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Orientational relaxation phenomena in Langmuir-Blodgett films at the air-water interface
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The nature of the orientational relaxation process of the directorits equilibrium orientatiome, in the
mono{multi)layers) Langmuir-Blodgett film, during the lateral compression in absence of flow, is investi-
gated. The relaxation time, during compression af-gentyl-4 -cyanobiphenyl mondmulti)layer(s) film on
the water surface, using the Ericksen-Leslie theory, has been calculated for the number of dynamic regimes.

DOI: 10.1103/PhysReVvE.68.031603 PACS nuni)er68.03—~g, 68.15+e, 61.30.Cz, 66.26.d

[. INTRODUCTION S;(A) andS;(A) of the flexible amphiphilic molecules at the
air-water interface, as a function of the molecular afea
In absence of flow, the relaxation of the directoto their ~ derived from the MDC and SHG measurements, one can
equilibrium orientatiom,, in the liquid crystal(LC) film at  calculate the normalized equilibrium ODRcosé) of the
the air-water interface, during the lateral compression of thenolecules on the water surface and the normalized P\Ps
film, is governed by elastic, electric, and hydrodynamic[4].
torques exerted per unit LC’s volume. If the director is dis- In this paper we attempt to answer the question, based
turbed, for instance, during compression, and then allowed topon the Ericksen-Lesli€EL) [5,6] theory, of how the elec-
relax, these torques vanish when the director aligns at affic, elastic, and hydrodynamic forces affect the orientational
equilibrium angled, with respect to a unit vectgr directed relaxation process of the director in the LC film on the water
perpendicular to the air-water interfatsee Fig. L Textures _surface during the lateral compression pf the film. Taking
of the LC films are produced by the director orientation Nto account that the relaxation process is governed, among
—(u;), and the fluctuation of the molecular orientatian others, by the hydrodynamic torque, where the rotational vis-

with respect ta is expressed by the order paramet@®9 cosity coefficien_ts(R\_/Cs) Vi .(i =1.2) plgy a f:rucial role,
— . one needs detailed information on reorientation of the mol-
P=(Pi(n-u))=(Pi(cost)), whered is the angle between o jes in these LC films. The molecular reorientation can be
the long axis of the moleculeand the nematic directar,  gescribed by the rotational diffusion modg], which as-
(---) denotes the statistical average, &hdre the Legendre symes a stochastic Brownian process for molecular reorien-

polynomials of rankl. The orientational order of the me- tations in which each molecule moves in time as a sequence
sogenic molecules on the water surface is traditionally quan-

tified in terms of OPs; however, the most complete descrip- ]’
tion of the order is provided by the orientational distribution Oe
function (ODF). Recently, different techniques, Maxwell-

displacement current(MDC) [1] and optical second- -
harmonic generatiofSHG) [2], have been usefully sug-
gested to observe the dipole mechanism in the organic
monolayers withC,, symmetry. One important feature of
these techniques as a tool to study the relaxation process i
the LC monolayers at the air-water interface is an ability to
measure the OPs during compression of ¢hanobiphenyls
films [3]. Having obtained the set of non-normalized OPs
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of small angular steps caused by collisions with its surround- TABLE I. The values of the splayK;) and bend K3) Frank
ing molecules and under the influence of a potential of meaglastic coefficients for 5CB, 8CB, and 80CB nematic liquid crystals
torque set up by these molecules. Each molecule is charags measured in Ref13]. The values of the nematic-isotropiiil)
terized by a rotational diffusion tensor whose principal ele-Phase transition temperatures drg =306.5 K, Ty, =313 K, and
fixed on the molecule. A common approach for determina-

tion of viscosity coefficients, in the framework of the Ty 0.984 0.992 0.997
statistical-mechanical theof8], is based on the rotational y_ (5cg) [pN] 10.0 79 55
diffusion model[7]. In such a treatment, the system is deter-K3 (5CB) [pN] 11.7 78 56
mined by the time-dependent single-particle ODF governeqj<1 (8CB) [pN] 125 10.0 6.0
by a Fokker-Plank-type kinetic equation and the RVCs arq-(3 (8CB) [pN] 135 10.2 6.15
expressed to be inversely proportional to the in the LC K, (80CB) [pN] 475 33 25
film. K4 80CB) [pN] 4.8 35 2.7

Recently, the dielectric relaxation time, in organic
monolayers on a material surface has been determined to be
proportional to the orientational fluctuation of monolayers
and inversely proportional to the self-diffusion coefficient
D, inthe LC film[9]. For a small deviation of the relaxation
time 7, from its bulk valuet0=r(l)0(T), wheretg is the re-
laxation time for a hindered rotation of molecules around
their molecular short axes in the bulk of the sample, both th
RVC v, and the orientational relaxation time , in the
monolayer of 4r-pentyl-4-cyanobipheny(5CB) molecules

to the directon, respectively. The torque due to spontaneous
polarization isT = PXE=PEgk, whereP is the total po-
larization vector composed of an in-plane spontane®us
and the surface polarizatioR, s components. The torque
due to elastic forces {812] T¢j,s= NXh, where the molecu-
far field h has to be evaluated in term of the Frank elastic
coefficientsK; (i=1,2,3) for splay, twist, and bend deforma-
tions, respectively. It should be noted that accounting for the

on tne watert.surfafceih can Ib?e ca!lg#Iated as t‘?‘ functlorg) of Blastic torque in the torques balance can be justified only in
small correction of the valué. IS correction can b€ pa case of the multilayers Langmuir-Blodgett film.

caused by interactions between molecules of LC film and the | "i1a case of two-dimensional system, where the mol-

material surface. In turn, the relaxation timgy(T) can be  eyjes of Langmuir-Blodgett film align tilt relative to the unit
obtained using molecular-dynamics simulatd®] or NMR ectorj | thereby defining an array of a unit vectarsin the

techniquef 11]. _ _ _ planex—y of the film, Eq.(1) can be written as
The outline of this paper is as follows: a dynamic equa-
tion describing the reorientation of a liquid crystalline film E2

on the water surface, in absence of flow, is given in Sec. Il. y,9,6(y,t)+ ?Oeaeo sin26(y,t)+PE, siné(y,t)
Numerical results for number of relaxation regimes are given
in Sec. lll. Conclusions are summarized in Sec. IV. (

Kg; Kl) sin 26(y,t)[36(y,t)/ ay]?

Il. FORMULATION OF THE BALANCE OF MOMENTUM —[K, co§0(y,t)+K3 Sin20(y,t)](920(y,t)/ﬁy2=0,
EQUATION FOR MONOLAYERS AT THE

AIR-WATER INTERFACE (@]

The dynamic equation describing the reorientation of ayherek; andK; are the splay and bend elastic constants of
liquid crystalline film on the water surface can be derivedthe LC film. According to the experimental data for elastic
from the balance of elastic, viscous, and electric torques agoefficientsk; and K3, determined using the Freedericksz
[5,6] Tyist Telastt Tert Tpo=0. In the case of planar ge- transition method13], the values of the splay and bend co-
ometry n=sin#i+cos#j and absence of flow, the viscous efficients, at least focyanobiphenylsat temperatures far
torque takes the forr,;js= — yinXdn/dt=y,6,(y)k. Here  from the second-order nematic-smechigghase transition in
6(y) denotes the polar angle, i.e., the angle between thghe nematic phase, are approximately equal and collected in
direction of the unit vectoj (directed perpendicular to the Table I. It allows us to rewrite the last equation in a dimen-
air-water interface and the director n, and 6,(y) sionless form as
=d6(y)/at. The unit vectoi is directed to be parallel to the
air-water interfacey is the distance away from the air-water ; gy 7)= —sing(y, r) — e sin 20(y, ) + 8526(y, 7)1 3y2,
interface in thej direction, andk=iXj (see Fig. 1L The @)
torque due to electric fiel&, for instance, originating from
the water surface chazrge densjty, is given by T where 0779(;7):50(; 7lar, 7=tPEyly, is the dimen-
= (€al €)X E(E-n) = (Eg/2)eaeo sin26y.0k,  where B o 00q timeyy=y/d is the dimensionless distance away
=Eoj = (0/ €ge)] is the surface electric field of the charged from the water surface in the LC filng= e e0Eq/(2P) and
ﬂater Surfacefo is the dielectric permlttIVIty of free space, o= K3/(PEod2) are the parameters of the System, which are
€=(¢+2¢€,)/3 is the average dielectric permittivity, argl  considered as positive constants, in the following dinslthe
ande, are the dielectric constants parallel and perpendiculasize of the LC monolayer, i.e., the length of the molecule.
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A. Case of 6<1 (€>0) B. Case of6<1 and e<1

In this case the elastic torque can be safely disregarded In this case both elastic and electric torqukder in the
and the relaxation of the directorto its equilibrium orien-  form of T|) can be safely disregarded and the relaxation of
tationnggy, in the LC film at the air-water interface, is gov- the directorn to its equilibrium orientatiom,q in the LC
erned by the electric forces, and one can determine a solutidiim, at the air-water interface, is governed by only the po-

of Eq. (1) in the form larization forces, and one can also determine a solution of
Eqg. (2) in the form
de B
- f Sin6tesin2g 1O ® 0(7)=2 tan [exp(— )]+ e, ®

where 7, can be chosen from the valug(7— %)= 6, where 6, is the equilibrium value of the anglé(r) at a
where 6,4 is the equilibrium value of the anglé(7) at a  particular temperature and molecular arawhich deter-
particular temperature and molecular akawhich deter- mine the equilibrium orientation of the director in the LC
mine the equilibrium orientation of the director in the LC film.
film.

In the casee<1/2, i.e., egeEo<P, which implies that
the torque on the director due to polarization forces prevails
over torque due to electric forces, H) gives the solution In this case the electric torques, both due to the polariza-
[14] tion forces(in the form of T ;) and due to electric force#

the form of T), can be safely disregarded and the relaxation

P of the directorn to their equilibrium orientatiom,q in the
tan- +2e LC film is governed by only the elastic forces, and the dif-
oy ro=lntanf— 4e tan* 2 , fusion equation (2) withy>0 has a solution with a single
2 (1-4€>)'? (1—4€%)Y2 exponential decaying time:

(4)

C. Case of6>1

0(7)=exp(— k7)cq(SinC,y +Ccosc,y), 9
whereas in the case>1/2, i.e.,ege,Eqo>P, which implies
that the torque on the director due to electric forces preva”%vith a positive coefficiente (K: 5C§> 0) Herecl and C,
over torque due to polarization forces, E§) gives the so-  gre only temperature-dependent coefficients. This solution
lution [14] shows that the influence of the elastic torque in the relaxation
regime, in the case of only multilayers LC film with approxi-
0 2¢ mately equal splay and bend elastic deformations, leads to
— 7= TO:'”tani_Tlllz dissipative processes in the system, and the value of the
(4 ) angle 6(y, ) is exponentially decaying with time, and the

0 director, therefore, aligns under elastic torques perpendicular
tan- +2e— (4€?— 1)1

2 to the interface{limr_,we(y 7)=0]. It is important to stress
XIn 7 : (5)  again that accounting for the elastic forces can be justified
tan§+26+(452— 1)%2 only in the case of the multilayer Langmuir-Blodgett films.

It should be pointed out that in the case®$ 1, Eq.(1)
can be written as
It should be pointed out that in the case=1/2, i.e.,

e9€sEo=P, which implies that the torques on the director 2 2 2
due to both electric and polarization forces are equal, the % g0 ; 96 il
. o p . ) q ’ —— 0y — + 4| sinfdcosh| — —coSh— =0,
relaxation of the initially disturbed directar to its equilib- aT ay? ay ay?
rium orientationn,, can be determined as (10
1 1 0 where §=K3/PEd is the large ands;=(K;—K;)/K3 is
~TTT0=5| T cosg T INANS- ®  the small parameter of the system. In the temperature range

where the values of the splay and bend deformations are

In the casee>1, i.e., ege,Eq>P, which implies that the approximately equaky<1, and one may determine a power

elastic torque and torque due to the spontaneous polarizatigigries solution of Eq(10) in the form 6(7,y)=61(7.y)
forces(in the formT ) can be safely disregarded, and the + 6165(7,y)+ - - -. Substituting the last expression for the
relaxation of the directon to its equilibrium positiomg in 6(7,y) into Eq.(10) we obtain
the LC film is governed by only the electric forces, one may
determine a solution of Ed2) in the form

36, 5 70,

— =0, 11
0(7)=tan ‘[exp(—27)]+ Oeq. (7) aT ay? an
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The diffusion equatiorill) with >0 has a solution with a ]

single exponential decaying tinisee Eq(9)], which shows T 08

that the influence of the elastic torque leads to dissipative s

processes in the multilayers system, and the value of the § 04}

angle fqq is lim._.., 6(y,7)=0. Physically, this means that ﬁ

the director, in the case of the multilayers system, aligns Z 00} . . . : . ]

under the action of only elastic torques, perpendicular to the 04 06 08 1.0 12 14

interface. The analysis of the experimental data for the elas- Area per molecule [nm’]

tic coefficientsK; and K3, determined in Ref{13] for the
homologous seriesnCB,n=5-8) in the nematic phase
shows that the highest value 6f is ~0.17. This means that
one may determine a power series solution of @d), for
the temperature range in whiatyanobiphenylsexhibit a
nematic phase, and that the influence of the elastic forces o
the relaxation process in the LC films during the lateral com-

FIG. 2. Measured non-normalized OBgA) andS;(A) vs mo-
' lecular areaA of 5CB monolayer at the air-water interface.

where 6; is the polar angle of the unit vectar along the
molecular symmetry axis ané,(cosé) denote Legendre
ﬁolynomlals of any rank. The normalized OPs

pression leads to dissipative processes in the system. +1
f_l pPi(X)F(x)dx
D. Case ofé~1 and e~1 Pi=—rq (14)
A reorientation of the director in the multilayer LC film Jll f(x)dx

on the water surface, when the relaxation regime is governed

by the viscous, elastic, and electric forces, can be obtaineghere the functionf(x) as in Eq.(13), but with the non-
by solving the full nonlinear partial differential equati¢2) normalized OPsi=1,3,

with an appropriate boundary conditiori$or instance,

0(y,7)y—0=0(y,7)y=1,a=0 (homeotropic anchoringand X, i=1
the initial 6(y,0)= /2 condition. HereL is the size of the (x) =

. : e T PiX)=9 Z(5x3-3x), i=3
multilayer film. The last condition means that the initial ori- 2 ' '

entation of the director is disturbed parallel to the interface,
and then allowed to relax to its equilibrium valédg,. o
and shown in Fig. ®@). On the other hand, our two-
I1l. ORIENTATIONAL RELAXATION IN LC FILMS
ON THE WATER SURFACE; NUMERICAL RESULTS

[3;]
(3]

(a)
In the case of the monolayer 5CB film, when the elastic
torque can be safely disregardéchsel), the polarization
contribution to the toque balance is composed of only the
surface polarizatio®s=n A (A)j (in our case directed away
from the water surfagecontribution, whereng=1/Ad is the
film charge densityd is the size of the LC monolayer filrd,
is the molecular area, and(A) is the magnitude of the i i i i i
molecular dipole moment corresponding to the 5CB mol- i P@A) ()]
ecule at the air-water interface. In the wide region of the %
molecular area, the MDC and SHG signals allow us to de-
termine the dipole momenfA(A) and the set of non- il _ ]
normalized OP$,(A) andS;(A) of the flexible amphiphilic -,WN‘%,W'W Py(A)
5CB molecules in the monolayer on the water surfésse o0l Wmﬁ“ '\%5
Fig. 2), during compression of theyanobiphenyfilm. Hav- . . i
ing obtained the set of non-normalized OPs, one can calcu- 04 06 o,g 1_0 1-2 1.4
late the normalized equilibrium ODF(cosé) of the mol- Molecular Area [nm?]
ecules on the water surface as

[3,])
o
>

-
o

Average angle [degree]

B
Q

o
()

©
~

Order parameters

FIG. 3. (a) Plot of the averag@é.4(A) during compression of the

1 film. (b) Normalized OPsP,(A) (upper curvé and P5(A) (lower
f(cos6,)= 4_ E P,(cos#;), (13) i:urfve) vs molecular are#@ of 5CB monolayer at the air-water in-
= erface.
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1.2 . : 18 =
a a
6= 0.5 (56,F, = Ps)( ) 15 e>>1(ge,E, >>P) |
ol - 2 o =0785(~45°) |
8, = 0.785 (~45") 5 09 o = 0 1
§ 08 - = 08 ‘ | B
— . . = 2 4 8 8 10
IC - e -
o et 2 > 05(cE >P)
o (b) < 100 %0 " ' s
> £<0.5 (g8, E, <P,) - ,
< 2 < 8,,=0.785 (~45°)
0,,=0.785 (~45") | 075 |
0 2 4 6 8
T

4 5 6 7 8 T 9 10 11 12 13 FIG. 5. (@) Same as Fig. @), but the angled( ) is calculated
using Eq.(7), with the value ofe>1, i.e., epe,Eq>Pg. (b) Same
FIG. 4. Plot of relaxation of the anglé(7) (7=tPsEq/y; isa  as(a), but the angled(7) is calculated using Eq5), with the value
dimensionless timeto its equilibrium value 6.4~0.785 (f¢q of €>1/2, i.e.,ege,Eq>Ps.
~45°, corresponding to molecular area n0.463 nnf) during
Icc;mdpressmg Ogthi fgm, o= 1/25'}9&'1506?1'5&; Ps, anc: C?'f“(; Egs. (4), (5), and (6), in three different molecular areas;
e g EG. ) Same s, bt e arels) s GUed 0.3 i<A<05 i (<12 [see Fig. ©)), A
9 EaL&), €= e 1€ €0€E0=Fs- —=0.463 nM (e=1/2 [see Fig. 4a]), and 0.2 nA<A
<0.463 nnt (e>1/2[see Fig. ®)]), respectively. The case
dimensional(2D) LC system is composed of axially sym- e>1, i.e., eqe,Eq> P, which implies that the torque on the
metric molecules, the hydrophilic heads of which are uni-director in the monolayer LC film on the water surface, due
formly distributed on the water surface and the hydrophobido electric forcegfor instance, due to external electric figld
tails are directed away from the water surface. It allows us tgrevails over the polarization forces, and the relaxation of the
consider the model of axially symmetric molecular rods, thenitially disturbed directom to its equilibrium orientation is
hydrophilic heads of which are uniformly distributed on the shown in Fig. $a). We have studied the relaxation behavior
water surface and the hydrophobic tails are directed awa@f 6(7) (7=tPEq/vy;) and found that the dimensionless re-
from the water surface and tilted at the average equilibriunfaxation time decreases with increasiagi.e., with increas-
angle f,(A) with respect to the unit vectgrdirected per- g of the electric forces from 12, far<1/2, to 6, for both
pendicular to the interface, and the equilibrium orientation ofé>1/2 ande>1. The time of the orientational relaxation of
the directorn,, in the monolayer film can be determined as the director to the equilibrium can be written as
Neq=1 SINfeqt| COSH. Now, one may calculated,, as
[§6;f(cosa)sin6dé; [see Fig. 8a)]. We also found that with y1Adege
decreasing of the molecular area that dipole moment in- t,=T(A)T. (15
creases from zero, at the molecular area 0.6k
<0.9 nnt, up to 0.5 D per molecule, at the molecular are
0.2 nnf<A=<0.6 nnt. Physically, this means that the initial
dipole moment of the 5CB molecule\¢-5 D) is the fully

aWhile values of the static constants in Eq5) are usually
fairly easily found, the determination of the motional con-

; ) . stant for rotational diffusion is still a formidable task. Re-
compensated, due to interactions with the water mo"EC“le%ently, the dielectric relaxation time. , for an organic film

at the molecular area 0.6 AmA<0.9 nnf, and that com- (" naterial surface, in the framework of the statistical-

pensation decreases up to 0.5 D per 5CB molecule, withhechanical theory[9], based on the rotational diffusion
decreasing of the molecular area. The values of the charg@ggel[7], has been calculated. As a result,can be found
density, for example, ir=10"° C/m” at T=300 K, corre- o be proportional to the orientational fluctuation of mono-
spond to the water surface charge density in ~1.6  |ayersf=(cos #)—(cos#)? and inversely proportional to

X 10'° m~2, which agrees with experimental valuesl0™  the self-diffusion coefficiend, in the LC film. For the small
—10* m~2 [15]. Hereo=qn,,, whereq=1.602<10"*C  deviation of the relaxation time, from its bulk valuet,, one

is the proton charge. In the following, we use the dipolecan writer, =tq(1+ v), wheret,= 75,(T) is the bulk dielec-
momentA(A)<0.5 D per 5CB molecule on the water sur- tric relaxation time and depends only on the temperature, and
face, restricted by the molecular area 0.22sA<0.6 nnf  v=A1/t,, whereAr is the small correction of the valusg,

and the value ofe which has been determined using the due to interaction between molecules of LC fim and the
temperature-dependent coefficiertsand e, for 5CB ob- material surface. So, in our case, the expression for the self-
tained in Ref[16]. In the case of 5CB monolayer film on the diffusion coefficientD, takes the forni9]
water surface, with the charge densityoirs 103 C/n?, one

obtains e= €,€,E/(2Ps)~1.08A|. So, finally, one has a 2f 1
different relaxation process, which can be determined by DL:E 1+’

(16)
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08 v v 1.6f

19l Ld =16 @
(1)v=0.05 5CB monolayer ’ yid = 1(1); 4(2)
—_ @v=0.1 at 300 K i _ o8}
2 0.7t M o
- Wiy < 00}
£ ; } War/y g 3 4 5 6
£ os ik L i A 4 I .
£ 2 T i FERE ®)
k- i ;:':" 12} Lid =10
x 1 i yid = 1(1); 4(2)
% 0.5} 08
14 04}
| A =0.463 nm? oo}
04 o2 05 06 o 1 2 3 4 5 &
Area per molecule A [nm?] Distance y/d
FIG. 6. Plot of the relaxation timg of the director to its equi- FIG. 7. (a Plot of relaxation of the angled(y,7) (7

librium orientation during compression of 5CB monolayer at the =tPsEq/v; is a dimensionless time arnyd=y/d is a dimensionless

air-water interface, calculated using Ed5), with the value ofv distance away from the water surfadturing the lateral compres-

=0.05(curve ) and 0.1(curve 2, respectively. sion of the multilayers 5CB film on the water surface, calculated
using Eq.(2), for the case of the homeotropic alignment on both the

where|v|<1. On the other handy, is proportional to the boundariesy=0 (water-LC interfacgandy=L/d= 16 (LC-air in-

pkgT/D, , and, as a result, can be written in the form terface. (b) Same as(@), but the size of the LC film isy=L/d
=10.
pkBT
Y17 Tof (1+v)to, 17 prevails over the surface polarizatiéy,,; (estimated to be

of the order of 102 C/n?), one obtains thab~e~1, and

wherep=N/V is the number density of moleculds, is the the relaxation of the directar to its e_quilibrium_orientation_
Boltzmann constant, and is the temperature. The number Neq €an be described by the nonlinear partial differential
densityp of 5CB (T~300 K) has been fixed to the value eqpatlon(Z), with an appropriate boundary condition. Calcu-
1.8x 1077 m~3, whereas the relaxation ting is equal to 2g  1ations of the relaxation process, with the boundary
ns (T=300 K) [10]. In the wide region of the molecular area 0(Y,7)y=0= 0(Y,7)y=1,4=0 (at two different sizesL/d

0.2 nnf<A<0.6 nnt, which is characterized by increasing =10 and 16) and the initia#(y,0)=7/2 conditions, have

of A(A) up to ~0.5 D per 5CB molecule, the orientational been investigated by a standard numerical relaxation method
fluctuation of monolayef ={cos 6)—(cos#)? on the water [17]. Calculations showFigs. 7 and Bthat the viscous, elas-
surface can be calculated using the normalized equilibriuntic, and electric torques exerted per unit volume are vanished

ODF f(cos#) [see Eq.(13)]. The orientational relaxation when the director aligns at an angl¢y, 7)=0, with respect

time t, [see Eq(15)] of the director to the equilibrium ori- {0 the interface normal. The torques exerted per unit volume
entation, as a function of the molecular afgaat two differ-

ent v=0.05,0.1, is shown in Fig. 6. In the case of 5CB

monolayer film on the water surface, the electric torque puts 1.0t ,oooo u':uou'su unoo,
the director into the equilibrium orientation with different
relaxation times, which increase with increasing up to 0.8r : ;
0.7 ms. I-TSI 0 co0o oTo=oo£>8000 o

In the case of the multilayers of 5CB molecules on the g 81 3 o =10 %o B}
water surface, at =300 K, by accounting for only the sur- 3 04l O .annsAnsAAAA, ©
face polarizationPg contribution to the torque balance, one g . 2 v vrv=v1 .vzv — a .
obtains that K3>PEqd?> (5=KzAeeq/(A(A)do)~346 & 02} .7 Yo
>1), and the relaxation of the directarto their equilibrium < v L/d =16 v
orientationng in the LC film is governed by only the elastic 00f = s
f_orces_, and '_the diffusion equatlcﬁ@) vy|th é»l has a solu- 20 2 4 6 8 1012 14 16 18
tion with a single exponential decaying timg see Eq(9)]. Distance y/d

In both these cases, in the region of the molecular area
0.2 nnf<A<0.6 nn?, which is characterized by increasing  FiG. 8. The distance dependence of the amfle 7) during the
of A(A) up to~0.5 D per 5CB molecule, the time of the lateral compression of the multilayers 5CB film on the water sur-
orientational relaxation, of the director to the equilibrium face, calculated using E¢), for the case of the homeotropic align-
can be also calculated using HG5). ment on both the boundarieg=0 (water-LC interfack and y

In the case of the multilayers film, ¢ omposed of 5CB =|/d=16 (LC-air interface, at four values of the dimensionless
molecules on the water surface, when a high spontaneougne : 0.6 (squares 0.8 (circles, 1.0 (upper triangles and 1.2
polarizationP, (estimated to be of the order of 10C/n?)  (down triangles
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put the director into an orientation normal to the inter-techniques. In order to elucidate the role of charged water
face,practically, with the same relaxation timer  surface on the relaxation process, we take into account only
— 0A(A)/ y,Adeget, ~ 3.0, for sizesL/d=10 and 16, re- the long-range componefdue to the surface electric figld

spectively. Figure 8 shows the dependence of the angl@f the surface potential. A balance between the electric and

— . . hydrodynamic torques exerted on the director is reflected in
0y, ), calculated with Eq(2), on the distancg/d away the growth of the time relaxation upon decreasing the

from the boundary{=0), for the case of the homeotropic gyrength of the electric field. The influence of the elastic
alignment @(y,7)y=o= 0(y,7)y=.=0L/d=16), and for the  forces on the dynamics of the director, during the lateral
following values for dimensionless time=0.6, 0.8, 1.0, compression of the LC film, is reflected in the relaxation of
and 1.2. The values of(y,7) vary rapidly between the the director to its equilibrium position to be normal to the

boundary and cente&‘(y 7) values, within the first four mo- interface. It is important to stress that the influence of the
lecular layers from both the water surface and LC-air inter-€lastic forces, in the multilayers LC film, leads to dissipative
face. We are aware of the fact that the macroscopic descrif2"0cess in that system, and the director, therefore, aligns un-
tion of the relaxation processes masks the role of th&ler elastic torques perpendicular to the interface. While the
mesogenic interactions among the LC molecules in the filmEXPerimentally obtained values of the order parameters for
as well as among the LC and the water molecules. Howeveflexible amphiphiliccyanobiphenysystems on the water sur-

at the phenomenological description this limitation is coun-/ace, can be provided by both the MDC and SHG methods,
terbalanced by the simplicity of the present approach, whiche determination of motional constants is still a formidable
can be used to calculate many material parameters of tH@SK[1]. It should be pointed out that the state of the mono-
ultrathin LC film on the water surface. layer composed of the flexible polar molecules on the water

It should also be noted that the relaxation process of théurface is reflected in the set of the non-normalized OPs,
director n to its equilibrium orientatiom,q, in the mono- obtained from MDC and SHG measurements. On the other

(multi) layer(s) of 5CB molecules on the water surface, hash@nd, our 2D LC system is composed of axially symmetric
been investigated at fixed temperature800 K. Since the molecules, the hydrophilic heads of which are uniformly dis-

. - — tributed on the water surface and the hydrophobic tails are
number of material coefficients such as the ®psthe self-

e g . directed at the average equilibrium anglg(A) with respect
diffusion coefficientD, , the RVC y,, and the relaxation o the normal to the interface. This implies that the volumes

. t

time 7(1)0 have a st'rong temperature depenglence, arole o_f th feq(A) can be obtained from MDC and SHG measure-

t?]mp%ralt)ture, dU(lngdthe Iaterall coFmpressmln og thhe S"Sé"mments in the monolayer film on the water as a function of the
should be examined separately. Fortunately, bot aNGreaA. Physically, this means that the dimensionless value of
MDC techniques allow us to carry out such measurements ij,o re|axation time can be obtained using the phenomeno-
the temperature range corresponding to the nematic phase I%fgical EL theory, whereas a simple 2D LC model of collec-

5CB. tive tilted rodlike polar molecules hinged by their end to a
water surface allows us to determine the dimension value of
IV. CONCLUSION the relaxation time in that system.

In this paper, we investigate the orientational relaxation S0 the relatively simple molecular model in combination

phenomena in the organic LC film on the water surface With the experimental data obtained with high accuracy can

during the lateral compression. The relaxation of theProvide a powerful tool for _investigation of both the struc-
director n to its equilibrium orientatiome,, during com- tural and relaxation properties of real mor{eulti)layers)
pression of 4a-pentyl-4-cyanobiphenyl (5CB) mono-  SYStems.
(multi)layer(s) film at the air-water interface is calculated

using the Ericksen-Leslie theory. The average arglgecor-

responding tong is evaluated based on the Maxwell dis-  One of us(A.V.Z.) gratefully acknowledges the financial
placement current and optical second-harmonic generatiosupport from the Research Council of the K. U. Leuven.
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