
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 07:29
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

Rapid Conical-Helical
Perturbation in Doped
Cholesteric Liquid Crystals
N. Oron a , L. J. Yu a & M. M. Labes a
a Department of Chemistry, Temple University,
Philadelphia, Pa., 19122, U.S.A.
Version of record first published: 21 Mar 2007.

To cite this article: N. Oron , L. J. Yu & M. M. Labes (1973): Rapid Conical-Helical
Perturbation in Doped Cholesteric Liquid Crystals, Molecular Crystals and Liquid
Crystals, 21:3-4, 333-343

To link to this article:  http://dx.doi.org/10.1080/15421407308083327

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

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407308083327
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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

7:
29

 2
3 

Fe
br

ua
ry

 2
01

3 



Molecular Crystals and Liquid Crystals. 1973. Vol. 21, pp. 333-343 
Copyright @ 1973 Gordon and Breach Science Publishers 
Printed in Great Britain 

Rapid Con ical-H el ical Pert  u r bat ion in 
Doped Cholesteric Liquid Crystals? 
N. ORON, L. 1. YU and M. M. LABES 
Department of Chemistry 
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Received August 24, 1973 

Abstract-Response times for conical-helical perturbation of ternary mixtures 
of cholesteric compounds were measured. It was found that by adding 5-30% 
of MBBA (p-methoxybenzylidenebutylaniline) to the mixture, a blue shift and 
bandwidth broadening in the transmission spectra occur. The response time 
is reduced by a factor of four and the intensity ratio is increased by a factor of 
seven, accompanied by a wavelength shift towards the blue. By increasing 
the percentage of MBBA from 30 to 50% the blue mixture is shifted back to 
red, while the trend of bandwidth broadening continues. The response time 
for the first stage is further reduced, but a second response stage with much 
longer time constants is introduced. Optimum response time and contrast 
occur a t  -30% MBBA 

1. Introduction 
The internal structure of a cholesteric liquid crystal is determined by 
intermolecular forces. When one applies an electric field to molecules 
in such a helical structure, the field acts on the anisotropies of the 
electric polarizabilities to exert a torque on the system which competes 
with the intermolecular forces. Expressions have been 
for the critical field, applied parallel to the helix axis, needed to cause 
a cholesteric-nematic transition. Just prior to this field-induced 
cholesteric-nematic transition, there is an electric field region where 
one observes a tightening-up of the helical structure. This process 
is referred to as " conical-helical perturbation ".(3) In  previous 
work, Harperc4) measured the response and relaxation times for this 
process in some cholesteric mixtures which show vivid reflection 
colors at room temperature. Recently, Kahnc5) reported on some 
changes in passive electro-optic properties of cholesterics by doping 

t Presented at  the Fourth International Liquid Crystal Conference, Kent 
State University, August 21-25, 1972. 
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334 M O L E C U L A R  C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L S  

them with MBBA. I n  this work, it is reported that improved 
response times and intensity ratios for conical-helical perturbation 
are observed in doped cholesterics. 

2. Experimental 
Measurements were performed with the basic ternary cholesteric 
mixture made of: cholesteryl chloride (CC) 1.1 parts ; cholesteryl 
nonanoate (CN) 0.9 parts; and cholesteryl oleyl carbonate (COC) 
2 parts, by weight. This makes a cholesteric liquid crystal which, 
when illuminated with white light, will scatter (reflect) vivid color 
in the visible range; color and intensity depend on the angles of 
illumination and scattering.@) This liquid crystal is stable in a wide 
range (16 OC-44 "C) around room temperature.(') 

BLOCK DIAGRAM CC SYSTEM 

SUPRY I = ]  SUPPLY P - l  
@ - -. - - 0- -- @--- - - k-- 

WHITE LENS SAMPLE. 
LIGHT SYSTEM 
SOURCE 

SWITCHINQ 

Figure 1. Block diagram of the experimental arrangement. 

Eight samples were prepared by adding 5 ,  10, 15, 20, 25, 30, 40 
and 50% MBBA to the cholesteric liquid crystal. A thin layer of 
each mixture was placed between two transparent conductive glasses 
(tin oxide coated) and a Mylar spacer (5p thick) forming a sandwich 
cell (8-lop thick). A white tungsten light source and an optical lens 
system were used to illuminate the sample with a parallel beam. 

Figure 1 shows the block diagram of the experimental arrangement. 
The intensity of scattered or transmitted light for different wave- 
lengths was measured through a Bausch and Lomb grating scanning 
monochromator with an RCA 1P21 photomultiplier connected to a 
Keithley 6lOB electrometer and a recorder. To measure the time 
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CONICAL-HELICAL P E R T U R B A T I O N  335 

constants, the photomultiplier was connected to a Tektronix 561B 
dual trace oscilloscope. 

Both transmission and reflection measurements were performed. 
In the former, the sample acts as an optical filter between the light 
source and the monochromator; in the latter, the sample was 
illuminated at an angle of 45" and observed from the same side in a 
direction normal to  the surface. Time constants for the same sample 
for both transmission and reflection measurements were similar. 

3. Results 

DOPING 
The relative transmission spectra of the CC-CN-COC cholesteric 
liquid crystal mixture is characterized by a peak at 6 2 0 0 A  and a 
half-bandwidth of 200A. By doping the cholesteric liquid crystal 
with nematic MBBA, the peak is gradually shifted towards the blue. 
The shift is accompanied by broadening of the bandwidth. For 30% 
MBBA doping, the peak is a t  5300 A and the half-bandwidth is 420 A. 
When the percentage of MBBA is further increased, the direction of 
the shift is reversed, while the bandwidth broadening continues : for 
40% MBBA doping the peak is at  5550A and the half-bandwidth is 
490 A ;  for 50% MBBA the peak is at 6250 A and the half-bandwidth 
is 520A.  Higher doping moves the peak to the IR range. Figure 2 
demonshates these spectral changes. Curve (a) of Fig. 3 shows the 
peak-wavelength dependence on percentage of MBBA before any 
electric field is applied. 

Circular dichroism is a characteristic optical property of the helical 
structure in cholesteric liquid crystals. For an optically thick crystal 
(thickness > A) and a range of wavelength centered about X = pn, 
where X is the optical wavelength in air, p is .the helical pitch and n 
is the average index of refraction, the width AX of the total reflection 
band is given by : ( a )  

AX = 2[(no - n,)/n]X = 2(An/n)X 

where no and n, are the ordinary and extraordinary indices of 
refraction, respectively. 

For molecules which are cholesterol derivatives, the lower limit 
value for 2Anln is - 0.03, and for molecules with a general structure 
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336 M O L E C U L A R  C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L S  

Figure 2. Relative transmission spectra for pure and MBRA doped cholesteric 
liquid crystals. 

similar to MBBA 2An/n is -0.2.(9) As indicated by Kahn,(5) 
cholesteric liquid crystals which are mixtures of cholesterol derivatives 
and MBBA may be expected to have values for Anln intermediate 
between the values given above. In  Fig. 4, the solid line shows the 
increase of half-bandwidth when the percentage of MBBA is increased 
and the dotted line shows the dependence of 2(An/n) on percentage 
of MBBA calculated from experimental values AX/X, which actually 
fit within the range of expected values as indicated above. 

ELECTRICAL FIELD 
When an electric field of 4.0 Vdc is applied across a lop thick 
sample (4 x lo4 Vcm-I), some changes in intensity and spectral 
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Figure 3. Variation of peak-wavelength with percentage of MBBA: (a) 
electric field off; (b) electric field on. 
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Figure 4. Variation of half-bandwidth and 2(An/n) with percentage of 
MBBA: ___ half-bandwidth; - - - - 2(An/n) =AX/A. 

shape of scattered light occur: when this field is applied to  the 
CC-CN-COC mixture, a slight enhancement in the green and quenching 
in the red is seen. I n  other words, some shift towards the blue occurs 
indicating tightening of the helical structure. Higher fields will make 
this change more pronounced.@) When this same field is applied to 
the doped samples, the whole spectra is broadened, accompanied by 
a further shift towards the blue. The relative transmission intensity 
is lowered. This trend becomes stronger the higher the percentage 
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C O N I C A L - H E L I C A L  P E R T U R B A T I O N  339 

of doping. Figure 5 shows the relative transmission intensity as a 
function of wavelength for the undoped and the low concentration 
(520%)  doped cholesteric, with electric field on (dotted lines) and 
off (solid lines). Figure 6 gives the same information for the high 
concentration doping ( 3 ~ ~ 5 0 % ) .  

1.3 
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k 1 . 1  
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v) 

I- 
Ei 1.0 
z 
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Figure 5 .  Relative transmission spectra for the low concentration doping- 
comparing the changes caused by electric field application : -- electric 
field off; - - - - electric field on. 

Comparison of the " on " and " off " intensities for the peak wave- 
length gives a scale of the better contrast achieved by doping the 
cholesteric liquid crystal with MBBA. For the undoped cholesteric, 
the off intensity (Yf) is slightly higher than the on intensity (Yn)  
and the ratio Yf / Y n  = 1.02. A saturation value for the intensity 
ratio is achieved at about 30% doping where Yf /Yn = 7.6 Thus, 
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340 MOLECULAR C R Y S T A L S  A N D  L I Q U I D  CRYSTALS 
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Figure 6. Relative transmission spectra for the high concentration doping- 
comparing the changes caused by electric field application: ___ electric 
field off; - ---electric field on. 

using the same voltage, the contrast can be improved by a factor of 
seven. Curve (b) of Fig. 3 shows the peak-wavelength dependence 
on the percentage of MBBA after an electric field is applied. 

TIME CONSTANTS 
Time constants were measured by applying square waves of 
0.4-5 sec. wide and 40 Vdc high. Both applied voltage and the light 
intensity signal were displayed and photographed using Type 47, 
3000 Speed Polaroid film. A 1 sec/div and 5 secldiv time-base and 
longer square wave pulses (40 sec) were used to determine the satura- 
tion intensity value reached after application of the voltage. A 200 
msec/div scale was used to determine the time constant. 
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CONICAL-HELICAL PERTURBATION 341 

Response time is defined as the time interval from application of 
the electric field until 63% of the maximum intensity is reached. 
For each sample the response time was measured at two points 
corresponding to  the wavelengths where either the maximum or 
minimum intensity ratios were measured. 

An appropriate definition for relaxation time is : the time-interval 
from the instant the voltage was switched off until relaxation occurred 
to  the extent of 63% of its original state. However, it seems tha t  
when a dc field is applied, the relaxation process consists of two stages : 
the first one has relaxation times of the order of magnitude of loa msec, 
while the second stage is much longer, with relaxation times of several 
10 sec. Additional evidence for the existence of the long relaxation 
transient has recently been given.(lO) The mechanism for the 
relaxation process and a procedure for shortening i t  using ac voltages 
is discussed elsewhere. (11) 

Figure 7 shows an additional important feature achieved by doping 
the cholesteric liquid crystal with MBBA. For low concentration 
doping (0-30%) the response time is steeply decreased reaching a 
saturation value a t  about 30% MBBA. However, a t  about 25% 
doping, a second stage in the response process is introduced, which 
delays the stabilization of the intensity after the electric field is 
switched on. The time constants related to  this stage are about one 
order of magnitude longer that those of the first stage. It seems 
likely that this second stage response process is connected with the 
optical storage mode of dynamic scattering which is characteristic 
of these mixtures. When the concentration of MBBA is increased, 
the time constants for the second stage decrease, as shown by the 
dotted line in Fig. 7. Some decrease in relaxation time is seen for 
the first stage of the relaxation process. For high concentration 
doping the relaxation becomes very slow. It should be noted that, 
unless the sample is completely relaxed, some hysteresis phenomena 
must be taken into account which might change the response time 
and intensity level. The restoration depends on the voltage and the 
time since the voltage was removed. However, by applying the same 
conditions, high reproducibility was achieved in the time constant 
measurements in all performed experiments. 

The genera1 conclusion from the experimental work is that two 
different processes control the optical behavior of the doped chol- 
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C O N I C A L - H E L I C A L  P E R T U R B A T I O N  343 

esteric mixtures. The concentration regions in which these processes 
exert an influence can be determined by the turning point from a blue 
shift to  a red shift as measured in the transmission spectra. The best 
combination of rapid response-time and high contrast can be achieved 
at  this turning point. For the cholesteric system used, doping with 
25-30% of MBBA will give the highest contrast and the lowest 
response-time almost without interference of the second stage 
response process. 
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