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In this study niobium oxide films were formed without peroxo-precursors from three different
mixed acidic aqueous solutions on glassy carbon. Linear sweep voltammetry and potential step were
techniques used for electrochemical experiments. The simultaneous and consecutive electrochemical re-
duction of water, nitrate and sulphate ions provided an alkaline environment with oxygen in the near vi-
cinity of the working cathode, which in combination with the present niobium ions, produced niobium
oxides and/or oxyhydroxides on the glassy carbon substrate. The formed deposits were analyzed using
scanning electron microscopy and energy dispersive spectroscopy and appear to consist of NbO, NbO;
and Nb,Os. Both the niobium and acid concentration of the electrolytes used influenced the morphology
and particle size of the deposits. The formation of niobium-fluoride and hydrogen-niobiumoxide com-
plexes is addressed.
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OOPMUPAILE HA ®UJIMOBH O OKCUIN HA HUOBUYM CO EJIEKTPOJIM3A
O/l KHCEJIM PACTBOPH HA CTAKJIECTA TPA®UTHA EJIEKTPOJA

Bo oBoj Tpya e usyuyBaHo GopmupameTo Ha (QUIMOBH Ha OKCHIM OJf HHOOMYM HITO CE€ OJIBUBA
0e3 MEepOKCHIHM MEIUjaToOpH OJ TPU Pa3IMuHH BOJHH DPAacTBOpH co paznuyuu pH BpenHocTH Ha
craxyecTa rpaduTHa enekTpoa. Kako ekcriepuMeHTaIHu TeXHUKH BO €IIEKTPOXEMHICKHUTE eKCIIEPUMEHTH
0ea KOpPHCTEHH JIMHEapHA NUKIMYHA BOJITAMETPHja U ITyJICHH BOJNTAMETPUCKH TeXHUKH. CUMynTaHaTa
mocJeIoBaTeIHAaTa PEeayKIHja Ha BOAATa, KaKo W HAa HUTPAaTHUTE W CyJN(aTHUTE jOHH, JOBEAyBa IO
JIOKAJIHO 3T0JIeMyBambe Ha QJIKATHOCTa M Ha KOHIGHTpalMjaTa Ha KUCIOpOX BO Onn3nHa Ha paboTHaTa
enexTpoza. IIpu oBue ycinoBu ce GpopMUpaaT OKCHAN M OKCHUXHJIPUAM Ha HUOOWYM Ha IOBPIIMHATA O]l
paborHara enekrpona. Popmupanure QunmoBn Oea aHaNM3WpaHW cO yrnoTpeda Ha CKEHHpayKa
EJISKTPOHCKAa MUKPOCKOIIH]ja M €HEPIreTCKH JUCIIEP3UBHA CIIEKTPOCKOIIH]a, IPH MITO Oele yTBPJICHO JieKa
BO COCTaBOT Ha (uiMOBHTE IOCTOjaT OKcuaM Ha HHOOmyM ox tumor NbO, NbOz u NbyOs.
Mopdosnorujata Ha JNEOHMPAHWTE YECTHYKH M (GopMmMupaHnTe (GUIMOBH 3aBUCH ox pH Ha BomHuTe
pacTBopH, Kako ¥ O] KOHIIEHTpaIfjaTa Ha joHNTe Ha HHOOnyM. Bo paMknuTe Ha 0BOj TPyl BHUIMaHHETO €
IIOCBETEHO W Ha (OpMHUpAETO Ha HHOOMYM GIIyOpHI W Ha XHIPOTEH KOMIUIEKCH Ha OKCHAM Ha
HUOOUYM.

KityuHnu 300poBH: €IEKTPOXEMHUCKA JICTIO3UITHja; OKCUIN HA HIOOMYM; KHCEITH BOJIHU PaCTBOPH;
CTakyecTa rpad)uTHA eICKTPOaa
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1. INTRODUCTION

Recently, niobium oxides have garnered in-
creased attention due to their potential for industri-
al applications. The interest in niobium oxides is
based on their excellent chemical stability and cor-
rosion resistance in most acidic and basic media
[1]. In addition, electrochromism, catalytic activi-
ty, good optical and dielectric properties, biocom-
patibility and high mechanical flexibility make
these materials of great interest [1-3]. Some niobi-
um oxide applications include solar cells and LEDs
[2, 4, 5], batteries and supercapacitors [2, 6, 7],
catalysts [4, 8, 9], electrochromic devices [4, 10],
gas sensors [11] and biocompatible coatings for
implants [12, 13]. Niobium oxides appear in three
stable forms: NbO, NbO2 and Nb.Os. Each of these
forms presents distinctive electric properties, rang-
ing from conducting to insulating properties [1, 13,
14]. Among them, niobium pentoxide (Nb.Os), is
often researched as the most thermodynamically
stable oxide form. Additionally, niobium oxides
have a complex crystalline morphology with an ex-
tensive number of polymorphic structures [1, 2].
Besides, the method of niobium oxide synthesis has
a great impact on thin oxide film structure and prop-
erties [1]. A number of methods have been utilized
for formation of niobium oxides films. These meth-
ods include sol-gel [4, 15], anodic polarization [16],
dc magnetron sputtering [13, 17], atomic layer dep-
osition [18], chemical vapor deposition [19], ther-
mal oxidation [20] and spray pyrolysis [10].

Alternatively, cathodic electrodeposition of-
fers an opportunity for more accurate control of the
metal oxide film microstructure composition, thick-
ness and purity at potentially lower processing
costs. In past decades, several metal oxides were
efficiently deposited from aqueous solutions via
electrodeposition [21-23]. An additional benefit of
employing electrochemical deposition is the produc-
tion of crystalline rather than amorphous metal ox-
ide films [24, 25]. In the available literature, there
are only a few publications that address the topic of
cathodic electrodeposition of niobium oxide films
from acid solutions [22—24]. This is most likely due
to difficulties characteristic to the processes of nio-
bium and niobium oxide formation from aqueous
systems. Primary reason for this is the very negative
niobium reduction potential, which interferes with
H, evolution in aqueous electrolytes [26, 27]. There
is also a predisposition of niobium to produce elec-
trochemically inactive species when reacting with
oxygen, often leading to the formation of stable
clusters [24, 28]. Research conducted by
McCullough et al. (1968) reported the mechanism
of electroreduction of niobium(V) in hydrochloric

acid on a mercury electrode [29, 30]. Thin films of
niobium oxides have been obtained at more accessi-
ble electrodes (SnO,-conducting electrode and plat-
inum) from acidic aqueous solutions containing hy-
drogen peroxide as a precursor [22, 23] and by elec-
trodeposition or combining sol gel procedures with
electrodeposition [24].

This work is focused on the formation of ni-
obium oxide thin films by electrochemical means
on glassy carbon substrates. These films are
formed from mixed acidic electrolytes without
peroxo- or any other precursors, at room tempera-
tures without electrolyte stirring. The influence of
the potentials applied, niobium and acid concentra-
tions in the electrolytes used on the deposit ob-
tained are reported.

2. EXPERIMENTAL

Electrochemical experiments were per-
formed in a custom made electrochemical cell
(made of PTFE, Aldrich, USA), resistant to hydro-
fluoric acid (HF), supplied with argon atmosphere
(Fig. 1). All experiments were performed at room
temperature. Glassy carbon (GC, Sigma Aldrich,
USA) embedded in epoxy resin (Struers, USA)
was used as a working electrode, with a surface
area of 0.13 cm? that was exposed to the electro-
Iyte. A niobium plate (99.998 %, LTS Chemical
Inc., USA) (surface area = 1.2 cm?) was used as a
counter electrode. A saturated calomel electrode
(SCE) inserted in a Luggin capillary was used as a
reference electrode. All measured potentials are in
reference to the SCE.

Fig. 1. Cross-section of the PTFE electrochemical cell
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Both the working and counter electrodes
used were polished prior to experiments. The sur-
face of the glassy carbon working electrode was
mechanically polished with emery paper and then
with a polishing cloth with 0.05 pm grain size
Al;O3 powder. Finally, the electrode was ultrasoni-
cally degreased in diluted HCI and rinsed in dis-
tilled and deionized water, respectively. Niobium
electrode surfaces were mechanically polished by
emery paper and then chemically polished in a
mixture of cc. HF : cc. HNO3z =1 : 1 (p.a. Acros
organics, USA and Merck, Germany, respectively)
in three 10 second intervals, interrupted by rinsing
in deionised water. The surfaces were finally
washed with absolute ethanol (Zorka-Pharma,
Sabac, Serbia).

Three different electrolytes were used to ex-
amine the electrochemical deposition and dissolu-
tion of niobium oxides. Niobium was introduced
into the electrolytes by applying careful chemical
dissolution of niobium metal in concentrated nitric
(p.a. HNOs, Merck, Germany) and hydrofluoric
acid (p.a. HF, Acros organic, USA) [28]. A con-
centrated acidic solution containing niobium ions
was then diluted with distilled water (electrolyte
C). Sulfuric (p.a. H2SO4, Ricca chemical, USA)
acid was then added (electrolyte A and B). Electro-
Iytes (referred to as A, B and C in the text) were
freshly prepared prior to each experiment; their
compositions were as follows:

A.0.02M Nb + 0.7M HF + 0.4M HNO3+1M H3SOy4;
B. 0.05M Nb + 0.7M HF + 0.4M HNO3+1M H.SOq;
C. 0.05M Nb + 0.7M HF + 0.4M HNO:s.

Both linear sweep voltammetry (LSV) and
potential step technigues were conducted using
EG&G PAR 273A Potentiostat/Galvanostat con-
trolled by Power Suite software (Princeton Applied
Research, USA). In the LSV experiments, the po-
tential was changed from a starting potential, E;
(usually 50 to 100 mV more negative than the re-
versible potential of the working electrode), to a
final chosen negative (cathodic) potential, Es, fol-
lowed by the return scan with sweep rates between
5mVs?and 100 mVs?,

Quasi "open circuit" measurements included
a potential pulse (duration of 5 minutes) at the
negative cathodic potential end, E:, whereupon the
potentiostatic control was switched off and the sys-
tem was left under a constant dissolution current (2
x 107°A) until its return to the initial reversible po-
tentials of the working electrode.

Deposits on the working electrode were ob-
tained when the final chosen cathodic potential, Es,
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was held constant for 6, 60 and 180 minutes, at T =
25+ 0.5°C. The working electrodes were then
withdrawn from the cell under applied potential to
maintain the deposited material. After electrodepo-
sition, obtained deposit samples were washed with
absolute ethanol and analyzed by scanning electron
microscopy (SEM, JEOL, model JSM-5800, Ja-
pan) and energy dispersive spectroscopy (EDS,
Oxford INCA 3.2, U.K)).

3. RESULTS AND DISCUSSION

The electrodeposition of niobium oxides
from a number of aqueous solvent systems have
been attempted by electrochemical pH manipula-
tion of the solution [24]. These techniques rely on
the electrochemical generation of H, and OH" ions
in aqueous solutions, which should promote niobi-
um oxide films formation from acidic media.

In the acidic mixture of HF + HNO;z +
H,SO4, each of the aqueous solution constituent
plays an important role: acids generally act as pro-
ton donors, NOs~ from HNO3 oxidizes niobium,
HF is an aggressive complexing agent that dis-
solves niobium oxides and niobium metal, and ni-
obium fluoride complexes are a main source for
the deposition of metallic niobium [22]. Finally,
SO,> ions act as an additional complexing agent
for niobium oxide species [28].

It was observed that the reversible potential
of the glassy carbon (GC) working electrode
moved to more negative values with increased nio-
bium concentration; it decreased from 0.650 V vs.
SCE in solution A to 0.610 V vs. SCE in solution
B. In solution C, which does not contain H>SOs4,
GC reversible potential moved further to more
negative values (0.460 V vs. SCE). This should be
attributed to an increased concentration of active
niobium ions that are not engaged in complexes
made with sulphate anions [28]. A niobium anode
was applied as a compensating source of niobium
ions in the used solutions. No stirring was applied
to the solution.

The voltammograms obtained with GC
working electrode in used electrolytes (potential
range from the GC reversible potential to —1.000 V
vs. SCE and back), are presented in Figure 2. In all
solutions, two current waves (Ic and llc) were ob-
served in the cathodic part of the voltammograms
when the cathodic end potential was —0.600 V vs.
SCE, or more negative. In the anodic scan, the
voltammograms displayed one or two oxidation
current waves.
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Fig. 2. Cyclic voltammograms recorded in different electrolytes on the GC. Voltammograms were obtained with a scan rate 10 mV/s,
T =25 °C; cathodic end potential: a) and b) —0.600 V; ¢) — 0.800 V; d) —1.000 V vs. SCE.

The first cathodic peak potential (wave Ic
around —0.400 V vs. SCE) and anodic peak (wave
I1a around —0.070 V vs. SCE) were shifted to posi-
tive potentials when the niobium concentration in
the electrolyte used was increased (from 0.02M in
Fig. 2a to 0.05M in Fig. 2c). In addition, in the
more concentrated solutions, a second anodic cur-
rent wave was observed (wave la, at around 0.170
V vs. SCE; Fig. 2a and 2c).

When the cathodic end potential became
more negative than —0.700 V vs. SCE, a sharp rise
in cathodic current density was accompanied by
the formation of small gas bubbles, starting at
around —0.600 V vs. SCE (Fig. 2d). This should be
attributed to hydrogen evolution. The recorded
values of the potential suggest high hydrogen evo-
lution overpotential on the GC working electrode

in the solutions used. To achieve an exponential
increase of the hydrogen evolution current density,
more negative values (up to —1.000 V vs. SCE) of
overpotential were needed.

Cyclic voltammograms registered with the
GC electrode in electrolyte B, with increasing
holds at cathodic end potential are displayed in
Figure 3a. The prolonged holding at the potential
of —0.450 V vs. SCE did not result in an increase in
cathodic current, but it did generate an increase of
the anodic currents and charge covered by the an-
odic peaks formed.

The voltammograms obtained on the GC
electrode in electrolyte C with different sweep
rates in the potential region explored (from 0.600
V to —0.600 V) are shown in Figure 3b.
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Fig. 3. Cycling voltammograms of the GC electrode at 25 °C, in:
a) electrolyte B, cathodic potential end of — 0.450 V vs. SCE obtained with increasing hold times, v=10 mV/s,

b) electrolyte C, cathodic end potential of —0.600 V vs. SCE obtained with increasing sweep rates.

Potential-time diagrams recorded on the GC
working electrodes obtained by "open circuit"
measurements are given in Figure 4. The "open cir-
cuit” measurements resulted in the potential-time
curves exhibiting plateaux at around —0.100 V and
0.110 V vs. SCE, respectively (Fig. 4). The number
of plateaux and their potentials agree well with the
number of anodic peaks that appear on the corre-
sponding cyclic voltammogram (Fig. 2a and 2c).
This was pronounced in the case of electrolyte B.
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Fig. 4. "Open circuit" graphs obtained from the GC electrodes
after potentiostatic deposition at E= —1.000 V vs.
SCE for 5 minutes

SEM of the deposits formed at different po-
tentials and from different electrolytes was con-
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ducted in order to gain information on the resulting
morphology. Figures 5 and 6 show the surface ap-
pearance of the GC electrode after being held at an
overpotential of —0.400 V vs. SCE from electrolyte
A and electrolyte B, respectively. The deposit ob-
tained at an overpotential of —0.420 V vs. SCE
from electrolyte C is presented in Figure 7; the
EDS analysis of this deposit is given in Figure 8.

In this study, XRD analyses were not utilized due
to the amorphous nature of the GC substrate and
the very thin layers of the deposits.

SEM  photographs  of  niobium  ox-
ide/hydroxide obtained in H,SO, electrolytes (Figs.
5 and 6), showed that the niobium concentration
had an influence on the morphology of the deposits
formed. It was found, that in 0.02M niobium elec-
trolyte, the deposited oxide/hydroxide film consist-
ed of agglomerates almost uniformly distributed
over the entire electrode surface (Fig. 5a and b).
With longer deposition time, a more compact layer
with randomly distributed nodules was produced.
Furthermore, there is a diverse surface morphology
when the deposit was obtained from the electrolyte
with higher niobium concentration (0.05M Nb). A
less homogeneous and partially crystalline layer on
the electrode surface was recorded. Under these
conditions, structures with a similar appearance to
single crystal grains with regular edges could be
seen. When removed from the solution, some of
the deposits detached from the GC electrode due to
poor adhesion.
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2)

b)

Fig. 5. SEM images of the GC surface after being held in electrolyte A at an overpotential of —0.400 V vs. SCE,
for: @) 6 minutes and b) 60 minutes

a)

Full scale = 211 cps

b)

Cursor: 3.2475 keV

Fig. 6. a) and b) SEM images at lower (6000x) and higher (15000x) magnification of the GC surface after being held
for 60 minutes at potential E =—0.400 V vs. SCE in electrolyte B, c) EDS analysis of the marked crystal from b).

An EDS analysis showed that only niobium
and oxygen were detected as component elements
of the deposits obtained on the GC working elec-
trode by cathodic potentials applied from the solu-
tions (Figs. 6¢c and 8). The thicker deposited layer
produced in electrolyte C (Fig. 7), had a similar
morphology as the layer obtained from electrolyte
containing added H»SO4 and lower niobium con-
centration (0.02M Nb). However, increased niobi-

um concentration and deposition time resulted in
the coalescence of deposited grains into larger ag-
glomerates that were non-uniformly distributed
over the electrode surface. Even though the deposit
was compact and well adhered to the substrate, it
exhibited cracking. These findings are in agree-
ment with previous observations that the morphol-
ogy of the deposited films depends on both HF
concentration and deposition time [31, 32]. The

Maced. J. Chem. Chem. Eng. 38 (1), 39-48 (2019)
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results are also in accordance with previous studies
that reported that a more negative the deposition
potential leads to larger monocrystallites formed in
the deposit [22]. The IR spectra of the deposits
(niobium oxide products) obtained by cathodic
deposition from an acid (pH = 2.5) solution of nio-
bium complexes showed that the more negative

a)

deposition potential leads to the formation of de-
posits with a higher content of water of crystalliza-
tion and hydroxy groups [22]. The same authors
claim that in the 300-200 mV vs. NHE region, on-
ly crystalline modifications of hexagonal and or-
thorhombic Nb(V) oxide were formed.

b)

Fig. 7. a) and b) SEM images at lower (120x) and higher (5000x) magnification of the GC surface
after being held for 180 minutes at potential E =—0.420 V vs. SCE in electrolyte C

Full scale = 607 cps

Cursor: 3.6875 keV

Element wt(%) at(%)

C 45,55 2323

o 49.36 75,45

Nb 5,00 1,34
Total 100,00 100,00

12 14 16

Fig. 8. EDS analysis of the sample from Figure 7

According to researchers in the field, water
is an important reactant in the chemical behaviour
of the niobium species. In the electrolytes contain-
ing HNO3 and HF, dissolved niobium metal in an
aqueous solution is in an oxidation state +5 and
participates in an intermediate compound (niobium
pentoxide; Nb,Os) [28]. In the presence of water,
niobium pentoxide forms a different kind of niobic
acid that could precipitate in the form of more or
less hydrated gels (Nb.Os x nH>O). The mecha-
nism of Nb,Os dissolution in a mixture of HF and
H»SO4 depends on the HF concentration and fol-
lows a second order reaction [32]. At the same
time, depending on the concentration of HF acid in
the solution (= 1M), any formed Nb,Os can be
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quickly transformed into a fluoride or oxofluoride
acidic species, with a general formula of [NbOx.
Fy,H.0]>2*Y [28]. Moreover, different kinds of ni-
obium fluoride species can react with nitric acid;
products of this reaction might be trinitratoxonio-
bium(V) and nitrylfluoride [28].

The chemistry of niobium species in aque-
ous solutions is very complex, making it difficult
to identify the mechanism for niobium electrodep-
osition processes [23, 24]. Some studies have
shown that the presence of HF in the electrolyte
plays an important role in niobium deposition and
its growth process [32]. This corrosive/dissolution
agent in the electrolyte attacks niobium species or
niobium oxide leaching niobium precursor ionic
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species to the solution. Regarding the present ex-
perimental conditions (where pH = 1 and 0.7M
HF), the tendency of Nb(V) to be complexed by
fluorides, resulting NbFs~ complex could be ex-
pected, which afterwards can be reduced to a me-
tallic niobium [29, 30, 32]. Besides, in a HF-based
electrolyte, in the near location of the working
electrode oxygen (O?) species are generated which
are needed for different kinds of niobium oxides
NbO, NbO,, Nb,Os and NbO,4~ formation [32].

These results imply that our deposit was
formed by cathodic and anodic reactions and most
probably includes niobium oxides and oxihydrox-
ides. The Pourbaix diagram for the niobium-water
system supports the assumption, because in the
domain limited by the potentials and pH used in
our experiments, different kinds of niobium oxides
(NbO, NbOz, Nb2Os, NbOs) species and even
traces of niobium could be expected [26].

In the literature, there is a long list of ca-
thodic and anodic reactions that can take part in
individual acidic niobium sulphate, nitrate and flu-
oride solutions. Therefore, there is no reason why
any of these solutions should be excluded as a pos-
sible source of niobium oxide formation during our
experiments. There is only one report of GC being
used as the working electrode but in different acid
mixtures of an aqueous niobium solution [24]. The
mechanism of hydrolysis and oxide formation of
cationic peroxocomplexes of niobium by the elec-
trogenerated base (OH") and oxide species (O%)
near the cathode are results of preceding reactions
[23, 33, 34]:

2H,0 + 2¢~ > Hy + 20H- )
NOs + H,0 + 26~ <> NOy +20H  (2)
0,+2H,0 + 46 — 40H" 3
NO;3; + 26 < NO; + o* (4)
2NOs + 2 < 2NO, + 0227 (5)
NOs + & < NO; +0% (6)

The presence of cathodic peaks in voltam-
mograms, in acidic electrolytes used, at the poten-
tial range from —0.350 V to —0.430 V vs. SCE, by
some authors is attributed to the niobium(V) reduc-
tion from a NbFs~ complex to lower oxidation state
[24]. Additionally, the reaction between the ionic
niobium species generated by the reduction of the
NbFs complex and the products of the electro cata-
Iytic oxygen reduction most probably results in the
formation of a different kind of niobium oxide on
the working electrode.

In some reports, films that consist of more or
less stable oxides, such as NbO, NbO and Nb2Os

[35] were observed on the surface of the working
electrode in the potential region of 1.200 V to —
1.000 V vs. NHE in acidic solutions. At cathodic
potentials around —1.000 V vs. NHE, hydrogen
ions diffuse from the electrolyte to the oxide film,
probably forming a chemical bond with the oxygen
of Nb,Os in the oxide films, made previously under
the anodic potential or with naturally present oxy-
gen [35]:

Nb,2Os + XH* + xe” <> HxNb2Os @)

At negative potentials, starting from 0.000 V
vs. NHE, polycrystalline hydroxide species prevail
and the films deposited from the electrolyte, based
on niobium complexes in the potential interval
from 0.300 to —0.500 V vs. NHE, were made of
Nb(V) oxides [22]. Some authors reported the
presence of a cathodic peak at potentials negative
to — 0.500 V vs. NHE after anodization, which may
be related to the incorporation of H* ions into the
amorphous oxide. The penetration of the hydrogen
into the niobium oxide during the cathodic polari-
zation leads to the formation of bronzes of type
HxNbx““Nb,4®")0s. The recorded anodic oxida-
tion peaks (waves I and Ila; Fig. 2) were primari-
ly due to the reversible dissolution of a different
kind of niobium oxide complex that is formed dur-
ing the reign of reduction potentials [22].

The first anodic peak (wave lla in this case)
should correspond to the formation of NbO and is
in good agreement with the Pourbaix diagram [26].
The second anodic peak should correspond to the
oxidation of HyNb,Os to Nb,Os (the reverse of re-
action 7). A number of authors agree that this reac-
tion, along with NbO and Nb,Os formation, were
recorded only with cathodic pre-treatment in the
form of a linear sweep from positive to negative
potentials as a part of a full voltammograms cyclic
[22, 35].

4. CONCLUSIONS

The formation of niobium oxides was per-
formed on the glassy carbon working electrode
without oxidizing precursors and stirring in aque-
ous solutions of three acid mixtures.

There were almost simultaneous and con-
secutive electrochemical reductions of water, ni-
trate and sulphate ions during the reduction part of
the linear sweep cycle. Furthermore, the potenti-
ostatic regime (in the potential region from 0.600
V to —1.000 V vs. SCE), provided an alkaline envi-
ronment and oxygen in the near vicinity of the
working cathode, which with the niobium ions
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produce niobium oxides and/or oxyhydroxides on
the glassy carbon. The deposits appeared on the
working electrode in the form of thin films, which
according to EDS analysis seemed to be made only
of niobium and oxygen (most probably as NbO,
NbO; and Nb;Os). Both, crystalline and amor-
phous deposits obtained were similar in composi-
tion and appearance to those reported in the litera-
ture as a result of the deposition from very acidic
aqueous solutions, yet with oxidizing precursors on
different working electrode substrates and electro-
Iyte stirring.

The deposit changed from a non-crystalline
to a partially crystalline layer with a number of
grains in the form of single crystals, when niobium
concentration in the electrolyte increased from
0.02M to 0.05M Nb.
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