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PS16.03.15 CRYSTAL GROWlH AN"D X-RAY STRUCTURE 
DETERMINATION OF A SERIES OFBIOLOGICALLYJNTER
ESTING COlYIPOUNDS. Janet M. Moloney, J. A. K. Howard, R. 
Cochlin, W. J. FeasL 01emisuy Deparm1ent, University ofDurham, South 
Road, Durham, DH1 3LE, UK. 

C1ystallogenesis has assumed increasing importance over the past 
decade. Tlus is chiefly because many large molecules can be obtained as 
highly pure single crystals for diffraction studies!. T11erefore, the weak 
intermolecular interactions wluch govem solid-state suucture can be 
characterised accurately. 

T11e c1ystallization of peptides and organic molecules is challeng
ing due to the high percentage of lattice solvent weak intem1olecular 
interactions, pH dependency and and linuted solubility in aqueous sys
tems in many cases. T11e synthetic methodology and background theory 
of c1ystal growth will be discussed fully. 

The C1ystc1l. stmctmes of three related branched cyclopentadienyl 
compounds, dete1mined fi·om low temperature (l50K) on a Siemens 
SMART diffractometer with area detector will be provided. T11e sinulari
ties of these compounds will be compared and details of solid-state pack
ing will be provided. 

References: 
1. Crystallization of Nucleic Acids and Proteins: A Practical Approach. 

Ducmix, A.; Giege, R. 

PS16.03.16 THE RESEARCH lYillE SYSTEM WITH TWO lYlU
TUALLY SYNCHRONIZED MODULATED MOLECULAR 
BEAMS. AlmN. Sen'ko*, Yu.A. Gel' man, A.A. Chemov,A.F. Sen'ko*, 
Yu. M. Dymsluts, Institute of Crystallography, Russian Academy of Sci
ence, Moscow, 117333, Russia, * Grodno State University, Grodno 
230023, Bela1us 

The 3 chamber setup to study growth processes of the A2B6compounds 
by MBE have been designed and builL There are 4 molecula1· bea111 sources 
based on effusion cells. Two sources are equipped with beam choppers. 
T11e stabilized chopping fi·equency va1ies from 1OHz to 1kHz. Reflected 
a11d reevaporated fluxes are detected by QMS and multicharmelill1alyz
e~: Chopped beams are ain1ed at studying adsorption, sticking coeffi
cients, smface nucleation a11d a11other i'vlBE growth processes. Growth 
cha111ber is equipped by RHEED setup \vitl1 a system to record the RHEED 
oscillations and Ah03 viewport wich allows one to study how in situ 
sa1nple illumination by tl1e UV and visible light (A.=250-4500nm) influ
ences on tl1e condensation process of thin films. T11e a11alytical cha1nber 
is equipped by RHEED, .AES, QMS and duoplasmatron Ar+ ion gun. 
The pumping system allows to achieve the residual gas pressme -1 (}I o 
TOIT. 

PS16.03.17 SYNTHESIS, STRUCTIJREAND PROPERTIES OF 
Ba2Cu3Cl204. Zlugang Zou* and Hiroyuki Hmiuclu, Mineralogical 
Institute, Graduate School of Science, University ofTokyo, 7-3-1 Hongo, 
Bunk)'o-ku, Tokyo 113, Japa11; Kunilllko Okaa11d Yoshikazu Nishilma, 
Elecu·on physics section, Physical science division, Electroteclnucal Labo
ratmy, 1-1-4 Umezono, Tsul.LJba Ibaraki 305, Japa11. *Present address: 
Electron physics section, Physical science division, Electro technical Labo
ratmy, 1-1-4 Umezono, Tsukuba Ibaraki 305, Japan. 

Single Cl)'Stals of a new ba1ium copper oxychlmide, Ba2Cu3Cl204 
were groW11 in a Ba(OH)r KCl fllL'<. Through the use of single crystal X
ray diffi·action method, it was found that the compound has 4/nmm1 Laue 
synnnetry. T11e crystal structure was refined in \,he space group I4/mnm1, 
and lattice constants a=5.519(l), e=13.834(2)A, Z=2. wR=10.1 %. The 
structure is cha1·acterized by infinite layers of [Cu02l which a1·e perpen
dicular to the c-axis. The closest Cu-Cu distc1nce is 2.7595(2)A. Tl1e Cu-
0-Cu a11gles a1·e 9 0.64(3) and 178.72(2)0. Ba2+ is coordinated to fom 
02. ions of a square. The melting temperatllre of the Ba2Cu3Cl204 is 
715.0°C. This sample is an insulator. Magnetic properties of the single 
crystal were also measured. 

Crystal Growth IV 
Controlling & Predicting Crystal Morphology 

MS16.04.01 DETERlYIJNATION OF THE CRYSTAL GROWTH 
lfu'ITS BY GRAZING INCIDENCE X-RAY DIFFRACTION 
(GIXD) AI'I/D AFM. David Gidalevitzi', Robe1tFeidenhans'lt and Leslie 
Leiserowitzt. tDept. of Materials & Interfaces, The Weizma1111 Inst. of 
Science, Israel: +Dept.of Solid State Physics, Ris0 National Laboratmy, 
Denma1-k. 

Molecula1· C!)'Stal grmvth in solution tal(es place at the crystal-fluid 
inte1face. The local structme at tl1is bounda1y plays a p1imal)' role in 
detemuning tl1e composition, growth a11d habit of tl1e crystal. In tlus study 
we apply GIXD to probe tl1e smfaces of orga11ic molecula1· crystals a11d 
tl1eir grov.1:h a11d dissolution inte1faces. 

We shall show tl1at GIXD a11dAFM may be used to adva11tage in a 
complemental)' manner to detem1ine close to atonuc resolution the 
structure of tl1e crystal-fluid interface of ~-alanine and tl1e ex-form of 
glycine dlliing growtl1 a11d dissolution, and so provide infmmation on tl1e 
crystal growth units. We addressed p1incipal questions of c1ystal growtl1 
as to tl1e molecula1· 31Till1gement of tl1e growing ciystc1l smface and tl1e 
structme of tl1e "building muts" wluch dock fi-om solution onto tl1e growing 
ciystc11 smface. 

T11e ciystals of ~-alanine (+H3NCH2CH2C02.) and tl1e ex-fmm of 
glycine (+H3NCH2C02.) are composed of zwitte1ionic molecules 
interlinked by str·ong N-H .. O hydrogen bonds into centr·osy1mnetric 
bilayers. AFM revealed tl1at botl1 dissolution and gro~vtl1 proceed as step 
flow wi~1 a11 average nunimal step height of 7±0.5A for ~-alanine a11d 
5.7±0.5A for ex-glycine, wluch cmTesponds to two molecula1·layers. The 
GIXD experiments on tl1e (0 1 0) face of ~-almline on dissolution and the 
(010) face of ex-glycine on growtl1 showed tl1at during tl1e X-ray datc1 
collection tl1e smface termination of tl1e c1ystals con·esponded to bilayer 
smface truncation and did not cha11ge witl1 tin1e. The results described 
here me compatible witl1 a model in wluch tl1e molecules of ~-alanine 
and glycine effectively dock or leave the crystal surface as cyclic 
hydrogen-bonded dimers. 

MS16.04.02 INTERDIGITATED CHIRAL ARCHITEC
TURES AT AIR/LIQUID INTERFACE Ivan Kuzmenko, Ronitl1 
Buller, Meir Lahav, Leslie Leiserowitz, Dept. of 
Materials&Interfaces, The Weiz111ann Inst. of Science, IsraeL 
K.Kja:r, Dept.of Solid State Physics, Ris0 National Laboratory, 
Denmark. J.Als-Nielsen, Niels Bohr Insitute, H.C.Orstead 
Laboratory, Denmark. 

The design of supramolecular motifs requires 
complementill·ity and strong interactions between the molecules 
to "cement" the various building blocks. Among possible motifs, 
interdigitated bilayers a1·e of importance since they constitute the 
walls of bio- and a1·tificial membranes.(]) 

A principal way for devising new materials involves the self
assembly of molecules at inte1faces. Here we propose an approach 
for the design of crystalline interdigitated multilayers, composed 
of chiral molecules A and B, where A is a water-insoluble molecule 
composed of a long hydroca1·bon chain and a hydrophilic headgroup 
of acid chmacter and B is a water-soluble base. The acid-base 
complementm·ity should ensure alternating juxtaposition between 
the A and B units within each layer, whereas interdigitation of the 
hydrocmbon chains of the A molecules would promote multilayer 
arr-angement. Molecula1· chirality of both components, yielding 
diastereomeric arrangements, is an additional variable. The 
phenylethylamine mandelates(2) were chosen as suitable templates 
satisfying the above criteria. 

The chiral amphiphile, R-p-pentadecylmandelic acid, (R-Cis
MA), when compressed over a 0.008M aqueous solution of chiral 
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R-phenylethylamine (R-PEA), fom1ed an interdigitated uilayer film 
(R-C1s-MA, R-PEA), which is crystalline, but for the alkyl p
C15H31 chains at the top smface of the film. By comparison, the 
amphiphile R-C 15-MA over an S-PEA solution formed, on 
compression, a (R-C1s-MA, S-PEA) bilayer which is neither 
crystalline nor interdigitated. An analogous result was obtained 
for the bimolecular system in which the hydrocabon chain was 
attached to phenylethylamine only. The formation and packing 
anangements of these multilayers will be discussed.(3) 

The major tools applied for structure elucidation were grazing 
incidence X-ray diffraction and atomic force microscopy. 

l.J. L. S!a.ter, C. H. Huang, Prog.Lipid.Res. 27. 325 (1988). 
2.M. C. Brianso, lvl. Leclercq, J. Jacques, Acta Cryst. B35, 2751 
(1979); S. Larsen, H. L. Diego. Acta Clyst. B49, 303 (1993). 
3.I. Kuzmenko, R. Buller, K. Kjaer, J. Als-Nielsen, lvl. Labav, L.Leiserowitz, 
to be submitted for publication, (1996). 

MS16.04.03 MORPHOLOGY CONTROL PER COMPUTER: 
PRESENT AND FUTURE. F.J.J. Leusen, Molecular· Simulations 
Inc., 240/250 The Quorum, Barmvell Road, Camblidge CBS SRE, 
United Kingdom 

Although the ability to predict crystal morphology was established 
several decades ago, there is still no reliable and generally applicable com
putational approach to predict, quantitatively, the effects of the growth 
medium on crystal morphology (e.g., effects of solvents, additives, impuri
ties, etc.). 

Procedmes to accurately evaluate the effect of a solvent or additive 
on morphology exist [e.g., 1], but they are exu·emely complicated and not 
yet automated; application requires a lot of time and expertise. Some of 
these procedures will be discussed and illustrated with application examples. 

The incorporation of these procedmes into existing computational 
approaches to predict morphology is now becoming feasible due to the 
compute power of modem computers and the development of new algo
rithms. An automated computational tool to predict the effect of solvents 
and additives on the morphology ofboth organic and inorganic crystalline 
solids can thus be envisioned - possible approaches and pitfalls will be 
discussed. 

[1] X.Y. Liu, E.S. Boek, W.J. Briels and P. Bennema Nature, 374:342 (1995) 

MS16.04.04 THE DESIGN OF LATTICES FROM DNA 
BRANCHED JUNCTIONS: PRINCIPLES AND PROBLEMS. 
N.C. Seeman, J. Qi, X. Li, X. Yang, B. Liu and H. Qiu, Chemisl1)' Dept., 
New York University, New York, NY 10003, USA. 

A significant goal of C!)'Sta.llography is 3-D structmal control that 
enables the constr1.1ction of both individual objects and periodic matter. 
There are at least three elements necessar)' for the contr·ol of3-D str1.1ctme: 
[1] The predictable specificity of interactions between components: [2] 
the sl11.1ctural predictability of intennolecular· products; and [3] the 
structmal rigidity of the components. TI1e first 1:\vo of these elements 
allow for topological contr·ol over the products of assembly, in the senses 
both of the connectivity of the molecular graph and of the linking of 
plectonemic substructures. The third element, strl.ICtmal rigidity, appear-s 
to be needed to fab1icate tar-gets that contain symmetry; hence it seems to 
be particularly important for the construction of periodic net\vorks, whose 
components exhibit tr·anslational symmetry. We are pursuing these ends 
with synthetic DNA branched junctions. Ligating branched structures 
generates stick-figures whose edges ar·e duplex DNA. and whose ve1tices 
are branch points. Control of topology (elements [1] and [2] above) in 
tllis system is str·ong, ar1d it has allowed us to build DNA molecules 
whose heli'<. axes have tl1e connectivities of a cube (1 below) and of a 
tr1.mcated octahedron (2 below). To construct lattices, we have sought 
1igid components, by using DNA triangles whose branches ar·e bulged 
jlmctions. By altemating triangles with tl1e bulges on tl1e inside (1) and 
outside (0) strands, one generates a module witl1 a reporter strand (dark 
str·and in 3 below), whose fate reflects the 1igidity of the complex in 

ligation closme expeiiments. We have peifmmed such expeJiments with 
the components of 3, ar1d find tl1at tllls system does not satisf-y c1ite1ion 
[3]. The sear-ch for 1igid DNA components continues. 

This work has been supported by grants from the NIH and ONR. 

MS16.04.05 CHAINS, PLANES AND FRA .. TV1ES - HOW THE 
DIMENSIONALITY OF HYDROGEN BONDED OR COORDI
NATION POLYMER NETWORKS INFLUENCES CRYSTAL 
MORPHOLOGY Michael J. Z1worotko, Donald C. MacQuarrie, Pi me 
Losier and C.V.K Sharma, Department ofChenlistr)', SaintMar)''s U!li
versity, Halifax, Nova Scotia, B3H 3C3, Car1ada. 

Recent work in om group has concentr·ated upon the development 
of str·ategies for contr'Olling tl1e dimensionality of network strl.JCtmes in 
tl1e solid state. As such, we have char·acteJized numerous exar11ples of 3-
D ( di3111ondoid,l octal1eclral2), 2-D (honeycomb g~id, squar·e g~id) and 1-
D ( str·ar1d) net\vorks. TI1e chenlical nature of tl1e compounds tl1at we 
have investigated is diverse and encompasses hydrogen bonded COCI)'Stals, 
orgarlic salts and coordination polymers. It has become clear· tl1at judi
cious choice of molecular· modules for tl1eir synm1etry (linear·, trigonal, 
tetr·ahedral or octal1edral) and functionality ( complement.o11ity of hydro
gen bonding, 7Ht stacking or metal/ligand coordinate bonding sites) at 
tl1e molecular· level car1 afford a lligh degree of contr·ol over tl1e natm·e of 
tl1e Cl)'Stal packing, i.e. many of tl1e CI)'stals we have investigated can be 
regar-ded as de facto manifestations of suprarnolecular- chenlistry. 

The presentation will concentrate upon ar1 overview of how the 
synm1el1)' a11d dimensionality of the hydrogen bonded or coordina
tion polymer fTameworks con·elates witl1 space group and c1ystal 
morphology. 

!Jvl.J. Zaworotko, Chem. Soc. Rev., 283 (1994) 
2 S. Subran1anian and M.J. Zaworotko, Ange11: Chem. fill. Ed. Engl., 34. 2127 
(1995). 

MS16.04.06 MORPHOLOGY OF BULK RBCO SINGLE 
CRYSTALS. E.V.Soko!a, L.P.Kozeevab, M.Yu.Karnenevab; a Joint Inst. 
of Geology, binst. ofinorgarlic Chennsl1)', Novosibirsk, 630090, Russia 

Understar1ding of the fonns of ci-ystallization of 123 cuprate 
superconductors is vital for controlling their properties. Morphological 
ar1alysis of more tl1an 100 well-shaped individuals ar1d CI)'Stal aggregates 
ofRBCO (R= Y, Tm, Ho, Lu) obtained by tl1e flux metl1od in alumina 
crucibles in different conditions showed 3 stages of CI)'Stallization. The 
nucleation of cqstals could be: multicentr·e two-dimensional one fomling 
the cqstal base, and tl1e skeleton growtl1 of different relief rouglmess 
witl1 tops ar1d (or) edges bet\veen {001} and {100} faces ofteu·agonal 
p1ism as generating points. TI1e second st.o1ge was layer-to-layer growth 
of { 001 } plane. Heterogeneous aggregates of nlicroCIJ'Stals from the 
first stage may be overlapped by { 001 } layers, producing monOCI)'Stal
like specimens. The CI)'Stals of clear·Iy tllick platy habit usually had shiny 
{001} facets and sufficiently smootl1 of { 100} ones. Witl1 increasing 
sizes of { 100} facets cillferent types of relief roughening were observed: 
so-called slice- and hooper-like fmms and overhar1ging of {001} facets. 
Side faces { 011 } ar·e presented in the habit of tl1e most perfect cqstals 
with smootl1 {I 00} faces. Bulk CI)'stals took their final form at tl1e third 
stage. The basal faces developed to smootl1 minor smfaces sometimes 


