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Dielectric Relaxation in Polystyrene Thin Films Doped with DR1
Guest Molecules

Fedosov S.N.", Giacometti J.A.%, and Sergeeva A. E.

'Odessa National Academy of Food Technologies, Odessa, Ukraine, snfedosov@ukr.net
?|nstituto de Fisica de Sio Carlos, Universidade de Sio Paulo, Brazil

The information on the chromophore dynamic and stability of the poled
order in nonlinear optical polymers can be obtained by studying dielectric
relaxation processes. In this work, the dielectric properties of the guest-host
PS/DR1 system has been studied by the AC dielectric spectroscopy method at
frequencies from 1 Hz to 05 MHz and by the thermally stimulated
depolarization (TSD) current method in the range from -160 to 0°C.

There were four peaks on TSD curves at -15, -30, -61 and -129 °C. The
peak at the lowest temperature was attributed to the y-relaxation, while the peak
at -15 °C was probably caused by the space charge accumulated due to
interfacial and/or electrode processes. The origin of other two peaks was not
clear, but they were probably related to S-processes. Real and imaginary parts of
the dielectric constant ¢ in the frequency domain have been measured at constant
temperatures from 30 to 130 °C. The a-relaxation was seen as well defined loss
peaks at T higher than glass transition temperature Tq. Increase of the & with
decreasing frequency at sub-Ty temperatures can be attributed either to the
conductivity effect, or be considered as the high frequency part of the a-peaks
positioned out of the employed frequency range.

The empirical Havriliak-Negami’s model has been applied for fitting the
experimental data. It has been found that the experimental curve approached the
Debye curve (with increase of temperature) only from the low frequency side.
The dielectric strength in doped PS appeared to be much higher than that in pure
polymer indicating that the high dipole moment of the chromophore molecules
affects the dielectric constant of the system only at low frequencies.

We performed Hamon's transformation of the isothermal (absorption)
currents at different temperatures from 20 to 125 °C in order to obtain the
frequency dependence of the dielectric constant in this range. It has been found
that the temperature dependence of the characteristic peak frequencies at sub-T
temperatures was close to the Arrenius formula with the activation energy of
0.52 eV, while the Williams-Landel—Ferry model was more suitable above T,

Our results were in good agreement with the reported data on the same
system obtained by the more complicated measurements of the second harmonic
generation signal. Thus, the combination of three methods allowed us to study
dielectric properties of the system in wide range of temperatures and
frequencies.
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