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Thermochromism of Poly(di-n-hexylsilane) in Solution Revisited
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ABSTRACT: Solutions of poly(di-n-hexylsilane) in hexane, after aging for 5 days, exhibit on cooling two
long-wavelength absorption bands at 357 and 368 nm, in addition to the normal high-temperature band
at 320 nm. These UV absorptions probably represent different conformations of the polymer chain and
so provide evidence for the simultaneous presence in solution of three different conformational forms.
This is the first time such an observation has been made for a polysilanes and perhaps for any polymer.

The UV thermochromism of polysilane polymers in
solution, first reported in 1986,12 has been the subject
of numerous experimental and theoretical studies.?~10
For many polysilanes, as the temperature is decreased,
the prominent o—o* absorption band near 320 nm is
replaced by one at longer wavelength. These different
bands are believed to represent different polymer chain
conformations, which exist in equilibrium in polysilane
solutions.

This thermochromism was first observed for poly(di-
n-hexylsilylene), PDHS, which has become probably the
best studied of all polysilanes. According to previous
reports,~* solutions of PDHS at room temperature
exhibit a broad absorption near 320 nm (band 1). As the
temperature is decreased to —50 °C, this band decreases
in intensity and a new absorption (band I1) grows in at
~357 nm, indicating straightening of the polysilane
chain leading to greater o-conjugation. The thermo-
chromism is reversible upon warming.

We now find that under some circumstances PDHS
may exhibit an absorption at 368 nm (band Ill) in
addition to those at 320 and 357 nm. The 368 nm
absorption band probably represents an even more
extended form of the polymer. This is the first time that
three different conformations of a polysilane, and per-
haps of any polymer, have been observed simulta-
neously in solution.!!

Experimental Section

PDHS was prepared by the usual sodium condensation of
di-n-hexyldichlorosilane® and purified by reprecipitation from
toluene with 2-propanol. The purified polymer was monomodal
with M,, 1 708 000 and polydispersity 2.3 (GPC, polystyrene
standards). A solution of the polymer, between 107%> and 10~
mol (Si unit) L™! in hexane, was placed in a specially
constructed, hermetically sealed, temperature-controlled metal
cell with quartz windows and optical path = 50 mm. The
temperature was controlled with a Pt resist (R = 100 ohm),
placed directly into the solution. The temperature was main-
tained with an accuracy of £1 °C in the interval from +20 to
—60 °C. UV spectra were determined with a computerized Carl
Zeiss M40 spectrophotometer.

Results and Discussion

Figure 1 shows the evolution of the electronic spec-
trum of a freshly prepared solution of PDHS on fast
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Figure 1. Temperature evolution of the UV spectrum of
PDHS upon rapid cooling of the fresh solution. Cooling from
+20 to —45 °C (a) and from —40 to —55 °C (b).

cooling. Between +20 and —40 °C, band | shifted
gradually to longer wavelength, from 317.5 to 322 nm
(Figure 1a, Table 1). Upon further cooling from —40 to
—55 °C, band | disappeared and band Il grew in (Figure
1b). The change was rapidly reversible upon warming.
This is the classical “type 3” behavior for polysilanes in
solution.3# Band |1 is quite narrow, with half-width Avy;,
=650 cm™1.

Analogous experiments with the same solution carried
out during the next 4 days gave the same results.
However, on the fifth day, while carrying out rapid
cooling in the identical manner, it was noticed that band
11 had become broader, Avy, = 1000 cm~1. When the
solution was immediately reheated, band Il once again
disappeared, but as shown in Figure 2, at 0 °C a small,
third absorption was observed at 368 nm (band I11). On
further heating to room temperature, band 111 became
less intense but did not disappear completely; this
happened only after keeping the solution at room
temperature overnight.

When the aged PDHS solution was cooled under
quasi-equilibrium conditions (that is, very slowly, in a
stepwise manner, each temperature being maintained
not less than half an hour until the spectral pattern
stabilized), band 111 appeared first in the interval from
—10 to —20 °C, prior to formation of band Il. The latter
became noticeable only at —45 °C and then grew in and
became dominant with further cooing. Detailed behavior
of bands Il and I11 upon slow cooling of the solution from
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Table 1. Temperature Dependence of imax Of the UV Bands Observed for ["Hex,Si]n, Solution in Hexane

temp, °C +20 -5 -15 —-25
band I, nm 317.5 318.8 319.4 320.1
band Il, nm
band 111, nm 367.8
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Figure 2. First detection of band Il during heating of the
aged solution from —55 to 0 °C.
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Figure 3. Temperature evolution of the UV spectrum of
PDHS in solution upon slow cooling from —25 to —60 °C. Only
the region 330—400 nm is presented, where bands Il and 111
of more ordered forms are situated.

—25 to —60° C is illustrated in Figure 3. Band Il grew
in slowly as the temperature was decreased, its half-
width being ca. 750 cm~!. At about —45 °C band Il
began to grow in, much more rapidly. Below —50 °C
band 111 correspondingly revealed itself only as a
shoulder on the more prominent band Il absorption. As
shown in Table 1, bands Il and Ill both blue shift
slightly upon cooling, as is typical for the UV absorp-
tions for ordered polysilane macromolecules.?

When the solution of Figure 3 was warmed slowly,
band Il disappeared promptly, but band 111 persisted
even up to room temperature. The latter band disap-
peared only over about 16 h at 20° C.

These observations may be interpreted as follows.

1. Band I, at ca. 320 nm, corresponds to a disordered
form of the polymer, since it is very broad (Avi, = 3000
cm™1) and red-shifts upon cooling, consistent with
gradual straightening of the polysilane chain.

—35 —40 —45 —50 —55
320.7 322 322.6 3235
358 357 356
366 364.8

2. The band I and band Il forms of the polymer are
in rapid equilibrium.

3. Band Il must represent an ordered form of the
polysilane chain but cannot be all-anti (trans) as sug-
gested in the earlier literature. A possible arrangement
is a transoid helix, with Si—Si—Si—Si torsional angles
near 165°.313

4. Band 111 also represents an ordered arrangement
of the polysilane chain, with greater torsional angles,
perhaps anti (trans) or near anti. The slow, kinetically
limited disappearance of this form upon warming, and
the fact that it appears only in aged solutions, suggests
that it may be due to the gradual reversible aggregation
of polymer molecules. Aggregation of PDHS in solution
has Been observed previously in light-scattering stud-
ies.”

Our results show that PDHS can exist in three
different conformational forms in solution, not two as
previously reported. Two of the forms are in rapid
equilibrium, but the third equilibrates only slowly. In
the future fluorescence emission and excitation spectra
for these forms will be investigated, to examine the
possibility of excitonic interactions as reported earlier
for Siig(CH3)s34,1* and other polysilanes will be studied
to see whether they also exhibit such multiple confor-
mations in solution.
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