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FLUCTUATIONS IN CONFINED LIQUID CRYSTALS AND PRETRANSI-
TIONAL EVANESCENT LIGHT SCATTERING

ANDREJA SARLAH, PRIMOZ ZIHERL, and SLOBODAN ZUMER
Physics Department, University of Ljubljana, Jadranska 19, 1000 Ljubljana,

Slovenia

The effect of surface-induced (dis)order on collective orientational fluctuations in
nematic liquid crystals is studied within Landau-de Gennes theory. Close to the
nematic-isotropic phase transition the corresponding spectra are characterized
by soft modes, which are associated with fluctuations of the thickness of the
(dis)ordered wetting layer. In this range the dynamical part of the evanescent
light scattering is dominated by the soft modes.

Keywords: confined liquid crystals; orientational fluctuations; light scattering

INTRODUCTION

Several recent experimental studies of the pretransitional dynamics in con-
fined nematic liquid-crystalline systems!!~3 indicate that the spectra of exci-
tations in microconfined liquid crystals are substantially different from that in
macroscopic samples. The theoretical understanding of the experimental results
is rather incomplete as opposed to those corresponding to bulk samples.®) Moti-
vated by the lack of methodical insight into the dynamical mechanisms in con-
fined liquid crystals, we have decided to extend our preliminary study of the
effects of surface-induced order on collective excitations in systems close to the
nematic-isotropic phase transition." In the following, we focus our attention to
the soft mode associated with the thickness of the wetting layer in case of com-
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plete wetting of the substrate by either nematic or isotropic phase and examine
its detectability by evanescent light scattering.

In the next section the eigenmodes of fluctuations in one-dimensional model
geometry are studied theoretically using Landau-de Gennes approach, whereas
the effect of the pretransitional excitations on the light scattering is discussed in

the second part of the paper.

EQUILIBRIUM ORDERING AND FLUCTUATIONS

The model system consists of a liquid crystal film of thickness d sandwiched
between two parallel substrates that induce either local disorder in the field-
stabilized homeotropic nematic structure (case 1) or local homeotropic nematic-
like order in the isotropic phase (case 2) (Figure 1). In both cases, the interaction
between the liquid crystal and the confining surface is assumed to be strong.
According to de Gennes!®¥ close to the nematic-isotropic phase transition
temperature the difference between the free energy densities of nematic and
isotropic phase (f) can be expanded in terms of scalar invariants of the order

parameter Q (a symmetric, second rank tensor)
1 1 .
f=SAT - THQ* - 3BuQ’ + %C(ter)z + %LVQ_:V_Q_ , (1)

where A, B, C, and L are temperature-independent material constants, T is the
temperature, and 7™ is the so-called supercooling limit.

The tensor order parameter can be written as a sum of a static and a fluctu-
ating part: Q(r,t) = Q , .. (r) + B(r,t). By definition, the equilibrium ordering
is only slightly perturbed by the fluctuations, i.e., B < @, watic- BOth Q. and
B can be represented in a suitable base, which is spanned by five orthogonal
base tensors, such as Ty = (3n®n—I)/v6,T; = (e; Qe; — ez Rel)/vV2,T_, =
(e1®er+e;0€))/v2,Ty = (e;@n+n®e;)/v2,and T_, = (e2®@n+ney)/V2,
where n (the director), e, and e, constitute an orthonormal triad and I is the
unit second rank tensor.["1% In this base the projection of Q onto T is equal to
the magnitude of the scalar order parameter, the components of the tensor order
parameter along T, are related to the biaxiality of the ordering, and its T4
counterparts to the orientation of the director.[”!

It is convenient to introduce dimensionless variables and parameters: spatial

coordinates and the bare nematic correlation length are scaled by the sample
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thickness [(z,y,2) + (z/d,y/d,z/d) and ¢ = \/2TCL/B%d?, the temperature
is controlled by 9 = (T — T*)/(Tn; — T*), where Ty; = T* + B2/27AC is the
nematic-isotropic phase transition temperature in bulk, and the rescaled tensor
order parameter is of form Q « (3v6C/2B)Q, so that its magnitude is mea-
sured in units of the magnitude of scalar order parameter at the phase transition
temperature. Our calculations correspond to 800 nm thick liquid crystal 5CB
(A=0.13-10% J/m®K, B = 3.89-10% J/m3, C = 3.92-10° J/m?, L = 9- 10712 N,
and T* = 307.1 K['12)) film yielding ¢ = 0.01.

Equilibrium ordering

Since we limit our discussion to structures characterized by an uniform director
field, the only nonzero coeflicient in the expansion of the equilibrium order param-
eter [Q, ... (r) = Y% _,ai(r)T] is ao, the rescaled degree of order. Configuration
is determined by the Euler-Lagrange equation, which is given by

¢2al — 9ap +3a3 -2} =0, (2
where agy = dag(z)/dz. The boundary conditions read

ao(z =0) = ap(z=1) =a,, @)
where a, = 0 in the case of surface-induced disorder in the nematic phase, and

a, = 1.1 in the paranematic case characterized by an ordering effect of the sub-
strate. Some of the equilibrium order parameter profiles are given in Figure 1.
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FIGURE 1 Model geometry and scalar order parameter profiles in the ne-
matic (casel-thicker lines) and paranematic (case 2-thiner lines) phase at
|9 —9nr| = 1075 (solid lines), |9 —9 ;| = 103 (dashed lines) and |9 — 9 | =
107! (dotted lines), where 955 = 1.

In both cases the equilibrium profile is uniform far from the substrates, where
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the degree of order is equal to its bulk value. However, the surface layer is
disordered in nematic (case 1) and ordered in isotropic phase (case 2), and
its thickness is increasing on approaching the nematic-isotropic phase transition
temperature.[13:14]

Fluctuatio )

If the hydrodynamic degrees of freedom are neglected,”'% the orientational dy-
namics of the nematic liquid-crystalline system is described by Landau-Khalat-

nikov equation,!3 which in a dimensionless representation reads

% = —9Q + 3v6 Q? — 2QuQ? + ¢3V2Q, (@)

where the tilde above the tensor denotes its traceless part. The dimensionless time
t « t/1, is measured in units of phenomenological relaxation time 7, ~ 108 s,
which is proportional to the rotational viscosity of the material.[7:10:15]

The linearized dynamic equations that govern the evolution of fluctuation
amplitudes b;(r,t) = exp (i(kzz + kyy)) Bi(2) exp(—p;t) in the expansion B =

2
> bi(r,t)T; are given by
i=—2

B~ (9= do =) fi =0, (5)
where sp = 6ag+6a3, s1+1 = 6ag+2aj, 512 = —3ap+2ad, and A; = p;—(?(k2 +k2)
are the reduced relaxation rates of the modes. (k; and ky, the dimensionless
wave vectors of the transverse modulation of the mode, are subject to periodic
boundary conditions.) Due to strong anchoring fluctuations must vanish at the
substrates, so that the boundary conditions read 5;(0) = 5;(1) = 0.

The elementary order parameter mode is associated with the fluctuations of
the thickness of the (dis)ordered part of the film (Figure 2). Its relaxation rate
decreases towards 0 with temperature dependence Agg & F(¥ — 1), where ” —”
corresponds to the wetting with the isotropic phase in the nematic phase (case 1)
and " +” to the wetting with the nematic phase in the isotropic phase (case 2).
In the nematic phase the relaxation rate decreases faster than in the paranematic
phase (Figure 3), which is in agreement with a slower rate of growth of the wetting
layer.¥) Due to this soft mode the phase transition in the confined nematic or
paranematic film is only weakly discontinuous. Higher modes are spread over the
whole of the sample and similar to bulk modes.

Biaxial collective excitations in uniaxial nematic phase relax fast: close to the
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FIGURE 2 Profiles of some of the order parameter modes (n = 0,2,14) at
¥ =9Ins F 1075, where ” — " corresponds to case 1 and ” +” to case 2; n-th
mode is characterized with n nodes in the interval z € (0,1). In both cases,
the lowest order parameter mode corresponds to fluctuations of thickness of
the (dis)ordered boundary layer. Dashed lines: equilibrium order parameter

profile.
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FIGURE 3 Spectrum of reduced relaxation rates of the lowest 8 symmetric
order parameter modes in the nematic (case 1) and paranematic phase (case
2) as a function of dimensionless temperature 9. The soft modes are well-
separated from the bulklike part of the spectrum.

transition, the corresponding reduced relaxation rates in the nematic phase are

approximately 10 times larger than the reduced relaxation rates in the parane-

matic phase (Figure 4), where they disturb only the central isotropic part of the

film.

The Goldstone director modes are associated with the spatial modulation of

the orientation of the nematic director and constitute the slowest part of the spec-

trum in the nematic phase (case 1). On approaching ¥y, from below, the relax-
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FIGURE 4 Spectra of reduced relaxation rates of the lowest 8 even biaxial
and director modes for the substrates providing the wetting with isotropic
(case 1) and nematic phase (case 2) as a function of dimensionless temperature
9. In the paranematic case the biaxial relaxation rates can be approximated
by the relaxation rates characteristic for the isotropic phase.

4

0.9 11

ation rates increase due to a decrease of thickness of the central ordered part,
which determines the maximum wavelength of the deformation. In the parane-
matic phase (case 2) director modes are characterized by a slow mode associated
with director fluctuations in the ordered boundary layer (Figure 4).

DYNAMIC LIGHT SCATTERING

Fluctuations of the nematic tensor order parameter give rise to fluctuations of
the dielectric constant tensor responsible for the scattering of light. Here we
are particularly interested in the slow order parameter fluctuations, which can
be detected by choosing appropriate polarizations of the incoming (i) and the
scattered light (f) (i=f = n).

In the evanescent light scattering experiment the light is totally reflected at
the substrate-liquid crystal interface so that the incoming light is of form

E.(r,t) = Egexp(i(koz sin o — wyt) - k2) , (6)

where kg is the magnitude of the wavevector in the substrate. The penetration
depth is characterized by k = kgv/sin® a — sin® a, where a, is the angle of total
reflection and a > a, is the angle between the incident wavevector and substrate
normal. The magnitude of the scattered light is thereforel!¢]

E, x /Ee(r, t)exp(—tiky - r)f - ¢(r,t) -idr. (7
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Ifi = f = n, the product f-¢(r, £)-i is proportional to €,[ag(2)+bo(r, )], where ¢, is
the difference between the two principal values of the dielectric constant tensor in
the completely ordered state. The dynamical part of the autocorrelation function
of the scattered field is then given by

RZ
G(t)ayn = (Es(0)E; ())ayn < 3 p =

exP(—l‘O,ﬂ;qt) ’ (8)

O,niq
where R, = [ fon(z)exp(—«z)dz and ¢ = |k; — ky| the magnitude of the scat-

tering wavevector.
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FIGURE 5 (a) Contributions of the soft modes and other modes in the ne-
matic (case 1 - dashed lines) and paranematic phase (case 2 - solid lines) to
the correlation function at 9 = ¥ F 0.01. (b) Total correlation function for
both cases at different temperatures. ¢ = 0.1 and x = 1.

As implied by Figure 5, both below (case 1) and above (case 2) the phase
transition temperature the correlation function is well described by a single ex-
ponential function corresponding to the relevant soft mode.

If i and f are not precisely parallel to the director n the correlation function
also includes contributions of director and biaxial modes. In the paranematic
phase (case 2) the results would not change much whereas in the nematic phase
(case 1) the director modes would mask the soft mode.

CONCLUSIONS

In restricted geometries, both static and dynamic aspect of liquid-crystalline or-
dering are modified by the confining substrates. Here we show that in the case of

complete wetting by either nematic or isotropic phase the dynamics of collective
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fluctuations in the vicinity of the nematic-istropic phase transition temperature

is characterized by soft modes. The illustrated soft modes are expected to be

one of possible mechanisms contributing to slow dynamics in confined systems.

The existence of soft modes could be probed with the evanescent light scattering
method.
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