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Polysilanes have been known as functional poly-
mers with numerous electronic and optical properties
such as photo-conductivity, electro- or photo-lumines-
cence, etc., due to the �–�� conjugation of Si–Si main
chain which is confirmed by the conspicuous absorp-
tion band in the ultra-violet region.1,2 Organic–inor-
ganic hybrid materials have also been known as prom-
ising materials for practical applications to electronic
or optical devices.3,4 In order to improve some func-
tionalities of polysilanes, we have prepared various
polysilane–inorganic hybrid thin films in which poly-
silane segments are embedded in inorganic matrix
such as silica, titania, and zirconia.5–10 Chujo has sug-
gested that some chemical bonds or interactions be-
tween the organic and inorganic components are nec-
essary to prepare homogeneous organic–inorganic
hybrids.11–15 In our previous work, chemical bonds be-
tween polysilane–acrylic or –methacrylic block co-
polymers and inorganic components via sol–gel re-
action are used for preparation of homogeneous
polysilane–silica or –titania hybrid thin films. On the
other hand, a chemisorption of organic compounds
on a gold surface through a gold–sulfur interaction
has been well studied to fabricate a self-assembled
monolayer expected for molecular devices or bio-
materials.16 Furukawa has reported polysilanes bear-
ing sulfide tripod terminus, which was used for the se-
lective chemisorption on a gold surface.17 In this
report, we have synthesized a block copolymer of
poly(methylphenylsilane) (PMPS) and 2-(methyl-
thio)ethyl methacrylate (MTEM), P(MPS-co-MTEM),
by photopolymerization using PMPS as a macro-pho-
to-initiator and prepared a bilayer structure of P(MPS-
co-MTEM)/Au in which the copolymer adsorbed to
gold layer. Furthermore, P(MPS-co-MTEM)/Au was
applied to prepare gold colloids having the plasmon
resonance absorption in visible region.

EXPERIMENTAL

Polymerization
P(MPS-co-MTEM) was synthesized by photo-

polymerization of MTEM with PMPS, as a macro-
photo-initiator, of Mn ¼ 2:8� 104, Mw=Mn ¼ 2:5,
�max ¼ 340:0 nm. Toluene solution (7mL) of PMPS
(1.0 g) and MTEM (1.0 g), sufficiently degassed by a
freeze–thaw method, was irradiated by a high pressure
Hg lamp (10mW/cm2: 20min), followed by reprecipi-
tation from hexane (300mL) to give P(MPS-co-
MTEM) as a white powder in 0.88 g yield: Mn ¼
8:3� 103, Mw=Mn ¼ 1:6; 1HNMR (CDCl3, 300
MHz): � �0:9 to 0.1 (Si–CH3), 0.8 (C–CH3), 1.8–2.0
(–CH2–), 2.1 (S–CH3), 2.5 (S–CH2–), 4.0 (O–CH2–);
�max ¼ 334:4 nm. The ratio of PMPS to MTEM (x=y
in Figure 1), estimated by 1HNMR, was 63/21.

Film Preparation
A gold-coating on a quartz as a substrate was car-

ried out by sputtering with about 100 nm thickness.
A P(MPS-co-MTEM) thin film was prepared by dip-
coating tetrahydrofuran (THF) solution (6.0mL) of
P(MPS-co-MTEM) (30mg). After coating and drying
at 90 �C, the substrates were soaked with THF to re-
move excess P(MPS-co-MTEM) which did not take
part in bonding to the gold surface. Hereinafter, this
sample was abbreviated as P(MPS-co-MTEM)/Au.
The same experiment was carried out by using both
PMPS on the gold layer and P(MPS-co-MTEM) on
a quartz, which were respectively abbreviated as
PMPS/Au and P(MPS-co-MTEM)/SiO2.

Characterization
Characterization and investigation of the samples

were carried out by using the following instruments.
Gel permeation chromatography (GPC) was measured
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using a TOSOH HLC-8020, in which THF was used
as the eluent and the calibration was done with poly-
styrene standards. 1HNMR spectra was recorded by a
JEOL EX-300 NMR spectrometer. UV–vis absorption
spectra was measured by using a JASCO V-560. X-
Ray photoelectron spectroscopy (XPS) was taken on
a ULVAC Phi ESCA 5700. Height and phase images
of atomic force microscopy (AFM) with a tapping-
mode were measured by a Digital Instruments Nano-
scope IIIa.

RESULTS AND DISCUSSION

As shown in Figure 1, the polysilane copolymer,
P(MPS-co-MTEM), was prepared by photopolymeri-
zation. The composition ratio of PMPS and MTEM
was x=y ¼ 63=21, calculated from analytical data of
GPC and 1HNMR, and the UV absorption spectrum
of copolymer indicated a �–�� absorption at around
330 nm. A thin film of P(MPS-co-MTEM) on gold
or SiO2 was prepared by dip-coating and soaking with
THF to remove the excess copolymer.
From the UV absorption spectra after soaking with

THF, PMPS/Au had no absorption peaks in the UV
region as shown in Figure 2. And also, an extreme
weak absorption at 330 nm was observed in the UV
absorption spectrum of P(MPS-co-MTEM)/SiO2.
PMPS could not make any interaction to the gold lay-
er because PMPS has no functional groups to interact
with the gold layer. Furthermore, the weak absorption
peak at 330 nm of P(MPS-co-MTEM)/SiO2 showed
the existence of mere trace amounts of P(MPS-co-
MTEM) on quartz surface. In contrast, P(MPS-co-
MTEM)/Au had a relatively strong absorption peak
of �–�� absorption around 330 nm due to the Si–Si
main chain of PMPS. It was found that P(MPS-co-
MTEM) was adsorbed on gold layer due to a large
amount of sulfide group in the copolymer, and the
P(MPS-co-MTEM)/Au was a bilayer structure of
P(MPS-co-MTEM) with gold. The P(MPS-co-
MTEM) layer on the gold surface was observed by
the image of AFM as shown in Figure 3a, in which
the boundary part between the copolymer and gold
was represented. The surface of P(MPS-co-MTEM)/
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Figure 1. Synthesis of P(MPS-co-MTEM) by photopolymerization using PMPS and MTEM.
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Figure 2. UV absorption spectra of P(MPS-co-MTEM) on a

gold layer (P(MPS-co-MTEM)/Au), PMPS on a gold layer

(PMPS/Au), and P(MPS-co-MTEM) on a quartz (P(MPS-co-

MTEM)/SiO2), after soaking with THF. The absorption of the

gold thin film was subtracted from the UV absorption spectra of

P(MPS-co-MTEM)/Au and PMPS/Au.
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Figure 3. AFM images of P(MPS-co-MTEM)/Au (a) in a

range of 1 mm� 1 mm and (b) in a range of 200 nm� 200 nm.

The range of height was (a) 100 nm and (b) 20 nm.
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Au had numerous protrusions below 10 nm as shown
in Figure 3b (the magnified AFM image in a range
of 200 nm� 200 nm). Existence of the polysilane seg-
ments on these ultrathin films (<10 nm) was con-
firmed by X-Ray photoelectron spectroscopy (XPS),
because a strong Si2p peak at 102 eV due to the Si–
Si bond was observed in a spectrum of P(MPS-co-
MTEM)/Au. From these results, it was presumed that
P(MPS-co-MTEM) provided a monolayer-like thin
film on the gold surface.
A thermal treatment of P(MPS-co-MTEM)/Au was

investigated, as it was reported that colloidal gold par-
ticles were generated at high temperatures in the pres-
ence of polysilane.18,19 Figure 4 shows a change of
UV–vis absorption spectrum of P(MPS-co-MTEM)/
Au in a temperature range of 100–300 �C. An absorp-
tion peak around 600 nm due to the plasmon reso-
nance of gold nanoparticles appeared at 150 �C and
shifted to 550 nm at 300 �C. This phenomenon was
known to be arose by reducing the size of gold col-
loids.20 However, the PMPS thin film on the gold lay-
er without THF-soaking indicated only a 10 nm blue
shift under the same heating condition. This difference
supports that a gold–sulfide interaction between
P(MPS-co-MTEM) and gold provides smaller gold
colloids compared to the PMPS thin film on the gold
surface. And also, the formation of gold nanoparticles
could be confirmed by XPS measurements, because
the peak around 84 eV due to Au 4f7=2 appeared after
aging P(MPS-co-MTEM)/Au. This spectral change
suggested that gold nanoparticles diffused into the
polysilane copolymer.

CONCLUSIONS

P(MPS-co-MTEM) was synthesized by using
MTEM with PMPS as a macro-photo-initiator for
the photopolymerization, and the chemisorption of
P(MPS-co-MTEM) on a gold surface provided a bi-
layer structure of P(MPS-co-MTEM)/Au through a

gold–sulfide interaction. This preparation method of
polysilane/Au bilayer using P(MPS-co-MTEM) is
greater facility than the other using polysilanes with
terminal sulfur functional groups, because it was diffi-
cult to synthesize the end-capped polysilanes.17 Fur-
thermore, P(MPS-co-MTEM)/Au was used for pre-
paring gold nanoparticles by aging at temperatures
higher than 150 �C. It was suggested that the gold–sul-
fide interaction played an important role to generating
gold nanoparticles on the gold surface simply by heat-
ing, in contrast to a result of formation on polysilane
pre-exposed by UV-light.18,19 Therefore, it was found
that the chemisorption of P(MPS-co-MTEM) on the
gold surface occurred effectively and gold was
changed to nanoparticles by heating. Further investi-
gations on the gold nanoparticle preparation with
polysilane copolymers are currently in progress.
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Figure 4. UV–vis absorption spectra of P(MPS-co-MTEM)/

Au after heating at 100–300 �C.
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