
570 J. CHEM. SOC., CHEM. COMMUN., I983 

Substituent Effect on the Electron Transfer Rate in 
N-Arylpolypyrrole Film Electrodes 
Manuel Salm6n,*a Martha Aguilar,b and Miguel Salomab 
a lnstituto de Quimica, Universidad Nacional Autdnoma de Mdxico, Circuit0 Exterior, Ciudad Universitaria, 
Coyoacth, 04510 Mdxico, D.F. 
b U.N.A. M., Facultad de Quimica, Divisidn de Estudios de Posgrado, Ciudad Universitaria, Co yoaca'n, 0451 0 
Mdxico, D.F. 

Electronic interaction between the polypyrrole nucleus and para-su bstituents on the N-phenyl ring affects the 
electron transfer rate of polymer electrodes. 

Early experiments on polypyrrole films showed that their 
performance as organic electrode materials varied over a wide 
rangel when their electrical and electrochemical properties 
were modified by chemical or by anion permutation.2 We now 
report a preliminary cyclic voltammetric study of the ferro- 
cene redox reaction to evaluate the effect of change of sub- 
stituent in some poly-N-para-substituted phenylpyrrole films 
used as electrodes. 

The polymeric films of N-phenylpyrrole (l), N-p-methoxy- 
phenylpyrrole (2), and N-p-nitrophenylpyrrole (3) were grown 
on a Pt surface of area 0.2 cm2 by passing 20 mC/cma in a two- 
electrode cell containing 0.1 M Et4NBF, and the correspond- 
ing pyrrole monomer in acetonitrile solution. The oxidation 
of the N-substituted phenylpyrroles proceeds with the forma- 
tion of an insoluble polymer film on the electrode as previously 
observed with pyrrole and other N-alkylpyrr~les.~ 

The voltammetric study of ferrocene (1 x M in an 
acetonitrile solution containing Et,NBF,) was carried out 
using thin films of the polymers of the N-phenylpyrroles (1)- 
(3) on a Pt working electrode. 

Ferrocene electro-oxidation with coated Pt electrodes is 
quasi-reversible and shows small variations in the redox E" 
potential ; consequently, the chemical environment around 
ferrocene at the coated electrode surface must be similar to 
that of a clean Pt surface electrode. 

The ferrocene-ferrocinium*+ cyclic voltammograms using 
polypyrrole electrodes show a larger separation between Epa 
and Epc peaks than with Pt. The peak shape and the ip-y1/2 
relationship are in agreement with the occurrence of a reaction 
of a dissolved species which is not absorbed or adsorbed on 
the electrode. 

To evaluate the effect of changes in substituent in the elec- 
trode film on the ferrocene couple reaction, the heterogeneous 
standard rate constants (k,) values were determined by 
Nicholson's treatment., The changes in the film electron- 
transport rate observed (Table 1) are the result of the variation 
in the structure of the monomer. Thus, an electronic inter- 
action between the electroactive pyrrole ring of the polymer 
and the para-substituent through the phenyl ring is observed. 

Table 1. Electron transfer rate constants ks for the ferrocene 
redox reaction using 0.1 M Et,NBF4 in MeCN for the different 
poly-N-phenylpyrrole electrodes. 

Z lo3 ks/(cm s-l) 
OMe 10.47 

H 12.35 
14.70 

(1) 
(2) 
(3) NO2 

Full details of our work will be described elsewhere but 
these results clearly reveal that chemical derivatization of the 
polymer structure is important for designing pyrrole polymers 
with the desired electrode properties. 

Received, 29th November 1982; Com. 1363 

References 
1 A. F. Diaz, K. K. Kanazawa, and G. P. Gardini, J .  Chem. SOC., 

Chem. Commun., 1979, 635. 
2 M. Salmon, A. F. Diaz, A. J. Logan, M. Krounbi, and J.Bargon, 

Mol. Cryst. Liq. Cryst., 1982, 83, 265. 
3 A. F. Diaz, J. Castillo, K. K. Kamazawa, J. A. Logan, M. 

Salmon, and 0. Fajardo, J.  Electroanal. Chem., 1982, 133,233. 
4 R. S. Nicholson, Anal. Chem., 1965, 37, 1351. 




