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Abstract Oxidative dissolution of Cr oxides can be
easily performed using voltammetry of immobilised
microparticles. A combined procedure based on the
dependence of current on time and potential (chrono-
amperometry with potential jumps) is suitable for the
determination of the sensitivity of the dissolution rate to
electrochemical potential. Applying this procedure, it
was found that the rate determining step is preceded by
two-electron oxidation in the solid phase that probably
proceeds as a reversible equilibration between surface
sites of Cr'™, Cr!Y and Cr". Voltammetry is sensitive to
the phase composition, and so the voltammetric peak
potentials obtained under the same conditions increase
in the order LaCrO; < CrO; < Me"'Cr,04 < -Cr,03.
The influence of Fe- and Ni-for-Fe substitution on dis-
solution reactivity is also discussed.
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List of symbols

a A constant value of formal charge transfer coef-
ficient according to Egs. 7, 10 and 16

ar  An experimentally obtained, potential-dependent,
local value of « defined by Eq. 9

fly) A geometrical contribution to the reactivity of
microcrystalline solid (see [9] for details)

k(E) A potential-dependent rate coefficient

kmax Rate coefficient at a saturated reaction rate ac-
cording to a surface complexation model [9]

¥ A dimensionless fractional reaction, y € (0, 1)
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Introduction

Redox dissolution of Fe and Cr oxides is the fastest way
to dissolve these otherwise chemically rather inert com-
pounds [1, 2]. The topic is important in hydrometallurgy
and nuclear technology, but it is also interesting from
the theoretical point of view. Chemical oxidative disso-
lution of Cr,O3 and Fe,Cr mixed oxides in acids has
already been studied [1], and particular attention has
been paid to KMnOy [3] and KBrOj [4] as oxidants.
According to Blesa et al. [1], the reaction with oxo-
metallates proceeds via oxygen transfer from the oxidant
to surface Cr'" sites and is mediated by the oxo bridge
Cr—O—Me, i.c. by a formally two-electron reaction

{=Cr™—0—Me} = {=Cr"} + products (1)

where {=Cr"} denotes a surface site (hydrated and hy-
droxylated or protonated surface Cr ion).

A mechanism of chemical oxidative dissolution of
Cr'™ oxides by a chain of single-clectron reactions with
radicals has recently been proposed by Blesa et al. [1, 4,
5]. According to their scheme, dissolution is triggered by
oxidation of {= Cr'""}

(== (=} +e (2)

Although free Cr*" ions are thermodynamically unsta-
ble and disproportionate to Cr*" and Cr®*

3crY — 20r™ + Crof- (3)

this valence state can be relatively stable in solid com-
pounds. The primary oxidation product {= Cr'V} can
hence reach a certain steady-state concentration, e.g. it
dominates on an o-Cr,0O3 surface in an oxidising solu-
tion at pH =4 [5]. {= Cr'""} is further oxidised to highly
reactive {=Cr"}

{=C}={=C"} +e (4)

which is supposed to transform to a final soluble reac-
tion product, CrO; . Pure Cr oxides dissolve fastest in
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alkaline solution, but when another metal such as Fe is
also present in the crystal lattice, dissolution in acids is
preferred to avoid passivation of the reactant [1].

Because some Cr''" oxides are of medium to poor
electronic conductivity, utilisation of the voltammetry of
immobilised microparticles [6, 7] for the direct electro-
chemical study of their dissolution is available. The
possibility of employing this simple and efficient method
has already been demonstrated by electrochemical dis-
solution of Cr,O3 and CrO, [8, 9]. The theoretical basis
for the electrochemical dissolution of microcrystalline
metal oxides has been developed for Fe'"' oxides [8—13].
As follows from the theory, all directly observable
electrochemical characteristics of solid reactants are in-
herently affected by their phase composition, but also by
their particle size and shape, the geometry of the
movement of the reacting interface, and the individual
properties of various solid samples (see particularly the
reductive dissolution of «-FeOOH [13]). Such complex-
ity may lead to certain scepticism towards unbiased re-
sult interpretation. We hence tried to separate the
influence of potential on the reaction rate by an ap-
proach that has been employed in the kinetics of thermal
reactions [14-16]. It is based on the determination of the
sensitivity of a reaction rate to sudden changes of in-
tensive variables. The main advantage of this “local”
method is that no a priori kinetic modelling is required
and that ““sudden changes” can even be used for evalu-
ating the correctness of this modelling [14].

The aim of this work was to compare the reactivity of
several oxides containing Cr'™ and/or Cr'Y constituents
towards electrochemical oxidative dissolution. Particu-
lar attention was paid to the oxides with perovskite and
spinel structures and to the influence of the Cr substi-
tution. A method of potential jumps is proposed for the
determination of the formal charge transfer coefficients
and the results are compared with those based on
simplified kinetic models. Our recent study revealed
a significant sensitivity of electrochemical dissolution of
a-FeOOH to Al- or Cr-for-Fe substitution [13], and
hence we tested if the same is also true for substituted Cr
oxides.

Table 1 The description of the solid samples studied

Experimental

The samples of Cr oxides used for electrochemical study are de-
scribed in Table 1. Solid phase purity was checked by X-ray dif-
fraction (XRD) (Siemens D-5005, Cu Ko radiation). The synthetic
routes were chosen to obtain well defined phases with fine crystals.
The particle sizes were of the order of 107'-1072 pum, which were
checked by transmission electron microscopy (Phillips EM201,
80 kV).

The PC-controlled potentiostat pAutolab with GPES 4.4 soft-
ware (Ecochemie Utrecht) was used for electrochemical measure-
ments, with 0.1 M HCIO4/0.4 M NaClO, used as the supporting
electrolyte. Voltammetry of immobilised Cr oxides was performed
using a paraffin-impregnated graphite rod as the working electrode
[8, 9, 13]. To prepare a carbon paste electroactive electrode, pow-
dered spectral graphite was mixed with around 0.5 wt% of a solid
sample and with the supporting electrolyte [18].

The potentiostatic procedure to obtain formal charge transfer
coeflicients o was described previously [8, 9, 13]. It is based on a
series of measurements performed at varying potentials and the
comparison of the resulting rate coefficients. Each potentiostatic
curve is fitted to a function f{y) that can be related to the con-
sumption of the solid reactant [9]. f(y) is a kinetic function de-
scribing the dependence of the rate of a heterogeneous reaction on
the fractional reaction y

d .

= kXS ) (5)
where k(X;) is a rate coefficient at a given value of intensive vari-
ables X. This kinetic equation for a general heterogeneous reaction
of microparticles can be adopted for an irreversible electrochemical
reaction [8, 9, 12, 13]

1 O
—=k(E)f|= 6
Qo ( )f<Q0> ©
where 7, is the actual current, Q, is the total charge of the electrode
reaction and Q, is the charge corresponding to the reactant re-
maining at time z. In this work, a potential range was chosen for
potentiostatic measurements where k(E) is a simple exponential
function

k(E) = exp (%E) = exp(ak) (7)

Equation 7 is valid only for low overpotentials, when the denom-
inator in Eq. 10 is close to unity. The most generally applicable f{ y)
for the voltammetry of microcrystalline oxides is the kinetic
equation of a general reaction order

- (2) )

For more details see [9].

Crystal type Cr valence Sample Synthetic route

Corrundum 111 o-Cr,03 Heating (NH,4),Cr,O5 at 500 °C

Rutile v CrO, Hydrothermal Synthesis [9]

Perovskite 111 LaCrO; Heating co-precipitated hydroxides at 1000 °C
I La(Fe,Cr;_,)O3 Heating co-precipitated hydroxides at 1000 °C
HI+1v La(Cog.5Crg.5)O3 Heating co-precipitated hydroxides at 1000 °C
InI+1v La(Ni,Cr;_,)O3 Heating co-precipitated hydroxides at 1000 °C

Spinels 11 ZnCr,04 Drying solution of ZnCl, and (NHy4),Cr,0O; and heating the residue
111 NiCr,04 Grinding NiO and Fe,O; and heating at 1000 °C
111 FeCr,04 Heating Fe, Fe,03, and Cr,03 at 1000 °C in vacuum
111 Co(Fe,Cr;_,),04 Heating co-precipitated hydroxides at 1000 °C
111 Ni(Fe,Cr_,),04 Heating co-precipitated hydroxides at 1000 °C

111 Zn(Fe, Cr;_,),04

Heating co-precipitated hydroxides at 1000 °C




Results

All synthesised Cr oxides are electrochemically oxidis-
able in acidic solution. If the scan rate is of the order of
mV s~! or lower, the reaction is complete within a single
voltammetric measurement. To demonstrate the chemi-
cal nature of the process, LaNig 15Crg 3503 was added to
a carbon paste and cyclic voltammetry was performed
(see Fig. 1). The first significant electrochemical reaction
of a fresh electrode is solid-phase oxidation. It is fol-
lowed by reduction of the formed CrO3 in the subse-
quent cathodic scan. To identify the species responsible
for the latter peak, the carbon paste electrode with dis-
solved dichromate (0.03 M) was used (see a procedure to
distinguish solid and soluble reactants in carbon paste
electroactive electrodes [18]). Cr®™ so created is proba-
bly not oxidised at potentials that are sufficient for dis-
solution of the studied Cr oxides. This is in accordance
with the fact that chemical oxidative dissolution of
{= Cr'™} is much faster than that of dissolved Cr*" (aq)
under the same conditions [4].

In contrast to the carbon paste method, the only
process which can be observed using voltammetry of
immobilised LaNig 15Cry 5505 is the oxidation of the
solid. Comparing both voltammetric methods, it is easy
to distinguish the reactions of soluble and solid species.
The simplicity of the voltammetric spectrum without
any interference caused by the soluble reaction products
made us prefer the voltammetry of immobilised solid
particles to the carbon paste electroactive electrode. As
for the critics of the appearance of voltammetric peaks
obtained by the former method [19], one must keep in
mind that the irreversible processes of solids can yield
wider and possibly less symmetric peaks than are those
of reversible or quasi-reversible reactions of soluble ions.
The peak shape also mirrors the inherent characteristics
of the solid reactants, such as granulometric properties
and the ““individuality” of each sample.
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Fig. 1 Voltammograms of carbon paste electroactive electrodes. 7, 2
LaCrggsNig 503, 3 0.03 M dichromate. First scan from 0.85 V
towards negative potentials
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The principle of the proposed potential-jump method
is shown in Fig. 2. It is based on performing a chrono-
amperometric experiment at potential Eg for a time 75,
then at potential Ez+ A for 7, that is sufficiently long to
obtain a pure Faradaic current /3., but sufficiently
short to dissolve as small a fraction of the solid as
possible, and then the experiment continues at Eg for a
sufficiently long time to estimate the hypothetical value
of the current Iz during the potential pulse between 7z
and r3+ 1, that could be expected at Ep. That potential
programme can be easily performed with the utilised
software (see Experimental). Typical values used for the
potential-jumps were ¢z = 30-200s, A = 0.0l or
0.02 V and t, = 8-30s. The local values of a formal
charge transfer coefficient can be obtained from Eq. 9

nk 1n(13+A) — ln(]B)
“RTMT A ®)
The subscript L denotes a local value which is a function
of applied potential. Note that « is a calculated constat in
Eqgs. 7, 10 and 16 whereas a; is a more directly obtained
function. The current reached its steady-state value
within less than a few seconds after applying the

ar

IBsa
current
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a Aaa, Ban,
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tA
a time
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Fig. 2a, b The potential-jump method: a scheme of a single potential
pulse, b a comparison of three runs with two-step pulses (sample
LaFe( sCry 503, Eg = 1.00 V vs. SCE, pulses 10 and 20 mV, lines
according to Eq. 8)
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potential jump. When the obtained data were plotted in
logarithmic variables In(Z,/Qq) vs In(Q,/Qy), the points
obtained during the potential jump lay on a curve par-
allel to that of the points obtained at E. The potential
programme was finished by a 20- to 60-min application
of a potential which was by 0.1-0.2 V more positive than
the potential of the voltammetric peak (I mV s~ '). This
was sufficient to complete the dissolution. Complete
dissolution is necessary to obtain Q, and the background
currents at each utilised potential. The potential pulses
can be repeated within a single measurement and hence a
possible dependence of a¢; on y can be determined.

The former potentiostatic method to obtain « is based
on plotting In[k(E)] vs E at low reaction rates (see Fig. 4
as an example). The obtained slopes, a, could be directly
compared to a; obtained at the same potential. The
results obtained for substituted Cr perovskites are
compared in Table 2 — there is no significant difference
between both methods. Whereas the original potentio-
static procedure is suitable for reactions with relatively
stable f(y), the potential-jump method is applicable
whenever the Faradaic component can be distinguished
from the overall current. The potential-jump method
also proved that the formal charge transfer coefficient is
virtually independent of the fractional reaction y (see
Figs. 2b and 3). Only a statistically non-significant de-
crease of a at y > 50% was found. The same is valid for
other studied Cr oxides except the highly substituted
ones (see below, x > 0.5). These results are a crucial
proof of the validity of the separation of the charge
transfer contribution to the electrochemical reactivity of
microparticles [9].

Both methods to obtain formal charge transfer co-
efficients failed when the reaction rate at constant po-
tential decreased much faster than could be expected for
a surface reaction of solid particles. This reaction course
was observed in the case of LaCr;_.Fe Os; and
Me(Cr_,Fe,),04 when x exceeds 0.5. In those cases,
one can expect that the surface of dissolved particles is

a/ v
60
+

L o+ + 4

L oy
30+
O 1 I 1 1

0.2 0.6 1
conversion

Fig. 3 A non-significant dependence of a formal charge transfer
coeflicient on the fractional reaction of perovskite LaNig sCry sO03. [J
the simple potentistatic method (see Experimental), + the potential-
jump method

-0 Lacr045Ni0.503
-LaCrg gsNip 1503
-0 LaCrO3

b0 LaCry gFeq 404

1
0.96
E /V vs. SCE

0.82 1.00

Fig. 4 In(k) vs E for substituted Cr perovskites

continuously enriched in non-reactive components, as is
common during the chemical dissolution of mixed ox-
ides [1, 11, 23]. In the present case, the relative enrich-
ment can occur in B-sublattices by leaking Cr and
leaving a passive surface resembling that of LaFeO; or
MCFCQO4.

The voltammetry of Cr oxides is similarly as phase-
specific as the voltammetry of Fe oxides [12]. The peak
potentials obtained at 1 mV s™' in acid supporting
electrolyte (see Table 3) increase in the following order:

La(Cr,Ni1)Os, La(Cr,Co)O3 < LaCrO; < La(Cr,Fe) O;<
CrO, < Me''Cr,04 < ¢-Cr,05 < Me''(Cr,Fe''"),0,
where Me" is Co, Fe, Ni or Zn. Voltammograms of the
highly Fe-substituted spinels CoFe; sCrgs04 and
ZnFe, 5Cry 504 and the perovskite LaCrg,s5Feq 7505 ex-
hibit non-separated peaks (denoted as ‘‘shoulders’ in
Table 3) beside a poorly defined wave. Regardless of the
phase purity of the samples according to XRD, hetero-
geneity of the substitution cannot be excluded as it can
occur in o-(Cr;_,Fe,),O5 [20]. We also observed that
samples of NiFeCrO4 obtained by various synthetic
routes behaved differently. “Ceramic” synthesis from
NiO, Fe,O3 and Cr,O5 (heating for 100 h at 1000 °C)
yielded a solid that gave the mentioned shoulder, whereas
the sample obtained by heating co-precipitated hydrox-
ides (2 h at 1000 °C) was not electroactive. Both samples

Table 2 Formal charge transfer coefficients of substituted Cr per-
ovskites as obtained by the potential-jump method and by a series
of potentiostatic measurements. All given values have been ob-
tained at potentials where « reaches its maximum value (at low
potential)

Composition a

Potential jumps Potentiostatic method

LaCrO; 52 (8) 47 (10)
LaCr0,85Ni0_1503 59 (3) 60 (3)
LaCr0_5Ni0_503 55 (2) 52 (6)
LaCr0‘33Ni0.6703 40 (8) 43
LaCro ¢Feo 405 50 49 (2)
LaCrO.5F60,503 38 (3)




Table 3 Potential of voltam-

metric peaks Ep, widths of Phase Sample Ep (V) Epa (V) 10° x 1p/Qp (s™")
eaks in the half of their height )

Ep/z and a relative peak heigght Cr oxides (Cr.99Mg.01)203 1.34 0.1 7

Ip/Qp of Cr-containing oxides Eg;gz%ﬁ%g;gjo‘ }iig 0.1 7
Cr,05 1.35 0.10 6
Cr,04 1.30 0.07 7
CrO, 1.16 0.08 11

Cr perovskites LaCrO; 1.02 0.07 12
LaCr0‘95Ni0‘05O3 1.02 0.05 18
LaCrO,g5Ni0_15O3 0.99 0.06 15
LaCrO.7NiO.3O3 0.96 0.07 13
Lacr()'sNi()'503 0.98 0.07 13
LaCr0,5Ni0,503 0.99 0.05 16
LaCr0‘33Ni0‘67O3 1.01 0.09 11
Lacr()'sMn()_503 0.95 0.08 12
LaCrO,5C00.503 0.94 0.06 13
LaCro 75Feg »505 1.03 0.05 16
LaCrO,(,FeO_4O3 1.04 0.06 12
LaCr0'5Feo,5O3 1.07 0.11 9
LaCr()_4Fe()_(,O3 No peak
LaCr0,25Feo_7503 Shoulder at 1.07
Cr spinels CoCr,04 1.26 0.08 12

CoFeO_5Cr1_5O4 1.27 0.07 12
COF€0.75CI'1.2504 1.30 0.09 11
CoFeCrOy4 No peak
CoFe; 5Cry 504 Shoulder at 1.26
NiCr,0, 1.29 0.09 9
NiFe( 5Cr; 504 1.36 0.07 13
NiFeCrO4 No peak
ZnCr 0, 1.22 0.08 1
ZnFeO_SCrl _504 1.30 0.08 10
ZnFeCrO, 1.41

ZnFel_5Cr0_504

Shoulder at 1.30

seemed to be a single-phase spinel according to XRD, but
Moéssbauer spectroscopy revealed several % of Fe in
sextets resembling those of NiFe,O4 in the “ceramic”
sample. It is probable that the voltammetric “shoulder”
was caused by Cr-enriched domains or fractions of crys-
tals.

The peak width can be characterised either by its half-
width or by the peak current divided by the total charge
of the peak. Both quantities are given in Table 3. There
is a statistically significant dependence between Ep/, and
Ip/Q, because they are both affected mainly by a formal
charge transfer coefficient and the number of exchanged
electrons, and also by the kinetic characteristic y
(apparent reaction order). Unfortunately, the complex-
ity of the corresponding equations excludes the deriva-
tion of mathematical formulae for these quantities. For
example, the formal charge transfer coefficient a; of
each particular oxide decreases with the applied poten-
tial (see Fig. 5). This is known from experiments [8, 9,
12, 13] and it also follows from the surface-complexation
model [9]. The interrelations between individual kinetic
characteristics makes the mathematical processing of
voltammetric peaks practically impossible. As a result,
there are only qualitative conclusions for the peak width:
it increases with the decreasing number of exchanged
electrons, with the formal charge transfer coefficient,
and with the increasing distribution of the particle sizes.

The value of a depends on the number of electrons
exchanged in the electrochemical reaction. If an average
value of o« was around 0.6, as in the case of reductive
dissolution of Fe oxides and hydroxy-oxides [8, 9, 12,
13], a should be expected around 25 for a one-electron
exchange and around 50 for a two-electron exchange.
Figure 5 would then show that the electrochemical dis-
solution of all Cr oxides is controlled by a two-electron
reaction at low overpotential.

The actual dependence of a¢; on E is determined by
the reaction mechanism. For one-electron oxidative
dissolution of a metal oxide based on the surface com-
plexation model [9], the reaction rate depends on the
potential according to Eq. 10

_ kexp(a(£ — Ee))
M) = T kexp(a(E — Eoq)) ™A% (10)
where k and kyax are constants with the meaning of
rate coeflicients, and E.q is a formal redox potential of
the solid redox centre. Equation 9 produces a curve of a;
vs E with a single inflex at £= E.. On the other hand,
the dependence obtained for Cr oxides seems to possess
two inflexes that can correspond to a pair of single-
electron steps. We hence performed modelling resem-
bling that described in [9] but involving two subsequent
charge transfers according to Eqgs. 2 and 4.
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»La(Cr,Ni)O4
® VLa(Cr,Fe)O3

1.1 1.2
a E/Vvs SCE

1
1.0 1.2 1.4

b E/Vvs. SCE
a/v!
60

301
[+ MeCr2O4
v MeFeg5Cr 504,ZnFeCrOy
O L 1 1
1.0 1.2 1.4
[ E/Vvs SCE

Fig. 5a— a vs E for Cr oxides: a perovskites, b pure Cr oxides and
¢ spinels. Solid lines are based on Egs. 10 (a) or 16 (b, ¢)

Let us suppose that there are only {=Cr'},

{=Cr"} and {=Cr"} in the Cr positions on the sur-
face of dissolving Cr oxides

{ECrIII}+{ECrIV}+{ECrv}:{E Crror} (11)

Let us further suppose the redox cycling of individual Cr
valences involves two reversible processes

{=Cr'"} = explan(E - Esg)[{=Cr'"} (12)

{=Cr} = explass(E — Egs)[{= Cr'Y} (13)
where F34 and E4s are formal redox potentials of reac-
tions according to Eqgs. 2 and 4, respectively. The as-
sumption of the redox reversibility is based on the
observed fast equilibration of the current after the po-
tential jumps. The reacting crystal surface fulfils the
general requirements for electron hopping [21] due to
short distances between neighbouring hopping centres
(=c™y, (="} and {=CrY}, and due to their
similar coordination surroundings which are fixed by the
crystal lattice. There is no indication of further oxidation
of {=Cr"} in the solid state. Furthermore, Cr"¥' is tet-
rahedrally coordinated and so it cannot occur in the
octahedral positions of low Cr oxides. The reaction of
the solid should hence be completed by a dissolution

=V} X cro?(ag) (14)
with the overall reaction rate Jy
Jded{ECI'V} (15)
The solution of these equations is
g ke{= Crror}
d 1+ exp[—a45(E — E45)] + exp[—a34(E — E34)] . exp[—a45(E — E45)]
(16)

Equation 16 was used for the derivation of the depen-
dence of a; on E that is desired for processing the data
obtained by the potential-jump method. This was also
used to fit the obtained experimental data (see solid lines
in Figs. 5b and 5¢). Modelling shows that whenever the
separation of E34 and Ejys is of the order of several tenths
of a volt, a;(F) possesses more than one inflex. The first
inflex point of the studied oxides obtained by fitting are
placed at 0.99 V for low-Ni-substituted LaCrO3, 1.10 V
for CrO, and Cr,Os, and 1.17 V for Me(Cr;_,Fe,),04
(all potentials are referred to SCE).

It is of theoretical importance to discuss the influence
of electronic conductivity on the voltammetry of im-
mobilised metal oxides. As is well known [21, 22], the Ni
content in LaCr;_,Ni, O3 markedly increases the solid
phase conductivity without significant alteration of its
crystal structure. In chemical terms, the formal valences
of metals in  substituted  perovskites  are
La(CrlleXCrLVNiil) at x < 0.5. Regardless of the con-
tinuously growing bulk conductivity with growing x,
neither dissolution kinetics, i.e. the f(y) function, nor a
substantially changed with this substitution at x < 0.5.
As follows from the example of Ni- and Fe-substituted
LaCrO; (Fig. 5), the substitution affected mainly the
rate coefficient at a given potential. On the other hand,
the overall order of the growing potential of volta-
mmetric peaks for all phases studied is obviously related
to the decreasing bulk electronic conductivity of Cr
oxides. Cr perovskites and CrO, are of substantially
higher conductivity than «-Cr,O3 and chromites.



Discussion

General features of electrochemical dissolution of mic-
rocrystalline Cr oxides can be summarised as follows:

1. Complete dissolution can be performed within a sin-
gle voltammetric measurement; the reaction at con-
stant potential is most frequently described by general
reaction order kinetics unless more than half of Cr is
substituted by Fe.

2. Fast equilibration of the current after potential jumps
(around 1 s at 0.01 V pulses) shows a remarkable rate
of corresponding redox equilibration on the reacting
surface regardless of a low electronic conductivity in
the case of MeCr,0y4, and o-Cr,0Os.

3. The reaction rate-determining step is preceded by two
subsequent one-electron reactions, as follows from
the shape of the dependence of a; on E.

Note that no particular attention was paid to significant
differences in the bulk electronic conductivity of the Cr
oxides studied, because it is supposed that they are all
completely dissolved by the same mechanism. As a
consequence, the experimental data processing is the
same for all oxides studied although they include me-
tallic conductors (LaCrg33Nig 4703, CrO,) and semi-
conductors with higher (LaCrOs) or lower (o-Cr,Os,
MeCr,0y4) conductivity. The same was also assumed for
Fe oxides [8, 13]. The explanation is based on electron
hopping between surface metal ions of the dissolving
metal oxide accompanied by chemisorption of counter-
balancing ions from the supporting electrolyte [9]. The
same explanation has recently been given for the sur-
prisingly fast spreading of charge over the surface of
nonconducting crystals (an electron self-exchange) of
organic complexes of Cr [24], alkylferrocene [25], a
heteropolymolybdate salt [26] and azobenzene [27]. The
process could hence be a very general reaction pathway
in the voltammetry of immobilised poorly conducting
microcrystals. Not bulk conductivity but rather the
presence of appropriate hopping centres on the surface
and a free access of counter-ions from the supporting
electrolyte would hence determine the electrochemical
activity of such solids. For example, the significant in-
fluence of substitution of electroactive metal ions in Cr
or Fe oxides can be interpreted as dilution and separa-
tion of the remaining hopping centres {=Cr"}. When
this dilution reaches a certain level, the reaction is no
longer described by the kinetics of a surface reaction,
and the corresponding voltammetric peak becomes wide
and flat and finally virtually disappears. The critical
degree of substitution is 10-15 mol% of Al in substi-
tuted o-FeOOH [13], and =50 mol% of Fe in substi-
tuted Cr spinels and perovskites. The most probable
explanation why a high Ni content in LaCrg 33Nig 6603
does not suppress the dissolution reaction is that the
bulk electronic conductivity of this phase (above
1Q '"em™ at x > 0.5 [22]) is sufficient for current
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transfer and hence the formation of the surface con-
ducting layer is not a necessary prerequisite.

Conclusions

Voltammetry of immobilised microcrystalline Cr oxides
is significantly affected by the phase composition and by
the degree of Cr substitution. The presented potential-
jump method permits obtaining formal charge transfer
coefficients of electrochemical reactions of immobilised
Cr oxides in a single experiment without the necessity to
accept any specific kinetic model. The results obtained
justify the separation of the potential-dependent rate
coefficient k(E) and the conversion-dependent function

f(y), which is of great importance for the general ki-

netics of the heterogeneous reactions of microcrystals
[9]. Further indications were obtained that a surface
conducting layer is formed on poorly conducting crys-
tals that are subjected to a redox reaction in the solid
phase.
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