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A.C.Conduction Mechanisms in Poly(1-Ethynylnaphtalene)

I. Diaconu, Svetlana Dumitrescu* and C. Simionescu*

“P,Poni* Institute of Macromolecular Chemistry, Aleea Gr.Ghica Voda 41 A,
Jassy, Romania

Summary.The a,c.conduction mechanism in poly(l-ethy-
nylnap%talene) with various physical and isomeric(cig-
cisoidal and trans-cisoidal) structures was investi-
gated over the frequency and temperature ranges of
10-105Hz and 190-373°K respectively.The conduction
mechanism depends on the isomeric structure of the
polymer,and for the cis~cisoidel polymer supplemen~
tary on temperature and frequency.Over the whole
frequency range(at 190°K) and above a critical fre-
quency(at higher temperatures),whic¢h is temperature-
dependent,the quantum hopping mechanism is involved
in cis-~cisoidal polymer.Cutside of this range the
conduction process takes place by two parallel me-
chanisms:band and hopping mechanisms.In trans~ciso-
idal polymer the quantum hopping mechanism is in-
volved over the whole frequency and temperature range
considered.

Introduction.In spite of a great number of studies,
the electric conduction process in disordered mate-
rials,including polymers,is far to be understood.To
invegtigate the role of localized gtates(regularly
found in these materials) in the conduction process,
some authors used the a.c.conductivity technique
(POLLAK,GEBALLE,1961;MOTT,1971;LEWIS,EDRIS,1975;
DIACONU,at al.,1979;ROCKSTAD,1969;DIACONU,at al.,
1980);intrinsec band conduction should be frequency
independent ,whereas conduction by hopping between
localizes states should vary with frequency as S
with 0.5<8<1.0 and w ~angular frequency.

In order to establish the conduction model in a,c.
regim in poly(l-ethynylnaphtalene)(PlEN) of various
physical and isomeric structures,the frequency and
temperature dependence of the conductivity was in-
vestigated.The d.c.conductivity at certain selected
temperatures was also measured,

Experimental .The investigated polymers had respecti-
vely cis-cisoidal(c-c)(80% crystallinity) and trens-
cigsoidal(t-c) (amorphous) structures(SIMIONESCU,at al.,
* Chemical Technology Orgenic and Macromolecular Che=-
mistry Dept,,Politechnic Institute of Jassy,Romania,
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1973).The conductivity measurements were carried out on
disc~shaped samples(@=13mm) in dry Nyor O;at normal
presaure,using & chamber already described(DIACONU,
DUMITRESCU,1978) .The discs were provided with vacuum
evaporated gold electrodes of circular form(@#=10mm),
Before starting the measurements,the samples were sto-
red in a evacuated chamber(10%Torr) for three days.A
General Radio 1621 bridge and a TR 2201 Orion teraohm-
meter were used for a.c.(10-105Hz) and d.,c.conducti-
vity measurements reapectively.

Results and discussion.Figure 1 shows the measured
conductivity
Iog of PlEN.. vs.
frequency at
various tempera-
tures in N; at-~
mogphere.On &
separate axis
the d.c.conduc-~
tivity values,
at the game tem-
peratures,are
+fer indicated too.
21 Over the tempe-~
1500K 105 rature range
2649K considered the
2809K 1c isomeric and
05 2
2940K physical struc-
3689K e ture of polymer
3220K le do not g%ter
3349k ad (SIMIONESCU,1977).
3509k At 190°K,the a.c.
conductivity va-
& ries with frequen-
. L 092
A 5 cy as w whereas
log V(¥z) at higher tepera-
tures the same fre-
Fig.l.The frequency dependence quency dependence
of the measured conductivity of occurs only above
P1EN ... in N, atmosphere. a critical frequen-
cy which is tempe-
rature dependent,
Below these frequencies, ¢ (w) decreases smoothly with
frequency to a frequency-independent value,which is very
closed to that of the d c.conductivity, (.
If frequency is taken as a parameter and C(w) va, 1/T
is plotted,the curves presented in fig.2 were obtained.
G, va. 1/T is also shown.,
It may be seen that apparent activation energy increases
with temperature and decreases with frequency.At hi
temperatures and low frequencies,the values of ( (w) ap~-
proach to those of (, ,having the same temperature depen-
dence,These facts provide astrong evidence that the fre-
quency independent component is in fact the d.c.conduc=-
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tivity.

Analising the
-ZOL temperature de-
pendence of the
frequency depen-
-2 dent component

G( w ),obtained
-22f by subatracting
from ((w ),it
was found that
over the tempe-
rature and fre-
quency range
where s=0,92,G(w
depends subline-
arly on tempera-~
ture,whereas out-
gside of this ran-
ge a supralinear
dependence occurs.
POLLAK(POLLAK,
1964;POLLAK,1965;
POLLAK,GEBALLE, 1961

{
N
wn

In{,In {ohm=Tem™ N
~
o~

]
N
[+,]

gl . L L o POLLAK,1971) found
28 30 32 3.4 386 38 that,for hopping
1/Tx 103 1ok~ ") of charge between
isclated pairs of
randomly distri-
FPig.2.The temperature dependence buted localized
of the a.c.conductivity ¢ («) states,a.c.con-
(at various frequencies) and d.c. ductivity varies
conductivity of PlEN... in N at- with frequency
moaphere, as wS , where g

decreasea from 1.0(for single hops) to 0.5 for multiple
hops.At higher temperatures,multiple hops frequently occur;
at low temperatures single hops predominate.According to
this model,the transfer of charge between localized states
is single phonon asgisted(quantum hopping model).As a re-
gult the a.c.conductivity depends linearly or sublinearly
on temperature and the charge transport between localized
states is mainly by tunneling through the potential bar-
rier separati the sites,

PIKE(PIKE,1972) showed that as a a.c.conductivity depends
supralinearly on temperature,the hopping of charge car-
riers between localized atatea over a potential barrier
(classical hopping model) better explains his results.
Comparing our data to the predictions of the quantum and
classical hopping models,it may by oconcluded that over
the frequency and temperature range where 5=0.,92 the e~
lectric conduction in PlEN... occurs almost entirely by
single quantum hops.For the rest of the measuring range,
where ¢, is significant,it may be considered that con-
duction procesa takes place by two parallel mechanisms:
band mechanism and hopping mechanism.As temperature in-
creases and frequency decreases the contribution of the
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former mechanism increases as compared to the latter.
The parallel hopping mechanism is a classical one.

In & semicrystalline material such as PlENc-¢ ,the ghor-
test distance between states is found in amorphous re-
gions.Therefore,in these regions,the quantum mechanism
becomes most likly,whereas in crystalline regions the
classical hopping mechanism is more probable.
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Fig.3.The frequency dependence of the
conductivity of PlEN. . in O, and N,
atmospheres,

As compared with N ,0, decreases the conductivity((w)
of P1EN. . over the frequency and temperature range
where G, is significant(Fig.3).It is suggested that the
adsorbed oxygen delays the transfer of charge inside
the energy band of the polymer.

The frequency dependence of the conductivity of PlEN
is presented in figure 4,The values of (., are negli-
gible as compared with the corresponding U (w) values
over the whole frequency and temperature range.Analy-
sing the values of a and the temperature dependence

of §{(w),1t may be suggested that conduction process
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in P1EN, . takes place by single quantum hops,
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Fig.4.The frequency dependence of the
measured conductivity of P1lEN;. in N,
atmosphere.
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