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The comparison of the charge—potential dependences for Hg, Ga and
In + Ga in water, acetonitrile and dimethyl sulfoxide shows that the influence
of the orientation of the dipole molecules of the solvent affects the electric
double layer structure much less at a negative surface charge than at the zero
charge.

Ein Vergleich des Zusammenhangs von Ladung und Potential fir Hyg, Ga
und In -+ Ga (eutektische Legierung) in Wasser, Acetonitril und Dimethyl-
sulfoxid zeigt, dal der Einflu der Orientierung der Losungsmitteldipole die
Struktur der elektrischen Doppelschicht bei einer negativen Oberflichenladung
viel weniger beeinfluflt als am elektrokapillaren Nullpunkt.

The comparison of the dependence of the charge density of an
electrode on its potential £ for mercury and gallium has shown that
markedly different results are obtained if we compare the potentials
of zero charge (pzc) £,_, and the potentials of an equal negative
charge F,_,, where q has a sufficiently large negative value (¢ = — 15
<+ — 18 uC/em?) 12, While A(E,_)a¢ = (B,_o)gy — (By—o)gq 18 equal
to 0.50 v, the distance between the negative branches of the o, £ curves
in the range of the potentials £ in which they become parallel is
only 0.17 v. This difference was explained by the fact that when the
negative charge of the electrode decreases and approaches the pzc,
water molecules undergo reorientation, so that the negative, i.e.
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oxygen, ends of water dipoles are oriented towards the electrode.
This process is much more pronounced for more hydrophilic Ga, than
for relatively hydrophobic Hg3. This phenomenon was considered
in a more sophisticated way in 4® assuming that the surface layer
contains both clusters of water molecules with a relatively small
dipole moment, whose orientation is determined entirely by the elec-
tric field of the double layer, and single dipole molecules whose orienta-
tion is determined not only by the magnitude and direction of the
field, but also by the chemical (specific) interaction of the oxygen
end of the dipole?, or of both its ends® with the metal surface.

It was pointed out in ! that in comparing the quantity ¥,_, with
the difference of the work functions A4 W, or the Volta potential between
two metals in vacuum 3“6 in many cases it is more reasonable
to use the quantity AK,_, rather than AE__, since at negative surface
charges the influence of the difference in the orientation of water
molecules is not so pronounced. The experimental data for a number
of metals which support this conclusion, as well as the earlier history
of the problem are given in 7. Recently TrasaTTI® approached the
problem of the relationship between the pzc and the electron
work function from a somewhat different point of view.

The influence of the orientation of the solvent molecules on the
relationship between the quantities AE,_, and AW, can be considered
without increasing the number of metals to be compared, as was
done in 78, but by varying the solvent nature for a given pair of
metals 9:10. The first attempts in this direction were made already in?,
where the data obtained in molten salts were given for the pair
Hg—Ga. These data, however, are not sufficiently accurate and be-
sides in this case the influence of the solvent nature is superimposed
by that of the temperature variation. Later the behaviour of mercury,
gallium and the eutectic indium-gallium alloy in water and acetonitrile
was compared?-11. Just as in water, in acetonitrile the value of

3 A. Frumkin, B. Damaskin, N. GricorYEV and 1. BAcorskava, Electro-
chim. Acta 19 (1974) 69.

4 B. DamaskiN and A. FrRumkiIN, Electrochim. Acta 19 (1974) 173.

5 R. PAarsons, J. electroanalyt. Chem. 59 (1975) 229.

6 A. FruMrIN and A. GORODETZKAYA, Z. physik. Chem. 136 (1928) 451.

7 A. FrRuMkIN, B. DamaskiN, I. BaAcorskavya and N. GrRiGoryYEV, Electro-
chim. Acta 19 (1974) 75.

8 S. TrasaTTl, J. electroanalyt. Chem. 33 (1971) 351.

9 A. FrumxkiN, I. Bacorskava and N. GriGorYEV, Denki Kagaku 43
(1975) 2.



Potentials of Zero Charge and the Nature of the Solvent 5

AB,_)g! = 0.29 exceeds that of A(H, )5 = 0.24 (Fig.1), but
here the difference is less than in aqueous solutions. Moreover, the
value of A(H,_)2% in acetonitrile is less than in water*.

More interesting results were obtained in comparing the behavior
of mercury and the eutectic indium-gallium alloy (16.4at.-9/y In) in

acetonitrile and dimethyl sulfoxide (DMSO)!2 (Fig.2). In choosing
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Fig.1. The o, ¢ dependences for mercury and gallium. water, — — — ace-

tonitrile

Fig.2. The o, ¢ dependences for mercury and In + Ga eutectic alloy. di-

methyl sulfoxide, — — — acetonitrile

* All potentials in Figs.1 and 2 are referred to the standard hydrogen
electrode in water. No attemps were made to make any corrections for the
potential difference at the interface between aqueous and nonaqueous solutions.
This is of no importance, however for comparison of the values of A (Hs—0)}%
and A (H,_ q)%zz in different solvents since the value of this unknown correction
was the same in experiments with each solvent. We desisted, however, from
a confrontation of the values of E,_, and E,_, obtained for the same metal in
different solvents.
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dimethyl sulfoxide as solvent, we proceeded from the assumption
that the presence of a chemically active oxygen atom in the S =0
group may lead to a well-defined orientation of adsorbed molecules.
In the case of dimethyl sulfoxide we were obliged to use the indium—
gallium alloy instead of G'a, since at negative potentials at the DMSO/
Ga interface the capacity shows an appreciable dependence on fre-
quency, which points to the presence of a chemical reaction *.

It is difficult to compare the data obtained in organic solvents for
the indium-gallium alloy with those for water because the differential
capacity of the indium-gallium alloy (just as that of indium) in water
at the most negative accessible potentials for yet unknown reasons is
by about 109/, higher than that of mercury?, so that the o, ¢ curves of
mercury and indium-gallium have no parallel sections. Therefore,
the value of A(B,_,)1?, ¢, can be only approximately estimated in the
case of aqueous solutiocns. In the nonaqueous solutions investigated
so far the differential capacity of In -+ Ga at sufficiently negative
potentials does not differ from that of the other metals studied by us.
Tables 1 and 2 list the data on Ga and In + Ga obtained up till now.

Table 1. AE-values at ¢ = 0 and ¢ = q of Ga and Hg or In + Ga and Hg in
different solvents

Mey—DMes Solvent A(Eg—o)iie A (Bg_ )i
CH3CN 0.29 0.23

Ga—Hg H>0 0.50 0.17
(CH3)280 0.71 -
CH3CN 0.42 037

In 4+ Ga — Hyg H>0 0.48 (0.34)
(CH3)280 0.63 0.43

Table 2. Capacities of the dense layer, Cy, in pFjem? for In + Ga and Hg with
charges ¢ = 0 and o = q in different solvents

CH3CN H>0 (CH3)280
c=0 o=gq c=0 o0c=¢q og=0 o=4¢q
In + Ga 28.5 10 60.5 18 54 8.5

Hy 16 10 29 17 24 8.5

* The value of A(H,_()%? could be determined, however, by the dropping
electrode method.
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The measurements on In -+ Ga in dimethyl sulfoxide were carried out
in LiOl04 solutions whose concentration varied within 0.01—0.1 M.
The value of pzc was determined from the position of the differential
capacity minimum in dilute solutions and by means of a dropping
electrode. The experimental details will be published elsewhere.

As can be seen from Table 2, the data on pzc agree well with the results
of the comparison of the capacity of the dense layer Uy of In -+ Ga
and of Hg at constant o in different solvents.

The examination of Tables 1 and 2 shows that the difference in
the double layer structure between Ga and Hg and between In + Ga
and Hg smooth down when passing from zero to negative surface
charges and that the solvent nature affects the potential difference
between different metals at the same negative charge much less than
that at the zero charge. It should be noted that the value of 4 (B o
in DMSO, both for Ga and In-Ga, is not less, but much higher,
than in water. The value of W, for In -+ Ga has not yet been deter-
mined.



