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(Submitted for publication: 24 October 1978)

ABSTRACT VUsing an extension of the Maier-
Saupe theory it is shown that in the liquid
ocrystals which form dimers, there is an
abrupt change in the concentrations of
dimers and monomers at the nematic to iso-
tropic transition. Equations determining the
temperature dependence of order parameter and
the concentrations are derived. Applications
of these results to some molecules are dis-
ocussed.

There is & l?qgv number of liquid crystals
which form dimers!-5 (and, may be, higher polymers),
but there has not been any systematic theory
developed for their study. The motivation for the
present work came from two observations:

(1) The formation of dimers is really an
equilibrium process, i.e. & number of monomers are
in thermal equilibrium with a number of dimers
(we ignore, for simplicity, the formation of higher
polymers or open dimers), which is formally repre-

sented by
B 2A (1)

where A and B denote a monomer and a dimer, respec-
tively. 8o, really the problem one has to deal
with is that of a mixture of two liquid erystals
whose individual concentrations O, and cB vary with
temperature.

(2) There is an indication that at the phase
trgnzition, there is an abrupt change in C, and
Cplrh.

B

99



Downloaded by [Tomsk State University of Control Systems and Radio] at 04:26 23 February 2013

100 C. MANOHAR, V. K. KELKAR and J. V. YAKHMI

The Maier-Saupe (M.S.) 'chtmry6 for nematic
to isotropic transition can be extended to describe
the behaviour of such molecules resulting in a
number of interesting consequences. Iet N, and
HB be the number of A and B molecules, theﬁ

Na +2Ng = N= conslond ab all tampadions. (2)
where N denotes the total number of formula units
of A, The concentrations GA and Cp are given by

. Na__ Na Ng
A= Nla\hN‘ = N-N;z 1- N=Ng (3)
wd, Co=1-C, = :. (4)

e
If V., VAB and Vg are the interaction strengths
and SA and SB, the order parameters, then the
effective potential on molecule A (in molecular-
field approximation) is given by

Vi = = Var SACp Pu(cos6 ) - VaeSeCa aleston)

= -B_(coseA).XA (5)
where 0, is the angle between the molecular long

axis of A and the preferred direction. Similarly,
for potehtial on B, one obtains

Ve=- (Ca SaVag+CaSaVee). Puleose,)

=- a(cos8y) . Kg (6)
Now, the partition functions for the orientational
part, associated with v‘ and VB, becone

n
ZAo = { de- sine. eXP'{%'Pz(“se)} (7)

omd, Z, = j wde.si\\o. ex\>~{%. A (cose)} (8)
o

In order to compute the free energy, we have to
include the vibrational contribution to the parti-
tion function, arising from the bond between two A
molecules in a dimer. If the vibrational frequency
is ) and the dissociation energy is D, then the
partition function for the vibrational part is

> = exp(-"hr + Dir)
vib 1 - exp (""%—r)

(9)
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The translational part of the partition functions
for A and B are approximated by

Z ™M hT 3/2.
21\'%’- (10)

MaT \3
MJ., ZB‘&Y" TI'A:" /a (11)
The total partition functions ZA and ZB are, then,
ZA = ZM.'Z.A“ (12)
and , Z = 250 Zv-‘\, Ze_t., (13)

Using the above partition functions one can
calculate the total orientational energy, the
total entropy and the Helmholts free energy for the
system. Of these, the free energy is given by

F = 5 NaCaVanSa +L MgCaVpgSg +1(Nace

4 .
N‘CA)V“sﬂs‘ —kTin A =5 _hﬂ“ = (14)

The self-consistent equations to be solved can now
be derived by minimising P with respect to 8‘, S
and N, subjeot to the condition given in gquation
(2), ?0‘0

oF 4 2€

2SA-=.O > _as::o an 2N =0 . (15)
The mean field equations, thus obtained for the
order pamators 8 A and SB

Sa "—— I de-sme. P, (cose) exp. {_—71 P,@m)} (16)

Sa'-"'- JZ;OL,AO- Swe- Pz(.“‘s8> e {% ' P"@“a)} (7

These two equat;'onu have been discussed by
Humphries et al/ im a different context. The
oquilibrim dimer concentration is given by

S L S Ao

(18)
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As a special case, we shall consider a system
where the monomer is not a liquid orystal, and so
not ordered, i.e, S;4=0. This situation is not a
hypothetical one but of practical value becsuse
there exist molecules with only one benzene ring,
but which form dimers, thus exhibiting liquid
orystalline properties. For example, p-n-Alkoxy-~
bengoic acids, having only one benzene ring, do
show liquid erystalline properties, purely as a
result of dimer formation. These molecules,
therefore, can be suitably represented by putting
Sﬂr O in above equations. Thus we get for free
e

ergy, a. Q‘ Z'NA - Ng
|
F= 5 NBCGVBGSB- Kt ’ﬂ—-':a-‘: - Bviw 7"% (19)

bith Zp=22Z,, , and, fov ovdey pavawaelix

S = -:gﬁ%e.shne.fi(caseoepﬂiisﬁii§¥g25~F;Gasqi
B f: oo Sim. sz['_v&;_‘:&. Ruleese)]  (20)

The equation (18) determining Cp now becomes

i{ C(H-Cs) = V“S:' g

Bquation (20) is the usual self-consistency equa-
tion for the order parameter except for the
important difference that enters the right hani-
side. 8Since Cp is also temdPerature dependent, as
can be seen frgn equation (21), the temperature
dependence of Sy, according to our theory will bve
different from bhat in the M.S. theory. The
details of solving the equations (20) and (21) and
thereby determining C, and 8, as a function of
temperature will be given el¥ewhere. Using these
equations we have determined the temperature
dependence of SB and Oy for p=-n-heptyloxybenszoic
acid (PHBA), The input parameters were D £~ 10 Kcal/
moled, 2 = 200 cm~1 and the nematic to isotropic
transition temperature was taken as 423.5 K. In
Pigure 1 the variation of order parameter of PHBA
with temperature is shown. Dots indicate the
experimental data of Deloche and Cabane’, while
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the continuous curve is as obtained from M.S.
theory. Our results are shown as a broken-line
plotsin this figure and compare well with experi-
ment>,

[/ )
0.6}
0.4
¢
0.2~
0 4 | | | |
370 300 390 400 410 420

T(K)
FiG.-1 ORDER PARAMETER Vs TEMPERATURE

Prom their NMR studies, Deloche and Cabane’
found that the relaxation time was directly pro-
portional to order parameter. We have plotted SB
vs CB as obtained from our theory in Pigure 2.

A near-straight line nature of this plot substan-
tiates our theory.

Our calculations indicate that at the X —p I
transition of PHBA, there is a sudden decrease
(~10%) in the concentration of dimers. The ideal
thing to check this would be to do a Raman scatter-
ing experiment and to look for the vibrational mode
of the hydrogen bond. The intensity of Stokes line
should abruptly decrease at the N —p» I transition
implying a reduction in dimer concentration. We
have also estimated the transition entropy
AS ~J 0024 R for PHBA.
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