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Appendix: Bard-Faulkner’s book 13-1 Electrocapillary Equation

[A. J. Bard and L. R. Faulkner, Electrochemical Methods: Fundamentals and Applications, 2nd Ed. 13.1.2
pp.537-538 (2001) , John Wiley and Sons, NY]

Let us now consider a specific chemical system in which a mercury surface contacts an aqueous KCl
solution. The potential of mercury is controlled with respect to a reference electrode having no liquid
junction with the test solution. Suppose also that the aqueous phase contains a neutral species, M, that
might be interfacially active. For example, the cell could be

Cu'|Ag/AgClK™, Cl~, M|Hg|Ni|Cu (38)

We will focus on the interface between the mercury electrode and the aqueous solution.

In writing the Gibbs adsorption isotherm for this case, it is useful to group terms relating separately
to components of the mercury electrode, ionic components to the solutiion, and neutral components of the
solution. Since excesses of charge can exist on the electrode surface, we need to consider a surface excess of
electrons on mercury. It could be either positive or negative. Thus

—dy = (Tugdfing + Tedfig®) + (Ig+ dfigc+ + I~ dfie-) + (Dvdfing + Ty0dfi,o) (39)

where [ng refres to electrons in the mercury phase.
There are some important linkages between electrochemical potentials:

fie® = g (40)
AKCl = PKCl = fg+ + fiop- (41)
Moreover,
AH,0 = HH,0 (42)
v = g (43)
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By futher recognizing that dfigs = d,&%g = 0, we can reexpress eq. (38) as

—dvy = Fedﬂecu + Tx+diikc — I'k+dfic- + Toy-diieg-1 + [Tvdpm + T,0dp,0] (44)

Now we consider the important fact that our reference electrode responds tp one of the components of the
aqueous phase. From the equilibrium at the reference interface, AgCl 4+ e = Ag + CI~, we have

fingor + i = fiag + ficy- (45)
Since djiagc1 = dfiag = 0,
djig™ = djicy- (46)
Substituting (45) into (43) and regrouping terms, we obtain
—dy = LdiS" — [T+ — Ty Jdal™ + Igr dfier + Dvdp + Ta,odpm,o (47)
The excess charge density on the metallic side of the interface os
oM =_FTr, (48)
An equal, but opposite charge density resides on the solution side:
05 = —oM = F(I'xs — IT'y-) (49)
In addition,
A" — s = —Fd(¢™" — ™) = —FdE_ (50)

where F_ is the potential of mercury electrode with respect to the reference. We follow convention in
attaching a negative subscript to signify that the reference electrode responds to an anionic component of
our sysytem. Invoking (47)-(49) converts (46) into

—dy = oMdE_ + I'k+ djixer + Duadpn + Tyodpm,o (51)



Now we must recognize that all of the parameters in the equation are not independent. We cannot
change the chemical potentials of KCI, M, and H20O separately (e.g., by changing the concentrations).
If one of them changes, it affects the others. A consequence of this face is that I+, Iy and Iy,0 are
not independently measurable. Can we convert (50) into an expression of measurable and independently
controllable quiantities?

We can, by recognizing the Gibbs-Duhem relation for the aqueous phase. It says that for any phase at
constant 7" and P

> Xidpi =0 (52)

where i ranges over all components and X; are mole fractions. For our aqueous phase,

Xn,0dpm,0 + Xkaduker + Xvdpv =0 (53)

Between (50) and (52), we can eliminate dum,o to give

X X
—dy = oMAB_ + |Ijr — 52 FHZO] dpker + [rM — —Th,o| diu (54)
XH,0 XH,0

The bracketed quantities are measurable parameters called relative surface excesses. They are symbolized
separately as

a I
X
I+ m,0) = T+ — XKCI I'n,o0 (55)
2
\ J
a N
X
FM(H2O) =In— XHMO FHzo (56)
2
\ J

Thus we now learn that we cannot measure the absolute surface excess of K™ , but only its excess relative to
water. For example, a zero relative excess does not imply a lack Of adsorption of KT, but only that K* and
H50 are adsorbed to the same degree. That is, K™ and H5O are adsorbed in the same mole ratio that they
have in the bulk electrolyte. A positive relative excess means that KT is adsorbed to a greater degree than
water, not in absolute molar quantities, but with respect to the amounts available in the bulk electrolyte.

Water is taken here as the reference component. It is advantageous to select the solvent S in any
electrolyte as the reference component, because one then does not have to concerned with its activity. Also,
one can sometimes argue that the quantities (X;/Xg)Is are negligibly small, so that measured relative
surface excesses can be regarded as absolute surface excesses. This assumption is not rigorous, of course,
but may be sound from practical viewpoint in many experimental situations involving dilute solutions.

These considerations bring us to the final statement of the electrocapillary equations for out xperimental
System:

—dy = oMdE_ + I'c+m,0)dpxcr + Daao)dinm (57)




