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Polysilanes2 have been widely investigated in the past
decades because of their potential use in the field of
materials science. Applications of these materials re-
quire the ability to tailor the structure and composition
at the nanometer level. In particular, the ability to
generate systems of higher order structures such as
supramolecular assemblies is very important.3,4 There-
fore, it is highly desirable to design polysilanes with
such an ability to self-assemble. Very recently, a vesicle
of an amphiphilic multiblock copolymer with poly-
(phenylmethylsilane) has been reported.5 In this paper,
we report polysilane-based micelles of amphiphilic
diblock copolymer. It is extremely intriguing to examine
the electronic properties of hydrophobic polysilanes in
the form of core inside a hydrophilic enclosure (corona),
since polysilanes exhibit unique electronic spectra de-
pending upon their conformation, which changes with
the environment.6

Recently, we have developed a novel method of
polysilane synthesis based on anionic polymerization of
masked disilenes (i.e., 1-phenyl-7,8-disilabicyclo[2.2.2]-
octa-2,5-diene derivatives) to obtain polysilanes with
highly controlled structures.7 The polymer we report in
this paper is poly(1,1-dimethyl-2,2-dihexyldisilene)-b-
poly(2-hydroxyethyl methacrylate) (PMHS-b-PHEMA).
Poly(1,1-dimethyl-2,2-dihexyldisilene) (PMHS) was se-
lected as the polysilane block, since this polysilane
shows abrupt thermochromism in solution and also in
the solid state.

First, two samples of diblock copolymers, which differ
in the relative lengths of their blocks, were prepared
by the anionic polymerization of the masked disilenes,
followed by the second polymerization with 2-(trimeth-
ylsilyloxy)ethyl methacrylate.8 Hydrolysis of the trim-
ethylsilyl protecting groups gave the block copolymers,
PMHS-b-PHEMA (Scheme 1).9

The copolymer 1 with a longer PHEMA, insoluble in
both hexane and toluene, appears to be soluble in
methanol, but forms a colloidal solution. Dynamic light-
scattering (DLS) experiments of 1 in methanol indicated
a monodispersed particle size distribution, the Z-aver-
age hydrodynamic diameter (Dh) being estimated as 50-
80 nm in the concentration range of 10-3-10 -1 g/L at
20 °C. Since the calculated molecular length of 1 is about
35 nm, the copolymer should form spherelike aggregates
(micelles). Indeed, static light-scattering (SLS) experi-
ments demonstrated the shape of the aggregates to be
ellipsoidal. In contrast, the copolymer 2 with longer
PMHS chains dissolves in toluene but also forms ag-
gregates. Light-scattering studies indicate 2 should form

aggregates with Dh of 150 nm having a rodlike aniso-
tropic shape at the polymer concentration of 0.046 g/L
under the conditions.

In UV spectra of these two copolymers, 1 in methanol
exhibits λmax at 334 nm while 2 in toluene shows λmax
at 307 nm. The absorption at 334 nm of 1 is identical
to the absorption of 1 in the solid state at room
temperature, where the PMHS block takes a trans
conformation. These spectroscopic characteristics indi-
cate that, in 1, the PMHS block exists in the hydropho-
bic core as a solid surrounded by the hydrophilic
PHEMA block while, in 2, the PMHS block exists in a
corona being exposed to toluene, a good solvent for
PMHS, where the PMHS block takes a random confor-
mation.10

It is interesting to examine whether these amphiphilic
block copolymers show critical micellization phenomena
because it is a fundamental process in colloid forma-
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Figure 1. Concentration-dependent UV spectra of 1 in
methanol. The inset shows the relative increment of absor-
bance at 280 and 334 nm.

Scheme 1
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tion.11 Figure 1 shows the dependence of UV absorption
of 1 on concentrations. Absorption at 334 nm due to all-
trans solid states decreased upon dilution from 6.00 ×
10-3 g/L and disappeared almost completely at 0.75 ×
10-3 g/L with evolution of a new absorption at 280 nm
due to the random coil structure. These spectral char-
acteristics could be reasonably explained by synchro-
nized conformational changes of the PMHS block with
micelle formation. The micelle structures of 1, with a
PMHS block in the core, are maintained at concentra-
tions down to 0.75 × 10-3 g/L and then micelles are
destroyed upon further dilution to give a unimer in
solution, which adopts random coil structures.12 This
particular concentration should correspond to the criti-
cal micelle concentration (cmc) under these conditions.13

Next, the dynamic behavior of the copolymer 1 on
changing the solvent composition was studied. The
absorption maximum of 1 at 334 nm in 100% methanol
(0.02 g/L) decreased on addition of toluene while the
concentration of the copolymer was kept constant
(Figure 2). A new peak at around 310 nm started to
grow as a shoulder (methanol/toluene ) 70/30) when
toluene was added, and then the peak grew constantly.
DLS experiments indicated that the average Dh of 80
nm in 100% methanol decreased to 20 nm in a methanol/
toluene (70/30) mixed solvent. Then the average Dh
increased again to 140 nm on increasing the toluene
proportion further (methanol/toluene ) 40/60). The
observed phenomena could be explained as follows: the
micelles with PMHS in the core are destroyed by adding
toluene and then form another aggregate with PMHS
as corona (reverse micelle).

Since 1 forms kinetically frozen micelles and the
component polysilane block has a glass transition tem-
perature (Tg) higher than room temperature, it is
expected that the morphology of the copolymer can be
observed directly by the technique of atomic force
microscopy (AFM) operating in the tapping mode.14

Structures of the copolymer 1 in the solid film on mica
coated from a methanol solution (0.043 g/L) indicated
ellipsoidal structures with a size of 50-60 nm (Figure
3) in agreement with SLS experiments.15

The amphiphilic polysilane block copolymers should
be important as materials for further applications as a
means of controlling the nanoscale molecular organiza-
tion. Further work is in progress.
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