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WEAK CRYSTAUIZATION IN LIQUID CRYSTALS: EXPERIhENTAL 
EVIDENCE 

V.P.VORON0V. 
Oil & Gas Research Inst., Academy Sciences USSR, 
65 Lenhski Prospect, 117917 Moscow, USSR 

(Received March 15, 1991) 

Abstract. The heat capacity in the isotropic phase 
and the latent heat on the IN transition line have 
been measured in binary liquid crystal mixtures by 
high-resolution adiabatic calorimetry. It shown that 
an anomalous behaviour of the entropy jump on the IN 
phase transition line in the vicinity of the INA 
triple point is defined only by an particular 
behaviour of the crystallization fluctuations in the 
isotropic phase. The contribution of the 
crystallization fluctuations to the heat capacity is 
comparable with the pretransitional heat capacity 
of the nematic fluctuations in the isotropic phase. 

Keywords: phase transition, crystallization fluctuations, liquid crystal, isotropic 
phase, heat capacity, latent heat 

The crystallization phase transitions in ordinary 
liquids are strongly first order. A latent heat of such 
transit ions is much larger than unity 
(AHc,/RTcr=AScr/RTer>>l). Therefore fluctuations of the 
crystal order parameter are rather small, and their 
contribution to thermodynamic values is not observable 
experimentally. 

In liquid crystals the situation is different. First, 
the interaction of the crystal lattice with the 
orientational ordering leads to a lattice of lower 
dimensionality which turns out to be preferable. In 
particular, the smectic phases A and C are systems with 
one dimensional crystal lattices. Secondly, the 
crystallization transitions are weakly first order, the 
latent hea4 being of the order of unity (AHCr/RT,,-1 ). 
Therefore one oan expect that the crystallization 
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320 V.P. VORONOV 

fluotuations oould be observed experimentally. Moreover, a 
variety of transitions in liquid orystals allows UB to 
study the orystallization with different effeotive 
dimensionality of the phase spaoe for fluctuations. 

The speotrum of a uniaxial mode in the vicinity of the 
oharaoteristio wave vector 4, of a smectio lattioe can be 
expressed in the formi 

where A = A 0 t 7 ,  7=(T-TIN)/TIN, A. charaoterizes the nematio 
phase width, to is the bare oorrelation radius. The phase 
spaoe f o r  the smectic fluotuations in the isotropic phase 
in reoiprooal spaoe is a spherical shell of radius q0 and 
width dq. This phase space is effectively one-dimensional. 
This is so beoause only the component of the wave vector 
normal to the surfaoe of the sphere o w e s  the energy. 
Other oomponents are degenerate in energy. This leads to 
large fluctuations. 

The entropy of smeotio fluotuations in the isotropio 
phase in low-order perturbation theory can be expressed in 
the form 

(Ssm)/R = Is , 

where R is the universal gas oonstant, A=oonst, and 2 is 
renormalized inverse smeotio susceptibility . When 
orientational ordering appears in the nematio phase, the 
phase spaoe for the smeotic fluotuations is strongly 
suppressed. Therefore the entropy of the smeotio 
fluotuations at the IN transition has a jump whioh oan be 
expressed in the form 
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Here SIN is the inverse smectio susceptibility at the IN 
transition, to,, and Tol are respectively the transverse 
and longitudinal bare correlation radii. 

Thus the contribution of the smectio fluctuations to 
the entropy jump displays an anomalous behaviour when a 
nematic phase width decreases. 

The contribution of the smectic fluctuations to the 
specific heat in the isotropic phase can be obtained from 
the smectic fluctuation entropy 

Note that the behaviour of the specific heat of the 
smectic fluctuations is unusual, with the critical 
exponent in first approximation equal to a = I .5 (for the 
second order transitions a=0.5)!. 

The phase space for the smectic fluctuations in the 
nematic phase near the NC transition is two toroids of 
radius qol. This phase space is effeotively 
two-dimensional. There are two components of the wave 
vector which change the energy.Agah a two-dimensional 
phase space give rise to large fluctuations. 

In this case the entropy of the smectic fluctuations 
has logarithmic dependence on the inverse susceptibility2 

(ssm>N - -1d. 
The fluctuational part of the specific heat can be 
expressed in the form 

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

5:
00

 1
8 

Fe
br

ua
ry

 2
01

3 



322 V.P. VORONOV 

with the oritioal exponent a = 1 !. 

80 

To observe the smectio 
phase we have investigated 
on the IN transition line 

I N  * * -  A . . .  I 
I 8 .  

70 1 .*”* C 

80 

70 

Fig. 1.  

. 
A N . . . .  ’ 

8 .  

P* C - .* 

in the isotropio phase 

fluctuations in the isotropio 
the behaviour of a latent heat 
and the isobario speoifio heat 

1 
0 Ib 20 Tm- k , K  

Fig. 2. 

in binary liquid orystal 
mixtures. The measurements were performed by high 
-resolution adiabatio calorimetry. 

The phase diagram of binary mixtures is shown in Fig. 
1.  On the phase diagram there is the INA triple point. It 
allows us to investigate the behaviour of the 
thermodynamio values as a funotion of the nematio phase 
width. 

In Fig. 2 the behaviour of the entropy jump in units 
of R on the IN phase transition line is shown. The entropy 
jump inoreases anomalously as the nematio phase width 
deoreases. The size of the jump is formed by two 
contributions, one conneoted with the nematio order 
parameter jump at the IN transition, the other oonneoted 
with the jump of the smeotio fluotuation entropy: 

It had been shown experimentally’ that the nematio order 
parameter jump is praotioally independent of the nematio 
phase width. Thus the anomalous behaviour on the entropy 
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jump on the IN transition line is due only to the 
particular behaviour of the smectic fluctuations. 

The entropy jump as a funotion of the renormalized 
inverse smectic susceptibility is shown in Fig.3. The 
solid curve is the approximation of the experimental data 

I 

10 15 2 0  25 a*103 yc 

Fig. 3 .  

by Eq.1. We have obtained very good agreement between 
experimental data and the theory. It is the direct 
experimental evidence of the smectic (crystallization) 
fluotuations in the isotropic phase. 

In Fig. 4 the behaviour of the specific heat h units 
of R near the IN transition is shown for three mixtures. 
The nematic phase width for them changes from OK t o  23K. 
The anomalous past of the specific heat in the isotropic 
phase is formed by the specifio heat of the nematict order 
parameter fluctuations and that of smectic fluctuations: 

6C = bC, t 6C,,. 

It is very difficult to separate these two 
oontributions beoause the smectic fluotuation speoifio 
heat usually plays the role of the baokground for the 
pretransitional apeoifio heat of the nematic fluotuations 
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324 V.P. VORONOV 

in the isotropic phase. 
We have proposed the special procedure of fitting. The 

cross-sections of the specific heat curves in the 
isotropic phase at constant distances from the IN line 
(dashed lines in Fig.4) have been performed. They (without 
the regular part of the specific heat) are shown in Fig.5. 

The contribution of the nematic fluctuations to the 
anomaly of the specific heat depends only on a distance 
from the IN transition. Therefore the temperature 
dependence of each cross-section is defined only by the 
behaviour of the smectic fluctuation speoific heat. If 
the contribution of the nematic 

Ge 
R 

I? 50 

e00 

Fig. 4. 

heat is subtracted from the eaoh 

fluctuation specif ic 

30 

20 

10 

Fig. 5. 

cross-seo t ion (as shown 
by the arrows in Fig.5) we will obtain a universal 
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20 - 

R -  

ID - 

%Ill - 
A 

is obtained by such procedure. The solid curve is 
approximation by the Eq. 2. Very good agreement is 
observed. The approximations of the experimental data on 
( C ~ S , ~ ) ~ ~ / R  an& (dC,,)/R were obtained with the same 

Fig. 7. 

adjustable parameters. Note that the vio ini ty  of the INA 
triple point the contributions of the smectic fluctuations 
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326 V.P. VORONOV 

and nematic t o  the heat capacity in the isotropic phase 
are comparable. 

The behaviour of the specific heat on the NC 
transition is shown in Pig.7. The solid line is the 
approximation by Eq.(3). Appearanoe on the speoific heat 
curve f o r  T>Tp,(= of the "hump" which size increases when 
the distance from the NAC multicritical point deoreases, 
must be yet explained. 
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