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Fabrication, Characterization and Optical

Properties of Epitaxially Grown Oligomer /polymer

Double Layers

YASUKIYO UEDA®, TAKUSHI MURAKAMI?, SATOKO
MASAKI®, JIN CHEN?, JING PING NI, YUJI YOSHIDA®,
NOBUTAKA TANIGAKI?, KIYOSHI YASE" and
DAIKE WANG®

dFac. Eng. Kobe Univ., Rokko, Nada, Kobe 657-8501, Japan,
YNIMC, Higashi, Tsukuba, 305-8565, Japan and
“Dept. Phys. & Chem., The Ohio State Univ., U.S. A

Oligomerie dimethylsilane (ODMS) and 1,6-di-(p-methoxy-styryl)benzene (DSB-
1) grew epitaxially on the friction-transferred polydimethylsilane (PDMS) and
poly(p-phenylenevinylene) (PPV) layers. The ODMS/PDMS and DSB-1/PPV
double layers indicated the remarkable anisotropic feature in absorption and

emission properties.
Keywords:oligomer, polymer, double layer, epitaxy, optical properties
INTRODUCTION

Thin films of polymers with one-dimensional conjugation system along
their main chain have been attracted much interest as materials for elec-
tronics and opto-electronics. However, it is difficult to prepare such poly-
mer films from solution and vapor because of their insolublity and
infusiblity. Recently, the friction transfer method has much studied as a
kind of preparation method of oriented thin film of insolble polymers.
We have reported the fabrication and characterization of thin film of
insolble polymers such as poly(tetrafluoroethylene), polydimethylsilane
(PDMS) and poly(p-phenylenevinylene) (PPV). These polymer films
formed uniaxially-oriented thin layers.

In this study, oligomeric dimethylsilane and 1,6-di-(p-methoxy-
styryl)benzene (DSB-1: one of trimers of PPV) were vapor-deposited on
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FIGURE 1Molecular structure of DSB-1.

a corresponding friction-transferred polymer layer. Structure and optical
properties of oligomer/polymer double layers were investigated.

EXPERIMENTAL

PDMS and oligomeric dimethylsilane (ODMS: average molecular weight
= 2,000) were purchased from Nippon Soda Co., Ltd. and Wako Chemi-
cals Co., Ltd,, respectively. PPV and DSB-1 (Fig.1) were synthesized ac-
cording to the literatures[1]. Thin layers of PDMS and PPV used as a
substrate were formed by friction transfer method on a fused silica glass
plate. The thickness of a friction-transferred polymer layer was about 10-
15 nm. ODMS and DSB-1 were deposited onto the friction-transferred
PDMS and PPV layers in a vacuum of 1x10 Pa. The structure and
optical properties of the films were investigated by e¢lectron microscopy
(TEM) and UV-VIS and fluorescence spectroscopy.

RESULTS AND DISCUSSION

Figure 2 shows the transmission elec-
tron micrographs and the electron
diffraction (ED) patterns of the ©
PDMS and PPV films. The films in-
dicate a row-like structure which

M2

covers the glass surface almost com-

i -

pletely. The ED patterns of the poly- g S
mer films show the similar fiber dia- &S & ! @0
grams, suggesting that the films were i "
oriented and crystalline. The reflec- |
tion spots can be indexed as shown

in the figures with their crystal pa-
rameters{2.3]. The chain axes of the
PDMS and PPV macromolecules,

FIGURE 2 TEM and ED patterns of
friction-transferred PDMS(a,b) and
PPV(c,d) layers . Arrow indicates
the friction direction.
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FIGURE 3 TEM(a) and ED pattermn FIGURE 4 TEM(a) and ED pattern
(b)of ODMS/PDMS double layer (b)of DSB-1/PPV double layer and
and schematic model of molecular schematic model of molecular ori-
orientation (c). entation (c).

corresponding to the ¢ axes of their crystals, orient uniaxially along the
friction direction.

Figure 3(a) and (b) shows the electron micrograph and the ED pattern
of the ODMS/PDMS double layer. No distinct structure is observed in
the ODMS/PDMS double layer. However, it is noteworthy that the elec-
tron diffraction pattern of the double layer changes from arc to spots. This
indicates that the deposited ODMS molecules take the same orientation as
well as the PDMS layer. The ODMS molecules lie paralle! to the PDMS
surface and grow epitaxially, as shown in Fig.3(c). DSB-1 forms rectan-
gular crystals growing along two directions crossing at 120° on a fric-
tion-trtansferred PPV layer, as shown in Fig.4(a). The bisectional direc-
tion of crossing angles of these crystals corresponds to the friction direc-
tion of PPV. The ED pattern of the DSB-1/PPV double layer indicates the
superposition of the reflection spots from the deposited DSB-1 crystals
and those from the PPV layer used as the substrates. From the
crystalographic consideration, it is found that the c-axis of DSB-1 crystal
makes an angle of 60° to the polymer axis of PPV. The schematic repre-
sentation of the orientation overgrowth of DSB-1 on the PPV surface is
shown in Fig.4(c) .

The UV absorption spectra of the friction-transferred PDMS layer



Downloaded by [University of California, San Diego] at 23:28 15 August 2012

248 Y. UEDA er af

showed the maximum peaks at 13 @ g 300
340nm and the dichroic ratio of ab- “1s

sorption intensity (I// /1 L) was gm f_:m'
about 13. Figure 5 shows the po- gﬂﬁ Em_
larized absorption and emission 2 Ky =

spectra of the ODMS/ PDMS double \

0
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Wavelength / nm  Wavelength / nm

deposited ODMS film blue-shifts to  FIGURE 5 Polarized absorption (a)
304nm due to its low molecular and emission spectra (b) of the

weight. The ODMS/ PDMS double  ODMS/ PDMS double layer.
layer indicates the remarkable
dichroism in optical properties. The
dichroic ratios calculated directly

layer. The absorption peak of the

0.02

from the peak heights of absorption “ ’ 3
and emission intensity are about 40 % 0 E
and 9, respectively. It is known that & 1%
the transition moment of the lowest & 2
singlet exciton associated with ¢ - ﬁ R

a * band-gap is parallel to the trans- {100
planar Si backbone. Therefore, the
Si main chains both in friction-trans- 0
ferred PDMS layer and ODMS/ Wavelength / nm

PDMS double layer are found to FIGURE 6 Polarized absorption
align in the sliding direction. The (a) and emission spectra (b) of the
PPV layer has an absorption around DSB-1/ PPV double layer.

450 nm and the deposited DSB-1 film shows an absorption peak at 340nm,
as shown in Fig.6. These bands are assigned to the exciton band with the
- 7 * transition in PPV and DSB-1 molecules. The friction-transferred
PPV layer and DSB-1/PPV double layer also indicate the remarkable
anisotropic feature in absorption and emission properties.
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References

[1]”Primary photoexcitations in conjugated polymers” N.S.Sariciffci Ed.
World Scientific(1997)

[2]1 T. Granier et al, J. Polv. Sci., Part B: Poly. Phys. 24 (1986) 2793

[3]1 S.Furukawa & K.Takeuchi:Solid State Communications,87,10 (1993) 931



