This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 23 February 2013, At: 03:18

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

Surface Order Parameter of 4-
n-Heptyl-4’-Cyanobiphenyl
H. Mada ® & S. Kobayashi ?

# Department of Electronic Engineering, Faculty
il of Technology, Tokyo Univ. of Agriculture and
Technology, Koganei, Tokyo, 184, Japan

Version of record first published: 14 Oct 2011.

To cite this article: H. Mada & S. Kobayashi (1981): Surface Order Parameter of 4-n-
Heptyl-4’-Cyanobiphenyl, Molecular Crystals and Liquid Crystals, 66:1, 57-60

To link to this article: http://dx.doi.org/10.1080/00268948108072657

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/10.1080/00268948108072657
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 03:18 23 February 2013

whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 03:18 23 February 2013

Mol. Cryst. Lig. Cryst., 1981, Vol. 66, pp. 57-60
0026-8941/81/6604-0057 $06.50/0

© 1981 Gordon and Breach Science Publishers, Inc.
Printed in the U.S.A.

Surface Order Parameter of
4-n-Heptyl-4'-Cyanobiphenyl

H. MADA and S. KOBAYASHI

Department of Electronic Engineering, Faculty of Technology. Tokyo Univ. of Agriculture
and Technology, Koganei, Tokyo 184, Japan.
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We measured the order parameter near the interface between a liquid crystal and the solid
substrate treated by several methods. The interfacial order parameter is different according to
the surface treatment, and is larger than the bulk order parameter. Moreover, in the temperature
above the clearing point, the interfacial order still has a finite value.

INTRODUCTION

Well aligned single domain liquid crystals are necessary for physical investiga-
tion. On the other hand, for display devices, we also need defect free nematic
liquid crystal cells. When we evaluate the alignment of liquid crystal mole-
cules, the orientational order parameter is an essential factor, especially for
display devices.

In the previous paper,! we reported the order parameter in the bulk is
different from the order parameter near the interface between liquid crystal
and solid substrate. The order parameter near the interface is more convenient
for determining the alignment of liquid crystals than the bulk one. This paper
describes the temperature dependence of the order parameter near the inter-
face for several treatments of surface alignment.

EXPERIMENTAL

In order to determine the order parameter, we chose the method of measuring
the refractive indices. For measuring the index near the interface, we used the
interferometric method.?
Paper presented at the Eighth International Liquid Crystal Conference, Kyoto, Japan,
June 30-July 4, 1980.
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When the light beam of wavelength 4 and of intensity I is incident normal
to the ordinary liquid crystal celi, the direct transmitted light interferes with
multiple reflected light beams. The multi-reflected light intensity is governed
by the glass index n, and the index of the liquid crystal near the interface 7.
The ratio of intensity I, to I is thus derived as

1 8n3n?

I,  (n® + 6m2nZ — %) — (n% — 2n2i° + i°)cos 28’

where f = 2nnd/4, d stands for the liquid crystal layer thickness. The term
cos 28 comes from the interference, thus, » is the mean value of the refractive
index throughout the bulk. Therefore, n can be measured from the phase of
the interferogram, and 7 from the amplitudes.’

The experimental set up is shown in Figure 1. The linearly polarized mono-
chromatic light was incident to the sample cell, and transmitted light was
detected by a cooled photomultiplier tube. The amplitude of oscillation by
interference is of the order of 59 or so. For expanding the oscillation part,
we used the zero level suppressor. The temperature was detected by a
chromel-p vs constantan thermocouple. We measured from 10°C to 70°C
with a heating rate of 0.25°C/min. The liquid crystal used in this experiment
was 4-n-heptyl-4'-cyanobiphenyl, and the substrates used were Vycor glass.
We studied five different samples as shown in Table I. The sample S was
treated by a 60° oblique evaporation of silicon oxide, and the evaporated
layer thickness was about 400 A. The sample O was coated with silane, an
inorganic surfactant and treated by rubbing. The samples C and P are carbon
and polyvinylalcohol, respectively. The sample B is Vycor glass treated only
by rubbing. We measured two or three samples for each treatment.
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FIGURE | Experimental set up for measuring the indices.
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SURFACE ORDER PARAMETER [3791/5%
TABLE |

Treatment of samples and its Symbols.

Specimen Surfactant Thickness Treatment
S Sio, 400 A 60° oblique evaporation
(&) inorganic 3000 A rubbing
C carbon R rubbing
P PVA 4000 A rubbing
B _— _— rubbing

RESULTS AND DISCUSSION

The results are shown in Figure 2. The cell thicknesses were 24-25 um, and
the light used to measure the indices was 533 nm. The clearing temperature
T, of the liquid crystal is 41.9°C. We plotted the bulk order parameter for
comparison. The bulk order parameter marked by closed squares has a value
of zero above T.. However, the surface order parameters for all samples still
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FIGURE 2 Temperature dependence of the order parameters; symbols appeared in the
figure are explained in Table L.
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remain small, but measurable finite, even above the clearing point. Similar
results were also reported by Miyano® for MBBA and 5CB. According to
his results, the value of the order parameter above the clearing point agrees
with our results.

In the nematic phase, the surface order parameters of the samples S, C, and
P are almost the same within the experimental error. The vertical bars in the
figure indicate accuracy and deviation of data. The sample B, open triangles,
is smaller than the other samples, and is the same as the bulk order.

The sample O behaves differently from the other samples. This phenomenon
may be caused by the large tilt angle of the director. For the samples S, C, P,
and B, the tilt angles range from 0° to 3° measuring from the surface. Namely,
the correction in the results is very small and can be neglected. Thus we did
not consider the tilt angle in our calculation to determine the order parameter.
But the sample O has a rather large tilt angle; 10° or so. As we reported
previously,* > the tilt angle varies with temperature, so its influence may
appear in the behaviour of the order parameter.

On the other hand, the jump of the order parameter at the clearing point is
significant to understand the mechanism of surface alignment, as was
pointed out by Mada and Kobayashi.® The sample S (closed triangles)
appears to be larger than the other samples near and above T,. This fact
means the sample S has more strong anchoring energy. Detailed discussion,
however, can not be done only with these data. We need more precise data,
especially around the clearing temperature.

CONCLUSION

The order parameters near the interface are different according to the surface
treatment. So the bulk order may also be different depending on the surface
treatment,’ especially for very thin samples.

The surface problems are very difficult and further development will then
be necessary for a more exact explanation of nematic-isotropic phase
transitions and to give a better understanding of liquid crystals.
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