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ADSORPTION OF SULFUR ON THE PLATINUM ELECTRODE SURFACE
IN ONE OR MORE LAYERS
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The influence of the H,S concentration on the charge required for oxidation of the adsorbed
sulfur and on the nonstationary currents passing through the electrode was studied while
hydrogen sulfide was introduced into the solution. At higher concentrations, more sulfur at-
oms are adsorbed on one platinum surface atom. Upon decreasing the concentration one
atom of sulfur per one surface atom results and the number of sulfur atoms blocking two
surface atoms starts growing gradually.
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In the past years much attention was paid to the adsorption of sulfur on
the surface of a platinum electrode!~’. The results of measurements of some
authors differ at some points. When measuring the adsorption in the H,S
solution, Loucka® found out that sulfur formed a monolayer on the surface
of the platinum electrode. For the adsorption in the double-layer region, it
was discovered that the anodic nonstationary currents corresponding to the
splitting of both the atoms of hydrogen were passing through the electrode.
Two atoms of hydrogen and one atom of adsorbed sulfur pertained to one
surface atom of the platinum electrode. On the other hand, the charge used
for oxidation of the adsorption layer formed in this way corresponded to
six electrons per one surface atom of the platinum electrode (6 e.p.s). If we
assume that the adsorbed sulfur is oxidized to sulfate (or hydrogensulfate)
anions, the results give evidence that a monolayer of the adsorbed sulfur is
formed on the surface of the platinum electrode. Jayaram et al.#, however,
found that for lower degrees of the electrode coverage by adsorbed sulfur
(©, < 0.9) the charge used for oxidation of the adsorbed sulfur corresponds
to the value of 3.8 e.p.s. For higher degrees of surface coverage (O, > 0.9)
the charge for the oxidation grows dramatically. Jayaram et al.* assumed
that for a lower degree of surface coverage, 30% of adsorbed sulfur atoms
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bind to one surface atom and remaining 70% bind to two surface atoms of
the platinum electrode. If the surface coverage is high enough (0, > 0.9),
more layers of adsorbed sulfur are formed. Horanyi and Rizmayer® mea-
sured the adsorption of sulfur in H,S solution on the platinum electrode us-
ing sulfur isotope 2°S. Their results also proved that the amount of adsorbed
sulfur is higher than the monolayer. They also found that sulfur can desorb
from the surface of the electrode. The main difference between the above
mentioned published data is in the concentrations used for the experiments.
Jayaram et al.* and Horanyi and Rizmayer® used a higher concentration
(0.01 mol I'Y), while Louc¢ka® used a lower concentration (103-10~* mol I%).
A similar influence of concentration was observed in the adsorption of
thiosulfate on the platinum electrode®, when a monolayer of the adsorbed
product was formed at lower concentrations, while more layers were
formed at higher concentrations.

To verify the assumption of the influence of H,S concentration on the
adsorption of sulfur on platinum surface, the charge consumed in the oxi-
dation of the adsorbed product was monitored along with the nonstation-
ary currents passing through the electrode after introducing H,S into the
solution.

EXPERIMENTAL

When measuring the Q.. charge, the adsorption was performed in the solution of H,S in
double distilled water while the electric circuit was disconnected. Prior to each measure-
ments, the electrode was activated by applying cathodic and anodic cycles between E = 1.5
and 0 V at a rate of 0.5 V st for 20 min. The electrode activity was estimated according to
the charge needed for the oxidation of adsorbed hydrogen before and after the measure-
ment. During the measurement, the activity never deviated from the average value more
than by 5%. When changing the potential in the positive direction, the potential was
stopped at a preselected value E,, the electrode was removed from the vessel, rinsed thor-
oughly with oxygen-free double distilled water, and immersed in the solution examined,
which had also been deoxygenated by nitrogen. In this solution the electrode was left for
the adsorption time t,. Subsequently, the electrode was rinsed thoroughly with approxi-
mately 20 ml of oxygen-free double distilled water and engaged in the electric circuit at the
potential E,, at which it was kept for the desorption time ty. During the desorption the so-
lution was stirred continuously except for the last 15 s. The time of adsorption was 20 min,
the time of desorption 1 min and the potential E, was 0.6 V vs hydrogen electrode in 0.5 m
H,SO,. Subsequently, the electrode potential was changed to 0 V at a rate 0.2 V st (cycle 0)
and further cycled periodically between 0 and 1.5 V (cycles 1, 2, 3, ...) at the same rate. For
each n-th cycle the following charges were determined:

— The charge consumed in oxidation of the adsorbed sulfur and in formation of the (sur-
face) oxide at the electrode between potentials 0.4 and 1.5 V (Q7);

— The charge consumed in reduction of the oxide between potentials 1.5 and 0.4 V (Q,);
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— The charge consumed in the adsorption of hydrogen (plus the charge for an irreversible
cathodic process®) between potentials 0.4 and 0.0 V Q);

— The charge consumed for the desorption of hydrogen between potentials 0.0 and 0.4 V
Q.

The total charge Q,, necessary for complete oxidation of the adsorbed sulfur® was ob-
tained from charge balance for all cycles (7-15 cycles are sufficient for complete removal by
oxidation of the adsorbed sulfur) as

Qu = z[(Qf -Q) - (@5 -05)] -

The oxidation was carried out in 0.5 m H,SO,. Details of the measurement procedures, in-
struments and the electrodes used are described in ref.?, chemicals used for the experiment
are listed in ref.>. The procedure for measuring the nonstationary currents is explained in a
previous paper3. The nonstationary currents were integrated and the charge Q,, correspond-
ing to the atoms of hydrogen split during adsorption of H,S according to the following
equation

Pt +x H,S = Pt-[Syg, + 2x H' + 2x e

was obtained. The nonstationary currents were measured in 0.5 m H,SO, in the double layer
region (0.5 V vs hydrogen electrode in the same solution). The degree of coverage of the
electrode with adsorbed sulfur was evaluated from lowered amount of adsorbed hydrogens.

RESULTS AND DISCUSSION

The dependence of the charge Q, on the concentration of H,S is shown in
Fig. 1. At all concentrations we achieved the total coverage of all surface at-
oms of the platinum electrode by adsorbed sulfur. The nonstationary
currents at concentrations lower than 3 - 10™* mol I! are too small to be
measured with satisfactory accuracy. For the H,S concentration 3 - 10~* mol I2,
the charge Q, = 0.7418 mC. With regard to the size of the charge corre-
sponding to the amount of hydrogen adsorbed on the clean electrode sur-
face Q] = 0.3995 mC. The value indicates 1.86 electrons per one surface
atom. Thus, at these concentrations, approximately one atom of sulfur is
adsorbed per one surface atom. At higher concentrations, Q, increases, the
amount of electrons corresponding to one surface atom becomes larger
than 2 and more atoms of sulfur belong to one surface atom. For the con-
centration of 102 M H,S, the value of Q, is closer to 1.30 mC, which corre-
sponds to 3.25 electrons per one surface atom and approximately to 1.5
monolayers of adsorbed sulfur, identically with the measurements carried
out by Horanyi and Rizmayer®.
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The dependence of the charge Q. consumed in the oxidation of ad-
sorbed sulfur on the H,S concentration (Fig. 2) shows that Q,, grows linearly
with the growing concentration. For the H,S concentration 3 - 10~ mol I* and
higher, the surface coverage by the adsorbed sulfur, ©, = 1. For lower
concentrations the coverage is not complete and Q,, is calculated for full
coverage. For the concentration 3 - 10 mol It Q,, = 2.81 mC, which corre-
sponds to 7 e.p.s. If we assume that the adsorbed sulfur is oxidized to sul-
fate (or hydrogensulfate) ions, the amount of adsorbed sulfur is close to a
monolayer. For higher concentrations, the Q. charge grows and for this
reason the amount of sulfur atoms per one surface atom also grows. For the
concentration 102 mol I! the charge Q. = 3.664 mC (or 9.17 e.p.s.),
which, in agreement with the measurements carried out by Horanyi and
Rizmayer®, corresponds to approximately 1.5 monolayers of adsorbed sul-
fur. For lower concentrations, Q,, decreases below the value corresponding
6 e.p.s. For the concentration of 10 m H,S the measured charge Q,, was
3.98 e.p.s. The lower the concentration, the higher the number of sulfur at-
oms blocking two surface atoms, which results in a decrease in the number
of sulfur atoms which block one surface atom. Having an average of less
than one atom of sulfur per one surface atom, the Q, value expressed in
e.p.s. should be lower than two. The occupying of two surface atoms with
one atom of adsorbed sulfur occurs at concentrations lower than
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The dependence of the charge Q, on the logarithm of resulting H,S concentration (c in mol ()

in 0.5 m H,S0,. The charge Q, was obtained by integration of nonstationary currents pass-

ing through the platinum electrode on introducing the solution H,S into the solution. The

potential of the platinum electrode was 0.5 V vs hydrogen electrode in 0.5 m H,SO,
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3 - 10 mol I"t. Measurements of nonstationary currents at these concentra-
tions, however, are not sufficiently accurate.

The fact that some atoms of adsorbed sulfur block one surface atom and
other ones block two surface atoms is discussed by Jayaram et al.4, although
these authors used different experimental methods.

The decrease in the Q,, to value corresponding to less than 6 e.p.s. at
lower concentrations can also be explained by the ability of the adsorbed
sulfur to be oxidized to a compound with an oxidation number lower than
6. The compound could be for example dithionate (oxidation number 5).
Korzeniewsky et al.% refer to the occurrence of dithionate in oxidation of
the adsorbed sulfur dioxide. The lowest observed Q,, corresponds to 3.8
e.p.s. (Fig. 2) indicating a compound with the oxidation number lower
than 4, which seems unlikely.

For these reasons the above results most probably give the evidence that
at higher H,S concentration more layers of adsorbed sulfur are formed, or
that one surface atom is occupied by more atoms of sulfur. With the de-
creasing concentration a monolayer of adsorbed sulfur (one atom of sulfur
per one surface atom) is formed at first, the surface coverage of the elec-
trode decreases gradually and the number of adsorbed sulfur atoms which
block two surface atoms increases.
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The dependence of the charge Q,, consumed in the oxidation of adsorbed sulfur on the log-
arithm of H,S concentration (c in mol I™Y). The adsorption was carried out in the H,S solu-
tion in double distilled water while the electric circuit was disconnected. The adsorption
and desorption times were t, = 20 min and t; = 1 min, respectively. The adsorption poten-
tial E, = 0.6 V vs hydrogen electrode in 0.5 m H,SO,

Collect. Czech. Chem. Commun. (Vol. 65) (2000)



166 Loucka:

REFERENCES

. Binder H., Koéhling A., Sandstede G.: J. Electroanal. Chem. 1971, 17, 111.

. Najdeker E., Bishop E.: J. Electroanal. Chem. 1973, 41, 79.

. Loucka T.: J. Electroanal. Chem. 1971, 31, 319.

. Jayaram R., Contractor A. Q., Lal Hira: J. Electroanal. Chem. 1978, 87, 225.

. Hordnyi G., Rizmayer E. M.: J. Electroanal. Chem. 1986, 206, 297.

. a) Szynkarczuk J., Komorowski P. G., Donini J. C.: Electrochim. Acta 1994, 39, 2285;
b) Szynkarczuk J., Komorowski P. G., Donini J. C.: Electrochim. Acta 1995, 40, 487.
7. Lamy-Pitara E., Tainon J., Beden B., Barbier ].: J. Electroanal. Chem. 1990, 279, 291.

. Loucka T.: Collect. Czech. Chem. Commun. 1998, 63, 20.

9. Korzeniewski C., McKenna W., Pons S.: J. Electroanal. Chem. 1987, 235, 361.

NN W N

oo

Collect. Czech. Chem. Commun. (Vol. 65) (2000)


http://dx.doi.org/10.1016/0368-1874(68)80013-9
http://dx.doi.org/10.1016/0368-1874(73)85115-9
http://dx.doi.org/10.1016/0368-1874(71)80061-8
http://dx.doi.org/10.1016/0368-1874(78)87072-5
http://dx.doi.org/10.1016/0022-0728(86)90276-7
http://dx.doi.org/10.1016/0013-4686(94)EC075-I
http://dx.doi.org/10.1016/0013-4686(94)00311-N
http://dx.doi.org/10.1016/0022-0728(90)85184-7
http://dx.doi.org/10.1016/0022-0728(87)85220-8
http://dx.doi.org/10.1135/cccc19980020

