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Abstract: Formic acid oxidation was studied on two Pt—Bi catalysts, i.e., Pt,Bi
and polycrystalline Pt modified by irreversible adsorbed Bi (Pt/Bi;,,) in order to
establish the difference between the effects of Bi;,, and Bi in the aloyed state.
The results were compared to pure Pt. It was found that both bimetallic catal-
ysts were more active than Pt with the onset potentials shifted to more negative
values and the currents at 0.0 V vs. saturated calomel electrode (under steady
state conditions) improved by up to two order of magnitude. The origin of the
high activity and stability of Pt,Bi was increased selectivity toward formic acid
dehydrogenation caused by the ensemble and electronic effects and suppression
of Bi leaching from the surface during formic acid oxidation. However, although
Pt/Bi;,, also showed remarkable initial activity compared to pure Pt, dissolution
of Bi was not suppressed and poisoning of the electrode surface induced by the
dehydration path was observed. Comparison of the initial quasi-steady state
and potentiodynamic results obtained for these two Pt-Bi catalysts revealed
that the electronic effect, existing only in the aloy, contributed to the earlier
start of the reaction, while the maximum current density was determined by the
ensemble effect.

Keywords: formic acid; electrochemical oxidation; Pt,Bi catalyst; Pt/Bij,, catal-
yst; fuel cell.

INTRODUCTION

The electrocatalytic oxidation of small organic molecules, such as methanal,
ethanol and formic acid, has been extensively studied because such molecules
can potentially be used as fuel in fuel cell applications. Pt is an excellent catalyst
for the dehydrogenation of small organic molecules but, on the other hand, has
several significant disadvantages, such as high cost and extreme susceptibility to
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poisoning by CO. To improve its catalyst performance and minimize its amount
in catalysts, Pt has been modified by the addition of other metals, such as Ru, Rh,
Pd, Sn, Pb, etc.25

The electrochemical oxidation of formic acid has been comprehensively
investigated as the anodic reaction in direct formic acid fuel cells (DFAFC) and
as amodel reaction important for the understanding the el ectro-oxidation of other
small organic molecules.%7 Mechanistic studies of formic acid electro-oxidation
suggested that the reaction on Pt proceeds through two parallel paths:® dehydro-
genation with direct oxidation to CO» and a path consisting of a dehydration step,
to yield water and adsorbed CO (COg4), as a poisoning intermediate, and the
subsequent oxidation of COg4y to CO,. Since the potential of CO4q formation is
lower than the dehydrogenation potential, the poison remains on electrode sur-
faces until it is oxidized by oxygen-containing species at positive potentials.9
Thus, the Pt atoms covered with poison are not available for dehydrogenation
and the catalytic efficiency of the Pt surface decreases.

Therefore, practical application of Pt for formic acid oxidation requires some
modification of the surface. This is commonly realized by alloying or by ater-
ation of the Pt surface with adsorbed foreign metals in amounts less than a full
monolayer. As the COg4 poison require an ensemble of Pt surface atoms to
adsorb on, modification of the local distribution of surface domains is achieved
by adsorption of different ad-atoms, such as Bi. Irreversibly adsorbed Bi.10-13
inhibits poison formation and simultaneously enhances dehydrogenation,13 i.e.,
this modification is an efficient way to hinder the dehydration path (CO-inter-
mediate pathway) in favor of the direct path.14 This increased selectivity for
dehydrogenation has been proposed as an “ensemble effect”1516 in which the
adsorbed Bi divides the Pt surface into small domains where only dehydroge-
nation can occur. A correlation between ensemble size and formic acid oxidation
activity was also established.1” According to literature data, the activity of a Pt
catalyst modified with Bi depends on the shape of the Pt nanocrystals, 18 the size
of the particles!® and Pt catalyst loading.14

Ordered intermetallic PtBi or PtBio alloys?9-23 and PtBi alloy nanopartic-
les?4-29 were proposed as good catalysts for formic acid oxidation. The onset
potential of the reaction is significantly shifted to more negative values (by over
300 mV) and the current density is remarkably enhanced over the whole potential
range compared to Pt.30 Moreover, the PtBi surface appears to have a consi-
derably lower sensitivity to poisoning by CO according to DEMS,22,30 FT|R22,31
and DFT calculations.22:23.32 The origin of its catalytic activity was related to
electronic effects. The formation of the PtBi ordered intermetallic phase resultsin
a charge redistribution, enhancing the affinity of PtBi for formic acid adsorption
and producing surface oxides at low potentials,2>33 as well as to geometric
effects reducing the affinity for CO poisoning. In addition, the excellent catalytic
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properties of PtBi nanoparticles can be attributed to the occurrence of the
ensemble effect on the nanoscale level .29

In previous studies, the oxidation of formic acid was investigated on single
phase PtBi aloy,34 as well as on PtyBi catalyst, a two-phase material consisting
of PtBi aloy and pure Pt.35 A huge increase in catalytic activity on the PtBi
electrode relative to polycrystalline Pt was observed and discussed in terms of
electrochemically detected UPD phenomena of Bi re-adsorbed on Pt. Addition-
aly, based on the analysis of X-ray photoelectron spectra, it was proposed that
the bifunctional action of hydroxylated Bi species may contribute to the enhanced
activity of PtBi alloys.34 PtyBi was found to be powerful catalyst for formic acid
oxidation, exhibiting high activity and stability. The high activity originates from
the fact that formic acid oxidation proceeds entirely through the dehydrogenation
path, while the high stability of PtoBi surface isinduced by the suppression of Bi
leaching in the presence of formic acid.3® It is difficult to separate the contri-
butions of the ensemble and the electronic effect since both of them could be
present in the Pt-Bi surfaces.

In the present study, formic acid oxidation was studied on two types of Pt-Bi
surfaces: polycrystalline Pt modified by irreversibly adsorbed Bi (designated as
Pt/Bijrr) and a PtyBi catalyst. In order to investigate the promotional role of Bi in
formic acid oxidation, as well as the difference between the effect of irreversibly
adsorbed Bi and Bi in the alloyed state, Pt was modified with =30 % Bijyr, which
correspond to the nominal content of Bi in the PtoBi catalyst. The comparative
investigation based on the effects influencing the catalytic properties of these
electrodes enabled a better understanding of the difference in the activities between
the PtyBi catalyst and the Bij,, modified Pt.

EXPERIMENTAL

Polycrystalline Pt and Pt,Bi electrodes in the form of discs were used in this study. Pt,Bi
catalyst was prepared and characterized at the Institute of Catalysis and Surface Chemistry,
Polish Academy of Sciences, Krakow, Poland.® Briefly, the catalyst was fabricated by melt-
ing the pure elements in an inert atmosphere in the proportion of Bi to Pt of 1:2 and characte-
rized by X-ray diffraction (XRD) analysis. Diffraction pattern for Pt,Bi sample revealed two
crystal phases: platinum (fcc) and platinum bismuth PtBi (hcp). The phase composition of the
sample was calculated using the Rietveld refinement as 45 % and 55 % for Pt and PtBi phases,
respectively.

Prior to each experiment, the electrodes were mirror polished (1-0.05 um Buehler alu-
mina). The surfaces were rinsed with high purity water (Millipore, 18 MQ cm resistivity),
sonicated for 2-3 min and rinsed again with ultrapure water.

All experiments were performed on the as-prepared catalysts. Three-compartment elec-
trochemical glass cells with a Pt wire as the counter electrode and a saturated calomel
electrode (SCE) as the reference electrode were used. All the potentials are expressed on the
SCE scale. The electrolyte containing 0.1 M H,SO, as a supporting electrolyte and 0.125 M
HCOOH was prepared with high purity water and p.a. grade chemicals (Merck). The elec-
trolyte was de-aerated by bubbling with nitrogen. Upon addition of HCOOH at —0.20 V,
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potentiodynamic (v = 50 mV s1), quasi steady-state measurements (v = 1 mV si) or
chronoamperometric measurements were performed. The electrode was rotating at 2000 rpm
in al the experiments.

Maodification of the Pt electrode was performed from 1x10° M Bi,O3in 0.1 M H,SO, at
the open circuit potential during 45 s. After modification, the electrode (denoted Pt/Bij,,) was
rinsed with water and transferred into a cell containing the supporting electrolyte. The fraction
of the sites covered by Bi was estimated from the decrease in the charge for the desorption of
hydrogen, assuming a charge of 210 uC cm-2 for hydrogen monolayer adsorption.

The real surface area of al the as-prepared catalysts was calculated from CO stripping
voltammetry. For the CO stripping measurements, pure CO was bubbled through the elec-
trolyte for 20 min while keeping the electrode potential at —0.20 V vs. SCE. After purging the
electrolyte by N, for 30 min to eliminate the dissolved CO, the adsorbed CO was oxidized in
an anodic scan at 50 mV s1. Two subsequent voltammograms were recorded to verify the
completeness of the CO oxidation. The real surface area of al the employed electrodes was
estimated by calculation of the charge from the CO,y stripping voltammograms corrected for
background currents. Assuming a charge of 420 uC cm2 for a CO monolayer adsorption on
the Pt electrode, a roughness factor of 1.4+0.1 was estimated. The real surface area of the
Pt,Bi electrode was estimated assuming the same roughness factor as for the Pt electrode,
which is to be expected since both electrodes were polished in the same way. The specific
activity of Pt and Pt,Bi electrodes for formic acid oxidation were normalized using these
values of the surface area.

The experiments were conducted at 295+0.5 K employing a VoltaLab PGZ 402 (Radio-
meter Analytical, Lyon, France).

RESULTS AND DISCUSSION
Electrochemical characterization

The initial voltammograms of the as-prepared Pt and Pt/Bij, catalysts are
presented in Fig. 1. The cyclic voltammogram for the polycrystalline Pt electrode
is characterized by a defined region of hydrogen adsorption/desorption (E < 0.05
V), separated by a double layer from the region of surface oxide formation (E >
0.45 V). The absence of well-developed peaks at the polycrystalline Pt in hyd-
rogen adsorption/desorption region arises from the employed preparation proce-
dure.

In Fig. 1, the typical voltammograms recorded in the supporting electrolyte
before and after Pt modification with adsorbed bismuth are compared. Distinctive
characteristics for the presence of bismuth ad-atoms on the platinum surface are
the diminution of the hydrogen adsorption/desorption charge due to the fact that
hydrogen does not adsorb on Bi36 and the appearance of peaks“a’ and “a”, asa
result of the irreversible oxidation/reduction of Bi adsorbed onto the Pt surface,
which superimpose those corresponding to Pt oxide formation/reduction. Since
only the Pt sites not blocked by Bi are available for hydrogen adsorption, the
fractional coverage by Bi ad-atoms, evaluated from the decrease in charge involved
in the hydrogen desorption before and after adsorption of Bi on the Pt electrode

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS




FORMIC ACID OXIDATION ON Pt-Bi ELECTRODES 1193

surface, was set to be about 30 %, corresponding to the nominal content of Bi in
the PtyBi catalyst.
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Fig. 1. Initial basic voltammograms for Pt/Bi;,, and Pt catalystsin 0.1 M H,SO, solution.
Scan rate: 50 mV s,

Oxidation of pre-adsorbed CO

Oxidation of pre-adsorbed CO was examined on Pt, PtoBi and P/Bij,, €lec-
trodes and the stripping voltammograms after subtraction of the background cur-
rent are given in Fig. 2. As can be seen, the oxidation of COj started earlier on
the PtyBi catalyst than on pure Pt. The difference in the onset and peak potential
of CO4 oxidation could be ascribed to some electronic modification of the Pt
surface atoms by Bil0.17.37,38 resulting in weaker bonding of COgq. This State-
ment is consistent with literature data based on theoretical calculations.39:40
However, the difference in onset and peak potentials between Pt/Bij; and Pt
catalysts was insignificant.

The CO stripping charge was also determined for the PtoBi electrode and
corrected for the background currents to eliminate the contribution of the double
layer charge, as well as Bi oxidation charge. Since Bi37 and PtBi23.30 are inactive
for CO adsorption, the oxidation of CO occurs only on the Pt domains. There-
fore, the charge under the CO4y peak at PtoBi reflects a process at the Pt parts
and could be used for determining the contribution of pure Pt in the surface com-
position of PtoBi catalyst.3>
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Oxidation of formic acid

Activity of the catalysts. The activities of PtyBi, Pt/Bij and Pt electrodes
(first sweeps) towards formic acid oxidation are compared in Fig. 3. The cyclic
voltammogram for the Pt electrode shows well established features for the oxi-
dation of formic acid.8 In the positive scan, the current slowly increased reaching
aplateau at ~0.25 V followed by ascending current starting at 0.5 V that attains a
maximum at ~0.62 V. This behavior could be explained by considering the dual
path mechanism, i.e., dehydrogenation assigned as the direct path, based on the
oxidation of formate, 4142 and dehydration, indirect path, assumes the formation
of COgy, both of which generate CO» as the final reaction product. At low poten-
tials, HCOOH is oxidized through the direct path with the simultaneous forma-
tion of CO4. Increasing coverage with CO4y reduces the number of Pt sites
available for the direct path and the current slowly increases reaching a plateau.
Subsequent formation of oxygen-containing species on the Pt enables the oxi-
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dative removal of CO4q and more Pt sites become available for HCOOH oxi-
dation whereby the current increases until Pt oxide, inactive for HCOOH oxi-
dation, is formed, which results in the current peak at ~0.62 V. In the backward
scan, the sharp increase of HCOOH oxidation current coincides with reduction of
Pt oxide. The currents are much higher than in the forward sweep because the Pt
surfaceis freed of COgqg.

The polarization curves for bimetallic surfaces indicate a quite different
behavior. Figure 3 shows that the onset potential for the reaction on Pt/Bij; was
about 0.1 V less positive than on the Pt electrode. The current increases up to
0.35 V and reaches a peak, which corresponds to the oxidation of HCOOH to
COs in the direct path, occurring on Pt sites that are not blocked by COg4y. On the
descending part of the curve, a shoulder appears at almost the same potential as
the peak on the curve for the bare Pt electrode. The currents recorded in the
backward direction are dightly higher, so the difference between forward and
backward scan is not as large as on the bare Pt. Since the peak at ~0.62 V arises
from HCOOH oxidation on the Pt sites being freed by CO4q oxidation, its height
is an indication of the degree of Pt poisoning at lower potentials. Accordingly,
the amount of COg4y formed in the indirect path on Pt/Bij, is much lower than
that formed on the pure Pt electrode.

The oxidation of formic acid on PtoBi electrode starts at = —0.2 V, which is
0.1V less positive than on PU/Bijr and =0.2 V less positive than on the Pt elec-
trode. The current increases up to 0.35 V and reaches a peak about 15 times
higher than the plateau on the curve for Pt. At more positive potentials, the reac-
tion currents decrease due to surface oxide formation. The absence of a shoulder
on the descending part of the curve, recorded on Pt/Bij,y, indicating that no poi-
soning of the alloy by CO4ys Occurred.

Well-shaped voltammogram clearly suggests that oxidation of HCOOH on
PtoBi proceeds through dehydrogenation path.3> Since Bi does not adsorb
HCOOH,3440 oxidation of HCOOH occurs on the Pt sites in the pure Pt and Bi
aloyed Pt domains. Asis shown in Fig. 3, the lower activity of Pt/Bij;, compared
to PtoBi and the appearance of a shoulder on the curve of Pt/Bij, could suggest a
low coverage by COgj at the Pt sites on Pt/Bijyy, i.€., incomplete suppression of
the dehydration path although these two electrodes contained almost the same
(nominal) amount of Bi. Thus, HCOOH oxidation on Pt/Bij;; proceeded predomi-
nantly by the dehydrogenation path with some minor degree of dehydratation
occurring a well. The increased selectivity toward the dehydrogenation path on
PtoBi as well as on Pt/Bij,, compared to Pt was mainly the result of an ensemble
effect caused by Bi reducing the continuous Pt sites necessary for dehydration.
However, the ensemble effect on the Pt/Bi;,, catalyst was enabled by adsorbed Bi
having practically no influence on the neighboring free Pt atoms. Whereas in the
PtoBi aloy, the ensembles were created by alloyed Bi atoms incorporated into
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the Pt lattice, causing a shift in the d-band center of the adjacent Pt atoms. There-
fore, Bi in the alloy also exhibited an electronic effect that could have been the
reason for the better performance of this catalyst, resulting in higher currents and
alower onset potential.

Stability of catalysts. Cyclic voltammograms (first and 20t sweep) recorded
on PtoBi and PUBijy, catalysts in a formic acid containing solution are shown in
Fig. 4. On potential cycling up to 0.8 V, the activity of the Pt>Bi electrode (Fig.
4a) slowly decreased during the first 5-7 cycles, reaching values of 90 and 82 %
of theinitial currents at the potential of the maximum current and at the potential
of 0.0 V inthe low current region, respectively. After these first few sweeps, the
currents remain unchanged with further cycling (Inset in Fig. 4a). Since cycling
of PtoBi in the supporting electrolyte leads to enhancement of the currents related
to the oxidation of Bi species, indicating some surface decomposition caused by
Bi leaching/dissolution processes, 3 the stability of PtyBi during oxidation of
formic acid could be induced by the presence of HCOOH in the electrolyte.
Abruna and co-workers*3 explained that the stability of Pt-Bi intermetallic sur-
face originates from the competition between the oxidation of formic acid at the
electrode/solution interface and Bi leaching, i.e., corrosion/oxidation processes of
the electrode surface itself. Accordingly, the main reason for high stability of
formic acid oxidation current on the Pt>Bi catalyst was inhibition of the dehydra-
tion path, as well as, suppression of Bi leaching. This statement was confirmed
by STM imaging before and after electrochemical treatment in formic acid-con-
taining solution, which did not indicate any significant change of surface mor-
phology and roughness after that procedure.3®

Contrary to the PtoBi alloy, as can be seen in Fig. 4b, the Pt/Bij; electrode
showed significant changes with continuous cycling in a solution containing for-
mic acid (Inset in Fig. 4b). Repetitive cycling up to 0.8 V shifted the onset poten-
tial for formic acid oxidation to more positive values, decreased the reaction cur-
rents, while anodic peak diminishes and a new peak starts to emerge and grow at
~0.6 V. These transformations of the cyclic voltammograms indicate continuous
Bi dissolution and modification of the surface composition. Upon prolonged cyc-
ling, the electrode surface became enriched in platinum and exhibited a Pt-like
eectrochemical behavior in the acid electrolyte containing formic acid. Apparently,
re-adsorption of Bi species from the solution is rather low, so the initial voltam-
mogram was never restored, which isin accordance with results obtained for for-
mic acid oxidation on bismuth-coated mesoporous Pt microelectrodes. 44

Finally, it could be concluded that the initial activities at the two Bi—Pt catal-
ysts originate from the ensemble effect, but the activity of the Pt/Bij;, in the reac-
tion is diminished due to leaching of Bi. An electronic effect contributes to the
early start of the reaction on the alloy.
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Fig. 4. First and 20t sweep for the oxidation of 0.125 M HCOOH in 0.1 M H,SO, solution on
a) Pt,Bi and b) Pt/Bi;,, catalysts. Insets: Effect of cycling — plots of the current density vs.
number of cycles. Scan rate 50 mV s1.

Chronoamperometric measurements. Chronoamperometric experiments were
performed to prove the activity and stability of the investigated catalysts. The
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current density of formic acid oxidation was recorded as a function of time at
0.20 V over 30 min (Fig. 5). The highest initial current density at 0.20 V on PtoBI
compared to the other two catalysts is in accordance with the potentiodynamic
measurements (Fig. 3). The initial currents at PtyBi electrode decreases slightly
and in observed period of time attain a value which was about 3.5 times higher
than at the Pt/Bij,y catalyst and amost 20 times higher than at the Pt electrode.
The chronoamperometic results confirmed the high activity and stability of the
PtoBi catalyst.

——— Pt poly
——Pt/Bi_,
—— P8

j/mAcm

, : ; ; — —
0 200 400 600 800 1000 1200 1400 1600 1800
t/'s

Fig. 5. Chronoamperometric curves for the oxidation of 0.125 M HCOOH at 0.20 V
in 0.1 M H,SO, solution on Pt,Bi, Pt/Bi;,, and Pt catalysts.

Quasi-steady state measurements. The results of the quasi-steady state
measurements for formic acid oxidation at al the investigated electrodes are pre-
sented in Fig. 6. The data obtained under the slow sweep conditions corroborated
the differences in the activities of pure Pt, Pt modified by Bi and Pt>Bi aloy that
were found in the potentiodynamic measurements.

The Tafel slope on the PtoBi electrode was about 120 mV dec1, indicating
that the first electron transfer is the rate-determining step, with the transfer coef-
ficient being about 0.5. This means that C—H bond cleavage, to form COOHy, is
the slow step and determines the rate of formic acid oxidation on PtyBi elec-
trodes.

The Tafel slope of about 150 mV dec! obtained during formic acid oxide-
tion on bare Pt indicates that the formed CO was adsorbed and collected on the
surface, thereby slowing down the reaction rate. The same value of Tafel slope
was obtained for formic acid oxidation on carbon-supported high surface area
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platinum.4> A Tafel slope of 135 mV dec™1 was found at Pt/Bij,r, which implies
moderate surface coverage by COqg.
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Fig. 6. Tafel plotsfor the oxidation of 0.125 M HCOOH in 0.1 M H,SO, solution
on Pt,Bi, Pt/Bij, and Pt catalysts. Scan rate: 1 mV s,

Comparing the activities of the investigated electrodes at 0.0 V, it can be
seen that the current densities were enhanced 15 times at Pt/Bij;y and up two
orders of magnitude at the Pt>Bi catalyst with respect to the Pt electrode.

CONCLUSIONS

PtoBi and Pt/Bij, €electrodes were investigated in the oxidation of formic
acid and the results were compared to those of a Pt electrode. The presented
results indicate that Bi in alloy and irreversibly adsorbed Bi exhibit different
effects on the catalytic activity of these materials.

PtoBi is highly active for formic acid oxidation because the dehydrogenation
path is predominant in the overall reaction. Bi in the alloy not only that facilitates
the ensembl e effect, but aso has an el ectronic effect that could be the reason for
better performance of this catalyst, resulting in higher currents and a lower onset
potential. The main reason for the high stability of the PtyBi catalyst is the inhi-
bition of dehydration path in the reaction, as well as suppression of Bi leaching,
indicated by the insignificant change in the surface morphology and roughness.

On the contrary, the Pt/Bij; €lectrode was not stabilized by formic acid oxi-
dation, since the desorption of Bi was not suppressed in the presence of formic
acid, and a poisoning effect induced by the dehydration path was present. Since
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Bijr does not provoke any significant modification of the electronic environment,
the modified Pt catalysts were less active than corresponding alloy.

Comparing the results obtained for these two Pt-Bi catalysts, the role of the
ensemble effect and electronic effect in the oxidation of formic acid on Pt-Bi
electrodes could be distinguished. The electronic effect, existing only on the
aloy, contributes to an earlier start of the reaction, while the maximum current
density is determined by the ensemble effect. During potential cycling of the
Pt/Bi;;r electrode, Bi was leached from the electrode surface and the ensemble
effect was reduced over time, or lost. Insight into the chronoamperometric curves
confirmed the advantage of the aloys, i.e., the necessity of alloying Pt with Bi to
obtain a corrosion stable catalyst.
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EJTEKTPOKATAJIMTUYKA CBOJCTBA Pt-Bi EJIEKTPOJA Y OKCUJALIUJU
MPABJBE KUCEJIMHE

JEJIEHA [I. IOBUR, IYIIAH B. TPUIIKOBHWR, KCEHUJA B. TIONTOBUE, BIATUC/IIABA M. JOBAHOBHU|R
nu AMAJIUJA B. TPUIIKOBUR

HUXTM — Lentuap 3a enexipoxemujy, Ynusepsuineiri y beoipagy, Fbeiowesa 12, u. tip. 473, 11000 Beoipag

Oxcupanyja MpaBbe KHCeJIMHe WCIUTHBAHA je Ha nBa Tuna Pt—Bi karanusartopa: Pt,Bi
€IEKTPOAY W Ha MONMKPHUCTanHOj Pt enexTpomu monudukoBaHOj UpeBep3ndUIHO aacopdo-
BaHUM Bi (Pt/Bij;;). AkTUBHOCTH cy ynpeheHe ca pe3ynaTaTUMa JOOHMjEeHHMM Ha YUCTOj MOJIH-
KpucTanHoj Pt enextpogu. Llum je 6o ma ce odjacHM pasnuka y AeloBamy UPEBEP3UOMIHO
ancopdosaHor Bi (Bi;,) 1 Bi y merupanom cramy. [lokasaHo je na cy oda dumeranHa KaTaau-
3aTopa aKkTHBHHUja Of TMOJUKpPUCTanHe Pt, modeTak peakudje je mMoMepeH Ka HETaTUBHUjUM
BpPeJHOCTHMA U Y nopehemwy ca yuctoM Pt mpy crallMoOHapHUM YCJI0BUMa NoOHjeHe Cy 1o ABa
pena BennuuHe Behe ryctune crpyje. Pasnor 3a BesIMKy akTHBHOCT M ctabuiHocT PtyBi enex-
TpoIe y OKCHZALUjU MpaB/be KHUCETHHE je OJUrpaBame peakldje IO IMIaBHOM PeaKLHOHOM
nyTy (mexvpporaHanja MpaB/be KHUCEIHHe), WITOo je h3a3BaHo edexToM Tpeher Tena u enek-
TPOHCKUM edeKTOM, Kao U CrpeyaBaibe U3MyKuBama Bi u3 eneutpoze. C fpyre cTpaHe, Hako
Pt/Bi;;, moKa3yje 3Ha4ajHy IIOYETHY aKTUBHOCT y OOHOCY Ha Pt, oBa enexkTpopa HUje cTabuIHA
TokoM peakuuje okcupanuje HCOOH 30or koHTHHYyanHOT pacTBapama Bi ca mospiuinHe enek-
Tpoze, Kao ¥ TPOBama IOBPLIMHE M3a3BAHOT TOKOM peaklHje M0 WHIWUPEKTHOM, JeXWAapa-
TauuoHoM myty. ITopehemem pesynrata JobujeHux Ha ose gBe Pt-—Bi enexrpome moxe ce
objacHuty ynora eexra Tpeher rena u enexkTpoHckor edexra y okcunanuju HCOOH. Haume,
eJIeKTPOHCKH edeKaT, KOju IIOCTOjU caMo KOJ Jierype, JOMPUHOCH paHHjeM MOYeTKY peakiyje,
IOK je MakcHMMaJHa CTpyja ompeheHa edexrom tpeher Tema. TokoM nukinusupawa Pt/Bij,
enexrpope Bi opnasu ca nospuvHe U edexaT Tpeher Tena ce rydu TokoM BpemMaHa. XpOHO-
aMIIepOMeTpHjCKa Mepema YKasyjy Ha NPefHOCT JIeType, OGHOCHO HEOIXOJHOCT Jierupama Bi
ca Pt na du ce noduo kopo3noHO cTabunaH KkaTaau3aTop.

(ITpumsseno 12. oktodpa, peBuaupano 16. Hosemdpa 2012)
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