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Conformational study of silicon backbone of poly(methyl-
phenylsilane) functionalized with pendant azobenzene groups
has been carried out. The conformation of the silicon backbone
depends on the molar ratio of the Si units with and without the
pendant azobenzene group, and the inflection point for the con-
formational change from the slowly winding helix to random
coil has been found to be ca. 0.5 of the molar ratio. The confor-
mational change has been induced by the photoisomerization of
pendant azobenzene groups in the film state.

Polysilanes exhibit unique properties as one-dimensional
semiconductors (i.e. quantum wires) due to the delocalized �-
electrons along the silicon backbone.1 Because of the �-conjuga-
tion, their electronic and optical properties strongly depend on
the conformation and orientation of the silicon backbone.1,2

Therefore the control of the conformation and orientation is
one of important subjects not only in understanding the funda-
mental properties of polysilanes but also in utilizing the electron-
ic and optical properties.3 Control of conformation of poly-
silanes has been studied by changing temperature, i.e. thermo-
chromism.3–5 On the other hand, little report has been published
on the study on the control of the conformation by light irradia-
tion.6 Seki et al. studied the spin cast film of poly(di-n-hexyl-
silane) on azobenzene monolayer and found out that the ratio
of all-trans to disordered conformation can be controlled by
the photoisomerization of the monolayer azobenzene.6

Recently, much attention has been paid for the introduction
of functional groups to polysilanes as pendant groups.7–11 It has
been reported that the photostability of polysilane is enhanced by
the introduction of azobenzene derivative as a pendant group.11

For non-conjugated polymers, the conformation of backbone can
be controlled by the photoisomerization of the pendant azoben-
zene group.12,13 Therefore in the case of polysilane, the photo-
isomerization of pendant azobenzene groups is expected to in-
duce the conformational change, i.e. pendant azobenzene gives
multifunctions. We have synthesized poly(methylphenylsilane)
functionalized with pendant 4-nitroazobenzene and have studied
photophysical and photochemical processes of silicon back-
bone.7 In this paper, we report the effect of the photoisomeriza-
tion of pendant groups on the conformation of the silicon back-
bone in the film state.

As a pendant group, 4-nitroazobenzene (abbreviated to azo
group) was introduced at the phenyl group of poly(methyl-
phenylsilane) (PMPS) with various molar ratio (x=y) of the Si
units with and without the pendant azo group.7 The molecular
structure and molar ratio of the azo group of functionalized poly-
silanes (PMPS-azo x=y) are shown in Scheme 1. Number aver-
aged molecular weight Mn and polydispersity of the synthesized
polysilane were 5000–16,000 and 1.7–2.3, respectively. Figure 1
shows UV–vis absorption spectra of PMPS (thin solid line), 4-
nitro-40-methoxyazobenzene (azo: broken line), and PMPS-

azo0.5 (bold solid line) and PMPS-azo0.9 (dotted line) in tetra-
hydrofuran (THF) at room temperature. The molar absorption
coefficients of PMPS and PMPS-azo x=y were estimated for a
silicon unit. The 340-nm band observed in the absorption spec-
trum of PMPS (thin solid line) is due to the slowly winding
helical conformation with the dihedral angle of ca. 160�,14 and
the 380-nm band observed for azo (broken line) is due to its trans
form.15 In the absorption spectrum of PMPS-azo0.5 (bold solid
line), there are two absorption bands due to the silicon backbone
in the helical conformation (340 nm) and trans form of the azo
group (380 nm). This spectrum can be reproduced by the sum
of the absorption spectra of PMPS and azo multiplied by
x=ðxþ yÞ, indicating that the electronic interaction between the
silicon backbone and azo group in the ground state is negligibly
small7 and thus the absorption spectrum is considered to give
information on conformational changes in both the silicon back-
bone and azo group, independently. However, the absorption
band due to the silicon backbone in the helical conformation
(340 nm) was not observed in the absorption spectrum of
PMPS-azo0.9 (dotted line). This indicates that the increase of
the molar ratio (x=y) induces the increase of the steric hindrance
between pendant azo groups to give conformational changes of
the silicon backbone from the helix to random coil. The inset
of Figure 1 shows the population of the silicon backbone in
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Scheme 1. Molecular structure of PMPS-azo x=y and their
abbreviations.
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Figure 1. Absorption spectra of PMPS (thin solid line), azo
(broken line), PMPS-azo0.5 (bold solid line), and PMPS-
azo0.9 (dotted line) in THF. Inset; Plots of the population of the
silicon backbone in the helical conformation (Phelix) against the
molar ratio of the pendant azo group (x=y).
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the helical conformation (Phelix) as a function of the molar ratio.
It is found that the inflection point for the conformational change
of the silicon backbone is ca. 0.5 of x=y.

Trans ! cis photoisomerization of the pendant azo groups
is expected to increase the intramolecular steric hindrance
between pendant groups. In the solid state, the intermolecular
steric hindrance between the photoisomerized azo groups and
other polysilane chains (and their pendants) is expected to in-
crease. These intra- and inter-molecular steric hindrances may
induce the conformational changes of the silicon backbone from
the helix to random coil. We have studied the effect of the photo-
isomerization of the pendant azo group on the conformation of
the silicon backbone. As shown in the inset of Figure 1, the mo-
lar ratio of the azo group of PMPS-azo0.5 is very close to the
inflection point for the conformational change of the silicon
backbone from the helix to random coil. Thus we selected
PMPS-azo0.5 as the sample for the photoisomerization experi-
ment. To avoid the photodecomposition of the silicon backbone,
the 435-nm light was selected to excite the azo group.

Figure 2a shows absorption spectral change of PMPS-
azo0.5 thin film observed upon the 435-nm light irradiation.
Figure 2b shows difference spectra between the absorption spec-
tra observed before and after the irradiation. At the irradiation
time of 1min, there are a negative peak around 380 nm and
two positive peaks around 310 and 490 nm. This spectral change
is similar to that observed for trans ! cis photoisomerization of
azo except for a weak shoulder around 340 nm, indicating that
trans ! cis photoisomerization of the pendant azo group pre-
dominantly took place. The weak shoulder is due to the slight de-
crease of the silicon backbone in the helical conformation. With
the increase of the irradiation time, the decrease in the 340-nm
band due to the silicon backbone in the helical conformation be-
came remarkable. As the 435-nm irradiation did not induce the
photodecomposition of PMPS, the decrease in the 340-nm band
is attributable to the conformational change of the silicon back-

bone from the helix to random coil by the trans ! cis photoiso-
merization of pendant azo groups as shown in Scheme 2. The
reverse process was also observed upon heating to 130 �C,
although the efficiency of the reverse process was not so high
(25%). Above 130 �C, thermal decomposition of the pendant
azo group was observed. Glass transition temperature of PMPS
functionalized with azobenzene derivative was reported to be
155 �C16 and this high glass transition temperature of the silicon
backbone may be responsible for the low conversion efficiency
at 130 �C.
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Figure 2. Absorption spectral change of PMPS-azo0.5 thin
film observed upon irradiation with 435 nm light (a) and differ-
ence absorption spectra before and after the irradiation (b).
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Scheme 2. Schematic presentation of conformational change of
the silicon backbone induced by photoisomerization of the pend-
ant azo groups.
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