
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 21 February 2013, At: 10:27
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

A Newly Observed Dislocation Network
in “Blue” Phase II of Cholesteric Liquid
Crystals
M. J. Sammon a
a AT&T Bell Laboratories, Murray Hill, N.J., 07974
Version of record first published: 20 Apr 2011.

To cite this article: M. J. Sammon (1984): A Newly Observed Dislocation Network in “Blue” Phase II of
Cholesteric Liquid Crystals, Molecular Crystals and Liquid Crystals, 102:6-7, 161-166

To link to this article:  http://dx.doi.org/10.1080/01406568408070522

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/gmcl16
http://dx.doi.org/10.1080/01406568408070522
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cysr. Liy. Cyst. Vol. 102 (Letters), pp. 161-166 
0 140-65661841 1026-0 16 IS IS .oO/O 
0 1984 Gordon and Breach. Science Publisher\. Inc. 
Printed in the United States of America 

A NEWLY OBSERVED DISLOCATION 
NETWORK I N  "BLUE" PHASE I1 OF 
CHOLESTERIC LIQUID CRYSTALS 

M. J. Sammon 
AT&T Bell Laboratories 
Murray Hill, N.J. 07974 
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ABSTRACT 

We have observed a dislocation lattice in "Blue" Phase I1 of cholesteric liquid crystals. 
The lattice appears when using substrates that have been aligned by a rubbed surfactant 
(e.g. PVA or polyimide). The data indicate that the dislocation lattice is an  interface of 
edge dislocations caused by a mismatch of the lattice parameter of "Blue" Phase I 1  due to 
temperature gradients in the sample. Experimental setup and results are presented. 

I .  INTRODUCTION 

There has been increasing interest recently, both experimentally and theoreti- 
cally, in the "blue" phases (BPI of chiral mesogens. In many of these compounds, 
there exist three "blue" phases which usually occur within OS0C below the isotropic 
point. They are commonly denoted as BP-I, BP-I1 and BP-111 and occur in that 
order as a function of increasing temperature. With the exception of BP-I11 or 
"blue fog", the "blue" phases have been shown experimentally to posess cubic sym- 
metry.'*2 On the theoretical side, certain cubic groups have been shown to have 
lower free energy than that of the normal cholesteric right below the clearing 
point .3-5 

Due to their cubic nature, one would expect these phases to exhibit defect 
features normally found in crystalline solids ( e g .  grain boundaries, dislocations 
etc.). In fact one usually observes these defects6 in samples where the surfaces are 
untreated, resulting in polycrystalline platelet texture. When the surfaces are 
treated with a surfactant and rubbed, one can obtain single crystal domains over 
large areas. We have observed dislocation arrays using reflected light in these sin- 
gle crystal domains and believe they occur from temperature gradients present in 
the sample. 

16 1 

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
 1

0:
27

 2
1 

Fe
br

ua
ry

 2
01

3 



162 M. J. SAMMON 

FIGURE 1. Photomicrograph of BP-11, illuminated with monochromatic (51 7 
nm) light in reflection mode, showing the lattice of edge dislocations. Tempera- 
ture gradient = 0.038 OC over the sample, surface treated with rubbed polyimide, 
spacer - 152rm. 

11. EXPERIMENTAL 

Using mixtures of 85% chloesteryl nonanoate and 15% cholesteryl chloride by 
weight and surfaces treated with rubbed PVA or polyimide and an unmodified 
Mettler FP-52 hotstage, we were able to observe a square network of lines in BP- 
I1 similar to the network in Fig. I .  This network was most easily seen in crossed 
polarizers using monochromatic light in reflection (in transmission, the network is 
practically invisible) after letting the sample sit for approximately 30 minutes or 
more. The network was not observed in BP-I no matter how long the sample sat. 

One possibility as to the cause of this phenomenon was that it was due to a 
slight misalignment of the rubbing direction of the upper surface with respect to 
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DISLOCATION LATTICE IN BP-I1 163 

the lower surface. This would result in a twist boundary forming somewhere in 
the sample. The twist boundary has been well studied in metals' and results in a 
lattice of screw dislocations. It can be identified by changing the twist angle 
between the upper and lower regions and observing a change in the periodicity of 
the dislocation array. However, when this was done, no observable change was 
noticed indicating that this pattern is not due to a twist boundary. 

The other theory considered was the following. It is an experimental fact that 
the lattice parameter of BP-I1 is a function of temperature. If there is a tempera- 
ture gradient in the sample, then the lattice parameter will not be constant 
throughout. For large enough temperature gradients, it might be energetically 
favorable for edge dislocations to form. We measured the temperature difference 
between the upper and lower heaters in the Mettler hotstage and found that the 
upper heater was higher in temperature. We then decided to modify the hotstage 
to vary the gradient between the upper and lower heaters. 

Fig. 2 shows a diagram of a modified Mettler FP-52 hotstage. The sample 
consists of two commercial quartz plates with a glass coverslip for a spacer. 
Copper plates, which have the same area as the quartz plates, are placed between 
the heaters and the sample and have thermocouples attached to them. This is to 
get a better average reading for the temperature of the heaters and to distribute 
the heat more uniformly over the sample. A resistor is connected in parallel with 
the top heater since it is normally hotter. The output from the thermocouples is 
just the difference in temperature between the upper and lower copper plates and 
is measured in the standard fashion shown. 

iii. RESULTS 

Fig. 3 shows the behavior of the reciprocal of the dislocation spacing as a func- 
tion of temperature gradient between the upper and lower thermocouples (rightr 
axis). These data points were calculated by taking an average spacing along one 
of the dislocation directions and another average along the other 6.e. normal to 
the first). These two averages were then averaged together to form an overall 
value for the dislocation spacing for a particular thermal gradient. When there 
was no measurable thermal gradient, the lattice disappeared, giving the point at 
the origin. The lattice was also observed to form under a reverse thermal gra- 
dient; i.e. when the upper heater was adjusted to a lower temperature with respect 
to the lower heater. This essentially gave the same data as shown in Fig. 3 except 
with a negative slope. 

The temperature difference difference between the upper and lower regions in 
the liquid crystal sample is given in the left axis in Fig. 3. It is of course smaller 
than the temperature difference measured at the thermocouples, and was obtained 
as follows: The cholesteric liquid crystal was replaced by a nematic (M-18') 
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Figure 2. Setup used to measure and vary the temperature difference between the 
upper and lower heaters in the Mettler FP-52 hotstage. 

under otherwise identical conditions. The nematic to isotropic transition profile 
was observed under a known vertical thermal gradient and an unknown lateral 
gradient using an identical spacer. The setpoint on the Mettler was changed while 
observing the N-I boundary touching the upper surface move until it was touching 
the corresponding point on the lower surface. Knowing the starting and stopping 
temperatures from the Mettler and the vertical gradient at the thermocouples, the 
actual gradient across the sample can be calculated. 

IV. DISCUSSION 

Fig. 4 shows a possible model for the dislocation array. The array forms under 
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DISLOCATlON LATTICE IN BP-11 165 

FIGURE 3. Dislocation spacing as a function of temperature difference measured 
at  the thermocouples (right ordinate) and as a function of temperature gradient 
between the upper and lower quartz surfaces (left ordinate). Spacer thickness - 
152um. 

a temperature gradient which causes a mismatch in the lattice parameter resulting 
in a network of edge dislocations. The smaller lattice parameter corresponds to a 
higher temperature region and vice versa. 

We try to fi t  the observed dislocation spacing with what one would expect 
using a geometrical approach similar to that in the l i t e r a t ~ r e . ~  The temperature 
dependence of the first reflection for BP-I1 was observed to be -0.38OC-'. Two 
average BP lattice constants are assumed for the upper and lower half of the sam- 
ple. A dislocation occurs every n-unit cells where (n+I)auppe,  - nulowe, where the 
a's are the lattice constants. We also know that supper - alo,,,[I+a(AT/2)l where 
a is the temperature dependence of the lattice parameter and AT is the tempera- 
ture difference between the upper and lower sample surfaces. The factor of 112 is 
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FIGURE 4. Proposed model for observed lattice. Dislocation lines are marked A .  
Interface is an ariay of edge dislocations. 

difference between the upper and lower sample surfaces. The factor of 1/2 is 
included since we are taking a temperature average in the two halves of the sam- 
ple. Solving for n and taking a AT of O.O3"C, n = 174. Therefore every 174 lat- 
tice parameters a dislocation should occur. Using a typical lattice parameter of 
167nm for this material, the dislocation spacing is 29pm or 0.034pm-'. This esti- 
mate is to be compared to the observed value of 0.013pm-' in Fig. 3 for AT actual 
= O.O3"C, which fits to within a factor of 3. 

The author wishes to acknowledge help and contributions from S. Meiboom, 
M. A. Marcus, and S. Nakahara. 
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