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Polar head group interactions in mixed Langmuir monolayers
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We have investigated the miscibility in the mixed monolayers of cholest€ol-octyl cyano biphenyl
(8CB) and cholesteryl acetat@€ChA)-8CB using surface manometry and epifluorescence microscopic tech-
nigues. The main skeleton is the same both in Ch and ChA, whereas the polar head group is alcohol in Ch and
ester in ChA. The 8CB molecule has a polar cyano as a terminal group and we probe its interaction with the
polar group of Ch or ChA molecules in the mixed monolayers. Both Ch-8CB and ChA-8CB mixed monolayers
exhibit two collapse pressures. In the case of the Ch-8CB mixed monolayer, the lower collapse pressure varies
after 0.6 mole fractiofMF) of Ch in 8CB and the higher collapse pressure is nearly independent of compo-
sition. In ChA-8CB mixed monolayer, the lower collapse pressure varies continuously with the composition of
ChA while the higher collapse pressure is nearly independent of the composition of ChA. In both these mixed
monolayers, above the lower collapse pressure, 8CB gets squeezed out of the monolayer and forms multilayers.
We find that in the case of Ch-8CB there is a phase separation in the monolayer occurring in the range of
0.15-0.9 MF of Ch. However, in ChA-8CB, the monolayer phase is miscible in all the propofrcept at
very high concentration of ChiAbelow the lower collapse pressure. We attribute this better miscibility in the
ChA-8CB compared to the Ch-8CB to the role played by the ester and cyano polar head group interactions.
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[. INTRODUCTION with 8CB. Here the interaction between the rigid skeleton of
Ch and biphenyl core of 8CB is minimum and this allows us
Mixed Langmuir monolayers are of considerable interesto investigate the polahead group-head groumteractions.
as model systems to mimic biological membrafts Stud- This is gilso valid in the case of ChA. The C_ZN group of 8CB
ies on mixed monolayers will provide information about the gas ? dd'.pOkle mom?nt of ground 4 [Eﬂ] Ie?dm? toa str:ong
interactions involved, miscibility, and stability of the mono- Ipole-dipole repulsion between the molecules in the 8CB
layer[2]. It is known that cholesterdCh) is found in bilayer monolayer. This repulsion results in the tilting of the biphe-
plasma membranes and lipoproteins. It regulates the tranQ—.yI core of the SCB moIec.uI.es b_y 60° to _thg.normal at the
port and barrier properties of the membrd8é There have air-water (A-W) interface giving rise to a limiting area per

2 . . .
been extensive studies on the mixed monolayers of chole@mecu'e /M) of 48 A% This is almost twice thé/M of

terol and lipids. The mixed monolayers of Ch and oleic acidSingle benzene ring oriented perpendicular to the A-W inter-
show good miscibility. This is attributed to the Ch moleculesfaqe [13]. we havg employed the_ surface manometry and
filing the voids in the monolayer of oleic acid, which are gplfluorescence microscope techniques to study the interac-
bent molecule$4]. With stearyl alcohol, which is linear, Ch tlc_)rrl]s %f OCHNpolaIr group of th;éé)COlpol?r grcgjp of ChIA

is not miscible and gives rise to inhomogeneous monoIayeW't the polar group o molecules. Our results

[5]. The miscibility of Ch is not good in the case of stearic Showed that in the Ch-8CB mixed monolayer Ch is immis-

acid which is also lineaf6]. These studies indicate that the qible with 8CB except at very low and very high mole frac-

miscibility in a mixed monolayer depends mainly on the iONS (MF) of Ch. The polar.group intera.ctiqns.of Ch and
shape of the constituent molecules. Studies on the Ch an B lead to a phase separation. Our studies mdlgated that the
phospholipid mixed monolayers indicate a good miscibility?eparated phases were 8CB rich phase and.Ch rich ph_ase. we
[7-9]. These studies consider the interaction of the acy|nfer that the form_er 1SN the, phase. In the I|t¢ra§ur¢,l IS

chain with Ch rigid skeleton. It is found that the rigid hydro- also referred as I|qU|d'e.Xpandeq or low density liquid where
phobic skeleton of cholesterol stiffens the acyl chains of lipid® flur:)reS((:jent ﬁye pf':;lrtltlons easily, t_hereby thel phasde ﬁppears
[10] affecting the barrier properties of the membrane. Th rg t_un_ erht e epr'] vorescence rglcrosg@m, Eﬂl and t ﬁ

role played by the carbonyl oxygens of phospholipid with Chlatter is in thel., phase, i.e., condensed monolayer phase.

has also been addressed considering the possibilities of tl‘ghe condensed phase is a high density phase. In the itera-
hydrogen bond formation between thé]. ture [16], many variants of the condensed phase have been

In this paper, we report our studies on the miscibility in reported. Here, th_e dye separates out and the p_hase appears
mixed monolayers of Ch-octyl cyanobiphen8CB) and dark under the epifluorescence microscopeterestingly, in

; he case of ChA-8CB, the interactions between the less polar
cholesteryl acetaté€ChA)-8CB. We have probed the interac- t ’ .
tion of the polar group of Ch with the polar group of a linear ©C© 9group of ChA and CN groups of 8CB lead to a mis-

molecule such as 8CB. For comparison, we have also probedP!eé mixed monolayer for almost all proportions.

the interaction of a weakly polar group of ChA molecule Il EXPERIMENT

Cholesterol and cholesteryl acetate were obtained from
*Electronic address: suresh@rri.res.in Aldrich and recrystallized using ethanol and butanone sol-
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FIG. 1. Surface pressure-area per moleculeA/M) isotherms 4/111 302 40 >
of 8CB, Ch, and ChA monolayers at temperatuire22 °C. The ) 50 60 0
compression rate was 0.02 {/nolecule)/s.

0.2

FIG. 2. Surface pressure-area per moleculeA/M) isotherms
vents, respectively. Octyl cyano bipherfylidrich) was used ~ for mixed monolayers at different mole fractiof®IF) of Ch in
as procured. The surface manometry experiments were capCB att=22°C.
ried out using NIMA 611M trough. The subphase used was
Millipore water (resistivity >18.2 M() cm) whose tempera- extends up to 17 A Thereafter the surface pressure again
ture t was maintained around 220.5°C unless otherwise increased gradually. The ChA has a similar isotherm al-
specified. The relative humidity was about (85%). Stock  though the collapse pressure of ChA is 15.4 mN/m. The lim-
solution of concentration 1.5 mM was prepared and used fomng value of A/M is 39.2 Az_ We denote the condensed
making mixtures of required composition. The monolayerphase of Ch and ChA ds, phase based on our epifluores-
was spread using a microsyringgamiltor) and was equili-  cence studies and other reports in the literafir@. The
brated for 10 min to allow the solvent to evaporate. Thejsotherm of 8CB exhibits the sequence of a coexisiig

moznolayer was compressed at the rate of 0.02,| 6 phase,l, phase, coexisting, + three layer D;)
(A2/molecule/s. Epifluorescence microscopy was used tophase and a coexisting,+D; + multilayer (D,) phase.

sure area-per molecule isotherms. For these studies, a flugsports on CH{17], ChA[18], and 8CB[19,20.

rescent dye 4hexadecylaminp7-nitrobenz-2 oxa-1,3 diaz- The 7-(A/M) isotherms for the mixed monolayer of Ch-
ole (Molecular Probesof about 0.5% molar concentration gcp are shown in Fig. 2. The isotherms for the mixed mono-
was added to the mixture. The monolayer doped with thigayer exhibit two collapse pressures. The lower collapse

dye was directly observed under a Leitz Metallux 3 micro—pressure is characteristic of 8CB and is denotedrbycg) -

scope. The images were obtained using a photon intensifiefhe higher collapse pressure characteristic of Ch is denoted
charge coupled device caméhodel P 46036A/V22, EEY by Te(cy-

and was captured using a NPCI-1411 frame grabber for The m-(A/M) isotherms of ChA-8CB mixtures are shown

analyzing. in Fig. 3. Here also the presence of two collapse pressures is
seen. The lower collapse pressure is denotedrycg) and
Il RESULTS the hlgher_ collapse pressure is denotedmycpy) -
The epifluorescence studies of pure[Qth] and pure 8CB
The surface pressurer-area per moleculeA/M) iso-  [14] have already been reported and our results are in agree-
therms of the individual Ch, ChA, and 8CB are shown inment with them.
Fig. 1. Cholesterol monolayer exhibits the following phase However, we are not aware of any epifluorescence micro-
sequence. Above aA/M of 40 A?, the surface pressure is scopic studies on the monolayer of ChA. Our epifluorescence
almost zero, indicating ga&) + condensed phase coexist- studies on ChA showed some interesting features inGhe
ence. On compressing the monolayer there was a steep if-L, region of the isotherm Fig. 4. At very larg&/M of
crease in the surface pressure at £iAdicating the onset 134.5 A2, we could observe the usual circular “gas” do-
of a condensed phase. On further compression, the monoaains, which appeared black. They were coexisting with the
layer, collapsed at a surface pressure of 44.6 mN/m. Thé, phase. Thé., phase appeared as a bright and black mesh
isotherm yields the limiting value oA/M to be 38.3 XK. texture within a big domain as shown in Figajt TheseL,
After the collapse, the isotherm has a plateau region, whicklomains possessed irregular boundaries. On compression,
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FIG. 3. Surface pressure-area per moleculeA/M) isotherms d ( @
for mixed monolayers at different MF of ChA in 8CB at @ ©)

=22°C. FIG. 5. Epifluorescence images at 0.5 mole fraction of Ch in the

. . . Ch-8CB mixed monolayer at the A-W interface. In figufes and
the gas domains disappeared and gave rise tolonlyhase (b), G+L;+L, coexistence phases are clearly seen. Here the

Fig. 4(b). Above m¢cna), the crystallites of ChA were seen prignter domaingtop left corner in(a) and top region ir(b)] rep-
to coexist withL, phase. resent 8CB rich_, phase. The other less bright domains represent
For the Ch-8CB mixtures, we have carried out epifluoresch rich L, phase. The dark region represents the gas phase. Figure
cence studies at various mole fractions of Ch. The epifluotc) shows the predominait; phase coexisting with, phase. Fig-
rescence images obtained for 0.5 MF of Ch in Ch-8CB mix-ure (d) shows the brighD; domains embedded in tHe, phase
tures are shown in Fig. 5. The mixed monolayer exhibitecbackground. Figurde) shows the coexistence af,+D, phase.
clearly the G+L,+L, coexisting phasdFigs. 5a) and Here theD, domains are much brighter and in contrastlthghase
5(b)], which was followed byL;+L, phase. Thé_; andL, in the background appeared dark. Figufe shows the collapsed
were well separated phases. The domains were brighter state of Ch crystalliteédark backgroundcoexisting withD, phase.
compared to the., domains. At higher pressures, thg  Scale bar represents m.
phase covered a larger regidfig. 5(c)]. Above 7 (gcg), the
L, phase transformed into a three lay&r;j phase and co- phase transformed to crystallites of Ch which coexisted with
existed with thelL, phase[Fig. 5(d)]. At still higher pres- D, domains[Fig. 5(f)].
sures, in the steep region of the isotherm, most of the D  The epifluorescence images of 0.75 MF of Ch in the Ch-
domains transformed into multilayebg) domains and co- 8CB mixed monolayer are shown in Fig. 6. At this compo-
existed withL, phase[Fig. 5€)]. Above m¢cp), the L,  sition the mixed monolayer exhibits thig+L,+ L, coexist-
ence phasé¢Fig. 6(@)], which on compression yields thg
+L, coexistence phasgFigs. 6b) and 6c)]. Above
msce), theD, domains were seen to nucleate from the
phasgFig. 6(d)], which indicated that the,; phase was 8CB
rich. The onset of thé, phase from thd; phase corre-
sponded to the kink in the isotherm at 0.75 MF. Unlike in the
case of 0.5 MF of Ch, here, the; domains straightaway
transformed intoD, domains. At the collapse pressure
Techy, thel, phase transformed into Ch crystallites, which
indicated that the_, phase was Ch rich. The Ch crystallites
coexisted with the multilayeb, phase as shown in Figs.
6(e) and Gf). Based on the detailed epifluorescence and sur-
face manometry studies, a phase diagram was constructed for
FIG. 4. Epifluorescence images of cholesteryl acetate at thie Ch-8CB mixed monolayer. This is shown in Fig. 7.
A-W interface. Figure(a) shows the coexistence of circular gas ~ 1he epifluorescence studies for the ChA-8CB mixed
domains (black with L, phase which appeared as a bright and Monolayer were also carried out at various proportions of
black mesh texture within a big domain. Figut® shows the ab- ChA. Figure 8 shows the images obtained for 0.5 MF of ChA
sence of gas phase and the presence of balphase(bright and  in the ChA-8CB mixed monolayer. Here we observed the
black mesh textupeat lower A/M. Scale bar represents 0m. G+ L, coexistence phase followed by the phase. The.;

(@)A/M = 134.5 A? (b)A/M =39.4 A?
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FIG. 6. Epifluorescence images at 0.75 mole fraction of Ch in
the Ch-8CB mixed monolayer at the A-W interface. Figua e O Y
shows theG+L,+ L, coexistence phase. Here the black stripe Irep_from our studies is shown in Fig. 9. The variation of collapse
resents the gas phase, the single brighter domain i& thghase,
and the background is the, phase. Figuregb) and (c) show the
brightL; domains and the backgrouhd in coexistence. Figuréd)
represents the coexistence b§ (backgroungl and D, domains
(very brighy. Figures(e) and (f) shows theD, domains (very
bright) coexisting with crystallites of Clidark backgroundin the

collapsed state. Scale bar representg.50
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A/M=2614% A/M=237A% A/M=10.8A2

(a) (b) ©

FIG. 8. Epifluorescence images at 0.5 mole fraction of ChA in
ChA-8CB mixed films at the A-W interface. Figuréa) and (b)
represent thé ; + D, phase coexistence. Here the small but brighter
D, domains are coexisting with the background phase. As one
goes from(a) to (b), the D, domains became bigger. Figufe)
shows the collapsed state of the phase as ChA crystallites coex-
isting with D, domains. The ChA crystallites appeared dark in con-
trast with the much brighteD, domains. Scale bar represents 50

um.

8(c)]. This trend was observed up to 0.95 MF of ChA. A
phase diagram of the ChA-8CB mixed monolayer obtained

pressure with increasing MF of Ch in 8CB is shown in Fig.
10. There were two collapse pressures in the isotherm for the
mixed monolayer. The lower collapse pressurggcg)
which was invariant up to 0.6 MF of Ch, steeply rose for
higher MF of Ch. The higher collapse pressurgcy, did not
vary with the composition of Ch.

The collapse pressure as a function of the MF of ChA in
8CB is shown in Fig. 11. Here again there were two collapse

phase was uniformly bright and did not indicate any phaseressures in the isotherm. Interestingly, in this mixture, the
separation. On further compression, the phase collapsed lower collapse pressurgscgy continuously increased with
at m¢gcp)- Above this surface pressure, the phase coex-
isted with theD, multilayer phasdFigs. 8a) and 8b)]. At
Techay» the Ly phase transformed into ChA crystallites.
Here theD, phase coexisted with the ChA crystallitgsg.
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FIG. 7. Phase diagram of Ch-8CB mixed monolayerst at
=22 °C. Here, the continuous lines indicate the actual phase=22°C. Here, the continuous lines indicate the actual phase
boundaries and the dashed lines indicate the approximate phabeundaries and the dashed lines indicate the approximate phase

boundaries.
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the concentration of ChA. The higher collapse pressure
Te(cha) Was independent ot the composition of ChA.
To analyze the degree of miscibility in the ChA-8CB
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FIG. 10. Variation of collapse pressure as a function of the mole FIG- 12. The variation of the experimentally determined area
fraction of Ch in Ch-8CB mixed monolayers. The open circles rep-Per moleculeA;, (continuous linesand the calculated ideal area
resent the higher collapse pressurgcr,. The filled squares rep- per molecult_aAid (dashed Ilne)swn_h the mole fraction of ChA in _
resent the lower collapse pressurggce - ChA-8CB mixed monolayers at different surface pressures. The dif-

) ference betweeA, and Ay will give the excess aref.,..

mixed monolayer, we have calculated the excess area and

Gibbs free energy. For the ideal case of either complete milculatedAig and the experimentally determined area per

cibility or complete immiscibility, the law of additivity of ~MOlecule, A, at various surface pressures for the ChA-8CB
areas is given by2,22], mixed monolaye_r. The excess or def|C|t_ of area per _mqle(_:ule
(Aeyo for the mixture from that of the ideal case will indi-
Aig=A1 X1+ AXs, (1)  cate the type of i_nteract?c_)ns._ This is given W_exc:Alg
— A4 . TheA.,.being positive indicates that the interactions
where, Ay is the ideal area per molecule; XX, are the are repulsive and thé.,. being negative indicates that the
mole fraction of the constituent molecules in the mixture,Ntéractions are attractive.
and A;, A, are the values of area per molecule for pure The stability of the mixed monolayer was analyzed by
monolayers. One can find the deviation from the ideal behav@lculating the excess Gibbs free energy. The excess Gibbs
ior by comparing the calculated,y with that obtained ex- fré€ energyAGe,, for the mixed monolayers at constant

perimentally for the mixtures&,). Figure 12 represents the Surface pressures was obtained by integrating the excess
area, A,¢, over surface pressuf@2]. In its expanded form,

AGg,. is given by

18 4

[y
=)
M-

o—o\O___—-o\{

/

AGeyc= Naf *(Alz_Alxl—AZXZ)dTr. (2)

p—
=
L

Here, w* is the surface pressure at which the two compo-
nents of the mixed monolayer behave idedikhich is usu-
ally taken as zernoandN, is the Avogadro number. A nega-
tive value of the excess Gibbs free energy for the mixed
monolayer indicates that the interactions are attractive. On
the other hand, if it is positive, then the interactions are of
a—" repulsive nature. For the case of the ChA-8CB mixed mono-
- layer, the computed G, . values are depicted in Fig. 13. We
- can conclude that the interactions are repulsive up to 0.35
MF of ChA and attractive at higher concentrations.

— T - T T 1 T T The elastic modulu$E| of the mixed monolayer can be
0.0 0.2 0.4 0.6 0.8 L0 Ccalculated using

-
[
PR

Collapse Pressure (mN/m)
> 3

\

=
1

|E|=(A/M)[dm/d(AIM)], (3

FIG. 11. Variation of collapse pressure as a function of the mole
fraction of ChA in ChA-8CB mixed monolayers. The open circles where A/M is the area per molecule and is the surface
represent the higher collapse pressttgcna) . The filled squares pressure. For the Ch monolayer, the elastic modulus was
represent the lower collapse presstiggce, - found to be 557 mN/m at a surface pressure of 30 mN/m.

061604-5



P. VISWANATH AND K. A. SURESH PHYSICAL REVIEW E67, 061604 (2003

80.] and epifluorescence microscopic studies on the Ch-8CB
] | —=—4mN/m mixed monolayer we could characterize the phases. Under
60'_ /o —6—3mN/m the epifluorescence microscope, thephase exhibits homo-
40 :/ —A—1mN/m geneous intensity and appears very mobile. Thus it is more
= 1] like a low density liquid phase. The uniformity in the epif-
E ] / luorescence intensity in thie; phase is consistent with the
3 o A 71 Brewster angle microscopy images reported for the 8CB
& 20.] monolayer{19,20,23. The resulting phase diagram is shown
2 ] —e A in Fig. 7. In the mixtures, for the composition 0.15 to 0.9 MF
-40 ™~ of Ch in 8CB, the mixed monolayer exhibited the coexist-
604 ence of three phas&s+L,+L,. The difference in the dis-
1 ] persion of the dye in the 8CB ridh, phase compared to that
-80- of the Ch richL, phase might be due to better interaction of
-100- the dye with 8CB where it disperses easily into the loosely
T T T T T T T y packed aromatic regions than with the closely packed rigid

0.0 0.2 0.4 0.6 0.8 1.0 skeleton of Ch. At loweA/M the monolayer showed that the
MF A L, andL, phases coexist. At still loweA/M, thel, phase
o _ ) transformed to th®, phase which coexisted with, phase.

FIG. 13. Variation of excess Gibbs free enety.,. with the s trand was seen for the MF in the range 0.15-0.7 of Ch.
mole fraction of ChA in 8CB, computed at different surface Pres-| the range 0.7-0.9 MF of Ch, the + L, coexisting phase
sures. transforms into thel,+ D, coexisting phase. This direct
transformation ol ; to D, corresponds to a kink in the iso-
Sherm at about 0.65 MF of Ch. At very low/M, thel,
phase collapsed to Ch crystallites. These Ch crystallites co-
existed with theD, phase. We found that the monolayer
exhibited phase separation from 0.15 to 0.9 MF of Ch in
8CB. This indicated that the interaction of Ch and 8CB was
weaker. To check the miscibility further, we obtained the
IV. DISCUSSIONS -A/M isotherms for 0.5 MF of Ch in 8CB at 30 °C and
0 °C. Even at these temperatures, there was no appreciable
hange in the isotherms. Varying the temperature should
ave affected the interactions like the affinity of the polar
|t_1ead group to the subphase, change in the molecular orien-
tation at the interface, and so on.

In Ch monolayer, the rigid skeleton along with OH group
is normal to the A-W interfacg¢l7]. The OH polar group
easily forms hydrogen bonding with water. In the 8CB

onolayer, the biphenyl core along with the CN polar group
s tilted at the A-W interfacg13]. The presence of a strong
tilted dipole (CN) alters the local hydrogen bonded network
and tends to orient the dipole of water molecUl24]. Such
effects have been reported in the case of alkyl cyano
biphenyl-water systerf25]. This orientational mismatch be-
tween OH and CN groups at the A-W interface is the most
probable reason for the immiscibility found in our studies in
the Ch-8CB mixed monolayer.

A study of mixed monolayers of Ch and stigmastanil
phosporylcholine(SPQ in which the rigid skeleton was
similar to Ch but with different polar ends has been reported
[26]. In the SPC monolayer, the dipole that resides inside the
subphase was tilted at an angle of 45° at the interface and the
rigid skeleton was oriented normal to the interface. In this
Ch-SPC mixed monolayer, the observed miscibility was at-
tributed to the presence of polar OH group of Ch, which
decreased the electrostatic repulsion between the SPC
dipoles.

In the ChA-8CB mixed monolayer also two collapse pres-

FIG. 14. Variation of the elastic modulyE| with surface pres- sures were seen. Here the higher collapse pressiiga)
sure for systems at different mole fraction of ChA in 8CB. was independent of the composition. However, the lower

The elastic modulus for ChA was 460.4 mN/m at a surfac
pressure of 10 mN/m. The variation [&| with = in thel,
phase at different MF of ChA in the ChA-8CB mixed mono-
layer is shown in Fig. 14. We find an increase|l in the
mixed monolayer with increasing MF of ChA.

Our surface manometry experiments showed that the cof—1
lapse pressures of Ch, ChA, and 8CB were 44.6 mN/m, 15.&
mN/m, and 4.7 mN/m, respectively. The Ch-8CB mixed
monolayer exhibited two collapse pressures. The higher co
lapse pressurerycny was independent of composition. The
lower collapse pressurg,scg) stayed invariant upto 0.6 MF
of Ch and then onwards rose steeply. The increase, igg)
after 0.6 MF corresponded to the direct transformation of th
L, phase to thd, phase. Based on the surface manometryI

18
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collapse pressuregcg increased gradually with the con- whereCg represents the components in bir and water
centration of ChA. This behavior was different from that andCs represents the components at the surfate 8CB or
found in the Ch-8CB mixed monolayer. The surface manomChA, 8CB). Pg is the number of phases in bulk agds the
etry and epifluorescence microscopy studies showed the epumber of surface phases. For the Ch-8CB mixed mono-
istence ofL; phase up to 0.95 MF of ChA. Interestingly, layer,Cg=2 (air and watey, Cs=2 (Ch and 8CB, Pz=3
unlike the case of Ch-8CB, there was no phase separatiofgas, liquid and,), and ifq=2 (L, andL,) then from Eq.
The phase diagram is shown in Fig. 9. The phases that ag4), F=0. This indicates that the collapse pressure is inde-
peared from 0.1 to 0.25 MF of ChA we®+L,, L,, L, pendent of the composition of the mixed monolayer, in
+Dj, andL;+D,. Here also aboverggcg), the 8CB mol-  agreement with our results up to 0.6 MF of Ch. The change
ecules were squeezed out of the phase to form multilay- in the collapse pressure after 0.6 MF is due to the transfor-
ers. For a MF of 0.25-0.95 of ChA, the phase sequence wa®ation ofL; to D, domains. Hence, the Ch-8CB monolayer
G+L4, Ly, Ly+D, andD,+ ChA crystallites. phase separates in the MF range of 0.15-0.9 of Ch. The
The ChA molecules are oriented normal at the A-W inter-component of the monolayer, which had a low value of col-
face. The presence of OCO group in ChA molecules has thi&pse pressure;scg)), gets squeezed out of the mixed
tendency to form weaker hydrogen bonding with water. Themonolayer. For the case of the ChA-8CB mixed monolayer,
degree of hydration or solvation is less for OCO when comif Cg=2 (air and watey, Cs=2 (ChA and 8CB and Pg
pared to that of OH. Hence, the OCO group of ChA may=3 (gas, liquid and,), then,F=2—q. If there is only one
laterally interact with the CN group of 8CB and stabilize monolayer phaseqg=1) then,F=1. This implies that the
through dipole-induced dipole interactions. This may favorcollapse pressure should vary with the composition of the
miscibility in the ChA-8CB mixed monolayer. Surface po- mixed monolayer in agreement with our results.
tential measurements may give more insight into understand-
ing these interactions. V. CONCLUSIONS

The collapse pressure behavior, similar to that of the  \iyed monolayers of Ch and 8CB exhibited the presence
ChA-8CB monolayer, has been reported for the case of o collapse pressures. The lower collapse pressure varied
mixed monolayers of Ch and unsaturated fatty a¢@id.  yith composition after 0.6 MF of Ch in 8CB and the higher
Here also the higher collapse pressure did not vary with the,;anse pressure was independent of the Ch composition.
composition and the lower collapse pressure varied with they epifluorescence studies showed the phase separation of
composition. Further, the degree of unsaturation was varieg,o mixed monolayer intd; and L, phases in the range
by choosing molecules with increasing number of doubley 15_09 MF of Ch in 8CB. In Ch. the OH polar group
bonds. As the double bonds in the alkyl chain increases, thﬁacilitates hydrogen bonding with water. In 8CB, the strong
molecules bend to a greater extent. They had reported thgfieq cN polar group alters the local hydrogen bonded net-
the. interactions were stronger for the unsaturated fatty acidg, g tending to reorient the dipole of water molecules. This
which possessed even numbers of double bonds. orientational mismatch in hydrogen bonding between the OH

The variation of the elastic modulis| with surface pres- 44 N groups might have resulted in the observed immis-
sure for the ChA-8CB monolayer is shown in Fig. 14. The jpility hetween the Ch and 8CB molecules. The mixed
increasing trend iNE| with ChA composition indicated that monolayer of ChA-8CB also exhibited two collapse pres-
the mixed monolayer of the ChA-8CB system possesses 10W,res. The lower collapse pressure varied gradually with the
m-plane. glastlcny{28]. Thus the addition of C.hA enhance_s concentration of ChA and the higher collapse preséasdn
the stability of the 8CB monolayer at the A-W interface. This o previous casavas independent of the composition. From

leads to a comparatively better miscibility for the ChA-8CB 4 epifluorescence microscopy, the presence of thghase

mixed monolayer. In the case of the ChA-8CB mixed mono-,,45 seen up to 0.95 MF of ChA in 8CB and there was no

layer, we did not find significant change in the excess arégp,se separation. Here, the presence of the polar OCO group
(Fig. 12. The gaxmum ’%\gd minimum excess areas Wergorms g weaker hydrogen bonding compared to the OH
found to be 3 A and —4 A® respectively. This showed a group of Ch. The OCO group may laterally interact with the
Iower d_egree of condensation for th_e mixed monolay_er. IeN group of 8CB and stabilize the monolayer through
also indicated that the presence of either Ch or ChA did nogjigje-induced dipole interactions. This might have favored
alter the orientation of 8CB molecules drastically. better miscibility in the ChA-8CB mixed monolayer when

It may be mentioned that the observations of the phasgompared to the Ch-8CB system. However, in both these
sequence in the Ch-8CB and ChA',SCB mixed monolayergnixed monolayers, above the lower collapse pressure
can be understood in terms of Crisp's phase f@l@9]. Ac- Tesce), 8CB gets squeezed out, resulting in multilayers.
cording to this phase rule, the degrees of freedofor the
mixed monolayer at constant temperature and external pres- ACKNOWLEDGMENTS
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