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Polysilane Dendrimer. Synthesis and Characterization of [2,2-(Me3Si)2Si3Mes]3SiMe
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The entitled compound was synthesized by using a step-
growth polymerization technique and its molecular structure was
determined by X-ray crystallography. This dendrimer showed a
distinct UV absorption maximum at 264 nm and exhibited two
very feeble fluorescence maxima at 320 nm and 400 nm.

Polysilanes are an interesting class of photo-electronic
materials which exhibit excitonic UV absorption and
photoluminescence.l This behavior is attributed to delocalized
electronic states derived from o-conjugated silicon-silicon bonds
in the polymer backbone. It was confirmed that the photo-
electronic properties of polysilanes are influenced by the
dimensionality of the silicon backbone structure. For example, 1-
dimensional polysilanes (linear polysilanes) show strong
photoluminescence in the ultraviolet around 350 nm.1-3 On the
other hand, 3-dimensional polysilanes (network polysilanes),
which consist of a random backbone structure, exhibit weak
photoluminescence in the visible region.4,5

Polysilane dendrimers will attract much attention as
organosilicon clusters of well-defined nanostructures. These
molecules are ideal systems for studying how physical properties
depend on the o-conjugated silicon architecture. Unique properties
and potential new applications are also possible from this novel
class of polysilanes. There have been several reports regarding the
synthesis of polysilane dendrimers.%7 We also have successfully
synthesized the same type of the first generation polysilane
dendrimer, [2,2-(Me;Si),SisMes];SiMe, (1) using a step-growth
polymerization technique according to the following scheme and
investigated the optical properties of this dendrimer 1. The
synthesis and characterization of the polysilane dendrimer 1 is
described below.
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(CIMe,Si);SiMe8 (1.63 g, 5 mmol) was dissolved in 100 mL
of toluene, to which a THF solution of 15 mmol of (Me;Si);SiLi?
was slowly added at 0 °C. After stirring for 40 h, the reaction
mixture was filtered to remove the salts. Organic solvents were
distilled under reduced pressure and the volatile by-products were
removed by sublimation. To the yellow semisolid residue was
added 50 mL of methanol. The precipitated white solids were
filtered from the methanolic solution giving 440 mg (11.5% yield)
of 1, mp 248-252 °C, which was soluble in common solvents
such as benzene, toluene, xylene, n-hexane, CHCl3, and THF
and insoluble in CH;0H, CH;CN, and acetone.

We have obtained crystals of 1 for X-ray diffraction
analysis.12 The crystal structure is illustrated in Figure 1. The
Si(1)-Si(2), Si(2)-Si(3), and Si(3)-Si(4)(average) bond lengths
are 2.384, 2.424, and 2.362 A, respectively, which are longer
than that of tetrakis(trimethylsilyl)silane.!3 The dihedral angles of
Si(1)-Si(2)-Si(3)-Si(4), Si(2)-Si(1)-Si(5)-Si(6), and Si(5)-Si(1)-
Si(2)-Si(3) are 31.9°, 62.0°, and 182.6°, respectively, which
show the silicon skeleton of 1 is twisted to minimize the van der
Waals energy between methyl groups.
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Figure 1. The crystal structure of 1.

The 29Si NMR signals of 1 are in the reasonable intensity ratio
and can be assigned to the primary, secondary, tertiary, and
quaternary signals of & = -8.76 (primary), -25.49 (secondary),
-37.13 (tertiary), and -119.83 (quaternary) ppm, respectively.
Although tertiary silicon is generally observed between -60 and
-90 ppm,14 interestingly, the tertiary silicon of 1 was shifted
considerably downfield.

The UV absorption spectrum of 1 in hexane showed a distinct
absorption maximum at 264 nm (e= 3000, per Si unit), which
looked like the spectrum of linear (1-dimensional) polysilanes
(Figure 2). The dendrimer 1 contains tertiary and quaternary
silicons and is considered to consist of 3-dimensional o-
conjugated silicon architecture, but the spectrum of 1 was
obviously different from that of network (3-dimensional)
polysilanes, which did not exhibit a distinct absorption maximum.
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Interestingly, the absorption maximum of 1 (264nm) was almost
identical to that of the linear heptasilane(266nm).15 Although 1
has sixteen silicon atoms in the dendritic structure, the longest
polysilane chain of this dendrimer consists of seven silicon atoms.
Namely, the UV absorption maximum of 1 depended on the
longest silicon chain length (=7) irrespective of the total number
of silicon atoms.
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Figure 2. UV absorption spectrum of 1 in hexane.
||lll||II|IIIIT|1_|’|IXIXV|(||'II
- Ex (Em=400nm) |
B Em (Ex=250nm) _|
Els .
o
g | -
oy
fa [~ —
Q
£ | i
co b e e ey
200 250 300 350 400 450 500
Wavelength/nm

‘Figure 3. Emission and excitation spectra of 1 in hexane.

On the other hand, the fluorescence spectrum was obviously
different from that of linear polysilanes. Figure 3 shows the
fluorescence spectrum of 1 in a dilute hexane solution (1.7x10-3
mol of 1 dm-3). The dendrimer 1 exhibited two very feeble broad
emission maxima at 320 nm and 400 nm and did not exhibit a
strong emission which is usually observed for linear polysilanes.
It is considered that the visible fluorescence similar to network
polysilanes is due to the high dimensionality of the silicon
backbone structure. The quantum yield of 1 (<0.1%) could not be
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exactly determined, but it was less than that of network
polysilanes (0.2-0.3%). The reason of this low quantum yield is
not clear but might be attributed to the regularity branched silicon
architecture.
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