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Iron( 1 1 1 )  Perchlorate Doping of Polyacetylene 
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Free-standing films of  polyacetylene have been oxidized with Fe(CI0,) to yield materials exhibiting high 
electrical conductivi ty thus providing an alternative route t o  the electrochemical p-doping w i th  perchlorate 
anion. 

The chemical and electrochemical oxidation or reduction (p- 
and n-type doping) of the extended n- system of polyacetylene 
(CH), has been the focus of much attention because the nearly 
dielectric polymer can be converted into an organic metal with 
an increase in conductivity of up to 13 orders of magnitude.'T2 
Transition metal compounds have been used as p-type dopants, 
but previous methods leave the transition metal in the polymer 
as either the dopant species (e.g. FeC1J3 or as the reduced 
metal (e.g. AgC10,).4 This work describes the oxidation of 
(CH), with Fe(CIO,), to give electrically conducting films with 
a chemical composition of [(CH)(CIO,)g]z. This composition 
is the same as that found when using (CH), as the anode in 
electrochemical doping with perchlorate salts as ele~trolyte.~ 

Polyacetylene films, prepared by the method of Ito et a/.,6 
were doped by immersion in saturated solutions of anhydrous 
Fe(CIO,), in dry toluene with stirring. After doping to the 
desired conductivity, the films were removed, washed thorough- 
ly with toluene and CH2Cl,, then dried in V ~ C U O  overnight. 

The room temperature conductivity for (CH), films, doped 
to saturation with Fe(CIO,),, is greater than 500 i2 lcm-l .  The 
undoped films are silver in colour and upon doping turn a 
brilliant gold. The conductivity increase can be monitored 
with time, reaching its limiting value after 2-3 h, when the 
dopant has diffused completely into the  film. Interestingly, 
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experiments carried out in either MeOH or H,O as the solvent Figure I. Dependence of conductivity on  dopant level. 
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were unsuccessful. The solvated Fe(CIO,), does not diffuse 
into the polymer probably because of the increased molecular 
size or a preference to remain in the polar medium. 

Figure I shows the dependence of conductivity on dopant 
level from 2 to 6.5 mol % as determined by weight uptake. The 
conductivity can be controlled by controlling the dopant level, 
though at low levels the dopant distribution is probably in- 
homogeneous owing to incomplete diffusion. The reproduci- 
bility of the data is shown for different experiments. 

Elemental analyses of a doped film indicate a chemical 
formula of C1.00H1.04C10.003200.092 where the oxygen content is 
obtained by difference. The theoretical constitution of 
[CH(C104)o.025], as determined by weight uptake is: C 77.5, 
H 6.5, C1 5.7, 0 10.3, Fe 0.0%; Found: C 76.6, H 6.6, C1 7.4, 
0 9.4, Fe (0.05%. The Fe content is less than 6.5 x lop5 
moles of Fe per mole of carbon indicating that the dopant 
species is not a transition metal complex. The doping reaction 
occurs by the mechanism (I) .  

The e.s.r. spectrum of undoped (CH), shows a narrow line 
near the absorption of the free electron ( g  = 2.0023). Doping 
to a composition of [CH(C104)o.045], with Fe(CIO,), gives a line 
near the same g value but assumes a Dysonian shape’ with an 
A : B ratio of 8 : 1 consistent with metallic electrons. We have 
observed very similar lineshapes for (CH), samples doped 
electrochemically with C10,-. The calculated skin depth of 
29 p m  for films with a conductivity of 300 cm-l is less than 

the 100 p m  thickness of our  filmc, consisrent \ x i l ! r  tliese 
results. 

One further piece of etideiice dc:iiotirti’aling ilic i~iclallic 
nature of these films is ttiermoekcii ic \ W \ % ~ Y  d i  M c !lave 
found a low value o f  f 3 0  pV ’I\ fo r  a fiiiri w i i l r  a c ~ ~ i ~ i ~ ~ o  i t  ion 
of [CH(ClO,),,,,], as exgected for  ic n i ~ b ~ . : t . i ; ~ l  e x l i i ~ ~ i ~ i i i ; :  Iligh 
electrical conductivity. The positivc sign ol‘ 1 1 1 ~  \ oiic*ge 
measured shows the p-lypc nature o f  rliis doluci i .  

The mechanisms of this dopin:r r c x !  ioii  Ic2d to i l ie  s,ime 
material as that produced in airodic oui\’a[ion and i;i11 1)e of 
use in further electrode and baticry stirtlics. 

This work was supported in part by graiits f r c m  [lle N.S.F., 
O.N.R., and D.A.R.P.A. 

Received, 2nd August 1982; Corn. 9 / 0  

References 
1 J. C. W. Chicn, J .  Polyln. Sci., Polyrri. L m .  hi.,  I QS 1 .  19, 249. 
2 A. G. MacDiarrnid and  A. .I. Hccger, Syti!A. A f c i . ,  tO/9/1080, 

3 A. Pron, 1. Kul x w i c z ,  D.  Billaud, and J. I’r~ylu&i,  J .  ( ,‘7etn. 

4 T. C .  Clarke, R.  H. Geiss, J. F. Kwak, and G. K. Stt‘eet, J .  

5 P. J. Nigrey, A. G. MacDiarrnid, and A. J. Heeger, J .  Chern. 

6 T. Ito, H. Shirakawa, and  S. Ikeda, J .  Polvm. Sci., Polym. 

7 F. J. Dyson, Phys. Rev., 1955, 98, 349. 

1, 101. 

Soc., Chem. Cornmun., 1981, 783. 

Chem. Soc., Chenr. Commun., 1978, 489. 

Chem. Soc., Chem. Commun., 1979, 594. 

Chent. Ed., 1974, 12, 11; 1975, 13, 1943. 


