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Abstract: The electrochemical behavior of cobalt ethylenediamine complexes
(Co(en)), at pH 12 was investigated by cyclic voltammetry (CV), the poten-
tiostatic pulse technique and polarization curve measurements at stationary and
rotating glassy carbon (GC) electrodes. It was shown that sixteen different
species could be formed in a solution containing Co(en);, with the most stable
one at all pH values being [Co(en);]’". The reduction of [Co(en);]*" into
[Co(en);]*" was shown to be a totally irreversible, one-electron exchange reac-
tion. Further reduction of [Co(en);]*" was found to be a complex process lead-
ing to cobalt deposition at potentials more negative than —1.45 V vs. SCE. The
process of [Co(en);]*" oxidation was also complex and most probably coupled
with chemical reactions.

Keywords: distribution of Co(en)s-based complexes; irreversible reduction of
[Co(en);]**/[Co(en);]**; reduction of [Co(en);]** to Co.

INTRODUCTION

The Co(en)3Cl3 was first described and isolated as yellow—gold needle-like
crystals by Werner.! This was important in the history of coordination chemistry
due to its stability and stereochemistry. The cation [Co(en)3]3* has an octahedral
structure with Co—N distance in the range 0.1947-0.1981 nm, with N—Co-N
angles of 85° within the chelate rings and 90° between the N atoms on adjacent
rings.2 The acid-base, cis-trans, and complex equilibria in the cobalt(IlI)(en)
system was investigated by Bjerrum and Rasmunssen.3 It was shown that in an
inert cobalt(IlT)(en) system, the first hydrolysis constant of the tris(en) ion could
be estimated by analytical methods. In the system of diaquobis(en) cobalt(III)
ions, cis-trans equilibria are established spontaneously. All acidic dissociation
and cis-trans equilibrium constants were determined. In addition, it was shown

* Corresponding author. E-mail: snezana.miulovic@vinca.rs
doi: 10.2298/JSC150327079M

1515

Available on line at www.shd.org.rs/JSCS/
(CC) 2015 SCs. All rights reserved.



https://core.ac.uk/display/197922786?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

1516 MIULOVIC et al.

that the partial formation constants could be estimated by glass electrode and
spectrophotometric measurements.3

It was shown that [Co(en)3]3* became reversibly reduced to the divalent
state at a dropping mercury electrode in an excess of (en), while irreversible
behavior was detected in the absence of the complexing agent.*> Using the
cyclic voltammetry (CV) technique, the formal potential for the reduction of
[Co(en)3]3* into [Co(en)3]?* in an aqueous solution of 0.1 mol dm—3 LiClO4 was
found to be about —0.46 V vs. SCE.6 It was stated by the same authors that,
although [Co(en)3]?" is labile, a small excess (0.002—-0.01 mol dm=3) of (en) was
required in order to prevent dissociation of [Co(en)3]?*.7 At the same time. the
authors claimed that equal cathodic and anodic peak currents were obtained at the
CV, with the separation of the peak potentials varying between 60 and 90 mV in
the investigated solution.” In many electrochemical investigations, the redox
reaction [Co(en)3]3*/[Co(en)3]?" was examined in order to determine the inf-
luence of the outer-sphere effects on the reduction process.$?

One of the important applications of Co(en)3Cls is its use as an ionic acti-
vator for the in Situ activation of the hydrogen evolution reaction (HER) in com-
bination with molybdate ions.10-12 The addition of small concentrations (0.001—
—0.01 mol dm3) of ionic activators reduced the overvoltage for HER and the
energy needs per mass unit of hydrogen produced.!3 A possible mechanism for
the in Situ activation of the HER has not yet been offered. It is supposed that both
metals deposit on the cathode surface producing large surface area of active cen-
ters.14-17 At the same time the catalytic activity of (en), which is present in the
electrolyte after decomposition of cobalt complex, has been discussed in the light
of Rowland's effect.!8:19 It is assumed that (en) cleans the cathode surface by
removing the oxide film and preparing it for deposition of Co and Mo. Since it is
found that both metals are present in a very rough deposit formed during the pro-
cess of in situ activation, 1415 the question arises what is the current efficiency for
the deposition of such coatings and how often these chemicals should be added to
the electrolyte in order to maintain the same catalytic activity for the HER.

In this work, an attempt was made to better understand the process of
[Co(en)3]3* reduction to metallic cobalt in the presence of an excess of (en) at
high pH.

EXPERIMENTAL

All experiments were performed with extra pure UV water (Smart2PureUV, TKA) and
p-a. chemicals in a standard electrochemical cell (EuroCell, Gamry Instruments). The working
electrode was a glassy carbon (GC) rotating disc electrode (RDE, Gamry Instruments). A
saturated calomel electrode (SCE), connected to the working electrode by means of a Luggin
capillary, was used as the reference electrode, while a Pt wire was the counter electrode.
Rotating experiments were performed with an RDE710 rotating system (Gamry Instruments).
Before the experiments, the GC electrode was polished on polishing cloths impregnated with
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ELECTROCHEMISTRY OF COBALT ETHYLENEDIAMINE COMPLEXES 1 5 1 7

polishing alumina (0.05 pum), kept in an ultrasonic bath for 10 min and rinsed with UV-
-purified water. CV, pulse experiments and polarization measurements were performed with a
Reference 600 potentiostat using PHE 200 software (Gamry Instruments).

The distribution of the Co3" and Co?' complexes in the investigated solutions was
obtained with the commercial software HySS2009 (Protonic Software).

RESULTS AND DISCUSSION
Distribution of different cobalt complexes

In the solution containing excess of ethylenediamine (en) of 0.2 mol dm3
and 0.01 mol dm3 Co?" (as CoCl,), the following species could be formed:20
(en), (em)H, (en)H,, Co?*, [Co(OH)]", [Co(OH),], [Co(OH)3]~, [Coa(OH)4]**,
[Co(en)]?*, [Co(en),]?" and [Co(en)3]2™. In the same solution of ethylenediamine
and 0.01 mol dm3 Co3" (as Co(en);Cl3), among (en), (en)H and (en)Hp,
additional species, Co3*, [Co(OH)]?*, [Co(en)]3*, [Co(en);]3* and [Co(en)s;]3*
could be formed. Hence, if both Co?"™ and Co3™ are present in 0.2 mol dm3 (en),
sixteen different species could be formed. Taking into account the stability cons-
tants for all the above-mentioned species, it is possible to obtain distributions of
all species as a function of pH (using HySS 2009 software).20 The results of such
an analysis are presented in Fig. 1: a) only Co2" is present in the solution, b) only
Co3* is present in the solution or c¢) both Co2* and Co3" are present in the sol-
ution. As could be seen in Fig. la, at pH values higher than 10, only the
[Co(en)3]2" complex is present in the solution. Figure 1b shows that the
[Co(en)3]3" complex is dominant at all pH values with its concentration being
0.01 mol dm=3 (concentration of (en) is also independent of pH), while Fig. lc
confirms that at pH > 10 [Co(en)3]?>" and [Co(en)3]>" complexes dominate in 0.2
mol dm3 (en). Hence, in an excess of (en) and at pH 12 (Fig. 1c), it should be
possible to investigate the oxidation of [Co(en)3]?* to [Co(en)3]3*, as well as the
reduction of [Co(en)3]3* to [Co(en)3]?.

Electrochemical behavior of Co3* in 0.2 mol dnt3 ethylenediamine

The CVs recorded on a GC electrode at a sweep rate of 100 mV s~1 in (a) a
solution containing 0.01 mol dm—3 Co(en)3Cl3 + 0.2 mol dm=3 (en) and (b) 0.001
mol dm—3 Co(en)3Cl3 + 0.2 mol dm™3 (en) are shown in Fig. 2. The CV's were
recorded at a stationary (0 r.p.m.) and rotating electrodes (1000 r.p.m. and 2000
r.p.m.). Identical behavior was observed in both solutions, except that the current
densities were one order of magnitude lower in the solution containing the lower
concentration of cobalt ions (Fig. 2b). The starting potential was set at -0.4 V
and electrode was cycled first towards anodic potentials (up to 0.5 V). As
expected, no oxidation peak was recorded during the first sweep, since only the
[Co(en)3]3* complex was present in the solution. During the reverse sweep down
to —1.0 V, well defined reduction peaks at about —0.7 V (a) and —0.6 V (b) were
obtained at the stationary electrode. In both cases, reduction of [Co(en)3]3" to
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Fig. 1. Distribution of different cobalt complexes in the solution 0.2 mol dm
ethylenediamine, pH 12: (a) 0.01 mol dm™ Co?"; (b) 0.01 mol dm™ Co3*; (c) 0.01 mol dm™
Co%" +0.01 mol dm™ Co3".

[Co(en)3]>" commenced at about —0.45 V, being defined by cathodic peaks at
the stationary electrode (0 rpm) and current density plateaus at the rotating
electrode (1000 and 2000 rpm). The oxidation of [Co(en)3]?* to [Co(en)3]>* was
evidenced only at the stationary electrode after the formation of the [Co(en);]?*
complex during the first sweep that remained in the vicinity of the electrode
surface, being characterized by a broad anodic peak for all subsequent sweeps
(2nd_nth). At the rotating electrode, this reaction did not occur, since all the
[Co(en)3]?* complexes formed during the reduction of [Co(en)3]3* were transfer-
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Fig. 2. CVs recorded at v= 100 mV s’! at different rotation speeds (marked in the figure) in
(a) solutions containing 0.01 mol dm Co(en);Cl; + 0.2 mol dm™ (en) and (b) 0.001 mol dm=
Co(en);Cl; + 0.2 mol dm™ (en).

red from the electrode surface to the bulk electrolyte during electrode rotation.
Hence, it could be concluded that only a certain amount of [Co(en)3]?*, i.e., that
which remained in the vicinity of the surface of the stationary electrode after
reduction of [Co(en)3]>" to [Co(en)3]2, could be oxidized to [Co(en)3]3" during
the anodic sweep. Taking into account that the whole amount of cobalt in both
solutions is in the form of [Co(en)3]3" complex (Fig. 1b), such behavior could be
expected. This finding is in accordance with certain literature data,> while some
authors claimed that the reduction/oxidation process is reversible with differ-
ences in the peak potentials varying from 60 to 90 mV.”

Polarization curves for reduction of [Co(en)3]3" to [Co(en)3]?™, recorded at a
sweep rate of 5 mV s-! at different rotation speeds are presented in Fig. 3a. As
can be seen, well-defined diffusion limiting current density plateaus were
obtained at potentials more negative than —0.7 V with the shape of the j—E curves
being typical for a totally irreversible reaction. The j~! vs. @ 1/2 dependences,
obtained by analysis of the polarization curves presented in Fig. 2a, are plotted in
Fig. 3b for different potentials and the j~! vs. w12 dependence recorded for
E = —0.80 V was the linear one passing through zero. The diffusion coefficient
calculated from the slope of this dependence (using the Koutecky—Levich Equa-
tion for a one-electron exchange)?! amounted to 1.60x10-5 cm? s~1. As expected,
in the region of mixed activation—diffusion control of the reduction process
(potential range from —0.45 to —0.65 V), the values of intercepts on the j~! axes
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increased with decreasing cathodic potential, producing higher values of the
kinetic current density (jx) and accordingly higher values of the rate constants
(k((E)) at a given potential, since:2!

Jk =Fke (E)co (1

where Cq is the bulk concentration of the [Co(en)3]>" complex. Corresponding
values of the rate constants were E = —0.60 V, k(E) = 0.0497 cm s71; E = —0.55
V, ki(E) =0.0122 cm s! and E=—-0.50 V, k{E) = 0.0022 cm s~ L.

0.0 ——r
r(a)
0.1F
0.2+
500 rpm ) .
: o 5
<[ 7 | e
<
E 1000 ,,J”_"! <
L Sl E
- 0.4 - ;J i d
| 1500 rpm “.__.__‘_‘.- !_;;
05+ J J
2000 rpm L g
2 et

-0.6 - 2500 pm ”M_,./'/‘ 1

'} 1 1 1 1 O L 1 '} 'l 1 1 1
-1.0 09 08 07 06 -05 -04 -03 0.00 0.02 004 0.06 0.08 0.10 0.12 0,14
E/Vvs.SCE o /rad" "
Fig. 3. a) Polarization curves for the reduction of [Co(en);]** to [Co(en);]%, recorded at
v=5mV s’ at different rotation speeds (marked in the figure) in the solution: 0.001 mol dm™3

Co(en);Cl; + 0.2 mol dm™ (en). b) The j! vs. @!/2 dependences obtained by analysis of the
polarization curves presented in (a) for different potentials (marked in the figure).

Similar results were obtained for 0.01 mol dm—3 Co(en)3;Cl3 + 0.2 mol dm—3
(en) solution at pH 12. In order to determine the next step in the process of
[Co(en)3]3* reduction, the cathodic potential limit was adjusted to —1.5 V and the
CV with v=20 mV s~ was recorded (Fig. 4a). As can be seen, a stable cathodic
current density was detected at potentials more negative than —1.0 V, while it
suddenly increases at about —1.47 V. This current density increase reflects simul-
taneous hydrogen evolution and deposition of cobalt. During the reverse sweep,
three anodic peaks appeared on the CV at about —0.85 V (I;), —0.70 V (I1I;) and
—0.45 V (IIL,), respectively. The first two peaks (I and II;) correspond most
likely to the dissolution of deposited Co and formation of the [Co(en)3]?>" com-
plex, while the third one (III,) could be ascribed to further oxidation of [Co(en)3 ]2+
to [Co(en)3]3". Hence, before the deposition of cobalt from this solution occurs,
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the reduction of [Co(en)3]3" into [Co(en)3]?* takes place (I.) at potentials about
1.00 V more positive, indicating that the current efficiency for the deposition pro-
cess (which occurs with simultaneous hydrogen evolution) is very low. At the
higher concentration of Co(en)3Cl3 of 0.1 mol dm=3, two more peaks could be
detected on the CV recorded at a sweep rate of 2 mV s~ (Fig. 4b). The peak
(wave) Il indicates the commencement of cobalt deposition at about —1.25 V,
while peak IV, corresponds to the oxidation of deposited cobalt that could not be
quantitatively dissolved from the GC surface and its presence could be detected
on the GC surface after the experiment.22

(a) ; (b)

i L " 1 i 1 L 1 0 L 1 L L L 1 " L
1.5 -10 -05 0.0 0.5 -5 -10 -05 00 05
E/V vs, SCE E/V vs.SCE
Fig. 4. a) CV with v=20 mV s! recorded in the solution 0.01 mol dm Co(en);Cl; + 0.2 mol

dm (en). b) CV with v=2 mV s’ recorded in the solution 0.1 mol dm= Co(en);Cl; + 0.2
mol dm= (en), both obtained at a stationary electrode at pH 12.

Electrochemical behavior of Co2* in 0.2 mol dnt3 ethylenediamine

The CVs recorded on the GC electrode at a sweep rate of 100 mV s—! onto
stationary and rotating electrodes (1000 and 2000 rpm) in a solution containing
0.001 mol dm—3 CoCl, + 0.2 mol dm3 (en) are shown in Fig. 5a. The potential
was swept in the anodic direction from the starting potential marked with the
arrow. Considering the CV obtained at a stationary electrode, it appears that the
oxidation of [Co(en)3]?" (dominant complex at pH 12, Fig. 1a) to [Co(en)3]3" did
not occur during the first cycle (solid line) and that its reduction takes place at
potentials more negative than —0.70 V through a current density wave charac-
terized with the plateau. During the reverse sweep, the oxidation of [Co(en)3]**
to [Co(en)3]3* did occur through a broad anodic peak, while the reduction of
[Co(en)3]3* (which is formed during the oxidation process) into [Co(en)3]?*
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Fig. 5. a) CVs recorded with v= 100 mV s! at different rotation speeds (marked in the figure)

in solutions containing 0.001 mol dm= CoCl, + 0.2 mol dm (en). Inset: potentiostatic j vs. t

transients recorded at different cathodic potentials (marked in the figure) and constant anodic
potential E=-0.2 V at 1000 rpm. b) The j-! vs. @2 dependences obtained from the
potentiostatic j vs. t transients recorded at different potentials (marked in the figure).

takes place through a sharper cathodic peak positioned between about —0.45 and
—0.65 V during the 21 and subsequent cycles. Under the conditions of con-
vective diffusion, oxidation of [Co(en);]2* to [Co(en)3]3* cannot be detected on
the CVs in this solution. The process of reduction of [Co(en)3]?* commenced at
about —0.75 V, being expressed by a sudden increase in the cathodic current den-
sity without indication of a diffusion limiting current density plateau. The j vs. t
transients recorded at 1000 rpm, presented in the inset of Fig. 5a, are charac-
terized with a constant current density response at all applied potentials. As can
be seen, the values of the cathodic current density increased with increasing
cathodic potential, while the values of the anodic current density recorded during
the anodic pulse at E = -0.2 V (as well as the amount of anodic charge for the
oxidation reaction) was independent of the cathodic potential, i.e., of the amount
of reduced [Co(en);]?*. Taking into account that all reduced species during the
cathodic process are removed to the bulk of the solution by electrode rotation, it
is reasonable to expect that only a limited amount could be oxidized during the
anodic pulse. It should be stated here that even in the case of a stationary elec-
trode only a small amount (about 10 %) of reduced species could be oxidized,
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although certain amount of them remain near the electrode surface after the cath-
odic current density pulse. Hence, it could be concluded that, as in the solution
containing only the [Co(en)3]>" complex, the oxidation process of [Co(en)3]?" to
[Co(en)3]3* is complex. Considering the results presented in Fig. 5b, it is obvious
that the reduction process is complex, since the slopes of the j~! vs. w12
dependences change with the potential, indicating that most likely different
species undergo the reduction process in the investigated potential range.2! It is
also possible that some chemical reactions occur, but it is not possible to predict
what is really occurring in the system from the presented results.2!

When the concentration of CoCl, was increased to 0.01 mol dm3, slightly
different results were obtained. As can be seen in Fig. 6a, at the stationary elec-
trode, the first and subsequent sweeps were identical, indicating oxidation of
[Co(en)3]?* to [Co(en)3]>" immediately at the beginning of cycling (the starting
potential is marked with an arrow). It appears that in order to be able to detect
this process by CV at 100 mV s, it is necessary to increase the concentration of
CoCly. During the reverse (cathodic) sweep, a sharp peak of the reduction of
[Co(en)3]3* (formed during the oxidation reaction) to [Co(en)3]?" appeared at
about —0.6 V, while further reduction of [Co(en);]?>" species was characterized
by the presence of an additional, smaller peak at about —0.8 V. As in previous
cases, the increase in the anodic current density at the oxidation peak on all the
CVs recorded at 100 mV s~! was positioned at more negative potentials than
expected for a totally irreversible oxidation/reduction mechanism. This could be
the consequence of the occurrence of some other reaction, most probably a
coupled chemical reaction, during the oxidation process, since the shape of the
CVs was similar to those theoretically predicted for such reactions.2! In the case
of electrode rotation, the anodic peak became more pronounced, but practically
independent of the rotation speed. During the reverse sweep (from 0.5 to —1.2 V),
a first current density plateau appeared between 0.0 and —0.3 V, indicating the
occurrence of a diffusion controlled oxidation reaction at a current density of
about 0.4 mA cm 2. An additional, much shorter current density plateau, between
—0.50 and -0.75 V, at zero current density indicates that no reduction of
[Co(en)3]3* to [Co(en)s3]?" occurred under conditions of convective diffusion.
The increase in the cathodic current density at potentials more negative than
—0.75 V corresponded to further reduction of the [Co(en)3]?* complex. In order
to understand better these processes, the potentiostatic pulse experiments were
performed and the results are presented in Fig. 6b and c. Figure 6b shows that the
species formed during the anodic potential step (E = 0.1 V) started to be reduced
at —0.70 V. The amount of species being reduced during the cathodic potential
steps increased with increasing cathodic potential reaching a maximum of about
12 % at E=-1.1 V. The results presented in Fig. 6¢c show that about 28 % of the
species formed at E = —0.2 V on the stationary electrode become reduced at
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E =-0.6 V (peak potential, Fig. 6a), while no reduction could be detected under
convective diffusion conditions. Simultaneously, it could be seen that the
oxidation process was practically insensitive to the rotation speed. It should be
noted here that similar j~! vs. @12 dependences (changing slopes and intercepts
as a function of the cathodic potential) compared to those recorded for 0.001 mol
dm=3 CoCl, were obtained.
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Fig. 6. a) CVs recorded at v= 100 mV s™! for different rotation speeds (marked in the figure)
in the solutions containing 0.01 mol dm= CoCl, + 0.2 mol dm™ (en). b) Potentiostatic j vs. t
transients recorded at different cathodic potentials (marked in the figure) and constant anodic
potential E= 0.1 V at 1000 r.p.m. (c) Potentiostatic j Vs. t transients at constant anodic and
cathodic potentials (marked in the figure) recorded at different rotation speeds
(marked in the figure).

Electrochemical behavior of Co2* + Co3* in 0.2 mol dn3 ethylenediamine

The CVs recorded at a sweep rate of 100 mV s~! on a stationary and rotating
electrode (1000 rpm) in a solution containing 0.001 mol dm—3 CoCl, + 0.001 mol
dm=3 Co(en)3Cl3 + 0.2 mol dm=3 (en) are shown in Fig. 7a. The potential was
swept in the anodic direction from the starting potential marked with the arrow.
In comparison with the results obtained in the solution containing only 0.001 mol
dm—3 CoCl, (Fig. 5a), a small anodic peak for the 15t was detected at the station-
ary electrode, while for the subsequent sweeps, this peak was identical to that
obtained in pure 0.001 mol dm=3 CoCl, solution. At the same time, the cathodic
peak corresponding to the reduction of [Co(en);]3* to [Co(en);]?* was much
better defined since the [Co(en)3]>" complex was present in the solution at a con-
centration slightly higher than 0.001 mol dm3 (taking into account that a certain
amount of the [Co(en)3]3* complex was formed by the oxidation of [Co(en)3]2").
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Under conditions of convective diffusion, the increase in the anodic current den-
sity without a plateau confirmed that the oxidation process was not diffusion con-
trolled, while the shape of cathodic current density wave indicated the occurrence
of two processes, the first one corresponding to reduction of [Co(en);]3" to
[Co(en)3]?* (potential range between —0.7 and —0.8 V) and the second one at
more negative potentials, which was less pronounced, corresponded to further
reduction of [Co(en)3]?>". The potentiostatic pulse responses presented in the
inset of Fig. 7a clearly show that only a certain number of species formed during
the reduction process could be oxidized during the anodic pulse (E =-0.2 V) and
that the oxidation was independent of the rotation speed. The j~! vs. @1/2 depen-
dences presented in Fig. 7b confirmed, as in the case of 0.001 mol dm—3 CoCl,
solution, that the reduction process was complex in the presence of Co2*.
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Fig. 7. a) CVs recorded with v= 100 mV s’! at different rotation speeds (marked in the figure)
in a solution containing 0.001 mol dm= CoCl, + 0.001 mol dm™ Co(en);Cl; + 0.2 mol dm™3
(en). Inset: potentiostatic j Vs. t transients recorded at different cathodic potentials (marked in

the figure) and constant anodic potential E=-0.2 V at 1000 rpm. b) The j! vs. @12
dependences obtained from the potentiostatic j vs. t transients. Inset:
polarization curve for the reduction process recorded at a sweep rate of 1 mV sl

CONCLUSIONS

From the results presented in this work, it could be concluded that different
cobalt complexes are present in a solution containing 0.2 mol dm3 ethylene-
diamine, with the [Co(en);]3* complex being the most stable one at all pH
values. Its reduction to the [Co(en);]2* complex represents a totally irreversible,
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one electron exchange reaction, while further reduction of [Co(en)3]?" is a com-
plex process leading to cobalt deposition at potentials more negative than —1.45
V. The process of [Co(en)3;]*" oxidation is also complex and most probably
coupled with a chemical reaction.
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and Technological Development of the Republic of Serbia for financial support through
Project No. 172045.

H3BOJ
EJIEKTPOXEMUJA KOBAJIT-ETUJIEHIUAMUH KOMIIJIEKCA ITPY BUCOKHUM
pH BPEJHOCTHMA

CHEXAHA M. MUYJIOBUR, BTAIJUMHP M. HUKOJIWR, ITETAP 3. JAYIIEBUR, JAHKA JI. ARKMOBWH,
I'BO3JOEH C. TACUh m MUIMIIA I1. MAPYETA KAHHHCKH

Hnctiutuy 3a nykneapHe Hayxe ,Bunua®, Jlabopaiiopuja 3a pusuuxy xemujy, Ynueep3uiieiwi y beoipagy,
Muxe Anaca 12—14, 11000 Beoipag

HcruTHBaHO je enekTpOXeMHUjCKO IOHallawme KobanTa y HMPUCYCTBY eTWIEHAWaMHUHA y
BenuKkoM BUlIKy npu pH 12. UcnuTtuBama Ccy HW3BpllIeHa MeToJaMa LUKINYHEe BOITaMeTpHje,
NOTEHLMOCTATCKOT MyJiCa U MEPEHEM T0JIapU3aLlMOHUX KPUBUX Ha CTallMOHAPHO] U pPOTHpa-
jyhoj enextpopu on cTaxkaacTor yrbeHHKa. [lokasaHo je fa ce y pacTBopy opMHpa IecHaecT
pasnuuMTHX BpcTa Koje campixke Co(en); u na je Hajcrabuinumju [Co(en);]3* nmpu ceum pH
BpenHocTHMa. [10KasaHo je ma je pemyxuuja [Co(en)s]3* mo [Co(en)s]®™ motmyHo mpesepsu-
OuIHA jeHOETEeKTPOHCKA peakuuja. YTepheHo je ma je mama pemykumja [Co(en)s]® cioxen
mpoLec KOju BOOW Ka TaJlloKewy KodasiTa Ha MOTeHIMjaliMa HeraTuBHUjuM on —1,45 V' y
onHocy Ha sacuheny xanomesnosy enexrpony. [Tponec oxcupanuje [Co(en);]* Takohe je kom-
IUIeKCaH Y HajBepOBaTHHje CIPEerHyT Ca XeMUjCKOM PeaKkIHjoM.

(ITpumsbeHo 27. mapTa, peBunHupaHo 23. jyHa, mpuxsaheno 30. jyna 2015)
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