
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 10:38
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

Orientational Elastic
Deformations of Main-Chain LC
Aromatic Polyesters and Low
Molecular Weight Nematics in a
Magnetic Field
L. N. Andreeva a , A. P. Filippov a , V. N. Tsvetkov a &
A. Yu. Bilibin a
a Institute of Macromolecular Compounds of Russian
Ac. Sci., Bolshoi pr. 31, St., Petersburg, 199004,
Russia

Version of record first published: 24 Sep 2006

To cite this article: L. N. Andreeva, A. P. Filippov, V. N. Tsvetkov & A. Yu. Bilibin
(1999): Orientational Elastic Deformations of Main-Chain LC Aromatic Polyesters and
Low Molecular Weight Nematics in a Magnetic Field, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
330:1, 191-199

To link to this article:  http://dx.doi.org/10.1080/10587259908025591

PLEASE SCROLL DOWN FOR ARTICLE

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908025591


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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

38
 1

7 
A

ug
us

t 2
01

2 

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


Mo/. C I . ) .~ .  Liq. Cryst., 1999,Vol. 330, pp. 191-199 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1999OPA (Overseas Publisben Aswiuliun) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Orientational Elastic Deformations of 
Main-Chain LC Aromatic 

Polyesters and Low Molecular Weight Nematics 
in a Magnetic Fieid 

L.N. ANDREEVA, A.P. FILIPPOV, V.N. TSVETKOV 
and A. YU. BILIBIN 

Institute of Macromolecular Compounds of Russian Ac. Sci., Bolshoi p,: 31, 
St. -Petersburg, 199004, Russia 

Orientational elastic deformations in a magnetic field were investigated in the nematic phase 
of polyphenylterephthaloyl-bis-(4-oxybiphenyl-4'-carbonyl), polylterephthaloyl-bis-(4-oxy- 
biphenyL3'-carbonyl), and their low molecular weight analogues. Temperature dependences 
of birefringence An were obtained and used to evaluate the degree of orientational order S. 
The splay and bend elasticiy constants, Kland K3. were determined.. The elongation of the 
rigid mesogenic core in polymer molecules leads to an increase in the K3Kl ratio, just as in 
the case of low molecular weight nematics. No effect of molecular weight on the values of An 
and Ki was detected. 

Papers 'I4' presented the results of investigation of orientational elastic 

deformations in magnetic and electric fields of thermotropically mesogenic 

linear aromatic polyesters (APE). For these APE the structure of the rigid 

mesogenic core was the same: three phenyl rings separated by ester groups 

(so-called "triades"). 

This work considers elastic deformations in a mabmetic field in the 

nematic phase of linear APE the mesogenic cores of which contain 

biphenylene groups 

OO-@&D9-(CH2CH20) 6-  APES-p ---r 
[ 14351119 1 
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- * ~ O O - ( C H 2 C H 2 0 )  6- APES-m 

The structures of the two investigated APE differ in the character of insertion 

of biphenylene units into the chain. 

The following low molecular weight nematics were also studied: 

C387- OO-CjR7 
AESp 

AE5-m 
w 7 -  

Table 1 lists the molecular weights M,I, of APE fractions under 

investigation according to data in refs's.61. This Table also gives the 

temperatures of phase transitions: isotropic melt ( I )  - nematic ( N )  Tm, 
nematic- smectic (S) TNS. and the crystallization temperature Tc,. These 

temperatures were determined by polarizing microscopy. 

TABLE I Molecular characteristics and phase transition temperatures 

Samples and 
their number 
APES+ I 

I I  
I l l  
IV 

VI 
APES-m V 

AES-p VII 
AE5-m Vlll 

20200 
10800 
10100 
5300 

I0400 
2300 
642 
568 

TIN "c 

160 
161 
154 
151.5 
161.5 
I48 
236 
186 

TNS "C T,, "C T,,"C 

85 
75 
71 
65 

143.5 95 
125 92 

76 
142 

The procedure of investigations of orientational elastic deformations in a 

magnetic field has been described in detail in refs"-'.'1. Only homeotropic 

textures could be obtained for polymers, only planar textures - for AES-m , 

and both types of textures - for AES-p. The sample was observed under a 
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polarizing microscope in parallel light beams nonnal to the layer plane. 

Orientational elastic deformations appearing in the nematic under the 

influence of magnetic field are of the threshold character: a maximum critical 

thickness 4 exists for a layer in which deformation in a magnetic field of 

strength H, is possible. According to Freedericksz’ law (’I, the product q H c  

is constant at a given temperature and determines the ratio of elasticity 

constant K, to specific diamagnetic anisotropy AX 

where i = I ,  3. Splay K I  and bend Kj elasticity constants can be obtained by 

studying the deformations of planar and homeotropic layers, respectively. 

The values of 4 in Fig. I are plotted vs. l/Hc. The slope of each curve 

determines the value of qH, and . correspondingly, that of KJAx at a 

temperature AT = T - TIN. 

Polarizing micrographs of an undeformed planar layer or those of a 

0 planarlayers 

I 3 

I 

FIGURE 1 Dependence of critical layer thickness q on I&. 
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homeotropic layer deformed by a magnetic field were used to determine the 

difference between two main refractive indices of the nematic n, - n,, = An. 

The dependences An(z), obtained for deformed homeotropic layers were 

used to determine the KdKl ratio with the application of Saupe's theory 

IXI.This made it possible to estimate the values of Kl for polymer nematics for 

which it was not possible to obtain planar textures. 

The values of optical anisotropy An are presented in Fig2 as a functions 

birefringence values are not very high, these of temperature AT. If 

dependences can be described by the approximate equationlg1 

An = (2x/3n)(n2 + Z)N,+,(Aa/M,,)pS (2)  

where S is the degree of orientational order, n is the mean refractive index, 

p is the nematic density, M,, is the molecular weight, and A a  is the 

polarizability anisotropy of nematic molecules. It is known that over a wide 

temperature range the values of n and p for nematic liquid crystals change 

only slightly (see. e.g.[9.'01 ). Hence, the dependence of An on AT reflects to 

the first approximation the temperature dependence of the degree of 

orientational order S of the nematic. 

It has been shown"-31 that the monomer unit is the main structural 

element responsible for equilibrium orientational and elastic properties of 

high molecular weight nematics. Consequently, the values of Aa/M, for the 

polymer in Eq. (2) can be taken to be values referring to the monomer unit. 

For LC investigated, the value of A a  is determined to a considerable 

extent by the polarizability anisotropy of para-aromatic mesogenic cores. 

Hence, it may be expected that the values of AaIM, for these LC also 

coincide and the differences in An are determined by different values of the 

orientational order parameter S .  
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For APESp and APES-m, the temperature dependences of birefringence 

An coincide within experimental error (Fig. 2). For low molecular weight 

nernatics near the phase transition point I-N the values of An for AES-m are 

much lower than those for AES-p. When temperature decreases, this 

difference becomes smaller, and at AT - -30°C the values of An for AES-m 

and AESp virtually coincide (Fig. 2). 

The values of S for AES-m can be determined using the fact that after 

crystallization a "planar" region with a system of interference rings was 

retained in the AE5-m sample under investigation. This made it possible to 

estimate the value of birefringence of the crystalline phase; A&, = 0.24 k 0. I .  

Assuming that AES-m forms a uniaxial crystal, it is possible to find S = An/ 

A&, (Fig.2). 

Taking into account the above considerations about the value of AdM,, 
one may expect that to the first approximation for APES-p, APES-m and 

AESp the value of birefringence A h  of a completely ordered structure (S= I ) 

0.2 - 
0 

0.1 - 

-I 0.8 

I 1"' 0 

. VII * Vlll 

AT." c 
-40 -20 

FIGURE 2 Temperature dependences of optical anisotropy APES-p ( I  - 
IV), APES-m ( V-VI ) , AES-p ( VII )and AES-rn ( VIll ). 
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is close to An, for AES-m. Hence, it is possible to estimate the values of S I AnlA 
n,, for these nematics (Fig.2). 

To determine the absolute values of the elasticity constant K, from 

it is necessary to know the specific experimentally found values of K,/Ax, 

diamagnetic anisotropy A x  of the nematic being investigated. The character 

of the dependence of Ax on AT almost completely corresponds to curve 

S(AT) ( i.e. An (AT) ) in Fig. 3 because the value of Ax is a 

1 -ApE5p, Kl 

30 - 
K, 1 07, dyn 

02-N#p,K3 

x4-Af+*K3 
A 3- Af+. Kl 

45-pPEsmKl 
06-- K3 

20 - A7-PEitIK1 

2 

O i  1 1 f 

-30 -25 -20 -15 -10 -5 0 

FIGURE 3 Temperature dependences of elasticity constants K, 
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unique function of AS ' ' ' I .  The absolute values of Ax were determined by the 

method applied in 1 1 3 ~ 1 - 3 1  .Using calculated values of diamagnetic anisotropy 

AX and experimental values of KIIAx and K?lAx, we obtain the values of 

splay and bend constants ( K I  and K I  ). The temperature dependences of K, 

are shown in Fig. 3. It can be seen that for both polymers the values of K I  

(curves I and 5) and K3 (curves 2 and 6) are much lower than the 

corresponding values of K, (curves 3, 4, 7) for their low molecular weight 

models. 

For polymer LC investigated the values of bend constants depend on the 

type of attachment of flexible groups to mesogenic cores.The values of K? for 

APES-m (curve 6) are 20 - 30% lower than those for APES-p (curve 2). The 

points corresponding to splay constants K I  (curves 1 and 5) for both polymers 

fall on the same curve within experimental error. 

In the case of low molecular weight nernatics, at all temperatures the 

values of K I  are slightly higher for a compound with end groups in the 

para-position (curves 3 and 7). 

For the LC investigated the ratio of bend to splay constants K d K p I  

The temperature dependences of this ratio for AES-p, APES-p and APES-m 

0 B 

2 -  APES-p 
0 AES-p(exp) 

AES-p (calc) 
- v APES-m 

I AT, "C APE3 
- 

-100 -75 -50 -25 0 

FIGURE 4 Temperature dependences of the ratio of bend to splay constants 
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are shown in Fig. 4. For low molecular weight LC the points of this 

dependence were obtained by two procedures. In the first procedure the 

KJAx and KJ/Ax ratio were determined from independent experiments by 

investigations of deformations of planar and homeotropic layers, and then the 

K ~ K I  ratios were estimated. In the second case the K ~ K I  ratios were 

determined from the results of investigations of deformations of only 

homeotropic layers with the application of Saupe's theory. Fig. 4 shows 

clearly that the values of K ~ K I  obtained by different methods coincide 

within experimental error. 

Relatively high K ~ K I  values were obtained: for AESp with increasing 

distance from the phase transition point 1 -+ N, the K?/K, ratio increases 

from 1.9 to 2.4. These values exceed more than 1.5 times those of K.&I 

which were obtained for a low molecular weight ester with a mesogenic 

. The increase in the KJKI ratio with increasing length of rigid 

anisotropic groups of nematic molecules was repeatedly observed 

experimentally and is in qualitative agreement with the predictions of the 

theory 

For APES-p and APES-m the KJ/KI values are also considerably greater than 

unity. whereas those for APE3 investigated previously K ~ / K I  is -0,8I3l. 

Hence, the increase in the length of rigid mesogenic group in APE molecules 

is accompanied by an increase in the KdKl ratio, just as for low molecular 

weight nematics. 
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