- Commun.,

lalhotra, .f.
Org. Chem.

nd Related
wrk (1964).
tel, Can. J,
V. Wartel,
ata 28,233
nal. Chim.
- Auger, J.
Fischer, J.
epted for

em. Scand,

L 123(12),

45, 1064
Wartel, J,
ita 33,385

and. B39,
cta Chem.

B |

A

Al

Electrochimica Acta, Yol. 33, No. §, pp. 707-711. 1988
Prinled in Great Britain.

0013 -4666,88 33,00+ 0.00
Pergamon Press plc

IMPEDANCE OF A FRACTAL ELECTROLYTE-ELECTRODE
INTERFACE

J. C. WANG

{Received 30 September 1987)

Solid State Division, Oak Ridge National Laboratory Operated by Martin

Marietta Energy Systems, Inc.

under Contract No. DE-AC05-840R21400 for the U.S. Department of Energy, Oak Ridge, Tennessee 37831,
USA.

Abstract—Recent theoretical results reported by Nyikos and Pajkossy (IN-P} on fractal electrolyte/blocking
clectrode interfaces have been tested with numerical caiculations. 1t is shown that (1) interfaces having
electrolyte-metal boundaries in form of a generalized Koch curve do not have a constant-phase-angle
impedance as they claim, (2) the fractal dimension D has little effect on the shape of the impedance ps
frequency graphs, and (3) the relation between D and the frequency exponentn,n = 1/(D -1}, derived by N-P
is invalid. It is demonstrated that the source of their invalid results is the use of some incorrect assumptions in

their theory.

INTRODUCTION

The interfacial impedahoc between an electrolyte and a
blocking electrode often shows a fractional-power
dependence on angular frequency w{1-2}:

Z(w) = A{jo) ™" (1

where A is independent of w, j=./—1,and 1 >n
> 0.5. Equation (1) is a generalized form of the
Warburg impedance[ 3] which corresponds to the case
n = 1/2. An electrical element having an impedance in
this form is sometimes called a constant-phase-angle
(CPA) element[4, 5] or a non-Debye capacitor[6-8].
We shall refer to equation (1) as a CPA behavior in this
paper.

Several models have been proposed to explain this
behavior. According to a pore model[9] this impe-
dance can be produced by pores with special shapes,
and the valuc n in equation (1) is related to the detailed
shape of the pore. According to Lius fractal
model[ 10, this impedance can be produced by some
fractal interfaces specially constructed,. and the
frequency exponent n can be related to the fractal
dimension D of the interfaces by

n=3-D. (2)

According to Nyikos and Pajkossy (N-P)[11}, on the
other hand, all fractal interfaces should have a CPA
impedance, and n and D are related by

= 1/D—1). 3)

We have previously[ 12] discussed the similarities and
discrepancies among these models. We demonstrated
that Liu’s fractal model is similar to the pore model
because of the way his fractal interface is constructed,
and that the validity of equation (2) depends crucially
on the special way his fractal dimension is defined. We
pointed out that equation (3) is questionable because
our numerical results show that fractal interfaces
having an electrolyte-metal boundary in the shape of a

generalized Koch curve do not have a CPA impedance
as N-P claimed. In this work, we present the details of
these numerical results. We shall demonstrate that
some assumiptions used by N-P in proving the CPA
nature of fractal interfaces and in deriving equation (3)
are invalid.

FRACTAL MODEL OF NYIKOS AND
PAJKOSSY

Two fractal interfaces used by Pajkessy and
Nyikos[ 13] are shown in Fig. 1. Each interface consists
of long parallel V-shaped grooves filled with -elec-
trolyte, The electrolyte-metal interfacial boundary
forms a generalized Koch curve, the fractal dimension
of which can.be measured with the coastline
method[ 14] using a pair of dividers. As indicated inthe
figure, this dimension depends on the angle of V-
shaped grooves: the smaller the angle ¢, the greater the
fractal dimension D.

As in Lius fractal model[10] and in the pore
model[9], the interfacial impedance in the N-P model
is assumed to be produced by the resistance in the
electrolyte and the double layer capacitance at the
electrolyte-metal boundary. Formally, the admittance
of a blocking interface can be written as[11]

jwoC;
y=y 2=
T 1+ joR,C;
where the resistance R, and the capacitance C, are
unknown combinations of the resistance elements of
the electrolyte in the grooves and the capaciiance
elements at the electrolyte—metal boundary. N-P claim
that ¥, R;, and €; obey the following scaling laws when
the whole system is blown up spatially by a factor of r:
Yir-1, wy=r'Y(l,w) (5)

Ci(r- 1) = r2C:(1) ®
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