
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 14:12
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Impedance Analysis of the Kinetics of
Electrochemical Processes Mediated by
Polymer Layers
Claude Deslouis a , Bernard Tribollet a & Marco M. Musiani b
a UPR 15 CNRS, “Physique des Liquides et Electrochimie”, Paris,
France
b Istituto di Potarografia ed Etettrochimica Preparativa CNR, Padova,
Italy
Version of record first published: 04 Jun 2010.

To cite this article: Claude Deslouis , Bernard Tribollet & Marco M. Musiani (1993): Impedance
Analysis of the Kinetics of Electrochemical Processes Mediated by Polymer Layers, Molecular Crystals
and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 229:1,
209-214

To link to this article:  http://dx.doi.org/10.1080/10587259308032198

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259308032198
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1993, Vol. 229, pp, 209-214 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1993 Gordon and Breach Science Publishers S.A.  
Printed in the United States of America 

IMPEDANCE ANALYSIS OF THE KINETICS OF ELECTROCHEMICAL 
PROCESSES MEDIATED BY POLYMER LAYERS 

CLAUDE DESLOUIS, BERNARD TRIBOLLET 
UPR 15 CNRS, "Physique des Liquides et Electrochimie", Paris, France. 

MARC0 M. MUSlANl 
lstituto di Polarografia ed Elettrochimica Preparativa, CNR, Padova, Italy. 

Abstract. A kinetic model for the interpretation of the impedance of 
reactions occurring on polymer modified electrodes is presented, which 
is based on the description of the electron exchange process by a 
chemical reaction. The limiting case of a surface reaction is examined in 
detail. 

INTRODUCTION 

Redox and conductive polymer films have been extensively studied as 
electrocatalytic thin-layer materials with the aim of improving electrode 
performance for possible synthesis or analytical purposes. 

Several factors complicate the kinetic analysis of electrochemical 
reactions occurring at polymer modified electrodes : 
- the presence of two interfaces (metal/polymer, polymer/electrolyte), 
- the occurrence of the electron exchange reaction over a variable depth of the 
polymer fi Im, 
- the yet unclear nature of charge transport in polymer films. 

We have earlier presented a calculation of the ac and EHD impedance of 
a mediated reaction occurring exclusively at the polymer-electrolyte interface, 
based on the assumption that the electron exchange reaction could be split in 
two electrochemical half reactions 1 . We examine here the possibility of 
calculating the ac impedance of the same system by describing electron 
exchange by a chemical reaction and charge transport by electron hopping. 
Such an approach has, in principle, the advantage that it may be extended to 
situations in which electron exchange occurs over any depth from 0 to the 
whole film thickness $ (including direct reaction on the metal). 

In this paper, the calculation for a very fast electron exchange is 
presented, i.e. the limiting case of surface reaction already examined in ref.1. 
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MODEL 
The polymer contains fixed redox centres, either reduced (P) or oxidized (Q), 
and is permeated by the electrolyte so that, in the absence of any currrent the 
substrate Ox/Red is present at all x at its bulk concentration. 

At the metal-Dolvmer interface both couples may undergo 
electrochemical reaction following Butler-Volmer kinetics : 

where q is the electrode potential measured with respect to the equilibrium 
potential of Ox/Red. 

Gradients of both polymer and substrate redox centres are given by : 

where DE is the so-called diffusion coefficient of electrons, and Df the diffusion 
coefficient of Red/Ox in the film. 

In the polvmer film, electron transport by hopping and chemical reaction 
between P/Q and Red/Ox occur, so that : 

STEADY-STATE 
In the most general case both ip/Q and iRed/Ox are not zero. However, effective 
mediation is only obtained when all Red/Ox reacts with P/Q, not with the 
underlying metal, i.e. for iRed/Ox = 0 

In the other extreme situation, Red/Ox reacts without mediation : 
i = iRed/Ox. This behaviour may be observed either because the polymer is 
not electroactive (kfl and kbl + 0) or the exchange reaction is infinitely slow 
(KF and KB -+ 0). 

For iRed/Ox = 0, one may calculate the steady-state current, using the 
following boundary conditions : 

- -  - 0  acox - fo rx=O:  
ax 
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IMPEDANCE OF MEDIATED ELECTROCHEMICAL PROCESSES [451]/211 

= o  i acox acp 
F ax ax 
- =  - Q  - - for x = c p :  

The stationary concentration profile of Cox becomes : 

is the depth over which a net where: X r  = 

exchange reaction occurs, Ds the diffusion coefficient of Red/Ox in solution 
and 6 the diffusion layer thickness.. 

By integrating Eq. (3) and substituting the Cox expression, one obtains 
Cp(x). The Cox and Cp profiles are given in Fig. 1 which shows that current is 
mainly transported by P/Q (i.e. electrons) for x <I$ - Xr and by Red/Ox for 
x > (4 - Xr . For a thin reaction layer one obtains (Xr << (4) : 

Df 4 K F C P + K B C Q  

0 Q-xv Q, @+6 X 

DISTANCE TO THE METAL 

FIGURE 1 : Schematic representation of the stationary concentration profiles of Ox and P. 
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The faster is the mediation reaction, the thinner is Xr and the smaller the 
difference between Cox (+) and Co,(o). 

The steady-state i-E curve becomes : 

For Xr + 0, the i-E curves approach that typical of an infinitely fast 
process, whatever is the value of kf2 and kb2 , i.e. irrespective of the fact that 
the direct reaction of Red/Ox on a bare electrode is fast or slow. Instead, when 
Xr  is not negligible, the absolute value of i is somewhat lower at all E. 

JMPEDANCF 
Of the two situations leading to no-mediated reaction the one involving 
electrochemical processes occurring at electrodes coated with inert polymer 
layers has been previously treated 2 . On the other hand, for an electroactive 
polymer unable to exchange electrons with Red/Ox (KF and KB = 0), the 

transient current is the sum of the currents due to Red/Ox reaction ( TRed/Ox ) 

and the charge-discharge of the film ( Tp/a ). Thus the overall impedance is the 
parallel combination of the impedance of the Red/Ox reaction occurring at a 
coated electrode and that of the film in an inert electrolyte 3. 

Much more interesting is the case of effective mediation for which 

i Red/Ox = 0. It is worth noting that rRed/Ox = 0 does not mean i Red/Ox = 0. 
However, in the present paper X r  is assumed to be vanishingly small ; for 

C* >> C, , this leads to i Red/Ox << i P I ~  . 
The ac impedances are calculated by assuming that i and E undergo 

sinusoidal variations, so that, e.g. : 

- - 

.- - 

.-. 
E = E + Re(Eexpjot)  

By differentiating Eq. (1) : - - .- 
. - %  

i = i P/Q = A1 Cp(o) + Rt-’ (E - RE i )  
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IMPEDANCE OF MEDIATED ELECTROCHEMICAL PROCESSES [453]/213 

F 
Rt-’ = [ alkflCp(o)exp(cxlF E/RT) + (l-al)kbiCQ(o)exp - ( l -a l )FE/RT] 

(1 3) 
RE is the uncompensated electrolyte resistance. 

for 0 2 x I $-xr : 
Under the assumption that the exchange reaction is at quasi-equilibrium 

z‘ox(x) (1 4) 
Y K ~ C ~  + K B C Q  
Cp(x) = - 

KFEOx + K B C R e d  
and from Eq. (4) transient charge transport in the film is described by : 

as in ref.1. 
This leads to : 
.., 
Cp(x) . =  M exp ( ~ w x ~ / D E ) ~ / ~  + N exp - ((jWX2/DE)1’2 (1 6) 
One of the two boundary conditions needed to compute M and N is the 

same as in ref.1 : 
.., 

The other one is obtained from the definition of a dimensionless 
convective diffusion impedance 4 : 

Y Y 

Considering that the transient currents of electroactive species are due to 
P/Q in x = Cp - Xr and to Red/Ox in x = $I, one has : 

.., - 

(This assumption is the more valid as Xy is smaller). 
By combining Eqs (14), (18) and (19), one obtains : 

which may be used as a boundary condition in x = Cp, since Xr cc $. 
Y 

By computing M and N and substituting Cp(o) = M + N in Eq. (1 l ) ,  the ac 
impedance becomes : 
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where CLF = F@/AlRt is the polymer redox capacitance, s1 = jWQ2/DE, and ZD 
is the convective diffusion impedance for an infinitely fast reaction. 

Eq. (1) has the same form as the ac impedance expression given in 
ref. [ l ] ,  except that charge transfer resistances relative to the 
polymer/electrolyte interface cannot appear here. 

Examples of simulated impedance diagrams are shown in Fig. 2. They 
reproduce the diagrams experimentally observed for some redox and 
conducting polymers 5h7 . 

r: 
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REAL PART a ,cm-2 REAL PART a ,cm-2 

FJGURE, : Ac impedance calculated according to Eq. (21) with ZD(O=O) = 100 a, 
CLF = 10-2F, Rt = 0 a, (p2/D~ = s (A), 1s (B). 

ACKNOWLEDGMENT. The authors acknowledge the financial support of 
NATO - Scientific Affairs Division, CRG 910891. 

REFERENCES 
1. C. Deslouis, M. M. Musiani, B. Tribollet, J. Electroa nal. Chem, U , 3 7  

(1 989). 
2. C. Deslouis, B. Tribollet, M. Duprat, F. Moran, J. Electrochem. SOC., a, 

2496 (1987). 
3. 
4. 
5. 

6. 
7. 

C. GabrieIlL'O. Haas, H. Takenouti, J. ADDI. Electrochem., 17, 82 (1987). 
K. Nisancioglu, J. Newrnan, J. Electroanal. Chem, , 3, 23 (1974). 
C. Deslouis, M. M. Musiani, 6. Tribollet, J- I m,,2§,4,57 
(1 989). 
C. Deslouis, M. M. Musiani, B. Tribollet, Svnth. Met., a, 195 (1990). 
C. Deslouis, J.F. Equey, M., B. Tribollet, 3eme forum Impedances 
Electrochimiques, Montrouge, France, 1988. Proceedings, Vol. p. 151. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
12

 1
8 

Fe
br

ua
ry

 2
01

3 




