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Abstract: The kinetics of the hydrogen oxidation reaction (HOR) was studied at
Pt nanoparticles supported on niobia-doped titania (P/N—T). The catalyst sup-
port, with the composition of 0.05NbO, 5 s0.995TiO, (0 < § < 1), was synthe-
sized by a modified sol—gel procedure and characterized by the BET and X-ray
diffraction (XRD) techniques. The specific surface area of the support was
found to be 70 m?2 g'1. The XRD analysis revealed the presence of the anatase
TiO, phase in the support powder. No peaks indicating the existence of Nb-com-
pounds were detected. Pt/N-T nanocatalyst was synthesized by the borohyd-
ride reduction method. Transmission electron microscopy revealed a quite ho-
mogenous distribution of the Pt nanoparticles over the support, with a mean
particle size of about 3 nm. The electrochemical active surface area of Pt of
42+4 m2 g1 was determined by the cyclic voltammetry technique. The kinetics
of the HOR was investigated by linear sweep voltammetry at a rotating disc
electrode in 0.5 mol dm3 HCIO, solution. The determined value of the Tafel
slope of 35 mV dec’? and an exchange current density of 0.45 mA cm2 per real
surface area of the Pt are in good accordance with those already reported in the
literature for the HOR at polycrystalline Pt and Pt nanocatalysts in acid solu-
tions. This new catalyst exhibited better activity for the HOR in comparison
with Pt nanocatalyst supported on Vulcan® XC-72R high area carbon.
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INTRODUCTION

In spite of the fact that proton exchange membrane fuel cells (PEMFCs) are
promising future energy providers, many requirements regarding both the ca
talyst support and the catalyst material remain still unresolved. The main goals of
contemporary research in this field are the development of inexpensive elec-
trocatalysts for anode and cathode reactions, with high activity and satisfactory
corrosion and chemical stability.

Platinum and Pt-based catalysts have been recognized as excellent catalysts
for the hydrogen oxidation reaction.1-3 The role of the supporting material for
the functioning of a catalyst is very important, as it could affect both the catalytic
activity and the durability of the catalyst. The catalyst support properties should
be a combination of high surface area, excellent chemical stability and corrosion
resistance. Hitherto, the most widely used supporting materials for Pt-based
catalysts for the hydrogen oxidation reaction were carbon-based supports.4-/
Carbon-based supports provide high electronic conductivity, an adegquate phy-
sical surface for the dispersion of nanoparticles that is necessary to achieve a
high surface area, also diminishing the catalyst loading. However, corrosion of a
carbon support that could proceed either during recharge of a regenerative fuel
cell at the air electrode at high overpotentials, or by start/stop of a smple fuel
cell8 is one of the main factors that could decrease the life time of PEMFCs. In
the presence of water, carbon can also be consumed through the heterogeneous
reaction: C + HoO — Hy + CO,9 especially in the presence of Pt which catalyses
this reaction. The reaction product CO might poison the Pt catalyst. The above-
mentioned disadvantages of carbon-based supports imply the need for new
supporting materials, in order to prevent damage of the Pt nanocatalysts, enhance
the reliability and reduce the total lifetime costs of PEMFC.

Severa titanium oxide phases, mainly TizO7 and TisOg, known as Magneli
phases, have been reported as promising catalyst supports for Pt-based nano-
catalysts, for electrochemical reactions in PEMFCs.10-12 The main disadvantage
of the above-mentioned titanium oxides as supporting materials are their very
low specific surface area. Namely, the maximum obtained value of the surface
areais too low to achieve high dispersion and compositional homogeneity of the
Pt nanoparticles over the support, which are important requirements for enhanced
electrocatalytic activity. loroi et al. reported good corrosion stability of a TizO7-
supported Pt catalyst, as well as almost the same catalytic activities as the XC-
72/Pt catalyst for both the hydrogen oxidation reaction and the oxygen reduction
reaction.13

According to the literature, 14 niobium oxide nanoparticles could be a
promising material for catalyst support for Pt-based nanaocatalysts, owing its
excellent chemical stahility in acid solutions.
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The aim of this work was to test a Pt nanocatalyst supported on a novel
niobia-doped titania support (Pt/N-T) for the hydrogen oxidation reaction (HOR)
and to compare the obtained results with those aready reported for carbon-
supported Pt-based nanocatalysts. A support with the composition 0.05NbO2 5_s5—
—0.995TiO2 (0 < 6 < 1) was synthesized and completely characterized by the
nitrogen adsorption/desorption isotherm and X-ray diffraction (XRD) techniques.
A Pt nanocatalyst was synthesized on this support using the borohydride
reduction method and characterized by the transmission electron microscopy
(TEM) technique. This catalyst has aready been tested for the oxygen reduction
reaction and enhancements of the specific and mass activities were found.

EXPERIMENTAL
Synthesis of N-T support

The N-T support was synthesized by a modified sol—gel procedure proposed by Boujday
et.al.15> This procedure considers the acid-catal yzed sol-gel method in a non-agueous medium.
The sol was prepared by adding 0.9 ml of a 37 % solution of hydrochloric acid (Zorka, Serbia)
to 40 ml of a 97 % solution of titanium tetra-isopropoxide, Ti(O-iPr), (Alfa Aesar, Germany),
and the appropriate volume of 0.17 ml of 99.95 % niobium(V) ethoxide (Aldrich, Germany)
under vigorous stirring (0.5 % Nb in aNb/Ti atomic ratio to obtain a Nbg go5Tig 9950, solid so-
lution). Finally, 4.8 ml of deionized (D.l.) water was added under continuous stirring. The
mixture was placed in glass tubes, sealed and left at room temperature for 5 days. In the pre-
sence of such an amount of hydrochloric acid, the hydrolysis proceeded without the formation
of aprecipitate, leading to atransparent sol. Gellification of the sol was achieved by adding an
appropriate amount of water.

The sample was freeze-dried using a Modulyo Freeze Dryer System, Edwards, England,
consisting of a freeze dryer unit and a high vacuum pump E 2 M 8, Edwards. The sample was
pre-frozen in a freezer at —30 °C for 24 h. Subsequently, the sample was freeze-dried in the
acrylic chamber with the shelf arrangements mounted directly on the top of the condenser of
the freeze dryer. The vacuum during the twenty-hour freeze-drying was around 4 mbar. The
dried sample was heated at 400 °C for 2 hin a conventional furnace to obtain crystallized ana-
tase phase and to remove traces of organics. After the treatment, the furnace was cooled to
room temperature. Finaly, to activate the Nb-donor dopant in the TiO,, the nanoparticles
were additionally annealed at 400 °C for 2 h under a pure H, gas flow and cooled to room
temperature under a H, gas atmosphere.16

Synthesis of the Pt/N-T catalyst

The Pt/N-T catalyst containing 20 mass % Pt was prepared by means of the borohydride
reduction method.1® An appropriate amount of H,PtClg was dissolved in D.l. water. The sup-
port powder was dispersed in D.I. water and then the metal salt solution was added under cons-
tant stirring. The mixture of metal salt and the support was reduced by using an excess of so-
dium borohydride solution. The precipitate was washed with D.I. water and then dried at 80 °C.

The Pt/XC catalyst (with areal active Pt surface area of 96 m? g1, determined by cyclic
voltammetry), which was used for comparison of the activities for the HOR, was synthesized
by a modified ethylene glycol method on commercial carbon (Vulcan XC-72R) support. The
details of the synthesis have already been reported.>
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Cell and electrode preparation

Pt/N-T catalyst (20 mg) was ultrasonically suspended in 9.5 ml of water and 0.5 ml of
Nafion solution (5 mass %, Aldrich solution) to prepare a catalyst ink. Then, 20 ul of ink was
transferred with an injector to a gold disk electrode (5 mm diameter). After volatilization of
the water, the electrode was heated at 80 °C for 10 min. The so-prepared electrodes were al-
way's characterized by cyclic voltammetry in order to confirm their similar real Pt surface area
(estimated from the H underpotential deposition (upd) region). The reproducibility (10 %) of
the determined real Pt surface area was very good; hence, the amount of Pt on the electrode
was considered to be 8.0+0.8 ug.

For the electrochemical measurements, a conventional rotating disk electrode (RDE)
three-compartment cell was used. The working electrode compartment was separated from the
other two compartments by fritted glass discs. The counter electrode was a platinum sheet of
5 cm? geometric area. All measurements were performed with a Pt/H, reference electrode
(RHE) in the same solution, at the same temperature as the working electrode. The RHE was
kept in a compartment separated from the working electrode by a wetted, closed glass stop-
cock and purified hydrogen was bubbled continuously through the solution.

Electrode characterization

Adsorption and desorption isotherms. The nitrogen adsorption and desorption isotherms
were measured on the N—T support at —196 °C, using the gravimetric McBain method. The
specific surface area, S3et, and the pore size distribution were calculated from the isotherms.
Pore size distribution was estimated by applying the Barrett—Joyner—Halenda (BJH) method.1”

XRD Analysis. Structural analysis (XRD) was realized using a Siemens D-500 diffracto-
meter. Cu Ko radiation was used in conjunction with a Cu KB nickel filter. The XRD pattern
was used to evauate the crystalite size of the Nb-TiO, support. The average crystallite size,
D, was calculated from the Scherrer formula: D = 0.94/5cos 6, where 1 is the wavelength of
the X-rays, 6 is the diffraction angle, f = (52 — S, f is the corrected half-width, g, the
observed half-width and g is the half-width of a standard Si sample (provided by Siemens).

TEM Measurements. Transmission electron microscopy (TEM) measurements were per-
formed at the National Center for Electron Microscopy (NCEM-Berkeley) using a FEI (Fillips
electronic instruments)-CM200 super-twin and CM300 ultra-twin microscopes operating at
200 and 300 kV and equipped with Gatan 1kx1k and 2kx2k CCD cameras, respectively. Spe-
cimens were prepared for TEM by making suspensions of the catalyst powder in ethanol, using
an ultrasonic bath. These suspensions were dropped onto clean holey carbon grids, and then
air-dried.

The particle size distribution was determined from images of, on average, 20 different
regions of the catalyst; each region contained 1020 particles. The particle shapes were deter-
mined by real space crystallography with the use of high-resolution images taken from par-
ticles near or on the edge of the N—T substrate, and/or by numerical Fourier filtering of the di-
gitized image intensity spectrum of particles on top of the support.

Electrochemical characterization. The cyclic voltammetry experiments were performed
in the potential range between hydrogen and oxygen evolution (0.04-1.4 V vs. RHE), in 0.5
mol dm3 HCIO, solution, with various scan rates at the Pt/N-T and Pt/X C electrodes. Prior to
recording the cyclic voltammograms, the electrode surface was stabilized by repetitive cycling
from 0.04 to 1.4 V vs. RHE. The solution (HCIO,, Spectrograde, Merck) was prepared in D.1.
water (“Millipore’— 18 MQ cm resitivity), at a temperature of 25 °C, which was saturated
with high purity nitrogen by continuously bubbling through the working electrode compart-
ment during the experiments.
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Linear sweep voltammetry curves for the HOR in 0.5 M HCIO, solution saturated with
pure hydrogen, continuously bubbling through the working electrode compartment, were re-
corded at 10 mV s sweep rate. A PAR universal programmer, model 175, was used to pro-
vide the potentiodynamic voltage time program addressed to a PAR model 371 potentiostat/
/galvanostat.

RESULTS AND DISCUSSION
BET and XRD analysis of N-T support

The nitrogen adsorption isotherm for the N-T support, according to the
IUPAC classification, belongs to type 1V, associated with mesoporous materials.
The specific surface area of the support powder calculated by the BET equation
was determined to be 70 m2 g-1. The pore size distribution is presented in Fig. 1.
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Fig. 1. Pore size distribution for the

r,/nm N-T support.

The X-ray pattern of the N—T support sample is shown in Fig. 2. It could be
seen that al peaks present belong to the anatase phase of titanium dioxide. No
peaks corresponding to niobium compounds were detected. The broad peaks
indicate to nano-sized particles. The obtained values for lattice parameters were
a =b = 0.37854 nm and ¢ = 0.94835 nm. The determined values of the lattice
parameters for anatase titanium oxide were enlarged compared to those of pure
anatase (JCPDS 21-1272), indicating niobium incorporation into the lattice. It is
well known that Nb (or V and Ta) can be substitutionally incorporated within the
TiO, lattice.18.19 Investigation of the structural properties of niobia-doped titania
even up to 38 % of Nb, showed the existence of only a pure anatase or rutile
phase, depending on the growth temperature.20 In the present study, in order to
activate the Nb-donor dopant in TiOp, the nanoparticles were additionally an-
nealed at 400 °C and XRD analysis showed the existence of anatase TiO,. This
result is in good accordance with literature results which reported that up to 550
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°C, only anatase was present, while at 800 °C and higher, pure rutile phase was
obtained.20
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Fig. 2. XRD Diffraction results for the N-T support.

TEM Analysis of the Pt/N-T catalyst

TEM Micrographs of the N—T-supported Pt nanocatalyst are presented in
Fig. 3. Figure 3a shows a low-magnification transmission electron micrograph of

(b)

Fig. 3. TEM micrographs of the Pt/N-T nanocatalyst: a) low magnification image showing
a homogeneous distribution of Pt particles on the catalyst support; b) high resolution dark
field image of the catalyst, showing no pronounced agglomeration of the particles.
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the Pt nanoparticles on the N—T support. It is evident that the Pt nanoparticles are
globular in shape and quite uniformly distributed over the N—-T support. Using
these results, it was possible to determine the Pt particle size distribution, as well
asto calculate the total surface area of the particles by analyzing the images from
different regions of the catalyst, taking into account the hypothesis that al the
particles are globular in shape and have the same average particle size. A high
resolution electron microscopy image of the Pt/N-T sample is shown in Fig. 3b.
There is no evidence of pronounced particle agglomeration. The determined ave-
rage size of the nanoparticle was about 3 nm.

Cyclic voltammetry results

The cyclic voltammetry responses at the N-T support, and the Pt/N-T and
the Pt/XC nanocatalysts were recorded in the potential range between oxygen
and hydrogen evolution in 0.5 mol dm=3 HCIO4 solution. The obtained results
are presented in Fig. 4. The cyclic voltammetry response of the N—T support
(Fig. 4 inset) shows the rectangular shape that is expected for an ideal electro-
chemical double-layer capacitor. No significant peaks revealing the presence of
oxidative-reductive processes were observed. This result proves that N-T was an
electrochemically inert support over the whole range of applied potential (0.04—
—1.40 V vs. RHE). The cyclic voltammetric curve of the Pt/N-T electrode (Fig.
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IE IV vs IIQHE

A s | s .
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Fig. 4. Cyclic voltammograms obtained at the N-T support, and the Pt/N-T and Pt/XC na-
nocatalysts in nitrogen-purged, 0.5 mol dm™ HCIO,, usinga 0.1V s* sweep rate, at 25 °C.
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4), in the same solution saturated with N», has atypical voltammogram shape for
Pt in acid solution, with very clear hydrogen adsorption—desorption and PtOH
formation and reduction regions. The cyclic voltammogram of the Pt/XC nanoca
talyst, under the same experimental conditions, is also presented in Fig. 4. A si-
milar Pt-like shape could be observed and a lower specific surface area of Pt in
the Pt/N-T catalyst, estimated based on the desorption charge of hydrogen in the
under potential deposition region. The PU/N-T catalyst in comparison with the
Pt/XC was aso characterized by a very narrow, symmetric double layer region,
as a consequence of its lower capacitance current contribution.

The eectrochemically active surface area of Pt for the Pt/N-T catalyst was
determined from the adsorption/desorption charge of hydrogen atoms, after sub-
traction of the double layer charge, taking the reference value of 210 uC cm=2 for
a charge of full coverage with adsorbed hydrogen species at Pt.21 This cal-
culation gave the value of specific electrochemical active area of 42+4 m2 g1 Pt
for the Pt/N-T electrode.

Hydrogen oxidation reaction at Pt/N-T electrode

It is well known that hydrogen oxidation on Pt-based electrodes in acid
solution is one of the fastest electrochemica reactions. The measured currents
reach the diffusion limitation rising to the diffusion-limited level within less than
0.10 V vs. RHE, even at a RDE. For this reason, the mixed controlled potential
region must be analyzed in order to collect kinetic information from experi-
mentally obtained results.

The basic assumption of the analysis is that the measured current is de-
termined by the overall resistance that consists of three components: one related
to electron transfer kinetics, the two others result from mass transport limitations.
According to this, the kinetically controlled current, I, a a given potential E can
be determined from RDE curves using the equation proposed by L awson:22

i 1,11 )
| DS P T
and
I =0.62nFD2/3¢y~V64l/2 )

where Iy is the kinetic current in the absence of any mass-transfer effects,
and I isthe so-called Levich current, controlled mainly by diffusion. Other para-
meters have their usual significance in the conventional Levich Equation. Is re-
presents the diffusion current controlled by reactant diffusion through the Nafion
film and is equal to:

I+ =nFDfc L1 3
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where Dy, ¢; and L stand for the diffusion coefficient and the concentration of
dissolved hydrogen in the Nafion film, and the film thickness, respectively. At a
sufficiently large potential, E, and if the rotation rate of the electrode is increased
enough (w—<o), the kinetic current, I, and I become very large and under such
conditions, the measured current | is equal to Is+. Based on the above conside-
ration, it is possible to obtain the value of It from the intercept of /I |im axis by
extrapolating the relationship of 1/1,_vs. Y2, where I|_jim represents the diffu-
sion-limited current density at a given rotation rate.

The potentiodynamic curves for the oxidation of H, on the Pt/N-T electrode
at different rotation rates in 0.5 mol dm—3 HCIO4 solution at 25 °C are presented
in Fig. 5. It can be seen that the HOR starts at 0.0 V vs. RHE and reach the dif-
fusion-limited current at approximately 0.05 V. Linear sweep voltammograms
for the HOR at two different rotation rates for the Pt/XC and Pt/N-T electrodes
are presented in Fig. 6. Although very similar values of currents were observed,
Pt/N-T catalyst is characterized by a higher specific activity for the HOR, ex-
pressed in terms of the current density, taking into account its lower real surface
area, determined by cyclic voltammetry. It should be mentioned that it is not
common to refer to cataytic activity for the HOR at Pt based catalyst in terms of
current density value at any given potential, as it is usually reported for the oxy-
gen reduction reaction.

ol r'pm
4L 3262 _
2297
1652
958
3k 402 ]

0 20 40 60 80 100 120 140

E/mV vs RHE
Fig. 5. Linear-sweep voltammograms for the HOR at the Pt/N-T nanocatalyst (current density
expressed per geometric surface area), for different rotation ratesin 0.5 mol dm3 HCIO,
solution saturated with pure H,, (scan rate 0.01 V s1) at 25 °C.

A Levich-Koutecky plot based on the experimental data at 0.15 V is shown
in Fig. 7. The value of the current density controlled by diffusion of the reactant
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through the Nafion film, determined from the intercept in Fig. 6, was about 55
mA cm2 (the current density is expressed per geometric surface area). Never-
theless, its contribution to the measured current densities is negligible if the va-
lues of Ik determined from Eq. (1) are less than 10 % of the minimum value of .
This means that is not possible to obtain accurately a polarization curve for the
HOR from the corresponding modified L evich—-Koutecky plots.

4L i
3 -
e
o
<C
g 21
S 3260
= ---- PtXC 1650
—— PUN-T
1 4

" " 1 1 1 1
0 20 40 60 80 100 120 140
E/mV vs RHE

Fig. 6. Linear sweep voltammograms for the HOR at the Pt/N-T and Pt/X C nanocatalysts
(current density expressed per geometric surface area) at two different rotation ratesin
0.5 mol dm3 HCIO, solution saturated with pure H,, (scan rate 0.01 V s1) at 25 °C.

35F E=0.150Vvs RHE

17 I mA™

Fig. 7. Levich-Koutecky plot for
the HOR at a Pt/N-T RDE in 0.5
00 . s mol dm3 HClO, solution at 25 °C,

0.000 0.005 0.010 0.015 0.020  in the diffusion-limited potential re-
gionat E=0.15V vs. RHE.

© -0.5 / min-O.S

Tafel plots are commonly used to obtain kinetic information for the
HOR.123.24 A summary of the theoretically predicted values of the Tafel slopes
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for different types of mechanisms for the HOR at platinum electrodes in acid
solutions are presented in Table I. For the HOR on platinum electrodes, the most
widely accepted mechanism is chemical adsorption (Tafel step) or electroche-
mical adsorption (Heyrovsky step), followed by adsorbed hydrogen discharge
(Volmer step), asis presented by the following equations:3

Ho + 2M — 2MH (Tafel step) (4)
H)+M — MH +H* + e (Heyrovsky step) (5)
MH—->M +H"+e" (Volmer step) (6)

TABLE I. Theoretica values of the Tafel slopes (b = 2.303RT/AF) and mechanisms for the HOR
in acid solutions at 25 °C

Mechanism b/ mV dec? Rate-determining step
Tafel-Volmer 30 Tafel
Heyrovsky—Volmer 118 Heyrovsky
Tafel-Volmer and Heyrovsky—Volmer 59 Volmer

In order to obtain information about the kinetics of the HOR at the Pt/N-T
catalyst, the RDE polarization data were analyzed in terms of mass transport
corrected Tafel diagrams and the obtained results are presented in Fig. 8.

30 -

20

E/mV vs RHE

10 -

L 1 $ L 2 1 2 n n 2 1 L 2 n 2 1 n .
Fig. 8. Mass corrected Tafed plot for
025 0.00 0.25 930 the HOR a a PUN-T RDE in 05
log/ *// (1,-1)] mol dm3 HCIO,, at 25 °C.

The Tafel slope of 35 mV dec! is in good accordance with the already
reported slope for the hydrogen oxidation reaction at platinum single crystals,23
smooth platinum?2> and platinum nanocatalysts in acid solutions.35

It is not possible to determine the exchange currents (Ig) simply by ex-
trapolating the Tafel lines to the reversible potential due to the absence of awell-
-defined Tafel region. The exchange current was estimated from the sope of the
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1150 ELEZOVIC etal.

linear polarization response and after correction for diffusion, using the following

equation:®
AE_RT(1, 1 -
Al nFllo ILJim

wheren=2and I_jim iSsthe limiting current.

This calculation assumes that the HOR and the hydrogen evolution reaction
(HER) follow the same reaction mechanism around the equilibrium potential.
The obtained value for the exchange current density of 0.45 mA cm2 isin good
accordance with previously reported values for the HOR at Pt in acid solu-
tions,23:26 determined using the RDE technique. The determined exchange cur-
rent density, expressed per real surface area, is twice as high as that obtained for
the HOR at a Pt nanocatalyst on a carbon support.®

This new catalyst was already tested for the oxygen reduction reaction and a
five times enhancement in the catalytic activity per mass Pt loaded, as well as ten
times enhancement in the specific activity (per rea electrochemically active sur-
face area) were reported.2” Bearing in mind that the overall cell performance in
PEMFCs is influenced much more by the oxygen reduction reaction, owing to its
much higher overvoltage compared with the hydrogen oxidation reaction, it could
be concluded that this new catalyst is promising for applicationsin PEMFCs.

CONCLUSIONS

An N-T support was successfully synthesized by a modified sol—gel proce-
dure. The specific surface area of the support, determined by the BET technique,
was found to be 70 m? g-1. The presence of anatase TiO; in the synthesized
catalyst support powder was determined by XRD measurements. No peak cor-
responding to Nb-compounds was detected.

A PUN-T nanocatalyst was successfully synthesized by the borohydride
reduction method. TEM Analysis revealed a quite homogenous distribution of Pt
nanoparticles on the N—T support, with an average particle size of about 3 nm.

The electrochemically active surface area of the Pt in the Pt/N-T nano-
catalyst, determined by the cyclic voltammetry technique, was found to be 42+4
m2 gL,

Electrochemical characterization of the fabricated catalyst for the HOR re-
vealed a Tafel sope of 35 mV dec! and an exchange current density of 0.45 mA
cm2, This value of the Tafel slope and the exchange current density are of the
same order of magnitude already accepted in literature for the HOR at a pla-
tinum-based catalyst in acid solutions. The determined exchange current density
was two-times higher than the corresponding value obtained for the hydrogen
oxidation reaction at a Pt carbon supported catalyst.
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itiexnuuuxux Hayka CAHY, Knes Muxaunoea 35, 11000 Beozpad u” Texnoaouiko—meiianypuxi
akyaitieini Yrueepauitieiia y beozpaoy, Kapuezujesa 4, beozpao

Kunernka enekTpoxeMHjcke OKCHIALMje BOJOHHKA je MCIUTHBaHA Ha P{ HaHOKaTanuzatopy
Ha Hocauy cacTaBa 0,05NbO; 5 50,995TiO; (0 < ¢ < 1) (y rexcry P/N-T). Hocau karanusaropa je
CHHTETHCaH NPUMEHOM MOAM(HUKOBAHOT COJ-TEN IOCTyNKa M okapakrepucaH BET meromom mn
MetooM audpaxnuje X-3paka. Crnenuduyna mospmrHa Hocada je 6mma 70 m? gL Oudpaxuujom
X-3paka je yrBpheHo npucyctBo TiO, y dopmu aHarasa, J0K IMHKOBU KOjH OM yKa3HUBaJIU HA IPHU-
cyctBo jenumersa ND Hucy merekroBanu. Hanokaramuszarop PUN—T je cuHTETHCAH METOIOM pe-
nykuuje nomohy 6op-xunpuna. [IpuMeHOM TpPaHCMHUCHOHE eEKTPOHCKE MUKPOCKOIIH]jE je MoKa3a-
Ha XOMOT'eHa pacroiena HaHoyecTuna Pt Ha Hocady, ca MPOCEYHOM BEIMYMHOM YECTHIA OKO 3 NM.
[TpumeHOM LMKINYHE BOJNITAMETpHje je ofpel)eHa eNeKTpOXeMHUjcKa akTHBHA TTOBPILIHA KaTann3a-
TOpa NMPHOIIKHE BpenHocTH 42+4 m’ g L. Kunernka peakiyje okcuaauuje BOJOHHKA je MCIIHTH-
BaHa IIPHMEHOM JIMHEapHe cKeHupajyhe BontaMeTpuje Ha poTupajyhoj AUCK eIEKTPOAU y pacTBOPY
0,5 mol dm™3 HCIO,. [lo6ujene Bpexroctn TaenoBor Harnda u rycTuue crpyje n3mene ox 35 mV
nexl u 0,45 mA cm2 (o6pauyHaTo MO €IEKTPOXEMHJCKH aKTHBHOj mospuikau PY) cy y carmac-
HOCTH Ca JINTEpaTypHUM BPEIHOCTHMA 32 PEaKLHjy OKCUAALMje BOJOHHUKA Ha MIOJHUKPHCTAIHO]j Pt 1
Ha HaHouecTHIamMa Pt y kucenum pactBopuma. Hou karanmuszarop PUN-T je mokasao Behy akTus-
HOCT 3a OKCHJAIjy BOAOHMKa o Pt HaHOKaTamm3aTopa Ha HOcady OX yriba pa3BHjeHE MOBpIINHE
(Vulcan® XC-72R).

(TMpumbeno 26. asrycra 2010, pesuanpano 15. janyapa 2011)
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