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Much attention has been focused on the remarkable
thermochromism of linear chain polysilanes.1 The tem-
perature dependence of the absorption spectrum of a
linear polysilane is discontinuous; in a very narrow
temperature range upon cooling, one absorption band
disappears and a new band grows in at a longer
wavelength region. Typically, while poly(dihexylsi-
lylene) exhibits an intense absorption band at ca. 315
nm at room temperatures, upon cooling below ca -30
°C, the absorption bandwidth becomes much narrower
and the maximum shifts to about 350 nm. The origin
of the thermochromism is usually ascribed to the
transition at low temperatures from a random coil to a
nearly all-trans rod of the silicon backbone,2 while Miller
et al. have proposed that the red shift with decreasing
temperature is caused by aggregation of polysilane
chains.3

Recently, we have reported the synthesis and struc-
ture of linear eicosapropyldecasilanes with two chiral
aralkyl substituents at the terminal silicon atoms; these
oligosilanes show sharp and intense circular dichroism
(CD) spectra at low temperatures due to the loose-helical
chirality of the silicon chain with the dihedral angles
of 165-170° (15/7 helix) for all the Si tetrads.4 We
report here that the helical chirality is induced in a
linear polysilane polymer by introduction of the terminal
point chirality. The observed coupled Cotton effects are
explained by an exciton coupling model of two loose
helical polysilane chromophores having 10-20 silicon
atoms (segments) at a kink where σ conjugation in a
linear polysilane chain is disconnected.

Poly(dihexylsilylene)s with terminal chiral groups, 1a
and 1b, were synthesized by Wurtz couplings of dihexyl-
dichlorosilane with (R)- (2a) and (S)-2-phenylpropyl-
dihexylchlorosilane (2b), respectively,5 using sodium
dispersion in octane (eq 1). 1H NMR spectra of 1a and

1b showed that about 18% of terminals in these two
polymers were the chiral substituents.6 These polymers
were purified by reprecipitation with a mixture of

toluene and 2-propanol and then by freeze-drying from
a benzene solution. The structure of 1a and 1b was
determined by 1H, 13C, and 29Si NMR spectroscopy.6 The
Mn values of 1a and 1b were determined to be 6000 and
5000, respectively, which correspond to ca. 30 and 25
dihexylsilylene units, respectively.

Figure 1 shows temperature-dependent UV-vis ab-
sorption spectra of poly(dihexylsilylene)s terminated by
an (S)-2-phenylpropyl group (1b). Since the averaged
molecular weight of 1b is not high, the bandwidth at
213 K is rather wider than that of a poly(dihexylsilylene)
with high molecular weight (Mn > 105). However,
thermochromic behavior observed for 1b is dramatic
similarly to that for the high-molecular weight poly-
(dihexylsilylene). A similar temperature dependence of
the UV-vis spectrum is observed for 1a. There are no
significant effects of terminal chiral groups on the
thermochromic behavior of linear polysilanes.

Parts a and b of Figure 2 show temperature-depend-
ent CD spectra of 1a and 1b, respectively. While no
Cotton bands were observed at higher temperatures
than 233 K, two intense CD bands of opposite sign were
observed for 1a and 1b at low temperatures. The
appearance temperature of the CD band (233 K) is
parallel to the transition temperature in the UV-vis
spectra. These features are similar to those found for
linear decasilanes with terminal chiral groups,4 indicat-
ing that the helical chirality of the polysilane chains of
1a and 1b is induced by the terminal chiral groups at
lower temperatures. An interesting difference between
decasilanes with terminal chiral substituents and the
present polysilanes is the coupled Cotton effect in the
latter, while the former shows the relatively simple
positive and negative CD bands depending on the
chirality of the terminal substituents. The coupled
features of the Cotton bands of 1a and 1b are almost a
mirror image of each other. The central points of these
Cotton bands are completely the same as the λmax of the
polymers at the corresponding temperatures. The areas
of the negative and positive Cotton bands are almost
the same as each other.

All the features of the Cotton effects and their
temperature dependence of 1a are independent of the
concentrations between 8.0 × 10-6 and 8.0 × 10-5 M
per Si unit. The coupled Cotton effects observed in
polysilanes 1a and 1b would be ascribed to the intramo-
lecular origin at least in lower concentrations than 8.0
× 10-5 M per Si unit.
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Figure 1. Temperature-dependent UV-vis spectra of 1b (5.8
× 10-5 M per Si unit) in isopentane/methylcyclohexane (5/1):
(‚‚‚) at 233 K, (- -) at 223 K, and (s) at 213 K.
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Whereas two CD bands of opposite sign have been
reported by Möller, Matyjaszewski, et al.,7 and Fujiki,8
the proposed origin is different from each other. Möller
et al. ascribed the origin of the apparent coupled Cotton
band in solution and in a thin film of poly(dipentylsi-
lylene-co-di[(S)-2-methylbutylsilylene]) to the interac-
tion between electronic transitions of the chirally or-
dered chromophoric units. On the other hand, weak
positive and negative Cotton bands were observed for
a solution of poly[(S)-2-methylbutyl-methylsilylene] by
Fujiki, who has concluded that there are two parts with
different helicities in a polymer molecule on the basis
of the absorption-band selective photolysis.

In agreement with the explanation provided by Möller
et al.,7b the coupled Cotton effects of 1a and 1b are
explained by the exciton coupling between two polysi-
lane chromophores. Polymers 1a and 1b have however
chiral groups only at the terminals of the polymer chain,
while regulation of the main-chain helicity is achieved
by side-chain chiral substituents for the polymers of
Möller7 and Fujiki.8 The following is a picture depicted
for the coupled Cotton effects of our chiral polymers:
The most stable conformation of the poly(dihexylsi-
lylene) main chain will be a loose helical coil with the
dihedral angles of ca. 170° for every Si tetrad as
revealed by MM2 force field calculations for oligo(di-n-
alkylsilylene)s4,9 and by X-ray crystallographic analysis
of 1,6-di[(R)-2-phenylpropyl]dodecapropylhexasilane.4
Whereas the poly(dihexylsilylene) chain behaves as a
random coil at higher temperatures, the population of
the loose helical coil structure will increase with de-
creasing temperatures. According to the segment model
for linear polysilanes,1b a polysilane chain at low tem-
peratures will be divided into several loose-helical
segments by kinks, where the σ conjugation in the main
chain is disconnected; one to two dozen silicon atoms
are supposed to exist in a segment and the dihedral
angle of the Si-Si-Si-Si sequence at the kink is

assumed to be 60 (gauche) or 90° (ortho).9f,10 The chiral
terminal groups in 1a and 1b regulate the hand of
helicity of the loose-helical segments, which will in turn
regulate the direction of twist at a kink as schematically
represented in Figure 3. The MM2 force field calcula-
tions have confirmed that when the hand of helicity of
a polysilane segment is fixed to the right-hand, the
positive twist is more stable than the negative, and the
left-handed helicity leads to the negative twist.

Interaction of two chromophores will cause the Davi-
dov split of the transition energy. According to the
theory of the interaction of two chromophores,11,12 the
absorption and CD spectra are classified into the
following three patterns depending on the dihedral
angle (θ) of the two transition dipoles: (a) when θ ) 0°,
the transition of high energy side is forbidden by
canceling out of the transition moments, (b) when θ )
180°, the transition of the low energy side is forbidden,
and (c) when 0° < θ < 180°, the two transitions are
allowed. When θ ) 90°, the coupled Cotton bands of
oposite sign and equal intensity will be observed in the
CD spectrum, while the two bands will be overlapped
in the absorption spectrum. The observed CD spectrum
of 1b is deconvoluted to two split bands (∆ν ) 863 cm-1)
with the same absolute intensity and half-bandwidth

Figure 2. Temperature-dependent CD spectra of (a) 1a (5.3
× 10-5 M per Si unit) and (b) 1b (5.8 × 10-5 M per Si unit) in
isopentane/methylcyclohexane (5/1). The ∆ε values were not
corrected for the content of chiral groups in a polymer.

Figure 3. Schematic representation of regulation of the
direction of twist at a kink of a poly(dihexylsilylene) with (a)
terminal (R)- and (b) (S)-2-phenylpropyl groups.

Figure 4. (a) Deconvolution of a CD spectrum of 1b: (‚‚‚)
observed, (- -,-‚-) component, and (s) reconstructed spectra.
(b) Comparison of a UV-vis spectrum of 1b observed at 213
K in isopentane/methylcyclohexane (5/1) and the reconstructed
using the deconvoluted two CD bands. The discrepancy
between experimental and calculated spectra would be as-
cribed to the low content of the chiral substituents in the
polymer.
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(1040 cm-1). As shown in Figure 4, using the deconvo-
luted two CD bands, the observed UV-vis spectrum is
well reconstructed. The CD spectral features of 1a and
1b are compatible with case c (θ ≈ 90°).
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