
This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 10:44
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

Orientation of Tin-
Phthalocyanine Film on
Rubbing Substrates
A. Wajiki a , T. Tako b , A. Morinaga b & M. Yamashita
b

a TOPCON Co.,75–1 Hasunuma-cho, Itabashi-ku,
Tokyo, 174, Japan
b Dept. of Physics, Science University of Tokyo,
Noda, 278, Japan

Version of record first published: 04 Oct 2006

To cite this article: A. Wajiki, T. Tako, A. Morinaga & M. Yamashita (1998):
Orientation of Tin-Phthalocyanine Film on Rubbing Substrates, Molecular Crystals
and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid
Crystals, 316:1, 161-166

To link to this article:  http://dx.doi.org/10.1080/10587259808044482

PLEASE SCROLL DOWN FOR ARTICLE

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

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808044482
http://www.tandfonline.com/page/terms-and-conditions
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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

44
 2

0 
A

ug
us

t 2
01

2 



Mu/. Crysf. Liq. Cryst., 1998. Vol. 316, pp. 161-166 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1998 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

Orientation of Tin-Phthalocyanine Film on Rubbing Substrates 

A.  WAJIKI", T. TAKOh, A. MOFUNAGAh and M. YAMASHITAh 
"TOPCON C0.,75- 1 Hasunuma-cho, Itabashi-ku. Tokyo. 174, Japan; hDept. 
of Physics, Science University of Tokyo, Noda, 278. Japan 

Optical properties of orientated tin-phthalocyanine (SnPc) films evaporated on 
two kinds of rubbing treated substrates (polyimide plates and polyamide 
plates, respectively) were studied by evaluating with absorption spectra, SEM 
and AFM techniques. On the polyimide plate, the orientation ratios of 
molecules with the perpendicular direction and with the parallel direction to 
the rubbing direction were 3 to I .  But, the direction of oriented molecules 
on the polyamide plate was parallel direction to the rubbing direction. 

Keywords: SnPc; orientation; rubbing; absorption spectra: SEM 

INTRODUCTION 

Optical properties of a functional organic material with 7t -conjugated system 
depend strongly on as-prepared molecular orientation, stacking or packing 
with changing the substrate materials or substrate temperatures. 
Phthalocyanine, especially, metalbphthalocyanine (M-Pc) is one of the most 
interesting organic materials in optical and electrical applications. I t  has 
been known that M-Pc compounds whose center atoms are Ge, Sn and Pb 
have a shuttle-cock structure. In previous papers"'.''', the values of optical 
third order electric susceptibility x (3'0f evaporated tin-phthalocyanine (SnPc) 
films were 15OX 10-'2esu on the glass plate with coated rubbing treated 
polyimide thin film. The purpose of this study is to investigate the effects 
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162 A. WAJIKI r f  i d  

of substrate materials to as-prepared molecular orientations of SnPc films. 
Microcrystals of as-evaporated SnPc films were formed on three kinds of 
glass plates: one was with coated rubbing treated polyimide thin film (called 
the polyimide plate), other with coated rubbing treated polyamide thin film 
(called the polyamide plate) and the other without coated (called the 

Temperature of substrates was kept at 200°C during non-rubbing plate). 
the evaporated time. 

EXPERIMENTAL 

Orientations of SnPc films were evaluated with three methods; an absorption 
measurement, a scanning electron microscope (SEM) technique and an atomic 
force microscope (AFM) technique. Figure 1-a shows a SEM image for 
the non-rubbing plate and Figs.1-b and -c show for the polyimide plate and 
the polyamide plate, respectively. It was found from the figures that the 
microcrystals on both the polyimide plate and the polyamide plate were 
oriented respectively, but those on the non-rubbing plate were not oriented. 
On the polyimide plate, the orientation ratios of molecules with the 
perpendicular direction and with the parallel direction to the rubbing direction 
were 3 to 1. The anisotropy of the third harmonic generation (THG) 
intensities was also obtained"]. On the contrary, the microcrystals on the 
polyamide plate were oriented parallel direction to the rubbing direction. 

f rubbing direction 

J FIGURE 1 SEM photographs on three kinds of plates : 
a) non-rubbing plate, b) polyimide plate and c) polyamide plate 

From an usual absorption measurement, the wavelength ranges of 
Q-band of SnPc film formed on the substrate heated at 20x shifted toward 
longer wavelengths than those at room temperature. It is considered that 
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ORIENTATION OF SnPc ON RUBBING SUBSTRATES I63 

these phenomena will be caused by Dabydov splitting built up when some 
molecular orientations coexist in the microcrystals. I t  shifted from 
700nrn to 790nm. On the other hand, the wavelength of peak absorption 
spectra for the linearly polarized light perpendicular to the rubbing direction 
was 815 m and that for the linearly polarized light parallel to the rubbing 
direction was 760nm, respectively. To obtain the reflectivity from 
refractive index and absorption coefficient, the reflective indices were 
calculated from absorption spectra by Krarners-Kronig transformation. 
Figure 2 shows the reflective indices dependent on wavelengths for SnPc. 

1000 2000 

Wavelength [ nm ] 

FIGURE 2 Refractive indices for SnPc (on quartz substrate) 

Table I shows the reflectivities of a -type and f l  -type morphologies of the 
as-evaporated thin films calculated with the refractive index and the 
absorption coefficients at 790 nm. It  became clear that the difference 

of reflectivities between a -type and f l  -type morphologies was nearly 10 %. 

TABLE I 

Figure 3 

Reflectivities of a -type and f l  -type morphologies of SnPc 
films at 790nm 

Morphology Reflectivity (%) 

beta-SnPc 29 
alpha-SnPc 20 

shows the absorbance dependent on the direction oflinearly 
polarized light as a function of wavelength. The direction of polarized light 
for the maximum absorbance was perpendicular to the rubbing direction and 

the wavelength of maximum absorbance blue-shifted. On the other hand, 
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I64 A. WAJIKI CI t i / .  

the wavelength which showed the maximum absorbance for the parallel 
direction red-shifted. 

0" 0" 

270 " 90" 270" 0" 

180" 180" 

760nm 850nm 
FIGURE 3 Anisotropy of absorbance as a function of wavelength. 

Table II shows the anisotropy of reflectivity oriented SnPc films calculated 
with both the refractive indices and the absorption coefficients at 830 nm. 
The difference of the reflectivities for the linearly polarized light perpendicular 
and parallel to the rubbing direction was more than 10 %. 

TABLE I1 The anisotropy of reflectivity of oriented SnPc film at 830nm 

Polarized light direction Reflectivity (%) 
perpendiclar 15 
parallel 31 

DISCUSSIONS 

We have reported that the grooves formed by rubbing were effective for SnPc 
molecules to have a high order orientation12! At first, the evaporated 

molecules will diffuse or migrate on the substrate and be held by the portions 
of the groove edges. The following molecules will stack on the first 

molecules and thus, the microcrystals grow to the direction of stacking. It is 
presumed that the azimuth of molecular major axis held originally by the 

active portions should decide the direction of the molecular orientation. Since 
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ORIENTATION OF SnPc ON RUBBING SUBSTRATES I65 

the direction of polarity in polyimide molecules may be different from that in 
polyamide molecules, the direction of SnPc molecular major axis will be 

changed by the conjugated states of these polarities and the polarity in SnPc 
molecules. However, this is unclear physically. We should therefore 
consider in detail the meaning of the different directions of their major axis. 

Further study of this is now i n  progress. 
For the oriented films with B -type morphology (on the polyimide 

plate), 
the reflectivity for the linearly polarized light perpendicular to rubbing 
direction was very different from that parallel to rubbing direction. When 
the values of two reflectivities are detected with high sensitivity, the ratios 
between two reflectivities for the oriented films will be different from those 
for the random films and will be not affected by the light-intensity changes. 

So, i t  is expected that the ratios between two reflectivities can be used as 
the signal for the optical disk. 

CONCLUSIONS 

SEM images and the characteristics of spectroscopy were observed and 
evaluated for the as-evaporated SnPc films. The grooves made by rubbing 
affect strongly to the orientations of microcrystals. The direction of 
orientation was perpendicular to rubbing direction for polyimide plate, parallel 
for polyamide plate, but random for non-rubbing plate. On the polyimide 
plate at 790nm, the difference of reflectivity between Q -type and 8 -type 
morphologies was large. At 830nm, the reflectivity for the linearly 
polarized light perpendicular to the rubbing direction was different from that 
parallel to the rubbing direction. The ratios between reflectivities for two 
directions on the oriented SnPc films were different from those on the random 
film. There is a hope for SnPc film in one of optical functional materials. 
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