This article was downloaded by: [University of Haifa Library]

On: 16 August 2012, At: 08:46

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 Science

and Technology. Section A.

= Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Liquid Crystal Alignment
Capability on Polyimide
Langmuir-Blodgett Surfaces
with Alkyl Chain Lengths

D. S. Seo ® & S. Kobayashi "

® Department of Electrical Engineering, College
of Engineering, Soongsil University, 1-1, sangdo
5-dong, Dongjack-ku, Seoul, 156-743, Korea

b Department of Electronic Engineering, Science
University of Tokyo in Yamaguchi, 1-1-1 Daigaku-
dori, Onoda, Yamaguchi, 755, Japan

Version of record first published: 24 Sep 2006

To cite this article: D. S. Seo & S. Kobayashi (2000): Liquid Crystal Alignment
Capability on Polyimide Langmuir-Blodgett Surfaces with Alkyl Chain Lengths,
Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 339:1, 1-10

To link to this article: http://dx.doi.org/10.1080/10587250008031028

PLEASE SCROLL DOWN FOR ARTICLE



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008031028

Downloaded by [University of Haifa Library] at 08:46 16 August 2012

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

Downloaded by [University of Haifa Library] at 08:46 16 August 2012

Mol. Cryst. Lig. Cryst., Vol. 339, pp. 1-10 © 2000 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Liquid Crystal Alignment Capability on
Polyimide Langmuir-Blodgett Surfaces
with Alkyl Chain Lengths

D.-S. SEO? and S. KOBAYASHIP

@Department of Electrical Engineering, College of Engineering, Soongsil Univer-
sity, 1-1, sangdo 5-dong, Dongjack-ku, Seoul 156-743, Korea and bpepartment
of Electronic Engineering, Science University of Tokyo in Yamaguchi, 1-1-1
Daigaku-dori, Onoda, Yamaguchi 755, Japan

(Received February 15, 1999; In final form February 15, 1999)

The liquid crystal (LC) alignment capability in 4-n-pentyl-4’-cyanobipheny] (SCB) on polyimide (PI)
Langmuir-Blodgett (LB) surface with alkyl chain lengths was investigated. The pretilt angle of SCB
increased by unidirectional rubbing treatment on PI-LB surface. The induced optical retardation on
PI-LB surface increased by the rubbing. The extrapolation length d. of 5CB for rubbed PI-LB sur-
faces with even-number is small, compared with odd-number near the clearing temperature T.. The
extrapolation length d, of SCB with odd-number increases gradually as the temperature increases but
it tends to diverge near the T,. Therefore the polar anchoring strength with even-number is strong
because of relatively high surface ordering caused by more crystalline surfaces. The anchoring
energy of SCB with alkyl chain length of 7 carbons is approximately 1 x 103 (J/mz); it indicates the
strong anchoring strength. In consequence, we suggest that the LC aligng capability in NLC on
PI-LB surface is strongly related to the characteristics of the polymer.

Keywords: Nematic liquid crystal; polyimide LB; rubbing strength; extrapolation length d,:
anchoring strength; surface ordering

1. INTRODUCTION

Liquid crystal displays (LCDs) are widely used in the fields such as the elec-
tronic game, notebook computer, and color television. Uniform alignment of LCs
on substrate surfaces is an important matter from a scientific viewpoint as well as
a technological viewpoint.1 Interfacial properties between the LCs and the align-
ment surfaces are a key to understand the alignment mechanism of LCs.12
Rubbed polyimide (PI) surfaces have been widely used to align LC molecules.

* Correspondence Author.
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The odd-even effects of the alkyl chain length on pretilt angles of LC on rubbed
PI surfaces have been reported by H.Yokokura et al.3 High pretilt angles were
observed on rubbed PI surfaces with an even-number of carbons in the chain
alkyl.3 The odd-even effects in pretilt angles and orientational order of LCs on
rubbed PI surfaces were measured by D.Johannsmann et al. by using surface
optical second harmonic generation (SHG) and birefringence measurements.*
Recently, LC alignment on PI-LB surfaces has been demonstrated by many
investigators.>"!! The anchoring strength (energy) between the L.Cs and the poly-
mer surface on treated substrate surfaces has been demonstrated and discussed
by many investigators.z"z_19 In the previous work, we reported the first meas-
urement of the temperature dependence of the polar (out-of-plane tilt) anchoring
strength of weakly rubbed PI surfaces in SCB. 17 The polar anchoring strength of
5CB on various PI-LB surfaces was also reported by athors. 781120 Recently, we
have reported the odd-even effects of polar anchoring strength in 5CB on rubbed
PI-LB surface with alkyl chain length are successfully demonstrated.?® In this
work, we report the LC alignment capability in NLC, SCB, on PI-LB surfaces
with alkyl chain lengths.

2. EXPERIMENTAL

The PI-LB films were obtained by the chemical imidization of LB films of the
precursor polyamic acid alkylamine salts. The precursor polyamic acids were
prepared from the reaction of 2,3,5-tricarboxycyclopentyl acetic dianhydride
(TCAAH), 2,2-bis[4-(4-aminophenoxy) phenyl] propane BAPP), and alkylamine
C=3,4,7,8,11, and 12) in N-methylpyrrolidone at 60 °C. The polyamic acid and
alkylamine acids were obtained by adding a molar equivalent of N,N-dimethyl-
hexadecylamine relative to the carboxyl group in the polyamic acid.

The PI films were obtained by chemical imidization of the corresponding
polyamic acid alkylamine salts using pyridine and acetic anhydride as catalysts.
The chemical structure of PI is shown in Fig. 1. The PI-LB films were rubbed
using a machine equipped with a nylon roller Yo-15-N, Yoshikawa Chemical
Industries Co., Ltd.). The definition of the rubbing strength (RS) was given in
previous papers.f"&21 LC cells were assembled with the antiparallel to rubbing
direction. The LC layer thickness was set at 60.0+0.5 pm. Pretilt angles were
measured by the crystal rotation method and all the measurements were done at
room temperature (22°C). Also, we measured the induced optical retardation on
PI-LB surface with alkyl chain lengths. Next, we measured the anchoring
strength by using “high electric-field techniques”.l’lz’13 We measured the optical
retardation (R) and the electric capacitance (C) as a function of applied voltage
(V) in order to determine the polar anchoring strength. Figure 2 shows the meas-
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uring system of polar anchoring strength. The optical retardation measurement
system consists of a polarizer, an acousto-optic modulator (PEM), and an ana-
lyzer. The output signal is detected by a photodiode. The electric capacitance of
the LC cell is obtained by measuring the out-of-phase component of the current
produced by changing the voltage applied to the cell. The extrapolation length de
is determined by using the relationship between the measured values of the elec-
tric capacitance C and the optical retardation R: L12,13

R L, 2de
Eo'——- -C—\i- T,whenV>> 6‘411 (1)
where 1, is a proportional constant depending on the LC materials; V and d stand
for the applied voltage and LC medium thickness, respectively.

The polar anchoring energy A is obtained from the following relation:'"1%13

A=K /d, (2)

where K is the effective elastic constant which is given by K= chos2
8, + Kjsin? 0,, where K, K3, and 0, stand for the elastic constants of the splay
and bend deformations, and the pretilt angle, respectively. We used measured
elastic constants in this work. The surface ordering was measured by measuring
the residual optical retardation induced on the polymer surface above the clear-
ing temperature TC.22

TRV S asieac s e

n=2,3.7 8.11, 12

FIGURE 1 Chemical structure of the polymer

3. RESULTS AND DISCUSSION

Figure 3 shows the dependence of the alkyl chain length of the pretilt angle in
5CB on PI-LB surface. The pretilt angles on the PI-LB surfaces remain almost
vanishing without rubbing, but they increase with the rubbing process
(RS=189mm). The large pretilt angle in S5CB on rubbed PI-LB surface is attrib-
uted due to increasing the azimuthal surface ordering by the rubbing. Previously,
D.Johannsmann et al. have reported that the high pretilt angle in 8CB on PI sur-
faces with even-number of carbon in the alkyl side chain is generated by the
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FIGURE 2 Measuring system of polar anchoring strength

higher surface ordering.4 Also, the simular effects have been reported by author
group in a previous paper.ll

The induced optical retardation on PI-LB surface as a function of alkyl chain
lengths for medium RS (RS=189mm) is shown in Fig. 4. The induced optical
retardation on PI-LB surface for all alkyl chain lengths is almost 0; it is increased
by the rubbing process. It is considered that the rubbing treatment gives rise to an
enhanced orientation of polymer chains, thereby creating a more anisotropic
environment for the LC alignment.

Figure 5 shows the plots of R/Ro vs 1/CV observed at two different tempera-
tures, 30°C and 34.3°C, on PI-LB surface. The intersect of the extrapolated line
with the Y-axis gives the extrapolation length d., indicating that the anchoring
strength weakens with temperature.

Figure 6 (a), (b), and (c) show the temperature-dependence of the extrapolation
length d. of 5CB on rubbed PI-LB surfaces with alkyl chain lengths for medium
rubbing (RS=189mm). The extrapolation length d,, of 5CB for rubbed PI-L.B sur-
faces with even-number is relatively small compared with odd-number above the
alkyl chain length of 7 carbons. Therefore, the anchoring strength of SCB on
rubbed PI-LB surfaces with even-number is strong compared with odd-number
of carbons, Also, the extrapolation length d, of SCB on rubbed PI-LB surfaces
with odd-number increases gradually toward the clearing temperature and tends
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FIGURE 3 Pretilt angle in 5CB on PI-LB surface as a function of carbon number

to diverge near the clearing temperature. A similar behavior near the clearing
temperature T, has previously observed for SCB on obliquely evaporated SiO
surfaces for both polar15 and azimuthal '3 anchoring strength. We also previously
observed the effect for SCB on weakly rubbed P1 surfaces.!” We predict that the
extrapolation length d, of 5CB on rubbed PI-LB surfaces with odd-number
diverges because of rapidly decreasing surface ordering near the clearing tem-
parature TC.11,13,15,17

Figure 7 (a), (b}, and (c) show the polar anchoring energy of SCB on rubbed
PI-LB surface as a function of temperature. It is shown that the polar anchoring
energy of SCB for rubbed PI-LB surface with even-nember is large compared
with odd-number. Also, the polar anchoring energy of SCB at 30°C on rubbed
PI-LB surfaces for numbers of 3, 4, 1, and 12 alkyl chain length is approximately
3x107* (J/m?), which indicates weak anchoring strength. The obtained polar
anchoring energy of SCB is about 1x10~> (J/m?) on rubbed PI-LB surfaces with
number of 7 and 8 alkyl chain lengths. It is considered that the polar anchoring
energy of S5CB for rubbed PI-LB surface with numbers of 7 and 8 alkyl chain
lengths is stabilized compared with numbers of 3, 4, 11, and 12 alkyl chain
lengths. Also, we have reported that the polar anchoring energy of 5CB is
>1x1073 (J/m?) on weakly rubbed PI surfaces in previous work. ! Consequently,
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FIGURE 4 Induced optical retardation on PI-LLB surface as a function of alkyl chain lengths for
medium rubbing (RS=189mm)
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FIGURE 5 Plots of R/R, vs 1/CV observed at two different temperatures of 30°C and 34.3°C on
PI-LB surface
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FIGURE 6 Temperature dependence of the extrapolation length d,, in 5CB on rubbed PI-LB surfaces
with alkyl chain lengths for medium rubbing (RS=189mm)
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FIGURE 7 Temperature dependence of the polar anchoring energy in 5CB on rubbed P1-LB surface
for medium rubbing (RS=189mm) with alkyl chain lengths
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the anchoring energy of 5CB on rubbed PI-LB surface with alkyl chain lengths is
low compared with rubbed PI surface. Also, we postulate that the alignment of
LCs is related to surface ordering and crystallinity of the orientation film. From
these results, we suggest that the polar anchoring strength of SCB for rubbed
PI-LB surfaces with even-number is strong because of relatively high surface
ordering caused by more crystalline surfaces. The odd-even effects on polar
anchoring strength is clear for long alkyl chain lengths.

Figure 8 shows the residual optical retardation on rubbed PI-LB surface with
numbers of number of alkyl chain length of 7 carbons and rubbed PI surface
above the clearing temperature T,.. The induced optical retardation for unrubbed
PI-LB surface is almost 0, which increases with the rubbing process above the
clearing temperature T. It is considered that the surface ordering is increased by
the rubbing process. The surface ordering of SCB on rubbed PI-LB surface is
low when compared with the rubbed PI surface; it is attributed to the polar
anchoring strength.

2 v L v L M 1
! @ : PI{RN-626) .
P  : Unrubbed PI-LB ]
° {1 Rubbed PI-L8 (C=7) |

Retardation (deg.)

Temperature T — T. (°C)

FIGURE 8 Residual optical retardation on rubbed PI-LB surface with number of alky! chain length of
7 carbons and rubbed PI surface above the clearing temperature T,

4. CONCLUSION

In conclusion, L.C aligning capability in NLC, 5CB, on PI-LB surfaces has been
evaluated by measuring the pretilt angle, the induced optical retardation, and the
extrapolation length d.of 5CB. The generated pretilt angle of the S5CB increased
by the rubbing. Also, the induced optical retardation on PI-LB surface increased
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by the rubbing. The extrapolation length d. of SCB for rubbed PI-LB surfaces
with even-number is small for alkyl chain lengths of more than the numbers of 7
carbons compared with odd-number. The polar anchoring strength on rubbed
PI-LB surfaces with even-number is strong because of relatively high ordering
and more crystalline surfaces. The anchoring energy of SCB with alkyl chain
length of 7 carbons is approximately 1x1073 (J/m?); it indicates the strong
anchoring strength. Finally, we conclude that the odd-even effects on the polar
anchoring strength in NLC are strongly related to the characteristics of the poly-
mer.
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