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Abstract Experimental

UV absorption spectra of poly(methylphenylsilane) Poly(methylphenylsilane) was synthesized by means of
films were measured at varying temperatures frofC2®  the Wurtz coupling reaction of methylphenyldichlorosilane
200°C and a new thermal hysteresis in UV absorption of thavith sodium metal and purified by repeated fractional
polysilane films was observed. Once a polysilane film wagprecipitations.” The weight average molecular weight of the
annealed above its glass transition temperature, its U¥yolysilane (MW) was 226,000 with dispersity of 2.3.
absorption spectrum greatly and irreversibly changed. In  Poly(methylphenylsilane) was coated on a quartz plate
other words, the absorption spectrum intrinsic to a particuldoy a bar-coater from its toluene solution of extremely low
polysilane film is obtained only after it is annealed above itgoncentration and dried for 1 hour at room temperature and
T, This thermal hysteresis is discussed in relation to théor 2 hours at 8. Then the polysilane-coated substrate
changes in the micrtoscopic free spaces and in the holeas put in an optical probe connected to a photon counter
transport characteristics between the annealed and nofJNISOKU PCS-400) with an optical fiber. The optical
annealed polysilane films. We concluded that after grobe was put in an electric oven, and UV absorption was
polysilane film is annealed above itg, There occurs an measured at varying temperatures from room temperature to
irreversible re-distribution of the-conjugated domains in a 200°C. The rate of heating and cooling wa&min. The

way as to increase their average size. glass transition temperature of this sample was measured as
) 118°C by a DSC (Rigaku DSC8230D).
Introduction The microscopic free spaces in polysilane films were

measured by means of positron annihilation life-time
Organic polysilanes have been extensively studiedpectroscopy using the conventional fast-fast coincidence
because of their high hole drift mobilities @b 10° system.”NaCl was employed as a radioactive source and
cmi/Vs”® It is generally accepted that hole transport inthe source was enveloped by a piece of Kapton film with
polysilanes occurs by hopping through-conjugated thickness of 25um. Poly(methylphenylsilane) was casted
domains developed along their silicon main-chains. Sincen pure iron substrates from its toluene solution. The source
c-conjugated domains are considered as chromophores f6fNaCl enveloped by a piece of Kapton film) was
UV absorption of polysilanes, extensive stutliesve been sandwiched by two polysilane/Fe samples and placed on a
carried out on the UV characteristics of polysilanes insample holder equipped with a wolfram heater, and then the
relation to their microscopic main-chain structures. holder was inserted into a glass vessel, through which N
In this paper, we report the detailed thermochromigyas was kept flowing during the measurements. The range
behabior of poly(methylphenylsilane) films betweerf@5 of temperatures was from 25 to 180C and the rate of
and 200C and discuss the results in terms of the change iboth heating and cooling wa8Q/min. The life-time spectra
the average size of theconjugated domains caused by thewere computer-fitted by using “POSITRONFIT” in the
thermal motion of the main-chains. The thermal change iPATFIT-88 program of Kirkegaard et l.
the microscopic free spaces in poly(methylphenylsilane) Samples for the drift mobility measurements were of a
films were also measured by positron annihilation life-timesandwich type of Au/polysilane filmc& 12 pm)/bisazo
spectroscopy. We will also discuss the hole transpotompound ¢a. 1 pum)/AI/PET film. Poly(methylphenyl-
characteristics of poly(methylphenylsilane) based on thessilane) was coated by a bar-coater from its toluene solution,
two results. and dried in the same manner as the samples for UV
measurements. Then the polysilane film was annealed at
130°C for 6 hours in vacuum. The rate of heating and
cooling was 2IC/min. The hole drift mobilities were
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measured by means of the conventional Time-of-Flight
(TOF) technique. 344t
. . 342} (a)
Results and Discussion
340

UV Absorption E 338)

Figure 1 shows temperature dependences of (a) the UV = 3561
absorption maximuma(,,) ascribed tas-c* transition in a < —e— .
poly(methylphenylsilane) film and (b) the absorbance at the 334f o 1st heat_mg
A during heating, cooling and the second heating cycles 332} —v— Lst COOI'r_'g
between 25C and 206C at a rate of IC/min. 13 L 2nd heatin

It is noted that botfi, _ and the absorbance in the first '
heating step quite differ from those in the fisrt cooling step
and the second heating step. This large hysteresis is 12f (b
explained as follows. The as-prepared polysilane film 3 I
retains considerable amount of strain which is built-in S 11t
during the evapolation of the solvent. The built-in strain 'g i
may be completely relaxed by heating up to°ZDBeyond 2 10
T, (118C). Thus the first cooling step and the second <
heating step are free from the effect of the in-born strain and 09} :Bt heating
may exibit the intrinsic temperature dependences of the ! +1St cooling
respective absorption parameters. We will discuss this 08 _~_12nd heating
“intrinsic” spectral change in terms of the change in size '
and number of the chromophores-donjugated domains) 0 50 100 150 200
caused by the thermal motions of the silicon main-chains. Temperature (°C)

With increasing temperatures from°g5to 1258C (close to
T), A, increases and the absorbance is invariant, whil
from 1258C to 200C &, is constant and the absorbance
decreases.

This result is rather difficult to explain only by the
conformational change of the main-chains most often Figure 2 shows temperature dependences of (a) ortho-
observed in the conventional thermochromism of poly{positronium life-times and (b) their relative intensities for a
silanes. Generally, as the temperature increases, thpoly(methylphenylisilane) film in the same heating and
conformation of the main-chains changes toward moreooling cycles as in Fig. 1. Thermal hysteresis is again
disordered form resulting in the blue shiftip,, However, clearly observed in both the life-time and the relative
Fig. I(a) shows the opposite trend. intensity. Once the polysilane film was annealed abqyé T

We propose an alternative model to explain the resultevealed the thermal response of the life-time and the
In the temperature range beloy fhe re-distribution of the relative intensity “intrinsic” to poly(methylphenylsilane).
c-conjugation along the main-chains occurs according tdhe average radius of the free spaces can be calculated
the thermal motion of the main-chains. With increasingaccording to the semi-empirical equations (1) and (2).
temperatures, the average size of dheonjugated domains . 1
becomes biggeri(  increases) and their numbers decrease. =0.5/1-RIRO0+sin(2RIR0)/ 2/ @
The absorbance became larger by the bigger domains and
became smaller by the smaller numbers of the domains: the
net effect on the absorbance was almost zero. In theheret is a life-time of a positron or a positronium and R is
temperature range above, Tthe conformational change the free volume radius (FVR).
comes into play by the easier motion of the main-chains, Figure 2 shows firstly that the room-temperature FVR
inducing both_ , and the absorbance to decrease. Wef the as-prepared film calculated from egs. (1) and (2) is
propose that there occurs the thermal re-distribution of th8.1A and considerably larger than that (2.8A) of the film
c-conjugation along the main-chains in the whole range ofinnealed at temperatures above Secondly the intrinsic

%igure 1. Temperature dependences of fa) and (b) the
absorbance at__in a poly(methylphenylsilane) film

R=RO4R (AR=0.166 nm) )

the temperatures adopted in this study. FVR monotonously increased and the numbers of the free
spaces (corresponding to the relative intensity) slightly
Microscopic Free Space decreased with increasing temperatures. This result may

Since thes-conjugated domains are formed along thesimply be explained by the thermal expansion of the film.
silicon backbones, the spatial disposition of the domains is The combiation of the results of Fig. 1 and Fig. 2
determined by the relative positions of the individualallows us to give more detailed description of the thermal
polymer chains. Thus the information on the microscopichange intrinsic to the poly(methylphenylsilane). As the
inner structure of a polysilane film is particularly importanttempera-ture increases from room temperature, the thermal
for the better understanding of the UV absorption andxpansion occurs and the free volume spaces keep
therefore of the hole transport characteristics. increasing, resulting in easier motion of the silicon
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backbones. According to the movement of the badkbonehere p, is the prefactor mobility of a hypothetical
chains the re-distribution of the-conjugation along the crystalline structure (with no disordery, is the energy
backnone chains constantly occurs. In this process, theidth of Gaussian distribution of hopping sites,is the
average size of the-conjugated domains grows bigger with degree of the positional disorder of hopping sites, F is the
increasing temperatures at the expense of the numbers aléctric field and C is a constant.

thecs-conjugated domains.
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2nd heating
30 - . : L : : : Table 1 summarizes the obtained disorder parameters,
50 100 150 200 together withA,__ and the absorbance from Fig. 1, and the

0 average free volume radius (FVR) from Fig. 2.
Temperature ( C) g (FVR) g
Table 1. The Disorder Papametes),,. , the Absorbance

Figure 2. Temperature dependences of (a) ortho-positronium Iife?)r;?y (I\Iz\e/tiyl;)Ohrentyhltseilaﬁz_)PFrﬁrFr)\asred and the Annealed

times and (b) the relative intensities in a poly(methylphenylsilane

film .
Film 10 /em/ o/meV £ A__/nm Abs. FVR/A
Vs
Hole Transport Characteristics As-prep. 27 90 23 1335 098 31
As described in the preceeding sections, we found that
the as-prepared poly(methylphenylsilane) film retainsapnealed 3.4 92 25 340 1.18 2.8

considerable amount of built-in strain and has larger frée
spaces and smaller numbers wtonjugated domains of
smaller size than those of the film annealed at temperatures Taple 1 shows that both, s values for the annealed

above T. On the basis of these results, we proceeded tQm are all slightly larger than those for the as-prepared
study the effect of annealing upon hole transporfim. These changes, at first, seemed rather unexpected
characteristics. o considering the smaller FVR for the annealed film

_ Figure 3 shows electric-field dependences of the holg,gicating the shorter average distance between the main-
drift mobilities at 293K for the as-prepared film and thecnajns, But the key factor in this case is the size and the
annealed film. The two values at each electric field do nohymper of thes-conjugated domains whose information is
change much, but the slope for the annealed sample jgost dirctly obtained by the absorption parameters shown in
slightly but discernibly smaller than that for the as-prepateggple 1. Upon annealing both . and the absorbance
one, demonstrating that there appears an influence @lcome larger due to the relaxation from the in-born strain
annealing in hole transport properties in poly(methylyhich may correspond to the heterogeneous distribution of
phenylsilane). The temperature dependences were studiediag space sizes suggested by the measured FVR. Thus in the
shown in Fig. 4 and deconvoluted in the framework of thynnealed film, there are various sizes wtonjugated
disorder formalism by Béassler et'&l expressed as in eq. 3. domains leading to the larger positional disorddrand the

1= 1,8XPY-(2013KTY JexyC{(ofkTY-2° JF*2] (£>1.5) @3) largr enegetic dosordes). The small increase ip, value
for the annealed film shows that the bigger spaces in the as-
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prepared film are not homogenously positioned but rather The change in the hole transport characteristics

aligned in the direction perpendicular to the film surfacebetween the as-prepared and the annealed poly(methyl-

because the solvent evapolates and leaves space in thisenylsilane) films was successfully explained on the basis

direction. Reversibly, the densities of theconjugated of the thermal hysteresis of UV absorption combined with

domains are smaller in the perpendicular direction. the information on the thermal change in the microscopic
free spaces.
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