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Evidence of Room Temperature Charge-Density
Wave Behavior and Glass-like States in Pressed
Pellets of Lightly Doped Poly (3-methyl thiophene)
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We show room temperature charge-density wave (CDW) characteristics
in d.c. and a.c. electric data in pressed pellets of lightly doped poly(3-
methylthiophene). The possibility of a Peierls glass is discussed and
metastables states are observed. D.C. and A.C. data also show a state
with negative differencial resistance.

Keywords: conducting polymers; charge-density waves; metastable
states; Peierls glass; negative differential resistance.

INTRODUCTION

Conjugated polymers are quasi one-dimensional systems in which
dimerization takes place, leaving the system an insulator . Upon doping,
charged defects are created, and for moderate doping levels, the system
undergoes a metal-insulator transition 01 and conduction takes place
mainly due to the overlap of the charged defects. In lightly poly(3-
methylthiophene) the stable defects, the polarons, are localized and the
system has a very larg§ electrical resistivity because the only expected

conduction mechanism is inter-polaron hopping. . But, as discussed by
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Kivelson and Emery

the undoped state of a conjugated polymer is a
charge-density wave (CDW) state or a Peietls insulator. Upon doping, a
Peierls glass is expected, with the longe range order being replaced by
short range order >,

In this work we report room temperature CDW electrical behavior in
lightly doped poly(3-methylthiophene). But, due to the disorder
introduced by the anions, those states are metastable and the system can
be driven from one metastable state to another with the application of
bias, in a not well controlled way. Negative differential resistance has

been observed in some of these states.

EXPERIMENTAL

The samples were electrochemically synthesized and reduced as
previously described ). The final value of Vo, =0.5 V (sample A) and
Vo =0.35 V(sample B). After the reduction, the polymeric sample was
scrapped and the resultant powder was uniaxially pressed to form a
pellet (6.2 kbar). The dimensions of the sample are radius r=2mm and
thickness 375pm (sample A) and 324 um (sample B). Gold contacts
(r=1.5mm and thickness 150 nm) were deposited by sputtering on both
faces of the samples kept at a temperature of 300 K. D.C. measurements
were performed using a Keithley 617 electrometer/source and A.C. data
were collected using a Solartron 1260A Impedance Analyzer.

Figure 1 shows the room temperature Vx I data for sample A
(squares) and sample B (circles). The solid lines show the very good
fitting obtained using the expression characteristic of quantum
tunneling depinning of a charge-density wave !, I= GqyVexp(-Vo/V) +
GmV
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where Gegw is the CDW conductance, Gy is the metallic conductance
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FIGURE 1 - VxI data for sample A ( squares ) and B (circles). Full lines
is the fitting using [=G4wVexp(-Vo/V)+GumV
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FIGURE 2 Room temperature dielectric constants for sample A
(squares) and sample B (circles).
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and Vy is the Zener voltage. We obtained Geaw=8.99x10" mho for
sample A and 7.66 x 10® mho for sample B, Gy=6.02 x10® mho for
sample A and 3.34 x 107 mho for sample B. Vg are 1.28 V for sample

A and 1.95 V for sample B. The smaller value of CDW conductance
for sample A compared with sample B may be due to the increase of
pinning centers with high doping level.

Figure 2 shows the dielectric constant versus frequency for sample A
(inset) and sample B. The huge values observed at low frequencies are a
signature of CDW behavior .. Due to the doping anions, this CDW
state is in fact a metastable state and the system can be driven from this
state to another metastable state with application of bias. Figure 3
shows the room temperature V-1 curve for sample A in another state in
which the sample was unintentionally left, probably due to the
application of bias. This state is characterized by a very high threshold
field, characterist of low screening. An increase of five orders of
magnitude is suddenly observed at this threshold and although showing
oscillations, a negative current-voltage characteristic is observed. This
behavior was not observed when the voltage was decreased. Decreasing
the voltage we observed steps in the V-I curve and no oscillations, with
the values of current showing high stability even in the picoamperes
range. The irreversible behavior of the V-1 curve suggests that
polarizations effects are important as observed in conventional CDW
systems in the low screening case (low temperatures) ). Negative
differential conductivity was observed in the CDW system K ¢3:Mo00Oj3
at temperatures below 40K by S. Martin et al ®!. The authors discuss

their data in terms of rigid charge-density wave motion.
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CONCLUSIONS

We have shown that the non linear behavior observed in pressed pellets
of lightly doped P3MT can be explained in terms of quantum tunneling
deppining of a CDW. We note that, being a Peirls glass, metastable
states are observed, and, due to the lack of screening one of those states
can have a high threshold field, which we would like to call Eo to make
an assossiation with the high threshold fields observed in the conditions
of low screening in the conventional CDW systems!’. The negative
differential resistance for this low screening state has some similarities

with previous reported experiments on K (30MoO; ¥ .
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