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Relaxation processes in Langmuir films under lateral compression
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The orientational relaxation process of the directdo its equilibrium orientatioriie,, in the Langmuir film,
during the lateral compression in absence of flow, is investigated. The relaxation time, during compression of
4-n-pentyl-4 -cyanobiphenyl monolayefmultilayer films on the water surface, using the Ericksen-Leslie
theory, has been calculated for a number of dynamic regimes. It is also shown that the viscous and electric
forces exerted per unit volume of the monolayer Langmuir film may excite the solitary wave propagating along
the air-water interface.
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[. INTRODUCTION the Langmuir films possess a strong polar group, the dipolar
interactions among molecules can influence electrooptical
The structure of organic monolayer and multilayer sys-properties of the 2D system. The MDC and SHG signals
tems at the air-water interface has been extensively investallow us to determine both the non-OPs and the normalized
gated during the past few yegts-4). Among the established opsp,(A) and P4(A), and the surface pressure-areaA
surface measurement techniques there are two, the Maxwelkqthermal diagram, during compression of tyanobiphe-
displacement currerMDC) technique and the optical sec- i fiim [6]. In particular, the MDC and SHG investigations
ond harmonic generatioBHC) technique, that are ideally o the 4.n-pentyl-4-cyanobiphenyl(5CB) monolayers on
suited to retrieve information on the orientation of the inter-the air-water interface during monolayer compression have
facial region as well as identification of its symme{#].  peen reported1-3], and therefore a large data set is avail-
Both these techniques have shed significant light on the rolgy e for comparison with results from the theoretical routes
of the dipole and quadrupole interactions in the organiqy g |n turn, the past experimental investigations of flow in
monolayers withC., symmetry. Taking into account that the gnolayers during the lateral compressj@hor under shear
molecules in the liquid crystalLC) phases of Langmuir 46 (810 has been focused mainly on measurements of
films either align normal to the air-water interface or they gffective surface viscosity, with little knowledge of the ef-
can tilt relative to the interface, thereby defining an array ofte s of flow on the underlying structure. The nature of the
?untlttvectortsui I?ttr:]e plane Of[ the f|Im,_t(_)ne fan(ljntrc_udutc?_ at églaxation process of the directdrto its equilibrium orien-
east two sets of the parameters, positional and orientationgl: -~ & ; ; e
order parametersOPS [4]. Textures of the LC films are tion Neg in the LC film on the water surfaces is also dis
X ’ cussed in the separate investigations. With the use of MDC
produced by the average molecular orientafier((ij), called  5nq SHG techniques in combination with the theoretical
0; with respect ton is expressed by the OP®, [11,12 theory, we attempt to answer the question of how the
=(P [cogn-(;)]), where(:--) denotes the statistical average, hydrodynamic, elastic, and electric forces affect the orienta-
andP, are the Legendre polynomials of rahkMonolayers tional relaxation process of the director in t_he LC film on the
at the air-water interface exhibit a number of features duringvater surfa'ce durlng the Iate_ral compression of the' film.
compression of the films. For example, the QR _ The ou'FInje of this paper is as foIIO\_/vs:_a dynam_lc equa-
=(cogi-(;)) plays a significant role in the description of the tioN hdescrlbmg t?e re(_)ner:]tatlgn of a I'quLl“d crystalline film
two-dimensional(2D) LC monolayers[4] because of the Onlzl € wa_terlsur alc;e,fln ttr? a ser;)ce Of 0\|/v, |stg|ven n Sec.
structural symmetry breaking at the interface, whereas th |- qmerl_casreSLIJ”sCor | € humber of relaxa '%n. resglmelfl
parameter is not so essential for describing the three2® 9IVEN N S€C. 1l LONCIUSIONS are summarized In Sec. 1v.

dimensional systemfb]. Since the LC molecules that form
Il. FORMULATION OF THE BALANCE

OF THE MOMENTUM EQUATION FOR MULTILAYERS

. AT THE AIR-WATER INTERFACE
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T On the other hand, when the mirror symmetry is broken at
the interface, the surface polarizatiBy,,; may arise in a thin
6 surface layei,~10-100 nm, for anyplanar, homeotropic,
or obliqgue alignment of a liquid crysta[16]. The micro-
scopic reason for this polarization might be the preferential
asymmetric attachment of dipolar molecules to the water sur-
face, ion adsorption, or spatial dependence of the nematic OP

i P,(y) (the so-called ordo-electric polarizatiga6]). In the
quadrupolar approximation, the surfa@edo-electrig polar-
ization (SP) of LCs takes the fornjl7]

K
3._= 1
FIG. 1. Coordinate system specifying the orientation of the di- Psurt= Ee V Py(y) - (nn - §|>, 2
rector and the direction of the electric field and the total polarization
vector. The angle between the direcforand the directiorj (di-  where €' is the quadrupolar coefficient of a nematic. Al-
rected perpendicular to the air-water interfaie6(y, 7). though the difference in the direction of tiRg,,; vector for

homeotropic and planar alignments follows, of course, from
etry A=sin di+cos§ and the absence of flow, the viscous the dipolar nature of the surface laygfs], it can also be
i takes the for .= —y1A X dA/ = y1,6( t)l2 H explained in the framework of the ordo-electric polarization
orque takes the Tormh ==y X< on/at=y, by, UK. Here =\ hdel[Eq. (2)]. By setting the director normal to the sub-
0(y,t) denotes the polar qngle, i.e., the angle between thgtrate and on they plane to givei=(sin 6, cos6,0), and by
direction of the unit vectoj (directed perpendicular to the . t ti t of the® tor P&
air-water interfacgand the directon, 4,0(y,t)=d6(y,t)/ i, I: egrating fveiygc?(mpscz)nenl)o — S‘;}” vector sﬁrﬂ’ OTe
and vy; is the rotational viscosity coefficieiRVC). The unit as[16] (Pg,p=>€ _Co ?S_S_APZ’_W ere Os 1s the polar
vectori is directed to be parallel to the air-water interfage, angle of a surface directdr, AP,=P,,~P5(0),andP,, and
is the distance away from the air-water interface in the P2(0) are the bulk and surface OPs, respectively. For the
direction, anck =i X j (see Fig. . The torque due to electric homeotropic alignmentés=0), (P%,Jn=¢€ AP, whereas for
field E, for instance, originating from the water surface the planar ond6,=/2), <P¥urf>p=—%e*AP2. Since the qua-
charge densityo, is given by Te=(e/e)N XE(E-N)  drupolar coefficiente” and the flexoelectric coefficients,
=[E%(y)/2]e o Sin 20(y,t)k,  where E=E(y)j =(o/&e€) ande; related to the splay and bend distortions of the LC are

Xexp)(—y/AD)f is the surface electric field of the charged connected by a simple relationsHipg] e*:(e1+e3)/352(y),
water surface, and penetrates the LC film, due to ions presettte following expressions for thg components oPg,,; vec-
in the organic film(a weak electrolytg on the order of the  tor are obtained: (PY,)n=€,AP,/3P,(y) and (PY,,

Debye screening lengthp [13]. Here ¢, is the dielectric _ - — . _
permittivity of free spacee=(¢+2¢,)/3 is the average di- ~ €,AP,/6P,(y), respectively. Here, =e,+e;. Now the Sip
[

electric permittivity, ande, and e, are the dielectric con- takes the form[16] Psurf:AjAl'(_ﬁﬁ—%l):A el (cog o-2)
stants parallel and perpendicular to the dirediprespec- +%sin 20}], whereA=(e,/2)[d In P,(y)/dy], j; is a unit vec-
tively. The torque due to elastic forces[i§] Ts=NXh, tor which defines the direction of thecomponent SP vector,
where the molecular field has to be evaluated in terms of 414§ s a unit vector perpendicular fo The coefficients:
the Frank elastic coefficients; (i=1,2,3 for splay, twist, -1 whenfl is parallel tof andé=-1 whenfl is antiparallel

and bend def(?rmz.itmns, respectively. Thg torque dge to spor&-”f' In the simplest case of the electric fieE(ﬂy)=E(y)f, the
taneous polarization i$,,=P X E=P,E(y)k, whereP is the

o _ torque due to polarizatioR is
total polarization vector composed of an in-plane spontane-

ousPg and the surface polarizatid®y, ; components, ani, o R

is the x component of the vectoP. Ps is the spontaneous T,y =P X E = (Ps+ Pg,) X E = ——=exp(- y/\p) F()k,

polarization in the Langmuir film, composed of asymmetric €o€

polar molecules in response to elastic deformation, and is (3

known as the flexoelectric effe¢l4]. In the case of polar

molecules(which is the case for all cyanobiophenylsplay  where F(6)=(e; cog 9-e; sir? 6)a,6(y) +A dcog 6-3). 1t

and bend deformations give rise to two independent flexoshould be noted that accounting for the elastic and spontane-

electric (FE) coefficients(e;,e3), and their contributions to ous polarization torques in the torques balance can be justi-

induced polarization can be written fi4,15 fied only in the case of the multilayer Langmuir film. In the
case of the two-dimensional system, where the molecules of

the Langmuir film align and tilt relative to the unit vectjbr
and thereby define an array of unit vectarsn the planex-y

R of the film, the dynamic equation describing the reorientation
— (e3+ey) cosdsin 69, 6(y)j . (1) of the liquid crystalline film can be written as

Ps=elﬁ- Vﬁ_egﬁx \Y Xﬁ
i

= (g3 co 60— e sir? 0)a,6(y)
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E2(y) _ IIl. ORIENTATIONAL RELAXATION IN THE LC FILM
Y16,0(y,t) + —, €acoSin 20(y,t) + E(y) F(0(y,1)) ON THE WATER SURFACE

A. Case of multilayer film

37 N1 . 2
_< > )sm 26(y,0(9 6y, 0/3y) Let us consider the relaxation process in the multilayer
_ 5CB film on the water surface during the lateral compres-
- [Kycos aly,t) +Kgsir? d(y,t])a,,0(y,t) =0, (4)  sion. In order to discuss the homeotropic alignment of 5CB

whereK; andK; are the splay and bend elastic constants O]molecules on the water surface, one needs the daafof,
the LC film. According to the experimental data for elastic € €1, Kz, Ap, P2(0), and the bulk ORP, . At temperature
coefficientsK, and Ks, determined using the Freedericksz 300 K and density 10kgm, the order parameter was
transition method19], the values of the splay and bend co- found to beP,,=0.51[20]. In the following we use the
efficients, at least for cyanobiophenyls, at temperatures facalculated datae,=-15.9 pCm' [21] and y,=0.05 Pas
from the second order nematic-smediphase transition in  [20], at T=300 K, the calculated;=18, ¢, =8, e=11.3, and
the nematic phase, are approximately equal. It allows us te,=10[20], as well as the calculate<k=13.8 pN , using the

rewrite the last equation in a dimensionless form as molecular dynamics simulation of 5CRB0] at the same tem-
) perature. The magnitude of the Debye length depends solely
3,0(y,7) = — Sexp(— 2y)sin 20(y, 7) + 5, exp(—y) on the properties of the LC and not on any property of the

. — — surface. In the case of homeotropic alignment of the 5CB
X{Sir? 6y, 3 0(y, 7) = 82071 Po(y) film on the water surfacé6,=0), the Debye length is\p
X[cos 6(y, 7) = LI3]} + S3d5,6(y, 7), (5 =45nm,f(y)=1/(y-2), fory<1, and 0, fory=1, and the
set of parameters, which is involved in E@) is equal to
whered,0(y, 7)=36(y,7)/ I, 7=ta*/y, is the dimensionless §~0.52,5, ~-0.252,5,~0.68, ands;~ 0.75. The values of
time, y=y/\p is the dimensionless distance away from thethe charge density, estimated to be of the orderoof
water surface in the LC film, d=e,/(2¢€), ~10%-102 C/n? at T=300 K, corresponds to the water
S=el(egeohp), S=e./(2e)¢, 8=Ksl/(oNp)?, and surface charge density, in ~10-10" m™2, which agrees
)\D:\;‘m [13]. Hereq is the proton ChargégB is with experimental values~10-10% m= [13]. Here o
the Boltzmann constant= eq(€,coS0+ e, SirP6y) (a case of ~ =dny, whereq=1.602x10"*° C is the proton charge. In the
the bulk screening andn;y. is the bulk ion concentration. If case of planar alignmerit;=/2), the Debye length i3

one further supposes that the nematic@l%hanges from its ~30 nm, f(y)=-1/(y+4), for y<;L, -an.d 0, fof y>?"
values at the surface to that of the bulk film, the distanceVnereas the set of parameters, which is involved in(Epjis

— equal to be5~0.52, 5;,~-0.378,5,~-0.68, ands; ~1.12.
dependences of thé,(y) and can be expressed @S] The relaxation of the directar to its equilibrium orientation

— Neg Which is described by the angr,y) from the initial
Ez(y) = Ez(o)(_APZ Yy, 1) , condition#(0,y)=1r/2 to zero during the lateral compression
P,(0) Ap of the multilayer 5CB film on the water surface at different

(6) film sizes L/A\p=0.2,0.4,0.5,0.8,1.0,1.6, and 2.0, have
been investigated by a standard numerical relaxation method
[22], and results are shown in Figs. 2 and2Z3]. Calcula-

. . . -~ tions show that the viscous, elastic, and electric torques ex-
W'th_ the_fgllolvmg expﬁassmn for thiﬂy_ln PZ@__f® erted per unit volume are vanished when the director aligns
=AP,/[APRy+P5(0)], fory<1, and 0, fory> 1. In this case  at an anglef(y, ) =0 with respect to the interface normal. In
Eq. (5) can be written as the case of homeotropic alignment on the water surface, the

. torques exerted per unit volume puts the director into an

J,0(y,7) =~ S exp(= 2y)sin 20(y,7) + &, exp(-y) orientation normal to the interface, with the different relax-
x{sir? a(y, )3y 0(y,7) = 5,f(y)[cog Ay, 7) — 1/3]} ation timesr=to?/ y,, and the torque increases as the size of

the film L/\p increases from 1 up to 10. Calculations also
+ 83dyy 0y, 7). (7 show that the relaxation processes in the Langmuir films on

The overbars in the space varialeave been eliminated. A the water surface, for planar alignment of SCB molecules, is
reorientation of the director in the multilayer LC film on the &PProximately two times longer than that for the homeotro-
water surface, when the relaxation regime is governed by thBIC alignment. It is noted that the time dependefie 7) in

viscous, elastic, and electric forces, can be obtained by soihe Langmuir film with sizeL/\p=2.0 corresponds to the
ing the full nonlinear partial differential equatief), with an ~ ¢ase of the multilayer SCB film in-45 layers on the water
appropriate boundary conditiorifor instance,6(7, y),-o=0 surface, and the relaxation time is equal to-b86 us.
(homeotropic anchoringor 6(7,y)y-o=/2 (planar anchor- )

ing), and the initialg(0,y)=/2 conditiori. The last condi- B. Case of monolayer film

tion means that the initial orientation of the director is dis- In the case of the monolayer 5CB film, when the elastic
turbed parallel to the interface, and then allowed to relax tadorque and the torque due to spontaneous polariz&iaan

its equilibrium valuefeq be safely disregarded, the polarization contribution to the

Y<Ap=Pop, Y>Ap,
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1.6f ' ' C— L o2 polynomials of any rank. The normalized OPs can be written
1 5= 0. it

|t A o L/a, = 0.4 as[6] P;=[*1 pi(x)f(x)dx/ [1 f(x)dx, where the functiori(x)

3'2' 5CBLBfilm |- L/A, =05 is as in Eq(8), but with the non-normalized OPis; 1,3, and

0.0f

X i=1
PO=) 150 -39, i=3.

Angle 6(z) [rad]

1.6F T
1.2} 1§
0.8f \
0.4}
0.0}

On the other hand, our 2D LC system is composed of axially
symmetric molecules, the hydrophilic heads of which are
uniformly distributed on the water surface and the hydropho-
bic tails are directed away from the water surface. It allows
us to consider the model of axially symmetric molecular
rods, the hydrophilic heads of which are uniformly distrib-
uted on the water surface.The hydrophobic tails are directed
FIG. 2. (a) Plot of relaxation of the anglé(7) (=tc?/y,is a  away from the water surface and tilted at the average equi-
dimensionless time to its equilibrium value f,,~0 in the librium angle 6(7,A) with respect to the unit Veth'Ar di-

multilayer SCB film on the water surface, calculated using &. o cteq perpendicular to the interface, and the orientation of
for the case of the homeotropic alignment on the water surface at .

different film sizes./\s=0.2, 0.4, and 0.5b) Same aga), but the  the directorfi(r,A)=sin 6(7, A)i+cos6(r,A)j in the mono-

film sizes arel/\¢=0.8, 1.0, 1.6, and 2.0. layer film on the water surface, when the relaxation regime is
governed by the viscous and electric forces, can be obtained

toque balance is composed of only the surface polarizatioRY SCIVing the nonlinear equatiqsee Eq. 224]]

Psurf=pA(A)ﬁ(t,A_) (ir_l our case directeq away from the wa- 3,607 = - sin 00, 7) — & sin 20(,7), 9)

ter surfacg contribution, wherep=1/Ad is the number den- -

sity of molecules in the filmg is the size of the LC mono- Where d.0(x,7)=d6(x, 1)/ d7, 7=tPEy/ v, is the dimension-

layer film, A is the molecular area, and(A) is the less timex=x/d is the dimensionless distance along the air-

magnitude of the molecular dipole moment corresponding tavater  interface, 6= e,e0Eq/ (2P)=(e,qn,Ad)/[2€A(A)]

the 5CB molecule at the air-water interface. In the wide re=x|A|. Here y~0.05, at the left end of the water surface

gion of the molecular area, the MDC and SHG signals alloncharge density intervall0"-10 m™2), and the molecular

us to determine the dipole momef(A) and the set of non- area is restricted by the values 6&4A|<0.8. In that case the

normalized OPsS;(A) and S;(A) of the flexible amphiphilic  electric torques can be safely disregardeg<P) and the

5CB molecules in the monolayer on the water surface, durrelaxation of the director to its equilibrium orientation in the

ing compression of the cyanobiphenyl film. Having obtainedLC film at the air-water interface is governed by only the

the set of non-normalized OPs, one can calculate the normapolarization forces, and one can also determine a solution of

ized equilibrium ODFf(cos 6,) of the molecules on the wa- EQ. (9) (§<1) in the form

ter surface a$6]

0(7) = 2 tan* [exp(= 7)] + e, (10
f(cos 6,) :iz 2|—+15|P|(cosai), (8)  where 64 is the equilibrium value of the anglé(7) at a
=0 particular temperature and molecular a®awhich deter-

mines the equilibrium orientation of the director in the LC

where 6, is the polar angle of the unit vectdr along the

molecular symmetry axis, anB(cosé;) denote Legendre film,

But there is another exact solution of H§) (§<1),

:'2_ b scaLefim f— L/IKD = 04] 0x,7) = tar {1/(sinH =X +Xo])}, (1)

0l {case of planar anchoring) |..... L/2, =08 whereXx, is a constant. Indeed, 6(x, 7) =—cosh'[ 7—X+x],
'?g' 04l \Ui and taking into account relation t#x,7)=sinir—x
=~ oo} +Xo]=A, one has that sifi(x,7)=A/(1+A%)Y2=cosh![~
f —X+Xg]. Finally, one can rewrite Eq9) in the following
B er way: d,.0(x,7)=—cosh{7—-X+Xy]=-sinf(x,7). Solution
< 120 B (11) describes the solitary kink(x,7), which is spreading

08l along thex axis with the velocity

04r

v =PEyd/y1 = anA(A)/(€geAyn). (12)

Physically, this means that the film has initially been dis-
turbed, for instance, at the left end of the monolayer film,
FIG. 3. (a) Same as Fig. 2, but for the planar alignment on theWith the condition#(0,0)=7/2, and that disturbance must

water surface at different film sizes/A\¢=0.4, 0.8, and 1.2(b) propagate in the form of the solitary wave along thaxis
Same aga), but the film sizes ar&/\g=2.0, 2.4, 2.8, and 3.2. with the velocityv. We also found that with a decrease of the

00}
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molecular area that the dipole moment increases from zero at 030— : : - -
the molecular area 0.6 = A<0.9 nn?, up to 0.5 D per — 1) v=005
molecule, at the molecular area 0.25A<0.6 nnt. 025l 1 T @v=01
Physically, this means that the initial dipole moment of the ’
5CB molecule(A ~5 D) is fully compensated, due to inter-
actions with the water molecules, at the molecular area
0.6 nnf<A=<0.9 nn?, and that compensation increases up
to 0.5 D per 5CB molecule, with a decrease of the molecular
area. The values of the charge density, for exampley in
=10%-102 C/m? at T=300 K, corresponds to the water
surface charge density, in ~10°-10° m=2. Hereo=qn,, 0.10}
whereq=1.602x 107'° C is the proton charge. In the follow- . . . . .
ing, we use the dipole momentA)<0.5 D per 5CB mol- 04 06 08 10 12 1.4
ecule on the water surface, restricted by the molecular area Area per molecule A [nm’]

0.2 nnf<A<0.6 nn? and the value ofe which has been
determined using the temperature-dependent coefficignts
ande, for 5CB obtained in Ref[20].

While values of the static constants in Efj2) are usually
fairly easily found, the determination of the motional con-
stant for rotational viscosity is still a formidable task. Re-
cently, the rotational viscosity coefficieny, has been calcu- In this paper we investigate the orientational relaxation
lated in the form[24] phenomena in the organic LC film on the water surface, dur-

ing the lateral compression. The relaxation of the director
pkaT f to its equilibrium orientatiom,, during compression of
2 (L+v)t, (13)  4-n-pentyl-4-cyanobiphenyl 5CB monolayefmultilayer
G . . . . .

films at the air-water interface is calculated using the
) ) . Ericksen-Leslie theory. In order to elucidate the role of the
where p=1/(Ad) is the number density of moleculess is  charged water surface on the relaxation process, we take into
the Boltzmann constant, is the temperature, and|<1is  account only the long-range componédtie to the surface
the small deviation of the relaxation timg from its bulk  electric field of the surface potential. A balance between the
value to=75(T). The bulk relaxation time has been calcu- electric and hydrodynamic torques exerted on the director is
lated to be equal to 28 nd=300 K) [20]. In the wide re- reflected in the growth of the time relaxation upon increasing
gion of the molecular area 0.2 A A<0.6 nnt, which is  the size of the Langmuir film. The influence of the elastic
characterized by increasingg(A) up to ~0.5 D per 5CB forces on the dynamics of the director, during the lateral
molecule, the orientational fluctuation of monolayér compression of the LC film, is reflected in the relaxation of
=(cog #,)—(cos6;)? on the water surface, can be calculatedthe director to its equilibrium position to be normal to the
using the normalized equilibrium ODR3] f(cosg). Com- interface. It is important to stress that the influence of the
bining Egs.(12) and (13) yields the velocity of the kink elastic and electric forces, in the multilayers LC film, leads
spreading along thg axis in the form to a dissipative process in that system, and the director,
therefore, aligns under these torques perpendicular to the in-
terface. On the other hand, in the case of the monolayer LC
system, which is composed of axially symmetric molecules,
o the hydrophilic heads of which are uniformly distributed on
where F=2A(A)qn,d/ (€ekgTty). In the case of the 5CB the water surface and the hydrophobic tails are directed at the
monolayer film on the water surface, with charge density inpolar angled(A, 7) with respect to the normal to the inter-
0=107C/n¥, one obtainsF~54 um/s. face, one deals with a twofold result. First, the viscous and

The velocityv of the solitary wave propagating along the electric forces exerted per unit volume of the monolayer
x axis, at two different=0.05,0.1, is shown in Fig. 4. If the | angmuir film vanish when the director aligns at an equilib-
solitary wave is excited by the viscous and electric torquessjum angle feq With respect to the normal. Second, these
that solitary wave can propagate with the largest velocity Uforces may excite the solitary wave which is spreading along
to 25 um/s, at least for a 5CB monolayer film on the waterthe air-water interface. Notes that the relaxation behavior of
surface. _ _ _ 6(A, 7) in the kink shape form probably can be observed in

It should be noted that the relaxation behaviopff, 7) in  polarized white light. Taking into account that the director
the form of Eq.(11) assumes that the director has been ini-reorientation takes place in the narrow area of the LC film
tially disturbed at the left end of the monolayer film, with the (the width of kin|§’ propagating through the rectangu|ar
condition 0(0,0):77/2, whereas the relaxation behavior of Langmuir film, though, the kink can be visualized in po|ar-
6(7) in the form of Eq.(10) assumes that the director has ized white light as a dark strip, running along the air-water
been initially disturbed, with the conditio®0,x)=7/2 for  interface. So, a simple 2D LC model of collective tilted rod-
X e [-o, +] at any point of the monolayer film. like polar molecules hinged by their end to a water surface

5CB monolayer on the water surface
atT=300K

0.20t

0.15f

Velocity v (107 [m/s])

FIG. 4. Plot of the kink velocity during compression of the
5CB monolayer at the air-water interface, calculated using &4,
with the values ofv=0.05(curve 1 and 0.1(curve 2, respectively.

IV. CONCLUSION

Y1~

v=F GI[1+v], (14
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allow us to determine the dimension values of both the rewater surface, the initial dipole moment of the 5CB mol-
laxation time and the velocity of the kink solitary wave in ecules is compensated up to 0.5 D, and the influence of the

that system. Eqq can be safely disregarded, but this problem certainly de-
It should be pointed out that the nematic-isotrogid)  serves further investigation.
phase transition in the monolayémultilayen film on the Our analysis also shows that the relatively simple molecu-

water surface has been initiated by the lateral compression ddr model in combination with the experimental data ob-
the film, whereas the NI phase transition in the bulk of thetained with high accuracy can provide a powerful tool for
LC sample was initiated by the temperature field. This dif-investigations of both the structural and relaxation properties
ference originates from the symmetry of monolayers at thef real monolayefmultilayern systems.

air-water interface, and results in the generation of the sur-

face potential across th_e mor!olayers_. The local electric field ACKNOWLEDGMENTS

Egyq due to the dipole-dipole interaction, should also be ac-

counted for by an additional contribution to the torque bal- One of us(A.V.Z.) gratefully acknowledges financial sup-
ance equation. In the case of the monolayer 5CB film on th@ort from the Research Council of the K. U. Leuven.

[1] H. Fujimaki, T. Manaka, H. Ohtake, A. Tojima, and M. Iwa- [11] J. L. Ericksen, Arch. Ration. Mech. Anad, 231 (1960.
moto, J. Chem. Phys.119 7427 (2003; A. Tojima, T. [12] F. M. Leslie, Arch. Ration. Mech. Anal28, 265 (1968).
Manaka, M. lwamoto, and Z. C. Ou-Yandhid. 118 5640 [13] J. N. IsraelachviliJntermolecular and Surface Forceand ed.

(2000. (Academic Press, London, 1992

[2] M. Iwamoto, A. Tojima, T. Manaka, and Z. C. Ou-Yang, J. [14] R. B. Mayer, Phys. Rev. Let22, 918(1969.
Chem. Phys.E67, 041711(2003. [15] A. V. Zakharov and R. Y. Dong, Eur. Phys. J. @& 3 (2002).

[3] A. El Abed, R. lonov, M. Goldmann, P. Fontaine, J. Billard, [16] A. V. Zakharov and R. Dong, Phys. Rev.@, 042701(2001).
and P. Peretti, Europhys. Leth6, 234 (2001). [17] J. Prost and J.-P. Marcerou, J. PhiRarig 38, 315(1977).

[4] M. Iwamoto and C. X. Wu,The Physical Properties of Or- [18] S. Forget, |I. Dozov, and Ph. Martinot-Lagarde, Mol. Cryst.
ganic MonolayergWorld Scientific, Singapore, 2001 Lig. Cryst. Sci. Technol., Sect. 829, 605(1999.

[5] P. G. de Gennes and J. PraBhysics of Liquid Crystals2nd [19] P. P. Karat and N. V. Madhusudana, Mol. Cryst. Liq. Cry&,
ed. (Oxford University Press, Oxford, 1995 233(1977).

[6] A. V. Zakharov and M. lwamoto, Phys. Rev. E66, 061605 [20] A. V. Zakharov and A. Maliniak, Eur. Phys. J. E4, 85
(2002. (2001); 4, 435(2001).

[7] A. Relini, F. Ciuchi, and R. Rolandi, J. Phys. B, 1209  [21] A. V. Zakharov and A. A. Vakulenko, Crystallogr. Re@8,
(1995. 686 (2003.

[8] J. Ignes-Mullol and D. K. Schwartz, Phys. Rev. Le36, 1476 [22] I. S. Berezin and N. P. ZhidkowxGomputing Methods4th ed.
(2000. (Pergamon Press, Oxford, 1965

[9] T. Maruyama, G. Fuller, C. Frank, and C. Robertson, Sciencd23] We thank A. A. Vakulenko for helping us in obtaining this
274, 233(1996. numerical result.

[10] T. Maruyama, J. Lauger, G. G. Fuller, C. W. Frank, and C. R.[24] A. V. Zakharov, A. A. Vakulenko, and M. Iwamoto, Phys. Rev.
Robertson, Langmuid4, 1836(1998. E 68, 031603(2003.

061607-6



