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Abrasive stripping voltammetry was applied to the chronoamperometric and voltammetric investigation
of the kinetics of reductive dissolution of synthetic and natural iron(I11) hydroxy-oxides. Conditions
were found under which the dissolution process can be described by equations derived for and applied
to the surface reaction of the particles. The rate constants obtained were employed to compare the
electrochemical and chemical reductive dissolution and to quantitatively evaluate the effect of
adsorbing ions, pH, and working electrode potential.

Reductive dissolution of iron(I11) hydroxy-oxides is a phase-selective process, em-
ployed in the synthesis (separation of ferrihydrite or generally amorphous phases from
synthetic goethite!) and characterization of phases occurring in sediments and soils2.
Understanding the nature of this process is of importance for gaining insight into the
cycle of iron and ions bound to Fe and Mn hydroxy-oxide particles, as well as for redox
processes of organic substances, particularly in natural waters?®=>. Use of the process to
characterize synthetic hydroxy-oxides has found less extensive application, although its
potential in this field is quite large. The complexity of the process actually poses prob-
lems: the rate of reductive dissolution of hydroxy-oxides is affected by the particle size
and shape distribution, phase distribution, as well as by the dissolution system par-
ameters such as the concentration of complexing and reducing substances, pH, and the
many adsorbing ion species®>.

The problems of the reductive dissolution can be classified into two categories: those of
the process chemistry (interaction of ions, charge transfer) and those of the mechanical
aspects (particle size and shape distribution).

The chemical reaction of dissolution of FEOOH giving rise to Fe** ions is generally
described by the equation

FE''OOH(S) + 3H* + e - Fe?* + 2 H,0 . (A
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In the presence of a complexant HL (or L), the reaction is

FE''OOH(S) + HL + 2H* + e - Fe'L* + 2 H,0 . (B)

Protonation or addition of a complexant precedes the charge transfer process, and
only subsequently there follows removal of Fe!' from the FeOOH surface, hence, forma-
tion of Fe?*(aq) ions and their diffusion away*. Presumably, in dependence on the dis-
solution conditions, the reaction rate may be limited by protonation of FEOOH, charge
transfer, and diffusion of Fe?* away from the surface. In sightly acidic solutions con-
taining a reductant such as ascorbic acid or sulfane, the formation of the Fe?*(aq) ion is
the slowest step*. The FeOOH protonation equilibrium shifts in the presence of aligand
and/or other adsorbing ions. Chemical methods which are conventionally used in dis-
solution studies fail to discriminate the charge transfer reaction on its own.

The effect of the particle size and shape on the dissolution rate has been studied for
the simple dissolution of calcium sulfate® and hydroxyapatite’, and also for ferrinydrite
in a reducing medium?. General kinetic equations of a particle surface reaction have
been derived and tested in the form

J=—dn/dt = —k Ny G(©)F(N/N,) , (1)

where F(N/N,) is the dependence of reactivity on the reactant particle size and shape
distribution; for instance, the proportionality of F(N/Ng) to the (Ni/Np)? ratio has been
experimentally verified. G(c) is a function of the solution composition; if diffusion is
the controlling phenomenon or if simple dissolution is involved, G(c) can be a function
of “solution unsaturation”, as derived by Nernst, viz. G = ¢;— ¢, where ¢, is the concen-
tration of the saturated solution of the product in the solution bulk and c is the actual
concentration. For reductive dissolution this function is dependent on the concentra-
tions of all reactants and on the adsorptive capacity of the substance, and if the reaction
is conducted so that the solution composition at the surface of the solid particles does
not change in time, the G(c) function can be included in the constant k (ref.%). The
reaction then can be regarded as one of the pseudo-first order, the dimension of the
constant k being s. This constant is typical of the phase, solution, and particle nature.

Electrochemical reduction of Fe(lll) to Fe(ll) in iron(I11) hydroxy-oxides has been
studied by many authors®1°. To our knowledge, electrochemical reductive dissolution
has never been employed to analytically characterize the Fe(l11) hydroxy-oxides or to
compare the process with the chemical reduction.

In principle, two experimental approaches can be used for the electrochemical inves-
tigation of reactions of solid particles in agueous solutions: the active paste method,
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where the substance studied is mixed with graphite powder and aliquid binder®%11, and
the method where the solid sample is applied to an inert electrode, known as abrasive
stripping voltammetry213 (AbrSV). Since the present work was conducted with a view
to achieving a complete and irreversible analyte conversion on the electrode, as in
chemical reductive procedures, the latter method was applied.

EXPERIMENTAL

Fe Oxides and Hydroxy-Oxides

Ferrihydrites were prepared by reacting Fe(NOs); with an alkali hydroxide at a constant pH (ref.'),
viz. pH 3.9 for sample A and pH 7.3 for sample B.

Goethite (a-FeOOH) samples were prepared by transformation of ferrihydrite in a strongly basic
solution at 20 °C (A), 60 °C (B), and 70 °C (C) following Schwertmann and Cornell%, and by oxidation of
Fe?* in acid solutions (samples D and E). In addition, the commercia chemicals Bayer 920 (Bayer, Ger-
many) (sample F) and SCP21 (Société Chimique de Provence, France) (sample G) were used. Phase
purity of the samples was checked by Moessbauer spectroscopy at room temperature (min. 98%).

B-FeOOH was prepared by hydrolysis of FeCl, solution®®, y-FeOOH was obtained by oxidation of
FeSO, in solution®®, and 5-FeOOH and Fe;0, were synthesized by oxidation of Fe(ll) with H,O, or
KNOj, (ref.).

Iron(I11) oxides were commercial chemicals: Bayer 130 HB a-Fe,O; (Bayer, Germany) and SCP21
y-Fe, 03 (Société Chimique de Provence, France).

Natural sediments were represented by the Buffalo River Sediment (NIST, U.S.A.; certified total
Fe content 4.11%) and the SL1 Lake Sediment (IAEA; certified total Fe content 6.74%). The samples
served as examples of reaction continua with a phase composition which is not completely defined
and with a considerable heterogeneity of the Fe hydroxy-oxide particles. In view of the sample treat-
ment procedure it is possible that if the starting sediment contained amorphous hydroxide phases, a
part at least can have transformed into more stable crystalline compounds.

The samples were characterized by their X-ray powder diffraction patterns (DRON 2.0, Burevest-
nik, U.S.S.R., equipped with a CoKa source and an Fe filter) and Moessbauer spectra (a KFKI 512-
channel instrument, Hungary). The appearance of the samples was evaluated from their TEM
photographs (a Tesla BS 242 E instrument, Czechoslovakia, with a 60 kV supply), and their specific
surface area was determined by adsorption/desorption measurements using an H, + N, mixture.

Prior to their application to the electrode, the pure synthetic samples were ground in an agate mor-
tar in the presence of a tenfold excess of silica gel (chromatography grade, Merck, Germany) so as
to lower the probability of a mechanical contact of the reacting particles which complicates the
course of the dissolution process. This hazard is particularly high for goethite, which is prone to ag-
gregation, a phenomenon that is beyond the scope of this study.

The voltammetric and chronoamperometric measurements of reduction of Fe3*(aq) were performed
with a solution of Fe(NO); at a concentration of 1 mmol =X in the supporting electrolyte of choice.

Supporting Electrolytes for Electrochemical Measurements

The following buffers were used at concentrations of 0.05-0.2 mol |I=%; Sodium trichloroacetate-tri-
chloroacetic acid (pH 1.6), potassium oxalate-oxalic acid (pH 2.5), potassum dihydrogen phosphate—
phosphoric acid (pH 2.6), sodium chloroacetate—chloroacetic acid (pH 2.7), a mixture of acetate and
chloroacetate buffers (pH 3.7), potassium hydrogen phthalate (pH 4.0), and sodium acetate-acetic
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acid (pH 4.7). Reagent grade chemicals supplied by Lachema, Czech Republic, and Merck, Germany,
were used for their preparation.

Electrochemica Measurements

Voltammetric and chronoamperometric measurements were performed with a PA-4 polarograph inter-
faced to a TZ-4620 recorder and an XY-4106 plotter (Laboratorni pristroje Praha, Czech Republic).
Unstirred solutions were measured in vessels where the anode compartment was separated by a frit.
The working electrode was prepared by vacuum impregnation of spectral graphite rods (Elektrokar-
bon Topolcany, Slovak Republic) with molten paraffin (m.p. 54-55 °C, Paramo Pardubice, Czech
Republic) (PIGE). A saturated calomel electrode (SCE) served as the reference electrode, relative to
which all potentials are reported in this paper. The working electrode surface was restored by polish-
ing with a paste based on silicone oil and Si and Cr oxides. The samples were applied by rubbing the
electrode vigorously against a suitable amount of sample mixtures with silica gel on a filter paper;
loose particles were removed from the electrode surface by wiping with a cotton pad. The total
charge for the sample reduction corresponded to an amount of 1. 107—2 . 10 g, in dependence on
the nature of the particles. It can be calculated that, given this quantity and the specific surface area
concerned, the electrode coverage would be on the order of tens or units per cent if the particles were
ideally dispersed over the surface.

RESULTS AND DISCUSSION

Effect of Conditions on the Electrochemical Reduction Rate

In the AbrSV moade, iron(l1) hydroxy-oxides can be reductively dissolved from the
working carbon electrode in a slightly acid medium at potentials that are to certain
extent typical of the phase involved.

In dependence on the reaction conditions and on the sample nature, the sample can
be completely converted on the working electrode in a time as short as a few minutes.
Hence, the reaction rate is several orders of magnitude higher than during the acid
reductive dissolution of the substances in solution, for which reaction periods as long
as several hours have been reported®=. If information about the particle propertiesis to
be gained, the reaction conditions must be chosen such that the reaction rate is not
governed by the velocity of reactant diffusion to the electrode. This requirement is
equivalent to that of the G(c) function in Eq. (1) being constant.

We found that exponential equations in the general form

| =aexp (-bt) , )

derived for electrochemical reactions of solids (for the method and meaning of coef-
ficients see refs'1"), are not dways well suited to the description of the chronoamperome-
tric curves of the surface reaction. This is so because the reaction rate-determining
variable involves more factors than merely the absolute amount of the substance (par-

Collect. Czech. Chem. Commun. (Vol. 60) (1995)



Iron(l11) Hydroxy-Oxides 1265

ticle concentration in the active paste’! or degree of coverage of the electrode sur-
facel’); in fact, the distribution of particle size plays a role as well. Equations of the
type (2) are inapplicable if the reacting system of particles is too heterogeneous (see
later). Hence, it is reasonable to apply Eq. (1), derived from a more general formulation
of the reaction rate as a function of the reactant conversion. Modification of Eq. (1)
gives

I'=k Qo G(c) F(Q/Qp) - ©)

In agreement with the literature®®7 we found that in suitable conditions of dissolution
of iron(l11) hydroxy-oxides, function F in Eq. (3) can be regarded as proportional to a
power of the unreacted-to-total amount ratio of the substance, and that the total amount
of the substance and the constant factors (solution composition, electrode potential) can
all be included in the constant k. The requirement of a constant solution composition at
the reacting surface® can be formulated as one of a sufficiently low reaction rate in
comparison with the diffusion of the involved ions. Equation (3) then smplifies to

I =k Qg (QY/Qp)° . 4

The constant g has been interpreted by Postma® as a factor characterizing a certain
heterogeneity of the system: the more diverse the set of particlesis (from the reactivity
point of view), the higher the g value. In fact, Eq. (2) is only applicable if g approaches 1.
It can be shown that this is not true of a set possessing a lognormal particle size dis-
tribution, to say nothing about a reaction continuum; it is Eq. (1) that actually describes
their properties.

The applicability of Eq. (4) to the description of the chronoamperometric curves was
verified for the dissolution of a-Fe,0;, a-FeOOH, y-Fe,05, y-FeOOH, and Fe;O,4in a
noncomplexing dlightly acidic supporting electrolyte. If a complexing electrolyte is
used, the behaviour of ferrihydrite, ammonium jarosite, and 3-FeOOH can be described
likewise. In some instances, positive deviations of the observed and approximated
values were found at the beginning and at the end of the reaction. Equation (4) was
employed if it was valid for the dissolution of the substance over a region of at least
10-90% of its total reacting amount.

Figure 1 shows the observed dependence of the rate constant of dissolution of goe-
thite (C), ferrihydrite (A), and hematite on the working electrode potential. The linear
dependence of the rate constant logarithm on the potential demonstrates that the charge
transfer rather than the reactant diffusion is the rate determining step over the potential
region used; the rate constant in Eq. (4) can be written as
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k = kg exp [-anF(E — Ep)/RT] . (5

The observed charge transfer coefficients a are given in Table I.

Figure 2 shows the rate constants of dissolution of goethite (C) and ferrihydrite (A) in
dependence on the pH of the supporting electrolytes, which were 0.05-0.2 M phthalate
and chloroacetate buffers and dilute HNO;. The rate constant logarithm vs pH plots
possess sigmoid shapes, which indicates that, as suggested in the literature*®, the sur-
face protonation products, which predominate at pH values lower than that of the zero
charge of the surface, are the reduced species. In dependence on the kind of phase, the
surface is neutral at pH 4-9 (ref.18).

The electrode reaction is accelerated appreciably by the presence of someionsin the
supporting electrolyte (see Table Il and Fig. 1). The mechanism of the effect of ions on
the chemical reductive dissolution of Fe hydroxy-oxides has been presented by Biber
and coworkers®. In general, the dissolution processis affected by all chemisorbing ions,
from among which phosphate and sulfate and, to a lesser extent, borate, silicate and
chloride are significant®>18,

The presence of chemisorbing ions increases the rate of the electrochemical reduc-
tion of goethite (Table Il), hematite, as well as ferrihydrite. This is demonstrated both
by the increasing rate constants and by the anodic shifts of the voltammetric peaks. In
this respect, there is a difference between the chemical and electrochemical dissolution:
while during the chemical reduction of goethite with sulfane at a pressure of 100 Pain
a dlightly acid solution, phosphate inhibits the reaction® at a concentration as low as
10-3 mol 171, the rate of reaction of goethite during the electrochemical reduction

-1 . . .
In (K) 1

-3+
Fic. 1
Dependence of the logarithm of the electro-
chemical dissolution rate constant k on the
working electrode potential E for ferrihydrite
(A), goethite (C), and hematite. Curves: 1
ferrihydrite, 0.05 m chloroacetate; 2 goethite,
0.2 m chloroacetate + 0.5 m KCI; 3 goethite,
07 05 03 01 01 0.05 m chloroacetate; 4 hematite, 0.2 ™
EV chloroacetate
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at pH 2.7, E=-0.4 V, is nearly an order of magnitude higher in the presence of 0.01 M
phosphate. In the presence of 0.1 M sulfate or phosphate, the hematite reaction rate is
also several times higher. Presumably, the chemisorbed ions facilitate the detachment
of the Fe™ ion from the hydroxy-oxide surface by weakening its bonding in the solid
phase while posing no hindrance to the electrochemical reduction, which is not condi-
tional on the simultaneous sorption of the reducing ion as in the chemical reaction.
With respect to the rate-increasing effect on the reductive electrochemical dissolution
of goethite, the ions examined can be arranged in the following descending order:
phosphate > sulfate > oxalate > chloride > nitrate = chloroacetate.

Along with the increasing reaction rate constant of the electrochemical reduction due
to the effect of sulfate and phosphate, the geometric factor g increases as well and the
shape of the dissolution curve described by Eq. (4) distorts; the current behaviour,
however, does not obey Cottrell’s equation. On the contrary, if the reduction is con-

TaBLE |
Observed charge transfer coefficients a for the electrochemical reduction of ferrihydrite, goethite,
and hematite in a chloroacetate buffer solution

Phase (sample) E,V Medium a
Ferrihydrite (1) 0 to-02 0.05 m chloroacetate 0.49
Goethite (3) -0.2 t0o-0.6 0.05 m chloroacetate 0.25
-0.2to-0.5 0.2 m chloroacetate, 0.5 m KCI 0.28
Hematite —0.5 t0 -0.65 0.2 m chloroacetate 0.50
0 T T T
log (k)

1tk

Fic. 2 =3r 2\ ]

Dependence of the logarithm of the rate con- ~
stant k on the supporting electrolyte pH for
ferrihydrite (A) and goethite (C). Curves. 1
ferrihydrite, E = -0.15 V; 2 goethite, E=-04V pH

Collect. Czech. Chem. Commun. (Vol. 60) (1995)



1268 Grygar:

ducted in the oxalate medium, the g-factor value approaches 1 and is nearly invariably
lower than in the chloroacetate buffer; the surface reactivity levels off.

As mentioned, the rate of a heterogeneous reaction is, in general, determined by the
surface concentration of particles of the given phase, their specific surface area, proto-
nation equilibrium constant, and pH. Figure 3 shows the rate constants of dissolution of
several goethite samples with different particles in dependence on their specific surface

TaBLE I
Effect of supporting electrolyte composition on the rate of dissolution of goethite (C) at 0.4 V

_ k .107% st
Supporting
electrolyte
0.01 m 0.1m 0.2m 05m

MCAc? 35 3.2 2.3
0.2m MCAcC +

+ KNO3 3.1 3.6

+ K2SOs 13 20

+ KCl 3.6 10 17

+ KH2POq4 15 42 37

+ oxalate 11 15°

@ Monochloroacetate buffer; ® pure buffer (pH approaching that of the chloroacetate buffer, see
Experimental).

30 T .
k 10557t ’
20
10 - Fic. 3
Dependence of the logarithm of the dis-
solution rate constant k on the goethite
o specific surface area for samples A-G.

Curves. 1 0.1 m oxalate buffer, E=-0.2V;
2 1 m chloroacetate buffer, E = 0.4 V
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area. At more negative working electrode potentials or in the presence of ligands the
dependence is nearly linear, which indicates a unified reaction mechanism in the condi-
tions applied. Differences between the easiness of reduction of the various crystal
planes manifest themselves at more positive potential s,

Comparison of Reactivity of the Various Hydroxy-Oxides

The results of processing of the chronoamperometric curves for the reduction of the
phases in the oxalate buffer are given in Table I1l. This electrolyte is best suited to
finding the conditions of validity of Eq. (4) for the majority of phases examined. For
instance, comparison of the reaction rates demonstrates that the reactivity at a working
electrode potential of —0.2 V or —0.4 V decreases in order: ferrihydrite > goethites >
hematite, which is consistent with the chemical reductive dissolution®®. The SL1 and
BRS samples rank among goethites with respect to the dissolution rate. The rather high
g-values indicate that the iron hydroxy-oxides are not as reaction-homogeneous in them
as in goethites. Table 111, however, also displays large differences between the beha-
viour of the various goethite samples in dependence on their individual properties: the
differences between the rate constants are not accounted for by the differences in the
specific surface area solely. As shown previously?°, the particle size and the extent of
development of the various crystal planes affect appreciably the reactivity of goethites
as well. Such effects are particularly important at more positive working electrode
potentials, at which the dissolution of goethites containing particles with well-de-
veloped (021) planes proceeds very sowly (with respect to their specific surface area).
This anisotropy also manifests itself during the dissolution of goethite in acids'®. There-
fore, it is surprising to find that when the chemical reductive dissolution rates are com-
pared in the literature, information on the crystallinity of the goethite samples mostly
fails to be given®>.

Table 1l also documents the relation between the voltammetric peak potential in a
noncomplexing medium and the reductive dissolution rate; the faster the dissolution,
the more negative the voltammetric peak potential (for identical charge transfer coeffi-
cients). Quantitative investigation of this relation will be the subject of a forthcoming
study.

It follows from the voltammetric peak potential values (Table I11) that the soluble
Fe3* ion cannot be the electroactive species in the reduction of the rather stable a-
phases. Since the Fe**(aq) reduction peak potential is affected by the presence of the
solid phase, reduction via Fe®*(aq) is improbable for more reactive phases as well.
However, the appreciable cathodic shift of the half-wave potential of the Fe3*(aq)
species in the presence of a solid phase on the working electrode points to the possi-
bility of interactions of the various iron species in the solid phase and in the solution.
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Comparison of the Electrochemical and Chemical Reductions

The phase selectivity of the electrochemical reduction in oxalate buffer with respect to
the discrimination of ferrihydrite, goethite, and hematite is considerably lower than in
the conventional chemical reductive dissolution. In a slightly acid medium during the
reduction with ascorbate or sulfate, the reduction rate has been found to be about two
orders of magnitude lower for ferrihydrite than for hematite or goethite®. The dif-
ferences between those phases in the electrochemical reduction increase somewhat if a

TaBLE Il
Values of the k and g parameters in the kinetic equation (4) for the dissolution of the phases in the
0.1 m oxalate buffer at working electrode potentials of —0.2 and —0.4 V vs SCE, and the voltammetric
half-wave and peak potentials in 0.1 m chloroacetate buffer; scan rate 10 mv s

02V 04V
Phase (sample) Eyp V
k.103 s? g k.10% s* g

Ferrihydrite  (A) 45 132 >100 - 0.00

(B) 3 138 >100 - 0.10

a-FeOOH (A) 26 115 22 1.36 -0.34

(B) 8.0 1.18 15 1.13 -0.49

(D) 3.8 1.18 6.9 1.28 -0.53

(E) 7.1 117 59 0.93 -0.55

G 40 101 5.6 1.38 ~0.50

©) 36 138 - - 047

B-FeOOH 41 0.88 a -0.16°

y-FeOOH 55 1.35 >100 - -0.01

d-FeOOH 43 131 >100 - 0.00

FesOas 65 1.98 >100 - -0.02

a-Fex03 0.6 112 2.7 1.04 -0.56

y-FeO3 63 2.62 >100 - -0.08
Sediments:  BRS 15 331 ¢
SL1 16 1.73 16 2.81 ¢

Fe** (ag)’ reduction process obeying Cottrell’s equation -0.08¢

+0.30°

2 Chronoamperometric curve is not monotonous; ° broad peak, slow current decrease after the maxi-
mum; € no clear maximum, slowly rising wave; ¢ clean electrode surface; © electrode surface with
deposited FeOOH; "¢z, = 1 mmol 172,
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noncomplexing medium is used. For instance, the reduction of ferrihydrite (A) in the
chloroacetate buffer at a potential of 0 V obeys the kinetic equation

1/Qy=2.2. 103 (Q/Qy)%%, (6)

whereas for the reduction of ferrihydrite in 0.01 M ascorbate at pH 3 (the redox poten-
tial of this solution measured with the PIGE is between 0 and +0.1 V), Postma® reported
the relation

JINo =4 . 1074(N/NY*L @)

The difference in the rate constant can be partly explained by the somewhat higher pH
value and somewhat more negative potential during the electrochemical reduction, but
still it is clear that the results of the two methods are in an acceptable agreement for
ferrihydrite.

The rate constant of the electrochemical dissolution of goethite (C) calculated from
Eqg. (5) for the potential of 0 V is 7.6 . 10° s, which is about 30-fold less than for
ferrihydrite. Taking into account the specific surface area of ferrihydrite, which is ap-
proximately half an order of magnitude higher, the difference in the electrochemical
reduction rate of goethite (C) and ferrihydrite (A) relative to their reacting surface areas
is about one order of magnitude. Hence, the rate of electrochemical reduction of goe-
thite in the conditions applied is considerably higher (4 . 1028 mol s m) than that of
its chemical reductive dissolution at pH 3 with the goethite surface saturated with as-
corbate (initial dissolution rate 1.8 . 10X mol s m=, ref.%). As it seems, while the
reaction rate during the electrochemical reduction is determined by the charge transfer
rate solely, the effect of steric factors in the surface adsorption layer is considerably
more significant during the chemical reduction. In practice, the electrochemical reduc-
tion of goethite will be best conducted at rates characterized by the rate constant lying
within the range of 10-"-10°mol s m (for Eq. (4) being valid over a wide region of
particle conversion and within times which do not exceed tens of minutes for a com-
plete conversion).

CONCLUSIONS

The electrochemical and chemical dissolution of iron(I11) hydroxy-oxides proceeds by
similar mechanisms. reduced are either protonated groups occurring on the reacting
surface (the process is a highly phase-specific reduction of, e.g., well-crystalline he-
matite or goethite) or some Fe(l11) species which are in equilibrium with the protonated
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particles (presumably in the case of amorphous and thermodynamically less stable
phases, where the reaction is considerably less specific). In both cases, experimental
conditions can be adjusted such that the simple kinetic equation (4), derived for a
chemical reaction or a simple dissolution, is obeyed and charge transfer is the rate
determining step, which allows the dissolution process to be electrochemically moni-
tored. Kinetic equations of the surface reaction of particles can be employed to evaluate
the reactivity of particles of both the pure phases and their mixtures as during the use
of the chemical reaction®. In contrast to the chemical reductive dissolution, the electro-
chemical alternative is not so appreciably affected by the steric effect of adsorbed
ions*® but only by the extent to which the ions affect bonds in the surface layer of the
hydroxy-oxide phase, so that the phenomena can be in principle separated. In view of
the possihility of affecting the reaction rate over a wide region through the choice of
the pH, working electrode potential and supporting €electrolyte ionic composition, dis-
solution experiments can be performed in times which are by orders of magnitude shor-
ter than during the chemical reductive dissolution.

SYMBOLS
A specific surface area, m? g*
E working electrode potential, V
Eiz voltammetric half-wave or peak potentia, V
g geometric factor in the surface reaction kinetic equation for a set of particles®7,
defined by Eq. (4)
J mass flow, J = —dn/dt (mol s
k rate constant of the pseudo-first order reaction, s*
No total amount of substance of reacting particles
Nt instantaneous amount of substance of reacting particles in time t
Qo total charge passed during the reaction (corresponding to No)
Qt charge corresponding to the amount of substance N
a charge transfer coefficient
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