
This article was downloaded by: [University of California, San Diego]
On: 15 August 2012, At: 23:04
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

RELAXATION PROCESSES
IN ISOTROPIC PHASE OF
CHOLESTERYL MYRISTATE
Leonard Sabirov a , Vyacheslav Lerman a , Yahye
Turakulov a & Denis Semenov a
a Chair of Quantum Electronics, Department
of Physics, Samarkand State University,
Universitetskii blvd., 15, Samarkand, 703004,
Uzbekistan

Version of record first published: 24 Sep 2006

To cite this article: Leonard Sabirov, Vyacheslav Lerman, Yahye Turakulov & Denis
Semenov (2001): RELAXATION PROCESSES IN ISOTROPIC PHASE OF CHOLESTERYL
MYRISTATE, Molecular Crystals and Liquid Crystals Science and Technology. Section
A. Molecular Crystals and Liquid Crystals, 366:1, 1-15

To link to this article:  http://dx.doi.org/10.1080/10587250108023942

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108023942
http://www.tandfonline.com/page/terms-and-conditions
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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

04
 1

5 
A

ug
us

t 2
01

2 



Mol. Cry5t. owd Liy. Crysf, 2001. Val. 366. pp. 1-15 
Reprints available directly from the publirher 
Photocopying permitted by licen5e only 

0 2001 OPA (Overseas Publishers Association) N V, 
Published by liceme under the 

Gordon and Breach Science Puhlishers imprint. 
a memher of the Taylor & Francis Group, 

Printed in the USA 
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Chair of Quantum Electronics, Department of Physics, Samarkand State 
University, Universitetskii blvd., 15, Samarkand, 703004, Uzbekistan 

The paper reports on study of acoustic parameters in isotropic phase of Cholesteryl Myristate 
within a frequency range from 2 MHz to 7 HHz. It was observed, that in the range of hyper- 
sonic frequencies on a background of a relaxation process with a significant dispersion of 
sound velocity and characteristic frequency dependence of hypersonic absorption another 
relaxation process appeared. Hence, it is may be assumed that at least three relaxation proc- 
esses occur in the isotropic phase of CM within the investigated frequency range. First relax- 
ation process (from 1 HHz to 7 HHz), and third relaxation process (from 2 MHz to 22 MHz) 
are analogous to those observed for the isotropic phase of the nematic MBBA. The second 
relaxation process observed in the range of hypersonic frequencies is characteristic only for 
the isotropic phase of CM and it is not observed for nernatics. The nature of this relaxation 
process is discussed. 

Keywords: acoustic relaxation; Cholesteryl Myristate; hypersound; isotropic phase; light 
scattering; ultrasound 
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INTRODUCTION 

A relaxation time is usually used as a fundamental information 
parameter when a dynamics of phase transitions is investigated. 
Although a dynamic behavior of cholesterics on molecular level is still 
not well known, it is possible to indicate some basic classes of 
relaxation processes in isotropic phase. 

First class contains the relaxation processes connected with a 
relaxation of order parameter fluctuations. Isotropic phase has no long- 
range order in a direction of molecular axes, and order parameter tensor 
is equal to zero. However, for rather small time-space scales a local 
order exists for some distance Ccalled a correlation length. In Landau - 
de Gennes approach Cis determined as follows: 

Here 1 is molecular length, T - temperature, and r' - critical 
temperature. It has good agreement with experimental results for 
intensity of scattered light in isotropic phase of nematics [l]. However, 
there is a deviation from linear dependence of inverse integral intensity 
very near the phase transition connected with fluctuation contributions 
[2,3]. Much more significant deviation 6om linear dependence of 
inverse integral intensity takes place in isotropic phase of Cholesteryl 
Myristate (CM) [4]. It is connected with "stmcture" fluctuations, which 
are, probably, characteristic for isotropic phase of CM, as it will be 
shown later. Relaxation time for order parameter fluctuations of 
nematics lies in limits of 10' - 10" sec. At the same time for CM it is of 
10'' - lo' sec. [4]. 

Second class of relaxation processes is connected with a rotation 
of molecules along their major axes and translational self-diffision. 
Relaxation time of such processes is slightly dependent on temperature 
(by comparison with the relaxation processes of first class). Estimated 
values of relaxation times for such processes are 10" - 
Another class of relaxation processes in isotropic phase of liquid 
crystals is intra-molecular relaxation connected with a motion of 
molecular end-groups. Such relaxation processes also have weak 
temperature dependence of relaxation time and its value can be equal to 
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RELAXATION PROCESSES IN ISOTROPIC PHASE OF CM [ 1855113 

1 0 8  - sec. For example, the value of intramolecular relaxation 
time for nematic p-methoxybenzylidene-butylaniline (MI3BA) is 
equal to l o 9  sec. 

Thus, to provide a complex investigation of the relaxation 
processes in isotropic phase of cholesterics it is necessary to apply new 
methodologies in order to obtain an information about the relaxation 
times having values from lod sec. to 10” sec. The present paper 
reports on study of acoustic parameters in isotropic phase of CM within 
a wide frequency range (2 MHz - 7 HHz) and temperature range from 
100 OC to 84 OC in order to obtain the information about the relaxation 
processes and their parameters. In the frequency range from 2 MHz to 
22 MHz a pulse method based on the diffraction of light due to 
ultrasound waves was used. In the frequency range from 1.1 HHz to 7 
HHz we used the method of Mandelshtam-Brillouin light scattering 
spectroscopy. For both methods, one and the same sample of CM was 
used. 

To describe relaxation processes connected with order 
parameters fluctuations in liquid crystals, a correlation function 
characterizing the fluctuations of order parameter tensor was introduced 
[6,15]: 

Here V is volume, k~ - Boltzman constant, q - wave vector, A and L - 
coefficients of Landau free energy expansion. 

A (T/ = a (T-f), 

where a is a coefiicient of proportionality. 
It is assumed that the connection of G (&I < 0 with sound wave 

is determined by changes of A(T) with temperature oscillations 
conditioned by an influence of sound wave. Near the point of phase 
transition, where the fluctuations are characterized by strong spatial 
correlation, the response of G(e) to the oscillation of local temperature 
cannot be instantaneous. In addition, that leads to increase in absorption 
of sound and dispersion of sound velocity. Theory gives the following 
expression for (aA)=. (A is sound wavelength; a, is exceed of sound 
absorption connected with order parameters fluctuations), and sound 
velocity as a function of temperature and frequency: 
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4/[ 18561 LEONARD SABIROV er al. 

Here yo = Ci /  C: ; VO - adiabatic velocity of sound in the absence of 
order parameters fluctuations; C i  and C: are, respectively, heat 
capacity at constant pressure and at constant volume in the absence of 
the fluctuations; AC, - exceed of heat capacity connected with the 
fluctuations; 

Here x = fh is characteristic relaxation frequency, f, = A(T)  /2z< - 
relaxation frequency in a long-wave region (q=O), 5- some "effective" 
kinetic coefficient having a dimension of that for viscosity, f - 
frequency of sound. 

For practical analysis of obtained results, we use the expression 
for exceed of absorption and dispersion determined as follows: 
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RELAXATION PROCESSES IN ISOTROPIC PHASE OF CM [ 1857]/5 

Here V, is the velocity of sound at rather high frequencies, and B(T) SY 

% as it was shown in [7] 
CP 

MEASUREMENTS 

To determine the values of ultrasound velocity and absorption, 
the method based on the difiaction of light due to ultrasound waves 
was used. The experimental set-up was modified to operate in pulse 
regime that is the necessary condition to provide measurements near 
phase transition, where the susceptibility of liquid crystals is very large. 
The results of measurements of sound velocity and absorption at the 
frequencies of 2 MHz,  3 MHz,  9 MHz, 16 M H z  and 22 MHz were 
presented in our previous paper [8]. 

The velocity of ultrasound propagation was measured fiom the 
value of diffraction angle, and the intensity of diffracted light, 
depending on a distance fiom emitting transducer, contains the 
information about ultrasound absorption. The accuracy of the 
measurements of sound velocity and absorption was, consequently, 

Hypersonic velocity and absorption over a frequency range 1-7 
HHz was determined by Mandelshtam - Brillouin components' shift and 
width [9] .  The spectra were registered for light scattering angels 
19.6°+0.20, 9O0k0.2', and 167' ItO.2' using spectral set-up with double- 
passed Fabry-Perot interferometer (for more detailed description see 
[lo]). The contrast of interference pattern was 5.104, and the sharpness 
was 35. The regime of two passes allowed to investigate Mandelshtam- 
Brillouin light scattering spectra very near the phase transition. The 
accuracy of determination of hypersonic velocity and absorption was 
dependent on scattering angle: fiom 1% to 0.5% for the velocity 
measurements, and from 20% to 1P/O for measurements of absorption 
coefficient. The errors of measurements decrease with increasing 
scattering angle. 

The CM sample was purified by repeated recrystallization in n- 
hexane and was then pressed through a filter with pores of diameter 0.2 
pm under vacuum to the cell to remove dust. The cell with the sample 
was thermostatted to rt 0.01 'C. The clarification temperature of the 
sample upon heating the cholesteric phase was 83.2 f 0.1 'C. The 

0,5% and 10%. 
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6/[1858] LEONARD SABIROV et ul. 

temperature of fog phase upon cooling isotropic phase was 83.6 f 0.1 
OC. 

RESULTS AND DlSCUSSION 

The results of temperature dependence of hypersonic velocity 
for three scattering angles are presented in Figure 1. Here are also 
presented the results of measurements of ultrasound velocity over the 
frequency range 2-22 MHZ. 

1500 - 
1450 - 
1400 - 
1350 - 
1300 - 

T, OC 
a 

80 85 90 95 i oa 

FIGURE 1 

Temperature dependence of sound velocity in isotropic phase of 
Cholesteryl Myristate. 

dotted line - Yo; double-dotted line - V,; solid lines - results of 
calculations using Eq.(6) ) 

(+-6.5 13-43 HHz; A-1.1 x-22 *-2 D
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RELAXATION PROCESSES JN ISOTROPIC PHASE OF CM [ I  859]/7 

Figure 2 presents the temperature dependence of absorption 
coefficient multiplied by wavelength of sound for three scattering 
angles (frequencies). 

FIGURE 2 

Temperature dependence of absorption coefficient multiplied by 
wavelength for three scattering angels (frequencies). 
(A 6.5 HHz; 0-4.5 HHz; +-1.l HHz; Results of calculation are 
presented by solid line for 1.1 HHz, and dotted line for 4.5 
m.1 

Significant dispersion of sound velocity observed in isotropic 
phase of the liquid crystal (Figure 1) and fiequency dependence of 
sound absorption indicate the existence of relaxation process in 
hypersonic frequency range. Moreover, some specific behavior of the 
hypersonic velocity depending on temperature for scattering angle of 
19,6' (frequency 1.04 - 1.12 HHz) should be pointed out. If the values 
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av of temperature coefficient of the velocity - at fiequencies of 6.5-7 

HHz (scattering angle 167') and 4.5 - 4.9 HHz (scattering angle 90') are 

identical and equal to 3.0 m.sec-'. OC (for ultrasound 22MHz - = 1.5 

msec.'. OC ) then at the frequencies of 1.04 - 1.12 HHZ (scattering 
angle 19.6')the dependence of sound velocity on temperature cannot be 

described by straight line with constant - . 

It can be assumed that in CM on the background of relaxation 
process characterized by significant dispersion of sound velocity and 
typical frequency dependence of hypersonic absorption, analogous to 
that observed in isotropic phase of nematic MBBA [ I l l ,  there is 
another (second one) relaxation process. 

By analogy with our results obtained for nematics [ll] we 
determined the. parameters of first relaxation process with significant 
dispersion of hypersonic velocity using the equation for relaxation 
process with single relaxation time [ 121: 

at 

aV 
& 

dV 
at 

Here E is relaxation force, VO is sound velocity at low values of 
frequency (in our case VO is the value of sound velocity obtained for 
ultrasound at 22 MHZ). 

Since we carried out measurements in hypersonic range, for 
three frequencies, it is possible to construct a system of equations in 
order to determine E and fi parameters. Moreover, fiom experimental 
measurements of cwf for three frequencies we were able to calculatef, 
and the coefficients A and C as follows [12]: 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

04
 1

5 
A

ug
us

t 2
01

2 



RELAXATION PROCESSES IN ISOTROPIC PHASE OF CM [I861 J/9 

As a result of calculations using dispersion of hypersonic 
velocity and absorption in CM, the values of relaxation frequency 
presented in Table I ,  were obtained. 

TABLE 1. 

Temperature Relaxation frequency& Relaxation frequency& 

(by sound absorption) 
(B) (Hw 

(by dispersion of sound 
velocity) 

ec> 

100 2.6 2.8 

87 2.55 2.7 

84 2.5 2.6 

The basic criterion of correctness for applicability of calculations using 
the equation with single relaxation time is the equality of the values of 
J obtained from hypersonic dispersion and hypersonic absorption. 

As it can be seen from Table 1, relaxation frequency weakly 
depends on temperature. It may be assumed, that present single 
relaxation process can be connected either with rotation of CM 
molecule along major axis, or with librations of molecule along minor 
axis, i.e. vibration relaxation. For more concrete determination of the 
nature of this process, it is necessary to attract the results of other 
experiments, such as Rayleigh light scattering, vibrational 
spectroscopy, etc. Unfortunately, it cannot be done in present paper. 
Let's look at the graphs presented in Figure 1 and Figure 2. 
Temperature dependence of hypersonic velocity and absorption at the 
frequency of - 1.1 HHz indicates the existence of second relaxation 
process. Its parameters, in contrast to first one, depend significantly on 
temperature. Since the parameters of second relaxation process depend 
significantly on closeness to phase transition, it can be assumed that it is 
connected with a certain critical fluctuations, and the nature of these 
fluctuations will be discussed later. To analyze the parameters of 
second relaxation process we used the results of theory [6],  and Eqs.(S) 
and (6) specifically. 
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1000 - 
800 - 
600 - 
400 - 
200 - 

As Vo(t) we used temperature dependence of ultrasound velocity 
at the frequency of 22 MHz. Temperature dependence of hypersonic 
velocity at the frequency of -6 .5  HHz was taken for upper limit of the 
velocity V&) as the first approach for second relaxation process 
which appears at the fiequency of -1.1 HHz. 

1200 f / J ) ,  1 B (T)[ 0*08 

04 L O  
82 87 92 97 

Temperature, OC 

FIGURE 3 

Temperature dependence of hnction BI(T) and relaxation frequencyJ(') 

Since second relaxation process appears on the background of 
first relaxation process with significant dispersion of hypersonic 
velocity, we made parallel transfer of temperature dependence for V O ) .  
and V,(T) onto the graph of the temperature dependence of hypersonic 
velocity at -1.1 H H z  (Figure 1). From V f l )  and V f l )  one can 
determine the values of fbnction B,(T) using Eq.(4). 
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RELAXATION PROCESSES IN ISOTROPIC PHASE OF CM [ 1863111 1 

since F2U;/n+O when f r f  + 0, and F&!J+I when fd-, 
Temperature dependence ofB,(T) is presented in Figure 3. 
Then frqm the values of hypersonic velocity at 1.1 HHz, values of 
function RIF) and a shape of hnction F&/J proposed in [6], we 
determined the values ofJi'') for each temperature point. The results of 
calculations are presented in Figure 3. 

As it can be seen from Figure 3, relaxation frequency of second 
process&"' decreases with decreasing temperature from 1 HHz very far 
from phase transition (100 OC) to -50 MHz at T=83.9 'C, that 
corresponds to transition into fog phase for investigated CM sample. 
Using the parameters of relaxation processes obtained from temperature 
dependence of hypersonic velocity we calculated a contribution of 
second relaxation process to hypersonic absorption from Eq.( l), shape 
of hnction BI (T) obtained from dispersion of sound velocity. The 
results of calculation are presented in Figure 2 by solid line for 4.5 
HHz. In limits of experimental errors one can say about a satisfactory 
agreement between calculated and experimentally obtained values of 
a2 for fiequencies of 1.1 HHz and 4.5 HHz when the existence of two 
relaxation processes is assumed in hypersonic frequency range. 
Significant dependence of relaxation frequency for second process on 
closeness to the temperature of phase transition indicates its connection 
with critical fluctuations. 

To find out the nature of such fluctuations we carried out an 
investigation of ultrasound absorption over the frequency range from 2 
to 22 m. 

In nematic liquid crystals for ultrasound range the basic 
contribution to absorption and dispersion of sound velocity is due to 
fluctuations of short - range orientation order [11,7]. In CM these 
fluctuations should also appear. Dispersion of sound velocity, as it can 
be seen from Figure 1, has a value, which is not more than 1% over the 
investigated region. It does not allow to make any calculations of 
relaxation time using Eq.(6). At the same time, the absorption of 
ultrasound increases noticeably for each frequency. To analyze the 
absorption using Eq.(5) it is necessary to determine a-, i.e. absorption 
caused by order parameter fluctuations. For this purpose, we subtracted 
the contribution connected with first and second relaxation processes in 
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0,07 - 
0,06 - 
0.05 - 
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0,02 - 
0.01 - 

0 -  
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'(ab),, 

T, OC 
m 

hypersonic frequency range from experimentally obtained values of a;Z 
for each ultrasound frequency and temperature. 

Temperature dependencies of (an), for each ultrasound 
frequency obtained by such method are presented in Figure 4. 

FIGURE 4 

Temperature dependence of the excess of absorption (d), of 
ultrasound in isotropic phase of Cholesteryl Myristate. 

0 - 2 2 M H Z )  
(*-2 MHZ,  H-3 MHZ, A - 5 . 4  MHZ, X - 9  MHZ, *-I6 MHZ, 

To determine hnction B>(T) connected with fluctuation part of heat 
capacity which appears as a result of existence of order parameter 
fluctuations [6],  and also to determine relaxation frequency f,@ of. 
order parameters fluctuation in isotropic phase of CM, we made use of 
graphic method described in [7]. 

on f for each temperature 
and assumed that the shape of finction F~f lJ j l  is identical to that for 
isotropic phase of nematics. By combination of the graphs of the 
dependence of (a& on f with the shape of FlflJJ until the best 
coincidence [7] we determined Br(T) and fr"' for each temperature 

We plotted the dependence of D
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RELAXATION PROCESSES 1N ISOTROPIC PHASE OF CM [1865]/13 

point. Figure 5 presents the obtained results for Br(T) and&@. The 
value of relaxation frequency for order parameter fluctuations decreases 
in CM from 3 M H z  (at 100 OC) to 300 KHz (at 84 OC). It coincides 
with our evaluations made on the base of results obtained fiom spectra 
of light scattering [4]. 

2 -  

1 3  - 
1 -  

1 

0.08 

- 0.06 

- 0,04 
I 

I I 

t 0'02 

0.5 { / 
0 4  t o  

80 85 90 95 100 

Temperature, OC 

FIGURE 5 

Temperature dependence of Bz(T) and &@) in isotropic phase of 
Cholesteryl Myristate. 

From obtained values for B 2 0  and f?) we calculated the 
values of ultrasound velocity for 2 M H z  and 22 HHz using the 
shape of knction F, fJ'. The results are presented in Figure 1 by. 
solid lines for ultrasound frequencies. As it can be seen from Figure 1, 
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144 1 8661 LEONARD SABIROV er al. 

the calculated values are in good agreement with experimental results 
for ultrasound velocities. Using the determination of B(T) =ACdc,4 
where ACp is the contribution to. heat capacity connected with 
fluctuations, and C,” is regular part of heart capacity, we can write 

Here AC; is a part of heart capacity connected with 
fluctuations which are responsible for second relaxation process 
(hypersound), and AC; is part of heat capacity connected with order 
parameter fluctuations (ultrasound). The results of measurements of 
molar heat capacity for CM from solid state until isotropic phase are 
presented in [13]. 

They allow to calculate the values of Br). Table 2 presents the 
values ofBI(T), B2(T), BI(T)+ B2P) which were obtained by us and the 
values of B(T) calculated on the base of results presented in [ 131. 

By comparison of two last columns in the table one can say 
about good agreement between the values of B(T) obtained by analysis 
of sound propagation in isotropic phase of CM and the values of B(T) 
calculated from the results of heat capacity measurements. 

TABLE 2 

90 0.05 0.05 0.100 0.100 

95 0.04 0.043 0.083 0.082 

100 0.025 0.036 0.061 0.056 

Thus, it can be assumed that for CM in the frequency range 
from 2 MHz to 7 HHz, at least three relaxation processes take place. 
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RELAXATION PROCESSES IN ISOTROPIC PHASE OF CM [I8671115 

First relaxation process which has weak temperature 
dependence over the frequency range 1-7 HHz and third one 
(characterized by strong dependence on approaching the phase 
transition) over the fiequency range 2-22 MHz connected with order 
parameter fluctuations, are analogous to those observed in the isotropic 
phase of nematic MBBA [ I l l .  Second relaxation process is 
characteristic only for isotropic phase of CM and it is not observed for 
nematics. 

The existence of this relaxation process is probably connected 
with the kinetics of structure fluctuations either smectic or cholesteric 
type. This assumption can be confirmed by temperature behavior of 
inverse integral intensity of scattered light in the isotropic phase of CM 
[4]. For inverse integral intensity in isotropic phase of CM over the 
temperature range (89 - 84)OC the significant deviation from linear 
dependence, predicted by De Gennes [14] for order parameter 
fluctuations of nematic type, is observed. Such deviation may appear as 
a result of the development of additional structure fluctuations (smectic 
or cholesteric) which were theoretically considered in [3] for isotropic 
phase of nematics also possessing smectic mesomorphic phase. 
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