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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.

OTPUMAHHSA TA JOCJJIKEHHSA EKCTPAKTIB 13
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PO3TOPOIMIII IIJISIMUCTOI

3anopoxuuii B.I'., npodecop
Onecbka HalliOHAJIbLHA aKajJeMisi XapuyoBMX TexXHOJI0Tii, M. Oneca

3a0e3neuycHAs] HAaceleHHS CSPEKTUBHUMH Ta OC3MEYHUMH JIKAPCHKUMH TIperapaTaMH €
OHUM i3 TMPIOPUTETHUX 3aBJaHb B [bOMY BiJHOIICHHI 0COOJMBOI aKTYaJlbHOCTI HaOyBalOTh
Jikapceki pocimHHI npenaparu (JIPII), mo BoIOmifOTh MIMPOKUM Jialma30HOM TEPAEBTHIHOT i 1
psiioM mepeBar B MOPIBHIHHI 3 JIIKAPCHKUMHE 3aco0aMy CUHTETHYHOTO noxo pkeHHst. JIPIL BipizHsie
BiTHOCHO HU3BKUH PU3UK PO3BUTKY ajepTii, OUTBII M'IKHIA TepareBTHIHAN e(PeKT 1 Oe3meKy.

Meroro 1i€l po6oTH 0YyII0 JOCTIIKEHHS PEKUMIB Y 3-eKCTpaKIii PO3TOPOTILI MIIIMUCTOT.

SIK exkcTpareHT MM BHKOPHCTOBYBAJIM JUCTHJIBOBAHY BOAY 1 eTwioBuil cnuptr. [lns
eKCTpakiii Oyno B3ATO CHIBBIOHOIICHHsI cHpoBHHa:ekcTpareHT 1:10 (3a Baroro). 3acTocyBaHHS B
SKOCT] EKCTpareHTa BOAM NOB's3aHe 3 1i Xap4oBUM 1 hapMalleBTHUHUM BUKOPUCTAHHSIM.

VYIIbTpB3BYKOBOH T'eHEpaTop IeHEpyBaB MO3J0BXKHI MEXaHiuHI KOJMBAaHHS 3 4actoToio 30-
40 xI'm. 3aBasgku 3MIHHAM HacaJkaM MOXIIMBE OTPHUMaHHS HACTYITHHX [ialla30HIB MTOTYKHOCTCH:
Big 12,5 Br/cm® o 460 Br/em?*. Jani yactotu (30-40 k') He € HeGesneuHUME I 370pOB'sS
JFOJTUHH, aJie He PEKOMEHJIYEThCSI po00Ta MPUIIAJLy «BXOJIOCTY» (HAaCaJIKa HE 3HAXOJNTHCS B IKOMY-
HeOyIb CepeOBHILI).

Jlo excTpaxiii cHpoBHHY He TiIIaBaIN HIIKOIO TOIEPETHBOI0 00poOKOI0. YIBTpa3ByKOBUI
BIUIMB HAa TBEPJY POCIMHHY CHPOBHHY IIPOBOJMIIOCS 3 IHTEHCHBHICTIO BT/M’° mpoTsarom 5-
20 XBUJIHH.

[lomanpmie 30UIBIIEHHST Yacy YABTPa3BYKOBOI OOPOOKH HE TPHU3BOIUTH JIO 30LIBIICHHS
BMICTY 010JI0TIYHO aKTUBHHUX PEUYOBUH B PO3YMHI, @ BUKJIMKAE iX pyWHYBaHHS 1 IHAKTHBAIIIIO.

VipTpazBykoBa 00poOka NpoBOMIACS B Takuif cHocid: yabTpa3ByKOBHH TI'eHEpaTop
HaJNAIITOBYETHCS 34 IHTEHCHBHICTIO BILUIMBY, HaBakka pocinHHOI cupoBuHM (10 r) HacumaioTh B
XIMIYHHH cTakaH4uK 1 3ayBatoTh 100 M1 1MCTHIBOBAHOT BOAM a00 €TUIIOBOTO CIUPTY, MICHIS YOTr0
HacajKy TreHepaTopa 3aHypIOIOTh B I[el CTaKaHYHK 1 IPOBOIATH 0OPOOKY CHPOBUHH.

[Tix gac ynerpa3zBykoBoi 00poOku cepenopunie HarpiBaeTbes 10 30-40 °C (B 3aeKHOCTI Bij
MOTY)KHOCTI YIBTPa3BYKy 1 TPHUBAIOCTI BIUIMBY), IO HE MNPHU3BOAUTH 10 jaecTpykmii BAC
PO3TOPOTIIII.

[Micnst  3aBepiiicHHST 0OpoOKM po3unH  (UIBTPYIOTH (HEOOXITHO BHIANUTH 3aJHMINKH
postopori).[loTiv mpoBoAMIIOCS BUMIPIOBaHHS B'SI3KOCTI OTPUMAHOTO PO3YMHY 33 JOMOMOTOIO
BickoznMeTpa OcBasibia, a TAKOXK BU3HAYABCS CYyXHUH 3aJIMIIOK.

OTtpuMaHuil Cyxud 3ajJMIIOK 3BAKYBaJIM 1 MOBTOPHO PO3YMHSIIM B 0OCS31 BOAM PIBHOMY
BUXITHOTO (B3sITOMY Ui ekcTpakmii). Ilpn 1mpoMy B'A3KICTH €KCTPaKTIB BiTHOBIIOETHCS, IO
BOXJIMBO NPY NPAKTUYHOMY BUKOPUCTAHHI CYXMX KOMIIOHEHTIB po3ropornii.3 Tabmuuu 1 BUIHO,
10 MaKCUMAaJILHITH BHUXI1JT CYXOTO 3aJIMIIKY PO3TOPOIIIi € Tpu Y3 00poOKH eKCTPaKIIii MOTYKHICTIO
50 Br/m* npotsarom 20-50 xBwiuH. 3O6LIbIIEHHS NOTYXKHOCTI Y3 0OpOOKM NPU3BOJIMTHL JI0
HarpiBaHHg 1 mectpykiii onxepkyBanmx BAK. Ilpi 30inmbimeHHi Wacy eKcTpakilii BUXIJ CyXOTo
3IMIIKY MTPAKTHIHO HE 3MIHIOETHCS.

Taoaunsa 1 — 3HaueHHsI MAacC CyXO0ro 3aJHIIKY eKCTPAKTY PO3TOPOINIIi IJIAMUCTOI (T)
B 32J1€KHOCTI Bi/f 4acy Ta MOTY’KHOCTI YJIbTPa3BYKOBOI 00pOOKHU

Yac Iotyxnicts (B1/M?)
00poOKH, (XBUJIMHN) 10 20 50
5 0,0006 0,0007 0,00078
15 0,00065 0,00075 0,0008
20 0,00071 0,00082 0,00085
50 0,00077 0,00084 0,00088
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JlocnmikeHHS eKCTPAaKTiB PO3TOPOMII TIIIMHUCTOI MPOBOIWIOCS METOJOM XpoMaToMac-
CIIEKTPOMETPIl 3 Mac-CEeJICKTUBHHUM JIETEKTyBaHHSM Ha XpoMaromac-crektpomerpi Agilent 6890
N/5975 Inert GC/MS System, Ne US 10647009, 3 Mac-cenekTUBHUM AeTekTopoM 5975 Inert MSD,
Ne US 62724655 i aBrocamiuiepom 7683B Autolnjector,

OTtpumani xpomatorpaMu 0OpoOJUISIIN 32 IOTIOMOTO0 0i0TI0TEeKH Mac-CIIeKTPiB.

Puc. 1 — XpomaTomac-cleKTp eKCTPAKTY PO3TOPOIIT IIAMHCTOL

B pesynbrari aBroMaTu3oBaHoro nomyky 3 BukopuctaHusMm I[13 «NIST Mass Spectral
Search Programy» 2.0 B eKCTpakTi pocTOpommy iAcHTH(IKOBAHI HACTYITHI pEUYOBHUHU: OCH30MHOI
KHCJIOTH METHJIOBHH ectep, TupaMiH (7,8 xB), cuiiibunin (9,4 xB), crumaunadid (9,6 XB), HIKOTIHOBA
KucioTa, Tuctamin (14,8 XB), Tpyma pedyoBHH 3 Mac-CHEKTPAMH XapaKTepHUMH ISl TEpIICHIB,
TPUIIILEPIAN HEHACHYEHHUX KHCJIOT, SKi B OCHOBHOMY MICTSTh €CTEpMIIIHOJEBOI Ta 0JeTHOBOI
KHCJIOT, MHUPICTHHOBOI KHCJIOTH y Burisiai MoHorminepiny (20,1 xB). Takoxx Ha xpomarorpami
NPHUCYTHI PEYOBHHHM, SIKI MAIOTh MAacC-CIIEKTPU XapakTepHi s moJideHomiB Ta ¢irocTepois.
OmHak 0JHO3HAYHOI imeHTH iKaIii y 3B’ 3Ky 3 CITAOKIM PO3IIICHHSIM ITiKiB, TPOBECTH HE BIAIOCH.

B pesynprati mpoBeAeHHMX JIOCHIDKEHb HaJaHi PEKOMEHJAAlil MIOAO0 3acCTOCYBaHHS
€KCTPaKTIB PO3TOPOIIII IIIMHUCTOT.

BUKOPUCTAHHSA HEYITKOI'O PEI'YJIATOPA JUISA OINIHIOBAHHS
KOHKYPEHTO3JATHOCTI IIAIIPUEMCTBA

KonoBenko H.I'., k.(h.-M.H., noueHT, Pequenxo F0.C., k.¢.-M.H., 10LEHT,
Yepenko €.B., k.(p.-M.H., TOLEHT
O/ecpka HanioHATbHA aKa/ieMisi Xap4oBHUX TeXHOJIOTii, M. Ogeca

Jlns moOynoBM HEUiTKOTO perynstopa Oyno BukopuctaHo cepenosuiie MATLAB, B sike
MOTIepPEeIHBE0 3aBAHTAKYEThC MOYIb «Fuzzy».

HociimKyBanack 3aleXHICTh KOHKYPEHTO3JATHOCTI BiJI OLIHKM TPaHUYHOI KOPUCHOCTI
MTPOAYKTY, CYMapHOTO 00iry rpoIIOBHX CTaTKiB, 00‘eMy peaiizallii, 3aBaHTa)KEHOCTI CKJIalliB Ta
PEHTA0CILHOCTI aKTHUBIB.
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