
This article was downloaded by: [University of California, San Diego]
On: 20 August 2012, At: 22:15
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

Determination of Elastic Constants of
Nematic-Cholesteric Mixtures
M. Kurik a , Z. Mikityuk b , A. Fechan b , M. Vistak c & O.
Nevmerzhitska b
a Institute of Physics NASU, Kiev, 46 Prospect, Nauki, Ukraine
b State University “Lvivska Politecnica”, 12 Bandery St., Ukraine
c Lviv Medical Institute, 69 Pekarska St., Ukraine

Version of record first published: 04 Oct 2006

To cite this article: M. Kurik, Z. Mikityuk, A. Fechan, M. Vistak & O. Nevmerzhitska (1997):
Determination of Elastic Constants of Nematic-Cholesteric Mixtures, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 293:1, 1-6

To link to this article:  http://dx.doi.org/10.1080/10587259708042761

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/gmcl19
http://dx.doi.org/10.1080/10587259708042761
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst., 1997, Vol. 293, pp. 1-6 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands under 

license by Gordon and Breach Science Publishers 
Printed in Malaysia 

Determination of Elastic Constants 
of Nematic-Cholesteric Mixtures 
M. KURIK", Z. MIKITYUKb, A. FECHANb, M. VISTAK" 
and 0. NEVMERZHITSKAb 

alnstitute of Physics NASU, Kiev, 46 Prospect Nauki, Ukraine; 
bState University "Lvivska Politecnica", 72 Bandery St., Ukraine; 
'Lviv Medical Institute, 69 Pekarska St., Ukraine 

(Received 10 October 1995; In final form 1 May 1996) 

The method of elasticity constants K22 and K 3 3  determining for nematic-cholesteric mixtures 
of liquid crystals from the data of electrooptical measurements are described. The theoretical 
model and experimental results shows that it is necessary to take into consideration the 
influence of surface forces on threshold voltages of cholesteric-nematic transition. 
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1. INTRODUCTION 

The present work analysis the KZZ and K 3 3  elastic constants of liquid 
crystal nematic-cholesteric mixtures (NCM) based on electrooptical data 
from our studies. Based on theoretical model analyses and on experimental 
results, it is shown that in order to determine NCM elastic constants it is 
necessary to consider the influence of surface forces on threshold voltages of 
the cholesteric-nematic transition. 

The operation of currently used liquid crystal displays is based mainly on 
the twist-effect or on supertwist birefringence effect. The working substance 
of these devices is nematic-cholesteric mixtures with low content of optically 
active additive (OAA). This NCM can be used also for construction of 
high-density information displays, based on cholesteric-nematic transition 
with an applied fields [1,2,3]. Investigation of NCM properties and of 
their parameter behavior will allow synthesizing of NCM with parameters 
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for practical devices. Frank elastic constants are the dominant parameters 
of NCM which determine electrooptical and temporal parameters of devices 
based on NCM. A simple method of determining of KZZ, K33 elastic con- 
stants from electrooptical measurements using CNT, is discussed in this 
work. This discussion includes the results of an investigation of temperature 
dependence of these constants for different NCM. 

2. THEORY 

There are only a few methods for determining the elastic constants of 
nematic liquid crystal (LC) materials available today [4,5] and methods of 
determining the nematic-cholesteric mixtures elastic constants are practi- 
cally absent. Moreover, in some studies [6], it is shown that at low concen- 
trations of OAA in nematic liquid crystal the K 2 2  of NCM will be equal to 
KZZ of nematic. Thus, subsequent investigations of CNT effect may shown 
that at low OAA amount in nematic matrix (up to 2 weigh.%) the elastic 
constant value varies and depends on OAA type [S, 81. 

Determination of the NCM elastic constants is complicated by the absence 
of the general theoretical models of CNT process. The proposed models have 
their advantages and disadvantages and are acceptable in limited ranges. 

The method of elastic constant K z 2 ,  K 3 3  determination from expressions 
for threshold fields of nematic-cholesteric and inverse cholesteric-nematic 
transitions is proposed in [8]. It is shown in this work that the slope of 
U,=f (d /P , )  is proportional to KZZ elastic constant and the slope of 
U ,  = f ( d / P , )  is proportional to KZZ/K33 ratio, where d-thickness of liquid 
crystal layer; Po-free induced helix pitch; Unc, Ucn-threshold voltages of cho- 
lesteric-nematic and inverse nematic-cholesteric transitions, correspondingly. 
The influence of surface on CNT threshold voltages is not considerated in 
this method. Therefore, this methods is acceptable only in cases when the 
thickness of liquid crystal is much greater than Po value, i.e. d / P ,  >> 1. 

Thus, while investigating LC materials with big helix pitch (tens of mi- 
crometers) it is hard to provide these conditions in the experiment and the 
use of this method leads to large errors. 

In our present work we focus attention on one of the theoretical models 
of CNT process which completely and adequatly describes the experimental 
results and allows a more precisely determination of the NCM elastic con- 
stants for d /P ,  > 1. 

This simple model was proposed in studies [9, lo] and developed in [ 1 13. 
According to this approach the value of the critical electric fields of CNT 
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3 NEMATIC-CHOLESTERIC MIXTURES 

are determined as intersection points of curves of dependencies of free 
energy of correspondent states of director from electric field value [ll]. 
Expressions for critical electric fields of texture (Ec.c) and phase (Em) of CNT 
and of inverse nematic-cholesteric transitions (Em) taking account of surface 
interaction are as follows: 

where d - thickness of LC layer; 
K,,, K,, - Frank elastic constants; 
F,,, F,, F,, - densities of surface free energy in planar confocal and nematic 
states correspondingly. 

For planar anchoring conditions F ,  = 0; for homeotropic- F,, = 0. 
Based on this theoretical model, we developed the method of K,, ,  K , ,  

NCM elastic constants determination from the electrooptical measurements 
of CNT parameters. We assumed that concentration dependencies of CNT 
threshold voltages are linear. 

To simplify the calculations, expression (2) will be written as follows: 

The expression (4) is a straight line with a slope which is depends on K,, 
and Ae, a free term which allows to determine the F,, - F, value. Using 
expressions (l), and (3) and experimentally investigating CNT threshold 
voltages, induced helix pitch and dielectric parameters in a temperature 
range when the mesophase exists, the temperature dependencies of K,, ,  K , ,  
NCM elastic constants can be determined. Using this method the influence 
of the surface on CNT electrooptical parameters can be estimated. 
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Additional points should be noted. Analysis of the theoretical models 
(expressions (3), (4) in cases when liquid crystal layer thickness d is less than 
induced helix free pitch value P,(d/P,) < l), shows a dominant influence of 
surface conditions on CNT threshold field values. The dependence of CNT 
threshold voltage in d / P ,  < 1 range is determined by surface forces and uses 
of the experimental concentration dependence of the NCM elastic constants 
obtained in this case would be incorrect. Our subsequent experimental 
investigations proved these conclusions. 

3. THE EXPERIMENT 

Induced cholesteric mesophase with high pitch of helix structure and with 
AE>O were objects of our investigation. Mixtures of the strong polar cy- 
anobiphenyl JKK-839 (8CB), which is characterized by a high value of 
dielectric anisotropy, and the weak polar azoxicompound JKK-440, which 
has wide temperature range of mesophase existence and low viscosity, as 
matrices for NCM. The terms of homologous series of cholesteryl esters of 
one-base carbon acids: propionate (XlO), undecilate (X18), miristate (X15), 
palmitate (X2), were optically active additives. 

The electrooptical investigations were carried out in sandwich cells with 
planar boundary conditions: the thickness of LC layer was 25 pn. The value 
of the induced helix pitch was determined by the Cano-Grandjan method 
and by the diffraction of a laser beam on “finger print” texture. 

Concentration and temperature dependencies of UdC, U,, and U,, the 
threshold voltages of texture, phase cholesteric and inverse nematic-choles- 
teric transitions, respectively were investigated through study of the elec- 
trooptical parameters. 

The elastic constant K,, value can be obtained by experimentally deter- 
mining A& for a given material and constructing the concentration depend- 
ence of CNT threshold voltage in the form (Fig. l), 

LG d =f[4 
Using expression (1) and the experimental value UC,, for a given material 

and considering that for planar threshold conditions F ,  = 0 the value F,, 
and F,, (from equation (2)) can be determined. The influence of surface on 
threshold voltages of CNT is decreasing with an increase in d /P ,  ratio. As a 
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5 

FIGURE 1 The dependence of UfJd = f ( d / P @  for NCM JKK-440 (90.5 weigh.%) + JKK- 
839 (9.5 weigh.%) with cholesteryl esters: A-miristate: 0-propionate. 

result, segment F,, - F,, which the experimental straight line intersects the 
ordinate is, decreasing and it's value is approaching zero. 

The K,, elastic constant can be approximately determined using expres- 
sion (3) and the experimental concentration dependencies of threshold volt- 
ages of inverse NCT. The main results of experimental investigations at 
T= 298 K are given in Table I. 

TABLE I The elastic constants of synthesized mixtures 

Nematic 
matrix 

O A A  K, , ,  lo-",  K , , . I o - ' ~ ,  F , , , I o - ~ ,  
type N N Joules 

JKK-440 

J K K - 8 3 9 
(90.5 weigh.%) 

(9.5 weigh.%) 

(77.7 weigh.%) 

(22.3 weigh.%) 

JKK-440 

JKK-839 

x -  10 1.6 
X-18 1.8 
X-15 2.2 
x-2 1.9 

x-10 0.8 
X-18 2.8 
X-15 5.3 
x-2 2.9 

5.0 0.13 
6.2 0.12 
7.1 0.11 
9.3 0.11 

2.1 0.26 
7.6 0.25 

14.2 0.24 
12.3 0.24 
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4. CONCLUSIONS 

The proposed methods allow to determine directly and simply the K z 2 ,  K,, 
elastic constants of nematic-cholesteric mixture from the electrooptical data. 
Moreover, the surface influence (F,,, Fsc) on CNT threshold voltages can be 
estimated. The K z 2 ,  K,, elastic constants are independent of concentration 
and dependent on OAA type, at OAA concentration up to 2 weigh.%. 
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