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-------- Abstract The circular dichroism of cholesteric 
liquid crystal layers exhibiting selective 
ref lection of neodymium laser radiation was 
investigated. The effect of temperature, CLC layer 
thickness and layer angle orientation on the 
circular dichroism was measured. The CLC materials 
exhibiting large circular dichroism independent 
on temperature in room temperature range were 
selected. These materials can be successfully used 
in circular polarizers for iieodymium laser 
radiation and other liquid - crystalline elements 
of laser optics, 

------------ INTRODUCTION 

Cholesteric liquid crystal (CLC) layers exhibit 
circular dichroism connected with selective reflection of 

light'. These optical effects are due to helical 
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308 T. CESARZ ET AL. 

supramolecular arrangement of planar CLC layers. Such 
layers strongly reflect the radiation with waveleght, X, 
circularly polarized with the same sense as CLC helix 
rotates. The mode with an opposite sense of the circular 
polarization is transmitted almost without losses. The 

transmittancss for these two modes are described as t and 

t respectively, The effect takes place when the 
wavelength of light corresponds to spectral band of 
selective reflection, Outside this spectral band CLC layer 
transmits t.he radiation as a common medium. 

+ 
- 

Circular clichroisni D of CLC layer is define as 

t- - t+ 
t,- 4- ti 

D =  

By calling the contrast ratio K = t-/t,+ we have: 

C l ?  

(21  K - l  D = m  

This dependence is presented in Fig 1, 
Circular dichroism value of a CLC layer depends 

on material parairieters as the refractive indices, the 
helical pitch and the ot,her physical parameters i, e. 

temperature, structure and thickness of CLC layer, and 

the angle of incidence of light, Theoretical2 contrast 
ratio values of CLC perfect layers are about 10000 but in 

practice they are l c ~ w e r ~ > ~  Cup to 100) due unperfect 
structure of liquid-crystalline layer, dielectric 
reflections on phase borders and applying not strictly 
monochromatic light. In this way circular dichroism value 
for real layer is lower than 1 and usually is about 0 . 9 5 .  
These values give possibility to use CLC planar layers as 
circular polarizers of radiation with wavelenght 
corresponding to selective reflection spectral hand of CLC 
layer, 
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CIRCULAR DICHROISM OF CHOLESTERIC LIQUID CRYSTAL 309 
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Fig. 1. The c i r c u l a r  d i c h r o i s m  dependence on 
t r a n s m i t t a n c e  c o n t r a s t  r a t i o  c a l c u l a t e d  from 
Eq. (21. 

In t h i s  pape r  we present, t h e  r e s u l t s  of c i r c u l a r  
d i ch ro i sm i n v e s t i g a t i o n s  of CLC layers. The aim of o u r  work 
was t o  f i n d  t h e  CLC mixture w i t h  t h e  wavelenght  of maximum 
o f  s e l e c t i v e  r e f l e c t i o n  e q u a l  t o  t h e  neodymium 
laser r a d i a t i o n  wavelenght Ch., = 1 .06  p i n > ,  

Cell c o n s t r u c t i o n ,  The measurement c e l l s  were made by 
common LCD t echno logy  w i t h  s p e c i a l  polyirnide rubbed 
o r i e n t a t i n g  l a y e r  CFig.21, The c e l l  was made by 1.1 mm 

t h i c k  g l a s s  w i t h  I T 0  e l e c t r o d e s .  I n  some cases s t a n d a r d  
laser equipment 1 2  mm t h i c k  g lass  was used. The e l e c t r o d e s  

area was a b o u t  25 cm2. The g lass  s h e e t s  were d e g r e a s e d  
washed i n  a d e t e r g e n t  s o l u t i o n  and r i n s e d  t h o r o u g h l y  by 
d e i o n i z e d  water. The p u r i t y  of t h e  e l e c t r o d e  s u r f a c e  is 
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310 T. CESARZ ET AL. 

very important for the device lifetime and the other 
functional parameters. The CLC layer thickness was 12 or 36 
pn, The stability of a layer thickness was obtained by 
using glass distance globules. After filling by 
liquid-crystalline mixture the cell was hermetized by UV - 
sensitive epoxy glue. The thickness control was conducted 
by interf ererice method using Beckman 5270 
spectrophotometer, 

I 2 
3 I 

- -I 

Fig. 2. The cross-section of' a measurement cell. 1 - glass 

5 - liquid crystal mixture, 
sheet,. 2 - IT0 layer, 3 - polyimide layer, 
4 - glass distances, 
6 - eposy glue. 

CL_C mixturesa The composition of proper CLC material was 
selected by mixing cholesterol esters or adding mesogenic 
and non-mesogenic chiral dopants to nematics. The proper 
concentration of dopant has been found from the 
spectrophotometer spectral transmission characteristics 
obtained for CLC mixtures containing different quantity of 
dopant CFig.3). Besides the fixed value of A, a mixture 

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

9:
31

 1
9 

Fe
br

ua
ry

 2
01

3 



CIRCULAR DICHROISM OF CHOLESTERIC LIQUID CRYSTAL 311 

t [,O/ol' 
80. 

70- 

6 0- 

5 0 -  

40- 

ought. to exhibit independence of circular dichroism on 
temperature in room temperature range. The studied 
mixtures are listed below, 

Mixture  D W5+ 

C u r v e  1 - 12,3 "/o 
C u r v e  2 -  10,3$ 
C u r v e  3 -  8,F% 

DMBAB 
DMEAB 
DMBAB 
DMBAB 

I - 
8 I I 

0,s 0,9 1,O 1,l 1 2  1,3 )r [ c(m] 

Fig 3,  Spectral transmit,t,ance dependences of W-5 
mixture for  different concentrations of DMBAB: 
(11 - 12.3% h ~ . ,  (21 - 10.3% bw. .. ( 3 3  - 8 .  .1% bw. 
Cell thickness - 12 pm. 

A - mixturwzi of cholesterol oleyl carbonate, 

B - mixtures of hesylcyanobiphenyl CHCB1 and 

C: - niist,ures of nematic 2LI-2457 obtained from 

cholesterol rronarioate and cholesterol chloride + 

c ho 1 es t.ero 1 c h 1 or i cl e . 
Merck , and non-mesogen i c compound 
4 ~ 4 '-di~2-met~hylbutyl>azox~benzene CDMRAR1. 

D - mixtures of nematic W-5 <#AT> and DMBAB. 

saie spec t.rophot.ometr as inent.ioned above + 

The transmittance characteristics were measured by the 
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312 T. CESARZ ET AL. 

Measurement setug. The transmitance values t+ and t- were 

measured using YAG:Nd3+ or Nd : glass lasers, The scheme 
of the measuring equipment is presented in Fig 4 .  This 
equipment included laser with a power supply, a quarter 

wave-plate or Pockels’ cell, a liquid -crystal cell, 
trmperat,ure indicator and an energy meter. 

CLC cell 

Larer 

I - 
meter 

Temper at ur e 
indicator 

Fig 4 .  Scheme of laser experimental equipment, 

The output energy of radiation was up t.o 400 mJ and 

the power density of it was up to 100 MW/cm’. The energy 
of inciding and transtni tted beams were measured by energy 
nieter type 3230 (Laser Prec. Gorp.) with the measurement 
error about 10 per cent, The repetition rate of laser 
pulse was 1 - 10 seconds. In these conditions laser light 

didn t change CLC layer temperature during the experiment 
more than 0.1 centigrade which was proved by means of 

Y 

3 thermocouFle . 
The proper sense of circular polarization of radiation 

was obtained usine a ouar t e r  waveolate or Puckels’ cell 
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CIRCULAR DICHROISM OF CHOLESTERIC LIQUID CRYSTAL 313 

s u p p l i e d  w i t h  a q u a r t e r  - wave v o l t a g e .  
The measurements have been done a f t e r  p r e p a r i n g  t h e  

c e l l  and a f t e r  3 and 6 months fo r  t h e  e s t i m a t i o n  o f  a g i n g  
ef f ec t sA 

RESULTS AND CONCLUSIONS 

The deperiderices of' t h e  CLC l a y e r s  t r a n s m i t t a n c e  
c o n t r a s t  ra t io  and c i r c u l a r  d i c h r o i s m  on t e m p e r a t u r e  were 
i n v e s t i g a t e d .  It, was found t h a t  t h e  l a y e r s  of c h o l e s t e r o l  
ester m i x t u r e s  e x h i b i t e d  s e l e c t i v e  r e f l e c t i o n  wi th  
t e m p e r a t u r e  h y s t e r e s i s  and r e l a t i v e l y  low r e f l e c t i o n  
c o e f f i c e n t ,  The l a y e r  of HCB wi th  c h o l e s t e r o l  c h l o r i d e  
dopan t  e x h i b i t e d  c i r c u l a r  d i c h r o i s m  independen t  on 
t e m p e r a t u r e  i n  t h e  room t e m p e r a t u r e  r a n g e  w i t h  t e m p e r a t u r e  
h y s t e r e s i s ,  however. The l a y e r s  o f  ZLI-2457 o r  kr-5 
n e m a t i c s  w i t h  DMEAE dopan t  e x h i b i t e d  t r a n s m i t t a n c e  
c o n t r a s t  r a t i o ,  and so c i rcular  dichroisrn,  i ndependen t  on 
t e m p e r a t u r e  from 257 t o  308 K arid s t a b l e  fo r  a l o n g  time 
(more t h e n  one and a h a l f  y e a r > .  The con t r a s t ,  r a t i o  
dependence on t e m p e r a t u r e  for  t h e  former s u b s t a n c e  doped by 
DBAME is p r e s e n t e d  i n  Fig.  5. 

The c i r c u l a r  d i c h r o i s m  dependence on t e m p e r a t u r e  f o r  
l a y e r  o f  #-5 doped by 11,5% of DMEAE is p r e s e n t e d  i n  F ig .6 .  

The effect of c e l l  t h i c k n e s s  and o r i e n t a t i o n  of CLC 
l a y e r s  on t h e  D v a l u e  was i n v e s t i g a t e d ,  as well. I t  was 
found t h a t  c i r c u l a r  d i ch ro i sm of CLC l a y e r  i n  broad 
t h i c k n e s s  r a n g e  C12a36 pin> changed not more t h a n  20 
p e r c e n t .  The CLC l a y e r  c i r cu la r  d i ch ro i sn i  d i d  n o t  change 
when t h e  d i r e c t i o n  of l i g h t  i n c i d e n c e  was d e f l e c t e d  up t o  
+TG 
- i  from normal,  As a r e s u l t ,  of above s t u d i E s  CLC 
materials w i t h  large c i r c u l a r  d i c h r o i s m  independen t  on 

t e m p e r a t u r e  i n  t h e  r a n g e  of 14 - 36 "C The 
g e n e r a l  view of l i q u i d - c r y s t a l  c i r c u l a r  p o l a r i z e r  is 
p r e s e n t e d  i n  F ig .  7.  

were o b t a i n e d .  
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4 0  

T 
b - 

t I 1 I 1 I 1 

297 299 ( K ]  2 93 295 

Fig. 5. The contrast, ratio dependence on temperaLure f o r  
C mixture. Concentxation of' dopant was 13,7 per 
cent by weight, cell thickness - 12 p i .  

Fig 6 .  Circular dichroisni dependence 011 temperature for 
the layer of D mixture with concentration of 
DBAMB = .11,5% by weight and cell Lhickness = 12 pm. 
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CIRCULAR DICHROISM OF CHOLESTERIC LIQUID CRYSTAL 315 

Fig. 7. The view of liquid-crystal circular polarizer. 

As it was mentioned above the K value is independent on 
layer thickness and an orientation angle in wide range of 
these parameter values. Therefore CLC planar layers 
can be successfully used as circular polarizers and other 
elements of laser optics for neodymium laser radiation, 
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