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Substituent Effects on Catalytic Synthesis and Properties of Poly(phenylsilane)
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Catalytic dehydrogenative polymerization of phenylsilanes
with electron-withdrawing substituents using dimethylzircono-
cene as a catalyst afforded the corresponding polysilanes with
rather high molecular weights.  Significant substituent effects
were observed on the electronic spectra of the polymers.

Polysilanes have attracted much attention owing to their
unique electronic properties based on the delocalized σ-elec-
trons over the silicon backbone and their potential applications
for the new materials such as microelectronics and integrated
optics.1 Although polysilanes having functional groups are
interesting synthetic targets to explore the novel optoelectronic
properties of the polymers, the direct syntheses by the conven-
tional Wurtz-type coupling polymerizations are usually diffi-
cult.2,3  While the dehydrogenative coupling of trihydrosilanes
catalyzed by group-4 metallocenes4 in mild condition provides
a possible way to introduce the functionality into the polysi-
lane, the molecular weights of the resulting polymers are usual-
ly low.  We have investigated polymerization of various
phenylsilanes using dimethylzirconocene as a catalyst and
found that phenylsilanes with electron-withdrawing sub-
stituents produce the corresponding poly(phenylsilane)s with
rather high molecular weights.  Unique absorption spectra of
these polysilanes are also demonstrated.

In a typical polymerization experiment, a mixture of
dimethylzirconocene (1 mol%) and a substituted phenylsilane
(0.5 ml) in a Schlenk flask was stirred at room temperature in a
glovebox (Eq. 1).  The reaction started with evolution of hydro-
gen gas and produced after a few days a viscous oil or solids
depending on the substituents.  After the catalyst was oxidized
by air exposure, the product mixture was diluted with toluene
and then filtered through a Florisil column (100 ~ 200 mesh, 10
cm x 2 cm φ).  Removal of volatiles yielded off-white tacky
solids.  The resulting polymers were usually soluble in organic
solvents, but less soluble if the molecular weights are high.
The polymers were analyzed by 1H and 29Si NMR spectro-
scopies5 and gel permeation chromatography (GPC; poly-
styrene standards). 

The results of the catalytic polymerization are summarized
in Table 1.  The weight-average molecular weight (Mw) of the
unsubstituted poly(phenylsilane) obtained in our experiment
was 3500 (entry 1), being comparable to those reported.4

Polymerization of phenylsilanes substituted by electron-donat-
ing groups afforded the corresponding poly(phenylsilane)s with
Mw of 2100 ~ 4200 (entries 2 ~ 6), which were a little lower or

comparable with that of poly(phenylsilane); phenylsilanes with
electron-donating substituents have been reported6 not to poly-
merize with a conventional zirconocene catalyst system. p-
(Dimethylamino)phenylsilane gave only a low-molecular-
weight oligomer (entry 6), probably because of the strong coor-
dination ability of an amino group to the metal center.7 In con-
trast, phenylsilanes with electron-withdrawing groups afforded
polymers with high molecular weights, except for entries 10
and 11.  m-(Trifluoromethyl)phenylsilane produced the poly-
mer with Mw of 17.2 x 103 (entry 9).  The molecular weights
are the highest among those for poly(phenylsilane)s obtained
by dehydrogenative coupling; recent records were polysilanes
with Mw of 13.8 x 103 and Mw of 11.9 x 103 reported by
Harrod8 and Tanaka,6 respectively.  On the other hand, the
polymerization of m,m’-bis(trifluoromethyl)phenylsilane and
(pentafluoro)phenylsilane gave only low-molecular-weight
oligomers.5 The results indicate that the degree of polymeriza-
tion is strongly affected by both electronic and steric effects of
the substituents.  Electron-withdrawing and less bulky sub-
stituents are favorable for the catalytic polymerization.  

Whereas the σ-bond metathesis is the most accepted
mechanism for the polymerization,4 the electronic nature of the
transition state still remains open.  The mechanism for
dehydrogenative coupling of phenylsilanes should be consis-
tent with the present substituent effects.  It is noteworthy that
Waymouth et al. have reported that the polymerization of m-
and p-(trifluoromethyl)phenylsilanes catalyzed by
Cp2Zr[Si(SiMe3)3]Me is faster than that of phenylsilane, while
the molecular weights of their polymers are very low (Mw =
1540 ~ 2870);9 it is suggested that the molecular weight is
related to the polymerization rate but also sensitive to the reac-
tion conditions.

The 1H NMR spectra of these substituted poly-
(phenylsilane)s in benzene-d6 exhibited a major broad signal at
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3.6 ~ 4.8 ppm due to SiH for linear polysilane together with a
minor broad signal at 4.8 ~ 5.6 ppm assignable to SiH in cyclic
oligomers.4 In the 29Si NMR spectra of the polymers, a broad
resonance with three peaks was observed in the range of –53 ~
–66 ppm, in substantially consistent with the reported feature
for poly(phenylsilane).10

Figure 1 shows UV absorption spectra of a series of sub-
stituted poly(phenylsilane)s in THF.  These polysilanes
showed two absorption maxima (λmax) at ca. 250 nm and ca.
300 nm; the absorption coefficient per Si-Si bond of the former
band (ε1) is much larger than that of the latter (ε2).  The
absorption maxima of these polysilanes are remarkably blue-
shifted in comparison with those of poly(diarylsilane)s; the
λmax for the σ-σ* transition of poly(di-p-ethylphenylsilane) is
reported to be 389 nm (ε/Si-Si = 10.2 x 103).11 The large blue-
shift in poly(phenylsilane)s is indicative of the folded confor-
mation of the main chain, as suggested by Waymouth et al.3d

Interestingly, ε1/ε2 ratios in the poly(phenysilane)s are strongly
dependent on the electronic effects of the substituents; the ε1/ε2
value is increased by an electron-donating substituent but
decreased by an electron-withdrawing substituent.12 The
σ→σ* and σ→π* transitions are candidates of the electronic
transitions responsible for these two bands.  On the basis of the
intense absorption of the longer-wavelengh band observed in
the polymer derived from m-(trifluoromethyl)phenylsilane and
the expected low intensity of the σ→σ* band for the polysi-
lanes with the folded silicon chain, the 300 nm band is tenta-
tively assigned to be the σ→σ* transition coupled significantly
with the σ→π* transition.  Further works on the absorption
and emission properties of these poly(phenylsilane)s are in
progress.
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