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Measurements of surface elasticity and thickness of'4n-octyl-4-cyanobiphenyl film
at an air-water interface
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Two optical techniques, ripplon light scattering and convergent ellipsometry around the Brewster angle,
were used to investigate the monolayer-trilayer phase transition in @CBi-octyl-4-cyanobiphenylfilm
expanded at the air-water interface. The former technique is useful to evaluate the surface elasticity of the film,
while the latter estimates the film thickness from its reflectivity. These results were analyzed in correlation with
the relevanfI-A isotherms. We showed that the elasticity of the monolayer filmx<.@ 2 N m™~%, and that
of the trilayer is 2<10"1 N m™%, and that the latter is 2.0 times as thick as the former. Inhomogeneous
structures in the coexistence of monolayer-trilayer phases, and the fluidity of the trilayer domains, were
observed. Ripplon measurements were also made in the coexistence region of the monolayer and the gaseous
phase[S1063-651X97)13608-X]

PACS numbg(s): 64.70.Md, 68.10.Et, 78.3%.c, 78.66—w

INTRODUCTION by Schmitz and Gruler, who made a surface potential mea-
surement in region 1I[4].

Structures of gas-liquid interfaces with a thin molecular Recently we developed a technique of convergent ellip-
film existing in between are of great interest, since they prosometry around the Brewster andl@EBA) for a quantita-
vide information about various kinds of molecular interac-tive evaluation of molecular films extended on an air-water
tions. The interface supports many types of amphiphilic molinterface[5]. This technique yields the angular dependence
ecules which consist of a hydrophilic head and aof the reflectivity of the interface, from which the film thick-
hydrophobic tail. These molecules form monomoleculamess is obtained. We have already applied this method to a
films at certain proper conditions. Each molecule turns up itstearic acid monomolecular film in the liquid phase, and
hydrophobic tail into air, with its hydrophilic head down in made a quantitative discussion of its thickness. The useful-
water. Phase transitions of these monomolecular films haveess of this technique has been shown. While this technique
attracted considerable attention in recent years. The film is ias well as thell-A measurement gives the statics of the
a gaseous phase when the molecules are sparse enough, amlecular film, the ripplon light scattering provides us with a
more condensed phases appear as it is compressed. In typidghamical approach to air-liquid interfaces. Ripplons are
fatty acid films, there are several phases which differ in denhigh-frequency capillary waves thermally excited on liquid
sity: gaseous, liquid expanded, liquid condensed, and solidurfaces and propagating with the surface tension as their
like. In most cases the solid phase is the densest, and furtherajor restoring force. Ripplon propagation is strongly af-
compression often leads to a disordered collapse of th&ected by the structure at the surface and subsurface region.
monolayer and the appearance of three-dimensional strudhe dispersion relation of the waves reflects viscoelastic
tures. The transition which occurs in the film of thermotropicproperties of the molecular film expanding itself at the inter-
liquid crystal 8CB (4'-n-octyl-4-cyanobiphenylis some- face. In our previous study, we established a system of
what differenf1—-4]. When a monomolecular film of 8CB is hyper-resolution spectroscopy for ripplon light-scattering ex-
excessively compressed in the plane, an ordered collapse goerimentq6]. We already applied this system for investigat-
curs, and the monolayer is folded into a stable trilayer film,ing relaxation phenomena of soluble films on liquid, the
and the transition is believed to be of the first order. Xue morphology and critical behavior of insoluble monomolecu-
Jung, and Kim made an extensive studyI6fA isotherms by lar films, and the sol-to-gel transition process of solutions
surface balance, whei@ andA are the surface pressure and [7—11].
the surface area per molecule, respectively, and found this A combination of the above two experimental techniques,
phenomenoil]. They divided the whole range éfinto five =~ CEBA and ripplon light scattering, would be effective in
regions, from | through V, and concluded that theobserving both statical and dynamical aspects of the phe-
monolayer-trilayer phase transition occurs in region Illnomena in which the interface is involved: a more profound
(41 A?/molecule> A>12 A%/molecule) from the experi- insight into the interfacial physics would be obtained. We
mental results of both the ellipsometry and optical secondtherefore decided to apply the two techniques to an 8CB film
harmonic generation. Friedenbeztal. observed this region on water. We also conducted a conventioHalA measure-
by Brewster angle microscopBAM), and visualized the ment. The purpose of this study is to confirm the monolayer-
coexistence of the monolayer and trilay&t. Mul and Mann  to-trilayer phase transition from the viewpoints of film thick-
also made a BAM investigation, and obtained a similar resulhess and elasticity property. Though 8CB is one of the most
[3]. The phase transition not between the monolayer and biwidely used and studied materials of liquid crystals, the
layer but between the monolayer and trilayer was supportedtructure of the surface and subsurface is for the most part
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56 MEASUREMENTS OF SURFACE ELASTICITY A . .. 1839
left unknown. Molecular films at the air-water interface are
important since they are regarded as a model of a skin of the
bulk liquid crystal. The transition from the monolayer to the
multilayer would reproduce the process of new-surface cre-
ation under an ideal condition. This is also one of our inter-

Region [II <]Region 11, i Region

surface pressure ( 10°Nm™ )

ests, lying in the background of this study. 4r
2+
EXPERIMENT
A ripplon experiment is a kind of dynamic light-scattering 0 Loab o (el
method for a liquid surface. A beam of anAlaser is inci- 30 35 40 45 50 55 60
dent on the liquid surface and scattered by the ripplon, whose area per molecule (A° )

wave number is determined by the scattering angle. Analysis
of the scattered light by the optical beating technique yields FIG. 1. ObservedI-A isotherm of 8CB film around region |I.
the power spectrum of the light, from which the ripplon fre- The surface elasticity of the monolayer is given by the gradient of
guency and the damping are obtained. These two values giubis curve.
the two-dimensional elasticity and viscosity of the film. A
more detailed description of the technique has been giveprevious result§1-4]. The surface pressure is required in
elsewherg6—10. obtaining elasticity in the ripplon measurement. We there-
Principle and details of CEBA have already been givenfore measuredl around region Il with special care.
[5], and we offer only a brief account here. Incident light of
a He-Ne laser withP polarization is once expanded to a
beam with about 10-mm diameter, and then focused to a spot
about 100um in diameter on the surface. The convergent Thell-A isotherm in Fig. 1 shows three distinct regions.
incidence has the optical axis set roughlyat the Brewster In a dilute region atA>52 A%/molecule, the surface pres-
angle of the substrate liquid, with the amplitude distributionsure keeps a constant value at a very low level, indicating the
almost uniform within=2° aroundfg. The divergent re- coexistence of a condensed monolayer phase and a gaseous
flected light has a unique doughnutlike pattern with a darkphase. AtA~52 A%/molecule, the surface is expected to be
hole in the center, if projected on a screen. A photodiodeentirely covered with the condensed monolayer film. Further
with a pinhole in its front is scanned in the directionépthe  addition of the molecules causes a monotonous increase in
reflection angle, on the detection plane perpendicular to théhe pressure up tl=5.5x10 3 N m~*. The uniform film
reflection axis: the angular dependence of the reflectivity foiof the condensed phase is elastically compressed in this re-
the P-polarized light is obtained. Though the reflection per-gion Il. The pressure reaches a plateau At41
fectly vanishes a#= 6 on a clean surface, a thin film on it A2/molecule: the monolayer can no longer exist stably, and
causes a finite value of the minimum reflectivity, which the ordered collapse begins. The trilayer domains appear in
gives the quantitative evaluation of the film. the monolayer phase. The almost constant valud of this
The sample cell is a round trough made of glass 10 cm irstage indicates the first-order phase transition.
diameter and 1 cm in depth. The same cell was used in all The above is an explanation of the isotherm given in
the three experiments: ripplon, CEBA, ahb} A. It was re- terms of the phase transition between gas, monolayer, and
peatedly rinsed by distilled water before use. We filled thetrilayer. The ripplon study should be done so that its results
cell with distilled water and floated a barrier made of a Te-are correlated with thidI-A curve. First we made a mea-
flon sheet 5Qum in thickness to determine the area in which surement in region |, the coexisting region of the gas and the
molecules of the film were allowed to move. A solution in condensed monolayer. We made this preliminary experiment
which 84 mg of 8CB was dissolved in 100 ml of hexane wasin order to test the validity of the ripplon light scattering
dripped on the water surface inside the barrier with a mi-applied to the system of 8CB films. Figure 2 shows the re-
crosyringe. The hexane evaporated quickly, leaving 8CBsults obtained afA=83 A?/molecule, the coexistence state
molecules which form a thin film. The amount of 8CB solu- of the gaseous and the condensed monolayer phase. For this
tion determinedA. experiment, we used a floating Teflon sheet with a special
8CB in its bulk state is a thermotropic liquid crystal which shape which loosely divided the surface of measurement into
undergoes isotropic-nematic and nematic—sme&ktighase two areas, one being exclusively covered with the condensed
transitions at 40 and 33 °C, respectively. The film of 8CB, onphase while the other with the coexisting gas. The two areas
the other hand, is reported to show no such transition in thare connected through a narrow channel. Thus we can make
temperature range from 10 to 38.7 PO. The whole experi- the light-scattering experiment selectively in either phase.
ment was done at room temperature. The sample was pufhe shape of the Teflon sheet has already been given in
chased from Merck and used without further purification. detail elsewherg[10]. The ripplon frequencyw and the
The surface pressurd, which is determined as the de- damping I’ are pointed on a chart which gives the two-
crease in surface tension due to the existence of a film, wadimensional elasticityy and viscosityx of a film covering
measured as a function ok. We used the Whilhelmy the surface of ripplon propagation. The solid lines are the
method with a plate made of platinum. ThE-A isotherm  theoretical curves of constant viscosity along whichin-
was obtained by successive addition of 8CB on the surface&reases anticlockwise. The outmost curve isder0, andx
The result is shown in Fig. 1, which is almost the same as th@écreases as the curve shrinks. This set of curves idIfor

ELASTICITY OF THE FILM
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FIG. 2. The chart used to determine the surface elasticénd
the surface viscosity from the ripplon spectra. The abscissa and  F|G. 3. Ripplon damping observed by the scanning ripplon mea-
the ordinate are the ripplon frequenayand the dampind’, nor-  syrement on the surface at the coexistence state of the monolayer
malized with respect to values for the water surface with virtualgng trilayer. The higher value corresponds to the monolayer phase,
nonviscoelastic film whose surface pressure H=1.0  and the lower to the trilayer. The hatched belt shows the typical
X10"* Nm™. The open and closed circles indicate the values forscatter in the damping for the clean water surface observed in a
the gaseous phase and the monolayer, respectively, and the figurgifilar experiment. The damping is converted into the elasticity,
for £ and « are given in the unit of 10° Nm™*and 10°kgs™,  which is represented by the right-hand ordinate. The closed and
respectively. open triangles show the elasticity for the presumable monolayer and
trilayer, respectively.
=1.0x10 * Nmtin region I. The open and closed circles
indicate the results obtained at the gas and at the condens% s
areas, respectively. These results tellzus thag the condensg& result of a similar experiment made on a clean water
phase has surface 6|a.St'C'W.’:1'7X 100" Nm™, and a fi- surface, and shows that scatter in the data is within 200 Hz if
nite value of surface viscosity, and the gas phase shows NRere is no structure on the surface. The fluctuatiodin

observable elasticity. The elasticity of the coexisting CON-gbserved in 8CB film is nontrivial and meaninaful enouah
densed phase appears in tHeA curve of Fig. 1 as the 9 gn.

di he dil d of ion 1. W lcul h reflecting the structure on the surface.
gradient at the dilute end of region Il. We can calculate the  rpq morphological study by BAM reveals that the trilayer
elasticity of the monolayer),, by

phase forms domains about 5@n in diameter surrounded
by the monolayef3]. Although the spatial resolution of the
) , (1) scanning ripplon study is-1 mm and not sufficient to repro-
A=A, duce the fine structure of the trilayer-monolayer coexistence,
we can at least conclude thEtshows a bistable fluctuation
where A, is the area at the boundary between regions between two values, 3.0 kHz and below 2.5 kHz. The next
and Il. We obtainedey,=1.8<x10"2Nm™! with A, stepis to convert the change Bfinto that ofe. We need an
=51.6 A?/molecule. This value is in good agreement with »-I" chart like that of Fig. 2, but fofl=5.5x10 3 N m™?,
the one determined by the above ripplon measurement.  the surface pressure in region lll. As mentioned above, the
The gradient increases with decreasiAgin region Il,  point (w,I') traces the horseshoe-shaped curve anticlockwise
indicating that the film has a strong nonlinear nature in elaswith increasinge. When the film is very soft, i.,eg<1.5
ticity. The elasticity is determined to besy=3.3 X102 Nm™? the point moves up the right leg of the horse-
X10"2 Nm™! from Eq. (1), with A;=41.2 A%/molecule, shoe as: increases. The increase is sensitively observable as
which is the dense end of region Il. This is the elasticity ofthe increase il". At the top of the horseshoe, on the other
the monolayer film under coexistence with the trilayer film, hand, » is more sensitive te thanI'. In the experiment
and to be compared with the result of the ripplon experimentnade in the monolayer-gas coexistence, the differeneasn
made in region IlI. in the range where botlw and I' vary with &: the film
Figure 3 shows the results of scanning ripplon measurestrongly affects the ripplon propagation. Unfortunatelyof
ment made aA=14.6 A%/molecule in region lll, where the both films in the monolayer-trilayer coexistence is in a range
trilayer film is expected to cover50% of the whole area larger than 3. 10 2 N m™%, the range where many points
inside the Teflon barrier. This time the barrier was a simpleof (w,I") gather at the foot of the left leg in the chart. The
circular shape. The light-scattering experiments were carriefllms are too hard to affect the ripplon propagation anymore,
out in a spatial scan at every 1 mm along thaxis on the andI alone is weakly sensitive to. The ordinate for thus
surface. The open circles in the figure represent the ripplodetermined by the chart is shown on the right-hand side of
damping at each position. The scattering angle was fixe®ig. 3. The axis is inversely directed and far from linear.
at 0.38°, which gives the ripplon wave numbdr  Nevertheless, we can deduce from this result that a very hard
=8.4x 10" m L. There appear two weakly stable regions infilm with e=2x10"! N m™! exists at 0.2 x<1.4 cm and
this scan: one at=0.5 cm withI'<2.5 kHz, and the other at 2.5<x<2.6 cm, and that there is another film with
at 1.5sx=<2.5 cm withI'=3.0 kHz, though the difference is =4.5x10 2 Nm™! at 1.7<x<2.5 cm on this surface.

than conspicuous. The hatched belt in Fig. 3 indicates
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10 =3 T scale was determined by the displacement of the pinhole on
x10 8 ‘." e o o« the detection plane and the focal length of the collimating
8 F o ;1 lens. The dotted line is the reflectivity curve of a well-known
A} 'H theory[12], which is in very good agreement with the ex-
> 6fF 3\ ,"5-" perimental points in this angular range.
:"g [}V Z After floating a circular-shaped barrier, an appropriate
D 4t ki Y amount of 8CB molecules was dripped on this surface, and
2 2R ' the area was adjusted ta=39.9 A?/molecule, near the
L o b ‘,;{, vd":’; boundary between regions Il and 11l where the monolayer of
% Toy® % the most compressed state extends over almost the whole
0 N , surface. The reflectivity observed is shown by the closed
506 528 530 532 534 536 circles in Fig. 4. The existence of the monolayer increases
o the reflectivity almost uniformly over this angular range
incident angle (deg) without a significant change in the curve shape and the angle

o ] ] of minimum reflection, the latter implying that the film has
FIG. 4. The reflectivity curves obtained by CEBA, of which the ,q gntical absorption. Then the molecules are added again to
open circles, the closed circles, and the crosses indicate the resWi_ 15 5 A2/molecule. at which the surface is fully covered
— 2 — 2 . ’
for the surface af\=12.5 A%/molecule, atA=39.9 A%/molecule, with the trilayer film. The CEBA measurement was done to

and the clean water surface, respectively. The solid and dashed Iin%sérive the result, as shown by the open circles in Fig. 4. The

are the theoretical curves of E(R) fitted to the points, while the rilaver film increases the reflectivity in a similar manner but
dotted line is the theoretical curve for a clean water surface. Thé ayer fim | . ity 1 imi u
a larger magnitude.

vertical straight line indicate the angle at which the measurement of! : . i
The theoretical curve of reflectivity to be correlated with

Fig. 6 was done. . o . .
the CEBA experiment is given by a pure geometrical optics.
It would be quite natural to assign the soft and hard filmsWhen a thin transparent film exists on a water surface to

to the monolayer and the trilayer, respectively. To verify thisC0MPOse an air-film-water system with two interfaces, the
assumption, we made a ripplon study in the same sense &&flectivity of P-polarized light is expressed as

that of Fig. 2. The specially shaped Teflon barrier was used 2, .2
. L ; ro+ri+2rqr,cos®
again. The surface under study was loosely divided into two Rp(6)= o 7 2
areas, one likely to be covered with a monolayer, the other 1+rgri+2roricos%
with a trilayer, and measurements were done at either area.
The closed and open triangles on the right-hand side of Fig. 5= 2_77 nh cost 3

3 represent the elasticity observed at the presumable mono- N

layer and trilayer areas, respectively. These points indicate

that &y=4.0x102Nm* and &r=2x10*Nm7?, wherery andr, are Fresnel coefficients of air-film and film-
where subscripfl is the value for the trilayer. Note that water interfaces, respectively,andh are the refractive in-
ey and e7 are in good agreement, respectively, with thedex and thickness of the film, respectivedyis the angle of
lower and higher levels of the elasticity observed in the scanincidence from the film to the water, ands the wavelength
ning ripplon measurement, and thaj agrees well with the  of the probe laser light12]. Though¢ is absent here in an
static value ey=3.3x10"2 Nm~! obtained fromII-A  explicit form, £ is related tod through Snell's law, and,
curve in Fig. 1. It would be quite reasonable to associate th@ndry are given as functions af. Thus this equation in-
very hard area and the softer area found by the scanningludes two independent parametarandh, and the best fit
ripplon study with the trilayer and monolayer, respectively.Of this theoretical curve to the experimental data over a cer-
The large scatter in the trilayer region would reflect the finetain angular range would determine bathand h, if the

structure visualized by the BAM study; the area 0@ fitting is precisely made. Unfortunately, the contributions of
<1.4 cm would be a trilayer-domain-rich region. n andh to the shape of the curve are made mostly through

nh. While the minimum reflectivity determinash very ac-
curately, the whole fitting is hopelessly sensitive to indi-
vidual n or h. In the absence of any reliable valuerofor

The advantage of CEBA is in its ability to evaluate the molecular films of 8CB, we decided to make the curve fitting
thickness of films on a liquid surface. Expecting to detect theso that it givesh as a function oh over some proper range.
difference in the thickness, we applied this technique to thé'he dashed and solid lines in Fig. 4 represent examples of
monolayer-trilayer system. We also measured the clean wahe curves of Eq(2) fitted to the reflectivity of monolayer
ter surface to check the reliability of the experiment. Theand trilayer, respectively. In these fittings=1.55 was as-
crosses in Fig. 4 show the reflectivity of the virgin surfacesumed for both films, antt,;=1.07 nm for the monolayer
before 8CB film is expanded. If the initial surface is cleanand ht=2.15 nm for the trilayer were determined. In this
and the CEBA system is working correctly, the reflection ofway we obtainech,(n) andh(n) as shown by the dashed
P-polarized light completely vanishes 8t which is deter- and solid curves in Fig. 5, respectively. The range of the
mined by the index of refraction for water. The minimum abscissa in the figure was chosen from the following consid-
reflectivity observed is zero within the experimental accu-erations. Nematogen molecules generally have an anisotropic
racy, and this angle should % for water. The pointfg index of refraction in their nematic phase.ng€B’s, they are
=53.06° on the abscissa of Fig. 4 was thus fixed, and th&nown to be about 1.7 in the crystal axis and about 1.5 in the

THICKNESS OF THE FILM
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FIG. 6. The reflectivity observed for 6 min at a certain fixed spot
refractive index on the film at the coexistence stat&=18.3 A%/molecule). The
data show an obvious bistable change between the two horizontal

FIG. 5. Thickness of the trilaye¢solid line) and monolayer lines, which correspond to the reflectivity of the trilayer and mono-
(dashed determined in the fitting of Eq(2) to the experimental layer for the observation angle indicated in Fig. 4.
results shown in Fig. 4, and given as functions of the refractive
index. The thin horizontal dashed line is the ratip/hy at each  than the monolayer, though a quantitative estimation is very
refractive index. difficult.

The closer packing in the bilayer is also suggested by the
perpendicular direction. The effective valuerofor a certain  ratio of A values at both ends of region IIl. The ratio is about
angle of incidence is given by the index ellipsoid and some3.5 as given above, which may mean that the bilayer has
where between the two values, £6<1.7, would be a more molecules per unit area than twice the monolayer does.
practical range. The molecules in the monolayer are bound to the surface,

The thickness of the monolayég,=1.07 nm am=1.55  whose hydrophilic core is fully or partially in water and
would be quite reasonable, consistent with a rough estimawvhose hydrophobic tail is in air at a certain tilt angle. The
tion made from the molecular structure. Note, however, thatange ofA in region Il indicates that the area occupied by
our primary interest is not in the absolute valuetaf or  one molecule of the monolayer is a square whose side is
hu, but in the ratio of the former to the latter. The thin 6.4—7.2 A, reasonable values if the core size is taken into
horizontal dashed line in Fig. 5 represents the experimentaccount. The major force that forms this structure of the
value ofh;/hy,, which is neatly at 2.0 within 5% precision monolayer is the strong interaction of each molecule with
throughout this range. The above result fof(n)/hy(n) water, together with the effect of the exclusive area. On the
=2.0 is in very good agreement with Xue, Jung, and Kim'sother hand, the major force forming the bilayer structure is
experiment of ellipsometry which gave;/hy=2.12 [1].  the coupling between two molecules. It is known that 8CB
Both results are, however, against the simplest model of molecules tend to form pairs. An excess compression of the
trilayer which predictsh;/hy, =3, and seemingly suggest a monolayer would release some molecules from the bondage
monolayer-bilayer transition. Nevertheless, previous studieq)f water, and two of them immediately make a side-by-side
as well as ours, are on the standpoint for the hypothesis gfair pointing oppositely. This pairing occurs successively,
the trilayer. The major reason for this is that the molecularand the ordered bilayer in which the molecules align alter-
density on the surface is about 3.5 times larger at the dengwtely is formed. The fact that;/hy, can be even smaller
end of region Ill than at its dilute end, while a simple dou-than 2 implies a firmly interdigitated structure with a large
bling of the monolayer suggests it is only twice as large. Atilt angle of the pairs.
commonly accepted model of the trilayer is that the compres- The bilayer and monolayer share a hydrophobic-
sion of the monolayer buckles the film upward to form ahydrophobic interface where a weak frictional interaction
bilayer in which the hydrophilic cores of 8CB are interdigi- probably governs. The bilayer film would smoothly slide on
tated inside, and the bilayer is folded over the monolayer sthe monolayer. Figure 6 shows the temporal fluctuation of
that the two hydrophobic surfaces contact face to face. Hendde reflectivity observed for 6 min by CEBA in region I,
the top surface of the trilayer is also hydrophobic, as was#A=18.3 A/molecule. The laser spot was fixed at one point
suggested by the surface potential experiment of Schmiten the surface of trilayer-monolayer coexistence, and the ob-
and Grulel(4]. The interdigital structure of the bilayer would servation angle is slightly off the minimum, as indicated by
reduce the total thickness, and this is the reason whghe vertical line in Fig. 4. The reflectivitiR shows a flipflop
ht/hy is less than 3. change between 8310 ° and 3.7<10 %, which corre-

In the estimation othy/h,, made in Fig. 5, we assume spond to the intersects of the straight line with the curves for
that the trilayer has the same refractive index as the mondhe trilayer and monolayer in Fig. 4, respectively. In the pe-
layer. Though this assumption is valid in the simplest modeliod 25<t<90 s, for instance, the laser happens to illumi-
of the trilayer, it loses ground in the above model of a bilayemate the trilayer domainR is at the upper level. Then the
over the monolayer. The thin bilayer film of interdigitated domain slides away an® falls down to the lower level.
structure implies a closer packing of molecules than thé=rom the transition time between the two levels together
monolayer film, and hence a higher index of refraction. Ifwith the laser spot size, one can roughly estimate speed of
this is true and the average index of refraction is increased ithe domain drift,~10 > m s %. Further, this speed and the
the trilayer, then the analysis in Fig. 5 should be corrected taypical period of the upper levek-10? s, roughly give the
give hy(n)/hy(n)<2.0. The bilayer could be even thinner domain size~10"2 m. This size is consistent with the result
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of the observation by BAM3]. The fluidity of the trilayer posing molecules is determined not by the interaction with
domain was also observed by other researcfzf. the monolayer below but by the coupling geometry of the
In summary, we characterized the coexisting trilayer andnolecules within the film. The upper bilayer can glide freely
monolayer of 8CB on a water surface by elasticity and thick-over the hydrophobic face of the monolayer, since there is no
ness measurements. The results, together with the knowledg&ong interaction in between.
obtained so far, disproved the possibility of a simple trilayer The bilayer of such a structure can be associated with a
with threefold monolayers, and suggested a structure of hard film with a high elasticity. The simplest model for the
bilayer placed on the monolayer. The monolayer is formedrilayer elasticity is a parallel connection of three springs
by the strong interaction of the hydrophilic core of an indi- with the same spring constant, which predietdey,=3. In
vidual molecule with the substrate water. Each molecule ishe present measurement of elasticity, we obtairggd
anchored and forced to stand up with a certain tilt angle oE=4x102 Nm ! ande;=2Xx10"* Nm™%, giving e1/ey
the hydrophobic tail. The average separation between the:5, thoughe; of 8CB is in the range where the ripplon
neighbors in the monolayer can be slightly expanded due tmeasurement loses a sufficient accuracy.
a repulsive force possible between the two molecules ori-
ented in the same direction. In the bilayer film, on the other
hand, molecules are alternately ordered by the close coupling
between the inversely oriented molecules, and form a layer This work was supported partly by a Grant-in-Aid from
of tightly interdigitated structure. The tilt angle of the com- the Ministry of Education, Science, Sports, and Culture.
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