deca-2,4,6-triene) hexacarbonyl- 
diiron, (CloH12)Fe2(CO)6. F. A. 
COTTON & B. A. FRENZ 

H2 The crystal structures of the green 
and the orange forms of bis(5,5'- 
diethylbarbiturato) bis (imidazole) 
nickel(It). B. C. WANG 


