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Abstract

The voltammetric behavior of weak and strong polyprotic acids was studied at platinum microelectrodes under steady-state conditions
in solutions of very low ionic strength, including those without added supporting electrolyte. Three diprotic acids (sulfuric, oxalic, and
malonic), one triprotic acid (phosphoric acid), and one tetraprotic acid (pyrophosphoric acid) were chosen for the investigation. The
reduction of hydrogen ion in solutions of strong diprotic acid (sulfuric acid) with no supporting electrolyte results in a voltammetric wave
1.5 times higher than the diffusional wave obtained with excess electrolyte. This agrees well with the theoretical prediction for
one-electron reduction of monovalent cation accompanied by divalent anion. The voltammetric reduction waves of oxalic, malonic, and
phosphoric acids in solutions without supporting electrolyte were twice as high as the diffusion-controlled waves with excess electrolyte.
This is what theory predicts for a monoprotic strong acid. The strong (H*) and weak (HA~ for oxalic and malonic, H,A™ for
phosphoric, and H,A?~ for pyrophosphoric acid) forms of acids are reduced in one (oxalic and malonic) or two (phosphoric and
pyrophosphoric) voltammetric waves. The influence of the concentration of supporting electrolyte on the height of reduction waves of
acids was examined for two kinds of supporting electrolyte, with mono- and divalent cations, over a wide range of their concentrations.
The experimental results are compared with theoretical predictions. The diffusion coefficients of H{COO); and HCH,(COO), ions were

calculated from the steady-state diffusion-controlled currents.
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1. Introduction

The voltammetric reduction of hydrogen ion at the
platinum microelectrode results in a well-defined, trans-
port-controlled wave [1]. The height of the steady-state
wave is proportional to the acid concentration over a very
wide range, and to the transport rate of hydrogen ion.
Additionally, the use of microelectrodes allows voltammet-
ric measurements in solutions of very low ionic strength,
including solutions without supporting electrolyte. These
features have been employed in voltammetric examination
of the transport of hydrogen counterion in colloid suspen-
sions and in polyelectrolyte solutions [2—4], and for moni-
toring the changes in the concentration of hydrogen ion
during the oxidation of a polyaniline film [5]. Also, reduc-
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tion of hydrogen ion in solutions of strong acids appears to
be a good test system for determination of the size and the
surface quality of Pt and Au microelectrodes [1].

Strong acids are dissociated completely, and in solu-
tions containing no deliberately added supporting elec-
trolyte there is only one kind of cation, the hydrogen
cation. The reduction current in these solutions is con-
trolled by diffusional and migrational transport of H*. In
agreement with the theory for acids of the HA type, the
ratio of the steady-state currents obtained in the absence
and the presence of sufficient excess (factor of 20) of
supporting electrolyte should be two [6~10]. This ratio has
been confirmed experimentally for the reduction of hydro-
gen ion in HCIO, solutions [1]. The theory predicts that
the ratio of the steady-state currents obtained without and
with excess supporting electrolyte should depend on the
charge of the anion associated with the hydrogen cation
[9,10]. Consequently, strong acids of the type H,A, H;A
and H,A should behave differently from a monoprotic
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strong acid. The ratio of the limiting current without
supporting electrolyte to diffusional current is predicted as
1.5, 1.33 and 1.25 for H, A, H;A and H, A acids, respec-
tively. The general formula for this ratio can be written as
(1 +h™"), where h is the number of dissociable hydrogen
ions. These ratios have been confirmed experimentally for
H,SO, and H,SiW,,0,, [11]. However, the values of
limiting currents presented by Perdicakis et al. [11] for
aqueous solutions seem to be too low, and the diffusion
coefficient of hydrogen ion, calculated from the limiting
currents of reduction waves in 0.1 M KNO, (Fig. 2 in Ref.
(10D, is 9.1 X 107® em® s™!, one order of magnitude
lower than the reported value of 8.6 X 107 cm? s~ [12].

Weak acids also can be reduced. These acids dissociate
negligibly, and therefore, since the diffusing species is
neutral, the height of their voltammetric waves should not
depend on the supporting electrolyte concentration. How-
ever, as has been demonstrated experimentally, the height
of the reduction wave for weak acids depends on the
concentration of supporting electrolyte, and the voltammet-
ric wave heights of such monohydrogen acids as acetic,
ascorbic, and salicylic acid decline to one-half their value
when only a small excess (factor of two) of supporting
electrolyte is added to their solutions [13].

The aim of this article is to examine experimentally the
voltammetric behavior of di-, tri- and tetraprotic acids in
solutions without and with supporting electrolyte and to
compare with such theory as exists the influence of the
concentration of supporting electrolyte on their voltammet-
ric reduction. Three diprotic acids (sulfuric, oxalic, and
malonic), one triprotic acid (phosphoric), and one tetrapro-
tic acid (pyrophosphoric) were chosen for the investiga-
tion. In general, the reduction of a weak protonic acid in
water proceeds by homogeneous dissociation of hydrogen
ion, which is then discharged at the electrode. In this work
we focus on transport properties, and the preceding reac-
tion is considered to the extent that it influences the
limiting current.

2. Experimental

All reagents were of analytical reagent purity and were
used as received. The following acids were used: sulfuric
(Fisher), phosphoric (Fisher), oxalic (Baker), malonic
(Baker) and pyrophosphoric (Aldrich). Electrolyte concen-
tration adjustments were made with lithium perchlorate
(Aldrich), calcium nitrate (Fisher) or magnesium chloride
(Baker). Ultrapure water (Milli-Q, Millipore Corp.) was
employed in all rinsings and preparation of solutions.

Staircase voltammetry (SCV) was applied with a Model
273 potentiostat (EG & G PARC) connected with a Keith-
ley Model 427 current amplifier and controlled by soft-
ware on a 486 microcomputer. The following voltammetric
parameters were used: potential step height (AE) 10 mV,
frequency (f) 1 Hz. Under these conditions the wave

heights deviated less than 2% from the steady-state values
[14]. A platinum wire counter electrode and a quasi-refer-
ence Pt electrode were used to eliminate a possible leak of
electrolyte from the electrolytic bridge. Platinum working
disk microelectrodes of 5 wm and 11 pm in radius
(Project Ltd., Warsaw, Poland) were polished to mirror
finish with 1 wm diamond water-based paste on a very wet
pad (Buehler Ltd.). Subsequent renewals before voltam-
metric scanning were accomplished by polishing briefly
with 0.1 wm diamond paste. The electrode was rinsed with
a direct stream of water and dried with Kimwipes. The
surface of the platinum disc was inspected with an inverted
microscope (Leitz Wetzler, Germany) before using.

If not specified, the experiments were performed in a
jacketed cell (25°C) enclosed in a solid aluminum Faraday
cage. Solutions were deoxygenated before voltammetric
scans and blanketed with a stream of water-saturated ar-
gon.

The results are described in terms of the ratio of the
concentration of added supporting electrolyte to the con-
centration of acid or the concentration of hydrogen ion;
this ratio is denoted y or ', respectively. The repro-
ducibility was very good, with relative standard deviation,
rsd, lower than 2.5% for all limiting currents (except for
limiting currents obtained for the second reduction wave
for H,PO, and H,P,0,), and the correlation coefficients
were better than 0.9993 for all concentration calibration
plots.

3. Results and discussion
3.1. Sulfuric acid

The equilibrium constant for the second dissociation
step of sulfuric acid, K,, is 1.2x 1072 at 25°C. The
calculated percent of the second step dissociation is 98.5%,
93% and 76% for 0.2 mM, 1 mM, and 5 mM H,SO,
solution, respectively. Therefore, for low concentration of
the acid it is reasonable to assume that sulfuric acid is a
diprotic strong acid, and hydrogen ion in the solution is
accompanied by SO7~ anion. Steady-state voltammetric
curves obtained for the reduction of hydrogen ion in
sulfuric acid solutions are well defined. Exemplary curves
obtained in a 5 mM H,SO, solution for various concentra-
tions of the supporting electrolyte, LiClO,, are presented
in Fig. 1. The half-wave potential of the waves changes
with the change in the concentration of supporting elec-
trolyte, which is a consequence of the use of a platinum
quasi-reference electrode. The potential of this quasi-refer-
ence electrode depends on the composition of solution, but
is reasonably stable (within 10 mV in 2 h) and, what is
most important in our studies, the limiting currents are the
same as those obtained with a saturated calomel electrode,
SCE [4]. The height of the reduction wave decreases with
the increase of the concentration of the supporting elec-
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trolyte. The wave obtained in the absence of electrolyte is
1.48 times higher than that obtained in the presence of
excess supporting electrolyte. The corresponding theoreti-
cal ratio of limiting reduction current in the absence and
presence of supporting electrolyte for the case of H,A
strong acid, 7,/1;, is 1.5 [9,10]. It is not possible to work
with absolutely pure water, without some level of ions in
the solution, so the experimental current ratio is expected
to be slightly lower than the theoretical value. However,
the background concentration of 1:1 electrolyte in the
solution should be, under our experimental conditions, not
higher than 1 uM [4].

To determine the ratio of I,/ for various concentra-
tions of sulfuric acid, concentration calibration plots were
obtained for two limiting conditions, with no supporting
electrolyte and with excess supporting electrolyte. The
concentration range of H,SO, was from 0.05 to 2 mM.
The height of the voltammetric wave increases with the
acid concentration for both cases, and can be described as
I/nA =(46.0 ¢/mM) — 1.3, and I/nA = (31.3 ¢/mM)
+0.12 for no electrolyte and excess electrolyte (0.1 M
LiClO,), respectively. The ratio of the slopes is 1.47,
which is very close to the theoretically expected value of
1.5. According to the dependence of the steady-state cur-
rent on diffusion coefficient [15]

I, = 4nFcDr (1)

the diffusion coefficient can be calculated from the slope
of the concentration calibration plot (D, diffusion coeffi-
cient, c, is the concentration of electroactive species, r, the
radius of microelectrode, n, number of electrons trans-
ferred, and F, the Faraday constant). For hydrogen ion in
the solution of H,SO, with 0.1 M LiClO,, the diffusion
coefficient was found to be 8.21 X 103 cm? s 1, close to
the value reported for hydrogen ion in 0.1 M KNO,
solution, 8.6 X 107° cm? s~ ! [12].

The dependence of the normalized limiting current for
reduction of hydrogen ion in sulfuric acid solution on the
normalized concentration of supporting electrolyte, y=
Ceg/Cy+, is presented in Fig. 2. The limiting current was
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Fig. 1. Steady-state voltammograms for 5 mM H,SO,. Concentration of
supporting electrolyte, LiClO, /mM: (a) 0, (b} 1, (¢) 10, (d) 100.
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Fig. 2. Dependence of I, /1, for H,SO, and for the first wave of
H,P,0, on the concentration of supporting electrolyte (SE): (&, O, *)
LiCIO,, (O) Ca(NO,),. Concentration of H,SO, /mM: (4) 0.5, (O, O)
25.(x) 1 mM H,P,0,. v = cgp /¢y + Solid lines calculated according
to Egs. (2) and (3) for M,Y reactant and CA or CA, supporting
electrolyte.

normalized by the diffusional current value. Two different
salts, LiClO, and Ca(NO,),, were used as examples of
1:1 and 1:2 supporting electrolytes, respectively. Whereas
the limiting value of the current ratio, I, /1, is close to 1.5
for both supporting electrolytes, the currents decrease faster
with an increase in the normalized concentration of sup-
porting electrolyte when the salt with divalent cation is
used as electrolyte.

The dependence of the [,/I; ratio for the reaction of
M™* to form P, uncharged, in a solution of the salts M Y,
and C_ A, (supporting electrolyte), which includes the ions
Y?~, C**, and A*", on the normalized concentration of
supporting electrolyte, ¥ =[C**]/[M™"], is given by [16]

—1,/1;= [(z+m)/z](xz-— 1)
—[(k=m)/m]y(x7* = 1)
+[(a+m)/am]ky(x*—1) (2)

where x = exp(¥, ), and ¥; is the dimensionless potential
corresponding to zero concentration of the reactant at the
electrode surface, given as the solution to

xHD — (kyxT P /m) + (kyx“*P/m) =0 (3)

The solid lines in Fig. 2 are calculated according to Egs.
(2) and (3). Our experimental results for two concentra-
tions of sulfuric acid and two different supporting elec-
trolytes, LiClO, and Ca(NO,),, are very close to the
theoretically predicted values. This indicates that, in the
concentration range studied, sulfuric acid behaves as a
diprotic strong acid in which hydrogen ion is accompanied
by a divalent anion. Similar dependencies of normalized
current on the concentration of supporting electrolyte have
been obtained experimentally for the reduction of thallium
(I) cation at a mercury film microelectrode in TI,SO,
solutions with various concentrations of LiClO, and
Ca(NO,), [16].
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3.2. Oxalic acid

Two dissociation constants are assigned to oxalic acid,
K, =562x10"% and K, =5.2X107°. The percent of
the first dissociation step for 1 mM oxalic acid is 98%.
The concentration of (COQ);~ anion in this solution is
0.05 mM. A 1 mM solution of oxalic acid can be treated as
a mixture of a strong (H*) and a weak (H(COO),) acid.
The voltammetric reduction of oxalic acid results in one,
well-defined wave which is presented in Fig. 3. To find
out whether this wave is a result of the reduction of
hydrogen ion and H(COO) 2, amperometric titration of 1
mM oxalic acid with sodium hydroxide solution was per-
formed. The titration plot is presented in Fig. 4, as plot 1.
The currents were measured on the plateau of the voltam-
metric wave. The current dropped to zero after an addition
of two equivalents of sodium hydroxide. This indicates
that dissociated hydrogen ion and H(COO), anion are
reduced within the same wave.

As one can see in Fig. 3, the wave height of oxalic acid
diminishes to one-half its value when an excess of support-
ing electrolyte is added. Concentration calibration plots for
oxalic acid in the concentration range from 0.05 mM to 1
mM can be written as //nA =(39.2c¢/mM) — 0.4 and
I/nA =(20.5 ¢/mM) + 0.9, for no supporting electrolyte
and excess electrolyte, respectively. The ratio of the slopes
in a solution without electrolyte and in the presence of
excess supporting electrolyte is 1.91, which is very close
to the theoretically predicted value of 2.00 for the reduc-
tion of monovalent cation connected with monovalent
anion.

We can calculate the diffusion coefficient of undissoci-
ated H(COO); ion from the steady-state current value in
the solution with excess supporting electrolyte. The influ-
ence of dissociated hydrogen ion was taken into account
by the relation [13]

2cyaD, =Dy [H"] + Dy, [HA] (4)
where c,, is the formal (analytical) concentration of

oxalic acid, D, is the apparent diffusion coefficient calcu-
lated from the steady-state current according to Eq. (1),
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Fig. 3. Steady-state voltammograms for 1 mM (COOH),. Concentration
of supporting electrolyte, LiClO, /mM: (a) 0, (b) 1, (c) 10, (d) 100.
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Fig. 4. Amperometric titration plots for titration of 1 mM (O) (COOH),
and (a) CH,(COOH), with NaOH in solution of 0.1 M LiClQ,.
Currents measured on the plateau of voltammetric wave.

and [H*] and [HA] are the equilibrium concentrations of
hydrogen ion and the undissociated weak acid, H(COO); ,
respectively, calculated from the values of K;, K, and
cya- The value of Dy« employed was 8.6 X 107° cm® s™!
[17]. In the 0.05 M LiClO, solution at 25°C, the diffusion
coefficient of H(COO); was determined as 0.98 X 1073,
1.09 X 1075, and 1.07 X 1073 cm? s~ for the concentra-
tion of (COOH), of 0.27, 0.91 and 1.81 mM, respectively.
The reported value of diffusion coefficient of H{COO); is
1.07 X 1075 ¢m? s~ ! (25°C, infinite dilution) [17].

The influence of concentration of supporting electrolyte
on the limiting current of the reduction wave of oxalic acid
is presented in Fig. 5 as the ratio of [,/I; plotted vs. log
v, where y = cgg /cya. The plots in Fig. 5 present the data
obtained in 1 mM oxalic acid solution for two different
supporting electrolytes, LiClO, and MgCl,. For both cases,
the ratio of I, /1, changes from 2 to 1 when 7y increases.
The current ratio decreases faster with an increase in the
concentration of magnesium chloride than for lithium per-
chlorate. The experimental results for both supporting
electrolytes agree well with the theoretical plots, presented
in Fig. S as the solid lines, which were calculated accord-

Fig. 5. Dependence of I, /I; for 1 mM (O, a) oxalic, and (O, O)
malonic acid on the concentration of supporting electrolyte (SE): (O, 0)
LiClQ,, (a) MgCl,, (&) Ca(NO;),, ¥ = cgp / cya- Solid lines calcu-
lated according to Egs. (2) and (3) for MY reactant and CA or CA,
supporting electrolyte.
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ing to Egs. (2) and (3) for the case of one-electron
reduction of a monovalent cation accompanied by a mono-
valent anion, with 1:1 and 1:2 supporting electrolyte.
That is, the simple model in which the anion is inert
predicts the normalized current for the far more complex
case in which the anion is also reduced at a transport-con-
trolled rate.

3.3. Malonic acid

Malonic acid is characterized by two dissociation con-
stants, K, = 1.41 X 107> and K, =2.1 X 10~ °. The con-
centration of dissociated hydrogen ion in 1 mM malonic
acid solution is 0.68 mM, and the concentration of
CH,(COO0)}~ ion is 0.002 mM. The reduction process for
malonic acid is very similar to that for oxalic acid. One
reduction wave is observed, and the titration plot of Fig. 4,
line 2, indicates that both H* and HCH,(COOQ), ions are
reduced at the same potential. The height of the reduction
wave of malonic acid in a solution without supporting
electrolyte is approximately two times higher than that
obtained with excess supporting electrolyte.

We have calculated the diffusion coefficient for
HCH,(COO), ion from the steady-state, diffusion-con-
trolled current in the presence of supporting electrolyte,
using the procedure applied for oxalic acid (Eq. (4)). In the
solution of 0.05 M LiClO, the diffusion coefficient of
HCH,(COO); ion was calculated as 9.02 X 107 and
93X 107° cm? s™! for concentrations of CH,(COOH),
of 0.5 and 1 mM, respectively. The wave height for
malonic acid is transport-controlled, since the ratio of I/r
is constant within 2% for electrodes of 5 wm and 11 um
in radius (r), Thus, as reported previously for some other
weak acids, the dissociation of HCH,(COQ); is fast on
this time scale.

The influence of supporting electrolyte on the normal-
ized limiting current of the reduction wave of malonic acid
is presented in Fig. 5. The experimental points were
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Fig. 6. Dependence of 1, /I for 1 mM malonic acid on concentration of

supporting electrolyte (SE): (O) LiClO,, (¢) Ca(NO,),, v = cgg / ¢y~

Solid lines calculated according to Egs. (2) and (3) for MY reactant and
CA or CA, supporting electrolyte.
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Fig. 7. Steady state voltammograms for 1.25 mM H;PO,. Concentration
of supporting electrolyte, LiClO, /mM: (a) 0, (b) 0.4, (c) 100.

obtained for a 1 mM malonic acid solution and for two
supporting electrolytes, LiClO, as the example of support-
ing electrolyte with monovalent cation, and Ca(NO,), with
doubly charged cation. For both cases, the ratio of 1)/,
changes from 2 to 1 when y increases. As for oxalic acid,
the current ratio decreases faster with an increase in the
concentration of calcium nitrate than for lithium perchlo-
rate. However, in contrast to the result for oxalic acid, for
malonic acid the limiting currents decrease faster with an
increase of the concentration of supporting electrolyte. The
experimental currents are lower than the currents calcu-
lated according to Egs. (2) and (3), for the one-electron
reduction of a monovalent cation accompanied by a mono-
valent anion, with 1:1 and 1:2 supporting electrolyte.
This difference is probably owing to the fact that malonic
acid is weaker than oxalic acid, so its behavior is similar to
that of weak acids [13]. Note that the normalized concen-
tration of supporting electrolyte, vy, in Fig. 5 is the ratio of
the concentration of the salt to the total (analytical) con-
centration of acid. In a 1 mM solution of malonic acid the
concentration of hydrogen ion is 0.67 mM (vs. 0.98 mM in
1 mM oxalic acid solution). If we plot the dependence of
the limiting current on the concentration of supporting
electrolyte using a different normalization, ', which is the
ratio of the concentration of electrolyte to the concentra-
tion of hydrogen ion in the solution, as shown in Fig. 6,
the experimental points agree very well with the values
calculated for both electrolytes. The same behavior has
been observed for such weak acids as acetic, ascorbic and
salicylic acid [13].

3.4. Phosphoric acid

Phosphoric acid is characterized by three dissociation
constants, K, =7.52X107%, K, =6.23 X 1078, and K,
= 2.2 X 10713, The first dissociation step controls the free
hydrogen ion content in the solution. The percent of
dissociation calculated for the first step is 97% and 82%
for the H,PO, concentrations of 0.2 mM and 2 mM,
respectively. The HPO? ™ anion is formed to a negligible
extent; for example, in a 0.2 mM solution of H;PO, its
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concentration is 6.2 X 107> mM. The final composition of
the solution can be regarded as a mixture of strong (H™)
and weak (H,PO,) acids.

Phosphoric acid is reduced in two cathodic waves, a
large one, at less negative potentials, and a small one at
much more negative potentials. These waves are presented
in Fig. 7. The larger wave, at less negative potentials,
corresponds to the reduction of hydrogen ion, and the
second wave is probably related to the reduction of
H,PO, , because the potential of the second wave agrees
well with the potential observed for the reduction of
H,PO, anion in solutions of its monosodium salt [1,13].
The second wave is several times smaller than the first
one, which would be the consequence of the large differ-
ence between the diffusion coefficients of hydrogen ion,
9.2%x107° ecm? s~! [17], and dihydrogen phosphate an-
ion, 6.4 X 107> cm? s~ ! [13] (infinite dilution, 25°C). For
both waves, the ratio of I/r is constant within 4% for two
electrode sizes of 5 um and 11 wm. This indicates that the
heights of both waves are transport controlled.

To understand better why there are two waves of H,PO,
reduction, we performed amperometric titration of a 1 mM
solution of H,PO, with a standard solution of NaOH. Fig.
8 presents results for both waves. Currents were measured
on the plateau of the waves, and the amperometric titration
was performed in a 0.05 M LiClO, solution, so all currents
were diffusion controlled. The height of the first wave
decreases with an increase in the concentration of added
NaOH, and finally the wave disappears when the equiva-
lent concentration of sodium hydroxide added is 1 mM.
The dependence of the current on the concentration of
NaOH is linear and can be described as I/nA =
—(16.406 ¢y, o5, /mM) + 16.360 (correlation coefficient
0.9999). The X-intercept of the line is 0.96 mM. Thus the
first wave is connected with the reduction of dissociated
hydrogen ion, the concentration of which in a 1 mM
H;PO, solution is 0.9 mM. The height of the second wave
is constant up to the equivalence point for the first wave.
The reproducibility of the second wave is not as good as
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Fig. 8. Amperometric titration plots for titration of 1 mM H,PO, with
NaOH in solution of 0.05 M LiClQ,; (O) first (less negative) reduction
wave, () second reduction wave. Currents measured on the plateau of
voltammetric waves.

Fig. 9. Dependence of 1, /I, of the first wave (a, O, O) and the second
wave () of H;PO, reduction on concentration of supporting electrolyte
(SE): (a, O, *) LiCIQ,, (O0) Ca(NO,),. Concentration of H;PO, /mM:
(O)1,(*)1.25, (A, 0)5. vy = cgp / cya- Solid lines calculated accord-
ing to Egs. (2) and (3) for MY reactant and CA or CA, supporting
electrolyte. Experimental dependence for (-~--- ) 10 mM CH,;COOH
and () 2 mM NaH, PO, [13].

that of the first wave. The relative standard deviation of
the wave height is 8%, in contrast with 2% for the first
wave. The wave decreases with increasing amount of
hydroxide added and disappears completely when the
equivalent concentration of NaOH reaches 2 mM. The
dependence of the current on the concentration of NaOH
(in the range from 1 mM to 2 mM) can be described as
I/nA = —(1.116 cy,on/mM) + 2.192 (correlation coeffi-
cient 0.995). The X-intercept of the line is 1.97 mM (twice
the initial concentration of the acid). This indicates that the
wave at more negative potentials is the one-electron reduc-
tion wave of H,PO, . It also means that there is no
reduction of HPO; ™ ion in the range of the potential used.
The diffusion coefficient calculated, according to Eq. (1),
from the diffusional current of the second wave, assuming
one-electron reduction, is 6.12 X 107°% cm? s~ !, which is
close to the value of 6.4 X 107° cm® s™! obtained for
H,PO, in a solution of its monosodium salt [13].

In the presence of excess supporting electrolyte, the
first wave is only one-half as high as in solution with no
supporting electrolyte added. The dependence of the nor-
malized limiting current on the normalized concentration
of supporting electrolyte is presented in Fig. 9. Here
¥ = csp/Cya», Where ¢y, is the analytical concentration of
the acid. The experimental points agree well with the
theoretical predictions for one-electron reduction of a
monovalent cation accompanied by a monovalent anion
(solid line in Fig. 9). So here, on the plateau of the first
wave, phosphoric acid behaves like a monohydrogen strong
acid. For calcium nitrate used as supporting electrolyte,
owing to the higher charge of calcium ion, the drop in the
current ratio is faster than for lithium perchlorate. As in the
case of 1:1 supporting electrolyte, the experimental points
for Ca(NO,), agree with the theoretical line calculated
according to Egs. (2) and (3), for the case of one-electron
reduction of a monovalent cation accompanied by a mono-
valent anion, with 1:2 supporting electrolyte.






