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TRICRITICAL POINTS IN MIXTURES OF POLAR LIQUID CRYSTALS
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Institute of Physics, Warsaw University of Technology,
Koszykowa 75, 00-662 Warsaw, Poland
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Abstract A general molecular theory of 1liquid crystal
mixtures is presented. The phase transitions between polar
and nonpolar smectic phases are discussed. The tricritical
point occurence is shown.
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INTRODUCTION

The phenomena occuring in the 1liquid crystals mixtures
containing the polar component have attracted many theoretical and

experimental attentions lately.'™

Our previously presented model of polar liquid crystal 5.
allowed for discussion of the phase diagrams in the
density-temperature plane. One of the interesting results of that
model was the prediction of tricritical points (TCP) occurence on
the phase transition lines separating polar from nonpolar phases.

Since the variation of the polar molecules density can be
easily realized in the binary mixtures, it seems worthwhile to
develop a molecular theory of liquid crystalline mixtures with the
polar component present. To describe the experimentally studied
liquid crystalline mixtures we consider the system composed of
three types of molecules with different symmetries:

P - polar uniaxial molecules with the dipole moment parallel

to the long molecule's axis;

N - nonpolar uniaxial molecules;

I - spherical molecules.

305
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We propose the interaction potential between molecules of u
and v types (u,v = P,N,I) in the simple form:

<
U (L,2) = Y Wo (lzy - 5yl Pylcos o)) (1)
4=012

Note that this formula does not reflect properly the true symmetry
of the molecular interaction in the (x,Q2) - space. Here wa(r)
depend only on the distance between the centers of masses of the
molecules and are the parameters of the model.

The symmetry of the molecules constituting the system induces
the following properties of the W;v(r):

va =0 for¢=1,2, and any v»;

Wg'm = 0; {2)
1 _

WNP = 0.

Those W:w functions which do not wvanish for every r,
determine the thermodynamical properties of the system.

THEORETICAL FRAMEWORK

The free energy F of the multicomponent system with the
interaction potential defined by Eg.(1l) is now calculated within
the Morita and Hiroike diagram expansion method ? in terms of the
component one-particle distribution functions pv(;_,m {v=P,N,1),
following the previously developed general method.® The total
one-particle distribution function p(x,Q) of the system is the sum
of the component ones

PELA) = Y o, (o) (3)
»=PNI
According to the approximations introduced in ® the functions
p,, are the only quantities which describe the possible orderings
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of the system. Note that the free energy F becomes now the
functional of every separate P, but not of the total p defined by
Eq.(3).

Our theory is based on the minimization of the free energy F
with respect to the expansion coefficients alzm(g) of the
deviations of the one-particle distribution functions 6pv from the
isotropic liquid state in the generalized Fourier type series:

so,(, =0, V2 of () v3e,0) €l ()
¢,m,q

n, is the number density of the molecules of the »~th type in the
system of volume V.
%% for the

one~component system to the multicomponent one we expand the free

Generalizing our previous calculations

energy F in the power series in the coefficients a‘ém(q). The
second order terms can be expressed in the form:

ke *
21 v 7]
F2 = Y a, (@ o), (@) (o, (@) (5)
’
&,m,q
wvhere
uv o

Hopl@ =6, an, [T-T @]+ L-6,) b W (@ ()
and

Tv*( )=-n_4d w‘ (g) + higher order terms in n (7

'8 v £ vv g 9 v

a,b, d - numerical constants.
J (q) is the Fourier transform of the W:v(r) interaction
functlon.
According to the Eq.(3) the possible orderings of the system

should be described by the linear combinations of the coefficients

12
a&m(g)
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m —
a’p (@) -Z L, (D) (8)

c, = nv/n ; n= 2 n,, (v=P,N,I).

For the ;lzv(q) # 0 case, the appearance of the second order
term in Eq.{(6) makes impossible the application of the previously
used scheme ° of choosing the order parameters a (Q) as those

(q) for which 'I'v (q) reaches maximum. For 1nstance this is the
case of the onentational order parameter a, (Q) ~ <Yg iQr> for the
system with nonpolar uniaxial molecules present However, these
difficulties do not arise in the discussion of the polar order

o vl Ji0r _
parameter a (Q) <Yl e~ > because w:m = wﬁp Wlilu 0 , then
a (Q) 0(Q) For similar reasons the smectic order parameter

°‘2(Q) becones ago(o) vhen ve consider the binary mixture of polar

and spherical molecules.

To calculate the free enexrgy F of the system we have
considered the ring diagrams up to sixth order ? and the more than
double connected square diagram s.

Our calculations show that the part of the free energy
dependent on the polar order parameter a = alO(Q) can be written
in the standard form

F =#(T—T*)a2+$a4+8a6 (9)
polar 1l 1 1l

The ai

Clebsch-Gordan coefficients”. The non-zero critical wavevector Q,

term vanishes because of the properties of the

which determines the polarization smectic wave in the ordered
~ *

polar phase is given by the minimum of the Wép(q). The T, %, &

and € are expressed in terms of the density n, of the polar

molecules and depend on the interaction functions W;v as well as



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:59 18 February 2013

TRICRITICAL POINTS IN POLAR LC MIXTURES 309

their convolution integrals.

For the discussion of the tricritical point location on the
phase transition line separating polar (alaﬂ 0) from nonpolar (a1=
0) phase region in the density-temperature plane, the dependence
of the B coefficient on the density n, of the polar molecules is
important. Limiting our cosiderations to the case of binary
mixture of polar and nonpolar molecules we find

B~ [a tn, B (8 -a %)+ e n; ﬁ5] (10)

vhere «,8,c,4 are constants given by the appropriate convolution
integrals of the interaction functions; (3 = 1/kBT). Eg.(10) is
analogous to the one obtained for the one-component system e
with n,=n. One can f£ind the region in the (np,'I’) plane where & >
0, allowing for the continuous (2nd order) phase transitions and
region with 8 < 0, allowing for discontinuous (lst order) phase
transitions. The points separating the phase transition lines of
1st and 2nd order are the tricritical points.

Since the sixth order term in ay in Eq.(9) is positive, the
solutions of the z(T,nP) = 0 equation determine the 1oca,t‘:ions of
the tricritical points on the phase transition line T = T (nP) in
the polar molecules density-temperature plane.

The numerical analysis of this model yields wvarious
possibilities for TCP existence. The interesting case of the TCP
location is shown in Fig.l.

The choice of the numerical parameters in Eq.(10) allowed to
obtain the results comparable to the experimental phase diagram of
Shashidhar et al.  for C, - 70PDOB mixture.
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non-polar phase
a=0

1st

FIGURE 1 The example of the tricritical point location
for the binary mixture of polar and nonpolar
molecules (CP = np/n).

DISCUSSION
Development of the previously detailed method 5%8 allowed
to discuss the polar - nonpolar phase transitions in mixtures

containing the polar uniaxial moleculeg with the comparatively
simple model potential Eq.(1).

By consideration of higher order diagrams contributions to
free enerqgy, including the more than double-connected ones the
prediction of tricritical point occurence was possible.
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