
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 05:46
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/gmcl16

Investigation of the
Temperature Dependence
of the Pitch of a Cholesteric
Liquid Crystal
Sadao Masubuchi a , Tadashi Akahane a , Kazuhira
Nakao a & Toshiharu Tako a
a Research Laboratory of Precision Machinery
and Electronics, Tokyo Institute of Technology,
Nagatsuta-cho, Midori-ku, Yokohama, 227, Japan
Version of record first published: 21 Mar 2007.

To cite this article: Sadao Masubuchi , Tadashi Akahane , Kazuhira Nakao & Toshiharu
Tako (1976): Investigation of the Temperature Dependence of the Pitch of a
Cholesteric Liquid Crystal, Molecular Crystals and Liquid Crystals, 35:1-2, 135-142

To link to this article:  http://dx.doi.org/10.1080/15421407608084316

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

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407608084316
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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
 [

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
 0

5:
46

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol. Crysr. Liq. Cryst., 1976, Vol. 35, pp. 135-142 
@ Gordon and Breach Science Publishers, Ltd. 1976 
Printed in Holland 

Investigation of the Temperature 
Dependence of the Pitch of a 
Cholesteric Liquid Crystal 
SADAO MASUBUCHI, TADASHI AKAHANE, KAZUHIRA NAKAO and 
TOSHIHARU TAKO 

Research Laboratory of Precision Machinery and Electronics, Tokyo Institute of 
Technology, Nagatsuta-cho. Midori-ku. Yokohama 227, Japan 

(Rereired Jidy 7 ,  1975; in final form December 18, 1975) 

The pitch and the refractive index of a cholesteryl chloride -cholesteryl nonanoate mixture as 
a function of temperature have been measured separately by using selective reflections and 
total reflections. The magnitude of the inHuence on the pitch due to the temperature depen- 
dence of the refractive index and the density has been determined. 

1 INTRODUCTION 

Selective reflection and other characteristic optical properties of cholesteric 
liquid crystals can be explained in terms of Bragg-like reflections caused by 
their internal helical structure.' The mean refractive index n and the pitch P 
of the helical arrangement are the basic optical parameters which characterize 
cholesteric liquid crystals. The wavelength of selective reflection for normal 
incidence, I , ,  is given by 

I , = n x P  (1) 

2n 
= n x l x - - - ,  e 

where I is the interlayer distance and 6 is the twist angle between the successive 
layers. 

In many cholesteric materials A" is very temperature sensitive and this 
property makes liquid crystals quite useful in thermography. From the 
measurement of the temperature dependence of I ,  ,'-' of the 
and of the refractive index,'"-14 it is known that the primary contribution to 
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136 S .  MASUBUCHI, er a/. 

the temperature dependence of 1, is that of the twist angle 8. There are 
several theories' 5*16 and phenomenological treatments' ' of this subject. 
Temperature changes in the refractive index and the density are related to 
those of A,. However, the magnitude of these small effects have not actually 
been determined. 

The main purposes of the present investigation are to measure the tempera- 
ture dependence of A,, the refractive index and the density of a mixture 
composed of cholesteryl chloride (CC) and cholesteryl nonanoate (CN), and 
to determine quantitatively the degree to which the temperature dependence 
of the refractive index and the density effects. 

2 SAMPLE PREPARATION 

A mixed crystal system composed of CC and CN is chosen for this investiga- 
tion because it exists in a cholesteric state in the wide temperature range 
(15"C-65"C). The purity of these two component materials, which are 
obtained commercially and used without further purification, is higher than 
98 x. The sample consists of molar percentages of CC(79 %) and CN(21x). 
It  is prepared by heating the materials to lOO"C, mixing them mechanically 
without solvent, and allowing it to cool slowly to room temperature. Then 
it is kept in a desiccator. 

3 TEMPERATURE DEPENDENCE OF THE DENSITY 

The density of the sample was measured with an arrangement shown in 
Figure 1. A dilatometer made of Pyrex glass was cleaned with chromic acid 

IAutomalic I :'i L 
/ 

FIGURE 1 Experimental arrangement for density measurement. 
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TEMPERATURE DEPENDENCE OF PITCH OF CLC I37 

and acetone and allowed to  dry in a desiccator. The dilatometer was cali- 
brated by distilled water. To read the scale, a travelling microscope whose 
resolution was 0.01 mm was used. The chief systematic error which limits 
the accuracy of the density determination is the mixed air in the sample. 
Therefore the sample was heated into the liquid state and the air in it 
was removed by a vacuum pump. Next, the sample in the liquid state 
was put into the dilatometer. Then the dilatometer was set in a thermobath 
whose temperature was controlled within the accuracy of 0.2"C. The tempera- 
ture of the thermobath was changed by 2.5'C decrements from 78°C to 28"C, 
but in the vicinity of the transition point from liquid crystal state to liquid 
state it was changed every 0.4"C. Figure 2 shows the temperature dependence 
of the density of the sample. The transition temperature was (64.6 -t 0.2)"C 
for this sample. 

\ L;quld Llquld 
ryslal 
c_ \ ", 

", 

I M 40 50 I\\ 60 70 4 81 

Temperature Cc) 
FIGURE 2 Density versus temperature. 

4 TEMPERATURE DEPENDENCE OF THE REFRACTIVE INDEX 
AND THE PITCH 

A thin cholesteric film was sandwiched between a pair of semi-cylindrical 
prisms as shown in Figure 3. The refractive index of the prism made of SF-5 
glass was greater than that of cholesteric film. A l0pm-thick Mylar film was 
used as a spacer. The spiral axis of the cholesteric film was arranged to be 
perpendicular to the boundary. To obtain such a state, the shearing force 
was imposed on a cholesteric film by sliding the two prisms back and forth. 
This sample cell was set in the thermobath as shown in Figure 4. The tempera- 
ture of the thermobath was controlled within the accuracy of 0.1"C. 
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138 S. MASUBUCHI, cr al. 

Transmitted light 

FIGURE 3 Constitution of the sample cell. 

It has been known" that for a sandwich cell of a cholesteric liquid crystal, 
total reflection takes place at the incident angle 

for perpendicular polarization, and at the incident angle 

n3 e3,* = sin- '  - 
n, 

(4) 

for parallel polarization. In Eqs. (3) and (4), n, is the refractive index of the 
prism. Refractive indices n and n3 are given by 

where cp and E, are the components of the dielectric tensor parallel and 
perpendicular to the long axis of a molecule respectively. By measuring 8, 

* -  

c o n  troller 
pol. 
1: 

I A - I 

1W 
- 1  

utomatic laser 

LJ I 
FIGURE 4 Experimental arrangement for determining refractive indices and pitch. 

Pol. : polarizer. O.D. : silicon photo-diode. B.S. : beam splitter. 

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
 0

5:
46

 2
3 

Fe
br

ua
ry

 2
01

3 



TEMPERATURE DEPENDENCE OF PITCH OF CLC 139 
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FIGURE 5 Refractive indices versus temperature for 600 nm. 

and 03,t,  n and n3 were determined. Figure 5 shows the temperature de- 
pendence of the refractive index of the sample for I = 600 nm. There ii is 
given by 

Temperature coefficients of n and n3 are -5.7 x 10-4/”C and -2.6 x 
10-4/”C respectively. Figure 6 shows the dispersion curves of the refractive 
index at 37.5”C. Abbe’s numbers of n and n3 are 23 and 24 respectively. 

The pitch was determined with following procedures.” First, the incident 
angle of the light beam is set at Oi = 8 in Figure 4. Next, the wavelength of the 
incident light is varied, then at a certain wavelength 1, the Bragg-like 
reflection occurs and the intensity of the transmitted light has a sharp dip. 

1530- 

1520- 

x 1 510, 
U 5 1500- 

$1490- 

zl480- 

81470- 

1460. 

1450-, , , , , , , , 

- 
c 

300 400 500 600 700 800 900 loo0 1100 1200 
Wavetength (nm) 

FIGURE 6 Refractive indices versus wavelength at 37.5”C. 
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140 S. MASUBUCHI, ei a/. 

Then the pitch P can be determined by' 
P = ,lB x (n2(AB) - n,2(&)sin2 8)- 1'2 

- AB - 
n(,lB)cos cp ' (7) 

where n(AB) and n,(;lB) are the refractive indices of the cholesteric film and the 
prism at the wavelength ,IB respectively, and cp is the refracted angle in the 
cholesteric film. For the normal incidence (Oi = 0), Eq. (7) reduces to 

The spectral response range of our optical detector (silicon photo-diode) was 
400 nm-1100 nm. If 1, is within this range the pitch can be determined 
easily from Eq. (8). The temperature dependence of the pitch P and the 
wavelength of selective reflection lo is shown in Figure 7. When the 
temperature was above 35°C the pitch was obtained from Eq. (8) and below 
35°C from Eq. (7). The pitch decreases monotonically from 1 pm to 0.5 pm as 
the temperature rises. 

FIGURE 7 Pitch and wavelength of selective reflection versus temperature 

5 DISCUSSION 

To discuss the influence of the temperature dependence of the refractive 
index and the density on that of A,, we consider the temperature coefficients 
of lo, the refractive index n, the interlayer distance 1 and the twist angle 8. 
By differentiating Eq. (2) with respect to temperature T, we obtain 

1 dA0 1 dn 1 dl 1 d8 -- =- -+  
A,dT n d T  1 d T  8 d T '  (9) 

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
 0

5:
46

 2
3 

Fe
br

ua
ry

 2
01

3 



TEMPERATURE DEPENDENCE OF PITCH OF CLC 141 

The temperature coefficients of I,, P and n at 4WC, 50°C and 60°C are listed 
in the first, the second and the third rows of Table I. In the fourth row of 
Table I, the temperature coefficients of I are listed. It is assumed that the 
temperature coefficient of 1 is equal to the coefficient of linear expansion of 
the sample. The coefficient of linear expansion is obtained from Figure 2 on 
the assumption that cubic expansion is isotropic. 

Table I shows that the temperature coefficient of I ,  is very much greater 
than that of n and 1. It is therefore seen that the temperature change of Lo 
is caused mainly by that of 8. We note that the temperature coefficients of n 
anti I are about & and & of that of A,, respectively. The signs of the tempera- 
ture coefficient of n and 1 are the same and opposite to that of I ,  respectively. 
For this sample, 8 increases with increasing temperature, and consequently 
the pitch decreases and I ,  decreases. 

TABLE I 

Temperature coefficients of wavelength of selective reflection io ,  pitch P ,  
refractive index n and interlayer distance 1. 

1 d l  
T i, d T  P d T  n d T  I d T  

-_  I dn - _  I dj." I d P  _ _  _ -  

40 - 1.7 - 1.7 2 2.3 
50 - 1.4 -1.4 2 2.7 
60 - 1.4 -- 1.4 2 2.9 

6 CONCLUSION 

Temperature dependence of the pitch, the refractive index and the density 
was measured for a mixed cholesteric liquid crystal. 

The change in magnitude of the wavelength of selective reflection for 
normal incidence due to the temperature dependence of the refractive index 
and interlayer distance was also determined. 
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