
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 09:53
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
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl18

Influence of Core Change of Liquid
Crystal Molecules on the Trace of Its
Polarizability Tensor
Przemyslaw Adamski a
a Institute of Physics Technical University of Łódż, 93-005, Łódż
Wólczańska, 219, Poland
Version of record first published: 24 Sep 2006.

To cite this article: Przemyslaw Adamski (1991): Influence of Core Change of Liquid Crystal
Molecules on the Trace of Its Polarizability Tensor, Molecular Crystals and Liquid Crystals, 201:1,
87-94

To link to this article:  http://dx.doi.org/10.1080/00268949108038638

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/gmcl18
http://dx.doi.org/10.1080/00268949108038638
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysf. Liq. Cryst., 1991, Vol. 201, pp. 87-94 
Reprints available directly from the publisher 
Photocopying permitttd by license only 
0 1991 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

Influence of Core Change of Liquid Crystal 
Molecules on the Trace of Its 
Polarizability Tensor 
PRZEMYWW ADAMSKI 
Institute of Physics Technical University of t6dz 93-005 t6dz Wdlczanska 219 Poland 
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The temperature dependence of the trace of the polarizability tensor was investigated for three liquid 
crystals, CB7, PCH 7, CCH7 whose molecule differ by the change of the molecule core. The results 
show that rotations of fragments of a molecule exist in the nematic phase of liquid crystals as well as 
in the solid state of CB7 and PCH7 liquid crystals. A linear temperature dependence of a, exists in the 
isotropic liquid state of liquid crystals as well as for low molecular weight liquids. 

INTRODUCTION 

The relationship between a trace of the polarizability tensor of a, of liquid crystal 
molecules and temperature was investigated in recent If we want to 
investigate the conformation change of liquid crystal molecule we must find the 
physical quantity connected with the molecule. According to our suggestion two 
quantities may be used for this aim. One of them is the moment of innertia of 
molecule. The second one is the trace of polarizability tensor of molecule. The 
tensor trace is a quantity which values does not depend on the coordinate system 
and is a measure of change in the molecule conformation. A change in the con- 
formation of a liquid crystal molecule may be caused by rotations of certain frag- 
ments of the molecule around its single bonds. Besides the other cause of confor- 
mation change there are at the liquid crystal molecule. It may be the change of 
length of chemical bonds and change of angle between these bonds.3 Investigations 
of the dependence of as of low molecular weight liquid revealed them to be linear 
in nature. The hindered rotations do not take place in the low molecular weight 
liquid molecule. 

In this work we use a undirectly manner of determination of polarizability tensor 
component. Namely we only need to use the results of Saupe and Maier theory4 
which describe the relationship between molecular order parameter S and polar- 
izability tensor components. According to the Saupe-Maier theory, the polariza- 
bility tensor components a, and a2 of liquid crystal sample depend on the polar- 
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88 P. ADAMSKI 

izability tensor components all and a, of liquid crystal molecule and on the arrangement 
order parameter S by the relations: 

(1) 
2 

a1 = u + (all - a,) 7 S 

1 
a2 = u - (all - a,) j S 

where & = (all + 2 1x33. The quantity a1 + 2 a2 = a, is the trace of the 
polarizability tensor of a liquid crystal sample and is equal to the same quantity a, 
of a liquid crystal molecule. 

The equality a1 + 2 a2 = all + 2 a, = a, does not mean that a1 is equal to all 
and a2 equal to a,. This results from the fact that an additional condition connected 
with the arrangement order parameter S must be satisfied between the quantities 
al, a2 and all, aL. This condition may be obtained by substracting from equation 
( I )  a equation (2). In this case the equation for the molecular order parameter S 
is obtained in the form: 

where 6 is the angle between the main axis of a molecule and the direction of the 
optical axis of a liquid crystal sample. Equation (3) has been many times used in 
the investigations of molecular order parameter S of cholesteric and nematic liquid 
crystals. -8 

The aim of this work is to investigate the temperature dependence of the trace 
of the polarizability tensor of three liquid crystals which have a changed number 
of benzene rings in the core of their molecules. These studies are carried out for 
two state of liquid crystals-isotropic liquid and nematic phase. 

EXPERIMENTAL 

In order to calculate of a, for a liquid crystal molecule the data of density and 
refractive index of liquid crystals were taken from a l i t e r a t~ re .~  The values of 
polarizability tensor components of the liquid crystals samples were obtained by 
using the Lorenz-Lorentz equation in this work. In the literature there are also 
equations due to Vuks and Neugebauer. Neugebauer’s equation is rarely used 
because of difficulties in the calculations. Vuks equation is equivalent to Lorenz- 
Lorentz equation in the case of the isotropic liquid state. The problem of local 
field at investigations of liquid crystal polarizability is not closed up to now. So 
that we have decided to calculate of o1 and a2 values by the use the Lorenz-Lorentz 
equation. 

The calculated values of the trace of the polarizability tensor of a liquid crystal 
molecule are collected in Tables 1-111. Moreover the temperature dependence of 
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NEMATIC POLARIZABILITY TENSOR 89 

TABLE I 

Density ( d ) ,  refractive indices (n, and no) for sodium light and trace of 
polarizability tensor a, for CB7x 

t "C d g/cm3 n, n o  a, lozJ cm3 

30 1.0012 1.702 1.521 109.43 
31.5 0.9998 1.698 1.521 109.39 
33 0.9985 1.695 1.521 109.39 
34.5 0.9970 1.692 1.521 109.42 
36 0.9956 1.688 1.522 109.49 
37 0.9946 1.683 1.523 109.47 
38 0.9935 1.680 1.523 109.45 
40 0.9912 1.672 1.525 109.53 
42 0.9886 1.660 1.527 109.45 
42.5 0.9878 1.655 1.531 109.73 
43.4 0.9840 - 1.573 110.47 
46 0.9815 - 1.571 110.43 
49 0.9787 - 1.570 110.58 
54 0.9746 - 1.567 110.58 

TABLE I1 

Density ( d ) ,  refractive indices (n, and n,) for sodium light and trace of 
polarizability tensor a. for PCH7X 

t "C d g/crn3 n, no a, loz4 cm3 

31 
34 
37 
40 
43 
46 
49 
52 
54 
56 
57 
58 
60 
63 
68 

0.9520 
0.9497 
0.9472 
0.9445 
0.9419 
0.9391 
0.9362 
0.9333 
0.9312 
0.9289 
0.9275 
0.9230 
0.9212 
0.9188 
0.9150 

1.593 
1.589 
1.586 
1.581 
1.578 
1.575 
1.569 
1.563 
1.559 
1.551 
1.547 

1.484 
1.484 
1.483 
1.483 
1.482 
1.482 
1.482 
1.483 
1.483 
1.484 
1.485 
1.506 
1.505 
1.503 
1.501 

107.53 
107.57 
107.56 
107.60 
107.60 
107.75 
107.75 
107.86 
107.88 
107.80 
107.85 
108.50 
108.53 
108.45 
108.53 

a, is plotted in Figures 1-3. These figures show that dependence of cis of the 
investigated liquid crystals on temperature in their isotropic liquid state is linear. 
In our opinion this linear dependence is caused by a change of length of chemical 
bonds and angles between these bonds at molecule. 

The appropriate structural formulae of the three liquid crystals are shown in 
Figure 4 in which axes of rotations suitable fragments of molecule are illustrated. 
The end chain C7HI5 is stretched and deviated from the position of the first axis. 
This chain belongs to a sufficiently rigid segment of the molecule because of the 
strong hindered rotations of its side groups. The minimum potential energy of the 
hindered rotation of side groups is reached in a transpositions. At higher temper- 
atures the end chain may be swirled such that the rotation of the swirling end chain 
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TABLE 111 

Density ( d ) ,  refractive indices (n, and no) for sodium light and trace of 
polarizability tensor a, for CCH7.X 

I "C d g/cm3 n, n" a, loz4 cm3 

71 
73.6 
75.6 
77.7 
79.7 
81.6 
82.5 
83.5 
84.5 
87 
90 
95 

0.8932 
0.8908 
0.8889 
0.8870 
0.8851 

0.8803 
0.8760 
0.8741 

0.8831 
0.8815 

0.8718 
0.8681 

1.502 
1.498 
1.494 
1.491 
1.486 

1.481 
1.477 

1.484 

1.456 
1.455 
1.455 
1.454 
1.454 
1.454 
1.454 
1.454 
1.462 
1.461 
1.460 
1.457 

107.76 
107.66 
107.64 
107.56 
107.44 
107.56 
107.55 
107.44 
108.04 

108.15 
108.07 

108.21 

around the first axis does not change clearly values of the polarizability tensor of 
trace of as, Therefore all the investigated liquid crystals are characterized by a 
linear temperature dependence of a, in their isotropic liquid state. 

The temperature dependence of a, in Figures 1-3 are clearly different in the 
nematic phase of all investigated liquid crystals. Since the number of benzene rings 
is different in the molecule of our liquid crystals it is expected that the shape of 
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NEMATIC POLARIZABILITY TENSOR 91 
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FIGURE 2 Temperature dependence of the trace of polarizability tensor of PCH7 
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70 80 90  t OC 
FIGURE 3 Temperature dependence of the trace of polarizability tensor of C C M .  

the molecule as well as the number of possible internal rotations is also different. 
Figure 4. The plane benzene ring in CB7 molecule is changed to the cyclohexyl 
ring in the molecule of PCH 7. This cyclohexyl ring have a chair shape and, 
therefore, two fragments of a PCH7 molecule may be rotated around the first axis. 
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92 P. ADAMSKI 

I 

CB 7 

C C H  7 
FIGURE 4 
molecule fragments. 

Chemical and space structure of CB7, PCH7, and CCH7 molecule and rotation axes of 

These rotations and the change in the position of centre of mass of the molecule 
affect on value of its trace of the polarizability tensor. 

In the CB7 molecule the benzene rings can also rotate around the first axis but 
it does not give any change of trace of polarizability tensor. Therefore the tem- 
perature dependence of a, is nearly a straight line parallel to the temperature axis 
for the CB7 molecule, while it increases with temperature for the PCH7 molecule. 

In the CCH7 molecule there are two cyclohexyl rings in a molecule core. There- 
fore it has a new rotation axis. A change in the molecule core in this case cause a 
noticeable difference in the temperature dependence of a,. The additional rotation 
leads to the wirling of molecule as it is seen from the plot of Figure 3. The above 
results show that a change in the molecule core of our liquid crystals has a evident 
influence on the character of the temperature dependence of as in the nematic 
state. In contrast with this influence, an increase in the number of CH, groups in 
the end chain of a liquid crystal molecule does not influence on the character of 
the temperature dependence of a,. 

In order to verify that the rotation does not exist in the molecule of liquid crystal 
at their isotropic state we calculated the trace of polarizability tensor of low mo- 
lecular weight liquid. In this case the measurements of density and refractive index 
for bromocyclohexane was made with the accurency 

Density measurements were made by method described elsewherelo and an Abbe 
refractometer was employed to determine refractive indices. The values of the trace 
of polarizability tensor of bromocyclohexane were calculated by the use of Lorenz- 
Lorentz equation. These results are shown in Figure 5 and in Table IV. Figure 5 
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NEMATIC POLARIZABILITY TENSOR 

42.5 
14 

CCJ 0 
3 

cm 

42.0 - 

93 

- -  

TABLE 1V 

Density ( d ) ,  refractive indices (n) and trace of polarizability tensor of a, for Bromocyclohexane. 

t "C d g/cm3 n a, loz4 cm3 

15 1.3402 1.4941 42.13 
20 1.3344 1.4917 42.14 
25 1.3284 1.4893 42.15 
30 1.3225 1.4870 42.17 
35 1.3166 1.4846 42.18 
40 1.3107 1.4823 42.199 
4s 1.3049 1.4799 42.21 
50 1.2991 1.4776 42.22 

reveals that the temperature dependence of the trace of the polarizability tensor 
of bromocyclohexane is linear. We assume that the linear temperature dependence 
of a, of low molecular weight liquid is not connected with the possibility of rotation 
of parts of the molecule. The liquid crystals in isotropic liquid state give the linear 
temperature dependence of a, too. Therefore the molecules of liquid crystals in 
this state are not deprived of possibility of rotation of their parts. 

Conclusions 
1. Change in core of a molecule of liquid crystals has a clear influence on the 

character of the temperature dependence of the trace of polarizability tensor, 
2. The hindered or free rotations of fragments of a liquid crystal molecule can 

occur only in the nematic state of liquid crystals. 
3 .  The change of length of chemical bonds and of angle between these bonds 

may be taken as the other cause of conformation change of liquid crystals 
molecules. 
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