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Abstract: The electrochemical synthesis of ferrate(VI) by the oxidation of iron 
compounds from alkaline 10 M KOH electrolytes on a boron-doped diamond 
electrode was examined by cyclic voltammetry between the potentials of the 
hydrogen evolution reaction and the oxygen evolution reaction. It was shown 
that the anodic current peak that appeared in iron-free electrolyte at a less 
positive potential than the potential of the oxygen evolution probably coincides 
with oxidation of hydrogen in >CH2 groups and C-sp2 graphite impurities with 
formation of >C=O groups in a C-sp3 diamond structure. Addition of Fe(III) 
compounds to the electrolyte provoked the formation of an anodic wave on the 
cyclic voltammograms in the potential region that correlates with the gene-
ration of ferrate(VI). It is concluded that the direct electrochemical synthesis of 
Fe(VI) at a boron-doped diamond anode is possible because of the less positive 
potential of ferrate(VI), 2-

4FeO , formation with respect to the potential of the 
oxygen evolution reaction. The presence of ferrate(VI) in the electrolyte, 
formed after anodic polarization of the boron electrode in 10 M KOH electro-
lyte saturated with Fe(III) at 0.9 V against Hg/HgO electrode, was proven by 
UV–Vis spectrometry. 

Key words: ferrate(VI); boron-doped diamond electrode; synthesis; alkaline 
electrolyte; cyclic voltammetry; UV–Vis spectrophotometry. 

INTRODUCTION 

Ferrate(VI) anion, 2-
4FeO , as a strong environmentally friendly oxidant, has 

already found numerous applications in environment friendly chemistry, parti-
cularly in the processes of polluted water treatment.1,2 The ferrate(VI) aqueous 
alkaline solutions obtained by chemical or electrochemical synthesis are the most 
appropriate reactants for a treatment of a large number of water pollutants. How-
ever, ferrates (VI) quite rapidly oxidize water even in strong alkaline water solu-
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tions and decompose to Fe(III), thereby gradually loosing their decontamination 
capacity. Hence, the direct electrochemical synthesis of ferrate(VI) in the decon-
taminating reactor by oxidation of Fe(III) compounds at a diamond electrode 
could solve many technical problems of its practical applications. This could be 
particularly suitable in cases of the water treatment processes where Fe(II) and 
Fe(III) salts are used to form Fe(III) hydroxide, an efficient absorbent, coagulant 
and flocculent, which can be used simultaneously as a reactant for the synthesis 
of ferrate(VI). The boron-doped diamond (BDD) is one of several suitable 
dimensionally stable electrode (DSE) materials, which could be utilized for elec-
trochemical synthesis of ferrate(VI) from alkaline solutions of Fe(III) com-
pounds, because of its high chemical and electrochemical stability in aggressive 
environment over a wide electrode potential range and wide potential difference 
between the oxygen evolution reaction (OER) and the hydrogen evolution reac-
tion (HER) of more than 3 V and its relatively high electrical conductivity.3–7  

As a corrosion resistant material, diamond retains its morphology and sta-
bility during long-term cycling between the hydrogen and oxygen evolution po-
tentials in very aggressive media, even in acidic fluoride solutions.7–9 

The BDD surface is also characterized by a low adsorption capacity, so the 
double-layer capacitance of diamond is up to one order of magnitude lower than 
that of glassy carbon.7 

Therefore, conductive diamond is a promising DSE material and in the last 
decades, it has been used in the development of applications in three broad areas: 
i) electrochemical synthesis of inorganic and organic compounds; ii) polluted 
water treatment, which includes the purification of wastewater and the disinfec-
tion of drinking water and iii) electro-analysis and sensor technology.3–21 

The electrochemical generation of ferrate(VI) by the transpassive anodic 
oxidation of iron in concentrated alkaline solutions has been studied extensively,1 
but the electrochemical generation of ferrate(VI) by oxidation of iron compounds 
at inert anodes has been much less explored.12–15 Recently, the electrochemical 
generation of ferrate(VI) on diamond anodes by the oxidation of ferric and fer-
rous compounds from the alkaline and acid solutions at high anodic potentials 
was reported,12–15,22 but the authors described the ferrate(VI) synthesis mecha-
nism on diamond as a mediated oxidation of Fe(III) to Fe(VI) by electrochemi-
cally generated hydroxyl radicals at high anodic potential, because of the chemi-
cal inertness of diamond.12–15 

The possibility of ferrate(VI) generation by a direct anodic oxidation of so-
luble iron compounds on a diamond electrode from alkaline solutions at lower 
anodic potentials, which correlates with ferrate(VI) generation by transpassive 
oxidation of iron, has not hitherto been reported in the relevant literature. 

The object of this study was to explore a possibility of ferrate(VI) formation 
by the direct anodic oxidation of soluble iron(III) compounds on a boron-doped 
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diamond electrode in alkaline solutions at potentials lower than that of oxygen 
evolution. 

EXPERIMENTAL 

The electrode material, a highly boron-doped diamond layer produced by chemical vapor 
deposition (CVD) of diamond on a p-silicon wafer plate, was purchased from Element Six 
Ltd., UK. The synthetic diamond layer was 0.6 mm thick, doped with boron in a concentration 
[B] > 1020 atoms cm-3 and with specific resistivity of 0.020–0.18 Ω cm. 

The working electrode was made by fixing of the p-silicon substrate plate on which the 
BDD layer had been deposited to a copper plate current collector with conductive silver 
adhesive to secure electrical contact. The inactive back and lateral surfaces of the electrode are 
insulated from the electrolyte using chemically resistant epoxy resin. The area of the exposed 
active surface of the electrode was 1 cm2. 

The BDD electrode surface was washed with ethanol and rinsed with distilled water 
before each experiment. 

The electrode potentials were measured against a red mercuric oxide (Hg|HgO) reference 
electrode filled with 10 M KOH electrolyte (E0 = 0.095 V vs. SHE) connected to the working 
electrode via a Luggin capillary electrolyte bridge. 

The auxiliary electrode was a coiled platinum wire. 
Cyclic voltammetry experiments were performed using a computer-controlled poten-

tiostat–galvanostat PAR 273 and Gamry G300. 
The electrolyte was prepared with p.a. grade chemicals in distilled water. Ferrous sulfate 

was used for electrolyte preparation because of its higher solubility with respect to those of 
ferric salts. 

The electrolyte compositions labeled on the cyclic voltammetry diagrams denote initial 
electrolyte composition from which a particular electrolyte is prepared according to the fol-
lowing procedure. 

The colloid suspension of Fe(OH)3 (pKs = 38 at 25 °C for [Fe(OH)3] = 10 mM)23 in 
concentrated alkaline solution, has been prepared before each experiment by oxidation of 10 
M KOH solution saturated with ferrous sulfate by intensive aeration and agitation by means of 
a laboratory magnetic stirrer. The oxidation of ferrous hydroxide to ferric hydroxide follows 
change of the solution color from a pale greenish color of Fe(II) to an orange–brown color of 
Fe(III). Oxidation of the Fe(II) residues in the electrolyte is performed by addition of a stoi-
chiometric quantity of hydrogen peroxide to the previously aerated solution. Finally, the elec-
trolyte was stabilized for at least two hours before electrochemical experiments.  

RESULTS AND DISCUSSION 

Crystallography of BDD 

The crystallography of the BDD electrode was examined by X-ray diffract-
tion, Fig. 1, recorded on a Philips PW 1710 X-ray analyzer, prior to and after 
electrochemical experiments to verify its stability in the experimental environ-
ment. The X-ray diffraction patterns illustrate that the main crystallographic 
parameters of the diamond electrode crystal lattice are generally unchanged after 
10 h anodic polarization at j = 100 mA cm–2 in 10 M KOH solution, which con-
firmed the structural stability of the BDD material. However, both the decrease in 
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the intensity of the diffraction peaks and the slight increase in the lattice para-
meter indicated consumption of the electrode material after prolonged exploit-
ation, but during the short-time CV experiments used, the BDD electrode could 
be considered as stable. 

 
Fig. 1. X-Ray diffraction pattern of the new and the BDD electrode after 10 h anodic 

polarization at j = 100 mA cm-2, θ – XRD diffraction angle, a – crystal lattice parameter. 

Electrochemical behavior of the BDD electrode in 10 M KOH 

The focus of the preliminary experimental work was the behavior of the 
BDD electrode in the potential region between the OER and the HER in 10 M 
KOH electrolyte free of iron ions. 
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The cyclic voltammograms in Fig. 2 show a steady decline of the anodic 
current peak, which appeared before the OER potential in the anodic scan 
direction. This behavior could be the result of the oxidation of inclusions at the 
diamond surface, C-sp2 and >CH2 groups. C-sp2 groups are usually present in 
commercial highly boron-doped diamond because of the secondary carbon depo-
sition during the doping process, while the >CH2 groups are formed on the dia-
mond during cathodic polarization.7,23–27 

 
Fig. 2. Cyclic voltammogram of BDD in 10 M KOH, v = 100 mV s-1, E0 = –0.5 V vs. Hg|HgO 

after holding potential –1.2 V vs. Hg|HgO for 45 min, scan No. 1 to 53. 

The cyclic voltammogram of the BDD electrode obtained after an anodic 
potential scan limit was set before the potential of the current peak is shown in 
Fig. 3. The gradual increase of the two peaks, A1 and A2, seen in the enlarged 
segment of cyclic voltammogram, reflects the incomplete anodic oxidation of the 
>CH2 groups according to Eq. (1). The accumulation of >CH2 groups on the 
diamond surface is an obvious result of the incomplete oxidation because of the 
anodic potential scan limit:15–24 

 2 2>CH H O  >C=O 4H 4e+ −+ + +  (1) 

The results shown in Figs. 2 and 3 are comparable with data reported by 
Beck et al.26,27, where the current peak on the cyclic voltammogram of a BDD 
electrode that appears at the anodic potential scan before the OER potential was 
explained as being the consequence of the oxidation of both the >CH2 groups and 
the graphite impurities from the electrode surface.26,27 
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Fig. 3. Cyclic voltammogram for BDD electrode in 10 M KOH solution in the cycle that was 

limited at an anodic potential before the OER, v = 10 mV s-1. 

The third possibility for the appearance of this anodic peak on the voltam-
mogram shown in Fig. 2 would be a lower OER overvoltage on the C-sp2 surface 
inclusions. Therefore, polarization of the BDD electrode at higher overpotential 
than the OER potential is required to oxidize and remove all of these impurities 
from the electrode surface.7,26–39 

Electrochemical oxidation of Fe(III) on BDD 

The initial conditions for the electrochemical synthesis of ferrate(VI) by ano-
dic oxidation of ferric species on a BDD electrode in strong alkaline solution 
were explored by cyclic voltammetry in order to examine the influence of pos-
sible parallel processes, such as oxidation of >CH2 and C-sp2 and oxygen evo-
lution, on ferrate(VI) production.1,3–15 

The voltammograms in Fig. 4 show the effect of the presence of ferric com-
pounds in the 10 M KOH alkaline solution on the behavior of the BDD electrode. 
The behavior of BDD electrode in pure solution is shown on CV (1), and be-
havior in the presence of Fe(III) species on CV (2). Obviously, Fe(III) species in 
the alkaline electrolyte provoked the appearance of a current hump or shoulder 
on the voltammogram (2) at anodic potentials higher than 0.7 V against the 
Hg|HgO electrode, which is less positive with respect to the potential of the OER 
in Figs. 2 and 3. Hence, this anodic wave could be the result of the oxidation of 
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the ferric species to ferrate(VI) precursors, i.e., Fe(IV) or Fe(V), according to 
Eqs. (2) to (7),40–49 because in the electrolyte preparation process, all ferrous 
species were oxidized to ferric species. Thus, there should be no doubt that the 
growth of the anodic current peak at potentials >0.7 V against the Hg|HgO refe-
rence electrode was the result of Fe(III) oxidation to higher valence states, Fe(IV) 
or Fe(V), which are quoted in the relevant literature as ferrate(VI) precur-
sors.1,22,40–49 

 
Fig. 4. Cyclic voltammograms of BDD in 10 M KOH (1) and in 

10 M KOH + 0.1 M FeSO4 (2), v = 10 mV s-1. 

The cyclic voltammogram of the BDD electrode in 5 M KOH electrolyte 
saturated with Fe(III) hydroxide, presented in Fig. 5, was obtained with a higher 
potential scan rate and more clearly demonstrates the possibility of ferrate(VI) 
synthesis at anodic potentials >0.7 V against the Hg|HgO reference. The current 
shoulder A2 is in the potential region that correlates with ferrate(VI) generation, 
and the corresponding cathodic wave C2 reflects the reduction of Fe(VI) to 
Fe(III) and wave C1 reflects the reduction of Fe(III) to Fe(II).40–49 The relatively 
low current density of the Fe(VI) reduction is the result of both ferrate(VI) 
migration from the electrode, which was observed during the experiment as a 
characteristic red–purple coloring of the solution in the vicinity of the BDD 
anode, and the decomposition of adsorbed ferrate(VI) in the reaction with water 
and Fe(III).40–49 
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Fig. 5. Cyclic voltammograms of BDD in 5 M KOH + 0.1 M K2SO4 + Fe(OH)3 

(saturated suspension), v = 100 mV s-1, T = 15 °C. 

The cyclic voltammograms in Fig. 6 show the effect of 10 M KOH electro-
lyte saturated with Fe(OH)3 on the behavior of the BDD electrode. The potential 
of the current shoulder on voltammogram (1) shows that Fe(III) compounds are 
oxidized with formation of ferrate(VI) (observed as a red–purple coloration of 
the electrolyte) at anodic potentials higher than +0.7 V vs. the Hg|HgO electrode, 
while, according to voltammogram (2), oxidation of >CH2, >C=O and the OER 
on the BDD electrode commence at anodic potentials higher than 1 V. The shift 
of HER reaction potential more than 0.5 V towards positive potentials on the 
voltammogram (1) is a consequence of the lower HER overvoltage on deposited 
iron from iron containing electrolyte, with respect to voltammogram (2) of a 
clean BDD electrode obtained in an iron-free electrolyte. 

The cathodic current peak that appears within the potential region between 
–200 and –500 mV vs. the Hg|HgO reference electrode that is seen on the vol-
tammograms in Figs. 4, 5 and 7, reflects the reduction of ferrate(VI) ions to Fe(III). 
Namely, the results from the relevant literature show that these current peaks 
were recorded only if ferrate(VI) had been detected in the electrolyte.1,22,40–59 
The potential region where the ferrate(VI) reduction peak appears depends on 
numerous variables, such as the electrode material, the electrolyte pH value, the 
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ferrate(VI) concentration at the electrode surface, the transport of electrode reac-
tants, rate of potential scan, etc.40–49 

 
Fig. 6. Cyclic voltammogram of BDD in (1) 10 M KOH saturated with FeSO4 and 

(2) 10 M KOH, v = 10 mV s-1. 

 
Fig. 7. Cyclic voltammograms of BDD in 10 M KOH + FeSO4 (saturated) and 

ARMCO iron (99.99 % Fe) in 10 M KOH, obtained at v = 100 mV s-1. 
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The potentials of the current peaks in the region of the ferrate(VI) generation 
potential shown in Figs. 4–6 are compatible with the results obtained for the ano-
dic oxidation of 2FeO−  at an SnO2–Sb2O3/Ti electrode,48 where the authors ex-
plained the possibility of ferrate(VI) synthesis at inert electrodes by direct oxi-
dation of ferric compounds. 

The cyclic voltammograms in Fig. 7 are given to compare the behavior of an 
iron electrode in 10 M KOH + 0.5 M K2SO4 with behavior of the BDD electrode 
in 10 M KOH electrolyte saturated with soluble ferric species and aid the dis-
cussion concerning the mechanism of ferrate(VI) formation at inert anodes. The 
current waves or shoulders A4 of ferrate (VI) formation are visible on both vol-
tammograms in Fig. 7. The cathodic current peaks, C3 of Fe(VI) to Fe(III) re-
duction, C2 of Fe(III) to Fe(II) reduction and C1 that correspond to Fe(II) to Fe(0) 
reduction are visible only on the iron electrode voltammogram.40–49 Peak A1 at 
the potential of iron oxidation to Fe(II) was noticed on both voltammograms. 
Peaks A2 and A3, which correlate with the formation of higher valence state iron 
compounds are seen just on the Fe voltammogram, because ferric compounds are 
already present in the electrolyte from which ferrate(VI) is formed at a diamond 
electrode.40–49 

The overpotential of ferrate(VI) formation by direct anodic oxidation of Fe(III) 
on a BDD electrode was shifted anodically by approximately 0.2 V with respect 
to synthesis by transpassive anodic oxidation of iron, as a consequence of a li-
mited availability of soluble Fe(III) reactants at the BDD electrode.12–15,22,40–49 
That is, the rate of ferrate(VI) generation at inert anodes is limited by a low con-
centration of soluble Fe(III) compounds and hence its low migration rate towards 
the electrode. 

Due to the low solubility product constant of Fe(OH)3, 2.79×10–39 in pH 8 
solutions, the electrochemical generation of Fe(VI) by oxidation of Fe(III) at a 
BDD seems improbable, but in solutions with high a concentration of OH–, 
Fe(OH)3 and FeOOH behave like weak acids and succumb to acidic ionization 
according to Eqs. (2) and (3) with the formation of 2FeO− , the most soluble form 
of Fe(III).12–15,40–50 The concentration of 2FeO−  can reach the considerably large 
values of 0.02 M in 14 M NaOH in the presence of oxidants,48 which would also 
be the case in this study because of an oxidative environment: 

 3 222Fe(OH) 2OH   2FeO  + 4H O− −+   (2) 

 22FeOOH OH FeO H O− −+ +  (3) 

As BDD is a rather inert anode material with low adsorption capacity,3–15 
the adsorption rate of reacting Fe(III) species on the BDD surface, Eq. (4), also 
controls the rate of ferrate(VI) synthesis: 

 sol ads2 2(FeO )   (FeO )− −  (4) 
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According to the relevant literature, 2FeO−  will be oxidized in strong alka-
line solutions to 2IV

3Fe O −  according to Eq. (5) or V
3Fe O−  according to Eq. (7), 

depending on the experimental conditions.12–15,45–50 
The precursors 2IV

3Fe O −  and V
3Fe O−  finally disproportionate to ferrate(VI) 

– 2VI 
4Fe O −  and ferrate(III) – III

2Fe O− , in the processes given by Eqs. (6) and (8), 
respectively. 

 2
ads ads 22 3(FeO ) 2OH (FeO ) H O e−− − −+ + +  (5) 

 2 2
ads3 4 22(FeO ) FeO FeO− − −+  (6) 

 ads ads 22 3(FeO ) 2OH (FeO ) H O 2e− − − −+ + +  (7) 

 2
23 4 23(FeO ) 2OH 2FeO FeO H O−− − −+ + +  (8) 

Adsorption of sulfates, which are formed in the hydrolysis process of ferrous 
salts, at a BDD electrode may have some weak effect on the adsorbed Fe(III) 
oxide structure,50 but as the oxidation of sulfate starts at higher positive poten-
tials than the potential of ferrate(VI) generation, this would not influence its 
generation.7,3–21 

At cathodic polarization, ferrate(VI) is reduced to Fe(III) according to reac-
tion given by Eq. (9): 

 2
24 2FeO 2H O 3e 4OH FeO− − − −+ + +  (9) 

Although ferrate(VI) is relatively stable in strong alkaline solutions, cathodic 
ferrate(VI) small reduction current peaks on the cyclic voltammograms of BDD 
Figs. 4, 5 and 7 were visible. This could be a consequence of ferrate(VI) migra-
tion from the inert anode and the catalytic effect of 2FeO−  present in the electro-
lyte on its decomposition, according to the reversible reactions given by Eqs. (6) 
and (8), and of water oxidation, according to Eq. (10), which together cause a 
considerable decrease in the surface concentration of ferrate(VI):1,12–14,22,40–49 

 2
2 3 244FeO 10H O 4Fe(OH) 3O 8OH− −+ + +  (10) 

The formation of the ferrate(VI) by anodic oxidation of ferric compounds at 
the BDD electrode in strong alkaline solution was confirmed by the UV–Vis ab-
sorbance spectra of the ferrate(VI) solutions. The UV–Vis absorbance spectrum 
of a 0.03 mM 2

4FeO −  solution in 10 M KOH is presented in Fig. 8, on which the 
characteristic absorbance peak of 2

4FeO −  at 504 nm is obvious.51 The 0.03 mM 
2
4FeO − ferrate(VI) solution was prepared by the anodic polarization of the BDD 

electrode for 2 h at a potential of 0.9 V vs. the Hg|HgO reference electrode in 10 
M KOH electrolyte saturated with Fe(OH)3 with an average current intensity of 
10 mA. A current efficiency of 25 % was determined by the chromite analytical 
method.52–53 
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The experimental results and the discussion on a possible mechanism of fer-
rate(VI) electrochemical synthesis at inert anodes given in this study disagree 
with the results and discussion of Sánchez-Carretero et. al.,14,15 who explained 
the formation of ferrate(VI) at a BDD electrode as the result of a mediated Fe(III) 
oxidation by hydroxyl radicals at high anodic potentials. The results of this study 
show that an anodic synthesis of ferrate(VI) at a BDD is possible at a lower ano-
dic potential with respect to the potential of the OER. In addition, the formation 
of hydroxyl radicals is only possible at anodic potential higher than the potential 
of the OER,7,36–39 and, especially, higher than the overpotential of Fe(III) oxi-
dation and ferrate(VI) formation.40–49 Moreover the electro-chemical generation 
of hydroxyl radicals at BDD electrode pH >9 electrolytes was not evidenced.39 

 
Fig. 8. UV–Vis Absorbance spectra of the ferrate(VI) solution obtained by anodic oxidation of 
saturated Fe(III) alkaline solution 10 M KOH on BDD electrode at 0.9 V vs. Hg|HgO for 2 h 

and I ≈ 10 mA. λ is the wavelength. 

CONCLUSIONS 

The possibility of the direct electrochemical synthesis of ferrate(VI) by oxi-
dation of Fe(III) species in a 10 M KOH solution on a BDD anode was explored 
by cyclic voltammetry. 

The influences of factors such as the surface coverage of the BDD electrode 
with >CH2 and >C=O, the overpotential of oxygen evolution, as well as the rates 
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of formation, transport and adsorption on the BDD of soluble Fe(III) compounds, 
such as 2FeO − , on the anodic synthesis of ferrate(VI) have been discussed. 

Ferrate(VI) formation by direct oxidation of soluble Fe(III) compounds on a 
BDD electrode is possible at a lower anodic potential with respect to the oxygen 
evolution reaction potential. 

Formation of ferrate(VI) by anodic oxidation of Fe(III) from strong alkaline 
solution at a BDD electrode was confirmed by the characteristic peak of fer-
rate(VI) in the UV–Vis absorbance spectra of the synthesized ferrate(VI) solution. 
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И З В О Д  

СИНТЕЗА ФЕРАТА(VI) НА БОРИРАНОЈ ДИЈАМАНТСКОЈ ЕЛЕКТРОДИ ИЗ 
НЕУТРАЛНИХ И АЛАКАЛНИХ ЕЛЕКТРОЛИТА 

МИЛАН ЧЕКЕРЕВАЦ
1
, ЉИЉАНА НИКОЛИЋ-БУЈАНОВИЋ

1
, АЊА ЈОКИЋ

2
 и МИЛОШ СИМИЧИЋ

1
 

1
IHIS Techno-experts, Батајнички пут 23, 11080 Београд и 

2
Универзитет у Приштини, 

Природно–математички факултет, Косовска Митровица 

Испитивана је оксидација једињења гвожђа на борираној дијамантској електроди у 
алкалном електролиту 10 M KOH методом цикличне волтаметрије, између потенцијала 
реакције издвајања водоника и потенцијала реакције издвајања кисеоника, са циљем 
електрохемијске синтезе ферата (VI). Показано је да врхови анодних струја који се јав-
љају у електролиту без гвожђа при мање позитивним потенцијалима од потенцијала ре-
акције издвајања кисеоника, вероватно одговарају оксидацији >CH2 група и C-sp2 гра-
фитних нечистоћа уз настајање >C=O група у C-sp3 дијамантској структури. Додатак 
Fe(III) једињења у електролит изазива формирањe анодног таласа на цикличним волта-
мограмима у области потенцијала који одговара настајању ферата(VI). Закључено је да 
је директна електрохемијска синтеза Fe(VI) једињења на борираној дијамантској аноди 
могућа услед мање позитивног потенцијала формирања ферата(VI) у односу на потен-
цијал реакције издвајања кисеоника. Присуство ферата(VI) формираног након анодне 
поларизације бориране дијамантске електроде у електролиту 10 M KOH засићеном једи-
њењима Fe (III) на 0,9 V у односу на Hg|HgO електроду доказано је UV–Vis спектромет-
ријом. 

(Примљено 9. марта, ревидирано 16. октобра 2012) 
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