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Non-Un if orrn Distort ions During 
Electric Field induced Unwinding 
of a Cholesteric Liquid Crystal 
L. J. YU AND M. M. LABES 

Department of Chemistr y, 
Temple University, 
Philadelphia, Penna. 19 122 

(Received March 20, 1974) 

Direct experimental evidence is reported for non-uniform distortions of a cholesteric array 
undergoing an electric field induced nematic transition. The effect is most pronounced when 
sample thickness is comparable to  the pitch, when the helix axis is parallel to the walls, and 
when the electric field is applied perpendicular to thc helix axis. Thicker samples display 
helix expansion as a uniform process as field is applied, in accord with theory, and similar to 
the experimentally observed thermal pitch distortions. 

INTRODUCTION 

An important field effect in cholesteric liquid crystals of positive diamagnetic or 
positive dielectric anisotropy is the unwinding of the cholesteric helix, often 
called the cholesteric-nematic phase transition'. For the case in which an electric 
or a magnetic field is applied perpendicular to the helix axis?,3it has been 
shown in several e ~ p e r i m e n t s ~ - ~ t h a t  helix unwinding occurs as a continuous 
process-the helix expands in a given field range followed by a conversion to a 
nematic phase. A theory for this continuous phase transition was first presented 
by de Gennes2for the case of a magnetic field, and all the experimental evidence 
has supported this theory. 

? This work was supported by the National Science Foundation under Grant No. GP-25988 
and by the Air Force Materials Laboratory, Air Force Systerns Command, United States Air 
Force, Wright-Patterson Air Force Base, Ohio 45433 under Contract No. F-33615-72-C- 
1441. 
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424 L. J. YU AND M. M. L A B I S  

Qualitatively the theory can be understood as follows: starting with a uni- 
form helical structure of positive diamagnetic anisotropy with a magnetic field 
applied perpendicular to the helical axes, at low fields the structure is in a low 
energy configuration. At higher field strengths, however, a lower energy struc- 
ture can be achieved by unwinding the helix so that at every point the molecular 
axis is parallel to the field. Since this requires overcoming elastic forces between 
the molecules, and therefore costs energy, it does not occur until a critical high 
field is reached. But at intermediate fields, a distortion of the helix minimizing 
the sum of elastic and field energies should occur. 

In treating the nature of the distortion of the helical array, it has been 
pointed out3that the general form of the perturbed helix is 

L = (cos 0 ,  sin B , 0), B = tz + f (z) 
where L is the unit vector parallel to the axis of molecular alignment, 0 the 
angle between the local director vector and the x axis for a helix of pitch 
2, = 2 r/t, and f’ has the period zit. This implies that the angle between succes- 
sive layers in the helical array may be non-uniform when a field is applied. 
Studies of the field induced distortion have focused on the observation of the 
optical properties of cholesteric structures in the planar t e x t ~ r e . ~ - ~  In these 
measurements, it would be difficult to distinguish between uniform and non- 
uniform distortions, since one effectively measures an average pitch or average 
bending angle. It should be possible to probe the pitch distributions by exam- 
ining the appearance of higher-order bands in the reflection spectrum,*, ’ but 
studies of this type have not as yet been reported. Other evidence dealing with 
the general validity of the de Gennes’ and Me~er~prediction of the form of the 
magnetic field induced distortion has been obtained by studying the transition 
using an electron spin resonance technique, “and by measuring the diamagnetic 
susceptibility through the transition. 

The purpose of this study was to focus on boundary conditions where non- 
uniform distortions might be very pronounced, namely on thin samples where 
walls couple very strongly with the first few molecular layers. Dreher’has re- 
cently considered this boundary problem and points out that when a cholesteric 
is located between fixed boundaries, the spatial period of the helical structure is 
not necessarily altered when a field is applied (although within that spatial 
period the molecular alignment is indeed altered). In order to allow direct opti- 
cal observations of the nature of the pitch distortions, we chose to align the 
helix axis parallel to the walls and apply an electric field perpendicular to the 
helix axis. 

Such an alignment allows one to  observe the so-called “fingerprint” l2 or 
domain l 3  texture and to follow the field induced distortion directly by micro- 
scopic observation. This type of experiment has been reported by Meyer4for a 
magnetic field distortion of a p-azoxyanisole (PAA) sample doped with choles- 
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NON-UNIFORM DISTORTIONS 42 5 

teryl acetate (CA). In the experiments described below, we report the electric 
field and thermal pitch distortions of a compensated mixture of cholesteryl 
chloride (CC) and cholesteryl myristate (CM).6’ l4 

EXPERIMENTAL 

The cholesteric liquid crystal employed in this study was a 1.75: 1 mixture of CC 
and CM whose preparation and properties have been previously l4 

When glass or quartz is treated with a silane coupling agent” such as “-dime- 
thyl-N-octadecyl-3-aminopropyltrimethoxysilyl chloride (DMOAP) or with leci- 
thin, homeotropically aligned nematic or cholesteric thin films can be achieved. 
In this study, tin oxide-coated quartz discs treated with lecithin allowed the 
preparation of homeotropicaIly aligned CC:CM films at thickness up to 50 ~ . l .  In 
such an alignment, the helical axis is parallel to the substrate, and the molecular 
axis twists from a perpendicular to a parallel orientation. The net result is a 
“fingerprint” pattern such as that shown in Figure 1. The fingerprints are ex- 
plained as follows: l 3  viewed normal to the glass plates, the optic axis of the mole- 
cule precesses periodically from a direction parallel to the direction of viewing to 
a direction normal to the direction of viewing. Thus, between crossed polarizers, 
one observes a series of bright and dark lines forming fingerprints whose spacing 
is precisely one-half the pitch of the helical array. These fingerprints can be ob- 
served and photographed under a polarizing microscope; variation of electric 
fields and temperature are then studied in an apparatus previously described.I6 

RESULTS 

Thermal variation of pitch 

Figure 1 indicates the variation of pitch with temperature whch  is observed by 
following the fingerprint pattern. The pitch-temperature dependence is plotted 
in Figure 2 for samples of several different thickness and compared with pitch 
measurements performed on CC-CM in the planar texture by measuring optical 
rotatory power.6 

The results of measurements on horneotropically aligned and planar texture 
CC:CM are in good qualitative agreement - pitch increases continuously with tem- 
perature up to a “compensation t e m p e r a t ~ r e ” ~  - usually called Tnematic where 
the pitch is infinite and then decreases again until the isotropic transition tem- 
perature is reached. The quantitative agreement is poor, the apparent pitch in 
the homeotropically aligned samples being higher than in the planar texture. 

The problem of the accuracy of pitch determinations from the fingerprin, 
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42 6 L. J .  YU AND M. M. LABES 

a 

FIGURE 1 
CC:CM: (a) 32", 2 = 14 p ;  (b) 36", Z = 32 p; (c) 43", Z = 28 p ;  (d) 48.5", 2 = 18 p. 

Temperature variation of the fingerprint pattern of a 12.7 p thick sample of 
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428 L. J .  YU AND M. M. LABES 

70 60 50 40 30 20 
TEMPERATURE O C  

FIGURE 2 Temperature dcpendcnce of the pitch of CC:CM. Measurements from finger- 
print pattern: 0, 50 M sample; X ,  12.7  p sample. The solid line represents measurenients of 
pitch by the optical rotatory power method60n a 12.7 p planar textured sample. 

patterns has been examined by Cladis and Klernan. l 3  Difficulties are known to 
arise when sample thickness and pitch are approximately the same. Further 
difficulties can arise if the helix axis is tilted at some angle with respect to the 
walls. In spite of these quantitative difficulties, this experiment confirms that 
the qualitative nature of helix expansion and contraction in the thermal process 
can be directly observed by microscopic observation of the fingerprint pattern. 

Electric field variation of pitch 

Figures 3 and 4 present the variation in the fingerprint pattern when a I kHz ac 
electric field is applied perpendicular to the helix axis. When the thickness of the 
sample is much greater than the pitch (Figure 3), the results are in good agree- 
ment with the thermal variation behavior - pitch increases continuously until 
the electric field exceeds a critical value F, (Table, 1); above F, the sample 
appears black between crossed polarizers, as one would expect for a homeo- 
tropically aligned nematic. The results are also in agreement with Meyer's obser- 
vation4 on a 130 ,u thick PAA-CA sample. 

However, when the thickness is comparable to the pitch (Figure 4), in dis- 
tinct contrast to the thermal variation behavior, the distortion appears non- 
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NON-UNIFORM DISTORTIONS 429 

uniform. Below F,, the distance between the centers of adjacent fingers remains 
constant, but a portion of the finger is aligned homeotropically and the rest ap- 
pears undisturbed. The amount which is aligned depends on the field strength. 

One can then estimate an effective pitch Z of the helix from the contribution 
of the two regions - the “destroyed” and “undestroyed” regions (Table 2). If A is 
the distance occupied by one bright and one black region, and B is the increase 
in the width of one black line when the field is applied, then A /  (A-B) = Z/Zo. 

If one then plots Z/Z, vs F/F, where Zo is the pitch of the undisturbed helix 
(Figure 51, the results on these thin samples indicate pitch distortions start at a 
value of F/Fc considerably lower than those observed in planar texture samples6 
or in the 50 ,u thick samples studied in this work. 

DISCUSS I 0 N 

The results above represent, to the best of our knowledge, the first direct experi- 
mental evidence for a non-uniform distortion of a cholesteric array undergoing a 
field induced nematic transition in which the spatial period of the helical struc- 
ture is not altered. The effect is clearly observed when the sample thickness is 
comparable to the pitch. Microscopic observations of the destruction and growth 
of the cholesteric array indicate interesting nucleation and growth phenomena 
around the disclinations and alignment inversion walls existing in the samples. 
The destruction of the helix starts at disclinations as can be clearly seen in 
Figure 4, where several 7 type dis~linations’~ can be seen to enlarge as the field I 
approaches F,. 

Meyer’s published ob~erva t ions~on the effect of magnetic fields H on a PAA- 
CA sample are further elaborated in his thesis; 17indeed, he argues that in a real 
sample with the unit vector L rigidly defined at the surface, the dynamics of the 
distortion must be non-uniform. He cites the presence of a few alignment inver- 
sion walls in samples where H is slightly greater than the critical field as evidence 
for this non-uniformity, and as evidence that the cholesteric-nematic transition 
must be viewed as a nucleation and growth process. 

Thus, it is not surprising that samples strongly interacting with the walls 
would allow the observation of non-uniform distortions. In fact, indirect evi- 
dence has recently appeared for non-linear distortions near the walls for a twist- 
ed nematic liquid crystal. l8 In order to explain the difference between capaci- 
tatively and optically measured magnetic thresholds for untwisting, van Doorn 
calculates the orientation of the director in a twisted nematic and predicts for 
thin layers a marked non-linearity. 

It is anticipated that such non-linear distortions also occur in planar-texture 
cholesterics when thickness is comparable to  or some small multiple of pitch, a 
case which is of course very similar to the twisted nematic case. The comparison 
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430 L. J .  YU AND M. M. LABES 

b 
FIGURE 3 Electric field effect on the fingerprint pattern of a 50 ~.r thick sample of 
CCCM at 47": (a) F = 1 kV cm-I; (b) F =  2.9 kV cm-'; (c) F =  3.3 kV cm-'; (d) F =  
4.2 kV cm-' . 
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43 2 L. J. YU AND M. M. LABES 

b 
FIGURE4 Electric field effect on the fingerprint pattern of a 6.3 I* thick sample of 
CC:CM at 46.5": (a) F = 0; (b) F = 1.6 kV cm-'; (c) F = 4.8 kV cin-'; (d) F = 7 . 9  kV 
cm-' . 
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434 L. J .  YU AND M. M. LAUES 

TABLE 1 
Critical field as a function of initial pitch (2,) for a 50 p 

thick honieotropically aligned sample of CC:CM 

Temperature ("C) zo (Fc) Fc (kV cm-') 

35 8 15.8 
4 0  12 13.8 
43 18 6.9 
45 50 2.4 
41 24 4.4 
53 9 14.8 

TABLE 2 
Z/Zo of Non-uniformly distorted 6.3 fi  homeotropically aligned 

Samples of CC:CM at 38.5" as a function of electric field 

F (kV cm-' ) A B A-B Zo FIE', 

0.0 2.3 0.0 1 .o 0.0 

A - z  

4.8 2.3 0.2 1.1 0.43 
6.3 2.4 0.4 1.2 0.52 
7.9 2.3 0.6 1.3 0.7 1 

11.1 2.3 2.3 m 1.0 

0 
N 
\ N 

1.2 

0 I .o 

F/ Fc 

FIGURE 5 Z / Z ,  vs  F/Fc for CC:CM samples. SoIid line, results from previous determina- 
tion on a planar texture sample;6 0, data from Figure 3;  X , data from fingerprint pattern on 
a 50 p thick sample at 40"; 0, data from fingerprint pattern on a 6.3 p sample at 38.5" 
(taken from Table 2). 
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NON-UNIFORM DISTORTIONS 43 5 

of capacitative and optical thresholds for field induced distortions of planar 
textured cholesterics has not as yet been achieved, nor has a study of the higher 
order bands in the reflection spectra been Such experiments will 
be attempted in our future work. 
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