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Abstract Abrasive stripping voltammetry is applied

in order to characterize barium and strontium
manganates-(V) and -(VI) in solid state phases.
Voltammetric reduction peak potential values of
KBaMnO4, Ba3(MnO4)2, Ba3(MnO4)2_x(BO3)x
(x=0.031(1)), Bas(MnQOy4);0H, Bas(MnQy,4);Cl,
Srs(MnO4);0H and BaMnO, are shown to be propor-
tional to the corresponding average Mn-O distances,
which were determined from X-ray powder diffract-
ometric data through Rietveld refinement analyses.
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Introduction

The recently introduced electroanalytical technique of
abrasive stripping voltammetry [1-4] has been used in
order to characterize solid compounds irrespective of
their conductive properties [5-8]. The analytical time
scale may be dramatically reduced when analyzing
poorly conductive manganese dioxides and spinel-type
manganates by using this technique [9]. Evidence of
manganates-(V) has existed since the early work of
Rosenstiehl [10]. However, the presence of manganese in
its formally pentavalent state was recognized some 100
years later by Lux [11]. Since then, a number of man-
ganates-(V) have been prepared and characterized [12—
14]. In this contribution, we focus on the voltammetric
analysis of solid manganates (V) and (VI) and the cor-
relation with X-ray powder diffractometric data [15].
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Experimental
Preparation

All chemicals were of at least analytical grade, and purchased from
either Aldrich, Merck, Riedel-de Haén or Fluka chemical compa-
nies (Germany). All products were characterized by powder X-ray
diffractometry as described below. Except for the manganates-(V)
Baz(MnOy),-(BO3), (x=0.031(1)) and Bas(MnQO,);Cl, corre-
sponding lattice constants were reported earlier [15].

KBaMnO, was prepared from KMnO, and Ba(OH), - 8H,0 in
a KOH/H,O melt at 350400 °C, pouring the hot reaction mixture
in 1 M KOH and filtering off the product.

Low-temperature (LT) Ba3(MnQy), was precipitated by reduc-
ing BaMnO, with ethanol in a boiling solution of Ba(OH), - 8 H,O
in analogy to the procedure described by Scholder and Klemm
[12, 13].

High-temperature (HT) Ba3(MnQy), was prepared by solid-
state reaction of MnQO; in a Ba(NO3), flux at 650 °C, dissolving the
cold reaction mixture in water and filtering off the product. Simi-
larly, Ba3;(MnOy),_(BO;3), (x=0.031(1)) was the product when
starting with a mixture of MnO, and H;BO; in a Ba(NO;), flux at
650 °C. The boron content was determined after dissolution of the
compound in HCI by the inductively coupled plasma technique at
the Institute of Analytical Chemistry of Graz University of Tech-
nology.

BaMnO, was precipitated from KMnO,4 and Ba(OH), - 8H,O
in boiling 3 M KOH [12, 13]. Bas(MnQO,4);OH was obtained by
reduction of KMnO, with ethanol in a solution of Ba(OH), - 8H,O
and 1 M KOH.

Single-phase Bas(MnQy);Cl could not be isolated as a product
from the high-temperature flux reaction described earlier [14].
However, when simply heating a stoichiometric mixture of
Ba3(MnQy), and BaCl, to 750 °C, the pure product was obtained
as a dark green powder.

Srs(MnOy4);OH was synthesized by reacting KMnO, and
Sr(NO;), - xH>O in a KOH/H,0 melt at 400 °C, pouring the hot
reaction mixture into 1 M KOH and filtering off the product.

X-ray powder diffraction

X-ray powder diffraction (XPD) patterns were collected with either
an automated Siemens D500 diffractometer with Bragg-Brentano
geometry combined with a scintillation counter or a Stoe STADI/P
focussing monochromatic beam diffractometer with a rotating
sample in the symmetric transmission mode and a linear position
sensitive detector. Cu Ko radiation (Cu Ka; in case of the STADI/



414

measured data (lgs)
100 |- calculated data (le.c)
difference (lops - lcac)
.g | Bragg reflections of
3 Bay(MnO,), (upper)
FP 50 and BaCO; (lower)
> »
>
‘@
: w
£ A i.l. ll ‘14114.. A
0
TN R
I A T T
[ N S N T T IOy O A Oy
ETE FEENI RN CNE NI NN N AN AR RN AR U N FRNEE AW
20 30 40 50 60 70 80 90 100
20/°

Fig. 1 X-ray powder diffractogram of HT-Ba3(MnOy), (Stoe
STADI/P diffractometer) recorded in the symmetric transmission
mode at a step width of 0.02° (20 scale) and a counting time of 10 s
per step

P diffractometer) was used for the measurements. A constant step
width of 0.02° (28 scale) and counting times varying between
10-120 s per step were applied.

Rietveld structure refinements

The XPD patterns were analyzed by Rietveld least-squares struc-
ture refinements with the aid of the RIETAN [16] program. The
unit cell, atomic positional, isotropic thermal, Pseudo-Voigt line
profile, polynomial background and zero-point correction param-
eters were refined independently in subsequent least-squares cycles.
The peak asymmetry (especially for data from reflection mode
measurements in the absence of automatic divergence slits) was
included in the refinements in the 20 range lower than 50°. The X-
ray powder diffractogram of the high-temperature phase HT-
Ba3z(MnQy,), is shown, as an example, in Fig. 1. Lattice constants of

the alkaline earth manganates-(V) and -(VI) as calculated from
Rietveld refinement analyses as well as average Mn-O distances are
collected in Table 1. More detailed information regarding the
crystallographic systems and approximate crystal dimensions are
shown in Table 2. Clearly, low-temperature preparation methods
lead to lower crystallinity and strong intergrowth of crystals
(KBaMnQy, LT-Ba3(MnQy),, Bas(MnO4);OH and BaMnQO,),
while high-temperature syntheses generate highly crystalline
manganates (HT-Ba3(MnQy),, Ba3(MnOy),_(BO3), (x=0.031(1)),
Bas(MnOy);Cl and Srs(MnO,4);0H). Crystal dimensions were de-
rived from scanning electron microscope (SEM) images recorded
on a Jeol JSM-25CF instrument.

Solution state voltammetry

An intensely green saturated (approx. 1 mM) solution of BaMnQy,
in fresh Ar-saturated 9 M KOH was prepared and kept under an
Ar inert-gas atmosphere. For voltammetric measurements, a 0.5-
mm diameter Pt disk working electrode (Micro Glass Instruments,
Australia) was used in conjunction with Hg/HgO (9 M KOH)
reference and Pt mesh auxiliary electrodes. The cyclic voltammetry
software option of an IM5d impedance spectrometer (Zahner,
Germany) was used to control the electrochemical cell and collect
voltammetric data.

Abrasive stripping voltammetry

The 0.5-mm diameter Pt disk electrode was here effectively polished
with the compound to be studied, causing some of the microcrys-
tals to adhere to the electrode surface. Voltammetric measurements
were undertaken with the three-electrode setup described above in
Ba(OH),-saturated 9 M KOH electrolyte solutions in order to
avoid any dissolution and subsequent disproportionation or oxi-
dation reactions of the studied manganates. Saturation with inert
Ar gas and working under this atmosphere ensured that no ambient
CO, was taken up by the strongly basic electrolyte solution. Cell
control and data acquisition methods were identical to those
mentioned above.

Table 1 Lattice constants and average Mn-O distances of alkaline earth manganates-(V) and -(VI). Standard deviations are given in

parentheses

Compound Space Group a [pm] b [pm] ¢ [pm] Mn-O [pm]
KBaMnO, Pnma 776.81 (4) 582.07 (2) 1027.11 (4) 166.3
LT-Ba3(MnOQOy), R3m 569.95 (2) 2151.59 (5) 170.4
HT-Bas(MnOy)> R3m 571.62 (1) 2146.21 (4) 170.9
Ba3z(MnOy),_(BO3), R3m 571.15 (3) 2145.48 (4) 164.7
Bas(MnO,);OH P65/m 1036.62 (5) 782.58 (2) 171.9
Bas(MnO,);Cl P65/m 1048.0 (4) 776.9 (2) 169.8
Srs(MnOy4);OH P63/m 997.10 (3) 746.19 (2) 169.7
BaMnO, Pnma 910.93 (2) 549.47 (2) 733.12 (2) 167.8

Table 2 Crystallographic systems and approximate crystal dimensions (x length, y width, z height) of alkaline earth manganates-(V) and

(VD)

Compound Cryst. system cryst. dim. x/y/z [pum] comments
KBaMnO, orthorhombic 1-5/1-5/1-5 intergrown crystals
LT-Ba3(MnQy), rhomboedric 1/1/1 intergrown crystals
HT-Ba3(MnOy), rhomboedric 10/10/1 platelets
Ba3(MnQy),_(BO3), rhomboedric 10/10/<0.5 platelets
Bas(MnQO,);OH hexagonal 1-5/0.5/0.5 intergrown needles
Bas(MnQy,);Cl hexagonal —/-/- agglomerate
Sr5s(MnOy4);OH hexagonal 5-10/0.5/0.5 needles

BaMnO, orthorhombic 1-30/1-30/1-30 intergrown crystals




Results and discussion

Comparing the voltammograms of, e.g., BaMnQO, in
solution and solid-state phases (Fig. 2a, b), a redox
process centered at £° =240 mV is obvious in solution
(Fig. 2a) but not in the solid-state phase (Fig. 2b). Ad-
ditional voltammetric experiments at varying scan rates
confirm that this solution-state reduction process is at
least quasi-reversible in the electrochemical sense in the
2-500 mV/s range with a AE,-value of 75-80 mV.
Judging by values of peak currents and half-wave po-
tential, the process is assigned to the one-electron re-
versible reduction of MnO;  to MnO; . Further
reduction steps are detected upon scanning to more
negative potentials, and they most probably include
thermodynamically favored MnO, film formation from
about 100 mV onwards. Subsequent MnO, reduction to
yield MnOOH and finally Mn(OH), at —-200 and
—350 mV, respectively, are processes which are well
documented in the literature (see, e.g., [17]), and leave
the electrode surface covered with corresponding solids.
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Fig. 2 a Solution state cyclic voltammetry of approx. 1 mM Ba-
MnO,4in 9 M KOH at a 0.5-mm diameter Pt disk electrode. Scan rate:
2 mV/s. b Cyclic abrasive stripping voltammetry of BaMnO, when
mechanically attached to a 0.5-mm diameter Pt disk electrode in
Ba’ " -saturated 9 M KOH. Scan rate: 2 mV/s. The same background
voltammogram of the 0.5-mm diameter Pt disk electrode in 9 M
KOH is shown as dotted line in Fig. 2a and b
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When scanning towards more positive potentials, from
about 100 mV these layers are removed by sluggishly
responding re-oxidation processes, and MnOi* oxida-
tion becomes the dominant process. Upon adding
Ba(OH), to the electrolyte solution, green BaMnO,
precipitates, and the voltammetric response fades ac-
cordingly, eventually resembling that of the blank KOH
solution.

The solid-state voltammogram of BaMnOQ, (Fig. 2b)
shows substantially larger peak currents for all detected
processes than those of the solution state. In particular,
there is no significant reductive response in the potential
region 250 to —300 mV, which leads us to conclude that
the observed electrochemical reduction in the solid-state
phase does represent a multiple-electron reduction pro-
cess. The responses in the case of dissolved MnO2~,
which have been attributed to conversions of products
involving solid-state phases, occur at significantly dif-
ferent peak potentials, peak currents and with different
shapes than those observed when investigating the pure
solid, BaMnOQy.

All manganates studied in the solid-state phase show
one irreversible reduction signal between —380 and
—470 mV relative to an Hg/HgO (9 M KOH) reference
electrode, labeled A in Figs. 2b-5 and 7-9, and Al and
A2 in Fig. 6. All relevant voltammetric data is contained
in Table 3. Previously published work on the electro-
chemistry of non-conducting solids when attached to the
surface of an electrode [6] teaches that peak potential,
peak current and peak shape all depend on the amount
as well as the particle size parameters of the studied
solid. However, we experience rather uniform behaviour
in terms of peak potential £, and peak shape in the case
of the manganates investigated in this work. Accord-
ingly, while peak currents may vary by up to 30%, E,-
values obey the relationship E,= const. £ 5 mV for
each compound when averaged over independent vol-
tammetric experiments on different samples. The general
stability of solid manganates-(V) and -(VI) towards re-
duction is remarkable, especially when compared to,
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Fig. 3 Cyclic abrasive stripping voltammetry of KBaMnO, when
mechanically attached to a 0.5-mm diameter Pt disk electrode in
Ba?" -saturated 9 M KOH. Scan rate: 2 mV/s



416

-0.8 -0.6 -04 -0.2 0.0 0.2 04 -0.8 -06 -0.4 -0.2 0.0 0.2 0.4
T T T T T T T T T T T T T T T T T T T 7 T ]
05 c - 05 05 c' Jdos
0.0 - 0.0 0o0f . - 0.0
oo 1 05 e - -05
-0.5 - - -05 4
I/pA L J IluA'1'0 _- 1.0
1.0 | LT-Bay(MnO,), +4-1.0 15 Bag(MnO,);0H d.4s
0.5 mm Pt disk, 2 mV/s ’ 0.5mmPtdisk 2mVis ]
i Ba®-sat'd. 9 M KOH 20 Ba*-sat'd. 9 M KOH 4 20
15 1st scan - -1.5 1st scan 4
| ----2nd scan i 25 - ---2ndscan 425
A ’ A ’
T SR NN SN (RN SN R S (T SR NS [T BT | 1 | IR IR B
-0.8 -0.6 -0.4 -0.2 0.0 02 04 -0.8 0.6 -0.4 -0.2 0.0 0.2 04

EN vs. Hg/HgO (9 M KOH)

EN vs. Hg/HgO (9 M KOH)

Fig. 4 Cyclic abrasive stripping voltammetry of LT-Ba3;(MnQOy),
when mechanically attached to a 0.5-mm diameter Pt disk electrode in
Ba®" -saturated 9 M KOH. Scan rate: 2 mV/s

Fig. 7 Cyclic abrasive stripping voltammetry of Bas(MnO,);OH
when mechanically attached to a 0.5-mm diameter Pt disk electrode
in Ba®*-saturated 9 M KOH. Scan rate: 2 mV/s
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Fig. 8 Cyclic abrasive stripping voltammetry of Bas(MnQO,);Cl when
mechanically attached to a 0.5-mm diameter Pt disk electrode in
Ba®" -saturated 9 M KOH. Scan rate: 2 mV/s

Fig. 5 Cyclic abrasive stripping voltammetry of HT-Ba3(MnQO,),
when mechanically attached to a 0.5-mm diameter Pt disk electrode in
Ba?" -saturated 9 M KOH. Scan rate: 2 mV/s
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Fig. 9 Cyclic abrasive stripping voltammetry of Srs(MnQ,);OH when
mechanically attached to a 0.5-mm diameter Pt disk electrode in
Ba®* -saturated 9 M KOH. Scan rate: 2 mV/s

Fig. 6 Cyclic abrasive stripping voltammetry of Ba;(MnOy),_(BO3),
(x=0.031(1)) when mechanically attached to a 0.5-mm diameter Pt
disk electrode in Ba?"-saturated 9 M KOH. Scan rate: 2 mV/s



Table 3 Peak potentials E, and peak currents I, of processes A, C’
and C of voltammograms of surface-attached alkaline earth man-
ganates-(V) and -(VI) shown in Figures 2b to 9. Values for pro-
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cesses C” and C are taken from corresponding second voltammetric
scans.

Compound Ep(A) [mV] I(A) [nA] Ey(C) [mV] 1,(C) [nA] Ey(C) [mV] I(C) [nA]

KBaMnO, —437 -2.49 =37 0.43 —241 —-0.30

LT-Ba;(MnO,), ~449 -1.73 -25 0.34 -228 -0.30

HT-Ba3(MnOy), —456 -1.63 -40 0.36 =232 -0.31

Ba;y(MnO,),_.(BOs), —3828 -0.60° —47 0.23 -233 -0.26
-465° -0.83°

Bas(MnO,);OH -464 -2.93 -16 0.44 =256 -0.38

Bas(MnOy);Cl1 —445 -2.03 =7 0.38 —245 -0.34

Srs(MnO,);0H —449 ~1.64 -34 0.23 -232 -0.21

BaMnO, —424 —4.21 -12 0.41 -236 —-0.36

4 Data for shoulder labeled “A1” in Fig. 6

" Data for peak labeled “A2” in Fig. 6

e.g., the solution behavior of the MnOff ion in 9 M the transfer of one more electron per overall reduction

KOH, as discussed before, or the solid-state volta-
mmetric response of y- or 6-MnO, [9, 17].

Considering the observed reduction potential range
of =370 to —470 mV, reduction signals of all investigated
manganates-(V) and -(VI) (Figs. 2b-9) are attributed to
the overall three- or four-electron solid-state electro-
chemical reduction of formally penta- or hexavalent
manganese to yield Mn-(II), respectively [17].

The observed reduction behaviour of solid manga-
nates is thus believed to be a multiple-electron process.
Single steps cannot be fully resolved, and it therefore
remains unclear whether either one of the three or
four one-electron reduction steps for manganates-(V) or
-(VI), respectively, is generally reversible. However, the
overall observed process is certainly irreversible, and a
new product with a corresponding redox process C/C’
centered at about —140 mV is generated (Figs. 2b-9).

Peak currents are generally defined by the total
number of electrons transferred through faradaic pro-
cesses, charging currents neglected. The same electrode
was used for all measurements, and, as judged by ob-
servation with the naked eye, always a similar coverage
of the electrode surface with each compound was
achieved. Comparable peak currents between —1.5 and
—2.5 pA are observed for almost all manganates-(V) (see
Figs. 3-5 and 7-9). Baz(MnQO,),_(BO3), which crys-
tallizes in fairly large platelets, reproducibly showed
smaller peak currents (Fig. 6). This is tentatively
attributed to the relatively small amount of compound
being attached to the electrode surface, assuming
that single platelets lie essentially flat on the surface of
the electrode. This may be compared to, e.g., LT-
Ba3;(MnO,), (Fig. 4), which crystallizes as strongly
intergrown platelets and therefore results in a larger
surface area when being attached to an electrode surface.
LT- and HT-Ba3(MnQy), are characterized by low and
high crystallinity, respectively. However, the peak cur-
rents appear to be related to the shortest crystal di-
mension, which is about 1 pum for each sample, as judged
by the measured approximately equal peak current val-
ues (Figs. 4, 5 and Table 2). BaMnO, (Fig. 2b) shows a
comparatively larger peak current, and this is related to

process of this manganate-(VI). As discussed above,
another current-enhancing effect is seen in the finely
grained and strongly intergrown crystal appearance of
BaMnO, (see Table 2).

As for peak positions, it must be taken into account
that the overlap of three or four one-electron steps,
respectively, leads to the observed peak positions. Any
rate-determining dissolution process, which could be
anticipated to a limited extent for intermediate manga-
nese-(I111) species [18], would be expected to shift peak
potentials to more negative values. However, the used
barium-saturated electrolyte solutions are known to
suppress dissolution of manganates-(III) on the experi-
mental time scale [18] at the same applied voltammetric
scan rate of 2 mV/s. We therefore believe that dissolved
products and hence accompanying kinetic effects on the
voltammetric response of the studied manganates-(V)
and -(VI) are limited.

With samples of high crystallinity, more or less pro-
nounced peak splitting along with more symmetric peak
tips are observed. Hence, the peak shape appears to be
somehow connected to the crystallinity of a particular
manganate. In the case of HT-Ba3(MnOQOy),, an addi-
tional shoulder appears at about =350 mV labeled * in
Fig. 5, which could be due to some splitting of
the multiple-electron reduction process confined to
the solid-state phase assumed above. In the case of
Ba3;(MnOy),_, (BOj3), (Fig. 6), the reduction signal is
more obviously split into two signals of approximate
current ratio 2:1, which supports splitting of the (in this
case) overall three-electron reduction process into a two-
and a one-electron reduction process, Al and A2, res-
pectively. A similar effect, although not as pronounced,
is obvious for the reduction of both Bas(MnQ,4);Cl
(Fig. 8) and Sr5(MnQO,4);0H (Fig. 9). An explanation for
these peak splittings can, be given on the grounds of
either kinetics or thermodynamics. Different crys-
tallographic sites can be expected to exhibit different
reaction kinetics in general. Alternatively, one may take
into account that formation of products is ther-
modynamically controlled, and some resolution of
the individual one-electron reduction steps becomes
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visible. For example, in the rather extreme case of
Ba3(MnQO,),_, (BO;), (Fig. 6), the main kinetic contri-
bution would be expected to be related to reduction
perpendicular to the relatively large platelets (cf. Ta-
ble 2), and this would result in one voltammetric signal
for the overall reduction process when the influence of
dissolution kinetics can be neglected as outlined above.
We therefore think that the actually observed peak
splitting at least in this case reflects thermodynamic
properties of the manganate. Furthermore, all Ba3(M-
n0y4)>_(BO3), seems to be exhaustively consumed dur-
ing the first voltammetric scan as evidenced by the
missing peak splitting during the second scan. The
consequence of this is that the observed reduction pro-
cess in the —450 mV region during the second scan is
characteristic of the product defined by the redox pro-
cess C/C’.

As already mentioned twice, the chemically reversible
process labeled C/C” in Figs. 2b-9 appears to be related
to products of the irreversible reduction process A. In-
terestingly, this process C/C’” appears to be a common
feature in terms of both peak potential and peak current
of the studied manganates-(V) and -(VI) and is a subject
of current studies. The (so far) assumed [5-7] yet un-
specified charge-balancing incorporation of counter-ions
from the surrounding electrolyte solution upon reduc-
tion is expected to play a role in that respect. Alterna-
tively, dissolution of reduction products may occur in
order to reach a charge balance upon reduction. For
example, BaMnO,;, KBaMnO,, LT-Ba3(MnOy),,
Bas(MnO4)3OH, Ba5(MnO4)3Cl and SI'5(M1’104)3OH
show a small loss when roughly comparing the total
charges consumed during four- or three-electron reduc-
tion (process A) with those of the subsequent one-elec-
tron oxidation (process C’) (see Figs. 2b—4 and 7-9).
However, the secondary redox process C/C’ is observed
regardless of this loss of compound (see Figs. 2b-9).
Moreover, the lower the apparent loss of reduction
products, the higher is the relative amount of generated
product, i.e., the larger is the observed relative response
of process C/C’. This is clearly observed with either HT-
Ba3;(MnQO,), or Ba3(MnOQOy),_(BO3), (see Figs. 5 and 6).
Hence, we can safely assume that any loss of direct re-
duction products by dissolution merely reduces the
amount of the product characterized by the redox pro-
cess C/C’. Consequently, this product is strongly be-
lieved to be generated through a solid-state
transformation. Whether the reduction mechanism
obeys the rules of either nucleation/growth [7, 8], dis-
solution/precipitation [8], or the recently published
miscibility gap concept [19] remains at present open to
discussion.

The average interatomic Mn-O distances in the
MnOj;~ groups in these compounds are correlated with
the corresponding first observed electrochemical reduc-
tion potentials in Fig. 10.

The extent of reduction is clearly reflected by the Mn-
O bond lengths, and thus the formal oxidation states, of
tetrahedrally coordinated Mn. The high-temperature
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Fig. 10 Correlation between average interatomic MnO distances and
electrochemical reduction peak potentials of manganates-(V) and -(VI)
as indicated

phase of Ba3(MnQ,), is slightly more stable towards
reduction than the low-temperature phase, as would be
expected from the larger crystal size and improved
crystallinity, corresponding to a reduced amount of
lattice disorder and thus smaller full-width-at-half-
maximum (FWHM) values in the measured diffracto-
grams.

As far as dissolution effects are concerned, BaMnQy,
as the most soluble manganate in the presented series,
shows no more extraordinary behavior than that of ei-
ther Bas(MnQOy4);Cl  or Baz(MnQOy),_(BO3), (cf.
Fig. 10), both of which were found to be highly insolu-
ble in the used electrolyte solution. This result in our
view supports the assumption that rate-limiting disso-
lution effects are negligible with respect to their influence
on peak positions.

KBaMnOQ, appears to be more stable towards re-
duction than the other manganates-(V) and -(VI). We
see an explanation in the differing ratios of numbers of
counter-ions per (MnOy4)*~ entity. In KBaMnOQy,, two
cations (K" and Ba®") compensate for one MnO;"
entity, while in, e.g., Ba3(MnQOy,),, three -cations
(Ba®>") make up the charge balance for two MnOi*
units. Consequently, upon reduction, the introduction
of charge-balancing counter-ions into the lattice of
KBaMnO,; would be suppressed relative to
Ba3(MnO4)2.

Conclusions

Reduction peak potentials of a number of barium and
strontium manganates-(V) and -(VI) in the solid state
were determined using abrasive stripping voltammetry.
A linear correlation was found between voltammetric
data and the corresponding average Mn-O distances
calculated from X-ray powder diffractometric data by
Rietveld refinement analyses. On the grounds of addi-
tional voltammetric experiments on dissolved manga-



nate-(VI), we believe that truly solid-state electrochem-
ical processes are observed when solid strontium and
barium manganates-(V) and -(VI) are being attached to
the surface of an electrode and subjected to a volta-
mmetric experiment in barium-saturated 9 M KOH.
Under the applied conditions, abrasive stripping volta-
mmetry is currently thought to mainly reflect the ther-
modynamic properties of solid microcrystalline
manganates-(V) and -(VI). However, strictly speaking,
future studies regarding the kinetics of such manganates
are required in order to find out whether the assumed
negligibility of any dissolution of intermediates holds,
and, consequently, whether the found dependence of
AbrSV peak potentials on corresponding Mn-O dis-
tances allows this conclusion to be drawn. Whether or
not the corresponding mechanism obeys the rules of
either nucleation and growth, dissolution/precipitation,
or the recently published miscibility gap concept remains
open to discussion.
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