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The Onsager-Samaras theury is exiended to the metal-solution interface.

Surface excesses and interfacial

tension values are ealeulated taking image fovees inte aceount.

Introduction

The existence of Coulombice repulsive forces on the
icns at an air-agqueous electrolyte interface has long
been recognized. The surface tension of dilute solu-
tions can be suceessfully predicted on the basis of these
forees alone.?  For more concentrated solutions, it has
to be assumed that an ion-free lnyer is present at the
sutface and the surface tension values, predicted using
a modcl in which hoth effects arce taken into account,
agrec remarkably well with the experimental values.®

In the present paper, the theory is exiended to the
uncharged Hg-aqueous electrolyte interface where at-
tractive forces are present on the ions.

The Surface Tension of a Metal-Solution Interface

When the metallic surface is uneharged, the energy of
an ion loeated at a distunce x from it, due to 1ts image
and the image of 1ts ivnic atmosphere in the metal, is
given by the expression obtained by Onsager and Sam-
aras?
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where ¢ 1s the charge of the 1on, 1} is the diclectric con-
stant, and x & the reciprocal of the radius of the jonie
atmosphere in the Debye Hickel theory.

This expression assumes that the value of x is con-
stant up to the boundary of the interfaee.  The justifi-
cation for this approximation and hence of the On-
sager—Samaras theory has been borne out by experi-
ments. 7

The electrolyte concentrafion at a distance z from the
eleetrode 1= then given by

Cr = Cnnll exp{___e_z____ f"*p(—zxx)l (;})
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where Ch,y, is the bullc concentration of the cleetrolyte.

Tonic surface exeesses due to image forees can be eal-
culated by integration of

P = | 10 = Cunl dr (3)
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where Ty is the 1onic excess due to image forces and @y
1s the distanee of elosest approach of the hydrated jons
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to the metallic surface (cuter Helmholtz plane, OHP)
and is of the order of the radius of such an1on® x was
aanmed constant, and although this 18 not the easc
close to the metullie surface, this does not scem to pro-
duee large errors as ean be seen from the air -zolution
interfaee results.  Furthermore, some calenlations were
peeformed by an iterative method taking into account
the variation of x with distanee,* nand the results were
snbatantially the same as those obtained using a sim-
plifiecdd model. No correetion due to the finite volume
of the ions was attempted.

L ealeulation and integration of (2) was carried out
with a Mereury Ferranti computer using o modified
version of the Autocode program A-502.

Interfacial tepsion values were ealeulated by numer-
ical integration of the surface excess values with re-
speet 1o the ehemieal potential of the electrolyte. At
the electrocapillary maximum, the Gibbs adserption
isotherm 187

I' = —'(' : = Meary, — M0~ (1)
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where 4™** is the interfacial tension at the ECM, u.r,

is the chemical potential of the electrolyte, e and
fye are the number of moles of salt and water forming
the interface, and reare and 23,0 ave {he number of moles
ol salt and water present in the bulk of the selution.
The value of I'is invariant with respeet to the thickness
aseribed to the interfacial layer, provided it includes all
of the regions where inhomogeneities oceur? The
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IMacE Forces AT A MERCURY-AQUENUS ELECTROLYTE INTERFACE

physical meaning of the term muo (Reatt/7imo) 1s the
amount of electrolyte which would be associated in the
bulk phase with the amount of water contained in the
whole interfacial region.  Aceording to the current views
on the structure of the Hg -solution interface,!! this can
be divided into two regions:  the inner and the diffuse
layers. In the absence of specifie adsorption of ions,
the inner layer consists ouly of solvent molecules, and s
a consequence, for sufficiently concentrated solutions,
the electrolyic is actually desorbed from the interface.!?
The degree of desorption depends on the positioning of
the OHP and, henee, on the degree of hydration of the
electrolyte. To simplify the analysis, differences in the
degree of hydration of the cation amd anion are not
taken into account.

The coniribution te the surface excess due to the
inner layer can be conveniently expressed in ferms of
a thickness parameter, xp'?

mingozﬂu = Zglleart (5)
nH.0
where mij1,0 is the amount of water present in the ion-
frec layer.

There is some experimental evidence that this as-
sumption is not unrealistie’® -" and values of distances
of closest approach to the surface, caleulated from
thermodynamic ionic surface excess data of concen-
trated solutions, do not contradict values estimated
from eapacitance datx.  Also, distances of closest. ap-
proach caleulated from surfaee excess results appear 1o
be eonstant over a wide concentration range.'?7'*
Henee, thermodynamic surface excesses and interfacial
tension values eaun be predieted for very dilute solutions
thirough eq 3--h.
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The caleulated surface excess values for three
different values of the parameter @, were numerically
integrated with respeet to the chemical potential of the
electrolyte, using NaOTI solutions as an example.  The
activity eoeflicients of the NaOI solutions were taken
from tables.' The aetivity cocflicient in the conecen-
tration range ¢.01-0.001 A was considered to be the
same as that of an NaCl solution.  The activity eoelii-
cient. of more dilute solution was caleulated using the
extended Debye-Hiiekel cquation taking the onie size
parameler as ¢ = 1.0 A.  Numerical values for the eon-
stants were taken from ref 16, The programs were set
to give a find aceuraey of 0,19,

Results and Discussion

Figure 1 shows the eoncentration of eleetrolyte at a
given distancr from the melallie surface for varions con-
centrations and Figure 2 shows the caleulated inter-
fucial tension changes v, —  yooom e Tor dilferent
values of the purameler w,. The coneentration 5 X
10 5 2F was used as a reference for the infegration. The
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Figure 1. Hatio of coneentration of efectrolyte to bulk
concentration as a funetion of distanee to the electrode for
different bulk roncentrations: a, 107t M; b, L0 * A ¢,
10-2 Af; d, 107 Af.
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Figure 2.
approach.

"4 A, taking image forces into account; u’, bY, and ¢’ are the

same but without image forces,

value of T for lower coneentrations is so small that ne
appreciable change in the ealeulated interfacial tension
values appears if o lower limit of integration is taken.
At any rate, the experimental difficulties of measuring
minute interfueiad tension changes in very dilute solu-
tions are such as to make this measurement. impossibie
for conceentrations lower than 10-* 17,
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From Figure 1 it can be seen that the range of the
image forces can be large in dilute solutions and de-
creases rapidly for more concentraied solutions.  This
is due to the more effective sereening of the ionie charge
by its lonie atmesphere i coneentrated solutions.

The concentration of electrolytie rises sharply in the
immediate neighborhood of the metallic surfuce, and for
an ion with a distanec of elosest appronch of 2.0-3.5 A,
its coneceniration at the OHP is almost {wice ifs value in
the bulk of the solutton up to solution eoncentrations of
10-2 37. In certain eases, ths effect might prove to be
of importance in the study of electrode kineties in the ab-
sence of o supporting electrolylie.  The cofiect of this
rapid inerease in concentration near the electrode on the
surface excess and hence on the interfacial tension can
be scen in Figure 2. The coneentration at which the
value of the surface execess changes sign, and henes the
interfacinl tension curves show a minimum, is shifted to
the more dilute concentrations.  For example, the posi-
tion of the minimum in the interfacial tension changes
from 01L05 to 0.001 M when the position of the OHI 14

shifted from 2 to 4 A.  Also, the decrease in the inter-
fucial tension values due to 1image forees s mueh less.
(The maximum decrease is 0.02 dyn'em for 2 A and
0.0002 dyn/em for 4 &) Two concurring effects pro-
duce this large change: (1) an inerease of over-all ad-
sorption due to imaging in the metal and (2) an increase
of the electrolyte desorption due to the presence of an
ion-free Juyer at the metal surfaece given by the ferm
aufare 10 eg O,

The largest expected deerease of the interfacial ten-
sion at the INCA for a 1:1 eleetrolyte i the absence of
specific adsorption, when the concentration is varied
from 10~% ta 5 X 10 -2}/, would be of the order of 0.02
dyn/em. 1I this were the ease, 1t should be possible to
measure this change with o sufficiently accurate differ-
ential electrometer.
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