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Thermodynamic equilibrium: N, = 0

B Species N: electroneutral solvent
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Free energy density which does not take into account the solvent:
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B lons are point charges

B Overestimation of physical maximum of ion concentrations

Bikerman-Freise model = volume filling model

ua:ungRTln%o‘ (a=1...N)
ﬁa:ungRTln%o‘—RTln%v (a=1...N—1)
N—1
. c c
= g+ RTIn= — RTIn 1-2% due to (1e)
o=

Ba= B = (a=1...N —1)

1
N—1
1+ Zizl a;
Free energy density which does take into account the solvent:
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B Molar volume of each species is v, =
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B Intrinsic limitation: ¢, < ¢

uo = 0, 1, = const: quasi-Fermi potential = nonlinear Poisson equation
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Finite volume scheme consistent with equilibrium

. Discrete continuity equation:
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Discrete flux — generalization of Scharfetter-Gummel scheme:
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Discrete Poisson equation:
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Theorem. The solution of the discretized Nernst-Planck-Poisson system in thermodyna-
mic equilibrium is equal to the solution of the discretized nonlinear Poisson equation.

Numerical example: ideally polarizable electrode

Aqueous binary 1:1 electrolyte with molarity of bulk solution ¢, o = coo = 0.01 mol /dm? for
o = 1,2. & = 55.508 mol /dm> — molarity of water at standard conditions.
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Negative ion concentration (left) and potential profile (right) with applied voltage 0.5 V.

Decay of relative free energy during double layer discharge
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Decay of free energy to equilibrium value during discharge of double layer.
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