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The dedric double layer capadtors (EDLC)
have been developed as the energy storage devices and
are used for various applicaions. Desirable spedfications
(energy density, power density, discharge time etc.) of an
EDLC depend on the daraderistics of the porous
eledrode material as well as on the dedrolyte properties
[1]. Porous carbon with degp paesis an extreme example
showing the influence of geometry of pores on the
frequency dispersion o EDLC, and usualy two types of
distributed charaderistics have been observed, creaed by
the pore lengths longer than the penetration depth of ac
signal, and by the pore size distribution in porous material
[2]. Therefore the microstructure of a porous eledrode
and the dectrolyte charaderistics (conductivity, Debye
screaening length, adsorption free eergy, etc.) should be
optimized to oltain the optimal discharge time, desirable
energy and power density. The main aim of this work was
to study the influence of the eledrolyte charaderistics on
the dedric double layer parameters at the porous carbon
eledrodes.

Eledric double layer structure on the porous
cabon|xM (CHs),NBF, + acdonitrile (AN) interface
has been studied by the ¢yclic voltammetry and
impedance measurement methods. The experimental
detail s of an eledrode preparation are given in [3]. Very
pure AN (Aldrich) as well as TENBF, (Adrich) have been
used. Spedfic surface areg pore size distribution,
micropare volume, micropare aea ad ather parameters
have been obtained acwrding to the BET method. The
concentration of TENBF, was varied from 5x10°M to
1.5M solution. The ajueous sturated cdomel eledrode,
conneded with the measurement system through Luggin
cgillary and salt bridge system (0.01M LiBF; in
AN [0.01M LiBF,; in H,O) discussed in [4], has been
used. According to experimental data the shape of 72,2’ -
plots noticealy depend on the dedrolyte concentration
aswell ason the dedrode potential.

The mmplex plane plots for porous carbon | x M
(C,Hs)sNBF, + AN interface can be divided into four
sedions. At a high ac permeability (i.e. at very low ac
frequencies f < 1x10* Hz) the impedance behaves like a
planar eledrode since the penetration depth A is larger
than the length of a pore so that an ac signal deteds very
big amount of pore volume. In this ac frequency region
the phase angle gproaches to —90°, indicaing to the so-
cdled finite length effed, i.e. purely cgpadtance
behaviour of porous material. However, the impedance
shows non-ided constant phase dement (CPE) behaviour
caused by the pore size distribution in the porous carbon
material. However, in comparison with other carbon
materials [1,2], the dedrode material under discusson
shows very narrow pore distribution, in good agreement
with BET data. At higher f, the pdarizaion depth is
smaller and in Z’,Z -plots the so-called paous sdion
with the phase angle value ~-45° has been observed. The
length of porous wedion ncticedly depends on the
concentration of eledrolyte and the pore resistance

increases with the dilution of eledrolyte if cg < 1.0 M.
Between these regions a transition section has been
established. At higher frequencies (f > 50 Hz), a very well
expressed dightly depressed semicircle with the
depresson angle 3 somewhat higher than zero (8=0 for
purely heterogeneous adsorption or charge transfer
readions and B=45° for diffusion limited stadium)
indicate that the relaxation time g = (e — angular
frequency at the maximum of Z”,Z’-plot) corresponds to
the kineticdly mixed process [5]. Tr increases with
dilution of eledrolyte. The high frequency value of Z' is
pradicdly independent of the concentration if cg = 0.1 M,
indicaing that the dedrolyte conductivity is not the only
parameter obtaining the experimental serious resistance at

f - oo,

Analysis of Z",Z'-plots indicates that the Paasch
et al. model 1 [6], asauming that the two perallel
conduction paths in the solid and liquid phases are
interconneded by the dedric double layer capadtancein
paralel with the hindered charge transfer readion
(complex admittance), seems to be valid in our case.
Anaysis of Z',Z'-plots shows that in the region of
frequencies f< 1x102 Hz the values of parale and
serious cgpadtances coincide, indicating that in the region
of potentials —1.4 <E <1.4V (SCE), the cabon material
under discusson isidedly pdarizable. The limiting value
of cgpadtance @ E= 0.7V is pradicdly independent of
Cy if cg = 0.1 M. In the region of negative surface targe
densiti es, Cs has maximum if cy ~ 0.1 M.

Analysis of CgE-curves at f< 0.1 Hz (Cs is a
serious resistance) obtained at different ¢y shows that for
dilute dedrolyte solutions the very well expressd
minimum with the potential E,,, pradicdly independent
of Cog as well as ac frequency (f < 1x10* Hz), can be
seae. The caadtance C,,, is pradicdly independent of
the potential scan diredion as well as on the potential
scan rate v (v< 2mV s?) and therefore it seems that this
minimum in Cs,E-curves is mainly caused by the diffuse
layer charaderistics and therefore E.i, = 0.27V (SCE)
corresponds to the zeo charge potential value of porous
cabon | dilute (C,Hs)4,NBF, + AN interface With the rise
of eledrolyte mncentration E.;, shifts toward more
positive values, indicaing that (C,Hs),N* cations are
more surface ative than BF, anions. Thus, at ¢ =2 0.1 M
the dependence of E.;, on cy can be eplained by the
spedfic adsorption of (C,Hs),N* caions on the porous
carbon eledrodes.
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