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STABILITY OF IODINE~DOPED POLYACETYLENE IN AQUEOUS ENVIRONMENTS

A. Guiseppi-Elie and G.E. Wnek

Department of Materials Science and Engineering, Massachusetts Institute of
Technology, Cambridge, MA. 02139, U.S.A.

Résum&: Le polyacétyléne dopé 3 l'iode montre une stabilité
eXceptionnelle dans des environnements aqueux débarrassés d'air.
Il se dégrade en présence de nucléophiles aqueux avec un taux
qui augmente quand l'activité du nucléophile augmente.

Abstract: Iodine-doved polvacetylene has been found to display
exceptional stability in deaerated, aqueous environments and to
degrade in the presence of aqueous nucleophiles with a rate
which increases with increasino nucleophilicity.

I INTRODUCTION

The potential utility of highly conductive polymers as electrode
materials has been demonstrated by polypyrrole(l) and underscored by
the fabrication of lightweight, rechargeable, storage batteries based
on volyacetyvlene(2), (CH):, and poly (p-phenvlene) (3). We have begun to
explore the use of conducfive polymers as electrode materials in aque-
ous media. Water is an attractive electrolyvte medium because of its
ready availability, low cost, non-toxicity and because useful fuel in
the form of H2 can be obtained from its photoelectrolvsis(4). Although

it is doubtful that n-tyve (reduced) crganic conductors will ever have
a finite lifetime in water (due to notoriously facile protonation
exhibited by carbanions), p-type (oxidized) polymers appear to be much
less sensitive in aqueous media(5). In fact, volyacetylene may be
rendered a p~tvpe conductor by simple exposure to agueous KI/I, solut~
ions and by electrochemical oxidation in aqueous KI solutions “(5,6).
This is contrary to our intuition concerning the susceptibility of
carbenium ions to nucleoohilic attack by water, as illustrated for p-

tyve, trans—(CH)X: +
E— \(\M/Y+H2°_.M+H {1}
+
OH

We report here our observations of exceptional stability of iodine-
doped (CH)X in aqueous environments and our preliminary study of the
reactivity“of p-type doped (CH)_ with agqueous nucleovhiles. From the
latter work an environment for the enhanced stabilization of (CHIn)X
has been identified.

IT EXPERIMENTAL

Cis~polyvacetylene films were pbrevared at -~78°C using techniques
similar to those develoved bv Shirakawa and coworkers({7,8). Elemental
analyses of the as-synthesized, pristine polymers indicated CH contents
of >99%. Iodine doping was achieved by exvosing the nristine polymer'to
a vapor stream of iodine carried in deoxygenated and dried argon. The
doped polymer was subsequently subjected to dynamic vacuum (39-5 torr)
for 24 hours to remove adsorbed iodine. Elemental analvses of the
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resulting dopved polymers vroduced compositions in the range (CHI0 18-

0.20)x and were in good agreement with simultaneously determined com-—
positions via weight uptake. The resulting room temperature four-probe
conductivities were in the range 200-300 g-leop—1. The conductivities
of the doped films were followed as a function of exposure time under
purified argon; in deaerated, deionized, distilled water; in laboratory
air and in deaerated, agueous solutions of analytical grade NaI, NaSsScCN,
NaBr, NaCl and NaF made from water of similar high guality. For the
immersion exposure experiments, samples were mounted in a drv box onto
four-probe platinum electrodes using Electrodag 502 and the leads were
individually sealed with Microstop Stoooff Lacquer. This latter step
was done to insure that the electrical conductivity of the doped (CE)X

was exclusively measured without ionic contributiong from the electro-
lyte solutions. The mounted films were quickly transferred (through air)
to 250 ml three-neck flasks containing the desired deaerated, agqueous
solution. The solutions were blanketed with argon throughout the
duration of exposure (approximately nine days).

IIT RESULTS AND DISCUSSION

Figure 1 shows the stability verformance of iodine-doped polyacetylene
as indicated by the variation in the normalized conductivity (Ce/ceo)

followed as a function of exposure time in purified argon; deaerated,
deionized, distilled water and laboratory air. Iodine-doped (CH)X is

observed to degrade even under highly controlled, inert conditions
(argon), the conductivity falling to 27% of its initial value over the
approximate 9 day period. This decay in conductivity is vresumed to
result from slow iodination of the (CH)X backbone via:

WV —_ WV+ 2 {2}
+ =
13 I
Reaction {2} leads to an interruptionof chain conjugation and annhia-

lation of charge carriers. For this reaction the following general,
chemical rate expression may be written,

a(%e/og.) n
- ———0 =k (%e/oe,) {3}
dt

where K (specific rate) is a constant and n is the reaction order with
respect to the conductivity variable. Equation {3} is valid if the
conductivity is proportional to the amount of chemical entity which
is responsible for conduction, i.e. the charge transfer complex,
charged soliton - 6r carbenium ion. Taking log10 of equation {3}
should prgduce a straight line of slope n. Figure 2 is such a vlot of
loglO _df e/0"30)
dt
line. This indicates that the conductivity decay does not fit the
general, chemical rate expression and the assumptions inherent therein.
This is at variance with the pseudo-first order kinetics observed by
Pochan et al(9) for this reaction. Thus conductivity is therefore not
simply proportional to the abundance of carbenium ions. This is as
expected and is consistent with the fact that the conductivity is also
proportional to the charge mobility as can be seen in the general
conductivity expression,

vs logy, (@/oeo )} and is shown to not be a straight

= 4
9, eny {4}

where n is the number of carriers, u the carrier mobility and e the
charge on the carrier. This confirms what is often suggested and
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intuitively understood about doved (CH)_ - that changes in conductivity
resulting from reaction of the active cirbenium ions generally also
result in changes in the carrier mobility. The latter results from
interruption of the backbone conjugation.
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Figure 3 shows data obtained for the degradation of iodine-doned (CH)X

under argon plotted as log {-d log(%/Ye,)} vs 1log (Oe/oeo }. This

produces a straight line of si{gpe n=2.9 and intercept -3.29 with a
correlation coefficient of 0.992. This suggests that the decay kinetics
can be emperically represented by an expression of the form

log (% /% )

- 2.9
- 4 = 5.1 x107% (% /%) {5}
dt
Such a logarithmic dependence of the conductivity on the pnopulation of
carriers has also been observed by Xanicki et al(10) in their study of
the iodine dopning kinetics and was interpreted to support a three-
dimensional variable range hooping conduction mechanism.
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F16. 3, PLOT OF THE MODIFIED RATE EXPRESSION FOR THE DECAY IN
CONDUCTIVITY OF 1ODINE DOPED POLYACETYLENE (Cilg 20)x
UNDER ARGON.

Fl6. 4, PLOTS OF THE HORMALIZED CONDUCTIVITY (% /%, ) vs EXPOSURE TIME (HIN) FOR
10DINE-DOPED POLYACETYLENE, (CHIo 19 g 20)x. IN DEAERATED, AGUEOUS 10DIDE
SOLUTIONS OF CONCENTRAYIONS 0.10M - 12,31 CONPARED WiTH THE BEHAVIOR UMDER
PURIFIED ARGON AND DEAERATED, DEIONIZED, DISTILLED WATER,

There appears in Figure 1 little difference in the verformance of

highly doped (CH)
atory air. This wOuld suggest that

in deaerated, deionized, distilled water and labor-

the influence of oxygen in acceler-

ating degradation is secondary to that of moisture over the nine day

veriod of observation.
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Figures 4 through 8 shows the stability performance of iodine-doved
(CH)X on exposure to deaerated, agueous solutions of the nucleophiles

I~, SCN, Br , Cl1~ and F_ (arranged in order of decreasing nucleophil-
icity. Each nucleophile was studied at concentrations of 0.1M, 0.5M,
1.0M and at saturation. In general the extent of degradation increases
with increased nucleophilicity of the test anion though the effect of
concentration is somewhat variable.
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PLOTS OF THE KORMAL1ZED CONDUCTIVITY (0, {04,) V& EXPOSURE TIME
(nins.) FOR 10DINE-POPED POLYACETVLENE, (CHlg 1g-n. 20« M
DEAERATED, AQUEOUS CILORIDE SOLUTIONS OF COMCENTRATIONS 0,10 -
15,00 CONPARER WITH THE BEMAVIOR UNRER PURLFLED ARGON AND DEAERATED,
DEIONTZED, NISTHAED WATER.

F16, 7. F1G. 8, PLOTS OF THE NORMALIZED CONDUCTIVITY (Ce /%y ) vs EXPOSURE TIME (MIN) FOR

10DINE-DOPED POLYACETYLENE, (CHly 19-p.20)xs IN DEAERATED, AQUEOUS FLUORIDE
SOLUTIONS OF CONCENTRATIONS 0.104 - 1,05 COMPARED WITH THE BEMAVIOR UNDER
PURIFIED ARGON AND DEAERATED, DEIQNIZED, DISTILLED WATER,

The case for chloride ion is ancmalous and is shown in Figure 7 to
enhance stability over that observed under argon at concentrations of
1.0M and greater(1ll). This anomaly possibly results from the formation
of the interhalide, I,Cl , which acts to decrease the coneentration of
free iodine and creaté a more stable counteranion for the charge
carriers.

v CONCLUSTIONS

The conductivity of iodine-doped polyacetylene is found to degrade
even under inert conditions. The degradation kinetics is not treatable
by the classical, general chemical rate expression but is found to
obey a logarithmic devendence on carrier povulation. Highly o-doved
{(CE)_ is found to be guite stable in agueous environments with accel-
erat&d decay kinetics in the presence of added nuclecophiles. In
general the decay increases with increased nucleophilicitv of the
added nucleophile.
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