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The spectroscopic and electrochemical behavior of perrhenate ionswas examined in aqueous solutions containing con-
centrated sulfuric acid. The chronopotentiometric results show a multi-electron reduction process. Additional hydro-
dynamic experiments reveal generation of an ionic form of Re(V) that undergoes oxidation on the ring electrodes.
Reduced rhenium species are transformed in 12 M H2SO4 into soluble species characterized by an absorption band
at 366 nm.
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1. Introduction

Rhenium and its compounds are increasingly used in many areas of sci-
ence and industry. Various rhenium compounds are important components
of radiopharmaceuticals, e.g. oxocomplexes of Re [1,2], and catalysts [3,4].
Some of the rhenium containing catalysts, for example ReNi [4], are pre-
pared electrochemically by the reduction of perrhenates. A detailed knowl-
edge of the electrochemical processes involving rhenium compounds,
especially ReO4

−, is therefore required, but the literature data on the subject
are ambiguous and often contradictory.

A critical review considering the electroreduction of perrhenate ions in
acidic mediawas published in 2003 [5]. It describes the electroreduction of
perrhenates in aqueous sulfuric acid solutions as a process strongly depen-
dent on the experimental conditions, especially on the concentration of the
acid. Later on, Szabó and Bakos [6] have shown that in moderate concen-
trated H2SO4 solutions (0.1 M – 3 M), the main product of the perrhenates
reduction is a non-soluble ReO2, while in highly concentrated H2SO4 solu-
tions, mainly Re2O5 and ReO3 precipitates forming a non-soluble deposit.
These authors also suggested [7] that in strongly acidic media rhenium
(III) is produced as a result of rhenium dioxide disproportionation. Much
earlier works of Wehner and Hindman [8,9] were devoted to examination
of the electrolytic reduction of perrhenates in mineral acids solutions.
These authors stated that for all examined systems Re(V) was generated is
concentrated acid solutions (>8 M HCl, and >12 M H2SO4) as an insoluble
deposit on the electrode or as a colloidal suspension. Lower acidity, e.g. 4M
y of Chemistry, Pasteura 1, 02-093 Wa
ski), dpolomski@chem.uw.edu.pl (D.
HCl, promotes generation of Re(IV). The dark blue or black deposit of Re
(V) slowly dissolves and decomposes in concentrated H2SO4 leading to ob-
tain unstable Re(VI). Based on an analysis of UV–Vis spectra, these authors
suggested that oxidation of Re(IV)may lead to formation of a mixture of Re
(V)-Re(VI) (λ= 545 nm) while pure Re(V) can be observed at ca. 410 nm
although both forms had not been identified definitely. Identification of the
Re(V,VI) species is additionally complicated by the fact that Re(V) may be
observed in various forms that differ spectroscopically. A disproportion-
ation reaction of Re(V,VI) as well as their various forms are also known
for Tc(V,VI) species [10].

More recent electrochemical investigations were focused on the charac-
terization of metallic rhenium in acidic solutions and on studies on hydro-
gen evolution reaction on this type of the surface [11,12].

The perrhenates generate an absorption band in UV–vis spectrum
(λmax = 230 nm) [13] and therefore the UV–vis spectroscopy is especially
suitable for studying reactions involving the rhenium ions. This technique
is particularly useful for determining the mechanism of electrochemical
processes with participation of species dissolved in the solution [14,15].
It has been demonstrated [15] that for reversible systems the spectroscopic
signal (dA/dt vs. E) recorded in an OTTL-RVC (Optically Transparent Thin
Layer electrode - Reticulated Vitreous Carbon) cell is an equivalent to the
electrochemical voltammetric current vs. potential curve (j vs. E).

Our earlier work was focused on the mechanistic aspects of the
pertechnetates electroreduction in aqueous solutions [16]. One may expect
that rhenium, which is a technetium analogue, should reveal some similar
rsaw, Poland.
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Fig. 1. Cyclic voltammograms recorded in 1 mM KReO4 and various concentration
of H2SO4 on Au electrode, v = 0.05 V s−1, Estart = 0.8 V.
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aspects of chemistry and electrochemistry of the latter. For both elements,
the multi-step process of their ions, MO4

− (M: Tc or Re), electroreduction
is observed.

The simultaneous use of spectroscopic and electrochemical methods
(spectroelectrochemical technique) in examination of the rhenium com-
pounds has been applied mainly in investigations of the rhenium complex
compounds [17–19] and for non-aqueous media. Only few papers are de-
voted to characterization of inorganic rhenium species in aqueous solu-
tions. For example Hahn et al. [20] examined spectroelectrochemically
mixed-valent rhenium oxides at pH 1.5. These authors investigated
Re/ReOx on ITO at 480 nm and proposed the following reaction of dis-
proportionation of unstable Re(III) oxides, Eq. (1):

2 Re2O3þ 6H2O ⇄ Re0 þ 3 ReO2∙2H2Oð Þ ð1Þ

The purpose of this work is to investigate the electrochemical and
spectroelectrochemical behavior of perrhenate ions in concentrated sulfu-
ric acid solutions. It is shown that the use of the OTTLE-RVC technique in
conjunction with cyclic voltammetry allows for the determination of the
mechanism related to the generation and stability of rhenium species on
the electrode and dissolved in solution.

2. Experimental

All measurements were performed at 298 K. The solutions were pre-
pared using high purity distilled water (Millipore®) and high purity
chemicals: KReO4 (Alfa Chemicals), H2SO4 (POCh). Before each experi-
ment the solution was deoxygenated with Ar (4 N) for 30 min.

The electrochemical experiments were carried out under stationary and
hydrodynamic conditions and were performed using a Pine Research In-
strumentations rotating gold ring disc electrode (RRDE AFER8AUAU with
22% collection efficiency and an Autolab electrochemical analyzer
(PGSTAT128N) [21]. These experiments were carried out in a three elec-
trode systemwith a Ptmesh and Hg,Hg2SO4│0.5MH2SO4 serving as coun-
ter and reference electrode, respectively. All potentials given in the text are
referred to the SHE electrode.

The spectroelectrochemical measurements were carried out in a home
made optically transparent thin layer electrochemical cell in which a retic-
ulated vitreous carbon – RVC was a working electrode. This cell has been
described in detail in our previous paper [22]. The reference spectrum
has been taken from the measurements carried out in 12 M H2SO4. The
voltammetric and spectroscopic measurements that were carried out in
this cell were performed simultaneously using a CHI604 (CH Instruments)
electrochemical analyzer and a MultiSpec 1500 (Shimadzu) spectropho-
tometer, respectively. The diffusion coefficient of ReO4

− and the liquid junc-
tion potential between the reference electrodes and the H2SO4 solutions
have been were calculated using a previously described approach [23].

3. Results and discussion

Fig. 1 presents the influence of the acid concentration on cyclic voltam-
mograms recorded in 0.5, 4 and 12 M H2SO4 solutions containing 1 mM
KReO4. An increase in the acid concentration significantly affects peaks in
cathodic branch of the CVs. The curves recorded in 4 and 12 M H2SO4 re-
veal a well developed reduction peak. This peak is sharper in 12 M H2SO4

as compared to 4 M H2SO4. Moreover, its potential is shifted toward more
positive values when the acid concentration increases: from ca. 0.12 V to
0.5 V for 4 and 12 M H2SO4, respectively. This shift is much greater than
for a simple reversible redox couple. In 0.5 M H2SO4 the currents related
to ReO4

− ions reduction are poorly visible.
An analysis of the abovementioned acid concentration influence on the

reduction currents must include the aspects related to both the structure of
the reacting Re species as well as their chemical stability. The chemical
form of the Re(VII) species present in the concentrated sulfuric acid solu-
tions is not fully explained. This point can be clarified if we assume, that
rhenium may be regarded as an analogue to technetium. Poineau et al.
2

[24,25] reported that the pertechnetates transform into [TcO3(HSO4)3
(H2O)(OH)]−, [TcO(HSO4)2(H2O)3]+ in 12 M H2SO4. Therefore, we may
assume that the rhenium exists in concentrated H2SO4 solutions as a tetra-
hedral ReO4

− which can transform into octahedral complexes. The second
aspect of the discussed process is related to the stability of the reduced Re
forms electrogenerated at the early stages of the process. In the less acidic
solutions these forms are extremely unstable and decompose to Re(IV),
but are stabilized at high H+ concentrations. Such behavior results in a
strong separation of the cathodic peaks observed on the voltammetric
curve (Fig. 1). The charges related to these transitions calculated for 4 M
H2SO4 are greater than those obtained for 12 M H2SO4. This effect is also
related to changes in the mechanism of the ReO4

− reduction. According to
the theory of the multistep electrochemical-chemical reactions, the dispro-
portionation of electrogenerated reduced species leads to an increase in the
height of respective voltammetric peaks [26]. The disproportionation may
involve not only Re(V) but also Re(VI). This effect strongly affects the mea-
sured charges.

Anodic branches of CVs also reveal significant differences related to the
acidity of the solutions. For 4 and 12 M H2SO4 two anodic waves are ob-
served. Their evolution depends on H+ concentration. In less concentrated
sulfuric acid solutions the first oxidation peak is higher than the second one
while in strongly concentrated acid this relation is reversed. Most probably,
the first oxidation peak is related to an oxidation of lower-valent rhenium
species, e.g. metallic rhenium, Re(III,IV) to perrhenates while the second
one shows transformation of Re(V or VI) to perrhenates and/or (as an ana-
logue to technetium) electrooxidation of especially resistant to oxidation
polymeric forms of Re(III,IV) to perrhenates.

The CVs recorded for the perrhenates reveal similarities to CVs charac-
teristic of the pertechnetates [21]. Although both elements, Re and Tc, are
in the same group of the peridoc table and the rhenium is considered as the
technetium analogue, the redox reactions of the latter does not simply re-
flects those of rhenium. In 12 M H2SO4 the pertechnetates are reduced in
two well separated main steps. The first one leads to formation of Tc
(V) and the second one results in formation of polymeric species or oxides
of Tc(IV) and Tc(III) Deeper reduction of the latter may lead to formation
of a metallic technetium deposit. The evolution of the shape of CV curves
induced by variation in the acid concentration indicates not only stabiliza-
tion of the ionic forms of the reduced Re species but also suggests changes
in the mechanism of the perrhenic ions electroreduction. The general
scheme of the processes of reduction of the latter ions is similar to that ob-
served for the respective ions containing Tc In concentrated acidic solutions
one may consider the following scheme, Eq. (2):

Re VIIð Þ→ Re Vð Þ→…→ Re0 ð2Þ



Fig. 3. Transition time (τ) vs. reciprocal current (j−1) for chronopotentiometric
reduction of 1 mM KReO4 in 12 M H2SO4 on a gold electrode.
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while in less acidic solutions Re(V) transforms immediately to Re(IV),
Eq. (3):

Re VIIð Þ→ unstable Re Vð Þð Þ→ Re IVð Þ →…→ Re0: ð3Þ

The electrooxidation of the reduced Re species leads to formation of two
anodic peaks which are sensitive to the acid concentration. This observa-
tion indicates a multistep electrooxidation process of the perrhenic ions.
For 4MH2SO4 the first oxidation peak at 0.28 V is stronger than the second
one observed at 0.38 V. This is in contrast to the behavior of the appropriate
signals inmuchmore concentrated acid solutions where a reverse sequence
is observed. It seems that the second oxidation peak describes the
electrooxidation of reduced Re species stabilized or generated with higher
efficiency in 12 M H2SO4 than in 4 M H2SO4.

A significant influence of the electrode material on the process of the
perrhenates electroreduction in acidic solutions is observed (S1). Gold elec-
trodes reveal well-shaped current peaks due to Re redox reactions only in
very strongly acidic solutions. These are a very strong reduction wave and
two oxidation signals (Fig. 1). In turn, the electrochemical signals of
ReO4

− reaction on a platinum electrode reveal adsorption on the electrode
surface and formation of rhenium(IV, V and VI) oxides during the
perrhenates electroreduction. These oxides are ReO2, Re2O5 and/or ReO3,
depending on the acid concentration. Currents due to the oxidation and re-
duction of Re on glassy carbon (GC), which was the third type of the elec-
trode material studied, are much less developed as compared to Pt but in
this context are similar to those observed for the Au substrate.

Additional information on the mechanism of the perrhenate ions
electroreduction is delivered from chronopotentiometric measurements.
Fig. 2 presents chronopotentiometric curves recorded in 12 M H2SO4 and
1 mM KReO4. The results clearly show that the discussed process occurs
in two main stages. The first one is observed at ca. 0.5 V and the second
one at a lower potential of ca. 0.25 V.

The respective relation between the square root of the transition time
(τ1/2) and the reciprocal current, j−1 is shown in Fig. 3. A good linearity ob-
served for the first transition time, τ1, strongly suggests reversibility of the
electroreduction of perrhenates in 12 M H2SO4. For this type of the process
the measured potential, E, is a logarithmic function of time, t, at 25 °C, ac-
cording to Eq. (4) [26]:

E ¼ E1=2 þ 0:059
n

log
τ1=2−t1=2

t1=2

� �
ð4Þ

The other terms in Eq. (4) have their usual meaning.

The plot of E = f(logðτ1=2−t1=2
t1=2 Þ) reveals a slope of 0.028 ± 0.003 which

enabled calculation of the number of the electrons involved in this process
Fig. 2.Chronopotentiometric curves recorded in 1mMKReO4+12MH2SO4 for an
Au electrode and for various applied currents.
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(ne = 2.1 ± 0.2). The obtained results are in line with those of Bakos,
Szabo [6,7] and Wehner, Hindman [8]. The potential determined at in
¼τ equals 0.518 V. This value represents the half-wave potential, E1/2, for
the Re(VII)/Re(V) couple. Assuming that the reduced and the oxidized
forms of Re have almost the same value of the diffusion coefficients, we
may conclude that the E1/2 is equal to E0. Taking into account that Re is
an analogue to Tc, one may suggest that ReO3+ could be the core of the
ionic form of Re(V) [27].

In opposite to the first reduction step the second step in not reversible.
For the latter the linear relation between τ1/2 and j−1 does not hold. The
section of the potential change vs. time relationship located within the re-
gion of the second transition time was analyzed using Eq. (5) [26] which
is applicable for irreversible processes. The terms in Eq. (5) have their
usual meaning.

E ¼ 0:059
αnα

log τ1=2−t1=2
� �

−
0:059
αnα

log
π1=2D1=2

ox

2k0fh

� �
ð5Þ

The αnα parameter equaled 2.35 ± 0.35. The electron transfers occur
sequentially, and multistep reaction with reversible, quasi- and/or irrevers-
ible stages must be taken into account. Thus, the analysis of the αnα value
may also lead to the conclusion that initially obtained Re(V) species are re-
duced even to Re0.

The reversibility of the first step of the perrhenates electroreduction in
concentrated sulfuric acid solution (12 M H2SO4) is revealed also by cyclic
voltammograms recorded under hydrodynamic experiments (Fig. 4). An
analysis of RRDE ring currents allows concluding that ReO4

− reduction is
accompanied by formation of soluble species in 4 M H2SO4 and especially
in 12 M H2SO4. The limiting currents are possible to record only for the
highest acid concentration studied. For this solution the ratio of i(ring): i
(disc) equals 0.21 and is very close to the nominal collecting efficiency
(0.22) of this system. A decrease in the acid concentration significantly af-
fects the electrochemical signals. For 0.5 M H2SO4 the ring electrode does
not reveal any current resulting from the oxidation of the soluble rhenium
species which indicates generation of insoluble rhenium deposit on the disc
electrode.

Fig. 5 presents cyclic voltammograms recorded at a scan rate of 0.2
mVs−1 for a RVC-OTTL electrode in 0.5, 4 M and 12 M H2SO4 with the ad-
dition of 1mMKReO4. The reduction of ReO4

− ions in 12MH2SO4 results in
formation of two signals: a small peak at ca. 0.8 V and a peak at 0.4 V (c2)



Fig. 4. Cyclic voltammograms of a gold disc electrode of a RRDE recorded with
rotation speed of 1600 rpm in 1 mM KReO4 and various concentration of H2SO4,
v = 1 Vs−1. Ring electrode currents measured simultaneously with CV of a disc
electrode for potential of 0.7 V.

Fig. 5. Cyclic voltammograms of a OTTL-RVC electrode in 0.5 M, 4 M and 12 M
H2SO4 + 1 mM KReO4, Estart = 1 V, v = 0.2 mVs−1.

Fig. 6. UV–Vis spectra recorded during cyclic voltammetry experiment in 1 mM
KReO4 + 12 M H2SO4, v = 0.2 mVs−1.
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and is accompanied by a significant increase in the current at the potentials
lower than 0.1 V. The peak (c1) is probably connected with the
electroreduction of perrhenate(VII) ions to rhenium oxides at lower oxida-
tion state, i.e. ReO3. ReO4

−/ReO3 system is the only rhenium redox couple
for which so high value of the redox potential is reported [28]. It is given
by Eq. (6) [28]:

E ¼ 0:732−0:1182 ∙ pHþ 0:0591∙ log a ReO−
4

� � ð6Þ

Taking into account the extremely high acid concentration (pH<0) one
may conclude that this peak shows reduction of Re(VII) to Re(VI). Themain
reduction peak (c2) appears above 0.42 V andmost likely represents the re-
duction of ReO4

− initially to Re(V) and later to other insoluble reduced Re
species.
4

The strong cathodic current observed at 0.05 V is related to the
electroreduction of the rhenium oxides to the metallic rhenium. This ca-
thodic current is also attributed to the reduction of H+ ions [15]. As it
was suggested by Schrebler et al. [29], the H adatoms adsorbed at the sur-
face of the electrodemay participate in the reduction of the rhenium species
to the metallic rhenium. Indeed, an anodic wave (a1), characteristic of de-
sorption of the hydrogen from the metallic rhenium surface is recorded at
potential of 0.05 V.

The origin of the two anodic waves (a2 and a3) seen (Fig. 5) at poten-
tials of 0.5 V and 0.75 V is unclear. Two anodic waves, apparently similar
to these discussed above, were observed by Szabó and Bakos [6] during
the electrooxidation of rhenium deposit in an acidic solution (5 M
H2SO4). These signals, however, were reported to appear at different poten-
tials located between c.a. 0.47 V and 0.55 V vs. RHE. The presence of these
peaks was explained by the electrooxidation of ReO3 and Re2O5 to ReO4

−

ions. The same authors reported that only a single wave connected with
the electrooxidation of rhenium(V) oxide to perrhenate ions is observed
in 12 M H2SO4 solution. Likely, the third anodic wave (a3) is related to
the electrooxidation of rhenium of a mixed oxidation state forms to
perrhenate ions. In comparison to the thin layer conditions, the experi-
ments carried out under semi infinite conditions at Au electrode reveal
two overlapped and weakly separated waves at ca. 0.55 and 0.65 V
(SI 2). Such electrochemical characteristic of the oxidation of the re-
duced rhenium species in the latter conditions (semi infinitive) shows
participation of perrhenate ions in the oxidation reactions.

An analysis of UV–Vis spectra recorded simultaneously to cyclic voltam-
mograms provides additional information on the discussed process (Fig. 6).
In order to preserve the thin layer conditions, a low polarization scan rate
was used here. The electroreduction of perrhenates at potentials lower
than ca. 0.7 V leads to a significant decrease in their concentration. The de-
crease in the intensity of thewave characteristic of the perrhenates (λmax=
230nm) is accompanied by formation of aweak bandwith themaximumat
ca. 370 nm (S3). Low intensity of the latter signal indicates that an addi-
tional chemical reaction occurs between ionic form of the reduced Re and
the perrhenates. The evolution of the absorption bands characteristic of
perrhenates, Re(reduced) and one in Vis region (700 nm) from Vis region
is shown in Supporting information (S4). Lack of a significant increase in
the absorbance in Vis region (700 nm) indicates that the product of this re-
action must be deposited on the electrode surface. When concentration of



Fig. 7. A–B. Derivative voltabsorptograms for wavelengths of 230 nm (Fig. 7A) and
366 nm (Fig. 7B) of a OTTL-RVC electrode in 12 M H2SO4 + 1 mM KReO4, v =
0.2 mV∙s−1, Estart = 1 V.
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the perrhenates is significantly reduced by their electroreduction, the
electrooxidation of the above mentioned rhenium deposit leads to forma-
tion of an ionic form of Re characterized by a wave with a maximum at
ca. 370 nm. This time, however, this signal is much more intense as com-
pared to the one recorded during the reduction of perrhenates.

We assume that the wave at 366 nm is most likely to be assigned to sol-
uble rhenium(III) (or eventually Re(IV)) species present in the solution. Si-
multaneously to this band an increase in the absorbance in the whole Vis
region is observed. This indicates instability of ionic reduced forms of Re
that may hydrolyze in the solution and/or undergo additional chemical
reactions.

An analysis of the derivative voltabsorptograms for 230 and 366 nm
presented in Fig. 7A and B, respectively, provides more information about
the mechanism discussed above.

Fig. 7A and B show the derivative voltabsorptograms (dA/dt vs.
E) recorded for the OTTL-RVC electrode in 12MH2SO4+ 1mMKReO4 so-
lution at wavelengths of 230 nm and 366 nm, respectively. The
voltabsorptograms are sensitive to the concentration of the rhenium species
in the solution, while the simultaneously recorded CVs refer to the compo-
sition of the rhenium compounds adsorbed at the electrode surface. As
discussed earlier, the voltammetric reduction of the perrhenate ions results
in formation of a weak electrochemical reduction signal at potential of
0.8 V (Fig. 5). An analysis of the spectroscopic signal from the derivative
voltabsorptogram calculated for 230 nm, i.e. the value characteristic of
the presence of ReO4

− in the solution (Fig. 7A), reveals a weak negative
wave which evidences a decrease of the concentration of these ions in the
solution. At this potential, c.a. 0.75–0.8 V, formation of the rhenium(VI) de-
posit on the RVC electrode (Fig. 5) may occur, according to Eq. (7).

ReO4− þ 2Hþ þ e ⇄ ReO3 þ H2O ð7Þ

The main negative wave calculated for 230 nm (Fig. 7A) which corre-
sponds to the main cathodic peak c2 from the voltammetric curve (Fig. 5;
c2) is connected with the electroreduction of perrhenate ions to rhenium
according to the scheme (2). All rhenium species obtained during the
electroreduction of perrhenate ions in 12 M H2SO4 are present close to
the surface of the electrode. At potentials lower than 0.2 V, no changes in
the derivative voltabsorptograms for 230 nm and for 366 nm are observed
and therefore no changes in the solution composition are expected in this
potential region. This result supports our earlier conclusion that the signals
5

recorded by the electrochemical system below 0.1 V (Fig. 5) are connected
only with the changes in the structure of the rhenium deposit present at the
surface and adsorption/ desorption of the hydrogen at/from it.

The anodic branch of on the derivative voltabsorptogram for 230 nm re-
veals maxima at potentials of 0.5 V and 0.9 V. The first wave is connected
with the electrooxidation of metallic Re and ReO2 to ReO4

−. The derivative
voltabsorptogram calculated for the wavelength of 366 nm reveals a maxi-
mum at potential of 0.5 V which is the same value as the one at which the
oxidation peak appears in the cyclic voltammograms presented in Fig. 5.
This conclusion could confirm previous literature suggestions about the ex-
istence of soluble Re species with +III or + IV oxidation states. A partial
disproportionation of rhenium dioxide may explain this effect [6], Eq. (8).

ReO2 þ 6Hþ þ 4e− ⇄ReO3 þ 2 Re IIIð Þaq þ 3H2O ð8Þ

On the other hand, the formation of some polymeric Re(III,IV) species,
in an analogy to Tc(III,IV), could not be excluded (Eq. 9).

Re IIIð Þ þ Re IVð Þ⇄ReIII−ReIV ð9Þ

Moreover, a synproportionation reaction between Re(III) and Re(VII)
can also take place, according to Eq. (10):

Re IIIð Þ þ Re VIIð Þ⇄ Re IVð Þ ð10Þ

The Eq. (10) may explain formation of the weak wave characteristic of
reduced Re species observed during the electroreduction of perrhenates.
The aforementioned chemical reactions of reduced Re species addition-
ally complicate precise description of the process of perrhenates
electroreduction.

Our previous article devoted to the oxidation of [Tc2O2]3/4+ species re-
vealed that these forms are muchmore difficult to oxidize than monomeric
reduced Tc species [22]. Such behavior is manifested by unusually high po-
tential required to their oxidation in CV experiments. In an analogy to Tc
onemay expect that the reduced Re(III,IV) speciesmay also form polymeric
forms resistant to oxidation. At potentials higher than 0.6 V, the Re(III or
IV) soluble species disappear and the perrhenate ions are regenerated in
the solution. The second positive wave for 230 nm is due to the oxidation
of the reduced Re soluble species to the perrhenate ions. A negative value
of dA/dt vs. E obtained for 366 nm above 0.6 V indicates that the Re(III
or IV) species disappear from the solution. An additional analysis of the de-
rivative voltabsorptogram revealed that the reduced ionic form of rhenium
is almost completely (ca. 96%) converted to the perrhenates. Only a small
fraction of the most probably insoluble rhenium dioxide remained in the
solution.

4. Conclusions

A highly efficient electroreduction of the perrhenate ions takes place
only in strongly acidic media. In the first step of this process, the ReO4

−

ions are reduced to rhenium (V). The latter form is subsequently reduced
to other reduced rhenium forms which also includes metallic rhenium.
The UV–vis results show that the electrooxidation of the rhenium deposit
proceeds with the formation of soluble Re(III and/or IV) species. The latter
formmay react with the perrhenates. The ionic form of reduced rhenium is
relatively stable in strongly acidic media. The anodic peak observed on cy-
clic voltammetric curves at the potentials higher than 0.7 V can be con-
nected with the electrooxidation of rhenium(III or IV) species to
perrhenates.
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