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This paper reports the results of Hydrogen Oxidation Reaction (HOR) experiments over

ordered intermetallic (PtSn and PdSn) nanoparticles under CO-free and CO-covered surface

conditions. The activity of PtSn toward the HOR was comparable to the activity of

commercially available Pt/C. In addition, PtSn/C presented low susceptibility to CO

poisoning. In the case of CO-covered surfaces, it was found that the CO was weakly

adsorbed at the surface of the PtSn nanoparticles and it did not inhibit the HOR; in fact, this

catalyst performed better than Pt/C under the same experimental conditions. X-Ray Ab-

sorption assays conducted in the present work proved that the ability of Sn to donate

electrons to the Pt adsorption sites was crucial for the resulting intermetallic catalyst to

display high activity in the HOR and low susceptibility to CO poisoning.

Copyright © 2015, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights

reserved.
Introduction

One of the greatest challenges that scientists have to face to

implement the use of hydrogen-fed proton-exchange mem-

brane (PEM) fuel cells is to find a way to employ hydrogen fuel

obtained from renewable biomass catalytic reform processes

effectively. When it comes to producing electricity, hydrogen-

fed PEM fuel cells constitute the most efficient electro-

chemical devices; however, if the fuel contains traces of CO

(co-produced during the catalytic reforming process), this

contaminant will rapidly poison the catalyst surface and

reduce the device power to useless levels. Such passivation

process is particularly important at the surface of Pt, the best

electrocatalyst for hydrogen oxidation.
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One widely applied strategy to overcome the limitation of

Pt surface passivation has been to add oxophilic metals to the

Pt structure. These metals act in two different ways: (1) they

produce oxygenated species at less positive potentials and

therefore aid CO removal via the LangmuireHinshelwood

mechanism, and/or (2) they modify the electronic state of the

Pt adsorption sites, which will influence CO adsorption. Both

phenomena may contribute to the successful application of

fuel cells fed with hydrogen produced from biomass catalytic

reformprocesses. Hence, it is essential to knowwhich of these

mechanisms, if not both, underlies the development of CO-

poisoning resistance in electrocatalysts. Unfortunately, this

type of chemistry does not have a probing species. The elec-

tronic effect of the oxophilic metal takes place as soon as the

foreign atom is introduced into the structure of the catalyst.
ished by Elsevier Ltd. All rights reserved.
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Then, the bifunctional action may or may not occur. For this

reason, it is hard to distinguish the effect through which the

oxophilic metal acts in the catalyst, and it is difficult to pro-

vide a reliable explanation for the actual role of the foreign

metal.

Tin is an oxophilic transition metal with frequent appli-

cation in noble metal matrixesdSn enhances the catalytic

activity of fuel cell anodes for the oxidation of organic fuels.

There is no consensus on whether Sn improves electrode ac-

tivity via the electronic or bifunctional effect. Sn ([Kr]

4d105s25p2) exerts an electron donor effect toward the Pt or-

bitals, which increases the electron density of the Pt ([Xe]

4f145d96s1) adsorption sites. This action is particularly effec-

tive in the Pt sites because the half-filled d-orbital of Pt favors

this phenomenon. In contrast, the electronic configuration of

Pd ([Kr] 4 d10) does not facilitate the donor action of Sn atoms

because the Pd d-orbitals are already filled. In parallel, the

oxophilic character of Sn atoms will always be present at the

surface of noblemetals, to generate oxygenated species (�OH,

�OOH, �O2) at less positive electrode potentials than in the

case of the pure noble metals. On the basis of the aforemen-

tioned characteristics, the electronic and the bifunctional ef-

fect will predominate at the PtSn and the PdSn surfaces,

respectively. In this context, this investigation has relied on

the CO oxidation reaction to evaluate the ability of PtSn and

PdSn surfaces to adsorb CO, suffer CO poisoning, and remain

active for the HOR.

Several authors have reported that the bifunctional

mechanism and the electronic effect account for the different

electrocatalytic activities of PtSn/C and Pt/C during the

methanol and ethanol electrooxidation reactions [1e4]. Ac-

cording to Mukerjee and McBreen [5], Sn acts as an electron

donor that partially fills the Pt d band and increases the PtePt

bond length, which accounts for the distinct performances of

PtSn/C and Pt/C. On the basis of XPS and XANES studies,

Shukla et al. [6] have proposed that the different electroneg-

ativity of Sn and Pt atoms polarizes the PteSn bond, so the

donor effect of Sn will give rise to a distinct activity in PtSn/C.

Shukla et al. [6] have provided a very consistent explanation

for the electronic and bifunctional role that Sn plays in PtSn

materials. These authors stated that CO chemisorption on Pt

involves donation of an electron pair from CO anti-ligand or-

bitals to empty Pt 5d orbitals. Back donation of electrons from

Pt to CO orbitals stabilizes the PteCO interaction even further.

On the other hand, partial electron donation to the Pt

adsorption site raises the electronic density on the Pt atom,

which decreases the energy of the interaction betweenCO and

the Pt adsorption sites. This phenomenon, combined with OH

adsorption at the Sn surface sites, aids surface CO removal for

anode oxidation of fuel alcohols [6]. Lee et al. [7] studied the

CO tolerance in the hydrogen oxidation reaction on Pt/C, PtSn/

C and PtRu/C nanoparticles, in PEM fuel cell. According to their

results, the onset potential for each material was different, in

the order PtSn/C < PtRu/C < Pt/C. The authors proposed that

the process of CO adsorption took place through the hydrogen

displacement step for PtSn/C, while for PtRu/C and Pt/C was

through direct CO adsorption on the free site. Moreover, they

observed that the CO adsorption configuration (bridge or

linear) was dependent on thematerial and temperature of cell

operation. It was concluded that the thermodynamic and
kinect alterations provoked by the alloys were responsible for

the higher tolerance to CO poisoning. Crabb, Marshall and

Thompsett [8] prepared PtSn bimetallic catalysts supported on

Carbon in different compositions, and they studied the influ-

ence of this on the CO electrooxidation reaction. The results

obtained pointed to the lowering of the CO electrooxidation

onset potential on the synthesized materials as compared to

Pt/C. Wang and Hsing [9], by using impedance technique,

studied H2/CO electrooxidation kinects at Pt and its alloys

surfaces. The higher PtSn/C activity toward the H2/CO oxida-

tion was attributed by the authors to the combination of

several factors, namely: promotion of the OH nucleation;

excluding CO adsorption on Sn sites; and the minimization of

the CO adsorption caused by the metallic bond. Arenz and co-

workers [10] studied the catalytic activity of three PtSn cata-

lysts supported on Carbon toward the CO and H2/CO electro-

oxidation reaction. These catalysts differ because of the

relative amounts of Pt3Sn, PtSn and SnO2 on the support. It

was concluded that the material composed exclusively by

Pt3Sn showed the best performance toward the reaction

investigated. However, any deeper conclusion on the influ-

ence of the materials properties is hard to be extracted due to

the presence of a mixture of phases. Garcı́a-Rodrı́guez et al.

[11] synthesized nanoparticles by incorporating Sn on Pt/C.

With these materials, the authors studied the ethanol and CO

electrooxidation reactions. According to the results the per-

formance of the materials was dependent on the amount of

the Pt3Sn phase, i.e. the higher the Pt3Sn amount, lower the

onset potentials and higher the current densities for both re-

actions. The higher ability to CO oxidation was attributed to

the Sn-OHads formed at less positive potentials in comparison

to pure Pt. Lim and co-workers [12] synthesized PtSn/C elec-

trocatalysts and evaluated them as anode for low temperature

fuel cell. On commercially available Pt/C material, the CO

oxidation reaction onset potential and maximum current

density potential were more positives than the obtained with

PtSn/C catalysts. The authors stated that the Sn promoted the

COads oxidation in lower potentials due to the ability to adsorb

OH specie. Pt3Sn showed better performance than Pt/C toward

the H2 and H2/CO oxidation reactions in fuel cell. Such a

behavior was considered as consequence of the presence of

PtSn alloys and coexistence of the Sn oxides species. A very

interesting work was published by Liu, Jackson and Eichhorn

[13] that synthesized PtSn alloy, core-shell and intermetallic

nanoparticle materials with same composition and particle

size and evaluated as anode for H2 electrooxidation reaction in

the presence of CO. RDE tests showed that intermetallic and

coreeshell structures presented higher performance than Pt,

PtRu alloy and PtSn alloy. The authors attributed these results

to the electronic effect provoked by PtSn in the coreeshell

structure while on intermetallic material it was due to the

bifunctional effect. Liu et al. [14] reported the study performed

with Pt3Sn nanoparticles toward the CO and methanol elec-

trooxidation reactions. The improved activity of the material

for CO oxidation was proposed because of the Sn effect of

weakening CO adsorption on Pt and promoting Sn-OHads for-

mation that eases the near adsorbed CO oxidation process.

Moreover, the authors reported that the particles were also

very active toward the methanol oxidation reaction. Herranz

and colleagues [15] synthesized Pt3Sn (fcc) and PtSn (hcp)
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intermetallic phases to investigated their performance toward

the CO and methanol oxidation reactions. The authors

considered the better performance of the Pt3Sn (fcc) phase in

comparison to the PtSn (hcp) phase regarding the current

densities generated. However, it was stated that the selectivity

for the CO reaction seemed to be better than on PtSn (hcp).

More recently, it was published a helpful article where the

authors prepared PtSn nanoparticles and studied the chemi-

cal oxidation of CO to CO2 [16]. The activation energy deter-

mined for the reaction on Pt/C was 133 kJ/mol while for PtSn/C

was four times lower, 35 kJ/mol. According to the authors, Sn

atoms offer to the surface a distinct site for O2 adsorption that,

on its turn, will act effectively in the process of CO2

generation.

Concerning PdSn/C electrodes, studies on how Sn affects

Pd are still scarce. Zhang and co-workers [17] have suggested

that the addition of Sn to the Pdmatrixmodifies the electronic

structure of Pd and elicits an electronic catalytic effect. Such

effect increases as the amount of Sn in the matrix augments.

Indeed, XPSmeasurements have shown that the Pd (3d5/2) and

Pd (3d3/2) binding energies shift to lower valueseabout 0.5 eV

(PdSn, 2:1) and 0.7 eV (PdSn/C, 1:1) as compared with the Pd/C

catalyst [17]. The negative shift in the binding energy peaks of

Pd (3d) means that the addition of Sn and the partial electron

transfer from Sn to Pd lower the binding energy.

Notwithstanding the aforementioned papers on the inter-

pretation of the role of the electron donor atom in Pt adsorp-

tion sites, a question remains: How much do the electronic

and bifunctional effects inhibit CO poisoning on noble metal

surface sites?

This paper describes studies on the HOR and CO adsorption

at Pt, PtSn, and PdSn surfaces in alkaline medium. Our aim

was to assess the importance of the electronic state of the

noble metal site and of the bifunctional effect provided by the

oxophilic metal for the HOR and CO adsorption.
Experimental

Ordered intermetallic PtSn or PdSn nanoparticles supported

on Carbon (Vulcan XC-72, Cabot) were synthesized via the

polyol route proposed by Schaak [18]. To this end, proper

amounts of H2Cl6Pt.6H2O (Merck, p.a.) or PdCl2 (Sigma Aldrich,

99%) and SnCl2 (Merck, p.a.) were dissolved in tetraethylene

glycol (TEG, SigmaeAldrich, 99%) in the presence of Carbon

(Vulcan XC-72) previously treated in N2 (White Martins, 3.0)

atmosphere at 400 �C for 4 h. Polyvinylpyrrolidone (PVP, Sig-

maeAldrich, p.a.) served as dispersing agent and stabilizer.

Sodium Borohydride (NaBH4, SigmaeAldrich, 98%) was

employed as an auxiliary reducing agent. Further details of the

synthesis are available in our previous paper [19]. The per-

formance of the synthesized material was compared with the

performance of commercially available Pt/C (E-TEK). X-Ray

diffraction (XRD) revealed that the product consisted of or-

dered intermetallic PtSn and PdSn. A Powder Method setup

was used in the X-Ray Diffractometer Rigaku Ultima IV; a Cu

anode operating at 40 kV and 20 mAwas the X-Ray source (Cu

Ka, l ¼ 1.5406 Å). The diffractograms were recorded for 2q

values ranging from 20 to 100, at a scan rate of 1�/min. The

material was also examined under a ZEISS LEO 440 Scanning
Electron Microscope (SEM) coupled to an Energy Dispersive X-

Ray Analyzer (EDX Link Analytical). Co served as calibrator;

the operating parameters were as follows: electron beam

energy ¼ 20 kV, focal distance ¼ 25 mm, dead time ¼ 30%,

current¼ 2.82 A, and I probe¼ 950 pA. To estimate the relative

amount of metals in the sample, five points were randomly

selected on the surface. To enable visualization of individual

or agglomerated particles, the sample was observed under a

Transmission Electron Microscope (JEOL JEM 2100) operating

at 200 kW. The materials were deposited on a polished Glassy

Carbon surface as a thin film obtained from a dispersion

consisting of the supported nanoparticles, isopropyl alcohol,

Nafion® (Nafion 117, Aldrich), and deionized water. The as-

prepared surface was employed in the electrochemical

studies. For such electrochemical studies (cyclic voltammetry

and rotating disc electrode), KOH (Merck, p.a.) was used as a

0.2 mol/L solution at 25 ± 1 �C; a large surface Pt wire and

Reversible Hydrogen Electrode (RHE) worked as the counter-

electrode and reference electrode, respectively. In cyclic vol-

tammetry experiments were performed 100 cycles to achieve

a reproducible voltammetric profile; however, usually an un-

changed profile was reached around the 10th cycle.

The Hydrogen Oxidation Reaction (HOR) was studied by

employing the Rotating Disc Electrode (RDE) technique (Pine

Instruments experimental setup). The electrochemical data of

the PtSn/C and PdSn/C materials were collected by means of

the Linear Sweep Voltammetry technique as the RDE was

operating at several rotating rates (100e3500 rpm) at poten-

tials ranging from 0 to 0.4 V, or if otherwise stated. To evaluate

how the electrode materials performed at deliberately CO-

poisoned surfaces, CO was deposited on each surface by

potentiostatic polarization at 0.15 V in a CO-saturated KOH

solution 0.2 mol/L, for 30 s. Next, CO was completely removed

from the solution by purging N2. Then, the same procedure

described earlier for the HOR study was applied.

To investigate the electronic properties changes caused by

the presence of Sn in the PtSn ordered intermetallic material

in situ X-Ray Absorption Spectrometry (XAS) analyses in the

X-Ray Absorption Near Edge Structure (XANES) were carried

out since XANES and the Extended X-Ray Absorption Fine

Structure (EXAFS) regions helped to characterize thematerials

from an electronic and structure standpoint. Experiments

were accomplished at Pt L3 edge. This corresponded to energy

of 11564 eV, where the 2p3/2 e 5d transition occurs and

emerges as a broad absorption peak (white line). The magni-

tude of this peak is correlated to the 5d electronic state

occupationdthe more intense the peak, the higher the 5d

state vacancy. The XASmeasurements conducted in thiswork

allowed for evaluation of the valence band vacancy in the PtSn

ordered intermetallic material polarized at 0.5 and 0.6 V. All

XAS experiments were carried out at the D04B-XAFS1 beam

line in the National Synchrotron Light Source Laboratory

(LNLS), situated in Campinas, Brazil. X-ray absorption spectra

were collected in transmission mode with three ionization

chambers (incidence I0, transmitted It, and reference Ir). The

reference channel was used mainly to calibrate the edge po-

sition with a pure Pt foil sample. The working electrodes

employed for the measurements consisted of appropriated

amount of catalysts (Pt metal load of 6 mg cm�2) bound with

Nafion (5 wt.%) suspended in isopropyl alcohol and carried to
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ultrasonic homogenization, after the solvent was evaporated

at room temperature. The catalyst powderwas then deposited

on a disc of carbon cloth (geometric area ¼ 0.95 cm2) and

pressed at room temperature.
Results and discussion

Characterization

Fig. 1 presents the XRD profiles of the materials PtSn/C and

PdSn/C. Comparison with data available in Crysmet Files [20]

aided unequivocal identification of the materials as ordered

intermetallic PtSn and PdSn anchored on Carbon. In addition,

PtSn and PdSn belonged to the hexagonal and orthorhombic

crystalline systems, respectively. The XRD patterns did not

reveal any impurities. XRD data are displayed in Table 1.

Table 2 lists the EDX data of the materials. The experi-

mental compositional results and the nominal composition

desired for a 1:1 stoichiometry agreed well.
Fig. 1 e X-Ray diffractograms of the ordered intermetallic

(A) PtSn/C and (B) PdSn/C nanoparticles at room

temperature. The black profile refers to the recorded curve;

the blue lines correspond to data for the standardmaterials

compiled in the Database: PtSn (ID: 17292) and PdSn (ID:

AL1760).
Fig. 2 displays the TEM images and histograms constructed

by using the diameters measured for the metallic particles

anchored on the Carbon surface. Although a number of ag-

glomerates emerged, the average particle size was about

1e2 nm for both materials.

Taken together, these results led to the conclusion that the

ordered intermetallic PtSn and PdSn nanoparticles anchored

on Carbon existed at a stoichiometric ratio of 1:1 and had

average diameter of 1e2 nm.
Electrochemical studies

Fig. 3 shows the voltammetric profiles recorded for the syn-

thesized nanoparticles PtSn and PdSn and for the commer-

cially available Pt nanoparticle in KOH solution. The profiles

were reproducible even after 100 cycles between 0.05 and

1.2 V. Hence, the nanoparticles were remarkably stable under

the experimental electrochemical conditions used in this

work. PtSn and Pt displayed similar voltammetric profiles, as

discussed in the literature [19]. The capacitive current was

higher for Pt because the more dispersed Pt nanoparticles (as

mentioned in the characterization section) generated a larger

surface area. Despite the similar voltammetric profiles of PtSn

and Pt, the electrochemical responses of these materials

differed in the presence of the fuel and CO, as discussed later

in this work. For PdSn, no peaks arose in the hydrogen region,

and the voltammetric profile was poorly defined. It could not

be disregarded any aggregation of the particles because of the

cycling procedure.

Fig. 4 illustrates the RDE curves of the HOR accomplished

on the different electrode surfaces and the corresponding

Koutecky-Levich plots. Pt and PtSn exhibited the expected

limiting curves, whereas PdSn presented overpotential of

about 200 mV. According to analysis of the kinetic results

summarized in Table 3, PtSn/C had improved activity as

compared with commercial Pt/C under the same experi-

mental conditions. Earlier experimental [21] and theoretical

studies [22] had reported enhanced PtSn electrochemical ac-

tivity toward the HOR. One of these studies [22] explained that

electronic contribution from the Sn atoms to the Pt adsorption

sites favored H2 adsorption and facilitated the further steps

involved in the HOR. In contrast, PdSn/C was poorly active for

the HOR, as evidenced by the thermodynamic (overpotential

of 200 mV) and kinetic (kinetic current) parameters. Theoret-

ical calculations performed earlier by our group [22] had pre-

dicted this behavior. So far, only the electronic effect could

account for the electrochemical performances of the mate-

rials reported herein, because none of the adsorbed species

would demand a bifunctional action. Moreover, on the basis of

the analysis of the electronic configuration of the noblemetals

mentioned above, it would be reasonable to propose that any

donor action by the Sn atom would modify the electronic

density of the Pt adsorption sitesmore efficiently as compared

with the Pd adsorption sites. Therefore, this first set of results

support the conclusion that the high activity of Pt and PtSn

materials toward the HOR originated from the electronic

density of the Pt adsorption sites.

The kinetics parameters were calculated from Kouteck-

yeLevich equation:



Table 1 e XRD and mean sizes data obtained for the PtSn/C and PdSn/C nanoparticles.

Material System Space group Lattice parameter (Å) Crystallite size (DRX)
nm

Particle size (TEM) nm

a b c

PtSn Hexagonal P63/mmc (194) 4.101 4.101 5.441 7.8 1e2

PdSn Orthorhombic Pnma (62) 6.130 3.867 6.320 5.8 1e2

Table 2eMean atomic percentages of the elements in the
synthesized materials PtSn/C and PdSn/C.

Materials Mean atomic percentage

Pt Pd Sn

PtSn/C 48.3 ± 2.5 e 51.7 ± 2.5

PdSn/C e 50.1 ± 0.5 49.9 ± 0.5
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1
i
¼ 1

id
þ 1
ik
¼ 1

ik
þ 1
B$c0u�1=2
Fig. 2 e TEM images and corresponding histograms for the avera

PdSn nanoparticles.
where: ik is the kinetic current density, id is the diffusion-

limited density, Bco is a constant related to the number of

electrons transferred in a reaction, the gas concentration and

diffusivity, and the electrolyte kinematic viscosity.

To investigate the extent to which a possible bifunctional

effect could improve the performance of Pt/C, PtSn/C, and

PdSn/C bearing the surface intentionally covered with CO, the

RDE curves depicted in Fig. 5 (and the corresponding

Koutecky-Levich plots as inserts) were recorded. Complete

inhibition of the HOR took place at the COePdSn/C surface.

The COePt/C surface gave rise to overpotential of 200mV. The

HOR kinetic current decreased to 1/5 and 1/8 of the value
ge particle diameter of ordered intermetallic (A) PtSn and (B)



Fig. 3 e Cyclic voltammograms recorded for Pt/C (E-TEK),

ordered intermetallic PtSn/C, and ordered intermetallic

PdSn/C in KOH 0.2 mol/L, at room temperature.

Fig. 4 e RDE curves recorded for the HOR on the Pt/C, PtSn/

C, and PdSn/C materials in KOH 0.2 mol/L, at room

temperature, for different rotation speeds. The inserts

correspond to the Koutecky-Levich plots constructed on

the basis of the data collected at 0.4 V to Pt/C, PtSn/C and

0.5 V to PdSn/C.
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registered at the corresponding surfaces without CO for the

COePt/C and the COePdSn/C surfaces, respectively.

Concerning COePtSn/C, it yielded a completely distinct

and very promising result toward the HOR: (1) the RDE curves

split into two waves, showing that the HOR happened at two

different surface sites and involved distinct energies; (2) the

overpotential was far smaller than the overpotential observed

for the COePt/C surface, which suggested lower inhibition of

the HOR; and (3) the kinetic current lowered only about 50%.

Pinto et al. [23] have published data regarding calculations of
CO adsorption at Pt, PtSn, and PdSn surfaces. These authors

determined slightly lower adsorption energies (DGad) for CO

adsorption at the PdSn surface (�0.46 and �0.57 eV for the on-

top and bridge configurations, respectively) as compared with

CO adsorption at the PtSn surface (�0.31 and �0.44 eV for the

on-top and bridge configurations respectively). This reinforces

the experimental result that CO adsorbed spontaneously (in

zero charge condition) and more energetically at the PdSn

surface as comparedwith the PtSn surface. Stripping of the CO

deposited on each material surface revealed that the charges



Table 3 e Kinetic parameters extracted from the Koutecky-Levich plots constructed for the HOR at different surface
conditions, in KOH 0.2 M, at room temperature.

Material Clean surfaces CO-deposited surfaces

ik (mA) id max(mA) co.B (mA rpm�1/2) ik (mA) id max(mA) co.B (mA rpm�1/2)

Pt/C 1.30 0.71 2.51 � 10�2 0.26 0.47 2.36 � 10�2

PtSn/C 1.61 0.66 1.90 � 10�2 0.78 0.55 3.11 � 10�2

PdSn/C 1.26 0.65 2.43 � 10�2 0.16 0.14 2.55 � 10�2

Fig. 5 e RDE curves recorded for the HOR on the COePt/C,

COePtSn/C and COePdSn/C materials in KOH 0.2 mol/L, at

room temperature, for different rotation speeds. The

inserts correspond to the Koutecky-Levich plots

constructed on the basis of the data collected at 0.2 V to Pt/

C, PtSn/C and 0.5 V to PdSn/C.

Fig. 6 e Pt L3 edge XANES spectra of the ordered

intermetallic PtSn material. E ¼ 0.5 and 0.6 V vs RHE.
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involved in the process were 67, 200, and 4900 mC for the same

geometric area and amount of PtSn/C, Pt/C, and PdSn/C ma-

terials, respectively. The corresponding onset potentials were

0.38, 0.49, and 0.65 V, respectively. These results pointed out
Fig. 7 e Pt L3 edge XANES spectra of Pt and PtSn. E ¼ 0.6 V

vs RHE.
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that a lower amount of CO was weakly adsorbed at the PtSn/C

surface as compared with the other materials under the same

experimental conditions. These results agreed well with data

cited earlier in the theoretical study [23]. Indeed, the latter

study mentioned that CO seemed to be a much stronger poi-

son for the PdSn surface, whilst the PtSn/C surface was less

susceptible to CO poisoning. Thus, the oxophilic element Sn

did not seem to affect the CO desorption process via a

bifunctional actioneboth the theoretical and experimental

results strongly suggested that the final electronic configura-

tion of the adsorption sites was the factor that culminated in

the best performance of the PtSn/Cmaterial as comparedwith

Pt/C and PdSn/C.

Fig. 6 contains the Pt L3 edge XANES spectra recorded for

ordered intermetallic PtSn at two different potentials. The two

spectra overlapped perfectly, suggesting that the white line

was the same. Therefore, the adsorbed OH species produced

at 0.6 V did not modify the Pt electronic state.

Fig. 7 compares the Pt L3 XANES spectra of the ordered

intermetallic PtSn material and of the commercially available

Pt (E-TEK) at 0.6 V. The white line of the PtSn material became

less intense, suggesting that Sn did alter the Pt electronic

state. The lower intensity of the white line resulted from the

electron donor effect of the Sn atom to Pt. The energy of the

PtSn band shifted, corroborating the electron donor effect.

This effect diminished the electronic back donation exerted by

the CO species, which then weakened the PteCO bond and

abated the CO poisoning effect at the PtSn surface.
Conclusions

The electronic state of the adsorption sites in nanoparticle

materials containing a noble metal element underlay the

improved electrochemical activity of the investigated ordered

intermetallic materials. The PtSn nanoparticle was a better

electrocatalyst for the HOR and less susceptible to CO

poisoning than Pt. The ordered intermetallic PdSn nano-

particle performed the least efficiently toward the HOR at

clean surfaces. XAS studies suggested that the lower suscep-

tibility to CO poisoning of the ordered intermetallic PtSn ma-

terial stemmed from decreased electronic retro-donation

effect from CO toward Pt. This effect weakened the PteCO

interaction and led to lower coverage of the Pt surface with

CO. Even though theoretical studies are not appropriate to

interpret phenomena occurring at nanoparticle materials, the

results exposed herein agree very well with data predicted by

the DFT computational method.
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