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Kinetics of Chain Organization at the Thermochromic Transition of Polysilanes!
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Kinetics of the conformational transition of polysilanes was
studied by monitoring the time dependent changes in UV
absorption.  The conformational change is regarded as a process
of the crystallization and its time evolution in conformity to the
scaling law with three-dimensional growth of the transition.

Poly(di-n-hexylsilane) (PDHS), which is studied in detail,
exhibits an abrupt thermochromism in a narrow temperature range
both in solution and in the solid state.” The absorption maxima
of PDHS in the solid state shifts from 365 nm at room
temperature to 315 nm above the transition temperature (42 C).
This unique behavior is originated from the conformational
change of the polysilane backbone between hexagonal columnar
liquid-crystalline forms and an all-trans crystalline form.”> The
most important point is that the conformational transition of
PDHS is accompanied with a well-defined first order phase
transition which is made clear by DSC measurement.”
Therefore, the thermochromic behavior is a good probe for the
first order phase transition of polysilane.  Although the
conformational transition of polysilanes has been studied by a
large number of investigators,4 little is known about the kinetics.’
We wish to report herein the kinetics of the conformational
transition of polysilanes focused on the process of the
crystallization by monitoring the time dependent changes in UV
absorption.

PDHS was synthesized by the conventional Wurtz-coupling
condensation (Mn = 1.8x10°; Mw/Mn = 2.3). Films of PDHS
were prepared by casting a solution of the polymer in benzene
onto quartz plates followed by evaporation.6 The reversible
thermochromism of PDHS has a thermal hysteresis and the
transition occurred at 42 °C in a heating run and at 29 C in a
cooling run measured by DSC.” In order to study the kinetics of
the conformational transition of the polysilane, a polymer film of
PDHS was heated at 60 °C for several minutes and then quenched
by cooling rapidly below the transition temperature. Then the
change of UV spectra of the film was measured with a few
seconds intervals. A typical example of the observed time-
dependent UV spectra is shown in Figure 1. Intensities of the
absorption peak of the all-trans low temperature form (365 nm)
increased gradually, while those of the high temperature form
(315 nm) decreased. During the changes, a clear isosbestic
point was observed at 335 nm.  Existence of the isosbestic point
indicates the coexistence of well-defined two phases. Thus the
conformational transition must be a cooperative interconversion
of the two phases.

In these measurement the fraction of all-trans form (X(1)) is
given by,
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where I(7) is the intensity at 365 nm at the time #.  The resulting

absorption intensities of the trans fraction (X (#)) versus time at 20,
25 and 27 °C are shown in Figure 2. The growth rate of the
trans fraction increased with decreasing the quenching
temperature.’
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Figure 1. Time-dependent UV spectra of poly(di-n-
hexylsilane) in the solid state measured with 15 seconds
intervals when quenched from 60 °C to 25 °C.
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Figure 2. Time dependence of the trans fraction of
poly(di-n-hexylsilane) quenched from 60 °C to 20 °C ([,
25°C (O), and 27 °C (A).

A key concept of understanding the phase transitions is the
scaling law.® According to the scaling law, the curves
representing the growth of the ordered species formed by the
change of controlling factors must have a universal shape when
expressed in terms of a scaled time. In this study the
characteristic scaling time (z,,) for the transformation was defined
by the relation of X(t,,) = 1/2 for each quenching temperature.
As shown in Figure 3, the trans fractions at each temperature fit
nicely to a universal shape when plotted against the scaled time (7
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In the scaling law, X(z) is expressed as a function of
nucleation rate (/) and domain-wall growth rate (v). The
simplest picture of the nucleation and the growth of domain-wall
that satisfies a required scaling is the following. When the
temperature of a system is instantaneously lowered below the
transition temperature, the micro grains of the stable phase
formed randomly at a constant rate, /. Since [ is time
independent, I decreases with the fraction of metastable phase
remaining, 1-X(t). Once formed, the grain grows isotropically
with a constant domain-wall growth rate, v. Since the model is
characterized by two parameters I and v, it follows that there
exists a single characteristic scaling time.  Accordingly, the time
dependency of X must be universal when expressed in terms of
the scaled time. Then an explicit expression for X (z) was given
by,

X0 =1- exp[—D J.;I[vt' ]"dr'] )

D=2,m,4n/3 ford=1,2,3
where d is the dimension of growth and ¢' is a time after the
nucleation.”'®  For the conformational transition of polysilanes
the following universal scaling function was derived from eq. 2,
where 71is the scaled time mentioned above.

X(t)=1—-exp(-In2-79) 3

This scaled theoretical curve is compared with the
experimental data in Figure 3.  The theoretical curve ford = 3 is
in good agreement with the experimental points.”’12
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Figure 3. Universal scaled curves plotted in terms of the
characteristic scaled times for the transformation of poly(di-
n-hexylsilane) in the solid state.

There are some problem for the model applied for the analysis
of our measurement. It should be noticed that there exists the
time scale and length (or spatial) scale in the scaling function. "
If additional measurement of the length scaling could be made,
more detailed microscopic model of the phase transition for the
polysilane would be discussed. Nevertheless, the mechanism of
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the phase transition for this polysilane must be independent of the
temperature covered in this measurement, i.e., the thermo-
chromism of polysilanes is regarded as a process of the
crystallization and its time evolution in conformity to the scaling
law with three-dimensional growth of the transition.
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