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Most investigations on the structure of the electrical double layer under various conditions, published at
the present time in the wotk. by Gouy, A. N. Frumkin, Grahame, and other investigators were carried out on
liquid mercury by means of electtocapillary curves and capacity, There are still very few sufficiently direct
and reliable data for solid metals, though the structure of the surface layer on solid electrodes used in practice
is of considerable importance in the kinetics of electrode processes. The first work establishing the relation
between the adsorption of ions and the formation of the double layer on'solid metals was that of A, N. Frumkin
and A. D. Obrucheva with a platinum electrode [1]. In later work of Kolthoff and Kameda [2], A. N. Frumkin,
A. 1. shlygin, and V. 1. Medvedovskii [3], and many others, these ideas were developed and refined by means -
of various electrochemical methods.

In the last few years in the Institute of Physical Chemistry, Academy of Sciences USSR, there have been
developments in the study of the adsorption of ions on solid metals for elucidating the characteristics of the
structure of the double layer by means of tracers. In these cases the method of tracers is applied as a direct
adsorption method, making it possible to determine the qualitative and quantitative compositions of the surface
layer under various conditions on actual electrodes.

This method has been used previously for studying processes occurring on metal surfaces in the work of
Hevesy [4], Erbacher [5], Haissinsky [6], and others but without sufficient allowance for the electrochemical
characteristics of the metal. '

We developed variants of the procedure for measuring the amount of fons adsorbed on an electrode sur~
face in relation to potential, time, temperature, and the composition of the solution labeled with one or several
radioactive isotopes of the elements present in the ions studied, The total adsorption was measured from the
change in radioactivity of the solution or the electrode itself, The expetiments were carried out in normal
glass electrochemical cells, fitted with a device for transferring the solution with the gas at the required mo-~
ment of the experiment into a separate ‘cell in which the activity was measured,

In the present work we present some results from the study of the adsorption of sOi-, Hpoﬁ- ,I" , Br-, Cs+,
7 La%, and Y** ona platlnized platinum electrode.

The electrochemical behavior of a platinum electrode has been studied quite thoroughly in many works ,
and therefore it may be compated with adsorption behavior which has been studied inadequately. These works
include numerous invesugations of A. N. Frumkin and his co-workers, beginning with the earlier works of A. D.
Obrucheva, A. 1. Shlygin, B, V.’ Ershler et al, [1, 3, 7], and also some investigations of foreign scientists [8].
From these works it is known that the electrocapillary zero of platinum, determined by various methods, lies
within the potential range of 0,11 to 0.27 vrelative to a normal hydrogen electrode. It has been shown that at
more negative potentials the surface is charged negatively and adsorbs cations and at more positive potentials
it adsorbs anions. At a potential of 0,4-0.5 v, when oxygen appears on platinum its adsorption properties
change,and the weakly oxidized surface first acquires a negative charge,and at higher anodic potentials (to a
potential of 1,2 v, it is again positive,
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sorption of SO} . (Solution 0.01 N H;S0,.) " Fig. 2. Potential depen-
1) From measurements with tracers; dence of the adsorption
2) from measurements of electrical con- of I (1 NH,S04+0.01 NKD),

ductivity.

The adsorption properties of platinum with a further increase in potential have not been investigated. In the re-
cent work of V. 1. Veselovskii [9) on the mechanism of oxygen liberation on platmum which was carried out with
labeled oxygen, it was shown that at different anode potentials the form of the bond of oxygen with the surface
differed substantially. All the data obtained previously agree satisfactorily with the relatively simple scheme

for the structure of the double layer, : , : : RE : '

Our experiments with-tracers on a polarized platinum electrode made it possiBle to study the finer detafls
of the adsorption of ions and showed that the relation of the adsorption of anfons and cations on platinum to its
potential is much more complex than was considered previously, ' ‘ ‘

In general, adsorption depends on potential and, consequently, on the charge of the surface in approximate
accordance with the ideas on the structure of the double layer; namely,.the adsorption of anions increases with
an increase in the positive and decreases with an increase in the negative charge of unoxidized platinum, while
adsorption of cations decreases with a decrease in the negative charge. However, together with this there is ad-
sorption of anions and cations on similarly charged surface in the region of the electrocapillary. zero,

An examination of the curves of the relation between the adsorpﬁon of anions and the potential of unoxi-
dized platinum, allowing for the fact that adsorption of oxygen begins at potentials above 0.4 v, shows that they
are similar for all the anions studied. Figs. 1 and 2 show the most characteristic adsorption curves for SOf~ ap-
fons, which are considered surface-inactive, and I” anions, which are typical surface-active anions. According
to the simple scheme of the structure of the double layer, in the absence of specific adsorption. anions should be
adsorbed at potentials which are more positive than the electrocapillary zero, As the experimental curves show,
the adsorption of SO}~ changes in relation to potential analogously to the adsorption of surface-active anions 17,
For all the anions studied, with a negative charge on the surface of pure platinum, there was comparatively low
adsorption, which increased rapidly with an increase in the negative charge, Close to the potential of 0.1-90,9
there was a slight minimum, the nature of which is yet unknown. The results obtained, which show that not only
surface-active anions I° and Br- but also surface-inactive anions SOf~ and HPO~ are specifically adsorbed op
platinum, and are in agreement with the data of Grahame[10],who showed that all anions with the exception of the
jon F~ are adsorbed on mercury, and also with the hypotheses of Ya. M. Kolotyrkin [11] on the adsorption of

. H,80, on lead, thallium, and cadmium, which changes the kinetics of hydrogen liberation.

with the appearance of and an increase in,the positive charge, there is an increase in the adsorption of
all anions up to the beginning of platinum oxidation, The amount of adsorption of all the anions studied differed
ed strongly at all charges of the surface and the fons may be arranged in the following series with respect to in-

" creasing adsorbability HPO42’ <5042 < Br-<I". The strength of the bond of the anions with the platinum sur-

face also changes in the same series.

'The amount of adsorption with the surface positively charged is greater for all the anions than is required

" for the formation of an ionic double layer. The values obtained correspond approximately to monolayer and for

fodine to polylayer covering if the size of the surface determined for the charging curves is used for the calcu-
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lation, However, a considerably larger part of the platinum surface is
rn” g-equiv /em? apparently used in the adsorption process and the results of electrochem-
’

g ical measurements of the true surface are low.
An increase in adsorption with time over a period of several
g hours and a fall in it with an increase in temperature are also charac-
4 teristics of the adsorption of all the anions studied on platinum. We as-
2 sociate these phenomena with the penetration of fons into the depth of
the platinum, which is measured directly with time from the increase

gt in the activity of the electrodes, which have first been washed free from

7 9z 44 48 ;’7 \'/;{n.ixz.e.) active solution. At the same time there is an increase in the irreversi-

’ bility of adsorption with time, which may be explained by strengthen-

Fig. 3. Potential dependence of ing of the bond of the specifically adsorbed anions with the surface of
the adsorption of Cs*. (Solution the metal. ‘

0.01 N C5,804 pH 2.5.) Thus, with some approximation it is possible to separate adsorp-

tion on the external surface of the platinum, which occurs quite rapidly,
from processes occurring slowly on it and from the penetration of anions
into the platinum. This process, which is clearly expressed on platinum, does not occur on all metals, We have
observed it on iron and steels but it is not detected on gold.

As is shown by the curves of the potential dependence of anion adsorp;ion presented in Figs. 1 and 2, with
comparatively rapid oxidation of the platinum, beginning at potentials of 0.4-0.5 v, there is sharp desorption of
anions due to the formation of a dipole bond of oxygen with the platinum, as a result of which the surface is
charged negatively. A further increase in potential evidently leads to the appearance of positive charges on the
surface, which is caused by a slight increase in the adsorption of anions (Fig. 1). At high anode potentials there
is a whole series of such adsorption maxima and minima, indicating the instability of the adsorption properties
of platinum. The amount of adsorption of anions on positively charged oxidized platinum is less than on unoxi-
dized platinum. For example, for a potential of 2.1v, the adsorption of SO;” anions is 1% of the adsorption of
these anions at a potential of 0.3 v.

The results we obtained on the adsorption of cations are closely connect-
ed with the specific adsorption of anions on platinum, Figure 3 givesa charac~
teristic curve of the potential dependence of the adsorption of cations for Cs*.
The curves have an analogous form for sr?t, Y3+, and La®", According to the
simple scheme of the structure of the double layer, the adsorption of cations
should occur only with the surface negatively charged and be absent with posi-
‘ tive and zero charges. As Fig. 3 shows, a more complex picture was observed
b4 experimentally, The greatest adsorption ‘of cations was observed with a nega-

tive charge on unoxidized platinum and witha decrease in this charge there
2 was a fall in adsorption, Close to the electrocapillary zero point, the adsorp-
3 tion of cations was minimal, and with the appearance of an increase in the
q2 ' 0"4 0:; * positive charge it again increased to the beginning of platinum oxidation. We
50,v(nl.h.e.) explain the adsorption of cations on positively charged platinum by the pres-
ence at these potentials of overequivalent adsorption of anions, holding cations
in the outer envelope of the double layer, as on mercury,

I 177 g-equiv/cm?
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Fig. 4, Curves of -the co-
adsorption of Cs* and SOZ".
(Solution 5:10° N Cs,50,; Thus, it is possible to determine the overequivalent adsorption of anions
pH 27.) 1=-50,%"; 2—-Cs*, experimentally from the amount of adsorptio_n of cations on a positively charged
‘ surface. According  to our data, it is 3,107 g-equiv/cm? for SO} . With
the appearance of adsorbed oxygen, overcharging the surface, there is desorp-
tion of cations bound by anions adsorbed in more than equivalent amount on
the positive surface, but then there is again adsorption of cations on the negatively charged surface, the charge
of which is caused by dipoles of oxygen with platinum. Further increase in potential leads to new overcharging
of the surface and desorption of cations and adsorption of anions, The desorption of cations is greatest at poten-
tials close to the potential of oxygen liberation, at which all the cations studied that are adsorbed on negatively-
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charged unoxidized platinum, are desorbed almost completely after 1~ 2 min.

A study of the coadsorption of cations and anions makes it possible to determine the capillary zero at
which the amount of adsorbed anions and cations are equal, This may be done most accurately for different po-
tentials by simultaneous measurements of the adsorption of the cations and anions present in solution,as'the
amount of adsorption and the position of the electrocapillary zero depends to a considerable extent on the state
of the surface,which is difficult to reproduce in different experiments. The use of tracers makes possible a rapid
determination of the amounts of simultaneously adsorbed anions and cations by the use of appropriate radioactive
tracers which differ considerably in the energy or the character of the radiation.

Figure 4 gives curves of the coadsorption of Ccst and SO;” on platinized platinum. As these curves show, with
the greatest adsorption of cations there is the least adsorption of anions, The amounts of adsorption of the two
types of ions became equal at a potential of 0,18 v, which agrees well with results obtained pteviously for the
electrocapillary zero of platinum by other methods.

The amount of adsorption at the electrocapillary zero gives the amount of specific adsorption of anions on
an uncharged surface of unoxidized platinum and corresponds to the maximum of the electrocapillary curve, For
the case of SO~ this value is practically zero on mercury while,according to our data, on platinum it is 8,10"1

g-equiv/ cmz.

We subsequently hope to study the adsorption of ions on various metals to refine our ideas on the structure
of the surface layer at a metal-solution boundary,
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