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THE ELECTROCHEMISTRY OF POLYACETYLENE: APPLICATION
IN HICH POWER DENSITY RECHARGEABLE BATTERIES:
by A. G. MacDiaruid, ¥. Aldisst, R. B, Kaner,
M, Maxfield and R. J. Mammone
Department of Chemistry
University of Pennsylvania
Philadelphia, Pennsylvania 19104

The fact that (CH)y £ila can be oxidized and
reduced {1 reversible electrochemical reactioas
wakes it an lateresting material to study as a poten-
tially useful electroactive material,

(1) RECRARGPABLE BATTERIES USING (CH), FI1IM AS
ELFCTRODES T+ *
Four chief type of batteries employing
(CH), electrodes have been studied:
(1) p~doped (CH)y cathode plus Li anode.
(2) neutral (CH), cathode plus Li anole.
(3) p-doped (CH), cathode plus n-doped (CH)y
anode.
neutral (CH), cathode plus n-doped (CH)y
anode.

(%)

In so far as overall performance is concerned
type (4) above ts the best all-polymer cell so far
develcped. Since both neutral and reduced (CH)y
have good stability in an electrolyte of 1M L1Cl0y
in tetrahydrofuran a voltaic cell can he constructed
using (CH)_ as the cathode and (CHY) as the anode.
Durlng discharge the (CH'Y) gives up an electron
to the (CH), producing the net overall reaction:

1LY () + (CH), ~ 2(Le) (a2

where L1 acts as the couanter cation tn stabilize
tde polycardbanion specles. A cell of this type
using 7% electrochenically reduced (Cii), for the
anade and neutral (CH), for the cathade has a
potential 05 ~ 1.0V and a short circuilt current of
of ~ 3mA/ca® of (CM)_ . The cells shows excellent
stabiltey, losing onfy ~ 0,02V during a six month
perind., They are fully raechargeadle with cqulomdle
efficlencles >99%, They are the first stable,
rechargeable batteries developed in which both the
cathnde and anode active matertals are organic
polymers.

(2) AQUELNS ELECTKOCHEMISTRY OF (CH)x

When trans-{CH}, film s p-dored 1.e. oxidized
by broaine, arsenfc pentafluoride, etc. 12$ conduc~
tivity increases by ca. eight orders of mignitude
and fc is converted to an "organic wetal” having all
the electronic properties of a convenzional metal,
All surh p-doped material s, however, decomposed
By water. Uatil the present study was undertaken
the only apparent exception to this water instsbilicy
tnvolved the electrochemtical p~doping of a plece of
{CH), fila when it was placed 1n an aqueous 0.5M
solutton of KI and was attsched to the positive
terainal of s 9V dry cell, the other cermingl belng
attached to & platinuo counter electrode lamersed
fn the s~lution. Doping took place in a few ninutes
to glve (CH10.07;, having a conductivity in the
artgllic teyine.? The sum of the eleaental analyses
fuor C, R, and [ was 99,82, This shoved that no
reaction with water, to tncorporate oxygen into the
(CH), had tashen place. As time proceeded, we
Bagan to believe that the analysis wmust have been in
error, 874 that oxygen aurely must have been incor-

—e e e i e - s

porated during the doping process, However, very
recently the experiment vas trepeated (at a smaller
voltage) and siallar results were obtsined. The
non-aqueous electrochenistry of (CH), hsé now been
exteaded to snother system as described balow.

A plece of (CH), fila (2 cm x 2 co) and a plece
of Pr foll were placed fo a saturasted solution
~ 0.54 NaAsFg in 50X aqueous HF, The (CH), was
attached to the positive electrode and the Pt to
the negative electrode vespectively of a d.c. pover
supply. A constant potentlal of 1.0V was applied
between the electrodes for ~ 30 minutes and the film
wvas then vashed fin 50X HF aad pumped in the vacuum
systes for 18 hours. In several different experi-
wments, catried out under slightly different con-
ditions, flexible, goldee filas having good metal-
e conductivity {ca. 10 to 100 cho~lea™1) were
obtaioed., 1t was most surprising to ffnd that the
filus contained co oxygea. The P content varied
fron one preparatfon to enother, e.g. [CK*0.026
(ABPS.l_)0.026lx‘ (C+H+As+F = 100,22) and

1eH0-02asr, 17)g g29)ys (CHitABHF= 100.3%).

The nature of the dopant species and the cause

of the variable F content is currently being
{avestigazed, It 18 belleved that lhe dopant
prodably consists of a mixture of the (AsFg)~™

and (AsF,)” tons. The fact that (CH)_ can be
doped to the metallic regime either with iodine or
with arsenic~fluorine epecies without the inclusion
of oxygen 18 most surprisiog in view of the fact
that p-doped (CH)y 1s believed to consist of
polycarbonium ions. It is possible that the ex-
tent of delocalization of the positfive charge is
60 great that, at least in certaln cases, nucleo~
philic atcack of the positive carbon ators by
water does not occur. Whatever the reason for

the unexpected stability, these observatious

open up a whole new area of aqueous chemistry

for conducting polymers.

The present results suggest that electrochen~
cal studies not only of (CH), but also of other
conducting polyoers represent an extensive area
for further research not only of fundamental
scientffic tnterest but also of possible potential
technolozical value,
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