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

On: 11 August 2012, At: 10:46

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

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

NONLINEAR OPTICAL
PROPERTIES OF FULLERENE
(C70) THIN FILMS

A. Tanaka ® , M. Yamashita 2 , T. Kimura ® & H.
Matsuda °

# Tokyo University of Science, 2641 Yamazaki, Noda,
Chiba 278-8510, Japan

b National Institute of Advanced Industrial Science
and Technology (AIST), 2641 Yamazaki, Noda, Chiba
278-8510, Japan

Version of record first published: 15 Jul 2010

To cite this article: A. Tanaka, M. Yamashita, T. Kimura & H. Matsuda (2003):
NONLINEAR OPTICAL PROPERTIES OF FULLERENE (C) THIN FILMS, Molecular Crystals
and Liquid Crystals, 406:1, 135-141

To link to this article: http://dx.doi.org/10.1080/744818996

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.



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/744818996
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 10:46 11 August 2012

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.




Downloaded by [University of Haifa Library] at 10:46 11 August 2012

Taylor & Francis

Copyright © Taylor & Francis Inc.
pynght © ay Taylor & Francis Group

ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421400390261110

Mol. Cryst. Lig. Cryst., Vol. 406, pp. 135/[329]-141/[335], 2003 e

NONLINEAR OPTICAL PROPERTIES OF FULLERENE
(Cro) THIN FILMS

A. Tanaka and M. Yamashita
Tokyo University of Science,
2641 Yamazaki, Noda, Chiba 278-8510, Japan

T. Kimura and H. Matsuda
National Institute of Advanced Industrial Science and
Technology (AIST), 2641 Yamazaki, Noda, Chiba 278-8510,
Japan

Cyp fullerenes evaporated onto rubbed polyimide substrates at greater than
150°C were found to orient almost parallel to the rubbing direction, as con-
firmed by atomic force microscopy and polarized absorption analysis. The
directions of maximum absorption, including both linear and nonlinear
absorption components, also appeared to be aligned with the rubbing direction.

The third-order electrical susceptibility of the evaporated Cyy fullerenes thin

films was measured using a z-scan method and found to be y®=Im 3®:

1076~ 1078 esu at a wavelength of 500 nm.

Keywords: Cq fullerene; third-order optical susceptibility; z-scan

1. INTRODUCTION

Functional n-conjugated organic materials exhibit interesting optical and
electrical properties that are strongly dependent on molecular orientation
or stacking, which in turn are dependent on substrate materials and pre-
paration temperatures. Crq fullerene is a functional material that exhibits
many potentially useful optical and electrical phenomena related to the
locations of the m-electrons. Cry fullerenes are ellipsoidal with Dgpy,
symmetry and 5 chemically distinct carbon sites. Crq thin films exhibit two
broad absorption peaks in the visible wavelength range.

The purpose of this study is to investigate the orientation of Cry full-
erenes in thin films prepared on substrates at various temperatures based
on the third-order susceptibilities ( 1(3)) obtained by a z-scan method.
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2. EXPERIMENTAL

Cro molecules were evaporated onto four different types of surface-treated
substrates: a clean glass plate (BK7), an indium tin oxide (ITO) plate, and
two polyamide rubbed plates (RN1199 and LP-52). The polyimide plates
were prepared by spin-coating polyimide films onto a clean glass plate and
then rubbing the polyimide surface. Substrates were maintained at room
temperature, 120°C, 150°C, 180°C and 200°C during preparation. Prepared
films were nominally 50 nm thick, as controlled using a quartz oscillator.
Samples were evaluated by atomic force microscope (AFM), absorption
spectra analysis and third-order optical susceptibility X(g) measurements.
Susceptibility measurements were made by a z-scan method at funda-
mental incident laser wavelengths of 500 nm, corresponding to Crg reso-
nance, and 600 nm, far from Cy resonance as seen in Figure 1.

Figure 2 shows the optical system used to measure nonlinear absorption
and nonlinear refraction, which were employed in the caluculation of X@.
Nonlinear absorption is measured with an open aperture, and nonlinear
refraction is measured with a closed aperture [1].

3. RESULTS AND DISCUSSION

3.1. Atomic Force Microscopy

Figure 3 shows AFM images of thin films fabricated by evaporation of Crq
molecules onto ITO plate at three different temperatures. As shown in the
figures, the microcrystalline size increased with substrate temperature, and
the growth occurred in all directions.
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FIGURE 1 Absorption spectra of Crq thin film on a clean glass plate.
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FIGURE 2 Optical system used to measure nonlinear absorption and refraction.

Figure 4 shows an AFM image of one of rubbed substrates (RN1199).
The distance between rubbing lines varied between about 0.5 and 0.7 pm.
The LP-52 rubbed plates had similar rubbing line separations.

Figure 5 shows thin films fabricated by evaporation of C;; molecules
onto RN1199 rubbed plates. At room temperature, microcrystals grew in all
directions, whereas at 150°C, microcrystals grew aligned with the rubbing
direction.

3.2. Polarized Absorption Characteristics

Figure 6 shows polarized absorbance characteristics of the RN1199 films
shown in Figure 5 at a wavelength of 500 nm. The angles in the figure

FIGURE 3 AFM images of Cr thin films evaporated onto ITO plates (2 pm x 2 pm)
at (a) room temperature, (b) 150°C and (c) 200°C. (See COLOR PLATE XI)
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FIGURE 4 AFM image of rubbed polyimide substrate. (See COLOR PLATE XII)

represent the angle between the rubbing direction and the polarization.
Measurements were made in increments of 30°. The thin film fabricated at
room temperature exhibited the strongest absorption for light polarized in
the rubbing direction. Absorbance at 30° and 90° was less intense, and
absorbance at 60° was weakest. For Cry thin film deposited at 150°C, the
maximum absorbance occurred with the rubbing direction parallel to
polarization, and the minimum occurred when the two orientations were
perpendicular. It is thought that microcrystal grains evaporated onto
the rubbed plate at 150°C grew parallel to the direction of maximum

/ :rubbing direction
(a) (b)

FIGURE 5 AFM photograph of Cro thin films evaporated onto RN1199 polyimide
rubbed plates (2 pm x 2 pm) at (a) room temperature and (b) 150°C. (See COLOR
PLATE XIID)
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FIGURE 6 Polarized absorbance of Crq thin films evaporated onto RN1199 poly-
imide rubbing plates at (a) room temperature and (b) 150°C.

absorption, in agreement with the AFM images. Similar results were
obtained for the LP-52 rubbed plate at 180°C.

3.3. Third-Order Susceptibility

Third-order susceptibilities (X(S)) of metal-phthalocyanine has been found
to depend on the microcrystal grain size [2,3], while that of Cry thin films
has been found to depend on substrate temperature [4]. Microcrystal grain
size increases with increasing substrate temperature. Table 1 shows values
of Im X@ for Crq thin films evaporated onto various substrates. For ITO
plate substrates, X(S) increased with substrate temperature. Thus, it is clear
that ;{(3) improves with increasing microcrystal size.

Figure 7 shows the linear and nonlinear absorption for angles of 0°, 30°,
60°and 90° and Table 2 shows the imaginary components of 1(3) for Crq thin
films on polyimide rubbed plates. The figure shows that the absolute values

TABLE 1 Estimated Values of Imaginary of 5

Substrates Im @

BK 7 (room temperature) —2.5x 1077 [esu]
ITO (room temperature) —1.9% 1077 [esu]
ITO (150°C) —32x1077 [esu]

ITO (200°C) ~55%1077 [esu]
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FIGURE 7 linear absorption (marked by m) and nonlinear absorption (marked

by x).
TABLE 2 Estimated Values of Imaginary of &
Polyimide rubbing plates Im X(g)
0° (room temperature) —7.1x% 10’7. [esu]
0° (150°C) —2.0x 107 [esu]
60° (room temperature) —32x1077 [esu]
60° (150°C) —5.5x 1077 [esu]
of ® parallel to the rubbing direction is greater than that at 60° for Cr

thin films evaporated onto rubbed plates. Both linear and nonlinear
absorption therefore appear to be dependent on the growth direction of Cq
thin films on polyimide rubbed plates.

4. CONCLUSIONS

Microcrystal grains of Cro thin films on ITO and polyimide rubbed plates
were found to become larger with preparation temperature, and the ima-
ginary component of third-order susceptibility was found to increase pro-
portionally with microcrystal grain size. The maximum measured value of
Im 7 was 2.0 x 10~ esu for Cr, on polyimide rubbed plates maintained at
150°C during deposition when oriented parallel with the polarization of
incident light. C7y molecules evaporated onto RN1199 polyimide rubbed
substrates heated to 150°C formed microcrystals that grew parallel
with the rubbing direction. For the rubbed substrates, the imaginary
component of 1(3) was found to be consistently highest in the rubbing
direction.
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