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POLING OF SIDE-CHAIN NON-LINEAR OPTICAL THIN
POLYMERFILMS DURING THEIR SOLIDIFICATION

1S.N. Fedosov, P. Carr, *A.E. Sergeeva
!Odessa National Academy of Food Technologies, Odessa, Ukraine
2University of Leeds, Leeds, UK

Due to potential applications in telecommunication and photonic nano-micro devices, non-
linear optical (NLO) polymers attracted growing interest of researchers during the past years. In
order to activate the performance of a side-chain NLO polymer, it must be poled, i.e. subjected to a
high DC field at the temperature exceeding the glass transition temperature T4 of the host polymer.
However, some polymers start to decompose even before their Ty is reached. Thus, this
phenomenon should be considered for selecting a poling procedure.

We developed a novel method for poling NLO polymers at temperatures much lower than
their Ty in the solid state. High mobility of polymer matrix and chains necessary for alignment of
dipoles was provided by the artificial lowering of the Tg. The samples were poled in a corona
discharge while they were still in a viscous state, or even during their spinning from the
corresponding solution. Thus, the solidification occurs in the electric field created by corona ions
adsorbed on the surface of the forming film.

The method was tested at the copolymer of methyimetacrilate and 4-
(methacryloyloxypropoxy)-4'-nitrostilbene having Ty about 70 °C in the solid state. Cyclopentanone
was used as a solvent. We modified a photoresist spin coater for our experiments by insulating the
chuck, connecting the electrometer for measuring poling current, and placing a specially designed
corona triode over the spin coater. Microscopic glass slides with evaporated Al electrodes were
used as substrates. Films of the NLO polymer of about 20 um thickness were spinned from the
solution. Kinetics of the solidification at room temperature was measured by monitoring the electric
conductivity and the weight of the samples. After the initial sharp decrease of both parameters due
to evaporation of the solvent, the steady-state condition of the solidification has been reached in
about 1 h. During all this time, a negative corona was applied. In some samples we observed
remarkable decrease of the poling current in 50-60 min indicating probably that poling is
completed. Quasi-static measurements of the pyroelectric coefficient and the thermally stimulated
depolarization (TSD) current were performed in order to evaluate the poling efficiency.

It has been found that the position of the Ty peak at the TSD current curve depended on the
storage time of the poled samples, gradually increasing from 54 to 68 °C. Relatively high values of
the pyrocoefficient of about 2 C/m?K were observed clearly indicating that the side-chain dipoles
were properly aligned. The method can be recommended for poling other NLO polymers with high
Tg.

DIELECTRIC RELAXATION IN POLYSTYRENE THIN FILMS DOPED
WITH DR1 GUEST MOLECULES

1S.N. Fedosov, J.A. ?Giacometti, and 'A.E. Sergeeva
!Odessa National Academy of Food Technologies, Odessa, Ukraine, snfedosov@ukr.net
’Instituto de Fisica de Sdo Carlos, Universidade de Sdao 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 0.5 MHz and by the thermally stimulated
depolarization (TSD) current method in the range from —160 to 0 °C.
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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 p-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 Tg. Increase of the € with decreasing frequency at sub-Tg 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-Tg¢ 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 Ty

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.

YJIBbTPA3BYKOBA EKCTPAKIIA IIOJICAXAPU/IIB JIBOHY

3anopoxnmnii B.I'., npogecop
Onecbka HallioOHAJBLHA aKaJAeMisi Xap4oBHX TexHoJIoriii, M. Oneca

3acToCyBaHHsI yJIbTPA3BYKOBUX KOJMBAaHb B XIMIUHIA TE€XHOJOTII € IOCUTh MEPCIIEKTUBHUM:
B 0araTbOX BHIIaJKaX BOHO 3a0e3leuye BUKIIOYHO BHCOKY IHTEHCHBHICTH TEXHOJOTIYHOTO
MpoLecy, HEe JOCSKHY 3a JOMOMOIOK TaKUX LIMPOKO TMOUIMPEHUX METOMIB SIK MeXaHIuHe
nepeMillyBaHHs, 3aCTOCYBaHHS BUCOKHMX TeMIIEpaTyp 1 TUCKIB Ta iH. Tomy npoOiema 3acTocyBaHHS
YIBTPa3BYKY B IIPOIIECax XIMIYHOT TEXHOJIOT11 3aCTyrOBY€E Ha CEPHO3HY yBary.

B sxocTi ekcTpareHTa MU BHKOPHUCTOBYBAJIM JUCTUJIbOBaHY Boay. st excrpakuii Oyio
B35ITO CIIBBITHOIIEHHS CHPOBUHM : ekcTpareHt 1:10 (3a Baroro).
3acTocyBaHHS B SKOCTI €KCTpareHTa BOJM IOB's3aHe 3 1 XapyoBor 1 (hapManeBTUUHOIO
3aCTOCOBHICTIO.

VY bTpa3ByKOBUI reHepaToOp reHepyBaB MO3/10BKHI MEXaH14H1 KOJIMBaHHS 3 yacToToro 30-40
k['11. 3aBAsSKM 3MIHHUM HacaJkaM MOXJIMBE OTPUMAHHSI HACTYITHOTO Jiana3oHy MOTY>KHOCTEH: Bijl
12,5 Bt/em o 460 Bt/cm. ani wactotu (30-40 kI'11) He € HeOE3MEUHUMHU ISl 3/TOPOB'S JIFOIMHH,
ajie He PEKOMEHIYEThCS poOOTa MPUIIATy «BXOJIOCTY» (HacaJKka HE HAaBAaHTAXKEHA B sIKE-HEOYIb
CEpEeIOBHUIIIE).

Jlo ekcrpakmii cMpoBHHA HE TijagaBaiacs HisSKid morepenHiii oOpoOii. YIbTpa3ByKOBHiA
BITUB Ha TBEPAY POCIHHHY CUPOBUHY (HACIHHA JIbOHY) MPOBOAMIIOCS 3 1 IHTEHCHUBHICTIO BT/M
npoTsAroM 5-20 XBUIJIMH.

[Tonanpiie 30UIBIICHHS Yacy YJIBTPAa3BYKOBOI OOpOOKM HE TPHU3BOIAUTH 10 301IBIICHHS
BMICTY 010JIOTIYHO aKTHBHHUX PEYOBUH B PO3UHMHI, a BUKJIMKAE X PYHHYBaHHS 1 IHAKTHBAIIIIO.

[TpoBoauoCs: BUMipIOBaHHS B’SI3KICTI OTPUMAHOTO PO3YMHY 3a JOMOMOIOI0 BiCKO3UMETDA,
a TaKO’K BU3HAYABCS CYXHH 3aJIMIIOK.
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