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Abstract: A carbon cryogel, synthesized by carbonization of a resorcinol/formalde-
hyde cryogel and oxidized in nitric acid, was used as catalyst support for Pt nano-
particles. The Pt/C catalyst was prepared by a modified polyol synthesis method in
an ethylene glycol (EG) solution. Characterization by nitrogen adsorption showed
that the carbon cryogel support and the Pt/C catalyst were mesoporous materials with
high specific surface areas (Sget > 400 m? g'1) and large mesoporous volumes. X-Ray
diffraction of the catalyst demonstrated the successful reduction of the Pt precursor
to metallic form. TEM Images of the Pt/C catalyst and Pt particle size distribution show-
ed that the mean Pt particle size was about 3.3 nm. Cyclic voltammetry (CV) experi-
ments at various scan rates (from 2 to 200 mV s'1) were performed in 0.5 mol dm3
HCIO, solution. The large capacitance of the oxidized carbon cryogel electrode, which
arises from a combination of the double-layer capacitance and pseudocapacitance,
associated with the participation of surface redox-type reactions was demonstrated. For
the oxidized carbon cryogel, the total specific capacitance determined by 1/C vs. v0-°
extrapolation method was found to be 386 F g1, The hydrogen oxidation reaction at
the investigated Pt/C catalyst proceeded as an electrochemically reversible, two-ele-
ctron direct discharge reaction.

Keywords: carbon cryogel, platinum catalyst, hydrogen oxidation, fuel cell.

INTRODUCTION

Porous carbon, due to its high surface area and pore accessibility, excellent
thermal and chemical stability, as well as good electrical conductivity, is an ex-
tremely attractive and competitive material for application in electrochemistry.

Carbon aerogels and cryogels are a special class of materials,1~# which are usu-
ally formed from the sol-gel polycondensation of resorcinol and formaldehyde,
followed by supercritical or freeze drying, and subsequent pyrolysis. The resul-
ting carbon aerogels and cryogels are electrically conductive, in contrast to all other
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types of organic and inorganic aerogels, which are generally insulating materials.
The need to control the structure and properties of porous carbon aerogels and
cryogels has led to their increased use as electrode materials in advanced energy
storage devices and other electrochemical devices.>:6

Interest in the application of a carbon aerogels as catalyst supports results from
their unique electronic and morphological structure and their high surface area, the
last characteristic being essential for the optimal activity of a catalyst for electro-
chemical reactions, since they occur on the surface of the particles. An increase in
surface area of Pt/C catalyst is usually achieved by deposition of nano-sized Pt par-
ticles on a highly porous carbon support, using a variety of preparation methods.’-12

It is now generally accepted that the size and distribution of the catalyst par-
ticles are affected by the physical structure of the support (porosity and surface
area) and the nature of the catalyst precursor. Since carbon aerogels and cryogels
have a large specific surface and many unsaturated carbon atoms, these atoms re-
act with heteroatoms from environment (O, H, N). The chemical properties of these
materials arise mostly from incorporation of oxygen, forming oxides, carboxylic,
phenolic, lactonic and etheric groups which are responsible for the acid/base and
the redox properties of a carbon material. Surface modification (oxidation) of these
materials gives a more hydrophilic surface with a relatively large number of oxy-
gen containing surface groups.13 Modification of the surface chemistry results in a
significant change in the loading capacity. However, conflicting results concern-
ing the influence of oxidative pretreatments of the carbon on the catalyst disper-
sion have regularly been reported in the literature. According to some references,
for carbon supported platinum catalysts prepared by the impregnation method, both
the dispersion and resistance to sintering increase with increasing number of oxy-
gen surface groups on the support.14-17 The opposite conclusion was also repor-
ted for similar catalytic systems, namely, that the presence of oxygen surface groups
on the carbon leads to lower metal dispersions and lower resistance to sintering.18-20

In this article, the preparation and electrochemical characterization of a new
type of oxidized carbon cryogel employed as a catalyst support for Pt nanoparti-
cles is reported. The relation between the specific surface area of the carbon sup-
port and the particle size distribution of the Pt catalyst, as well as the effect of
carbon oxygen surface groups on their dispersion and, consequently, on their ca-
talytic activity for the hydrogen oxidation reaction were investigated.

EXPERIMENTAL
Carbon support and catalyst preparation

The carbon cryogel was sythesized by polycondensation of resorcinol and formaldehyde, ac-
cording to a method described in the literature.?! Sodium carbonate was used as the basic catalyst.
The solution was prepared from resorcinol (R), (99 % purity, Merck) and formadehyde (F), 36 %
methanol stabilized (Fluka Chemie), sodium carbonate (C), p.a. quality (Merck) and deionized wa-
ter (W). The molar ratio between R and F was 0.5, the molar ratio between R and C was 100 and fi-
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nally, the mass ratio between R and W was 20. The mixture was decanted into a glass tube, sealed and
placed 2 days at 25 °C, 1 day at 50 °C and 4 days at 85 °C. The RF gel was immersed in a 10-times
volume of t-butanol and rinsed to give the liquid contained in the gel with t-butanol. The sample
was freeze-dried at —30 °C for 24 h. The vacuum during twenty hours of freeze-drying was around
4 mbar. The carbon cryogel was prepared by carbonization of the gel in a conventional furnace, in
nitrogen flow, at 800 °C and the furnace was cooled at room temperature after pyrolysis.

To study the influence of surface oxidation, 250 mg of carbon cryogel was immersed in 50 cm?3
of 5 mol dm=3 HNOj, for 3 h, at room temperature. Subsequently the sample was filtered, washed
with distilled water and dried at 80 °C for 8 h.

The modified ethylene glycol method (EG) for the preparation of the Pt catalyst?2 can be des-
cribed as follows: hexachloroplatinic(V) acid (H,PtClg) solution was dissolved in ethylene glycol
(EG) solution containing 5 vol % of water. To adjust the pH of the solution to the value of 12, the
required amount of 1.0 mol dm3 NaOH (in EG) was added immediately to the EG solution. The
so-prepared solution was added dropwise, under mechanical stirring to an ultrasonically dispersed
carbon ethylene glycol solution. The temperature was increased to 130 °C and kept constant for 2 h
in order that the platinum salt could be adequately reduced to platinum metal. The whole prepara-
tion process was conducted under a dynamic argon atmosphere. After filtration and washing, the
filter cake was dried under vacuum at 60 °C for 12 h. The Pt loading of the all catalysts was always
20 wt. %. The Pt/C catalysts were finally heat-treated at 300 °C under a H, atmosphere for 1 h.

Characterization of the oxidized carbon cryogel and oxidized carbon cryogel with Pt nanoparticles

Adsorption and desorption isotherms of N, of the carbon cryogel were measured at —196 °C
using the gravimetric McBain method. From the isotherms, the specific surface area, Sggt, pore
size distribution, mesopore including external surface area, Speso, @and micropore volume, V¢, for
the samples were calculated. The pore size distribution was estimated by applying the BJH (Barret,
Joyner, Halenda) method?3 to the desorption branch of the isotherms and the mesopore surface and
micropore volume were estimated using the high resolution o plot method.2428 The micropore
surface, Sy, was calculated by subtracting Speso from Sget.

Oxidized carbon cryogel and C/Pt catalyst were characterized by recording their powder X-ray
diffraction (XRD) patterns on a Siemens D500 X-ray diffractometer using CuKa radiation with a
Ni filter. The 26 angular regions between 5 and 80° were examined at a scan rate of 0.02° s, with
an angular resolution of 0.02°.

Transmission electron microscopy (TEM) measurements were performed at the National Cen-
ter for Electron Microscopy (NCEM) using FEI (Fillips electronic instruments) CM200 super-twin
and CM300 ultra-twin microscopes operating at 200 and 300 kV and equipped with the Gatan 1kx1k
and 2kx2k CCD cameras, respectively. Specimens for transmission electron microscopy were pre-
pared by suspending the catalyst powder in ethanol using an ultrasonic bath. This suspension was
dropped onto clean holey carbon grids and dried in air. The particle size distributions were determi-
ned from images of, an average, 20 different regions of the catalyst; each region contained 10-20
particles. The particle shape was determined by real space crystallography using high-resolution ima-
ges taken from particles near or on the edge of the carbon substrate, and/or by numerical Fourier fil-
tering of the the digitized image intensity spectrum of particles on top of the carbon.

Cell and electrode preparation

Two milligram of sample was ultrasonically suspended in 1.0 ml of a water—methanol mixture
(v/v = 1/1) and 50 pl of Nafion solution (5 wt. % Aldrich solution) to prepare a sample ink. Then, 12.5 pl
of ink was transferred with an injector to a clean gold disk electrode (6 mm diameter, with an area of
0.28 cmz). After volatilization of the water—-methanol, the electrode was heated at 80 °C for 10 min.

A conventional RDE and three-compartment cell were used. The working electrode compart-
ment was separated from the other two compartments by fritted glass discs. All measurements were
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performed in 0.5 mol dm3 HCIO, solution (Spectrograde, Merck), prepared in highly pure water at
20 °C. The counter electrode was a platinum sheet of 5 cm? geometric area. A platinum plated Pt
reversible hydrogen electrode (RHE) in the same solution as the working electrode was used as the
reference electrode.

Electrode characterization

Electrochemical characterization was performed using an EG&G 273 instrument. Cyclic vol-
tammetry was performed in 0.5 mol dm™ HCIO, saturated with high purity nitrogen which was
continuously bubbled through the working electrode compartment. The CVs were recorded in the
potential range from 0.03 to 1.20 V (RHE) at a rotating speed of 2500 rpm at a scan rate in the ran-
ge from 2 to 200 mV s,

RESULTS AND DISCUSSION
Adsorption isotherms — BET experiments

Nitrogen adsorption isotherms for the oxidized carbon cryogel and Pt/C cata-
lyst, as the amount of Ny adsorbed as function of the relative pressure at =196 °C,
are shown in Fig. 1. According to the IUPAC clasification, the isotherms are of
type-1V with a small hysteresis loop which is assosiated with mesoporous mate-
rials. The specific surface area, calculated by the BET equation, SgeT, is listed in
Table I, together with the corresponding value for the non-oxidized sample, which
was given in a previous paper.21 In comparison with this result, it is obvious that
surface oxidation with nitric acid leads to decrease of the overall specific surface
(from 573 to 440 m2 g-1), until the process of loading of the Pt nanoparticles in-
creased the specific surface area of the oxidized sample. On the contrary, the va-
lue of SgeT and mesoporous surface area of non-oxidized carbon cryogel support
decreased with the addition of nano-sized Pt particles.

Fig. 1. Nitrogen adsorption iso-
therms, as the amount of N,
adsorbed as a function of the re-
lative pressure for oxidized car-
bon cryogel and Pt/C samples.
Solid symbols — adsorption, open
symbols — desorption.

The pore size distribution of the oxidized carbon cryogel and Pt/C samples
are shown in Fig. 2. The distribution has a single peak and the value for the pore
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radius of the maximum of observed curves, rpeak, was between 1-2 nm. Both sam-
ples (support and catalyst) had sharp and similar pore size distributions.

TABLE 1. Porous properties of the carbon cryogel support and Pt/C samples

sample I R I OB
Oxidized carbon cryogel 440 145 295 0.14 386
Oxidized carbon cryogel + 20 wt. % Pt 501 185 316 0.15 -
Non-oxidized carbon cryogel?! 573 258 315 0.15 124
Non-oxidized carbon cryogel + 20 wt.% Pt~ 517 234 283 0.13 -

Fig. 2. Pore size distribu-
tion of the oxidized carbon
cryogel and Pt/C catalyst.

The o5 plots, obtained on the basis of the standard nitrogen adsorption iso-
therms for the support and catalyst are shown in Fig. 3. The straight line in the me-
dium o region gives a mesoporous surface area including the contribution of ex-
ternal surface, Smeso, determined by its slope, until the micropore volume, Vpic,
is determined by the intercept. The calculated porosity parameters (Syeso, Smic and
Vmic) are given in Table I and they show that the mesoporous specific surface de-
creased as a consegence of surface oxidation.2! Pt loading also slightly increased
mesoporous surface.

It is well known1® that oxidation treatments of carbons lead to the formation
of different surface acid groups, mainly carboxylic, anhydride, lactone, phenol and
carbonyl groups. Carboxylic and anhydride groups are considered as strong acid
ones, while the other ones display weaker acid properties. Moreover, it has been
reported that the stronger acid groups lead to CO2 desorption at low temperatures
during temperature-programmed desorption (TPD) experiments, in contrast to the
weaker acid sites which lead to CO-desorption at higher temperatures.1® The oxida-
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tive treatment of the carbon cryogel with HNO3 solution, as was previously menti-
oned, results in a reduction of the specific surface area and porosity of the support.

Fig. 3. g Plots for the nitrogen
adsorption isotherm of the oxi-
dized carbon cryogel and Pt/C
catalyst, based on the standard
isotherm of non-porous carbon.

During the activation process of Pt/C samples under a H, atmosphere at 300 °C
complex processes could take place at the oxidized carbon support. Thus, the de-
composition of strong acid groups into CO» and their transformation into CO by
combination with atomic hydrogen produced by dissociation of H, on the metal-
lic Pt particles.1®> The increase in the porosity and specific surface are of the oxi-
dized carbon cryogel sample after Pt loading and the final activation process could
be explained by the decomposition of the oxygenated surface groups and for-
mation of gaseous products (CO, and CO), which increase the pore volume.

XRD Analysis of Pt catalyst

The XRD patterns of the oxidized carbon cryogel and the Pt/C samples are
shown in Fig. 4. XRD Pattern of the oxidized carbon cryogel, i.e., without chara-
cteristic peaks, proves the amorphous structure of the carbon material. The chara-
cteristic diffraction peaks of face centered cubic (fcc) phase Pt for the Pt/C cata-
lyst demonstrate that a successful reduction of the Pt precursor to metallic Pt had
been achieved. The diffraction peaks at about 39° and 46°, due to the Pt (111) and
(200) plane, respectively, represent the typical character of a crystalline Pt face
that is a fcc phase. There are no other distinct reflection peaks in all patterns in the
investigated 2 range than the two peaks already mentioned above, indicating that
in these in-house supported Pt catalysts, the Pt fcc crystal structure prevailed.

TEM Analysis

The low magnification TEM micrograph (Fig. 5) shows a very uniform size
distribution of the Pt particles, with a mean particle size of about 3.3 nm. The hi-
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stogram of Pt particle size distribution of Pt/C catalyst was obtained based on
measurements of over 300 Pt particles.

Fig. 4. XRD Patterns of the oxidi-
zed carbon cryogel and Pt/C catalyst.

The atomically resolved image in Fig. 6 shows rows of Pt atoms with a spa-
cing corresponding to the (200) and (111) planes of the face centered cubic Pt na-
noparticles, as indicated in the corresponding digital diffractograms, also shown
in Fig. 6. The Pt particles have the common cubo-octahedral shapes. Twinned
particles were observed occasionally with the same (111) twinning plane as in
some other Pt based catalysts.2”

Fig. 5. TEM Micrographs of Pt nanoparticles on the oxidized carbon cryogel (Pt/C catalyst). The
lower magnification shows the spread of the Pt particle size distribution.
The corresponding size histogram is also shown.
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Fig. 6. High resolution image showing one-dimensional lattice fringes of the (111) lattice planes in Pt.
Cyclic voltammetry experiments

Cyclic voltammograms (CV) of the oxidized carbon cryogel (C) and Pt/C
samples, at different scan rates (2-200 mV s-1) are shown in Figs. 7a and 7b, res-
pectively. The cyclic voltammetry experiments showed that, due to the oxidation
process, the basic voltammogram is different from that observed for a non-oxi-
dized carbon cryogel.21 The voltammograms of the oxidized sample show, to so-
me extent, deviation from a rectangular shape and the presence of reversible re-
dox peaks connected with pseudo-Faradic reactions. Chemical treatment of the car-
bon cryogel with nitric acid significantly increased the voltametric charge. Altho-
ugh the oxidation process decreased the specific surface, the overall voltametric
charge increased remarkably due to redox processes of the functional groups on
the surface (pseudocapacitance).

The specific capacitance decreased with increasing the scan rate (Fig. 7). It
was shown?1 that the voltammetric charge and/or capacitance, should be a linear
function of v=0-5 and the reciprocal capacitance should be a linear function of v0-5.
The extrapolation of the 1/C — v9-5 line to v0-> — 0 gives the capacitance at an
infinity slow scan rate, i.e., under the conditions of reversibility. Under the con-
dition of a slow scan rate, it was assumed that the charging process is able to reach
equilibrium at the whole surface (external and internal), meaning that the specific
capacitance measured at this scan rate corresponds to the total capacitance. For the
oxidized carbon cryogel, the so-determined total specific capacitance was found
to be 386 F g1 (the total specific capacitance of the non-oxidized carbon cryogel
was 124 F g-1). Literature data show that the specific capacitances of other car-
bon materials28-33 are significantly lower than the present measured value and for
this reason the present result could be very important for further investigations
and applications of surface modified carbon cryogels in supercapacitors.

Cyclic voltammetry measurements on the Pt/C electrode were performed to
determine the electrochemical surface area of the Pt and to elucidate the adsorp-
tion properties of the catalyst. The electrochemically active surface area of the ca-
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talyst was calculated from the charge associated with the anodic desorption peak
of underpotential deposited (UPD) hydrogen at the Pt nano-sized particles. The
base line was taken by extrapolation of the double-layer region of the voltam-
mogram. The electrochemically active surface area of the catalysts (Seas5) Was cal-
culated from the measured charge assuming 210 pC cm=2 as the charge of full
coverage with adsorbed hydrogen. The electrochemical surface area for this ele-

ctrocatalyst was found to be 2.36 cm2 (47 m2 g-1).
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The total surface area of Pt catalyst, Siot, was calculated from the correspon-
ding values of the mean particle size, d, and the density of Pt metal, p = 4.24 cm2.
The Pt utilization efficiency for the RDE was determined using the following
equation: Pty e = Seasa/ Siot- The Pt utilization efficiency was 56 %. However,
the Pt utilization efficiency on the non-oxidized carbon cryogel support was aro-
und 88 %.21 This means that the presence of carboxyl surface groups on the oxi-
dized carbon cryogel support, under the present conditions, results in a lower uti-
lization efficiency and a lower metal dispersion during the reduction of the anio-
nic precursor, PtCIg—in ethylene glycol at 130 °C. Electrostatic repulsion bet-
ween the anionic entities and the acid groups of the oxidized carbon support can
explain the low dispersion of Pt particles. This interpretation is in line with that
proposed for a series of Pt catalysts supported on graphitized carbon blacks.® The-
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se results also indicate that the control of the final metallic dispersion of a high
surface area carbon-supported Pt catalyst also depends on the presence of oxygen
surface groups on the carbon support.

Kinetics of the hydrogen oxidation at the Pt/C catalyst

The hydrogen oxidation polarization curves for several rotation speeds, ob-
tained at a scan rate of 2 mV s~! in 0.5 mol dm—3 HClOy4 solution, on the Pt/C ele-
ctrode are presented in Fig. 8. The current is increased rapidly with potential on
each curve, reaching a limiting value at a potential of ca. 60 mV (RHE).

1| @/ rpm PYC
1.2411-3555
1| 2-2780
1.0[3-1925 1
{| 4-1360
0.8 5-786 2
< J
E 0.6 4 :
= 4
0.4 5
1 Fig. 8. Current Vs. potential curves
0.2+ of the electrocatalytic oxidation of
1 H, on the Pt/C catalyst (T =293 K,
0.0 ——7——— T 71 71— 11 y=2mVs'!), on RDE electrode, in
0 50 100 150 200 250 300

0.5 mol dm™ HCIO, solution under
E/mV a H, atmosphere.

In order to obtain information about the kinetics of the HOR on the investi-
gated electrode, the RDE polarization data were analyzed in terms of mass trans-
port corrected Tafel diagrams. The kinetic equations used for such an analysis
were derived considering the reversible or irreversible nature of the electrochemi-
cal reaction.

The kinetic equations for a reversible and an irreversible electrochemical
reaction34 can respectively be given as:

£ 230RT, (1] 0
nF ID

£, 230RT, [ 1y o
onF Ip -1

where EJ and E5 are current independent constants and « is the charge transfer
coefficient. Equation (1) is used to obtain mass transport corrected Tafel diagr-
ams if the reaction is assumed to be reversible, while Eq. (2) is employed to obtain
mass transport corrected Tafel diagrams if the reaction is irreversible. If one or ano-
ther condition is satisfied, according to Egs. (1) or (2), the plots E —log [(I{—1)/I1]
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or E—log [I_xI/(I_-1)], respectively, should be linear with the points indepen-
dent of the rotation rate.

It is clear that linear plots practically independent of the rotation speed were
obtained when reversible kinetic were assumed (Fig. 9). The slope of the linear
plot is very close to the theoretical value of 29 mV dec~1. However, there is no
agreement with the prediction of Eqg. (2). In this case, the linear relationship of
E —log [I_xI/(I_-1)] is also established in the potential range where the correc-
tion for the reverse reaction is not necessary, but the linear plots depend on the
rotation speed and the slopes are around 28 mV dec-1, which is only half of the
predicted value of 58 mV dec-1. Therefore, the most reasonable assumption that
electrochemical hydrogen oxidation reaction at the investigated Pt/C catalyst is
reversible seems to be experimentally justified.
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A
< -0.21 - z
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= -0.31 a2dso, { =
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L0591 o 2779 102 <,
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T 074 k)
.0.84 --06 )
' : . : , Fig. 9. Plots of E —log [(I.-1)/I,]
0.00 0.01 0.02 0.03 0.04 and E - log [Ix/(I_~1)]. Data ta-

E/V ken from the RDE plots in Fig. 8.

The mechanism of the HOR has been extensively studied in acidic and base
solutions.35:36 The chance of extracting 2 e~ directly from H, in a direct dischar-
ge reaction is usually considered low. However, the kinetic analysis conducted in
this paper shows that the HOR occurs as a reversible two-electron direct dis-
charge reaction at the investigated Pt/C catalyst.

CONCLUSION

The effect of the specific surface area and oxygen surface groups of a carbon
support on the catalytic properties of Pt/C were investigated using an oxidized car-
bon cryogel. The catalyst was prepared by a modified polyol synthesis method
and heat-treatment under a hydrogen atmosphere at 300 °C. The results show that
the specific surface area of the oxidized carbon cryogel support (SgeT) decreases
after oxidation with HNO3. However, the calculated total specific capacitance de-
termined from CV experiments significantly increased from 124 to 386 F g~ due
to oxidative—reductive processes on the surface functional groups (pseudocapacitance).

The presence of oxygen surface groups on the carbon led to low metal dis-
persions and utilization efficiency (56 %). The mean Pt particle size on the oxidi-
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zed carbon cryogel was 3.3 nm. These results also indicate that the control of the
final metallic dispersion of a high surface area, carbon-supported metal catalyst
depends also on the presence of oxygen surface groups on the carbon support.
Analysis of the hydrogen oxidation reaction showed that this reaction occurs at
the investigated Pt/C catalyst as a reversible two-electron direct discharge reaction.
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KAPAKTEPU3ALIAJA ITOBPIIMHCKH MOJUPNKOBAHOI" YI'JBEHUYHOI' KPUOI'EJIA
U IUTATUHA/YTJbEHUK KATAJIN3ATOPA

BUJbAHA M. EABI/I"Fll, BFPAHKA B. KAHY"F)EPOBI/I'ﬁl, JbMJbAHA M. BPA'—IAPZ,
BEJIMMUP PA£lMI/U'[OBl/1T13 n HEJJEJBKO B. KPCTAJUR?

Uncimuinyi 3a nykaepre nayke “Bunua”, . iip. 522, 11000 Beozpad, 2Texnonoutko—meianypuiku (paxyitieit,

Kapnezujesa 4, 11120 Beozpao u 3National Center for Electron Microscopy,
LBLN University of California, Berkeley, USA

VIJbeHUYHU KPUOTEN, CHHTETH30BaH KapOOHM3ALN]jOM PE30PLUHON/(pOpMANTAEXUa KpHorena
U OKCHJIOBAaH Yy a30THO] KHMCEJIMHH yIOTPeOJbEH je Kao HOcau KaTaau3aTopa 3a HAHOYECTHIE Iuia-
tuHe. [TnaThHa/yribeHUK KaTalnu3aTop NPHIPEMIbEH je MOAN(UKOBAHOM IMOIHOJI METOJIOM, y pac-
TBOPY eTHJICH-TINKOJa. Kapakrepu3aiija aJcopIiijoM a30Ta I0Ka3aja je ia Cy yIrJbeHUYHH KPUo-
reNl W IUIaTHHA/YTJbeHNK KATaan3aTop ME30MOPO3HH MAaTepHjald BHCOKE CreU(pUIHE MOBPLINHE
(> 400 m? g'1) i mezomoposne 3anpemure. Metoga pentrencke audpakiuje nokasana je aa je moc-
THTHYTa PeayKLyja IpeKypcopa IIaTuHe 10 MeTanHor obsuka. TEM aHanu3a miaTHHA/yTJbEHHK
KaTaanu3aTopa U pacrofielia BeINYMHe YecTUla IUIATHHE [0Ka3yje [a je CpelbH MPEYHHUK YeCTULA
oko 3,3 nm. McnuTuBama METOJOM LIMKIIMYHE BOJITAMETPH]jE, IPH PA3IMIUTUM Op3uHaMa IPOMEHE
norermujana (2 — 200 mV s'1), nokasana cy na enexrpona o OKCHIOBAHOT YITbEHMYHOT KPHOTeNa
“Ma BeOMa BHCOK KallallUTET KOjH MOTHYE O]l KOMOWHAIWje KamaluTeTa ABOJHOT ClIoja M MCEyI0-
KananuTera. YKyHaH crelu(UyHn KanauTeT OKCHI0BAHOT YIJbeHHUHOT Kprorena n3nocu 386 F gL,
Peakuuja oxcupjaluje BOJAOHHKA Ha HaHOYECTHLIAMA IUIATHHE OJBHja C€ 0 MEXaHHW3My PEBep3H-
OWITHE TUPEKTHE OKCHALIH]C.

(TTpumibero 27. HoBemOpa 2006, peunmpano 22. janyapa 2007)
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