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Snmmary. The thermally stimulated depolarization currents 
frompoly(2-ethynylnaphtalene) with cis-oisoidal and trans- 
cisoidal structures were studied over the temperature range 
200-380 K. The single peak# of the cis-cisoidal isomer was 
assigned to the Maxwell-Wagner polarization. The ~l and ~2 

peaks of the trans-cisoidal isomer arise from a single dipo- 
lar relaxation process and respectively from a dipolar rela- 
xation distributed in natural frequency. Certalns assigne- 
ments are based on comparative work on polyphenylacetylene. 

Introduction. In recent years, the novel electric properties 
observed in polyacetylene (SHIRAKAWA, et al.,1977; CHIANG, et 
al.,1977; CHIANG, et al.,1978) have determined an increasing 
amount of interest in a number of its analogs (DIACONU, 
DUMITREBCU,1979| DIACO~J, DUMITRESCU,1980a; DIACONU, 
DUMITRESCU,1980b; DIACONU, st. al.,1981! DEITS, et al.,1981; 
CUKOR, et al.,1981). First detailed results concerning the 
dielectric relaxation in analogs of polyacetylene were repor- 
ted on polyphenyAacetylene (PPA) (DIACONU, DU~ITRESCU,1982) 
using thermally stimulated depolarization current (TSDC) 
technique. Complex relaxation spectra were observed in this 
polymer. The complexity of the spectra and the origin of the 
constituent relaxation processes depend on the isomeric 
structure of the polymer. 
This paper will analyse the TSDC data obtained on poly(2- 
ethynylnaphtalene) (P2EN) having cis-cisoidal and trans- 
cisoidal structures. 

Experimental. The investigated polymers had respectively cis- 
ci~oidal (60% crystallinity) and trans-cisoldal (amorphous) 
structures (BIMIONESCU, et al., 1976). Measurements were car- 
ried out on disc-shaped samples (~ = 13 mm) in dry N 2 or 02 

at normal pressure, using the chamber presented elsewere 
(DIACON0, DUMITREBCU,1978). The discs were provided with~acumm 
evaporated gold electrodes of circular form (~ = 10 mm) cen- 
trally placed on both Sides of the disc. 
The thermal cycles of polarization and depolarization of sam- 
ples consisted of the following stepst a samgle with a pola- 
rization fleldEp was warmed up to the polarization tempera- 

tmre Tp, which was maintained constant for a polarization 
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time tp! after cooling to 200 K using liquid nitrogen, Ep was 

removed and the sample was short-circuited for 10 min in or- 
der to eliminate the rapid depolarization currents; then the 
depolarization currents were recorded at a heating rate of 
5 K/min. 

Results and discussion. The TSDC spectra of the isomers of 
P2EN are presented in Fig.l. The cis-cisoidal (c-c) polymer 
consists of one high and broad peak Y whereas cis-transoidal 
(c-t) isomer exibits two smaller peaks ~i and ~2" However, 

the j~ peak was already evidenced by transient current techni- 
que (DIACONU, DUMITRESCU,1980b) and was attributed to the 
Maxwell-Wagner polarization. That assignment is now supported 
by the TSDC results, since the J~ peak is much higher than 
those corresponding to the amorphous isomer. 

280 /',,, 
\ 326 

- / 
N 2 282 

.':._, 

0 i i I I I I I~  
200 220 240 260 280 300 320 340 360 380 

T(K) 

Fig.l. TSDC spectra of P2EN. Polarizing condition: 
Tp = 370 K; Ep = 32,2 V/cm Itp = 30 sin 

It was previously found that the TSDC thermograms of PPA 
(trans-clsoldal isomer) consists of two well separated peaks, 
~l (225 K) and ~2 (346 K), originating from a single dipo- 

lar process and respectively from a dipolar relaxation pro- 
cess distributed in natural frequency. The similarity bet- 
ween the structures of these two polymers may suggest that 
the relaxation processes observed in P2ENt_ c could have the 

same origins assigned to the corresponding processes in PPA. 
Indeed, the dependence of the maximum current of the ~l and 
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@2 peaks on the polarizing fiela was found to vary linearly 

through the origin, similarily to PPAt_c, supporting the di- 

polar origin o~ these processes. The activation energies de- 
retrained using both the initial current rise methoc (IC) ap- 
plied to the thermograms obtained by partial heating o~ the 
electrets and the Bucci-Fieshi-Guldi's method (BFG) (BUCCI, 
et ai.,1966) ~or the entire cleamed peak are presented in 
table 1. The relaxation strength and the dipole moment per 
structural ~uit, determined using a method presented else- 
where (DIACONU, DUMITRESCU, 1978), are also shown. 

TABLE 1 
Th e tel ,axetio, ~ characteristics of P~EN 

T m Activation energy 
Polymer Peak E(eV) ( ~s -~oo )~) ~(D) 

(K) IC B FG ........... 

P2ENc_ c ? 280 0.60 0.62 1.8 xlO "I - 

P2E~t c ~ l  282 O.5 l  O . 5 l  l . l  x lO-~ z l . l  
- P2 326 1.@9 1.32 2.0 x l0 "* 1.7 

j HH . , , H, 

K) s and EQo are static and optical frequency dielectric 

constants 

By partial depolarization of the eleotrets a single value of 
the activation energy was found for both @ peaks. Futher was 
carried out a comparison of the theoretical Debye relaxation 
curves, obtained according to a method employed previously 
(DIACONU, et ai.,1980), and experimental curves derived from 
the cleaned peaks. A good agreement between these two kinds 
of curve was found only for the ~i peak (Fig.2). The fin- 

dings above support that the ~i peak arises from a single 

relaxation process, whereas the ~2 peak from a distributed 

relaxation process. Since a distribution in activation energy 
is ruled out, a distribution in natural frequency generates 
the distribution of the ~2 process. 

The activation energies of the ~i and ~2 relaxation pro- 

cesses (Table i) are higher than those found for the corres- 
ponding peaks of PPAt_ c (DIACONU, DUJAITP~CU,1982). This fact 

may be attributed to the higher dimension of the naphtalene 
side-group which generates higher interactions. It was pre- 
viously concluded that ~I and ~2 relaxations in PPAt_ c in- 
volves a combination of the phenyl ring motion coupled with 
the motion of the backbone chain. The backbone chain segments 
involved in the ~i and ~2 peaks are of varlo~s lengths, 

longer segments for P2 peak. These motions could be oscila- 

tion of the phenyl rings coupled with the wagging motion of 
the backbone chain (DIACONU, DUMITREBCU,1982). 
Based on the similar structure of the PPAt_ c and P2ENt_c, it 
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may suggest that the molecular motions res~onsable for re- 
laxations in PPAt_ c are also involved in P2ENt_ c. 
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Fig.2. Comparison 
of theoretical and 
experimental rela- 
xation curves for 

and pea  

of P2E~t_ c 
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