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Phase of Nematogenst 
V. N. TSVETKOV and E. I. RJUMTSEV 
Institute of Macromolecular Compounds of the Academy of Sciences of the 
USSR, Leningrad, USSR 

(Received September 30, 1984) 

The existence of strong fluctuations of the orientational order in the isotropic phase 
of nematics determines the nature of electro-optical effects near to T, the temperature 
of the phase transition of the isotropic liquid into the liquid crystalline state. Electric 
birefringence in the isotropic phase of liquid crystals differing in the value and direction 
of the dipole moment of the molecules was investigated. The relaxation phenomena 
manifest using a radio frequency sinusoidal electric field in the isotropic phase of 
nematogens in the vicinity of T, are discussed. Two ranges of dispersion of the Kerr 
effect were detected experimentally: a low frequency range (f = lo5 to lo6 Hz) and 
a high frequency range (for f > loh Hz). The first range has been related to super- 
molecular relaxation processes and characterizes the rotational mobility of the fluc- 
tuation ‘swarm’ (i.e.. the nucleus of the mesophase) in the isotropic phase. The second 
range was due to the relaxation of the dipole orientation of the molecule forming the 
dielectrically anisotropic ‘swarm’. It was established that the high frequency depend- 
ence of the Kerr constant corresponds to the type of dispersion of the dielectric 
anisotropy of the same substances in the liquid-crystalline state. This dependence has 
been related to the exclusion of the molecular dipole mechanism of rotation of the 
polar molecules about the short transverse axis from the polarization of the liquid. 

INTRODUCTION 

The existence of distinct fluctuations of the orientational order in the 
isotropic phase of liquid crystals is of considerable importance in the 
equilibrium’ - 3  and r e l a ~ a t i o n ~ - ~  properties of mesogenic liquids near 
to T, the temperature of their transition into the liquid crystalline 
state. Electric birefringence (Kerr effect) is the most effective method 

tAccepted but not presented at the Tenth International Liquid Crystal Conference, 
York,  July IS-21, 1984 
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126 V. N. TSVETKOV and E. I .  RJUMTSEV 

for the study of relaxation phenomena in the vicinity of T,. Many 
recently published papers deal with the investigation of free relaxation 
of the Kerr effect induced by a pulsed laser field.4.5.9 Under these 
conditions the orientational mechanism related to the existence of 
permanent dipole moments of the molecules does not provide any 
contribution to the Kerr effect because a high-frequency laser field 
(optical frequencies) is used as the orientational factor. The purpose 
of the present paper is to study the relaxation phenomena in a radio- 
frequency sinusoidal electric field when the dipole-orientational 
mechanisms may be of considerable importance in the relaxation 
processes. 

We investigated two nematic liquid crystals for which the directions 
of the permanent dipole moment p forming an angle p with the long 
axis of the molecule differ greatly.'.''' 

Cr 29°C N 49°C I 
p = 2.3 D; p = 59" 

Cr 24°C N35"C I 
p = 5D; p = 0" 

In accordance with the molecular structure and the p values these 
two liquids are characterized by a macroscopic dielectric anisotropy 
AE that differs in sign: it is negative for N 21 and positive for 5 CB. 
In the isotropic-liquid state N 21 is also characterized by a negative 
electric birefringence, whereas for 5 CB the Kerr effect is positive in 
sign. 

EXPERIMENTAL 

The  previously described method of e lectr ic  birefringence 
measurements",'* was used. A He-Ne laser, at the wavelength A of 
632.8 nm, was used as the light source. The measurements were 
carried out under applied A.C. fields at a frequency f of between 
2.10' and 2.10' Hz and for field strengths E of up to 3.103 V.cm-'. 
The sample temperature was maintained to within +O.l"C. In order 
to exclude the possibility of heating the substance with the high- 
frequency electric field pulses of sinusoidal voltage, at a frequency 
of 10 pulses per second with duration of 2 ms, were used. 

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:
23

 1
9 

Fe
br

ua
ry

 2
01

3 



KERR EFFECT IN NEMATOGENS 127 

Under the influence of the sinusoidal electric field, E = E,, cos 
2nft a birefringence, An, appears in the Kerr cell such that, 

(1) 
1 -  
2 

An = - [An + A% . cos (4nft - S ) ]  

where the constant component & and the amplitude of the variable 
component A% of induced anisotropy may depend on the frequency 
f in the range of dispersion of the Kerr effect. The light flux, @ 
proportional to An2 was transformed into the electric signal with the 
aid of the photomultiplier, i.e., 

1 
2 

@ - An2 = z2 + - L2 + 2& . A> cos (4nft - 6) 

&2 + - cos (8nft - 28) (2) 2 

In Eq. (2) the component independent of time t is determined from 
the first two terms. The change in this component of the light flux 
Of measured at various electric field frequencies f permits the ex- 
- perimentalzudy of the frequency dependence of the total value of 
An2 + 1/2An2. 

RESULTS AND DISCUSSION 

The Kerr effect was also measured by the method of birefringence 
compensation using a rotational elliptical compensator. l2  Since for 
this method only the constant anisotropy component, & is compen- 
sated, in this case, in the study of the frequency dependence of bi- 
refringence, the dispersion of is fixed. Hence, the use of two 
methods for the measurement of dispersion of the Kerr effect makes 
it possible to separate the frequency dependent into two parts. 
The first is related to the dispersion of the constant component of 
electric birefringence & and the second depends on the dispersion 
of the amplitude of the variable component A%. The dependence 
of @/I@, (where = a+,)) on frequency f was determined for N 
21 and 5 CB in the temperature range AT = T - T, = (0 - 5)"C. 
Figure 1 shows the results obtained at AT = 0.3"C. In the frequency 
range investigated the two following dispersion ranges were charac- 
teristic of both substances: the first range was for frequencies of lo4 

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:
23

 1
9 

Fe
br

ua
ry

 2
01

3 



128 

10 

7 
6 

S 

4 

3 

2 

1 

Q,S 

Q, 3 

V. N.  TSVETKOV and E. I .  RJUMTSEV 

FIGURE 1 .  
T - T, = 0.3"C for 1 )  N 21 and 2) 5 CB. 

Relative change in the light flux @,hDo versus field frequency fat  AT = 

to lo6 Hz and the second range above 3.106 Hz. The experimental 
data show that regardless of the sign of the electric birefringence the 
low frequency dispersion leads to a decrease in the absolute value of 
the measured effect. In contrast, for the high frequency range the 
dispersion types for these substances differed greatly. For N 21, at 
frequencies exceeding 3. lo6 Hz, the effect increased sharply but re- 
mained negative in sign. For 5 CB, in the same frequency range, a 
decrease in the positive electric birefringence was observed. Figures 
2 (curve 5) and 3 (curve 4) show the results of an independent meas- 
urement of (An)+(An)" for N 21 and 5 CB using the compensation 
method. In the frequency range up to lo6 Hz, the electric birefring- 
ence remains constant for both substances and a dispersion was ob- 
served only iff > 3 lo6 Hz, which corresponds to the high-frequency 
dispersion range in Figure 1. Hence, it is possible to assume that the 
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KERR EFFECT IN NEMATOGENS 129 

high-frequency dependence of the observed effect is due to the dis- 
persion in &, wh5reas the low-frequency dependence results from 
the dispersion in An. 

The existence of strong fluctuations of the orientational order in 
the isotropic phase of nematics determines the nature of electro- 
optical effects in the pretransitional temperature region for the iso- 
tropic liquid to the liquid-crystalline phase transition. - 3  Electric bi- 
refringence near to T, depends on the orientation of dielectrically 
anisotropic fluctuations (‘swarms’) in the electric field. Hence, in 
terms of molecular theory the low frequency dispersion range may 
be interpreted as the relaxation of orientation of these ‘swarms’ of 
locally on average colinearly oriented molecules. 

The size of ‘swarms’ varies greatly with increasing temperature and 
this is reflected in the marked temperature dependence of low fre- 
quency dispersion range of the electric birefringence (Figure 2, curves 
1-4, and Figure 3, curves 1-3). 

In the framework of these concepts the low-frequency dispersion 
of An may be described using the Peterlin-Stuart equation” for the 
dispersion of the Kerr effect in an assembly of non interacting die- 
lectrically anisotropic particles having no permanent dipole moments, 

1 cos (4Tff - 6) 
1 + 4 n y 7 :  

FIGURE 2. at AT = 0.2”C ( l ) ,  0 .TC (2). 
2.0”C (3), 3.2”C (4). and in electric birefringence ( A ~ z ) , / ( A ~ ) ~ ~  at AT = 0.2”C (5). as a 
function of field frequencyf for N 21. Solid lines are theoretical curves 1-4 according 
to Eq. (5) and curve 5 according to Eq. (6). 

Relative change in the light flux 
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130 V. N .  TSVETKOV and E. I .  RJUMTSEV 

\ 

0,01 0.1 1.0 '0 5,nrr 
FIGURE 3 .  Relative change in the light flux @//a,, at AT = 0.3"C ( l ) ,  2.3"C (2). 
4.4"C (3), and in electric birefringence (An)/ (An),, at AT = 0.5"C (4) as a function of 
field frequency f for 5 CB. Solid lines are theoretical curves 1-3 according to Eq. 5 
and curve 4 according to Eq. 6. 

where T~ is the relaxation time of a dielectrically anisotropic particle 
in the sinusoidal electric field. This T~ is two times longer than the 
free orientational relaxation time of the particles after the field is 
switched off. Eq. (3) may also be ~ b t a i n e d ' ~  by using the concepts 
of the relaxation of the order parameter Q induced in the isotropic 
phase by a sinusoidal electric field.I5 

Applying Eq. (3) the expression for the light flux Q, may be written 
as follows: 

The constant component Qf, at a frequency f, is determined from 
the equation 

Eq. (5) may be used for the quantitative description of the exper- 
imental data plotted in Figures 2 and 3. 

The experimental points corresponding to the low frequency dis- 
persion of the electric birefringence are given approximately by Eq. 
5 ,  i.e., Figures 2 (curves 1-4) and 3 (curves 1-3). This fact permitted 
the determination of the relaxation times T~ at various temperatures. 
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KERR EFFECT IN NEMATOGENS 131 

The values of T~ obtained for N 21 and 5 CB are plotted in Figure 4 
as a function of temperature. It should be noted that the values of 
T~ found for 5 CB agree in the order of magnitude with the literature 
data9 for this liquid crystal obtained in the investigation of the free 
relaxation by using a pulsed laser field. 

As has been repeatedly s h o ~ n * - ' . ~ . ' ~  the value of (An)f contained 
in Eq. (3) is directly determined by the dielectric anisotropy, Ar = 

- e ,  of the nematic sample. It is well known that the relaxation 
of the longitudinal component of the dielectric permittivity ell, re- 
sulting from the exclusion of the rotation mechanism of polar mol- 
ecules about the short transverse axis from the dipole polarization of 
the liquid crystal, leads to a drastic increase in the negative dielectric 
anisotropy (rL > ell) of N 21.8 The same molecular relaxation mech- 
anism is responsible for the decrease in the positive (ell > el) dielectric 
anisotropy of 5 CB.'O The experimental data shown in Figures 1-3 
suggest that the frequency dependence of (An), in the range of f > 
lo6 Hz is consistent with the radio-frequency character of changes in 
Ar for the substances investigated. 

5 

FIGURE 4. 
5 CB as a function of temperature where AT = T - T,. 

Relaxation times T, for (1) 5 CB (2) N 21 and T> for ( 3 )  N 21 and (4) 
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132 V. N.  TSVETKOV and E. I .  RJUMTSEV 

This is directly demonstrated by experimental data in Figure 5. 
This figure shows the results of investigations of the frequency de- 
pendence of dielectric anisotropy Ae (Figure 5a) of the substances 
discussed in this paper and of several other liquid crystals.”- l9 The 
results of the high-frequency dependence of Kerr constants K = An/ 
EZ (E is the electric field strength) at a temperature T - T, < 1°C 
studied by the authors previously and in the present work for the 
same substances are shown in Figure 5b. 

Comparison of Figures 5a and 5b shows that for each substance 
the type of the radio-frequency dependence of the Kerr constant K 
in the isotropic phase is very similar to the curve of dispersion of 
dielectric anisotropy he for the same substance in the nematic phase. 
The resemblance between the dispersion curves for A€ and those for 
K (or An) is not restricted to their general shape but also includes 
the agreement of the changes in the signs of AE and K with changing 
frequency. This fact indicates the coincidence of molecular mecha- 
nisms responsible for the dispersion of dielectric anisotropy of the 
mesophase and the high frequency dispersion of the Kerr effect in 
the isotropic phase. In both phenomena this mechanism is the relax- 
ation of the dipole orientation related to the rotation of the molecule 
about its transverse axis. It is known that in the mesophase one 
relaxation time T ,  corresponds to this relaxation process. Hence, the 
frequency dependence of (An), (or K), just as for the case of dis- 
persion of dielectric anisotropy of the mesophase discussed here, may 
be described by the Debye equation 

The quantitative agreement between the experimental frequency 
dependences of (An), and the theoretical curve 6 (Figures 2 and 3) 
makes it possible to determine the times of high-frequency dispersion 
of the Kerr effect: T~ = (0.9 5 0.2) x lo-* s for 5 CB and T~ = 
(1.6 f 0.2) x s for N 21. Within experimental error in the 
determination of T~ the temperature dependence of T~ is not observed 
in the temperature range investigated (Figure 4). The comparison of 
the frequency dependences of AE and K (Figure 5) for all the samples 
discussed here shows that all these dependencies may be represented 
by Debye curves (Eq. 6) and the relaxation time T, exceeds several 
times the relaxation time T~ for the same substance. This result ap- 
pears to be quite reasonable because the degree of orientational order 
in the isotropic phase near to T, is much lower16 and, correspondingly, 
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134 V. N. TSVETKOV and E. I. RJUMTSEV 

the rotational mobility of dipolar molecules is higher than in the 
nematic phase. 

Hence, this method of studying the Kerr effect made it possible to 
detect and investigate in a single experiment two dispersion ranges 
of electric birefringence in the isotropic phase of liquid crystals near 
to T,. The first range (lo4 - lo6 Hz) is related to supermolecular 
relaxation processes and characterises the rotational mobility of the 
‘swarm’ as a whole, within the Peterlin-Stuart framework, in the 
isotropic phase. The second range (f > lo6 Hz) is actually the dis- 
persion range of the dielectric anisotropy of the ‘swarm’ as a fluc- 
tuation nucleus of the nematic order in the isotropic phase of the 
nematogen. The finite time T~ of the establishment of the dielectric 
anisotropy of the ‘swarm’ is not caused by the rotational motion of 
the ‘swarm’ as a whole but is due to the relaxation of the dipole 
orientation of the molecules forming the ‘swarm.’ 
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