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ELECTRON SPIN ECHO INVESTIGATIONS OV
TRAPPED EPR ACTIVE CENTERS IN OXYGEN
CONTAMINATED POLYACETYLENE ;
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Abstract: In this work, investigations of the electron spin-lattice relaxation of he tri
centers are presented. Electro- paramagnetic resonance (EPR) is a method fo sepa
the spectrum of these centers to calculate the spin-lattice relaxation time T1. [hee
mental results suggest the conclusion that oxygen contaminated polyacetylen unds
a structural phase transition of second order. '

I. INTRODUCTION

Polyaxetylene is very active to react with oxygen with catalyses the cistans is
ization already at lower temperature close to room temperature [1]. The mobil
the so formed neutral solitonlike paramagnetic conjugation defects in drasticdly re
[2.3]. Time resolved EPR have been proved to be a powerful method for separatir
spectrum of the trapped spin centers from that of the mobile centers [4.5].

The spin-lattice relaxation time T1 shows two peculiarities. It has an unusually
temperature dependence below 200K which can be related with a strongly hamonic
motion of the neighbored mobile centers contributing to the spin-lattice relaxition «
magnetic dipolar and hyperfine interaction. Furthermore, T1 showing at abait 21
discussed to be attributed to a new second order phase transition in oxygen catami
polyaxetylenes.

[. EXPERIMENTAL

Polyaxetylene was synthesized at 220 K following the procedure of Shrakav
Immediately after the preparation the samples were 15 minutes exposed to ar anc
vacuum stored at room temperature. Sample A is the untreated cis-rich povaxet
whereas sample B was heat- treated at 150 C for 30 minutes and is trans-ria.

The T1 measurements were carried out with a electron spin echo heterdyne
trometer working in X-band [7]. A three pulse sequence was used where the magneti
recovery was monitored by the primary echo.

The sample temperature was varied using a nitrogen gas flow controlledto +(
Between 90 K and 300 K and a Oxford helium flow cryostat ESR 9 betweent K &
K.

II. RESULTS

The electron spin-lattice relaxation rates 1/7) of both samples A and B inthe le
high temperature range are nearly identical and in comparison with the maile ¢
in the pure polyacetylene [4,8]. by one order of magnitude lower. In the mddle:
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20 K and 300 K the relaxation rate of sample A is some what higher. The
lure dependence can be described by:
OALM exp(©¢/T)
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(1)

e A;,i = 1,2. are constants. The third term is a usual Raman process due to
al lattice mode of energy k©¢. The second term describes the contribution of

anharmotic local motion ( ALM ) to the spin-lattice relaxation of the trapped
as e. g. discussed in [9] for a phonon assisted relaxation process via vibrational
f a particle within a square well potential.

©ALM

M, T

= [ Y exp(-m?@ALM/T)] ' {Y (2m+ 1)1 = (2m + 1)~

exp(—-m?©ALM/T)
: exp[(2m + 1)QALM/T] - 1} (2)

in [9] where the characteristic temperature. ©ALM = h/32kMa? is related to
states of a particle of mass M within an one-dimensional infinite well of the
2a. cormnputer fit of the experimental data with equ. (1)-gives A, = 850s~! and
,A; = 1,6.10%~! and 0,5.10%"!, ©ALM = 25 K and 19 K, A; = 22.10%s~! and
‘1 ©p = 745 K and 700 K for the samples A and B. respectively. Identifying the
particle as a moving sliton in a neighbored chain the characteristic temperatures,
corresponds to a range of the sliton motion of 44 and 50 c-c units sample A and

the temperature range between 200 K and 230 K a very striking anomaly of the
tice relaxation is observed, Several sharp peaks in the Tl temperature dependence
sured where t1 increase by more than 100 s within a small interval of few Kelvin.
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The drawn curve corresponds to equation (1)

e observed anomalies are far outside the limit of the experimental error. This type
nomaly is similar to that observed by the authors on paramagnetic-defect centers
e crystals undergoing structural phase transitions of second order [10/. Therefore,
erimental results suggest the conclusion that oxygen contaminated polyacetylene
pes a structural phase transition of second order which take place at somewhat
t temperatures due to the structural imperfections of the material.
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TAP CHI KHOA HOC, KHTN, BPHQGHN, t.Xil, n” 4, 1996

NGHIEN CUU PIEN TU SPIN-MANG TREN CAC
TAM HOAT TiNH EPR CUA POLYAXETYLEN NHIE! O3

Nguyén Van Nha va Nguyén Thi Bdo Ngoc
Dai hoc Su pham, DHQGHN

Bai bdo nay trinh bay viéc nghién ciru ve thoi gian hoi phuc dién tir sjin- mi
v&i cdc tam hoat tinh. Cdng hwdng tir dién tiy (EPR) 14 mét phwong phaj hiru
x4c 1ap phd cia cdc tAm nay, tir dé tinh dwgc thai gian hoi phuc spin-man; T). |
qud thuc nghiém thu dwoe khang dinh rang 6 xy xam nhdp vao trong cdcpolya
tao nén mét chuyén pha cau triic bac 2.
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