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APPLICATION OF DIELECTRIC SPECTROSCOPY AND TSDC METHODS
FOR STUDYING RELAXATION IN NON-LINEAR OPTICAL AND
FERROELECTRIC POLYMERS

Prof. A.E. Sergeeva, Prof. S.N. Fedosov
Odessa National Academy of Food Technologies

Non linear optical polymers with huge chromophore molecules incorporated in a polymer
matrix have prospects of wide application in modern optical devices for the second harmonic
generation (SHG), the optical parametric amplification (OPA), the optical rectification (OR), etc.,
therefore their stability and relaxation behavior are of the great practical and theoretical interest.

It is known that the relaxation behavior of dye molecules in guest-host polymer systems is
related to the molecular motion in the polymer. From another side, addition of a foreign substance
to a polymer modifies its relaxation behavior. These processes in nonlinear optical (NLO) polymers
are interrelated and both affect stability of the poled order. Therefore, investigation of the relaxation
processes can give information on the chromophore dynamics and stability of the poled order.

In this work we study a system obtained by doping atactic polystyrene (PS) with disperse
red 1 (DR1) dye molecules. Main transitions in PS are well established. The a-process is the glass-
rubber transition observed near 7, temperature. The f-transition is seen at sub-7, temperatures from
—10 to +60 °C, while y and ¢ are cryogenic transitions at —120 and —230 °C correspondingly. The
objective of this study was to find how doping affects the relaxation processes in PS.

Dielectric properties of PVDF, P(VDF-TFE) and polystyrene doped with DRI1 dye
molecules have been studied by the diclectric spectroscopy from —60 to +120 °C at frequencies
from 1 Hz to 5 MHz and by the TSDC method from —160 to +140 °C. Relaxation peaks were also
calculated from isothermal absorption currents using Hamon’s approximation.

Three relaxation processes were identified in ferroelectric polymers, namely o-relaxation in
amorphous phase, -relaxation in a glassy state and interfacial or space charge relaxation at 60-
100 °C. A non-Debye o-peak at —45 °C related to glass transition had a broad distribution of
relaxation times. The same process gave rise to &''(f) peak at —20 °C and 30 kHz. -relaxation was
seen as a broad TSDC peak at —135 °C. In nonlinear optical polymer, B, y and p-processes were
identified from TSDC peaks at —60, -130 and —10 °C correspondingly.

The loss factor £"(f) dependence showed an a-peak with its position changing from 10 Hz at
100 °C to 3*10* Hz at 130 °C and narrowing with temperature, but being still much broader than the
Debye peak. From isothermal current decay at 25, 75, 95 and 125 °C we calculated &' (f) peaks at
infra-low frequencies from 10~ to 102 Hz.

From temperature dependence of peaks position we have found the activation energy of o-
relaxation Qq=2.57 ¢V, while all peaks at infra-low frequencies corresponded to B-relaxation with
Qp=0.52 eV. Temperature dependence of the relaxation time t(T) agreed with the Williams-Landel-
Ferry model with ©(Tg)=200 sec and glass transition temperature T;=86 °C. The &''(f) peaks were
fitted with Havriliak-Negami model and corresponding distribution parameters have been obtained.

Finally, it has been found that the PS/DR1 system is not a thermoreologically simple one, so
that the temperature-time superposition principle is not applicable for 7>7,. Although the S-
processes are similar in both pure and doped PS, nevertheless some quantitative difference has been
detected. The TSDC and loss peaks in PS/DR1 were more prominent than in pure PS. The data can
be used for estimation thermal and temporal stability of polarization in NLO polymers.
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