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The adsorption of thiosulfate on a platinum electrode was measured at the open circuit potential.
A monolayer of the adsorption products covers the electrode at lower thiosulfate concentrations. The
charge used up during the reduction of the monolayer roughly corresponds to 0.5 electron per surface
site (e.p.s.), the charge used up during the oxidation of the monolayer after reduction corresponds
approximately to 4 e.p.s. Multiple adsorbed layers, which are presumably constituted mainly by ad-
sorbed sulfur, build up at higher thiosulfate concentrations. The amount of the adsorbed substance
increases with increasing thiosulfate concentration and time of adsorption. Desorption from the sur-
face coated by multiple layers can take place in supporting electrolyte solution. The build-up of
multiple adsorbed sulfur layers also takes place during adsorption from solutions of colloidal sulfur.
Key words: Electrochemistry; Multilayers of adsorbed sulfur; Colloidal sulfur; Reduction to dithionite;
Oxidation to dithionate.

The adsorption and electrochemical oxidation of sulfur compounds on platinum elec-
trodes has been attracting interest, attention being mainly centered on sulfur dioxide1–5,
sulfane6–13, thiourea14–16, and cystine or cysteine17–20. Few papers have dealt with the
electrochemical oxidation of thiosulfate at platinum electrodes.

Konopik and Holzinger21,22 investigated the reduction of thiosulfate in a 0.1 M NaOH
solution at a platinum electrode and observed the formation of identical quantities of
S2– and SO3

2− ions. Glasstone and Hickling23,24 examined the anodic oxidation of thio-
sulfate to tetrathionate and sulfate, and obtained tetrathionate in the highest yield at a
platinum electrode in slightly acid or neutral solutions at a relatively high current den-
sity. Voltammetric curves using a rotary platinum wire electrode were recorded by
Kuzmina and Songina25, who assume that in a weakly acid solution, thiosulfate is ox-
idized to elementary sulfur, whereas sulfur converts to sulfate. In neutral solutions,
thiosulfate is oxidized to tetrathionate and dithionate. Klemenc26 suggested that S2O3

2−

is oxidized to S4O6
2− by free hydroxyl radicals created at the anode during the discharge

of the OH– ions. Previously it was supposed that thiosulfate is oxidized by oxygen25,26

or hydrogen peroxide23,24 forming at the anode.
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No very recent papers dealing with the adsorption and electrochemical oxidation of
thiosulfate on a platinum electrode can be found in the literature, and data of the struc-
ture of adsorbed thiosulfate as examined by non-electrochemical methods are also lack-
ing. From among related substances, only the structure of sulfur dioxide adsorbed from
an acid solution on a platinum electrode has been investigated by in situ infrared spec-
troscopy4. The authors of that paper suggest that the oxidation of sulfur dioxide is
accompanied by formation of S2O6

2− as the intermediate product; the formation of ad-
sorbed sulfur at cathodic potentials is assumed.

Although the anodic oxidation of thiosulfate at platinum electrodes has been exam-
ined and various mechanisms have been suggested21–27, the studies were not based on a
deep insight into the adsorption of the substance on platinum. Gaining such insight was
the aim of the present work.

EXPERIMENTAL

The measurements were performed in 0.5 M H2SO4, prepared from the concentrated acid of reagent grade
purity and redistilled water. Thiosulfate and sulfite solutions were obtained by dissolving solid Na2S2O3 or
Na2SO3 of reagent grade purity in redistilled water or in 0.5 M H2SO4. Oxygen was removed from the solu-
tions by nitrogen purging.

Details of the electrodes and instrumentation used have been given previously28.
Prior to each measurement, the electrode was activated by applying cathodic and anodic cycles

between E = 1.5 and 0 V at a rate of 0.5 V s–1 for 20 min. The electrode activity was assessed based
on the charge used up for the oxidation of adsorbed hydrogen before and after the measurement.
During the measurement, the activity so assessed never deviated from the average value more than
by 5%.

Absorbance measurements were accomplished on a Spekol 11 spectrophotometer (Zeiss, Jena).
All potentials reported here refer to the hydrogen electrode in 0.5 M H2SO4 at 25 °C.
The adsorption and oxidation of thiosulfate was examined by evaluating voltammetric curves or

by measuring the charge used up during the oxidation of the adsorbed product in the supporting elec-
trolyte solution.

Voltammetric Curves

Following electrode activation in 0.5 M H2SO4 supporting electrolyte solution, the concentration was
adjusted by adding a fresh solution of thiosulfate or sulfite. Oxygen was removed by nitrogen purging,
nitrogen feed was discontinued, and the solution was allowed to stand. The voltammetric curve was
recorded between potentials of 0 and 1.5 V.

Adsorbed Product Oxidation and Reduction

The procedure was as shown schematically in Fig. 1. The electrode was first activated as described
above. When changing the potential in the positive direction, the potential was stopped at a prese-
lected value EA, the electrode was removed from the vessel, rinsed thoroughly with oxygen-free re-
distilled water, and submerged in the solution examined, which had also been freed from oxygen. In
this solution the electrode was left for the adsorption time tA, during which the system was nitrogen
purged vigorously. Subsequently, the electrode was rinsed thoroughly with approximately 20 ml of
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oxygen-free redistilled water and engaged in the electric circuit at the potential EA, at which it was
kept for the desorption time tD. During this desorption the solution was stirred continuously except
for the last 15 s. Subsequently, the electrode potential was changed to 0 V at a rate of 0.2 V s–1

(cycle 0) and further cycled periodically between 0 and 1.5 V (cycles 1, 2, 3,…) at the same rate.

RESULTS AND DISCUSSION

Figure 2 shows the current vs potential plot for potential cycles between 0 and 1.5 V at
0.2 V s–1. The dashed line was obtained in the supporting electrolyte solution (0.5 M H2SO4),
curves 1 and 2 correspond to the supporting electrolyte to which Na2S2O3 and Na2SO3,
respectively, had been added to reach a final concentration of 1 . 10–3 mol l–1. The
curves were recorded after attaining the steady state.

The voltammetric curve for sodium sulfite (curve 2) exhibits oxidation peaks at 0.6
and 1.2 V, a not very marked reduction peak at 0.15 V, and a pronounced reduction
peak at 0.07 V. All of the peaks grow in intensity if the solution is stirred. Similar
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FIG. 2
Steady-state current curves in depend-
ence on time for Na2S2O3 (1) and
Na2SO3 (2) at a concentration of
1 . 10–3 mol l–1 in 0.5 M H2SO4. Peri-
odic potential cycle rate 0.1 V s–1, un-
stirred solution; dashed line 0.5 M
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FIG. 1
Schematic of the time behaviour of
the electrode potential for monitoring
the oxidation of the adsorption pro-
ducts; tA time of adsorption, tD time of
desorption, numbers denote cycles
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curves have been obtained previously1,2. The voltammetric curve for thiosulfate (curve 1)
displays a single oxidation peak at 1.2 V, nearly identical with that of sulfite. The
reduction peaks of thiosulfate are considerably lower than those of sulfite.

The charge used up to oxidize adsorbed hydrogen gives evidence that a kind of ad-
sorption which eliminates completely that of hydrogen takes place in the solutions of
both thiosulfate and sulfite. In the two voltammetric curves the surface platinum oxide
reduction peak is substantially lower than as obtained in the supporting electrolyte sol-
ution.

Decomposition to elementary sulfur and sulfite is characteristic of thiosulfate solu-
tions. No haze due to the presence of colloidal sulfur in the solution was observed when
recording the voltammetric curve in a 10–3 M solution of Na2S2O3 in 0.5 M H2SO4. To
test the decomposition of thiosulfate, the concentration dependence of absorbance of its
solutions in 0.5 M H2SO4 was investigated. The absorbance at 530 nm was measured
10 min after mixing the thiosulfate solution with sulfuric acid. The dependence, which
is shown in Fig. 3, gives evidence that the decomposition does not take place at low
concentrations (about 10–3 mol l–1). The fact that the voltammetric curve for the 1 . 10–3 M

solution of thiosulfate in 0.5 M H2SO4 does not exhibit any oxidation peak at 0.6 V also
indicates that no appreciable decomposition to elementary sulfur and sulfite ions occurs
in this solution. Haze due to colloidal sulfur starts to be apparent at a thiosulfate con-
centration of 3 . 10–3 mol l–1.

In line with these results, Kuzmina and Songina25 report the decomposition of thio-
sulfate in 1 M H2SO4 at concentrations exceeding 10–3 mol l–1.

Oxidation of Adsorbed Product in Supporting Electrolyte Solution

Oxidation of the adsorbed product was examined as described in Experimental. The
gradual oxidation of the product adsorbed from a 3 . 10–3 M solution of thiosulfate in
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FIG. 3
Dependence of absorbance at 530 nm on sodium
thiosulfate concentration in 0.5 M H2SO4,
measured 10 min after solution preparation

Adsorption and Oxidation of Thiosulfate 23

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



redistilled water is shown in Fig. 4. The adsorption and desorption periods tA and tD
were 20 min and 1 min, respectively, the potential was EA = 0.4 V. Seven cycles were
required for a complete oxidation of the adsorbed product; only in the eighth cycle the
voltammetric curve was identical with that of the platinum electrode in supporting
electrolyte.

When varying the potential from 0.4 to 0 V (curve 0), a cathodic peak appeared at
0.155 V. There are two feasible explanations of this phenomenon:

In addition to sulfur atoms, the adsorbed product also contains oxygen atoms. The
product undergoes reduction in the hydrogen region and the oxidation state of sulfur is
reduced from the initial value of II.

The other explanation is based on the reduction of the difficult-to-reduce oxygen (for
explanation of this term see ref.7). A similar cathodic peak has been observed6 for
sulfur adsorbed on platinum at approximately 0.07 V (30 V s–1 rate).

Figure 4 also documents that the charge used up in the hydrogen adsorption range in
the individual cycles is higher than that used up during the oxidation of the adsorbed
hydrogen. This effect, referred to as the reduction effect, has been observed previously6

and can again be ascribed to the reduction of species arising from the oxidation or
reduction of the difficult-to-reduce oxygen.

The charges used up during the following processes were measured for each (n-th)
cycle: oxidation of adsorbed hydrogen between potentials of 0 and 0.4 V (Q 1

n); oxida-
tion of the adsorbed product and formation of surface platinum oxide between poten-
tials of 0.4 and 1.5 V (Q 2

n); reduction of the surface oxide between potentials of 1.5 and
0.4 V (Q 3

n); and adsorption of hydrogen and the above cathodic process between poten-
tials of 0.4 and 0 V (Q 4

n).
In the Coulomb balance, the charge was calculated as

Qox = ∑[(Q2
n

n=1

k

 − Q3
n) − (Q4

n − Q1
n)]  . (1)
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FIG. 4
Current vs potential plot for platinum
electrode coated with the product of
adsorption from a 3 . 10–3 

M solution
of Na2S2O3 in 0.5 M H2SO4; tA = 20
min, tD = 1 min, EA = 0.4 V, potential
cycle rate 0.2 V s–1, numbers denote
cycles
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The charge Qox does not include the cathodic process in cathodic cycle 0 and corre-
sponds to the charge required to oxidize the adsorbed species after cathodic cycle 0.
Measured in mC, this charge is given relative to the charge used up during the adsorp-
tion of hydrogen on the uncoated surface of the platinum electrode and corresponds to
the number of electrons per hydrogen-adsorbing surface site (e.p.s., ref.29).

Based on a series of measurements, the Qox and (Q 4
0 – Q 1

0) values were found to be
3.90 ± 0.21 e.p.s. and 0.44 ± 0.04 e.p.s., respectively. The charges remain virtually un-
changed if the measurement is performed at EA = 0.7 V. The values can be explained in
two ways:

In the first concept, the (Q 4
0 – Q 1

0) charge corresponds to the reduction of the diffi-
cult-to-reduce oxygen: the value obtained in ref.7 for the electrode completely covered
with sulfur was 0.35 e.p.s., which approaches the above value of 0.44 e.p.s. The sub-
sequent oxidation of the adsorbed product then proceeds as described by the following
equation:

(S2O3
2−)ads + 5 H2O = 2 SO4

2− + 10 H+ + 8 e . (A)

If one adsorbed particle blocks two platinum surface sites, then Qox = 4 e.p.s. This
concept is based on the assumptions that (i) difficult-to-reduce oxygen was present in
the subsurface platinum layers before the adsorption of thiosulfate, (ii) adsorption of
thiosulfate brings about changes in the surface properties of the platinum electrode
enabling the difficult-to-reduce oxygen to reduce within the hydrogen region, and (iii)
the oxidation of the species arising from the adsorption of thiosulfate is not associated
with a restoration of the difficult-to-reduce oxygen.

In the other concept, the adsorption of thiosulfate takes place at the open circuit
potential without any change in the oxidation state. The adsorbed thiosulfate ion par-
ticle blocks two surface sites, and in cycle 0 the sulfur in the thiosulfate is reduced from
the oxidation state II to 1.5. The charge corresponding to this reduction is (Q 4

0 – Q 1
0) =

0.5 e.p.s., approaching the observed value of 0.44 e.p.s. This reaction can be, for in-
stance,

2 (S2O3
2−)ads + 4 H+ + 2 e = 2 Sads + (S2O4

2−)ads + 2 H2O  . (B)

Within this reaction, sulfur transforms from the oxidation state II to the oxidation states 0
(adsorbed sulfur) and III (adsorbed dithionate anion). The average oxidation state after
the reduction then is 1.5.

The formation of adsorbed sulfur on a platinum electrode has also been observed by
infrared spectroscopy at cathodic potentials in sulfur dioxide solutions4.
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The oxidation of the adsorbed species during the subsequent cycles follows the pat-
terns:

Sads + 4 H2O = HSO4
− + 7 H+ + 6 e (C)

and

(S2O4
2−)ads + 2 H2O = S2O6

2− + 4 H+ + 4 e (D)

The two reactions are associated with a charge Qox = 4 e.p.s., which approaches the
observed value of 3.90 e.p.s.

Oxidation to dithionate anions is also assumed by Korzenienski and coworkers4 for
sulfur dioxide adsorbed on a platinum electrode.

The adsorption of thiosulfate can be associated with a splitting of the ion, giving rise
to adsorbed sulfur (blocking one surface site) and adsorbed sulfite ion or sulfur dioxide
(also blocking one surface site). The experimental results, however, do not allow us to
make an unambiguous conclusion concerning the structure of the adsorbed species.

Many substances are adsorbed in such a manner that the electrode surface sites ca-
pable of adsorbing hydrogen are blocked. As the amount of adsorbed substance in-
creases, the charge used up for the oxidation of hydrogen decreases while the charge
used up for the oxidation of the adsorbed product increases. The adsorption process
takes place until all surface sites are blocked. The adsorption of hydrogen is then nearly
completely suppressed and the charge used up for the oxidation of the adsorbed product
reaches its limiting value. In thiosulfate solutions the adsorption follows different pat-
terns. Although the platinum electrode surface is coated by the adsorbed product so that
the adsorption of hydrogen is nearly completely suppressed, the charge used up for the
oxidation of the adsorbed product continues to grow with extending time of adsorption tA.

The dependence of the charge Qox of the time of adsorption tA is shown in Fig. 5 for
thiosulfate solutions in redistilled water at concentrations of 0.1 mol l–1, 0.3 mol l–1,
and 1 mol l–1 (curves 3, 2, and 1, respectively). The desorption time tD was 1 min,
potential EA (Fig. 1) was 0.4 V. Hydrogen adsorption was completely suppressed. The
magnitude of the charge Qox suggests that multiple adsorbed layers were formed. No
changes in the (Q 4

0 – Q 1
0) charge were observed when examining the Qox vs tA depend-

ence: the average value for all measurements shown in Fig. 5 was 0.58 ± 0.08 e.p.s.
Increasing Qox charge is associated with a growing number of cycles necessary for a
complete oxidation of the adsorbed product. The highest Qox value reached was 21.6 e.p.s.,
in which case 25 cycles were required to completely oxidize the adsorbed product.
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Figure 5 documents that the Qox charge is strongly dependent on the thiosulfate concen-
tration in solution.

This dependence is shown in Fig. 6. At lower concentrations the charge was virtually
constant, approaching 4 e.p.s., but increased appreciably at higher concentrations. The
(Q 4

0 – Q 1
0) charge was virtually unaffected by the thiosulfate concentration and its

average value was 0.44 ± 0.07 e.p.s.
The amount of the adsorbed substance, as expressed via the charge Qox, also depends

on the time of desorption tD, as shown in Fig. 7 for thiosulfate solutions in redistilled
water at concentrations of 1 mol l–1, 0.5 mol l–1, and 0.3 mol l–1 (curves 1, 2, and 3,
respectively); the time of adsorption was 20 min, potential EA = 0.4 V. The amount of
the adsorbed substance decreased first very rapidly to approach asymptotically a con-
stant, steady-state value of approximately 6 e.p.s., which seems to be identical for all
curves.

During the desorption measurements, the (Q 4
0 – Q 1

0) charge was found to decrease
with increasing time of desorption tD.

The results can be interpreted so that at lower thiosulfate concentrations the adsorp-
tion is associated with no change in the oxidation state (which is II), and a single layer
is formed. Each adsorbed particle blocks two surface sites, and reduction by one-half
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FIG. 6
Dependence of charge Qox used up
during the oxidation of the adsorption
product on the sodium thiosulfate
concentration c (in mol l–1). Adsorption
without external polarization, tA = 20 min,
tD = 1 min, EA = 0.4. Charge corre-
sponding to one electron per surface
site: 0.3461 mC
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Dependence of charge Qox used up
during the oxidation of the adsorption
product on time of adsorption tA. Ad-
sorption without external polarization,
time of desorption tD = 1 min, EA =
0.4 V. Sodium thiosulfate concentra-
tion (mol l–1): 1 1, 2 0.3, 3 0.1.
Charge corresponding to one electron
per surface site: 0.3461 mC
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oxidation degree (0.5 e.p.s.) occurs in the hydrogen region during cycle 0; this is con-
sistent, e.g., with Eq. (B). Oxidation of the monolayer requires a charge of 4 e.p.s.
according to Eqs (C) and (D).

During the adsorption at the open circuit potential at higher concentrations, reactions
occur within which additional layers build up on the initial monolayer. The deepest
lying layer(s) are presumably formed by adsorbed sulfur, the last layer at the electrode–
electrolyte interface also contains species involving oxygen atoms and thus can prob-
ably be reduced in the hydrogen region.

The additional adsorbed layers do not seem to be bonded so strongly as the first and
can be desorbed. If the desorption period is long enough, only the monolayer of
strongly adsorbed sulfur remains on the electrode. A charge of 6 e.p.s. is required to
oxidize this monolayer according to Eq. (C). The results obtained do not allow any
more detailed description of the composition of the layers and their mutual reactions.

An experiment examining the adsorption from a solution of colloidal sulfur was car-
ried out to test the possibility of adsorption of sulfur in multiple layers. The solution
was prepared by combining a sodium thiosulfate solution and a sulfuric acid solution
(both were oxygen-free) so that the resulting concentration of thiosulfate was 0.1 mol l–1 in
0.5 M H2SO4. The adsorption was measured 30 min after mixing the solutions, using
the procedure shown in Fig. 1. The parameters were as follows: tA = 5 min, tD = 1 min,
EA = 0.4 V; the solution was allowed to stand without stirring during the adsorption.
The voltammetric curves describing the oxidation of the adsorption products indicate
that the adsorption of hydrogen was suppressed completely and no cathodic current was
recorded in the hydrogen region during cycle 0. The voltammetric curve became con-
stant after 35 cycles. This steady-state curve is shown as a dashed line in Fig. 8, in
which the solid line is the voltammetric curve of the initial platinum electrode in the
supporting electrolyte. The charge used up during the oxidation of the adsorbed hy-
drogen for curve 2 corresponds to 69% of the initial electrode surface (curve 3), hence,
only 69% of the surface was freed from the adsorption products. However, the charge
used up during the adsorption of hydrogen and the discussed cathodic process in the
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FIG. 7
Dependence of charge Qox used up
during the oxidation of the adsorption
product on the time of desorption tD.
Adsorption without external polariza-
tion, tA = 20 min, EA = 0.4. Sodium
thiosulfate concentration (mol l–1): 1 1,
2 0.5, 3 0.3. Charge corresponding to
one electron per surface site: 0.3461 mC
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hydrogen region, Q 4
35, corresponds with the charge used up during the adsorption of

hydrogen on the electrode surface free from the adsorbed substance. The shape of the
voltammetric curve remained intact on a short-time (10 min) action of a mixture of
K2Cr2O7 and concentrated sulfuric acid followed by activation. The initial curve shape,
corresponding to the completely free electrode surface, was only restored if the clean-
ing mixture was allowed to act for a longer period of time (24 h).

The Qox balance was only performed for the starting five cycles because sub-
sequently the shape of the voltammetric curves changed only slightly and the balance
for all of the 35 cycles would involve too large an error. The Qox charge for the starting
5 cycles was 13.32 e.p.s.

CONCLUSIONS

The results obtained lead to the following conclusions:
The amount of hydrogen adsorbed on the platinum electrode decreases due to the

adsorption of thiosulfate.
There is an analogy between the oxidation of the thiosulfate adsorption product, ad-

sorbed sulfur, and adsorbed sulfur dioxide.
A monolayer of the adsorbed product forms at lower concentrations (10–3 mol l–1)

and the product reduces within the hydrogen region. The charge used up during the
reduction is approximately 0.5 e.p.s., whereas the charge used up during the oxidation
of the reduced layer is roughly 4 e.p.s.

Multiple adsorption layers build up at higher thiosulfate concentrations. The first
layer on the electrode surface probably contains adsorbed sulfur, the additional layers
seem to involve species containing oxygen atoms, reducible in the hydrogen region.
The adsorption layers are partly desorbed in the supporting electrolyte solution.

Adsorption from a colloidal sulfur solution results in the formation of multiple layers
of adsorbed sulfur, which can be very difficult to remove from the electrode surface.
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FIG. 8
Steady-state current vs potential plot; 1 ba-
seline of the activated platinum electrode, 2
voltammetric curve of the platinum electrode
coated with adsorbed colloidal sulfur after
35 cycles. Electrolyte: 0.5 M H2SO4, periodic
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Adsorption and Oxidation of Thiosulfate 29

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



REFERENCES

 1. Contractor A. G., Hira Lal: J. Electroanal. Chem. 1978, 93, 99.
 2. Seo E. T., Sawyer D. T.: J. Electroanal. Chem. 1964, 7, 184.
 3. Seo E. T., Sawyer D. T.: Electrochim. Acta 1965, 10, 239.
 4. Korzeniewski C., Mc Kenna W., Pons S.: J. Electroanal. Chem. 1987, 235, 361.
 5. Quijada C., Rodes A., Vazques J. L., Perez J. M., Aldaz A.: J. Electroanal. Chem. 1995, 394,

217.
 6. Loucka T.: J. Electroanal. Chem. 1971, 31, 319.
 7. Loucka T.: J. Electroanal. Chem. 1973, 44, 221.
 8. Jayaram B., Contractor A. G., Hira Lal: J. Electroanal. Chem. 1978, 87, 225.
 9. Contractor A. G., Hira Lal: J. Electroanal. Chem. 1979, 96, 175.
10. Horanyi G., Rizmayer E. M.: J. Electroanal. Chem. 1986, 206, 297.
11. Ramasubramanian M.: J. Electroanal. Chem. 1975, 64, 21.
12. Conway B. E., Novak D. M.: J. Electrochem. Soc. 1981, 128, 2262.
13. Faroague M., Fahidy T. Z.: J. Electrochem. Soc. 1971, 124, 1191; 1978, 125, 544.
14. Bustos A., Cofre P.: An. Quim. 1990, 86, 453.
15. Schapink F. W., Oudeman M., Leu K. W., Helle J. N.: Trans. Faraday Soc. 1979, 56, 415.
16. Muller L.: J. Electroanal. Chem. 1979, 96, 159.
17. Samec Z., Malysheva Zh., Koryta J., Pradac J.: J. Electroanal. Chem. 1975, 65, 573.
18. Pradac J., Koryta J.: J. Electroanal. Chem. 1968, 17, 167.
19. Koryta J., Pradac J.: J. Electroanal. Chem. 1968, 17, 177.
20. Koryta J., Pradac J.: J. Electroanal. Chem. 1968, 17, 185.
21. Konopik N.: Monatsh. Chem. 1953, 84, 1243.
22. Konopik N., Holzinger F.: Monatsh. Chem. 1953, 85, 140.
23. Glasstone S., Hickling A.: J. Chem. Soc. 1932, 2345.
24. Glasstone S., Hickling A.: Chem. Rev. 1939, 25, 407.
25. Kuzmina N. N., Songina O. A.: Izv. Vyssh. Uchebn. Zaved., Khim. Khim. Tekhnol. 1993, 2, 201.
26. Klemenc A.: Z. Phys. Chem., A 1939, 185, 1.
27. Thatcher C. J.: Z. Phys. Chem. 1904, 47, 641.
28. Loucka T., Janos P.: Electrochim. Acta 1996 41, 405.
29. Gilman S. in: Electroanalytical Chemistry (A. J. Bard, Ed.), Vol. 2. Dekker, New York 1967.

30 Loucka:

Collect. Czech. Chem. Commun. (Vol. 63) (1998)


