This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 19 February 2013, At: 14:22

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

A Theoretical Model for the
Phase Diagram of Mixtures of
Nematic Liquid Crystals and

Polymeric Solutes

V. K. Kelkar & C. Manohar ?

& Chemistry Division, Bhabha Atomic Research
Centre, Bombay, 400085, India
Version of record first published: 20 Apr 2011.

To cite this article: V. K. Kelkar & C. Manohar (1986): A Theoretical Model for
the Phase Diagram of Mixtures of Nematic Liquid Crystals and Polymeric Solutes,
Molecular Crystals and Liquid Crystals, 133:3-4, 267-276

To link to this article: http://dx.doi.org/10.1080/00268948608080818

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948608080818
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 14:22 19 February 2013

whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 14:22 19 February 2013

Mol. Cryst. Lig. Cryst., 1986, Vol. 133, pp. 267-276
0026-8941/86/1334-0267/$15.00/0

© 1986 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

A Theoretical Model for the Phase
Diagram of Mixtures of Nematic
Liquid Crystals and Polymeric
Solutes

V. K. KELKAR and C. MANOHAR
Chemistry Division, Bhabha Atomic Research Centre, Bombay 400085, India

(Received November 29, 1984, and in a modified form August 4, 1985)

The Flory-Huggins lattice theory of regular solutions has been extended to describe
mixtures of nematic liquid crystals with non-nematic polymeric solutes. The nematic
phase is described in terms of a Maier-Saupe approximation. The phase diagrams
obtained are in agreement with those reported in the literature. The theory has been
applied to the specific case of a mixture of EBBA and PEO. The dependence of the
order parameter on temperature at the phase separation is also predicted.
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INTRODUCTION

Recently, interest has been growing in the study of mixtures of a
liquid crystals with solutes which do not themselves form liquid crystal
phases.! ~% Typical solutes investigated are simple molecules like ben-
zene, toluene etc (which are small compared to liquid crystal mole-
cules) and polymers such as polystyrene (PS) and polyethylene oxide
(PEO). These mixtures exhibit complex phase diagrams. When small
molecules are added to a nematic liquid crystal it is found that on
cooling from an isotropic phase, a two phase (isotropic plus nematic)
region appears which reverts to a single nematic phase on cooling
further.? For solutions of polymers second phase separation at still
lower temperature can occur and the resulting phase diagram can be
very complex.*
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The study of phase diagrams of such mixtures, is often necessary
when one attempts to investigate liquid crystal systems using spin
probes since the spin probe acts as a guest species producing effects
of the type mentioned above. Therefore, interpreting the experi-
mental results requires a detailed understanding of the phase diagrams
of the mixed systems.

Solutions of non-mesogens in nematic phases can be modelled in
terms of a mixture of cylindrical molecules and spherical or polymeric
molecules. These models are likely to be useful, not only for the
thermotropic systems, but also for lyotropic nematic phases and for
mixtures of Tobbaco Mosaic virus and water.>6

There have been several attempts to develop the theory of such
models.”'* Those by Hida’ and Humphries et al.®° are the most
relevant to the present context. Humpbhries et al. (hereafter referred
to as HJL) extended the Maier-Saupe!* theory (which has proved to
be one of the most successful theories in interpreting a large number
of experimental data) to mixtures. They treated the mixture as an
ideal solution and therefore did not include the solute-solvent inter-
action term. Hida tried to correct this and used such a term for
isotropic interaction between solute and solvent, but unfortunately
he did not calculate the order parameter using Maier-Saupe theory.
These inadequacies have been removed in the present paper by re-
taining both the solute-solvent interaction and Maier-Saupe theory.
Further, since neither the work of both Hida or that of HIL includes
the polymeric nature of the solute, we have used in our present work,
the Flory-Huggins!® treatment for the mixture of a nematic liquid
crystal with a polymeric solute. This makes a quantitative comparison
with the experimental results possible. The isotropic part of the in-
teraction term between the solute and solvent (W) has been included.
Phase diagrams have been obtained for different values of W as well
as for different values of M, the number of segments in the polymer
species. In the limit where M = 1 and W = 0, our results become
identical to those of the HJL model.

THE MODEL

The following arguments are similar to those of Humphries and
Luckhurst® but include the polymeric nature of solute and the solute-
solvent interaction term. The free energy in the nematic phase, of a
mixture consisting of n¥ cylindrical (nematic) molecules and n} solute
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molecules occupying M sites in a lattice is given by

FN = nVu8 + ndpd + kT[nY Ind™ + n} In(1 = ¢M)]
+ %VOSZn{"d)N — nkT InZN + WoN(1 — oMY (1)

where

ny

oV = ()

nY + Mn}
[denoted by X (Molar Conc.) for M = 1] is the volume fraction of
the nematic liquid crystal
nN = nY¥ + MnY is the total number of sites

W is the interchange energy [if one starts with a lattice of pure solvent
and solute and if an interior solvent molecule is substituted for an
interior solute molecule, the total increase of energy is 2 W].

V, is parameter entering in Maier-Saupe theory and is related to the
transition temperature T, of the pure nematic by

k Ty = 0.2202 V, 3)

ZN is the orientational partition function for the nematic component
of the mixture

' Vod™SPy(1)
N — 0 2
V4 fo duexp [ T

§ is the orientational order parameter for the nematic component

1 V,bNSP
=?memmkﬂﬁ&q

@)

&)

The expression for the free energy in the isotropic phase can similarly
be written with § = 0;

F' = niuf + njug

+ kT[n} Ind! + nkIn(1 — &')] + We'Q — ¢')n!  (6)
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The chemical potential terms p,; and p, can be obtained from the
free energy expressions

N=pud+ lend’—N + lV(Sd>"’)2
By = 7N T Yo
+ kT(l - 1%4)(1 - ¢N) + W1 - M) @)
wi=pnd + kTln &' + kT(l - %)(1 - d)’)
+ W - ¢') (8

WY = g + kTln (1 — ) + %MVO(Sd)N)Z

+ (1 — M)kTOY + WM(dN)? ©)

ue + kTIn (1 — &) + (1 — M)kTe'

€
N
Il

+ WM(d')? (10)

The phase boundaries in a mixture can be obtained by solving the
equations

nY = (11)
Y = pi (12)

with the help of equation (5).
We have solved these equations for different values of W and M.

METHOD OF CALCULATION

Here we briefly indicate the method of solving the equations. If we
define a parameter R? as

R? = 3VeSHN 354
T 2kT T 0.4404¢

wheret = T/T,, (13)
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then S and ZV can be evaluated as a function of R? as in the Maier-
Saupe theory. For a fixed ¢ and given R?, ¢V can be obtained from
eq. (13). ¢’ is then varied until | (u)’ — pl)| is at an absolute minimum.
The process is repeated for different R? and hence for different ¢V
until | (ul¥ — wf)| is an absolute minimum. Thus we get ¢~ and ¢’ as
functions of t. In this way the phase diagrams were obtained for
different W/kT,,’s as well as for different M values.

RESULTS AND DISCUSSION

As mentioned earlier, if M = 1 and W = 0; the equations reduce
to those of ref. 9 and hence we have not repeated those results here.
Reference 9 has some printing errors and it may appear that the
equations therein are different to those we have derived. However,
the numerical results of ref. 9 are correct and agree with ours. We
discuss the effect of M on the phase diagram below.

Figure 1 shows the phase diagram for W/kT,, = —2and M = 1.
This type of phase diagram has been observed for non-polymeric

1.0
L -—2,M |
KTLO ’
0.75— I
N f‘)«
N x
= %,
Lol [V 0.50
0.25
0.0 | | !
1.0 0.7% 0.50 0.25 0.0
x

FIGURE 1 Calculated phase diagram for W/kT,, = —2 and M = 1. This type of
phase diagram has been observed for non-polymeric solutes.
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solutes. Hida has also obtained similar diagrams for A > 1. It may
be noted that our W and his A are related by A = —0.44 (W/kT ;).

For (W/kT,,) > —1.5 we obtain a different type of phase diagram,
with the second phase separation at lower temperature as observed
for polymeric solutes. Figure 2 shows the results for (W/kT,) = 1
and M = 1. Hida has reported this type of phase diagram for A <
1.0. This type of phase diagram is also obtained by Humphries and
Luckhurst® but for solute concentrations higher than those normally
used experimentally. The increase of M causes the lowering of the
solute concentration for second phase separation as will be seen
below.

Next we shall discuss the effect of M on the phase diagram for a
given W. Figure 3 shows the phase diagram for (W/kT,,) = —1 and
M = 1 and 2. Note that for a fixed volume fraction of solute, the
T(¢, I) increases with M for all ¢ values. But the T(¢, N) shows
both decrease and increase with increase in M depending on the solute
concentration.

Figures 4 and S show the phase diagrams for (W/kT,,) = 0 and 1
respectively for two different M values. It can be seen that the tem-
perature of the second phase separation decreases with M. We find

1.0
L B
. KT o
I

0.78 -
N
-3
< o.s0f

0.25

0.0 1 1 !

1.0 0.75 0.50 0.25 0.0
%

FIGURE 2 Calculated phase diagram for W/kT,, = 1 and M = 1.
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FIGURE 3 Calculated phase diagram for W/kT,, = —1. The continuous curve is
for M = 1 and the broken curve is for M = 2.
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FIGURE 4 Calculated phase diagram for W/kT,, = 0. The continuous curve is for

M = 1 and the

broken curve is for M = 2.
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FIGURE 5 Calculated phase diagram for W/kT,, = 1. The continuous curve is for
M = 1 and the broken curve is for M = 2.
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FIGURE 6 Calculated and observed phase diagram (ref. 4) for EBBA and PEO
system. The broken curve is calculated with W/kT,, = 1.16 and M = 3. The exper-
imental phase diagram is denoted by continuous curves.
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that the equations do not have solutions for high values of M(>10)
implying that the nematic phase can be destroyed by the addition of
a very highly polymeric solute.

Kronenberg and Patterson'® have also obtained similar phase dia-
grams for low solute concentrations. They have also indicated that
experimental results in the case of MBBA with PEO and PS show
such behaviour.

To test our results we have tried to obtain a fit for the experimental
results on the EBBA/PEO system.* Figure 6 shows the calculated
phase diagram with (W/kT,,) = 1.16 and M = 3 together with the
results reported.* The value of M = 3 is reasonable as it roughly
corresponds to the ratio of molecular length of PEO 2100 to that of
EBBA.

0.60
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0.50
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{ ] 1
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FIGURE 7 Calculated orientational order parameter as a function of temperature

at the phase separation for (EBBA + PEQ) system. The broken curve is that calculated
for pure EBBA in Maier-Saupe approximation.
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In Figure 7 we show the calculated order parameter as a function
of temperature at the phase separation for the above system. It may
be interesting to compare the results with the experiments.

The Maier-Saupe theory (apart from its relevance to experiments,
as mentioned above) has the advantage that it has been extended by
Mcmillan and others to smectic A phases.!® It is expected that very
soon, the interest in the mixtures of smectic liquid crystal and other
types of solutes will also increase and the need for theories to describe
them will arise.
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