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Abstract Various properties of plar crystals, in 
particular the effect of solvent on tbeir growth, are 
directly related to the absolute structure of the crystal. 
Tne absolute structures of polar crystals carp& of 
achiral molecules or r m i c  mixtures ere assigned by 
three irdeprdent methcds involving growth ard dissolution 
in the presem of tailor IMde ditives: Inhibition of 
crystal growth, anisotropic distribution of the occldd 
additive, an3 formation of etch pits on plrtial dissolution 
of the crystal. n7e method has ken W l i d  to crystals of 
a-resorcinol, (R,S) alanine and y-glycine, each of hich 
exhibits wen-rich a d  hylrqen-rich faces at t k  
o p p o s i t e  e n d s  of polar axes. All three crystals ere 
found to grow almost midirectionally fran water at the 
oxyger+rich end of the crystal. The results are mlysd in 
term of solvent-surface interactions. 

Effect of Solvent on Growth of Po1ar Crystals ard their 
Absolute Crystal Structure 
- - _ _ _ - - - ~  -- 

Crystals with polar axes display m y  @ysical a d  chemical 
proprties *ich can mly be fully derstocd in terms of tkbe 
absolute structure of the specimen crystals. n7ese properties 
include macroscopic phenrneM such as pyroelectricity, 
piezoelectricity, SECOI-KI harmonic generation, optical activity, 
+ Tiytropy - in growth or chenical reactivity along the polar 
axis.  he assigrment of absolute stricture is 
straightforward if both the crystal and its constituent 
molecules are chiral, in vhich case the known absolute 
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68 L. J. W. SHIMON ef a/ 

configuration of the molecule fixes the absolute structure of 
the specimen crystal. If the absolute configuration of such 
chiral  molecules is unkrmin, i f  the molecules are mnchiral or 
i f  the polar crystal is racgnic, then the determination of the 
absolute structure is generally prfolme3 by t k  Bijvoet mtkd 
of a n d o u s  dispersion of X-rays. S x h  determinations m y  be 
di f f icu l t  ard even untrustworthy epending upon the types of 
constituent atans of the molecule4r‘ ard, in fact ,  is Wssible 
i f  the molecule is a mnchiral hydrocarbon. Pbreover, the 
Bijvoet ana ysis must be applied t o  each specimen crystal 
irdividmlly unless the information on absolute structure is 
transferable fran crystal t o  crystal by correlation to scme 
property such a s  asymetric morphology (i.e. hanihdral faces) 
or i f  the constituent molecules are chiral. Itdeed the 
diff icul t ies  which surroutd the determination of absolute 
crystal structure may be respnsible  for the relative dearth of 
studies on the growth of polar crystals fran solvent. 

The role p layd  by solvent in  affecting crystal shap has long 
been ard continues to  be a matter of debate, in particular it is 
mt  clear wktkr str solvent-surface interactions inhibit 
or accelerate grm!’ Amjor obstacle in assessing the role 
played by the solvent rgnains the unscrambling of the 
contributions played by internal structure ard the various 
solvent-surface interactions. cxle way t o  do so is by carpr ison 
of the habits of crystals grown fran various solvents w 
obtained by sublimation or with the theoretical form; 
habit abtained fran sublimation is d e m e n t  primarily upon 
internal crystal structure d i l e  the theoretical form is derived 
fran internal structure only. Another simpler my  is by 
focusing on polar crystals since it is generally accepted that 
the differ*-e- in the ra te  of growth of opposite crystal faces 
(hkl) ard (hkl) along a polar direction m u s t  a r i se  primarily 
fran differences in their solvent-surface interactions, ’ 
neglecting swh effects as atcm polarizabilityl.o a t  the crystal 
surfaces ard entropy factors (which might be irryprtant for 
molecules with rigid ard flexible moieties). 

!thus, an urderstarding of the effect of the solvent is red- 
to  a study of the differences in  growth of the o p s i t e  
b i h d r a l  faces; h e v e r ,  such a use of polar crystals requires 
a knowledge of the absolute structure and one is again 
confronted with the diff icul t ies  outlined previously. 

Our methcd for a s s i g m t  of abypte structure of crystals 
uti l izing stereoselective a i t i v e s  is ideally suited for the 
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ABSOLUTE STRUCTURE OF POLAR CRYSTALS 69 

solution of such a problem. Here WE? shall denonstrate this 
approach for the assigmt of absolute structure in the systans 
8-resorcinol, (R,S) alanine ard Y qlycine hose  polar crystal 
structures are suitable for the stdy of solvent-surface 
interactions. 

Tailor-Made Pdditives for Assigrment Absolute Crystal 
Structure 

The absolute structure is determind irdeperdently by three 
different yet canplenentarymeWs which involve the growth an3 
dissolution of organic crystals in the presence of tailor-made 
additives: (1) I.brpholcgica1 chaqes i r d d  by the additive as 
inhibitor of growth at specific faces of the substrate crystal; 
(2) Selective ccclusion of the aitive tkrowh spxific 
crystallcgraphic sites on those faces at dich the additive is 
dsorM leading to anisotropic distribution within the crystal; 
(3) Analysis of etch pits formed during partial dissolution in 
the presence of additive, seletively on those faces at &ich 
the additive is stereospxifically dsorbed. 

Studies on growth and dissolutiqn of organic crystals in the 
presence of tailorinde additives led to the establishnent of 
a general stereochgnical correlation betwsen the crystal 
structure of the substrate, the molecular structure of the 
aitive ard the affected crystal faces. ?pre additives &sen 
are, for the most part, slightly mdifial substrate mlecules, 
vhich may bird stereosp=cifically to the affected face under the 
cordition that the rdified moiety anerges fran the crystal 
surface. mring the crystal's growth, this adsorption leads to 
retardation of growth by disruption of the regular deposition of 
the o m i q  crystal layers, generally leading to a change in 
crystal morpholcgy. 'Ihe strong stereoselective dsorption of 
the additive on such faces during partial dissolution causes a 
disturbance of the normal dissolution ft3 different directions 
ard leads to the formation of etch pits. 

These stereochgnical &sewations here exploiy4 for the 
assigrment of absolute structure of polar crystals. ~n x-ray 
diffraction analysis of polar crystals assuning Friedel's law, 
would not allow assigrment of the absolute atcmic arranggnent. 
Therefore, it would not be possible to distinguish bet= the 
polar structure of schane la ard the enantianeric structure of 
schgne lb, in which the orientation of the molecule X-A is 
reversed with respect to the plar - b axis. 
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70 L. I. W. SHIMON ef al, 

c 
- b  -+ 

+b 

b 

+I? 
+- 
-b 

In schane la(which depicts a polar crystal of p i n t  qmnetry 2) 
the unique axis of the crystal is  allel el to the X-A direction. 
Faces f l  ard f2  delineate the crystal in the +b direction ard 
f3 ,  f4, f5  in the -b direction. Since the crysta is polar, the 
structure of the fc&s at  the +b ard -b erds are different. We 
have showl7 that in tbe crystarof Sdkw la an inhibitor X-Y 
binds selectively at faces f l  ard f2, and o m  bud, retards 
growth along +b (ard possibly other directions) lxlt not along 
-b. AnalcgousG an inhibitor Z-A h i d e r s  the growth of faces 
f7, f4 a d  f5 but not of f l  am3 f2. Tne revase  situation muld 
OCCUT in the structure of Scheme lb. Ebch retardation is 
associated w i t h  a relative increase in the areas of the 
inhibited faces or w i t h  the apzirance of new faces on the 
affected erd of the crystal. ‘he observd morphological 
differences bet- clrystals grown in ths presence ard’ in the 
absence of the additive allows us  t o  establish the direction of 
substrate molecule X-A w i t h  respect to the plar axis ard 
mnsequently derive the absolute structure of the crystal. 
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ABSOLUTE STRUCTURE OF POLAR CRYSTALS 71 

The principles described k r e  apply to  crystals exhibiting polar 
axes (i.e. for the p i n t  groups 1,2, m, mn2, 3, 31 4mn, 6, 6m) 
as wel l  a s  to  polar crystals which do not contain plar axes 
such a s  p i n t  group 222. 

In the pst, we have a@1ied lps  principle to  chiral  crystals 
canposed of chiral  molecules Here w shall  deal with plar 
crystals canposed of norchiral or racgnic molecules. bk shall 
elaborate on the W i f i c  exanple of point group mn2 since two 
of the three polar crystal structures described &rein, 
a-resorcinol ard (R,S) alanine, belong to this p i n t  group. The 
third exanple, belonging to p i n t  group 3, is easily urderstocd 
in terms of the above analysis. 

In the orthorhanbic p i n t  group rrm2 there is an mbiguity in the 
sense of the plar axis 5. Conventional X-ray diffraction does 
not allow o w  to  differentiate,  with respect to a chosen 
coordinate systen, betmen t k  two orientations of the mn2 
structure8 depicted in schene h,b. Nevertheless, by 
determining which polar en3. of a given crystal is affected by 
the additive, (e.g. faceihkl) or [hki), above ard below the plane 
in  S c k n ~  2b) it is pssible t o  f ix  the absolute sase of 
plar c axis; i.e. whether X-A p i n t s  up or down. 
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12 L. I. W. SHIMON ef al. 

CL -Resorcinol 

In 1949, Wl l s  feud that in  an aqueous solution the n-form of 
resorciil (spice group ~3~21,- pip5 group m ~ )  grows 
midirectionally along the polar c axis. The crystal (Fig.la) 
exhibits hydrogen-rich (011) &-(Oil) faces a t  one d of the 
- c axis atd oxygen-rich ( O l i )  ard (On) faces a t  the otker ad 
(Fig.%). lk absolute direction of growth along the polar axis 
with respxt to the crystal structure could not be f i x d  a t  that 
time. Tnerefore W l l s  did not know vhich err3 of a given crystal 
was "&enyl"-rich (hflrqen-rich in our =roach) ard vhich d 
"hydroxyl"-rich (oxygen-rich in our approach). Wl l s  
interpretea this  unidirectional growth along c to  take place a t  
the "phenyl"-rich faces as a result  of stronger adsorption of 
wter to the "h@roxyl'l-rich faces, so inhibiting their growth. 

Later, bvey proposed that s o q  surface-water interactions 
should enhance crystal growth? By use of oriented growth on 
s i l ica  surfaces, DFJ-~, Bourne, atd Milisavljevic d d &  that 
the oxygen-rich {Oll] [i.e. (On) an& (Oli)] faces are those 
that  grow quicker in aquaus solution. 

he unanbiguously a s s i g d  the absolute direction of growth of 
resorcinol crystals in aquaus solution by mploying e i t i v e s  
pjrogallol, o rc iwl  ard phlorcglucinol, ard irdependently by the 
Bijvoet methad. 

resorcinol pyrqallol orcinol ~orogluc inol  

?he d d i t i v e  pyragallol should inhibit the growth of 
a-resorcinol a t  the oxygen-rich faces wkreas orcinol should 
affect growth a t  the hylrqen-rich faces. D
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ABSOLUTE STRUCTURE OF POLAR CRYSTALS 

a 

13 

b 

Fig.1 (a) Typical crystal of_cc -resorcinol gr_oqJ" fran water. 
TIE faces (ou), (011)~ (oii)  a d  (OIL) are marked; 

(b) Stereoscopic view of the pcking arranganent of 
~-resorcinol  alorg the a axis. ?he planes p r a l l e l  
to  the hydrcgekrich @11} ar~3 oxyqekrich {oi i}  
faces are denoted. 
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14 L. J .  W.  SHIMON et al. 

Resorcinol grown fran a c p ~ ~ ~  solution typically exhibits growth 
defects ( in  the form of occlusions) a t  the fas t  growing end of 
the crystal (see Fig.la). In other systems such defects have 
been attributed to the local urdersaturation @ the solute 
molecules a t  the fas t  growing erd of the crystal. 

Crystals of a -resorcinol grown in the presence of pyragallol 
exhibited the m e  faces as pre  resorcinol but they Ere 
shorter in length i n  the c direction and developed no observable 
defects during growth (Fiq.2). 

Fig.2: Crystal of resorcinol grown in the presence of 
pyragallol (xL0). 

Alternatively, crystals grown in the presence of orcinol 
contained defects, irdicative of a fas t  growirq enJ, ard 
exhibited a Wit identical to pure resorcinol. lhese resul ts  
suggested at growth of resorcinol in pure aqueous solution 
alorg plar axjs takes place preferentially a t  the oxygm- 
rich (011) ard (011) faces, those faces h i c h  Ere inhibited by 
pyragallol. %I further verify th i s  p i n t ,  te made use of the 
anisotropic distribution of occ1121ed d i t i v e  during crystal 
growth [meW (2), vide supra]. a -Resorcinol ms grown fran a 
plre seed in the presence of w a g a l l o l  ard orcinol. ?he growth 
defects in the seed crystal providd a marker as to  its original 
fas t  ard slow growing 4 s .  Hpzc analysis of additive within 
the resulting crystal, not canpletely defect-free a t  the 
original fas t  growing erd, s h o d  the following: only orcinol 
was d d d e d  a t  the cunpletely snmth en3 (i.e. the original 
slolw-growing end of t k  seed crystal) ard a t  the opposite 
sl ightly roqh erd, pyragallol with traces of orcinol (Fig.3). 

-- 
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ABSOLUTE STRUCTURE OF POLAR CRYSTALS 

RES a - 

t c 

RES b 

L 

t c 

75 

Fig.3: HPLC analysis of a crystal of d-resorcinol grown in the 
presence of pyrogallol and orcinol. (a) Elaterial r m v d  
fran th2 snooth erd; (b) P’hterial ranovd fran the rough 
erd. 

h@ may conclude that pyragallol is stereospcif ical ly  occluded 
through the original fast growing (011) and (Oii) faces a d  
orcinol through the original slowgrowing (011) ard ( O i l )  faces; 
the traces of orciml fourd a t  the slightly rough erd are 
probably d w  to mechanical trapping. 

We also carried out dissolution exprincnts of a-resorciml in 
the preseme of phlorcglucinol and gyrqallol. We found that 
etch pits =re formed on the slowgrowing erd faces only in the 
presence of &lorqlucinol (Fig.4) k i c h  is o x e  again 
canpletely carq?atible with our assignnent of the strwture of 
the growing faces a t  the polar d s .  Oriented asymnetric pits 
on the four {llO) side faces of the crystal m e  obtaind by 
par t ia l  dissolution in a solution of mcresol. B-e polar shap 
of the etch pits provides a further m~at ls  of relative assigmeat 
of crystal polarity. 
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76 L. J .  W .  SHIMON ef al. 

Fig.4: @tical microscope photograph of an {Oll] face of 
resorcinol etchd by phlorqlucinol (x80). 

&r f i r d i q s  damnstrated that the unidirectional growth in 
water takes place primarily a t  the oxygen-rich faces in 
actordance wig the firdings of mvey, Bourne, ard 
Milisavlijevic. W terd to the pradoxical view, howver, 
that  the midirectiondl growth a t  the oxygekrich faces is dus 
to inhibition of growth a t  the hydrogen-rich faces because of a 
h i g k r  aff ini ty  of water for the la t ter .  k& base our argunents 
on the relative structures ard on the van der Wals ard 
energy potentials of these surfaces, descr ibd elseid-ere. !?IdcFnb 

(R,S) alanine 
S i Z  wd crystallizes in the orthorhanbic plar spce group 
PnaZ, ( p i n t  group d). The molecules of (R,S) alanine are 
oriented with respct to the plar c axis so that the 
carboxylate CO; gr9q.x are e x p o d  at-one q 9 0 f  the polar 
axis ard the anino NH3 groups a t  the o p s i t e  gd (Fig.5a). 
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ABSOLUTE STRUCTUREOFPOLARCRYSTALS 71 

a 

I 

Fig.5: (a) Packing arrang6nent of (R,S) alanine viewed along 
the a axis; (b) Crystal of (R,S) alanine we. Note f l a t  
ard Zam erds of crystal (x20). 

(R,S) alanine crystallizes fran water as needles elongated in c 
(Fig.5b). Bystallization of alanine foll& d e r  an opticaT 

microscop? revealed a pronounced tedency for unidirectional 
growth along the polar axis (Fig.6). The absolute polarity of 
such crystals m s  determined by growth of alanine in the 
presence of &methyl alanine and methyl alaninate. &methyl 
alanine should h i d e r  growth in the c direction fran h i c h  th2 
anino moiety anerges *r%s methyl Zaninate (with a synplanar 
C=XI-CH3 conformation) should affect a t  the o m s i t e  
carboxylate erd of the crystal. Growth in the presence of 
-thy1 alanine yielded 1- needles growing midirectionally 
a t  one en3 of the polar axis, akin to  growth of the unaffected 
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78 L. J. W. SHIMON et a[. 

crystal. (31 the other hard, growth in  the presence of methyl 
alaninate yielded stukby crystals. These expr imnt s  
d m n s t r a t e  Without doubt the preferential growth of 
(R,S) alanine a t  the carboxylate p l e  of the - c axis. 

0 . 3 9  

0 . 2 5 -  

0 . 2 0 -  

0. 15-  

0 .10 -  

c a p p e d  e n d  0.05- 

F 

I , ,  

0 100 200 300 400 
9 . 0  

t i r n e  ( s e c )  

Fig.6: Increase in length of a crystal of (R,S) alanine a t  its 
o p s i t e  d s  as  a function of time. 

I t  is also p s s i b l e  in principle, to  establish the &solute 
structure of t k  growing crystal by part ia l  dissolution in the 
presence of the saw additives to yield etch figures a t  the 
appropriate d faces of crystal. These etch figures have 
a s  yet not been seen as the surface area of the erd faces is 
limited by the e x t r a  thinness of the crystals. cxle may 
circunvent th i s  dra-k by id.lducing etch figures on the side 
(hk0) faces with an appropriate chiral resolvd, anino acid of 
know absolute configuration. Consider for exanple the 
arrarqenent of (R,S) alanine in Schene 3 ( ~ i c h  is equivalent to 
& b n e  2 in the case of a racenic mixture)  b d e d  by the four 
symnetry-related (MI faces. Growth, or p r t i a l  dissolution, 
of the crystal in the presence of chiral  anino acid additives 
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ABSOLUTE STRUCTURE OF POLAR CRYSTALS 79 

w i t h  a mcdified side chain of (S) configuration w i l l  affect  the 
(-hkO) and (&) faces in schsne 3a but muld affect the (hko) 
ard ChkO) pair in  the o p s i t e  orientation of ScW 3b. As 
expxted,  etch pits =re foKllEd on one p i r  of side faces of 
(R,S) alanine by (S) threonine (Fig.7), so fixing t k  absolute 
structure of th crystal. Analogously (R,S) alanine 
crystallized in the presence of (S) 2threonine exhibited two 
affected and two unaffectd side faces. 
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80 L. I .  W. SHIMON et a/. 

Fig.7: Scanning electron microgra& of (hk0) side faces 
of (R,S) alanine etched by ( S )  threonine (~400) .  

y -Glycine 

Glycine crystall izes fran 0.6 M sulphuric acid in the trigonal 
polar space group P3, (or P3*,). Tne m o l d 2  are hydrogen- 
borfie3 along the plar c axis in  an arratlganent very similar 
t o  that in (R,s) danirG. TI-IUS the m o l e c ~ e s  are oriented w i t h  
respect to  the c axis so as  t o  expose yboxy la t e  CO; groups a t  
one d of the-plar axis ard anim MI groups a t  the o p s i t e  
erd (Fig.8a). n-R crystals exhibi? a trigonal prisnatic 
m o r p h o l ~  elongated in c as  in  Fig.8b ard grow preferentially 
a t  one erd of the plar Sis. 

‘Pie absolute arrangenent of the molecules in such a crystal 
was a s s i m  by etching its top ard bottan faces w i t h  additives 
-thy1 glycine ard ethyl glycinate. 
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A 
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81 

C 

Fig.8: Y 4 y z i n e :  C 
(a) 
(b) 

(c) 

Packing a r r a n g m t  v i d  along the a axis; 
Morphology of pure c rys t a l  viewed perpend&dar to 
the c axis; 
Morpholosy of crystal grown i n  the pr-ce of ethyl 
glycinate viewd down the 5 axis. 

?he three =ll-fomd trigonal erd faces 11031 were etched 
during p z t i a l  dissolution in the presence of Nmethyl glycine 
id ica t ing  that this was the end of t k  merging anino groups 
(Fig.9a). S-hilarly the ethyl ester of glycine etched the 
o p s i t e  (001) face (Fig.9b) irdeptdently revealitg that the 
00; groups are e x p a  a t  that pole of the crystal. D
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82 L. 1. W. SHIMON et al. 

Growth exprhents with these same &itives yielded &mated 
Capped crystals &en the fast-growing 03; d ms inhibited by 
glycine ethyl ester (Fig.8~) ard unaffected prisns &n Nmethyl 
glycine m s  used. Both dissolution ard growth experiments 
urquivccally denonstrate a tedency for unidirectional growth 
at  the (3; d. !RE absolute s t rwture  was then confirmd by 
the Bijvoet m e w  on a spechen crystal exhibiting the 
h i h d r a l  faces I1031 ard COOT). 

Fig.9: (a) Crystal faces {103} of Y -CJlycine etched 

(b) 
by "?thy1 glycine. 
Crystal face (001) etched by ethyl glycinate. 
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ABSOLUTE STRUCTURE OF POLAR CRYSTALS 83 

D I S X S I O N  

Absolute Crystal Structure 

Tk absolute structure of crystals  with polar axes ad canpsed 
of m t r h i r a l  molecules or racenic mixtures has been determine3 
by growth a d  dissolution e x p r h m t s  in  the presence of tailor- 
made additives. 

Tnis same m e t h c d  has already been amlied on several systens for 
the assigrment of absolute configurationltf chiral  molecules i 
crystals which exhibit either plar axes or plar directions 
ard, with variations, on th2 assicpent of the absolute 
configura 'on of additives by their effect  on centrosymnetric 
crystals.'* I t  is further possible to exterd th is  approach t o  
chiral  crystals h i c h  are canposed of nonchiral molecules ad 
which do not contain polar axes (e.g. p i n t  group 222) provide3 
the additives are chiral .  The method has several advantages: 
It is simple, ard reliable in so far  as it enca-rpsses several 
related, yet irdeperrdent experimental qroaches. Its 
r e l i a b i l i t y  is b a d  on our kmwldge of how the additive 
molecules are adsorbed with re-t to  the crystal structure an3 
faces ard has been cross-ckcM on many system. 

W e  b v e  dgnonstratfd in this p a p r  how one may assign the 
absolute structure of crystals with orthorhanbic mn2 and 
trigonal 3 pintgroups. In the case of tk latter the a s s i g m t  
of absolute structure vis-a-vis the plar axis did not en ta i l  
determination of the chi ra l i ty  of the crystal i.e., p3q or 
P32* t h v i q  established th2 absolute polaritry of the crystal 
it is moreover straightformrd to assign its chiral i ty  by 
conventional diffraction .* 

9 

--- 

* Here it is rntewrthy tbat the intensit ies of the X-ray 
diffraction pahterns of P3, ard P32 superinpse only upon 
rotation of 60 about the c-axis of one of the patterns. Thus 
i f  the crystal develop Gigonal mor@ologicalpint s y n e t r y  
of the type 3, 3/m or 3, but not morphological sixfold 
symnetry, one may perform a Pasteurian sepra t ion  of the P3, 
fran the P3, crystals by conventional diffrirction. One cannot 
b w v e r  decide h i c h  is which without resorting to a s s i g m t  
of absolute structure. 
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84 L. I. W. SHIMON et a1 

Effect of Solvent on Crystal Growth ---- 
In this stdy, w have applied the above metha3 for the 
determination of absolute structure of three systgns 
a-resorcinol, (R,S) alanine and y-glycine. The exprknts 
s h ad that the slowqrowing erd in each crystal systen was that 
which exposed (either N-H, G H  or C-H) hydrogen atcn-!s ard the 
opposite fast growing en3 exposed (carboxylate or hydroxyl) 
oxygen atcms. Preliminary experiments have been prformed on 
other resolved amino acids wfiose chiral crystals contain polar 
axes, such as valine ard m2thionine. Tne results idicate that 
in these systenuj as ~ 1 1  there is preferential growth vhich 
takes place at that erd of the polar axis where the carboxylate 
owens mrge. If w= assm that strong solvent-surface 
interactions are the cause of inhibition of growth at the slow- 
growing erd of the polar axis (akin to the effect of tailorde 
additives) then this idicates that mter is more strongly bourd 
to the hydrogen-rich faces. h e  m y  however h a y  to take into 
account the effects of crystal surface-roughening, ard solvent- 
solute interactions both of vhich act in the smne way ard 
opposite to that of inhibition. It has been in fact prop& 
that strong solvent-surface interactions cause surface 
roughening which in turn m y  result in enhanced growth rate. 
The problen m y  be resolved by prforming exp2rhnts on polar 
crystals ccrrypsed of molecules with hydrophobic ard hydrophilic 
group at opposite erds, so that the solvent (hydrophilic or 
hydrophobic) is preferentially solvating one end of the solute 
molecule ard one polar erd of the crystal. Urder these 
cirmtances one should b2 able to differentiate bebeen 
inhibition of growth due to solvent-surface interactions an3 the 
effects of solvent-solute an3 crystal surface roughening. ~n 
idea12pten for such an e p r k n t  would k e  a 8-tetrolic 
acid. 

Pk hope that these types of exp2riments coupled with atan-atan 
potential energy calculations will provide infomation on 
solvent-surface interactions and their influence on crystal 
growth. 

W are grateful to Dr. F. Frolow for assistam with the 
crystallographic wrk. P& thank Prof. M.F. Richardson for 
useful discussions. Pk thank the US.-Israel Binational 
Foundation, Jerusalen, an3 the Minerva Fourdation for financial 
SLlpfm-t. 
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