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Introduction
The design and development of smart materials for a

chiroptical switch and memory at the molecular level
is a challenging issue for miniaturization in materials
science and engineering.1 The basic requirement for a
switching system is the bistable states of a molecule,
which can be rapidly interconverted by an external
stimulus.2 In many synthetic polymers containing enan-
tiopure chiral side chains (e.g., polyisocyanates,3 poly-
acetylenes,4 polythiophenes,5 polyfluorenes,6 and pol-
ysilanes7), their backbone adopts a preferential screw
sense, P (plus, right-handed) or M (minus, left-handed).
Such polymers are promising candidates as molecular
chiroptical switches because of their reversible bistable
states, which can be assigned as either “+1 and -1”
through the helix-helix transition or “+1 and 0”
through the helix-coil transition. The conformational
change of polymers can be detected in the absorption
region of the polymer chains by circular dichroism (CD).

Although many studies have been established con-
cerning the switching of the helical conformation in
solution, they might be preliminary. A focus on the
transition, either in bulk thin film or in a polymer
matrix, is needed from a practical viewpoint.8 The glass
transition temperature (Tg) is the critical factor in the
design of the chiroptical switch in the solid state. Below
Tg, the segmental motion of the polymer chain is frozen.
Even above Tg, the response time would depend on the
difference between Tg and the conformational transition
temperature (Tc). Thus, the polymer having a relatively
low Tg may be a good candidate for practical application.

Polysilanes exhibit a unique electronic absorption
band in the UV region ranging from 300 to 400 nm,
which is assigned to the σ-σ* electronic transition of
the delocalized electrons along the silicon backbone.9
The conformation of polysilanes strongly depends on the
substituent species, and the position of λmax in the UV
absorption reflects their conformation in connection with
the degree of conjugation. Especially, in polysilanes
having enantiopure chiral side chains, their helical
sense can be characterized by the Kuhn dissymmetry
ratio (gabs), ∆ε/ε, because the CD spectra generally show
a similar profile to the UV absorption band, and the
value of gabs gives the quantitative information associ-
ated with the degree of a preferential screw sense.10

Polysilanes possessing relevant enantiopure chiral side
chains will, therefore, be successful candidates for a
chiroptical switch and memory at the molecular level.

In this work, we report on the helix-coil transition
of poly{(S)-3,7-dimethyloctyl-n-propylsilane}, PDMOPS,
in solution as well as in the solid state and on the
feasibility of its application as chiroptical switches and
memory.

Experimental Section
General. The solid film was prepared by casting from an

isooctane solution (0.5 mg/mL). The UV and CD absorption
spectra of the thin film were recorded simultaneously on a
JASCO J-725 spectropolarimeter equipped with a liquid
nitrogen controller in a cryostat, ranging from 20 to -60 °C.
The scanning condition was as follows: a scanning rate of 500
nm/min, a bandwidth of 1 nm, a response time of 1 s, and a
single accumulation. 13C and 29Si NMR spectra were measured
in CDCl3 with a JEOL EX-400 spectrometer. Optical rotation
at the Na D line was measured with a JASCO P-1020
polarimeter using quartz cells with a path length of 10 and
100 mm for the monomer and the polymer, respectively, at
room temperature. The weight-average molecular weight (Mw)
and number-average molecular weight (Mn) were determined
using gel permeation chromatography (Shimadzu A10 instru-
ments, Plgel 10 µm MIXED-B as a column and HPLC-grade
tetrahydrofuran as an eluent) at 40 °C, based on a calibration
with polystyrene standards. The differential scanning calori-
metric (DSC) analysis was performed on a Seiko EXSTAR6000/
DSC6200 instrument with a heating rate of 10.0 °C/min.

Materials. (S)-3,7-Dimethyloctyl-n-propyldichlorosilane: (S)-
3,7-Dimethyloctyl bromide (28.4 g, 130 mmol) was reacted with
Mg (3.8 g, 156 mmol) in dry tetrahydrofuran (100 mL) at 50
°C. The Grignard reagent was added to n-propyltrichlorosilane
(23.0 g, 130 mmol) in dry tetrahydrofuran (100 mL) at 50 °C.
The salts were removed by filtration from the reaction mixture.
The crude product was purified by distillation to give the
desired monomer as a colorless liquid in 45% yield; bp ) 139-
141 °C (10 mmHg). 13C NMR in CDCl3 (ppm): 16.14, 17.21,
17.54, 19.06, 22.58, 22.60, 22.70, 24.71, 27.95, 29.10, 34.77,
36.43, 39.27. 29Si NMR in CDCl3 (ppm): 33.88, [R]D

24 ) 2.00°
(neat).

Poly{(S)-3,7-dimethyloctyl-n-propylsilane}, PDMOPS: Fresh-
ly distilled monomer (10 g, 35.3 mmol) was added dropwise to
1.71 g (74.2 mmol) of Na metal suspended in 30 mL of refluxing
toluene while vigorously stirring under a nitrogen atmosphere.
After 2 h, the reaction mixture was cooled to room tempera-
ture, and 100 mL of dry toluene was added to reduce solution
viscosity. Stirring was continued for a further 30 min. The
reaction mixture was passed through a 2 µm PTFE filter under
nitrogen gas pressure. To the clear filtrate, 2-propanol and
ethanol as precipitating solvents were carefully added. Several
portions of the white precipitates were collected by centrifuga-
tion and dried in vacuo at 80 °C. Yield ) 5.5%, fraction 1: Mw

) 1 700 000 and Mw/Mn ) 1.79, fraction 2: Mw ) 330 000 and
Mw/Mn ) 1.87. 29Si NMR in CDCl3 (ppm): -24.6, [R]D

22 ) 10.5°
(1.0 mg/mL, in isooctane), d ) 0.884 g/cm3.

Results and Discussion
In Dilute Solution. From the 29Si NMR line width

(∆ν1/2) of around 26 Hz in CDCl3 at 30 °C,11 PDMOPS
is expected to adopt a fairly flexible conformation with
freely rotating Si-Si bonds in solution. This coillike
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Scheme 1. Chemical Structure of PDMOPS
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shape can also be explained by weak broad UV absorp-
tion (ε ) 13 000 (Si repeat unit)-1 dm3 cm-1 and fwhm
) 26.6 nm) in isooctane at 20 °C (Figure 1). The
flexibility of PDMOPS may be attributed to the inef-
fective packing between γ-branching 3,7-dimethyloctyl
and relatively short n-propyl groups around the Si
backbone at room temperature. PDMOPS showed no
detectable Cotton effect, despite enantiopure chiral side
chains, in isooctane at 20 °C, which means there was
no selectivity between left and right circularly polarized
light in the absorption. However, PDMOPS underwent
the transition from a coillike conformation (ε ) 11 300
(Si repeat unit)-1 dm3 cm-1 and gabs ) 0 at 80 °C) to a
stable helical conformation (ε ) 30 700 (Si repeat unit)-1

dm3 cm-1 and gabs ) 1.72 × 10-4 at -80 °C) having a
preferential screw sense as the temperature decreased.
The fwhm (full width at half-maximum) of UV absorp-
tion peak, the degree of the inhomogeneity of chro-
mophores, became narrower upon cooling with a rela-
tively strong temperature dependence between 20 and
-40 °C, which means the degree of freedom in the
rotation of Si-Si bonds falls off with decreasing tem-
perature and the main chain of PDMOPS maintains its
rigidity. Despite the chain rigidity formed to some
extent, PDMOPS seems to include many helical rever-
sals in their main chain, showing the relatively small

value of gabs (∆ε/ε ) 0.65 × 10-4) at -40 °C. However,
the Kuhn dissymmetry ratio increased steeply with
strong dependence on the decreasing temperature below
-40 °C. Concurrently with the increasing gabs, the λmax
shifted to a longer wavelength. This red shift of the UV
absorption peak suggests the elongation of the effective
conjugation length through the excess of single-screw
helical conformation formed by the movement and/or
disappearance of helical reversals.

In Thin Solid Film. The thermal behavior of PD-
MOPS was analyzed in the bulk state using differential
scanning calorimetry (DSC). The DSC thermogram
displayed a second-order transition at -47 °C and a
first-order transition at -8 °C corresponding to the glass
transition and the helix-coil transition, respectively
(Figure 2). The heat flow (∆H ) 0.08 J/g) for the helix-
coil transition in PDMOPS was relatively small, but
highly reproducible.12

Figure 3 shows the UV and CD spectra of the
PDMOPS film cast from an isooctane solution at a
second heating run (heating/cooling rates of around 1-5
°C/min).13 Although there was no detectable CD absorp-
tion at 20 °C, PDMOPS showed the strong Cotton effect
at -40 °C,14 indicating a coil-to-helix transition of
PDMOPS in the solid state with decreasing tempera-
ture. This transition can be well correlated with DSC
results. The positive Cotton effect could result from a
single polymer chain because of the similarity between
the UV and CD absorption profiles, and no bisignate
CD signal attributable to exciton coupling between
polymer chains at even -60 °C. Although PDMOPS
showed the strong Cotton effect at low temperature in
solution as well as in the solid state, the global confor-
mations of polymer chains in both states may be
significantly different. PDMOPS in solution is assumed
to adopt a stiff global conformation with a relatively long
persistence length and an excess of single screw sense
through the transition at low temperature.7c However,
the entire conformation of the polymer chains in the
solid state appeared to be difficult to change with
decreasing temperature, even above their glass transi-
tion temperature, because of the excluded volume of
other chains and the chain entanglements.

The helix-coil transition in the thin solid film can
be explained by some parameters, such as fwhm, λmax
and ∆OD/OD (OD ) optical density, ∆OD/OD is defined
as 2(ODL - ODR)/(ODL + ODR)). The fwhm of the UV
absorption band became narrower when decreasing the
temperature from 20 to -40 °C and turned out to be
constant below -40 °C, which means the homogeneity
of chromophores was induced according to the decreas-

Figure 1. For PDMOPS in isooctane (a) UV and CD absorp-
tion spectra and (b) gabs (∆ε/ε), λmax, and fwhm as a function of
temperature; Mw ) 330 000, Mw/Mn ) 1.87, concentration )
7.35 × 10-5 M.

Figure 2. DSC thermogram of PDMOPS obtained upon
second heating with heating rate of 10 °C /min.
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ing degree of freedom in the rotation of Si-Si bonds like
in solution. The λmax shifted slightly to a longer wave-
length with decreasing temperature from 20 to -20 °C
and shifted to a shorter wavelength below -20 °C. In
solution, the increase of the ∆ε/ε was accompanied by
the red shift of λmax, while in the thin film, the ∆OD/
OD increased simultaneously with the slight blue shift
of λmax. This phenomenon in the solid state may be
attributed to the difficulty in change of global conforma-
tion when decreasing the temperature as mentioned
above. Therefore, it is likely that the Cotton effect in
the solid state was induced through the movement and/
or disappearance of helical reversal within the localized
segments and that this induction of helix was not
accompanied by the change of the global conformation.

The helix-coil transition of PDMOPS in the solid
state was highly reversible with changing temperature.
Figure 4 shows the dependence of ∆OD/OD on the
repeating cycle of the temperature in the range from
-20 to 20 °C. The values of ∆OD/OD at each temper-
ature were relatively reproducible, which could be
attributed to the low Tg. Suggested from the small heat
flow of only 0.08 J/g, weak van der Waals interaction
among the side chains is presumably responsible for the
reversible chiroptical switching between optically active
and inactive states.

Conclusion

We demonstrated the thermodriven helix-coil transi-
tion of PDMOPS in solution as well as in the solid state.
The transition temperature in the solid state was 50
°C higher than that in solution. The helix-coil transi-
tion in solution accompanied the elongation of the
conjugation length through the global conformational
change. However, in the solid state, the change in such
global conformation could hardly occur during the
helix-coil transition and the observed Cotton effect was
ascribed to the induced helix in the local segments. The
helix-coil transition in the solid state was highly
reversible and can be applicable in the switching system
assigned as “+1 and 0”.
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