
This article was downloaded by: [Tomsk State University of Control Systems and
Radio]
On: 18 February 2013, At: 14:59
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
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Tricritical Points in Mixtures of Polar
Liquid Crystals
Krystyna Szumilin a & Jacek J. Milczarex b
a Institute of Physics, Warsaw University of Technology,
Koszykowa 75, 00-662, Warsaw, Poland
b Institute of Atomic Energy, Swierk, 05-400, Otwock, Poland
Version of record first published: 24 Sep 2006.

To cite this article: Krystyna Szumilin & Jacek J. Milczarex (1992): Tricritical Points in Mixtures
of Polar Liquid Crystals, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 212:1, 305-311

To link to this article:  http://dx.doi.org/10.1080/10587259208037271

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

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259208037271
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1992, Vol. 212, pp. 305-311 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1992 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 
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-tract A general molecular theory of liquid crystal 
mixtures is presented. The phase transitions between polar 
and nonpolar smectic phases are discussed. The tricritical 
point occurence is shown. 

Keywords: phase transitions, tricritical points 

The phenomena occuring in the liquid crystals mixtures 
containing the polar component have attracted many theoretical and 
experimental attentions lately.'-* 

%6 Our previously presented model of polar liquid crystal 
allowed for discussion of the phase diagrams in the 
density-temperature plane. One of the interesting results of that 
model w a s  the prediction of tricritical points (TB) 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. 
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306 K. SZUMILIN AND J . J .  MILCZAREK 

We propose the interaction potential between molecules of p 

and v types (p,v = P,N,I) in the simple form: 

Note that this formula does not reflect properly the true synunetry 
of the molecular interaction in the ( 3 ~ ~ C - l )  - space. Here Wiv(r) 

depend only on the distance between the centers of masses of the 
molecules and are the parameters of the model. 

the following properties of the Wt (I): 

The symmetry of the molecules constituting the system induces 

P V  
t 

1 

1 

WIv = 0 for 4 = 1,2,  and any v; 

( 2 )  W" 5 0; 

ww s 0. 
Those W' functions which do not vanish for every r, 

PV 
determine the thermodynamical properties of the system. 

THEORETICAL- ORy 

The free energy F of the multicomponent system with the 
interaction potential defined by Eq.(l) is now calculated within 
the Morita and Hiroike diagram expansion method ' in terms of the 
component one-particle distribution functions pV(z,C-l) (v=P,N,I 1 , 
following the previously developed general method .' The total 
one-particle distribution function p ( ~ , f l )  of the system is the sum 
of the component ones 

v=PNI 
8 According to the approximations introduced in the functions 

pv are the only quantities which describe the possible orderings 
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TRICRITICAL POINTS IN POLAR LC MIXTURES 307 

of the system. Note that the free energy F becomes now the 
functional of every separate pv but not of the total p defined by 
Es* ( 3 ) .  

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

V 

nv is the number density of the molecules of the v-th type in the 
system of volume V. 

Generalizing our previous calculations 5D8 for the 
one-component system to the multicomponent one we expand the free 
energy F in the power series in the coefficients u:m(q). The 
second order terms can be expressed in the form: 

and 

(7 )  
V *  "t T t m ( g )  = - nv dt Wv,(g) t higher order terms in nv 

?;b.dt - numerical constants. 
W (4) is the Fourier transform of the Wt (r) interaction 
function. 
PV PV 

According to the Eq.(3) the possible orderings of the system 
should be described by the linear combinations of the coefficients 
V 
"&&i) 
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308 K .  SZUMILIN AND J.J .  MILCZAREK 

cv - - nv/n i n = 1 nv, 
For the ? (q) z 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 
a (4) for which Cm(q) reaches maximum. For instance this is the 
case of the orientational order parameter a2(Q) - <Ygeior> for the 
system with nonpolar uniaxial molecules present. However, these 
difficulties do not arise in the discussion of the polar order 

(V=P,N,I).  

PV 

B 

V * 
t m  0 

0 parameter al(Q) - <Yy eim> because & = & = 3 0 , then 
al(Q) E al0(Q). For similar reasons the smectic order parameter 0 P - 
aiIQ) becomes a;o(Q) when we consider the binary mixture of polar 
and spherical molecules. 

To calculate the free energy F of the system we have 
and the more than 7 considered the ring diagrams up to sixth order 

double connected square diagram . 
Our calculations show that the part of the free energy 

dependent on the polar order parameter al E alO(Q) can be written 
in the standard form 

5 

P 

The a; term vanishes because of the properties of the 
Clebsch-Gordan coef f icientss. The non-zero critical wavevector Q, 
which determines the polarization smectic vave in the ordered 
polar phase is given by the minimum of the %p(q). The T , JI, 23 

and 8 are expressed in terms of the density “p of the polar 
molecules and depend on the interaction functions W k  as well as 

* 
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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 (a * 0) from nonpolar (a - 1 1- 
0) phase region in the density-temperature plane, the dependence 
of the J coefficient on the density "p of the polar molecules is 
important. Limiting our cosiderations to the case of binary 
mixture of polar and nonpolar molecules we find 

where a,b,c,d are constants given by the appropriate convolution 
integrals of the interaction functions; ( p  = l/kBT). Eq.(lO) is 
analogous to the one obtained for the one-component system 
with %=n. One can find the region in the (%,TI plane where J > 
0, allowing for the continuous (2nd order) phase transitions and 
region with 33 < 0, allowing for discontinuous (1st 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 al in Eq.(9) is positive, the 
solutions of the S(T,"p) = 0 equation determine the locations of 
the tricritical points on the phase transition line T = T (5)  in 
the polar molecules density-temperature plane. 

The numerical analysis of this model yields various 
possibilities for TCP existence. The interesting case of the TCP 
location is shown in Fig.1. 

The choice of the numerical parameters in Eq.(lO) allowed to 
obtain the results comparable to the experimental phase diagram of 
Shashidhar et al. 

5 ~ 6  

x 

4 for C, - 7OPDOB mixture. 
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non-polar phase 
a,pO 

0.75 1. 

P 
c 

FIGURE 1 The example of 
for the binary 

the tricritical point location 
mixture of polar and nonpolar - 

molecules (c, = ndn). - 
Development of the previously detailed method 5’4e allowed 

to discuss the polar - nonpolar phase transitions in mixtures 
containing the polar uniaxial molecules with the comparatively 
simple model potential EQ. (1). 

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

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
59

 1
8 

Fe
br

ua
ry

 2
01

3 



TRICRITICAL POINTS IN POLAR LC MIXTURES 311 

REFERENCES 

1. J. Prost 
2. R. Shash 

and P. Barois, J.& Chim. P w ,  a, 65 (1983). 
dhar and B.R. Ratna, -, 2, 421 (1989 1 .  

3.  B.R. Ratna, R. Shashidhar, Geetha G. Nair, S. Krishna Prasad, 

4. R. Shashidhar, B.R. Ratna, Geetha G. Nair, S. Krishna Prasad, 

5. K. Szumilin and J.J. Milczarek, Ferroelectr ics. (1990) in print 
6. K. Szumilin and J.J. Milczarek, Mol.CrvsLr,ia.Crvst . m, 185 
7. T. Morita and K.Hiroike, groa.Th eor .PhvsL , a, 537 (1961). 

Ch. Bahr and G. Heppke, Phys. Rev.U, 1824 (1988). 

Ch. Bahr and G. Heppke, Phvs.Re v.ktt, & 547 (1988). 

( 1990 1 

8 .  K. Szumilin and J. J. Milczarek, Flol.Crvst.Lia&rvst. I 22, 289 
(1985). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
59

 1
8 

Fe
br

ua
ry

 2
01

3 




