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Electrocatalytic Reduction of Oxygen by FePt Alloy Nanoparticles
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Fe,Pt 00—, nanoparticles of different compositions (x = 63, 58, 54, 42, 15, and 0) were prepared and loaded
onto a glassy carbon (GC) electrode where their catalytic activities in the electroreduction of oxygen were
examined and compared. Cyclic and rotating disk voltammetric studies of the resulting Fe,Pt;0o—./GC electrodes
showed that the catalytic activity for oxygen reduction exhibited a peak-shape dependence on the particle
composition (x). Among the series of nanocatalysts under study, Fes,Ptss particles showed the maximum
activity for O, reduction in terms of the reduction overpotential and current density. This was accounted for
by the effects of the Fe content on the electronic structures of the Pt active sites and the resulting Pt—O
interactions. Kinetic analyses showed that direct four-electron reduction of adsorbed oxygen occurred on
these catalyst surfaces. Additionally, the rate constant of O, reduction increased with increasing Pt content in
the alloy particles; yet, at x < 42, the rate constant exhibited only a very small increment. These studies
suggest that the FesPtsg particles might represent an optimal composition for oxygen reduction among the

series of nanoparticle catalysts under the present study.

Introduction

In recent years, fuel cells such as direct methanol fuel cells
(DMFCs) and polymer electrolyte membrane fuel cells (PEM-
FCs) are attracting much attention due to their potential
applications as effective power sources with high-energy
efficiency and low air pollution.! = To improve the performance
and to reduce the costs of fuel cells, a wide variety of
electrocatalysts have been prepared and evaluated for anodic
and cathodic electron-transfer reactions.*~’ Oxygen electrore-
duction represents a critical cathodic process in fuel cells. In
the past decades, various cathode catalysts, such as single
crystals of noble metals,®° single crystals modified with non-
noble metals,'0"1? Pt-free catalysts,’>~?2 and Pt-based metal
alloys, have been tested for oxygen reduction. Of these, Pt alloys
(e.g., NiPt, CoPt, FePt, CrPt, etc.),? 73! especially nanosized Pt
alloys,?>32734 have demonstrated substantially greater activities
than others. By incorporating a second metal into the Pt
catalysts, the alloying process results in a favorable Pt—Pt
distance for the dissociative adsorption of O, because the base
transition-metal atoms are typically smaller than Pt, leading to
enhanced catalytic activity for oxygen electroreduction.3>-3

Oxygen reduction reactions (ORR) on the cathode surface
have complicated reaction pathways.®3” The most efficient
pathway is the so-called direct four-electron reduction of
adsorbed oxygen to water (the subscript “ad” denotes surface
adsorbed states)

0, = Oy (1a)

Oy T 4H" +4e” —2H,0 (1b)
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Another less efficient pathway involves two steps in which
oxygen is first reduced to hydrogen peroxide intermediates and
then electrochemically reduced to water

0, Oy (2a)
Oy T 2H" +2e” — H,0,,, (2b)
H,0,,4 + 2H" +2¢” — H,0 (2¢)

Although considerable efforts have been devoted to the studies
of cathode electrocatalyts, in most cases a measurable O
reduction current is detected only at potentials that are much
more negative than the standard potential of +1.229 V (vs the
normal hydrogen electrode, NHE). The high overpotentials arise
primarily because of the sluggish electron-transfer kinetics. In
recent years, numerous mechanistic studies have been carried
out that are geared toward a fundamental understanding of the
reaction dynamics for catalytic activity improvement and
optimization.?435-38742 It is usually believed that, in order to
enhance the ORR activity of Pt-based alloy catalysts, adsorption
of OH on the second metal must be facilitated, whereas the
adsorption on the Pt sites should be diminished, since high
coverage of adsorbed OH species on the Pt surface has been
proved to inhibit the oxygen reduction reactions.’3%3%43 In
previous X-ray absorption near-edge structure studies, binary
alloys such as CrPt and FePt have been found to exhibit these
favorable chemisorption characteristics of OH species.?

Of these, FePt bulk alloys have been studied extensively both
experimentally and theoretically.?331:35.3840:44=46 They are typi-
cally prepared by the sputtering method and exhibit higher
electrocatalytic activities for ORR than the pure Pt metal®® as
well as other binary alloys such as NiPt, MnPt, and CoPt.2*3
In these studies, the alloy composition has been found to be
one of the important parameters that dictate the electrocatalytic
performance.? Yet, so far no ORR studies have been carried
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TABLE 1: Core Size and Elemental Composition of the Fe,Pt;o—, Nanoparticles®?

core composition” Pt Fe 5Ptgs Fe4Ptsg Fes4Ptyg FesgPtss FegsPts7

core size (nm)? 2.78 £ 0.95 2.47 £ 0.56 2.35+0.18 2.52 +£0.81 2.48 +0.38 2.42 +0.61

“ Particle core compositions were evaluated by energy-dispersive X-ray analysis. ” Particle core sizes were derived from TEM measurements.

out with nanosized FePt alloy particles. It is well-known that
nanoparticles exhibit a substantially higher density of active
atomic steps, edges, and kinks that may result in higher catalytic
activities than the bulk counterparts.*’ Thus, in this paper, a
series of Fe,Ptoo—, nanoparticles (x = 63, 58, 54, 42, 15, and
0) were prepared by a chemical reduction method and their
electrocatalytic activities for ORR were examined and compared
by cyclic and rotating disk voltammetry (RDV). Because of the
similarity of the particle size and dispersity, the core size
effects*>*8730 on the catalytic activity were minimized, and the
results indicated that FePt nanoparticles with the Fe/Pt atomic
ratio around 1:1 appeared to exhibit the optimal composition
for ORR among the series of nanoparticle catalysts in the present
study.

Experimental Section

Materials. Perchloric acid (HClOy, Fisher, 99.999%) was
used as received. Water was supplied by a Barnstead Nanopure
water system (18.3 MQ cm). Ultrapure N, and O, were used
for the deaeration of the electrolytes and oxygen reduction
reaction, respectively.

Preparation of Fe,Pt;9)—, Nanoparticles. The synthesis and
characterization of the Fe,Pt;oo—, nanoparticles stabilized by
oleylamine and oleic acid have been described previously.>!>2
In a typical reaction, under a gentle flow of N», Pt(acetylac-
etonate),, 1,2-hexadecanediol, dioctylether were mixed at room
temperature and heated to 100 °C. Oleic acid, oleyl amine, and
different amounts of Fe(CO)s were added and the mixture was
heated to reflux (297 °C) for 30 min. The heat source was
removed, and the reaction mixture was cooled down to room
temperature. The black product was precipitated by adding
ethanol and separated by centrifugation. The supernatant was
discarded and the black precipitate was dispersed in hexane in
the presence of oleic acid and oleylamine. Then, ethanol was
added to the dispersion and the suspension was centrifuged
again. The precipitate was redispersed in hexane. From trans-
mission electron microscopy (TEM) measurements, the particles
were found to exhibit an average core diameter of 2—3 nm with
a very narrow size distribution (a representative TEM micro-
graph for the Pt particles was included in the Supporting
Information, Figure S1; others have been reported earlier>3). The
particle size and composition®> were summarized in Table 1.

Electrochemistry. A glassy carbon (GC) disk electrode
(Bioanalytical Systems, 3.0 mm in diameter) was first polished
with alumina slurries (0.05 um) and then cleaned by sonication
in 0.1 M HNOs;, H,SO4, and Nanopure water for 10 min
successively. Eight uL of the Fe,Pt;o0—, nanoparticles dissolved
in CH,Cl, (1.0 mg/mL) was then dropcast onto the clean GC
electrode surface by a Hamilton microliter syringe (the resulting
electrodes were denoted as Fe,Pt;00—/GC). The particle films
were dried by a gentle nitrogen stream for 2 min. The organic
protecting ligands were then removed by oxidation in an
ultraviolet ozone (UVO) chamber (Jelight Company, Inc., Model
42) for about 15 min (the effectiveness of UVO removal of the
organic layers was demonstrated by voltammetric measurements
in Figure S2).275* The particle film was then rinsed with
excessive ethanol and nanopure water to remove loosely bound

particles and remaining organic deposits before being immersed
into an electrolyte solution for electrochemical studies. All
electrochemical experiments were performed in a single-
compartment glass cell using a standard three-electrode con-
figuration. A Ag/AgCl (in 3 M NaCl, aq) (Bioanalytical
Systems, MF-2052) and a Pt coil were used as the reference
and counter electrodes, respectively. All electrode potentials in
the present study were referred to this Ag/AgCl reference
electrode. Cyclic voltammetry (CV) and RDV were carried out
by using a computer-controlled Bioanalytical Systems (BAS)
Electrochemical Analyzer (Model 100B). Oxygen reduction
reactions were examined by first bubbling the electrolyte
solution with ultrahigh purity oxygen for at least 15 min and
then blanketing the solution with an oxygen atmosphere during
the entire experimental procedure. All electrochemical experi-
ments were carried out at room temperature.

Results and Discussion

Cyclic Voltammetry. Figure 1 shows the cyclic voltammo-
grams of the Fe, Pt 00—,/GC electrodes (x = 63, 58, 54, 42, 15,
and 0) in 0.1 M HClOy4 deaerated by ultrahigh purity nitrogen.
The voltammetric features are all very similar to those of a
polycrystalline Pt electrode:>>¢ the adsorption and desorption
of hydrogen within the potential range of —0.25 to 0.0 V, the
double-layer capacitance region between 0.0 and +0.7 V, the
formation of Pt oxides at potentials more positive than +0.7
V, and the reduction of Pt oxides in the cathodic potential scan.
Such voltammetric features have been observed with other Pt-
based alloys such as CoPt, NiPt, and FePt, and they are ascribed
to the formation of a “Ptskin” on the catalyst surface.23~25-52754.57,58
This Pt surface enrichment is caused by Pt dissolution from
the alloys and then redeposition and rearrangement on the
catalyst surface during potential cycling in acidic electrolytes.
From these voltammetric measurements (Figure 1), the active
(Pt) surface areas were then quantitatively evaluated on the basis
of the charge for the oxidation of surface-adsorbed hydrogen
by assuming that hydrogen desorption yields 210 uC per cm?
of the Pt surface area. Table 2 summarizes the surface areas of
the six Fe,Pt;00—,/GC electrodes. It can be seen that the effective
(Pt) surface area increases with increasing Pt content in the
particles, suggesting the formation of a thicker/larger Pt skin
on particles with a higher Pt concentration.

Note that although the Pt alloys display voltammetric features
consistent with those of (polycrystalline) Pt, the catalytic
properties of the Pt skins might differ drastically from those of
a pure Pt surface, which has been ascribed to the electronic
effect of the intermetallic bonding of the base metal-rich inner
layers with the surface Pt atoms.?*23-31,59.60

Figure 2 shows the cyclic voltammograms for the Fe,Ptioo—/
GC electrodes in an O, saturated 0.1 M HCIO4 aqueous solution
at the potential scan rate of 0.1 V/s. Note that the currents have
been normalized to the effective Pt surface areas estimated from
Figure 1 (Table 2). The observed cathodic current is ascribed
to O; reduction on the particle surfaces since the GC substrate
is electrochemically inert to O, reduction. The peak current
density increases linearly with the square root of potential scan
rate (not shown), suggesting that the O, reduction is under
diffusion control. It can be seen from Figure 2 that the current
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Figure 1. Cyclic voltammograms of the FePt;o0-/GC electrodes (x = 63, 58, 54, 42, 15, and 0) after UVO treatment in 0.1 M HClO4. The
electrolyte solution was deaerated by ultrahigh-purity nitrogen for 15 min and protected by a nitrogen atmosphere during the entire experimental
procedure. Current density was calculated by normalizing the voltammetric currents to the surface area of the glassy carbon electrode. Potential

scan rate was 0.1 V/s.

TABLE 2: Kinetic Parameters for O, Reduction at Fe,Pt;y—, Nanoparticle-Functionalized GC Electrodes

Fe,Ptigo—x FegsPtsy FessPts, Fes4Ptss Fe4,Ptsg FesPtss Pt
Pt surface area (cm?)? 0.016 0.026 0.034 0.037 0.040 0.051
ORR onset potential (V vs Ag/AgCl)? 0.49 0.50 0.56 0.61 0.57 0.46
no. electron transfer (n)° 3.69 4.06 3.60 3.60 3.83 3.90
reaction rate constant at +0.32 V (k, cm/s)? 3.70 x 1073 1.47 x 1073 0.90 x 1073 6.92 x 1073 6.93 x 1073 7.53 x 1073

2 On the basis of the charge for the oxidation of hydrogen adsorbed onto the Pt surfaces (Figure 1). ? Estimated from Figures 2 and 6. ¢ The
numbers of electron transferred for ORR were calculated from eq 4b. ¢ The reaction rate constants were derived by using eq 4c.

density and onset potential of O, reduction vary with the
composition of the particles. For instance, for the pure Pt
nanoparticles, the onset potential for O, reduction is about +0.46
V, and a current peak can be observed at —0.035 V; whereas
for Fes,Ptsg, the onset potential shifts positively to +0.61 V,
and a peak appears at ca. +0.23 V. Results for other particles
fall in the intermediate range (Table 2). These observations
suggest that the FePt nanoalloy catalysts with a “Pt-skin”
actually behave more favorably in oxygen reduction than the
pure Pt particles. For comparison, by using PdPt alloy particles,’!
He and Crooks observed a similar variation of the onset potential
with the elemental composition of the nanoparticles, which
ranged from ca. +0.45 to +0.65 V (vs Ag/AgCl); and the most
positive onset potential was found with the Pt-rich Pd;;Ptg3
particles. In contrast, in another study using ordered arrays of
Pt and CoPt nanoparticles,®> Kumar and Zou found that the ORR
onset potentials remained virtually invariant at +0.45 V (vs Ag/
AgCl), regardless of the particle elemental composition. The

discrepancy most likely arises from the different structures of
the nanoparticle catalysts that are prepared by different synthetic
protocols.

The compositional effects of the Fe,Pt;0o—, nanoparticles on
the catalytic activity can be further illustrated by the ORR peak
current density, which is summarized in Figure 3. It can be seen
that the O, reduction current density first increases and then
decreases with the Pt content in Fe,Pt;oo—, nanoparticles; and
the FePt particles with the Fe:Pt atomic ratio around 1:1 exhibit
the largest current density for O, reduction. For instance, for
the FessPtys and Fey,Ptsg particles, the peak current density is
2.97 and 3.15 mA/cm?, respectively; whereas it decreases
markedly to 0.60 mA/cm? for the Feg3Pt3; particles and 0.85
mA/cm? for the Pt particles. This is in good agreement with
previous studies of O, reduction on FePt bulk alloys prepared
by the sputtering method?? but is markedly different from the
observation with PdPt alloy nanoparticles,®’ where the maximum
activity for ORR occurs at a Pd:Pt ratio of 1:5. It has been
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Figure 2. Cyclic voltammograms of the Fe Ptg0-/GC electrodes (same as those in Figure 1) in 0.1 M HCIO, saturated with oxygen. Current
density was calculated by normalizing the voltammetric currents to the effective platinum surface areas which were estimated from Figure 1.

Potential scan rate was 0.1 V/s.
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Figure 3. Peak current density of O, reduction as a function of the Fe,Pt o, nanoparticle composition. Data were obtained from Figure 2.

proposed that the addition of an early transition metal (M) to
Pt changes the geometric (Pt—Pt bond distance and coordination
number) and/or electronic structures (Pt—OH bond energy) of
Pt.24?7 Consequently, for M—Pt catalysts, the catalytic properties
for ORR are strongly dependent on the type and concentration
of M in the (sub)surface atomic layers.

Rotating Disk Voltammetry. To further examine the elec-
trocatalytic activity, the kinetics of oxygen reduction at the
Fe,Pt00—r nanoparticles was also examined as a function of the
catalyst composition by RDV. The rotating disk electrodes
(RDEs) were the same as those used in the cyclic voltammetric
studies (Figures 1 and 2). Figures 4A and 5A show a series of
RDE voltammograms of oxygen reduction at the Pt/GC and
Fe4,Ptsg/GC electrodes, respectively, at different rotation rates
in a 0.1 M HCIOy solution saturated with O, (DC ramp 20 mV/
s). Additional data for the other electrodes were included in
the Supporting Information (Figures S3—S6). Again, the currents

were all normalized to the effective Pt surface areas as
summarized in Table 2. Note that, between +0.30 and +0.55
V, the cathodic currents were under mixed kinetic diffusion
control, and at more negative potentials, the oxygen reduction
was limited by diffusion, as reflected by the linearity of the
Koutecky—Levich plots in Figures 4B and 5B. On both
electrodes (Figure 4A and 5A), the currents in the hydrogen
adsorption/desorption potential region (i.e., below —0.05 V)
exhibited a slight decrease with increasingly negative potential.
Similar results have also been observed previously with Pt single
crystal and Pt alloy electrodes,?%3 which are ascribed to the
blocking of the Pt sites by hydrogen adsorption leading to
impeded dissociation of the O—O bond and hence peroxide
production (i.e., incomplete reduction of oxygen, eq 2b).
Additionally, at the same electrode potentials and rotation
rates, the current density is the largest with the FesPtsg/GC
electrode among the series of electrocatalysts under study. Figure
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Figure 4. (A) RDE voltammograms for the Pt/GC electrode in oxygen-
saturated 0.1 M HCIO, aqueous solution at different rotation rates
(shown as figure legends). Current density was calculated by normal-
izing the voltammetric currents to the effective platinum surface areas
which were estimated from Figure 1. DC ramp 20 mV/s. (B) The
corresponding Koutecky—Levich plots (J7! vs w™%9) at different
electrode potentials. Lines are the linear regressions.

6 depicts the representative RDE voltammograms (at 1600 rpm)
for the six electrodes. For instance, at the electrode potential of
+0.20 V, the current density for the six electrodes was —0.56
mA/cm? (FegsPts7), —1.84 mA/cm? (FesgPtyy), —2.20 mA/cm?
(Fes4Ptyq), —3.91 mA/cm? (FegoPtsg), —3.55 mA/cm? (FesPtgs),
and —1.64 mA/cm? (Pt), respectively. Overall, the variation of
the current density with the particle composition is very similar
to that observed voltammetrically (Figure 3). The same conclu-
sion can be reached by further comparison of the onset potential
(Figure 6 and Table 2) where the Fe4,Ptsg particles again exhibit
the most positive onset potential for ORR.

It should be noted that the compositional effect on the
catalytic performance as observed in the above voltammetric
and RDE measurements can be rationalized by the oxygen
reduction mechanism. In this, the first electron-transfer process
for the adsorbed oxygen molecules represents the rate-determin-
ing step?®?

Pt(O,,q) + € —Pt(Oyg, ) 3)

For FePt nanoparticles, O, is adsorbed onto the Pt surface sites
in a linear or bridge-bonded configuration, where electrons are
donated from the filled O, orbitals to the empty orbitals of Pt
surface atoms by o overlap. At the same time, Pt back-donates
electrons from the filled d orbitals to the empty O, antibonding

J. Phys. Chem. C, Vol. 112, No. 10, 2008 3895

Figure 5. (A) RDE voltammograms for the Fes,Ptss/GC electrode in
oxygen-saturated 0.1 M HCIO, aqueous solution at different rotation
rates (shown as figure legends). Current density was calculated by
normalizing the voltammetric currents to the effective platinum surface
areas, which were estimated from Figure 1. DC ramp 20 mV/s. (B)
The corresponding Koutecky—Levich plots (J~' vs w™%3) at different
electrode potentials. Lines are the linear regressions.

orbitals (;z*). That is, O, is adsorbed onto the Pt surface by
strong o- and sr-bonding interactions. Previous studies?>3> have
showed that Pt alloys by the addition of a second metal (e.g.,
Fe, Co, Ni, etc.) exhibit an increase of the surface d-vacancy,
which facilitates electron donation from O, to surface Pt and
hence strong interactions between Pt and O,. The resulting
enhancement of oxygen adsorption and weakening of the O—O
bond lead to fast scission of the bond and consequently enhanced
ORR activities. However, with increasing Fe content in the FePt
nanoparticles, excessive d-vacancy might actually diminish the
back-donation of electrons from Pt to oxygen and thus reduce
the activity for ORR.?? As a result, too much or too little Fe in
the alloy particles will weaken the ORR catalytic activity, i.e.,
the ORR current is anticipated to exhibit peak-shape dependence
on the particle composition as observed above (e.g., Figure 3).

Moreover, in comparison with previous ORR studies using
FePt bulk alloys, the nanoparticles in the present studies exhibit
much larger current density. For example, at the rotation rate
of 1600 rpm, the limiting current density was about —3.0 mA/
cm? with bulk alloys,?® whereas it was ca. —5.4 mA/cm? for
the Fes,Ptsg particles (Figure 5A).

Further insights into the ORR dynamics were then obtained
from the analyses of the Koutecky—Levich plots (J=! vs w™172).
Figures 4B and 5B depict some representative plots at various
electrode potentials for the Pt/GC and Fes,Ptss/GC electrodes,
respectively (again, additional data for other electrodes were
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Figure 6. Representative RDE voltammograms of the six electrodes in oxygen-saturated 0.1 M HCIO4 aqueous solution. Rotation rate was 1600
rpm, and DC ramp was 20 mV/s. Other experimental conditions were the same as those in Figure 2.
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Figure 7. Tafel plots of the kinetic-limiting current density (Jx) for the six electrodes. Symbols are experimental data obtained from the linear
regressions of the Koutecky—Levich plots as exemplified in Figures 4B and 5B. Lines are the corresponding linear regressions. Horizontal dotted
line denotes the transition potential separating the two linear regions of different slopes.

included in the Supporting Information, Figures S3 — S6). It
can be seen that the slopes of the linear regressions remain
approximately constant over the potential range of +0.02 to
+0.32 V, indicating consistent numbers of electron transfer for
ORR at different electrode potentials. The linearity and paral-
lelism of the plots are usually taken as a strong indication of a
first-order reaction with respect to dissolved O, where the
observed current can be expressed as

1_1 . 1_1 1
J_JK+JD JK+ Bo'? (42)
B =0.62nFCoD,"*v™" (4b)
J = nFkC, (4c)

where J is the measured current density, Jx and Jp are the kinetic

and diffusion limiting current density, respectively, w is the
electrode rotation rate, n is the overall number of electron
transfer, F'is the Faraday constant, Co is the bulk concentration
of O, dissolved in the electrolyte, Do is the diffusion coefficient
for Oy, and v is the kinematic viscosity of the electrolyte. So
the plots of J~! vs @~ are anticipated to yield straight lines
with the intercept corresponding to Jx (eq 4c) and the slopes
reflecting the so-called B factors (eq 4b). From the latter, the
numbers of electron transfer for ORR can then be estimated,
by using the literature data for Co = 1.26 x 1073 M,%* Do =
1.93 x 107° ecm?s, and v = 1.009 1072 cm?/s.65-6¢ Table 2
summarizes the results for the six electrodes where the number
of electron transfer was all close to 4, suggesting that oxygen
reduction on the Fe,Pt;0o—, nanoparticle surface proceed by the
efficient four-electron reaction pathway (eq 1).

From the y-axis intercepts of the linear regressions of the
Koutecky—Levich plots (Figures 4B and 5B), the kinetic-
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limiting current density (Jk) can be quantitatively evaluated.
Figure 7 shows the corresponding Tafel plots for the six
electrodes, where the overall shape is clearly similar despite
the different elemental composition of the nanoparticle catalysts.
This again implies that the oxygen reduction follows the same
mechanism on these six different electrocatalysts. Additionally,
in each Tafel plot, there exist two linear regions with distinctly
different slopes, with a transition potential at ca. +0.18 V. Such
a variation of the slope in the Tafel plot has been attributable
to the variation of the adsorption (surface coverage) of the
reaction intermediates (OH,q) and specifically adsorbed elec-
trolyte anions with electrode potentials that consequently affects
the adsorption of the O, molecules.?>2+6!

Additionally, on the basis of eq 4c, the reaction rate constants
(k) can be assessed in a quantitative fashion. Table 2 lists the
ORR rate constants at the different Fe,Pt;go—/GC electrodes
(at +0.32 V vs Ag/AgCl), which are all of the order of 1073
cm/s, very comparable to the values observed with other
catalysts such as Pt—NbPO, supported on multiwalled carbon
nanotubes,” and quinone-%® or anthraquinone-modified® GC
electrodes. Additionally, it can be seen that the ORR rate
constant increases with increasing Pt content in the Fe, Pt
nanocatalysts with a drastic jump at x = 42, and at higher Pt
contents, the increment becomes very small. Such a distinction
is also manifested in Figure 7 where the Tafel plots are
essentially divided into two groups. At the same electrode
potentials, the kinetic currents at x < 42 (FesPtsg, Fe,sPtss, and
Pt) are substantially greater than those at x > 54 (Fee3Pts7, Fess-
Pty,, and FessPtss), again, signifying that the Fes,Ptsg particles
may represent the optimal composition for ORR catalysis among
the series of electrocatalysts under study.

Conclusions

The catalytic activities of the Fe,Pt;oo—, nanoparticles for
oxygen reduction were examined and compared by using CV
and RDV in an acidic electrolyte. It was found that the formation
of a “Pt skin” on the alloy particle surface rendered them
effective ORR catalysts as compared to the pure Pt particles.
In addition, the catalytic activity for oxygen reduction was
strongly dependent on the composition of the Fe,Ptjpo—,
particles. Among the series of catalysts in the present study,
Fey,Ptsg particles exhibited the best performance for O, reduction
with the most positive onset potential and maximum reduction
current density. The variation of the ORR activity with particle
composition was explained by the influence of the Fe content
on the electronic structure of Pt active sites and consequently
the Pt—O bonding interactions. The direct four-electron reduc-
tion of adsorbed oxygen was derived from the kinetic studies
using the rotating disk electrode technique. The reaction rate
constant of O, reduction on Fe,Pt;oo—, alloy nanoparticles was
found to exhibit a drastic increase when x decreased to 42, and
further increase of the Pt content in the nanoparticle electro-
catalysts only led to a very small increment. These studies
suggest that the FesyPtsg particles might represent an optimal
composition among the series of nanoparticle catalysts under
the present study for oxygen reduction.
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