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Chapter 111

Enhancement of Orientational Order Parameter of Nematic
Liquid Crystalsin Thin Cells

3.1 Introduction

In the previous chapter we have seen that the goplicaion d strong eledric fields
on the mmpound with bah Ae >0 aswell as Ae <0, enhances the orientational order
parameter in the nematic phase and the paranematic-nematic transition temperature is
shifted to higher values. These dfects have antributions baoth from the Kerr effed as
well as from the quenching of director fluctuations under strong fields. Our experiments
on the system with Ae <Oshow that the cntribution from the quenching of diredor
fluctuation is rather strong. We have dso dscussd the surface induced order at zero
field, whose effect is seen at atemperature dlightly higher than that of the bulk transition.

In this chapter we will discussthe dfed of confinement on the orientational order
parameter of nematic liquid crystals. Liquid crystals can be @nfined in dfferent
geometries. In a simple geometry the liquid crystal is sandwiched between two parall el
glass plates, which are pretreaed for homogeneous alignment. Such studies on rematic
liquid crystals are important both from fundamental and techndogica points of view. For
example, nematic liquid crystal is sndwiched between two parallel glass plates for
display (LCD) applications. The typica thicknessused for this purpose is ~5um. In the
reflective mode displays, it is about 2um. Because of the fluid neture of the medium its
resporse time is relatively slow and is given by 7 =n d?/77K [1] where i is an effedive
viscosity, K an effedive curvature dastic constant and d the sample thickness The
resporse time can be reduced considerably by reducing the sample thickness
Furthermore, in bistable displays, which are being investigated in recent yeas, the
thicknesshasto be quite small, ~2um[2].

There ae several theoretical and a few experimental studies on the @nfinement
effect on the orientational order parameter of nematic liquid crystals [3-7,9]. Ping Sheng
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has cdculated the order parameter profilein thin cdls using the Landau de Gennes theory
asuming a surface potential, which enhances the order parameter at the surface The
dimensionless sirfacepotentia g isdefined as G/(AépaTyi), where G is the strength o the
surface potentia, A isthe surface aea and a is a Landau coefficient (see sedion 3.5 and
&, the order parameter coherence length. It was found that within a limited range of
surface potentials a surface transition accurs at a temperature higher than that of the bulk
transition (Fig.(3.1). Close to the transition pant, the surfaceinduced order decays to the
bulk value over a length scde, which is an arder of magnitude larger than the order
parameter correlation length &,[3,4]. The order parameter in the nematic phase & the
surface of the substrate & well as in the bulk increases with decreasing cdl thickness
The cdculated surface ad buk order parameter profil es are shown in Fig.(3.1).( adapted

from reference[3])
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Figure 3.1 Variations of bulk order parameter S, (dashed curve) and surface order

parameter § (solid curve) as functions of temperature ( Ty-T ). The half-cell thickness
(D1é&) of the sample is labelled beside each curve. The magnitude of the dimensionless
surface potential g which was defined by Ping Sheng [3] was taken to be 0.008in the

cdculations.

Experimentally Miyano [5] measured the wall-induced hbirefringence in 5CB
abowve the N-I transition temperature. It was found that the pretransition krefringence
diverges when the plates were pretreated for homeotropic dignment of the diredor.
However he did na find any evidence for this in planar alignment. Mada & a [6]
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reported the measurement of surface and buk order parameters in the nematic as well as
in the isotropic phase & functions of temperature. They used pates, which were
pretreated by oblique evaporation o SiO. The surface order parameter was found to be
~0.15just above Ty, and hed finite values even at temperatures further above Ty;. In the
nematic phase the surface order parameter was foundto be dways ~25% higher than the
bulk order parameter. As we have discussed in the previous chapter, the surface induced
order becomes measurable in the mwmpound ed a ~0.05°C above the bulk transition
temperature and it grows as the temperature is lowered to the transition pant.

Experimental measurement of An on 80CB as a function d temperature &
different cdl thicknesses was reported by Marcerou et at [7]. The measurements were
made in cdls in which the glass plates were pretreaed with pdyimide axd rubbed
unidiredionally. The birefringence (An O S where Sis the orientational order parameter)
measured in athin cell was larger at al temperatures than that in athick cell. For example
it was ~30 % larger in a cdl of thickness2.6um than that in 7.2um thick cdl at T=Ty, -
10°. They argued that the increase in order parameter was due to an induced hiaxial
nematic phase in arelatively thick boundary layer (~0.8um) even though the medium was
uniaxial in the bulk. However the large enhancement (~30 %) for the cell of thickness
2.6um may be an experimental artifad [8].

Later Sobha @ al [9] reported that An is enhanced by a measurable anourt in thin
cdls (~1.5um) compared to that in thick cdls (~18um) in CP7B (p-cyanophenyl p-n
heptylbezoate). Interestingly the nematic-nematic (N-N) transitionin CP7B, which occurs
below the ambient temperature in the bulk is foundto shift to higher temperatures in thin
cdls (~3um) (Fig.(3.2a)). When the thicknessof the cdl is reduced to ~1.9um, the N-N
transition temperature is increased further by ~4°C (Fig.(3.2b). They argue that the shift
in the N-N transition temperature is a dea consequence of the significant enhancement
of the order parameter as the cdl thicknessis decreased. Using the Landau de Gennes
theory they describe auniaxial nematic made of biaxial particles, which gives rise to
relatively large value for the rrelation length of the order parameter in a suitable
parameter range [10]. The large rrelation length can give rise to a significant
enhancement of the order parameter in thin cdls. Recently Manjula & a have @nfirmed
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that in a binary mixture, in which the N-N transition in the bulk occurs above the ambient

temperature, the transition temperature increases as the thicknessis decreased [11].
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Figure 3.2 Transmitted intensity as a function d temperature for cells of thicknesses of
3um and 1.um respedively. (Adapted from ref.[9]). Arrows indicae the jump in the
transmitted intensity at the N-N transition. Note that the N-N transition temperature is

enhanced by ~4° in the 1.9um sample mmpared to that in the 3um cell.

Both the cmpound 80CB and CP7B used in the previous dudies have
longitudinal dipole moments. In order to chedk if the enhancement of orientational order
parameter in thin cdlsis a genera feature of nematic liquid crystals we have caried ou

such experiments on systems having both longitudinal and transverse dipole moments.

3.2 Experimental

We have chosen a number of compounds, with dpole moments making diff erent
angles with the long axis of the moleaule. The dhemicd structures and plese sequences
are given in Fig.(3.3). The first compound(S1014) is obtained from Merck. It is highly
polar and the diredion d the permanent dipoe moment makes alarge angle with the long
axis and hence the dielectric anisotropy is negative (Ae < 0). The nematic phase occurs
over awide temperature range and can be supercooled to room temperature. It also has a

smedic-C like short-range order (cybotadic groups) in the entire nematic range [12]. The
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seoond compound (PCH-5) aso oltained from Merck, is highly pdar. It exhibits a
nematic phase at room temperature andiswidely used in display applicaions.
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Figure 3.3 Chemicd structures, phase sequences and the transition temperatures of the
compounds used in thin cdl experiments. The transition temperatures are given in degree
Celsius.
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The diredion d the permanent dipoe moment in this moleaule is aong the long axis and
hence the dieledric anisotropy is positive (Ag > 0). The third and fourth compounds are
obtained from Prof. B.K. Sadashiva. The third compoundis aso highly paar with along
alkyl chain. It exhibits the nematic phase & relatively high temperatures. The diredion o
the permanent dipole moment in this moleaule is also aong the long axis and hence the
dieledric anisotropy is positive (Ag >0). The fourth compound is made of banana
shaped moleaules and is highly biaxial. The mixture with 5050 wt % of the ompounds-3
and 4, gives rise to a uniaxial nematic with pgsitive dieledric anisotropy. This mixture
was qudied to explore the dfed of molecular biaxiality on the order parameter. The last
compoundwas used in the high electric field experiments reported in the previous chapter
and oltained from Merck. It ishighly pdar with anegative Ac .

The cdl is constructed using two ITO coated glass plates which are dched as
shown in Fig.(1.16 of chapter-l. This eledrode pattern is designed to perform
Freedericksz transition experiments on the systems with As > 0. The plates are treated
with pdyimide and cured at a temperature of 280 °C for 90 minutes. After curing, the
plates are rubbed for homogeneous alignment of the moleaules in the nematic phase.
Glass beads are mixed with epoxy glue, which is gread ouside the dectrode region to
get the required cdl thickness (>2um). However to make cell s of thicknesses < 2um we
do nd use any spacers. The glue used daes nat affect the liquid crystals and is usually
used for making liquid crystal displays. The thicknessof the cell is measured carefully at
several positions inside the overlapped electrode aea (see Fig.(1.16)) using an Ocean
Optic spedrometer (see Fig.(1.18)). Severa cells are made & a time and those with
uniform thickness are seleded for the experiment. The cdl thicknessd is foundto be
constant within 1%. To test if the cdl thicknesschanges with temperature, we heated the
empty cell upto 150°C and measured the thicknessat several temperatures and found no
naticeale dhange. The cdl is filled with the sample in the isotropic phase by capill ary
adion. The experimental setup is shown in Fig.(3.4). A heding stage (INSTEC HS1) is
used to control the temperature to an acaracy of ~10 mK. The heder is kept on the
rotating stage of a padarizing microscope (Leitz ORTHOPLAN). A helium-neon laser
(ORIEL 3 mW, A = 632.8nm) beam is used to illuminate the sample. A beam splitter
(BS) and a reference phaodiode (PD2) are arranged to monitor the stability of the
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reference beam intensity. The laser beam is made to be incident on the sample through a
polariser and the transmitted intensity is passed through an analyser, which is crossed
with resped to the pdariser. The transmitted intensity is colleded by the phaodiode
PD1. The phaodiodes are mnreded to a multimeter. Finally all the instruments are
controlled by a cmputer (COM). A suitable program is used to run the experiment. This
setup is only used for Freedericksz transition measurements. To measure the threshold
voltage for the Freedericksz transiti on the temperature is kept fixed and asignal generator
Is used to apply an eledric field to the cell. The transmitted intensity is measured as a
function o applied vdtage. The typicd frequency used in the experiment is 3.111 Kz.
The @ove setup can aso be used to measure An from the transmitted opticd intensity. In
thick cdls the variation d optical intensity shows maxima and minima & a function o
temperature between two crossed palarizers. Using equations (2.43 and (2.44) and wsing
d instead of 2d, An can be measured. However in thin cdls (< 2um) the variation o
opticd intensity shows only one broad maximum and henceit is not possble to cdibrate

theintensity and hencemeasure An accurately. Therefore An valuesin all the cdlsare

FO
N>

CELL -AQAQAQAV' HEATER

i

Figure 3.4 Schematic diagram of the experimental setup. Photodiodes (PD1, PD2).
Polariser (POL), Anadyzer (ANL), Multimeter (MUL), Computer (COM). Signd
generator (SIG).
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measured by using a tilting compensator (Leitz (5A)). The measurements are made while

codling the samples from the isotropic phase.

3.3 Resultsand Discussion
The variations of An measured in two cdls of thicknesses of 1.5um and 6.7um
are shown as functions of temperature for the wmpoundl in Fig.(3.5). The An data
measured using the tilting compensator in the thick cell compares well with the data of
reference [13] (Fig.(3.6)) in which n, (extraordinary refradive index) and n, (ordinary
refradive index) have been measured separately using a goniometer. An measured in the
thin cdl (1.5um) islarger at al temperatures than that in the thick cell (6.7um) and at the
lower temperatures, the two curves are roughly paralel (Fig.(3.5)). It shoud be pointed
out that the mmpoundl has aso a smectic-C like short range order throughou the
nematic range [12].
The variations of birefringence (An) of the mmpound2 measured in two cells of
thicknesses of 1.4um and 7um are shown as functions of temperature in Fig.(3.7). Close

to the isotropic to nematic transition pant (T,, —T <2° ) An measured in the two cdls

are omparable. At lower temperature, there is a dear enhancement in An in the thinner

cdl. For example, it is ~6% higher than in the thicker cell at 50 below Ty.
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Figure 3.5 Variations of Aninthe compoundl in 1.5um (open circles) and 6.7um (open

squares) thick cdls as functions of temperature. Dotted lines are drawn as guides to the

eye.
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Figure 3.6 Comparison d An measured by tilti ng compensator in the thick cell (6.7um)
(open circles) with the data of An (open squares) from ref. [13] of the compoundl.
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Figure 3.7: Variations of An of the mmpound2 measured in 1.4um (open circles) and
7um (open sguares) thick cells as functions of temperature. Dotted lines are drawn as

guidesto the eye.

The variations of An as functions of temperature ae shown for cdls of three

different thicknesses namely 1.5um, 2.2um and 14um for the cmpound3 in Fig.(3.8).
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This compound exhibits the nematic phase & high temperatures (105.5to0 154.2°C).
Again, at afixed temperature, An increases with decreasing cell thickness(Fig.(3.8)). For
example, a Ty -T =12°, An is higher by ~6 % and ~11 % respectively in the 2.2 um and
1.5um cdls compared to that in the cdl of thickness 14um. For this compound we

analyse the temperature dependence of An, which can be gproximated well for nematic

liquid crystals [14] by the formula

- T
An = Anoé T g (Y

where T; and B are aljustable parameters. Least squares fits to the experimental data of
compound3 with the equation (3.1) are shown for the threedifferent cdl thicknesses in

Fig.(3.8). It is naticed that the fitted hirefringence An,of the cmpletely ordered sample

in 1.5umis dightly higher ( by ~5%) than that in 2.2and 14um cells. The fit parameter T

0.14+ Compound-3
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Temperature ( 0C)

Figure 3.8 Variations of An of compound3 as functions of temperature in cell s of three
different thicknesses: 1.5um (open circles) 2.2um (open triangles), 14um (open squares).
Continuous lines are the theoretica fits to the equation (3.1). The relevant fit parameters
are shown in the insets.
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isincreased by ~0.2%in the 1.5um cdl than that in the 14um cell. This indicates that Ty
increases as the thicknessis decreased as predicted by the Landau theory (see Fig.(3.1))
and hence T; which is dightly above Ty, is aso increased. However our main interest is
to study the dfed of confinement on the orientational order parameter and we have not
caefully measured the enhancement of Ty, a reduced thicknesss of the samples. The
value of Bis 0.13in the 1.5um thin cdl and increases to 0.15in the 14um thick cell.
Similar values of [ are obtained in several other nematics as discussd in the previous
chapter.

The variations of An in the 50:50 wt% mixture of the cmmpound-3 and 4 are
shown as functions of temperature in Fig.(3.9) for three thicknesses. Close to the
transition temperature the data points are noisy because this mixture exhibits a nematic-
isotropic coexistence range of ~1 °C. Therefore in this mixture An is measured while
heding the sample. Again, at a fixed temperature, An incresses with deaeasing cell
thickness For example & Ty-T =12, Anis higher by ~6 % and ~13 % respedively in the
2.3umand 1.4um cdls compared to that in the cél of thickness16um.

Compound-3 : Compound-4(50:50 wt%) e
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Figure 3.9 Variations of An as functions of temperature of the mixture of compound-3
and 4 in three different cdl thicknesses namely 1.4um (open circles) 2.3um (open
triangles), 16um (open squares). Dotted lines are drawn as guides to the eye.
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Figure 3.1Q Variations of An of compound5 in ~1.5um (open circles) and ~6.7um (open
squares) cdls as functions of temperature. Note that the separation between the two
curves increases as Tay (smedic to nematic transition temperature) is approached. Dotted
lines are drawn as guides to the eye.

The variations of An as functions of temperature ae shown for the ompound5in
two dfferent cdl thicknesses namely 1.5um and 6.7um in Fig.(3.10. The high electric
field experiments on this compound ascribed in the previous chapter were cnducted
using SIO coated plates to get homogeneous alignment of the sample. In the present
studies rubbed pdyimide aated glass plates are used for alignment. Interestingly no
significant difference is noticed between the two curves correspondng to the two
thicknesses in the nematic phase down to Tn-T~20°. However, when the nematic to
smedic-A transition temperature (Tan) 1S approadhed, An starts to increase in the 1.5um
cdl. Thereis an enhancement of An in bah the cdls as the temperature gproades Tay,
and the relative enhancement in the thinner cdl also grows. For example, a Tay the An
in thinner cdl i s~10% higher than that in the thicker cell.

We summarise the experimental results of An on all the five systems gudied in
Table-l. The relative enhancement of (An) in thin cdls with resped to thick cdlsis also
shown in Table-l. We naticethat in the first four systems An is enhanced considerably in
thin cdls than that in the thick cdls. It is also ndiced from the table that due to the
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addition d biaxia moleaules in the mixture, the enhancement of An in thin cdls does not
change significantly from that of the cmpound3. Thus the dfed of moleaular biaxiaity

onthe orientational order parameter in thin cdlsis not significant.

Table-l
Compounds | Thicknessesof | (Ty-T)° Ang,, = AN,
thin and thick T an o
Cdl S thick
Compoundl | 1.5and 6.7um 12 15 %
Compound2 1.4and 7um 12 6 %
Compound3 | 1.5and 14um 12 11 %
Mixture (5050 | 1.4and 16um 12 13 %
wit%)
Compound5 1.5and 6.7um 12 No significant
difference

We have dso measured the threshold vdtage for Freedericksz transition d the

materials with pasitive dieledric anisotropy. The same cél in which An is measured is

used to measure V,, . Typicd frequency used for the eperiment is 3111 Hz. The
threshold vdtage of the Freedericksz transition is given by V,, = m,/K,/e,Ac , where
K,is the splay elastic constant and A¢ is the dielectric anisotropy. In the mean field
mode! the dastic constant, K, [ S* where Sis the orientational order parameter and the
dieledric anisotropy Ae 0 S. Therefore V2 0 S. As we can see from Fig.(3.11), V?n
is higher in 1.4um cell than that in 7um cell of the mmpound2. V7, measured in three

different cdls of the cwmpourd-3 are shown at a few temperatures in Fig.(3.12).
Similarly V?s for the mixture ae shown at a few temperatures in Fig.(3.13). It is
observed that with decreasing cdl thickness V% isincreased at afixed temperature. We

summarise the experimental results of V.2 in Table-11.
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Figure 3.11 V. at a few temperatures of the compound2. The open circles and open

squares correspondto 1.4um and 7umthick cdls respectively. Dotted lines are drawn as

guidesto the eye.
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Figure 3.12 V.2 a afew temperatures in three different cells of the compound3. Open

circles (1.5um), open triangles (2.2um), open squares (14um),. Dotted lines are drawn as

guidesto the eye.
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Figure 3.13 V,;” a afew temperatures in three different cell s of the mixture. Open circles

(1.4um), open triangles (2.3um), open squares (16um). Dotted lines are drawn as guides
to the eye.

Table-11
Thicknesesof | Compounds | (TneT)° | An,, -An,, Mf )mm _ Mf )thick
thin and thick Ay V2 )i
cdls x100 x100
1.4and 7um Compound2 12 6% 16%
1.5and 14m | Compound3 12 11% 43%
1.4and 1:m | Mixture (50:50 12 13% 30%
wit%)

In the @wmpound?2, V,? is~16 % larger in 1.4um cell than that in 7um cdl at ~12° below
Tn Whereas An is ~6% larger at the same temperature. In the compound3, V,” is ~43%
larger in 1.5um than that in 14um cdl whereas An is ~11 % larger a the same
temperature. Similarly in the mixture V,? is 30% larger in 1.4um cdl than that in 16um

cdl whereas An is ~13% larger at the same temperature. These discrepancies can be

explained as follows. All the samples have ionic impurities. The transit time (t = d?/puV,
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where L, is the mobili ty) of the impurity ionsin the thin cdlsis snall and hence the ions
can easily reach the gpropriate dedrodes when the field is reversed, producing a space
charge. The space darges sreen the external eledric field. Therefore the effective field

inside the thin cdls is deaeased. The large excessvalue of V2 in thin cdl arises due to

the screening effed of the space dtharge gart from the enhancement of S It is also

naoticed from the Table-Il that in the mmpound2 and in the mixture the enhancement of
V72 in thin cdls is ~2.5 times larger than that of An whereas this is ~ 4 times larger in

compound3. In this compound the nematic phase occurs a high temperatures
(105.5154.2C). The density of ions increases with the increase of temperatures and as a
result the screening effed is increased. In the next chapter we will discussthe dfed of
space harge paarisationin thin cdlsin detail .

The orientational order parameter in thin cdls in the first four systems dudied is
considerably larger compared to that in the thick cdls irrespective of the molecular
structure, temperature range and aientation d the permanent dipole moments in the
moleaules. Compound5 has no aromatic rings and also dces not exhibit any significant
dependenceof An onthethickness

To uncerstand the enhancement of the orientational order parameter in thin cdls
two passbilities can be invoked: (a) suppresson d the thermal fluctuations of the
diredor in thin cdls can enhance the order parameter compared to the thicker cell,
( b) larger effect of surface-order increasing the measured An in thin cdls. First we will
discussthe dfeda of thermal fluctuations of the director on the magnitude of the scalar

order parameter in thin cdls.

3.3.1 Quenching of Director Fluctuationsin Thin Cells

In the nematic phase there are thermal fluctuations of the director as discussed in
the previous chapter. In the one dastic constant approximation the fluctuation amplitude
isgiven by [1]

()} = gz 32
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where kg is the Boltzmann constant, T the temperature, V the volume, and K is the dastic
constant. The wave vector ¢, can be decompaosed into q,, aong the zaxisand g, which
isin the xy plane (Fig.(3.14). A pictoria representation d a few fluctuation modes with
allowed values of q, are shown in Fig.(3.14). Any mode which has wavelength (27T/qz)
larger than twice the cell thicknessd is not alowed, die to the confinement along the z
diredion. We have discussed in the previous chapter that a stabili zing eledric field also
guenches the diredor fluctuations. In that case the fluctuation amplitude is reduced bu
the number of modes remain the same. In the present situation the number of modes are
reduced when the thicknessis deaeased.

Glass plate

d az

Glass plate

Figure 3.14 Schematic representation o a few allowed fluctuation modes between the
two plane surfaces.

In principle, to cdculate the r.m.s. fluctuation in red space, we have to sum over
the dlowed modes along the z diredion (Fig.(3.14) [15]. However, as the smallest gap d
used in ou experiment is >1um which is much larger than the intermolecular distance
a (=2x10'cm), we will replace the summation by an integration ower the agpropriate
limits. In red spacethe fluctuation amplitude is given by

2\ kBT Omax Omax zmmdqm
()= g I e 9

where q,,, = 21t/ a,isthe ait off wave vector. Integrating over g, we get,
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(1)) = g T e 2o, 34

rr/d O q,

Asd=1um, g, d =10°. We usethisto simplify the éove integral to get

<|”u(r12> = 8i7<TT glmaan 2+ HH“L = U”%#T%lﬂj 3.9

It is noticed from equation (3.5) that the fluctuation amplitude is reduced with the

reduction d the sample thickness Using equetion (n?) =1-2(n?), and S= §< 2)- %E

we get the order parameter in a finite thickness cdl d as S :1—3<|nD(r]2>. Using

equation(3.5) the order parameter S, can be written as

0 0 uB
s, =1- Kol g Hn2+ TH 2T g0d ™ H o (3.6
8K g O 20 d O 9, E

Using K=5x10" dynes, a = 10 2\ and T=373, we find that the order parameter increases
by ~0.1% in 1um cell compared to that in 1Qum cdl. On the other hand experimentally
we find in the first four compound (see Table-l) the enhancement of order parameter in
thin cdls (~1.4um) is nealy 6 to13% compared to that in the thick cells (~10-15um). As
such the enhancement of order parameter due to the partial quenching of the director
fluctuationsin thin cdls can na explain ou experimental result.

Now we mnsider the effect of confinement on the order parameter of nematic
liquid crystals due to the dignment at the walls. We have discussed in sedion 3.1that
using the Landau de Gennes theory Ping Sheng calculated the order parameter profile in
thin cdls [3,4]. He restricted the caculation between Ty, -0.12 to Ty, +0.36. We extend
the caculation to few degrees below Ty, to seethe effed of confinement on the order

parameter.



95

3.3.2 Landau de Gennes Theory of a Nematic Liquid Crystal Confined
Between Two Plane Parallel Plates with a Large Surface Orientation
Potential

We onsider anematic liquid crystal confined between two plane parall el surfaces
separated by d. The solid-liquid crystal interfaces are defined by z= 0 and z = d
(Fig.(3.14). The sample is asumed to be uniform in x and y directions. The substrates
are treaed such that the moleaules experience auniaxia aigning potential in a particular
diredion. For example let us assume that the dignment diredion is along the x-axis
(Fig.(3.19). The surface potentia felt by each molecule can be expressed in genera as
[3]

v(,2) =-Go (z)[P2 (cosd) +bP, (coh) + cP,(cosh)......... ] (3.7
where 6 isthe angle between the long axis of the moleaule and 1. G is a cnstant which
denates the strength of the surface potentiad, P,, are the even order Legendre
poynomials, and b, ¢ are expansion coefficients for the angular part of the surface
potential [3]. In equation (3.7) it is assumed that the surfacepatential is dort range &
indicated by the delta function. For simplicity of the calculation the series expansion d
the potential can be restricted to the first term and the macroscopic potential averaged
over many moleaules over asmall volumeis given by

V =(v(8,2)) = -G5(z)(R,(cosh)) = -G5(2)s (3.9
where the angular bradkets represent a locd average. As we have eperimentally found
that the enhancement of order parameter in thin cdls is very substantial, we aume the
surface potential is © large that there is perfedt order at the surfacei.e. S(d)=S(0)=1.
Selinger et a [16] cdculated the variation o order parameter from the surface to the bulk
asuming a strong surface potential (Vs=10V,, where V; is the Maier-Saupe orientation
potential between the molecules) as discussed in the last chapter. It was foundthat at the
surface the order parameter is stturated i.e. S(0)=1(see Fig.(2.31)). However, they did
not extend the moleaular theory to the nematic phase.

The Landau-de Gennes free eergy density is given by [4]

¢ = fﬁ)ﬂ_%ﬁ (3.9
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C

where f(S):g(T s -8 P+l (3.10

f(S) isthe bulk free @ergy density anda, T B, C are material parameters. L is the bare
elastic constant. For a given ¢, the total free energy per unit area (®/ A) is obtained
diredly by integrating over z:

o 40 [clsm2

—= S)+L 3.1

Al ER M= @13

The Euler—Lagrange equation for the minimization d (CD/ A)lsglven by

¢_6§ 0¢ E

ht N 3.1

05~ 02 oS [ (312
0 00z [T

Using equations (3.9) and (3.10 we get

S) 2S[1dS
= 2LEF;22 %E (3.13

Equation (3.13 can be integrated orceto get

LBd—g = f(s (3.14)

0dz O

where C is an integration constant and can be determined by the following bourdary

condtions [4]
S=1 a z=0d
SO
=0, and Sld/)=s,, 3.1
e, (2) (3.19

S

m

is the minimum order parameter which is obtained at the mid-plane of the sample.
Using the &owve boundary condtionsin equation (3.14) we get,
LB"_S = £(S)- (S (3.16
0dz 0
Dividing both sides by aTy;, we get adimensionlessequation, which is given by

g2foSH ¢ (3.17)

0dz O



97

where &, = a# , isthe bare correlation length and F(S):? and F(S,)= fa(Tsm)'
NI NI N

The §z) profile can be obtained easily by integrating equation (3.17)

z 1
i — ds. 3.1
& s{z)\/F(S) -F(S,) (319

The material parameters a, B, C for compound?2 are aumed to be a = 0.10 Jem®-K,
B=1.5Jcm’, C=3.8J/cm®, T =327.2K, Ty = 328.5K. Thefirst three oefficients are
of the same order as in ather nematics [3]. The dastic constant L, is found ly using the
formula[18]

_L1K K HKGE

20 s 19

where K;, Kz and K3 are the splay twist and bend elastic constants and taken from
reference [19]. L is estimated to be ~3x10™"® J/cm. The estimated bare mherence length

0
é0~10A. Using these parameters we have numericdly calculated Sz) profile for half the
cdl thickness at a few temperatures in the nematic phase. The variation d caculated
S(z) at Ty —1° is shown as afunction d z/&, in Fig.(3.15). It is naticed that the surface

order parameter decays to the value of S, in Z/& ~50. The thickness averaged order

parameter is caculated by integrating S(z),

S==(9(z) dz. (3.20

o

We can introduce an additional elastic term Lés?g in equation (3.9) where L'is also
z

an elastic constant. This term is also all owed by the symmetry of the medium. Following

aprocedure similar to that given above andassuming L = L', wefind

z _ ¢ 1+S°
<z = ———— dS. 3.2
Eo s{z)\/F(S)_ F(Sm) (3.20

Using the same material parameters a, B, C, T we caculate the variation d order

parameter S'(z) at a few temperatures. The order parameter,S (z) profile which is

cdculated at T,, —1° including L(S9S/0z) term in equation (3.9) is sown by a dotted
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line in Fig.(3.15). We natice that the over al variation d S'(z)is similar to that of S(z).
The order parameter S'(z)is somewhat higher between z/&,=0 to 50than that of S(z).

We summarise the cdculated enhancement of order parameter in the 1um cell at a few

temperaturesin Table-1l1.

1.0

o
o]
1

o
[=2]
1

Order parameter

o
N
1

Figure 3.15 Variations of the calculated order parameter S(z)(continuows ling) and
S'(z)(dotted line) as functions of /& for half-cell thicknessin the thin cdl. Variations

are shown only upto z/,=60for clarity. [1um correspondsto z/ &, =1000]

S in the 1um thin cdl at T,, —-0.2°is foundto be ~0.310( see Table-111), whereas the
cdculated order parameter (S,)) in the bulk is ~ 0.297.Thus in the 1um thick cdl the
order parameter is ~4.4% higher than the bulk value &T, -0.2°. The calculated

enhancement is reduced at lower temperatures. The enhancement is ~2.7% and 0.9 at
Ta -1° and T, —5°respectively. The thickness averaged order parameter S at

T, —0.2°is~5.2% higher than the bulk value. S’ is dightly higher (~0.8%) than S at the

same temperature. The cdculated enhancement is again reduced at lower temperatures. It

is~3.2%and 1.Pbat Ty -1°and T, —5° respectively.



Table-11l

Temperature S S S - S -
p S 3 5 S=S 4100 | 5= x100
T,-02° | 0297 | 0310 | 0.313 4.5% 5.2%
Ty -1° 0.373 0.383 0.385 2.7 3.2%
Ty -5° 0.566 0.571 0.572 0.9% 1.1%

On the other hand, experimentally, we find that the enhancement is not so
drasticdly reduced at lower temperatures (seeTable-1). The Landau de Gennes theory for
uniaxial nematic can thus only partially acourt for the enhancement of order parameter
in thin cdls (~1um) close to the nematic- isotropic transiti on temperature.

Now we discussthe dfed of wed biaxidity in the thin cdl due to asymmetric

diredor fluctuations.

3.3.3 Confinement Induced Biaxiality

As we have discussd, in thin cdls the director fluctuations are partialy
suppressd in a plane (yz) perpendicular to the plates (Fig.3.14). But the fluctuations in
the plane (xy) of the plates remain ureffeded. The asymmetric diredor fluctuationsin the
two dfferent planes could lead to aweak biaxiality in the medium [15] if the three éastic
constants are different. We use the tensor order parameter to be a@le to describe this.
Considering up to the fourth order term in the expansion, the Landau-de Gennes free
energy densities Fp and Fy, [20] can be written as

A > B 3 C 4

F=—TrQ  +—TrQ  +—=TrQ. 3.2

b 2 Q| 3 QI 4 Qu ( 3
00. 00. 0Q. ) 00Q. )

; :Ll QI] QI] +L2 QI] a(?|k +L3 QIJ a(?|k (323
0X, O0X, 0X; 0%, 0x, 0X;

where A (= a (T-T )), B, C are the Landau coefficients, which will be numericdly
different from those in equation (3.10). L, Ly, L3 are the dastic constants and the
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summation convention is assuumed. The order parameter Q; is given by a traceless

symmetric tensor

TS-P 4 L
il 5
Q=00 5P of
0 2 T
0o o 0 SC
H E

(3.24)

where S is the usual order parameter and P is the biaxia order parameter. Using

equations (3.22), (3.23) and (3.24) we get

F, = %(382 + P2)+%(53 - sz)+%(934 +652P2 + P4).

(3.29

We asume that the order parameters depend orly onz, and L; =L and L,+L3=3L [19]

then equation (3.23 can be simplified as,

L pg
=9 —FPH.
T2 é?a—zg 2 00z 0
Thetotal free energy density energy is given by
F =F,+F.

The Euler-Lagrange equations for minimization d F, are given by

and

From equation (3.283) and (3.28H we get two couped dfferential equations

oL %S =3 a5+ Bas? - p2)+ Cfos® + 397)
o7 2 4 4

La—P_lAP— BSP+E(382P+P3)
97> 2 2 4

(3.26

(3.27)

(3.28)

(3.28h

(3.2%)

(3.299



101

Dividing both sides of equation (3.2%) by 9aT,, andeguation (3.2%) by aT,, we get

2 a S 1 B8 C 2\
AS+—3S - P?)+=19S’ + 35P? 3.3(
P_ 1 [ C 3\
& —5 = AP - — SP+—38P+P 3.30
>0 ar, b el 250
where&,” = L/aT,, . We asume the foll owing boundiry condtions:
S(0)=1 a z=0 (3.31)
oS 0 at z=d/2
dz
P(0)=0.5 a =0
®. 0 at z=d/2.
dz

The surface treament is assumed to leal to a very strong biaxia alignment of the
moleaules at the surface. Using the a&owve bourdary condtions, equations (3.308) and
(3.30D are solved numerically. The material parameters are rescaled asa = 0.07 J/cm™-K;
B=-2.0Jcm®, C=1.7Jcm’and &, ~ 11A. The variation d S(z) and P(z) at Ty -1%is
shown in Fig.(3.16. It is naticed from the Fig.(3.16) that the induced hiaxial order
parameter P(z) decays to zero within z/&,~5. Calculating the aeaunder the arve of
S(z) we find that the enhancement of orientational order parameter is ~ 3% at
T, —1°and ~1% at T,, -5°. Therefore the dfed of induced hiaxiality on the measured

order parameter is not significant.
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Figure 3.16 Variations of §z) and P(z) as functions of z/& at Ty-1° (only up to z&=40

is shown for clarity).

We recdl that in the cmpound5 there is no significant enhancement of order
parameter. There is no aromatic core in this compoundand the surfacepatential appears
to be extremely small on the payimide aated surface and hence the enhancement of
order parameter at the surface is not significant. However as Tay is approadied from the
nematic phase the smedic like short-range order appears and the order parameter
increases in bah the cdls. In thin cdl the large enhancement of order parameter close to

Tan might reflects onthe enhancement of smedic short-range order in thin cdls.

34 Conclusions

Our experiments confirm that the orientational order parameter of nematic liquid
crystalsin thin cdlsis enhanced considerably with respect to that in thick cdlsin all the
compound with aromatic cores. This probably means that the surface orientating

potential in these caes is quite strong. Quenching of diredor fluctuations in thin cdls
enhances the order by a very small amournt ~0.1%. The usua Landau de Gennes theory
for the uniaxial medium partially accounts for the enhancement of the order parameter if
the surface potential produces perfect order. The predicted enhancement is ~5% at

T, —0.2°. However, at lower temperatures the calculated enhancement is reduced

drasticdly. In compound2, which has only one phenyl ring, the relative enhancement is
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smaller than in the other compound with more than ore phenyl ring. Indeal in
compound5, which has no phenyl rings in the molealar structure, the surface potential
onthe aomatic payimide ating can be expeded to be very small. This accourts for the
absence of any enhancement in this case. Induced biaxiality also dces not improve upon
the uniaxia results. Further theoreticd study is required to urderstand the large (~10%)

enhancement of order parameter in thin cdlsevenat T,, —10°.
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