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When introduced into a solution in contact with a platinized platinum electrode that has been polarized to
potentials of the double layer region, many organic substances produce a displacement of the potential toward more
negative values. Ideas on the mechanism whereby potentials arise under these conditions are contradictory [1-5].
Thus, in some work the development of these potentials was related to the orientation of the adsorbed dipoles [1] or
to the displacement of the electron shells of the adsorbed molecules toward the metal [2], in other work the displace-
ment of the potential toward negative values was considered an indication of the direct transfer of electrons from
the molecule of the organic substance to the electrode [3, 4]. The purpose of our work was the elucidation of the
nature of these potentials with ethanol as an example. '

The investigation method was as follows. The substance investigated was introduced into an electrolyte solu-
tion in contact with a platinized platinum electrode that had been polarized to a given potential and the change in
potential with time was measured. After determination of the potential, the solution with the substance investigated
was removed and the electrode washed with successive portions of oxygen-free electrolyte solution. The number of
washes was such that the form of the charging curve plotted in the last portion of wash solution did not change with an
increase in the number of washes; eight washes were usually sufficient to achieve this in practice. The values of the
potential relative to a reversible hydrogen electrode in the
same solution are denoted ¢, and relative to a normal
hydrogen electrode by ¢. The G,HsOH concentration was
0.5 M in all the experiments given. The true electrode sur-
: face was calculated from the length of the hydrogen lag on
W the charging curve for 0.1 N H,SO,4 with the assumption that
when ¢, =—001V, there is one adsorbed hydrogen atom per
sook platinum atom on the surface [6], and this was found to be
0.2-0.4 m? (with an apparent surface of 2 cm?).
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As Fig. 1 shows, the shifts in potential on introduction
of ethanol into 0.1 N H,SO, are qualitatively similar to the
shifts in potential produced by the specific adsorption of C1,
Br~, and I~ anions, which were studied by Obrucheva [7, 8].
However, the mechanisms whereby the potentials we studied
\ ~ arise and those of the adsorption potentials are different. In
o3 —_—————5 0% o= actual fact:
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S oan a) The value of ¢; established after the introduction
of C,HsOH (Fig. 1) is almost independent of the starting
5 ,b ,"5 i 2'0 potential when the latter exceeds a certain limit (130 +5mV)
) while the potential established after the introduction of
specifically adsorbed ions is shifted toward the positive side
with an increase in the potential at which the substance in-
vestigated was introduced [8].

Fig. 1. Relation of the curves of the electrode

potential on introduction of ethanol (0.1 N

HyS04 + 0.5 M C H5OH) to the original poten-

tial: 1) 1045 mv; 2) 540 mv; 3) 215 mv; 4)

140 mv; 5) 65 mv. b) The value of ¢ established with the introduction
: of C,HgOH is practically independent of the solution pH

418



(T able 1) and this cannot be explained on the assumption

my that the potential established has an adsorption nature.
800y ¢) The polarization curves indicated oxidation of
the alcohol in the potential region where a fall is ob-
served [4]. )
600+ : d) The charging curve for 0.1 N H,SO, measured
after washing of the electrode (Fig. 2, 1) has a character-
T& istic plateau which corresponds to oxidation of the ethanol
> layer firmly adsorbed on the platinum surface. Switching
400 off the polarization before or after the formation of the
plateau on the charging curve of Py{(CyH;OH), 4 is
accompanied by a shift in ¢, to 260-290 mV (Fig. 2, 2,
3, and 4). In other words, the potential returns to values
200 close to those which are observed after washing of the
electrode before the start of anode polarization(190-210 mV).
The lackof dependence of the potential established on
2'0 4;) o 6(}) the starting value and its return to values close to the
initial ones after the interruption of anode polarization
Fig. 2. Charging curve for 0.1 N H,S0, with indicate that this potential is maintained by some oxida-
ethanol adsorbed on the platinum surface (1) tion—reduction system of the adsorbed substance and
and shift in potential on disconnection of anode solution components. Adsorbed hydrogen, whose presence
polarization at different points on this curve (2, was also detected by means of the initial section of the
3, 4). Current density 1-107™ A/:m? of apparent charging curve of Pt(C2HsOH)a1 (Fig. 2), evidently must
surface. , be of fundamental importance In the determination of
the potential.* As a result of the high exchange current
of the reaction [9]:
5;;]_\_ HadS:H+ + e &
or
00+ :
; H,4s + OH-22H:0 -+ e~ (1)
“or in comparison with the rate of oxidation of C,HzOH, which
w00 ° is very low at the steady potential established, the latter

_; s _," lg‘.(A/sz) must be close to the equilibrium potential of reaction (1)

in acid solutions) and (1a) (in alkaline solutions).
Fig. 3. Relation of the oxidation potential of adsorbed ( ) a)( )

ethanol to current density: 1) 1 N H,SO, (pH 0.37); 2) The appearance of H atoms on the platinum surface
acidified 1 N K380, (pH 2.8). may be explained differently, depending on the oxidation

mechanism assumed for the adsorbed alcohol. It may be
assumed that the transfer of electrons from C,HsOH molecules to the metal displaces the potential toward negative
values until it passes into the hydrogen region and H atoms appear on the surface as a result of reaction (1) or (1a).
However, it is possible that the adsorption process itself leads to the elimination of H atoms with the formation of a
dehydrogenation product.

The relation of the rate of oxidation of the adsorbed alcohol to the solution pH was investigated in order to
elucidate the mechanism by which the steady potential is established. Figure 3 gives the relation of ¢ of the plateau
on the charging curve of Pt (CzHsOH), 4, to the logarithm of the current density in 1 N H,SO4 (pH 0.37) and in acidified
1 N K,SO, (p4 2.6).t The discrepancy between values of ¢, for the oxidation of adsorbed alcohol at the same current
density, within the range of densities measured, did not exceed 156 mV, while the corresponding difference inthe value
of ¢ was 128 (+ 15) mV. As the shift in potential on introduction of C,HsOH is related to the oxidation of the latter,

* A similar opinion on the potential established in the presence of methanol was put forward previously by other
authors [5]. ’

t0Only 4-5 points were plotted over a narrow range of current densities (107%-107% a/cm? of apparent surface) so that
not more than 10-15% of the adsorbed ethanol would be oxidized during plotting of the polarization curve.
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TABLE 1 the curve of the potential change must reflect the kinetics

i ‘Potential at | Final of the alcohol oxidation: The curves of the. shift ifx 50? on
Base i 't th}Iclé)h was | value of introduction of C21—¥5OH into 1 N H,SO, and into acidified
electrolyte } PP r8duced i ¢ mV 1 N K,SO, agree with an accuracy up to 3 mV over the?, whole
- ! (‘Pr ), mV time interval measured (the experimental technique did not
tN HaSOy ! 0,37 | 508 ‘ (58 allow measurement of the potential shift within the first 30-
8 i}t” (Kf—?%() : _t)_;b | ':82 | i::l; 40 sec. after introduction of the alcohol). Polarization curves
-:kOH) . v i ) | ) were not plotted for solutions of phosphates and KOH as the
8,0 ,/399 o 162 lags corresponding to oxidation of the adsorbed ethanol were
0,1 N KOH }13:8 ggg l }Zg small on the charging curves of Pt{C,HsOH), 4, in these solu-

tions. However, as investigation showed, the oxidation of
adsorbed C,HsOH in solutions with different pH values and
the same current density (107 A/cm?® of apparent surface)
started at relatively similar values of ¢: 0.1 N HpSO, (pH
1.26) 505 mV; phosphate buffers 0.3 N (KH,PO, + KOH) (pH 5.3; pH 8.0)545, 547 mV (respectively); 0.1 N KOH (pH 13.0)
0.510 mV. The phosphate anions evidently inhibited the oxidation of C,HzOH ads Somewhat.

Thus, the equation corresponding to the slow transfer of an electron from an alcohol molecule to the electrode
[4): i = k[CszoH] exp (BF¢ /RT), where [CaH5OH], is the surface alcohol concentration, does not hold in the case of
adsorbed ethanol as with a change in pH, the current remained approximately constant at constant ¢, and not at
constant ¢.* The hypothesis that C,yH;0, 4 isthe particle discharged slowly and i = k [CoH50 ] exp (BF ¢/RT) also
does not explain the observed relation of i to pH when B = 1 (see below) and, furthermore, 1t is improbable in the
case of acid and neutral solutions because of the low value of Kp of alcohol (pK 4 15.9) [10].

The experimental data obtained may be explained by assuming that the dehydrogenation of the adsorbed alcohol
is the slow stage in its oxidation,T for example, according to the scheme:

CoH;OH 4 81°Wf CH,CHOHads¥ + Hags ©
Hads _fff.. H~+ —l—e.

T aking into account the fact that the energy of the hydrogen bond changes with fillihg of the electrode surface
[12], let us assume that some sections with the highest bond energy are also filled at values of ¢, at which alcohol
oxidation occurs, and that the kinetics of dehydrogenation are determined by the maximum bond energy on the
sections remaining unfilled. Then, as follows from the kinetics of a reaction on heterogeneous surfaces [12, 13] we
may assume: i =k f ([CH50H) exp (— Bp /RT), where Py is the chemical potential of adsorbed atomic hydrogen,
f ([CH50H],) some function of the surface concentrauon of adsorbed ethanol,** and k; and Bare constants. As
Py = -F¢_ + const, hence it follows:

i == kf (IC;H;OH))exp (8Fg, /RT). @

Thus, the relation of the rate to the electrode potential (3), which is usually considered characteristic of a reaction
with electron transfer, may be also obtained for a reaction with the abstraction of an atom (2) if the chemical poten-
tial of this atom in the final state is determined by the electrode potential. However, other variations of the
mechanism of CzHs0H 4 oxidation are possible over the range of potentials of 0.3-0.6 V. For example, one may
assume that the oxidation proceeds through the adsorbed oxygen or OH radicals, which are present on the platinum
surface in small amounts even at these potentials and whose bond energy falls with a rise in filling. In this case iis

*Like subsequent conclusions this conclusion is more correct in the case of acid solutions;as with a change in pH in the
latter the value [CoHOH] = const and the specific effect of various anions is excluded and this is not the case in
phosphate buffer solutions and KOH solution.
1The hypothesis that the primary act in the electrooxidation of alcohols is the elimination of H ads» had been put for-
ward previously, for example, by Justi [14], but with insufficient experimental proof.
¥ According to data on the radiolysis of ethanol [11], the formation of the radical CH;CHOH is more probable than for
the formation of the radical CH3CH20.

**The relation of i i to the concentration of adsorbed ethanol will be examined in another paper.
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proportional to exp (B'pop/RT) and poy =F¥r + constant and we again arrive at Eq. (3).*  As the steady poten-
tial lies within the hydrogen region scheme (2) appears to describe more accéurately the process whereby it is estab-
lished. '

The value of the coefficient B, calculated from the slope of the curves of ¢ against log i (Fig. 3), varied from
0.5 to 0.65, depending on the electrode activity, the direction of the change in the current, and the composition of
the electrolyte in acid solutions (1 N HpSOy, 0.1 N H,SO,, and acidified 1 N K3504). :
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-

cover English translations appears at the back of this issue.

*This hypothesis is applicable only in cases with a low degree of filling of the surface with oxygen as a high degree of
filling leads to inhibition of the oxidation of organic substances.
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