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VINQrLlIR PfXUWRS DESICrm, EDR ‘IHE 0RIE”ED 
GFUWIli OF CLEINE PND SCOIuvl (HLI3RIDE CRYSTALS 
AT AIR/tJATER IMERFXES 

EhuI M. m u ,  Ru$t R3povitzTBiro, MDshe Levpn, 
blie Leiserowitz, k i r  Lahav ard Jacob Sagiv . 
Departrents of Structural Chemistry+ Isotcpe ~esearch* 
W e i m m  Institute of Science, bht 76100, Israel 

t t t 

Abstract: Orien&d grcwth of crystals of d-glycine and 
sodim chloride under carpressed Lanqtuir mlayers at 
air-water interfaces was achieved. For dqlycine, a variety 
of rrrxlolayers containing resolved glycyl head groups and 
different hydrophobic rroieties *re used, thus establishing 
the structural requirerents necessary for oriented 
crystallizatim. For so3iun &loride, mlayers of 
positive, negative an3 zwitterionic charge induaxl crystal 
mleation fran faces of the type {loo}, (110) and (1111, 
the latter two faces not being naturally mrring. 

Oriented crystallization of three-dimensional crystals under 
ccnpressed Langnuirpmolayers at an air-solution interface is 
governed by a faarable interaction between the hydrophilic 
rroieties of the mxlolayer mlples ard the first layer of the 
attached nucleating crystal. Urrler auspicious axditions a 
carpressed rronolayer may be designd so that the arranpm3nt of 
its polar head groups sirmlate a layer of a given crystal, thus 
triggering wcleation fran that layer. In the absence of such a 
perfect structural fit, the aim m l d  be to engineer a specific 
interaction with a given set of atam within a layer of the 
crystal, thus inducing nucleation. ?he possibility of 
controlling the packing arrJngernents of the polar head groups by 
chemical modification of the hydrophobic side &ins provides a 
sinple =roach for the systematic investigation of the 
structural requirements for nucleation. In the present stdy he 
have follawed these approaches by investigating the oriented 
crystal growth of glycine ard dim chloride in ilqueous 
solutions starting fran mnolayers. 
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324 

GLYCINE 

E. M. LANDAU er d. 

Glycine crystal-izes fran aqueous solution in the 2d-form 
(- groupp2 /rJ, exhibiting a bipyrddal Wit. W 
glycine molecul+ form hydroqen-kadd chiral layers parallel 
to the ac plane (Fig.lA). lhese glycine layers are juxtaposed 
an one zde of the b axis by centres of inversion, about which 
the molecules are- interlinked by N-H... o to form 
centros)imnetric hydrajs-bonded bilayers (F1g.B). These 
bilayers are related by twofold screw symnetry to CaTplete the 
crystal packing (Fig.1C). ?he requiremvlts for a Ronolayer to 
carpletely simulate the first ac chiral layer of glycine at the 
air-water interface are: (a)-T surfactant molecules should 
incorporate resolved o(-anino acid bead groups (Figs.lB,U)). (b) 
Tm hydrophobic moieties of the mlayer-forming molecules 
should not hinler the neighbouring glycyl head groups fran 
-king in a layer arraqemnt wry similar to that of dqlycine 
(Fi9.I.A). 

Figure 1 

(A) An ac layer of hydrOgen4mrkd glycine molecules 
v i a  along the b-axis. ‘Ihe layer is defined as I 
sirre the H atm- of the C-H M s  which energ 
fran the ac plane are pro (H) ; - 

(B) A centrosynetric bilayer of hydrcqen-bondea 
glycine molecules vi& perperrlicular to the bc 
plane. W upper - r layer is that ShCkJn in(& - 
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Figure 1 

(C) Packing arra-nt of o(glycine, delineated by its 
crystal faces. lb bilayers (B) are related by 2-fold 
screw -try a l o q  the 2 axis; 

-tic v i w s  of pyranidal crysbiils of gl.ycirle gram 
urder carpressed (R) and (S) amino acid monolayers. The 
(010) face of glycine is a t t a c M  to the (R) monolayer 
and the (OiO) face to the (S) m l a y e r .  (S) a d  (R) 
amino acids are sham adsorbed fran solution a t  the 
cob)  a d  (010) faces respectively. 

(D) 
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326 E. M. LANDAU et al. 

Iangouir mlayers crcrrprising Wiphilic d-amino acids 
induce oriented growth of crystals of o<qlycine, by virtue of a 
structural mtch betwen the mlayer ard the surface layer 
of the growing glycine crystals. Table 1 surmarizes the 
experimental results. 

TABLE I Crystallization data of dqlycine uder carpressed 
monolayers at the air-water int face:' 
(a) limiting area per miecuiei f! ; 
(b) degree of,orientation (%) and face exposed to the 

mlayer ; (c) rate of crystallization. 

25 93,(010) Fast 
25 91,(010) Fast 
25 50, (010) Fast - 50,(010) 

- 5. (S) 54.Cholestan-3pd2CH (W3)a3;1 38 No orien- Slow 
tatim 

I) 
AU crystallization eriments were perfod at 2g2Oc try 
carpresing the mlayers to their limiting areas per mlecule 
over 4.66 M aqueous soluticns of glycine. TIE monolayer area w a s  
kept constant during crystallization. 

* 
The aegree of orientation is defined as the pe-rmtage of 
crystals exposing attached face (010) or (010) to the 
monolayer, depadirq upon whether the mnolayer is carposed of 
(R) or (S) mlecul~ respectively. 
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MONOLAYERS A N D  ORIENTED GROWTH OF CRYSTALS 327 

conderrsed nrxlolayers of ccnpwrds 1-3, masurd wer pure 
pter, exhibit limiting areas per mlecde-in the range of 25-29 

(Fig.2). yse values straiidle the molecular unit surface 
area of 25.6 2 of an ac layer (1.e. ac sinf) of glycine 
mlecules in its crystal7tructure. ?hese mlayers 
W i a t e  mcleation of ppxnidal glycine crystals, with their 
- ac faces attached to the monolayer. Ptst crystals exposed their 
(010) faces to mlayers of t k  (R)-+anim, acids ard, by 
-try, enantiaoo- pyrmids were okerved exposing their 
(010) faces to mlayers of the (S)-d-anino acids. bnolayers 
of r a b c  cuTpositicn yielded attached crystals of both types. 

kmlayer of oxqxud 5, containing the cholestanoyl miety, 
has a 
blky steroid skeleton. It was msured to be 
value distinctly larger than that of the glycyl head group, thus 
precluding hydrogen bonding betwen the latter. Indeed glycine 
was &served to crystallize at a nu& sl-r rate than with 
mlayers 1-3, exhibiting both pyramidal and bipyramidal 
mrphOlogies-wT'th no preferential orientation. 

limiting area perm3lecule which is dete 

'he behaviwr of the mlayer of the prfluoro cmpmrd 4 
is less clear to interpret due to experimnvl difficulties i; 
determining the limiting area per molecule. We might expec 
assuni 
(Fig.2?'*, that the glycyl head groups m l d  form a hydrogen- 

bonded layer, but with longer H-bonding distanas than in the 
corresponding hydrocarbon mlayers. kmlayers of carpounl 4 
induced inmediate crystallization of glycine, but with a 
l w r  dqree of orientation, 65-75%, than in the case of 
mnolayers 1-3. In coC1clusion, the three distinct mdes of 
crystallizat%Si d e r  the molayers, fast oriented, fast 
unoriented a d  slow unoriented, inply a very sensitive 
deperdence of the crystallization process a7 w l l  changes in 
the structure of the mlayer. 

limiting mlecular surface area of the order of 3 &2 
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Fig.2 %face pressure-area iSothenrS masurd at 2d2OC on 
(a) plre mter and (b) 2.66 M aqvaus solution of 
glycine: (-) carpoun3 2 (S); (---) carpound 2. ?he 
mlayers were spread fran solutions in hexane (96%) 
ad trifluoroacetic acid (4%). 

Crystallization of dim &loride is less specific than glycine 
since the structure of the mnolayer cannot simulate the first 
layer of the crystal. Howver nucleation m y  be irdwd fran 
different faces via electrostatic interaction with a given set 
of ions within a layer of the face. kmolayers m y  be designed 
to stabilize faces which are not mturally occurring and so 
induce oriented crystal grawth therefran. D
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MONOLAYERS AND ORIENTED GROWTH OF CRYSTALS 329 

Scdiun chlorids crystallizes fran aqueous solution in the 
cubic spce group Etnh, a=5.6388, exhibiting the {loo} faces. 
~ - d e r  ertain ax-&CiEns, the two other,4 less stable sets of 
faces, {llO} and {lll} can also develop. By using different 
mlayers cwtaining head g r q  of pitive, negative or 
mitterionic &rge attached to a variety of hydrophobic 
moieties, w m y  expect to stabilize t k  different types of NaCl 
faces and thus establish a correlation between the structure and 
d-rarge distrilxltion of a given monolayer and a specific face of 
sodiun chloride. sodim chloride w crystallized uder 
momlayers with various t y p s  of polar kid groups and the faes 
nucleated utlder each mlayer =re assigned by X-ray 
diffraction. 

Crystallization of scdiun chloride uder a mxlolayer of 
cctadecylamine led to the fomtion of plate like crystals 
(Fig.3.) with the {loo} face attached to the mlayer. W 
positive and negative ions are evenly distrilxlted in this face 
(%hem? A), hi& hints to a similar arranganent in tlxj 
mlayer. 'he limiting molecular surface area of 31.d 
masurd for cctadecylamine over a 6M aqueous solution of sodiun 
chloride suggests that the &loride ions penetrate betkRen the 
octadecyl amxniun molecules. ?his pea is a h x t  equal to the 
repeat surface area of Nacl of 31.d . 

+ - - 1 -  

- + - t  
I-_ 1 
0-No 0 - C I  
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330 E. M. LANDAU et al. 

Fig.3 crystals of d i m  &loride grm uder a mnolayer of 
mtdecylamine fran a 6M solution (x6). 

Wen m l a y e r s  of various carbxyl ic  acids l i k e  stearic or 
arachidic acid were @red ~trer a solution of sodim chloride, 
7040% of the crystals nucleated un3er the mnolayer were 
a t t a w  with their {ill} face (Fig.4). “be {ill) fke is 
carprid of ions of one type only as Shawn in scfwne - 2. 
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MONOLAYERS AND ORIENTED GROWTH OF CRYSTALS 33 I 

L- 

t t + +  

t t t t t  

Wleation fran the {ill) face my be induced by 
amxntration of scdiun im i n  a layer wder the carpressed 
carboxylate 
t r a t i o n  i n  between the molecules of the rronolayer, as Shawn 
i n  -3 .  khen the hyarophobic chain was changed to a 
lxllkier group by using a styrene or a diacetylene moiety, the 
percentage of d i f i d  crystals was red& to 15 a d  40% 
respct iwly and when a monolayer of cfiolesteryl succinate was 
usd, i n  which the carbxylic groups were further separated by 
the h l k y  steroid, rn nucleation under the m l a y e r  bas 

observed. 

moieties, without having t h e  p o s s i b i l i t y  of pene 
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332 E. M. LANDAU et d. 

A monolayer of stearoyl-Rqlutamate caused nucleation of 
70-80% of the sodiun chloride crystals fran the {llO} face 
(Fig.5) at pi 1-3; at pH 4-6 the percentage of crystals with the 
{llO} face at- to the monolayer drcppd to 4040% and the 
{ill} msdification started to ap=ar. 

Fig.4 Crystals of sodim chloride grown umkr a m l a y e r  of 
stearic acid fran a 6M solution. (~12) . (Insert x50) . 
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MONOLAYERS A N D  ORIENTED GROWTH OF CRYSTALS 333 

‘he arranggnents of ions in the {llo} face is sham in 
Sd-icm 4. In this face the ions are arranged in r w s  of 
m i t e  charge. Ihe pcsitive and negative charges are evenly 
distributed ht in an energetically less favourable arranpment 
than in the {loo} face. Stabilization of such a face suggests 
oriented growth fran a mxlolayer carposed of rows of alternatirq 
charges. 
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334 E. M. LANDAU a al. 

Fig.5 Crystals of sodim chloride grown under a mxlolayer of 
stearoyl-Rqlutamate fran a 6M solution at pl 3. (~15). 

?hese preliminary studies hve damstrated that carpressed 
tiqnuir mlayers m y  serve as most efficient nucleators for 
the oriented grcwth of organic and inorganic crystals at the 
air-solution interface. (xlr results sugsest that the rate of 
nucleation and the face fran which a given crystal starts 
grcwing at the mnolayer interface strongly aeperd both on the 
&mica1 nature and on the arrangeuent of the hylrophilic haad 
groups in the water layer. ?he packing of these head groups m y  
be modified by changing the cross-section of the hydrophobic 
mieties. 

In order to understan3 the nucleation process, a clear 
picture of the structure of the lrrxlolayer a d  adjacent liquid 
layer prior to crystallization is required, as wll as the 
mlecular arranpmt of the rmnolayer attachd to the crystal 
face. Several aFproaches are being undertaken to hieve this 
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MONOLAYERS A N D  ORIENTED GROWTH OF CRYSTALS 335 

aim,prhrily by the recently dewloped technique of grazing 
aqle X-ray diffraction using a synchrotron light source. A 
wider application of oriented crystallization is king 
udertaken by using solid supports coated by Lamgwir-I3lodgett 
films, the results of hi& will be reported elsehere. 

IiEFERENcEs 
1. E.M. Lan3au, M. laranon, L. Leiserwitz, M. Lahav ard J. 

Sagiv, Nature 318, 353 (1985). 
2. I. Weissku&, L. wdadi, Z. Berkovitch-Yellin, E. Gati, M. 

Lahav ard L. Leiserawitz, Nature 310, 161 (1984). 
3. J.P. L q o s  and A. Kvick, se. B36, 3052 (1980) 
4. (a) R krn, Bull. Soc. Franc. Mineral. Crist., 76, 391 

(b) C.P. Fenhre, A. Wailkill, J. Rn. chen. Soc., 71, 

5. C.H. Arringtm Jr. ard G.D. Patterson, J. +. chen., 57, 
247 (1953). 

6. M.K. Bernett and W.A. Z i m ,  2. R-ys. olan., 67, 1534 
'( 1963) . 

7. (a) M. -1, P. Eisenberger a d  H.M.1ylccOmeG e. =. 
(b) msxel-&-ardP.S. pershan, W l .  Instnm. Wth. 

-- 

- 
----- 

(1953) ; 

2714 (1949). 
- - - -  - 

- - -  

Acad. Sci. U.S.A., 80, 5795 (1983). 

- 208, 545 (1983) ; 
--- 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
20

 1
9 

Fe
br

ua
ry

 2
01

3 


