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Thermodynamics of porous electrodes is different from
that of planar electrodes. The main purpose of this study
isto elucidate how porosity affects the thermodynamicsin
electrodes especially when the size of the pore is compa-
rable to the size of the electrolyte ions. We consider only
the cases where the electrical energy is stored in the form
of electrical double layers (EDLS) and no Faradaic pro-
CESSES OcCuUr.

The effect of porosity on thermodynamics has
been extensively studied for adsorption of gas molecules
in porous materials. Thermodynamics of gas molecules
in aporous material is different from that in the bulk be-
cause of the finite size effect and varying dimensionality,
and the surface forces that are introduced by the porous
media’. For example, the pressure at which the gas
shows capillary condensation varies depending on the
pore size of the adsorbent. It is because of this fact that
the surface area and the pore size distribution of porous
materials can be estimated by gas adsorption methods.

The key thermodynamic fields for gas adsorption
are temperature and chemical potential of the gas mole-
cules as the exchange of energy between the porous mate-
rial and the outside is expressed as

dE=TdSt+udN, (1)
where E denotes energy of the porous material including
the gas moleculesinsideit, T the temperature, Sthe entro-
py, u the chemical potential of the gas molecules, and N
the number of the gas moleculesin the pore. When it
turns to porous electrodes, an additional thermodynamic
field, voltage, is added to this equation as

dE=TdS+xdN+ &dq, 2
where @ denotes the voltage and q the charge induced on
the surface of the porous electrode. Thus, the thermody-
namics of porous electrodes can be discussed in a parallel
fashion to that of adsorption of gas moleculesin porous
material by adding the extraterm related to the charge
induction.

It israther recently that the thermodynamics of
porous electrodes has been drawing particular attention.
For many years, thermodynamic properties for unit sur-
face area of the porous electrode have usually been con-
sidered independent of the porous structure. In fact, when
the pore size is much larger than the thickness of the elec-
trical double layers, this assumption is valid because the
electrical field on the surface of the electrode does not
propagate through the electrical double layers. In this
case, the thermodynamics of porous electrode does not
depend on the pore size. However, it has been experi-
mentally shown that the thermodynamics of porous elec-
trodes indeed depends on the pore size when the pore size
is comparable to the size of the electrolyteions”. A num-
ber of experimental and theoretical works have been per-
formed for studying this problem since then.

In order to study the mechanism of the pore size
dependence of the thermodynamicsin porous electrodes,
we have developed a Monte Carlo simulation method in
the constant-voltage grand-canonical ensemble by extend-
ing the method for studying adsorption in porous materi-
als, using the parallel forms of equations 1 and 2 above.
Using the method, we have qualitatively reproduced the
pore size dependence of the thermodynamics that have

been found experimentally and have discussed the mech-
anism of that behavior®. We have also discussed the
phase behaviors in porous electrodes’.

In this work, those studies were further extended
to two component electrolytes and the characteristic fea
tures of multi-component electrolytes are discussed in
comparison with those of one component electrolytes.
The governing equation of the thermodynamics of a two-
component system can be written as

dE=TdS+,uldN1 +/12sz+ deq, (3)
where the subscripts denote the two components. We
found some thermodynamic behaviors that are similar to
those of one component electrolytes such as the pore size
dependence of the capacitance. Moreover, we also found
other behaviors that are specific to multi-component sys-
tems. For example, it was found that the ratio of the con-
tent of the two components forming the electrical double
layers changes as a function of thermodynamic parame-
ters such as voltage. Those findings are discussed in rela
tion to practical problems such as development of electro-
chemical capacitors or ion-sel ective adsorbents.
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