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Ordered intermetallic phase PtBianoparticles with an average particle size of £.1.7 nm were
synthesized at ambient conditions in an aqueous solution by co-reduglt€lHand Bi(NG;); with
NaBH, in the presence of polyvinylpyrrolidone (PVP) as a capping agent. The producea&tBparticle
catalyst, which has some distinguishable properties from Pt or Pt-based disordered catalysts, displays a
strong electrocatalytic activity toward oxygen reduction with a methanol-tolerant property. The methods,
such as powder X-ray diffraction (XRD), transmission electron micrograph (TEM), selected area electron
diffraction (SAED), energy-dispersed X-ray spectroscopy (EDS), and cyclic voltammetry, were employed
for catalyst structure and activity characterization.

Introduction terms of catalytic activity.In general, ordered intermetallic

compounds have predictable, structural, geometric, and
electronic effects that are not offered by bimetal alloys.
However, the preparation of intermetallic compounds with
the nanoparticle size at a mild ambient environment faces
some challenges. Normally, a successful process for inter-

improved if the second metal is added into the material to metalhc.compoupq synthesis is often carried out qt some
aggressive conditions, such as melting and long-time an-

form a bimetallic electrocatalyst. A typical example is the nealing at high temperatures. Recently. Sra et al. reported a
PtRu bimetallic catalyst for anode reaction in DMFCs. The g 9 P - Y, - rep
novel approach to preparing ordered AuCu and AuCu

addition of Ru into the Pt catalyst can significantly increase .

. o . . intermetallic nanocrystals from Au and Cu monometallic
the catalytic activity compared with a Pt monometallic . .
catalyst. nanoparticle precursors at low temperaturie et al.

Great efforts have been made toward the development Ofirr?t%?gee?ams ignmthizlr? d(;f bs 0222|32?§é2rﬁnda|mrfédei?f§
bimetallic nanoparticle catalysts with some disordered struc- treatments such ZS anneaﬁn and hiah-enerav ball millin
tures, such as a corshell bimetal, a partially segregated 9 g gy 9

alloy, or a pure alloy.In order to improve the activity, some ?geo?teec(fzsizyefogshse rrl)t?\r:ticcl:ertt)% ttéetcl:n':grrg'rirovcvsé?n?gail'
approaches have been explored at high temperature to P pot sy preparing y

transform disordered alloys into ordered intermetallic com- ordered'PtFe nan.o'pamcles W.'thOUt a””e"?‘"”g treatrfitne
pounds? Recently, bulk ordered intermetallic compounds synthesis of PtBi intermetallic nanoparticles was reported

such as PtBi and PtPb have emerged as a new kind of (3) (a) Sun, S.; Murray, C. B.; Weller, D.; Folks, A.; Moser, 8cience
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. . . . . . 125 14559. (c) Wang, F.; Hosoiri, K.; Doi, S.; Okamoto, N.;
intermetallic catalysts display some different properties in Kuzushima, T.. Totsuka, T.. Wantanbe. Electrochem. Commun.
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Electrocatalysis plays a vital role in some emerging clear-
energy technologies such as fuel cells, especially the proton-
exchange membrane fuel cells (PEMFCs), which include
direct methanol fuel cells (DMFC3).The activity and
selectivity of a monometallic electrocatalyst can be greatly
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by DoSalvo’s research group, in which a polyol process was mixture was continually stirred for 12 h. The final products were
successfully employed and the produced particle size wascollected by a centrifugation process, and then washed successively
at a nano level.The synthesized PtBi nanoparticle catalyst Py tetrahydrofuran and water. As identified below, the produced

showed remarkable electrocatalytic activity toward formic catalyst has a formula of PtBwith particle sizes at the nanometer
acid oxidation level. Because of the addition of Vulcan XC-72 carbon to form

. . supported catalyst, the catalyst should be expressed ag@®tBhe
In the efforts to synthesize effective catalysts for fuel cells, Ptplgad is abou% 6.3 Wt % y1:2 PtBi whichpwas tested by ICP-

an innovative synthesis route has been developed, resultingagg.

in some new catalysts that have the remarkable property of characterization. Cyclic voltammetry measurements were
methanol tolerance. It is well-known that a cathode platinum conducted in 0.5 M B8O, and 0.5 M HSQ, + 5.0 M CHOH
catalyst has no inertness for methanol oxidation in a DMFC. solutions. At the same time, the oxygen reduction and methanol
In a DMFC, methanol crosses through the membrane from oxidation catalytic activities were measured with a three-electrode
the anode to the cathode and then reacts with the cathode Pelectrochemical cell. A suspension of P# for the electrode
catalyst. This reaction leads to a drop in cathode potential Surface coating was prepared by adding @into double-distilled
and then an unwanted drop in cell voltage. There are few water, Which was _then sonicated for 30 min. A glass-carbon disk
works in which Pt-based catalysts show remarkable selectiv-€/ectrode with a diameter of 4 mm was employed for the catalyst
ity to O, reduction and inertness to methanol oxidafian. coating prepargtlon. Before coating, the elgctrodelwas pollshed
this paper, PtBj one of the new catalysts, has been successively with 1.0, 0.3, and 0.@8n alumina until a shiny,

) . . . mirrorlike surface was obtained. The polished electrode was then
synthesized in the form of nanoparticles by co-reducipg H jirasonicated for 10 min in a beaker containing double-distilled

PtCk and Bi(NQy); with NaBH, in the presence of polyvi-  \yater, followed by a water-rinsing step to produce a clean electrode
nylpyrrolidone (PVP) as a capping agent. The influence of surface on which the PtBC was coated by depositing 240 of a
the experimental conditions on the synthesis process and finaPtBi,/C (about 0.0775 mg) water suspension with 0.02% Nafion
products is also discussed. The characterization of thesolution. After the water evaporation, the catalyst particles were
products was performed using XRD, TEM, SAED, EDS, and firmly attached on electrode surface. A #&§4/Hg electrode and
cyclic voltammetry. The prepared nanoparticles of the PtBi @ platinum foil were used as the reference and auxiliary electrodes,
intermetallic catalyst exhibited different properties with Pt respectively. The oxygen reduction and methanol oxidation on the
and other disordered Pt-based alloys in terms of methanolgtg'ﬁzc'c?ﬁted lele%trg(éeMwerlef e?(am'.r:jedt'n a fOHtj.t'(lm Coma'tn'ngf]
. L .0 M methanol and 0.5 M sulfuric acid at a potential scan rate o
tolerance of the electrocatalytic oxyggn reduction in the 20 mV s An EG&G model 273A potentiostat controlled by M270
presence of concentrated methanol. This methanol-toleranc

. &oftware was used for cyclic voltammetry. For particle characteriza-
property suggests that the PsBompound can be employed tion, an XRD method was used for data collection performed by a

as an effective DMFC cathode catalyst. Bruker D8 Advance X-ray diffractometer with CueKradiation.
High-resolution transmission electron microscopy (HRETM) im-
Experimental Section ages, EDS analysis, and electron diffraction data were collected
on a JEOL JEM-2010.
Chemical Preparation. The Beijing Chemical Reagent Center All experiments were conducted at room temperature and ambient

supplied bismuth nitrate (Bi(N£)), hexachloroplatinic (IV) acid pressure.
(H2PtCk), sodium borate (NaB#), polyvinylpyrrolidone (PVP),
tetrahydrofuran, and other chemical reagents of analytical grade,
which were used as received. Vulcan XC-72 carbon with an average
particle size diameter of 30 nm was purchased from E-TEK. The  The TEM images of PtBinanoparticles are shown in
with a 1:2 initial metal atomic concentration ratio (Pt:Bi). In this nanoparticles can be observed. The EDX spectrum analysis
2.0 M HCl acidic solution, the hydrolysis of Bi can be avoided. ., firmed that the atomic ratio of Pt:Bi was about 1:2.
Double distilled water and tetr_ahydrofuran were used to wash the Therefore, the compound has a chemical formula of PtBi
products. The purpose of using tetrahydrofuran was to remove . .

The TEM analysis for 200 particles selected randomly

residual PVP on the catalyst particle surfaces. In order to prevent " - - . .
the metal from being oxidized by dissolved,@ve bubbled the indicates that their average diameter is arounci41.7 nm.

nitrogen through the solution during the whole synthesis process. In Figur_e 1c, the glec'.[ron Qiffraction pattern indicates th{;\t
Synthesis Procedure. Two hundred milliliters of 2.0 M HCI the PtB} nanoparticle is a single, chemically ordered BtBi
was degassed with nitrogenrf@ h before adding the reactants. Phase rather than a simple mixture of two monometallic
Next, 0.058 mmol HPtCk, 0.116 mmol Bi(NQ)s, and 0.1 g of nanoparticles or a disordered Pt alloy. The HRTEM image
PVP were dissolved together in this aqueous solution confined in of a single particle is shown in Figure 2, where the clear
a three-neck flask under constant magnetic stirring and nitrogen lattice fringes can be observed. Crystal lattices with inter-
bubbling. NaBH (0.05 g) was then added into the solution, planar spacings of 0.276 and 0.194 nm are fairly close to
immediately turning the solution a deep black color. After that, those of the PtBiplanes of (211) and (222), which are 0.273
0.1 g of Vulcan XC-72 carbon was added into the solution and the and 0.193 nm, respectively. This further confirms that the
observed nanopatrticle in Figure 2 is in the chemically ordered

Results and Discussion

(8) Roychowdnury. S '\’clagfetggé% 7 Mutolo, P F.; AbTk D PtBi, phase. The structure of PHBT was also investigated
©) () Dri”'et, J-F. Ee, A; Friedemann, J.;"o R.; Schnyder, B.; by powder X-ray diffraction, as shown in Figure 3. The first
Schmidt, V. M.Electrochim. Act2002 47, 1983. (b) Shulka, A. K.; reflection corresponds to the (002) plane of the carbon

Raman, R. K.; Choudhury, N. A.; Priolkar, K. R.; Sarode, P. R; .
Emura,'S.. Kumashiro, RL. Electroanal. Chem004 563 181. (c) support. The reflections ah2= 32.7, 46.9, 54.8, 68.6, and

Shukla, A. K.; Raman, R. KAnnu. Re. Mater. Res2003 33, 155. 78.1°, corresponds to the 211, 222, 400, 422, and 521 planes,
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To confirm the results, the Pt and Bi initial metal atomic
ratio was changed from 1:2 to 1:1 and 3:1, respectively. The
SAED and XRD patterns at these two different atomic ratios
gave almost the same pattern as RtBuggesting that the
main product under such reaction conditions is the ordered
intermetallic PtBj phase regardless of the initial metal atomic
ratios. The presence of a capping agent is critical to the
successful synthesis of an ordered intermetallic PtBm-
pound. Experiments using Pt and Bi with initial atomic ratios
of 1:2 and 1:3 were carried out without a capping agent.
The product was an amorphous structure rather than an
ordered intermetallic structure, indicating the necessity of a
capping agent.

To evaluate the electrochemical reaction of the P@i
catalyst, we made a comparison with polycrystalline Pt first;
Figure 4 showed the typical cyclic voltammogram curves
of polycrystalline Pt in the electrolytes of 0.5 M,80,
(Figure 4, solid line) and 0.5 M 3O, + 1.0 M CH;OH
(Figure 4, dashed line). We can see the oxygen reduction
reaction occurs at the polycrystalline Pt smoothly in the acid
electrolyte without methanol. However, we cannot see the
oxygen reduction peak in the presence of methanol because
of the simultaneous methanol oxidation reaction that occurred
at the polycrystalline Pt. The steady-state surface cyclic
voltammogram of the coated PHRT catalyst, shown in
Figure 5 (solid), displays a redox wave near 0 mV (vs-Hg
Figure 1. (a, b) TEM micrographs of PtBibimetallic nanoparticles; (c) SO."/Hg) after Ny was .bUbe.ed through the solution for 1 h.
corresponding electron diffraction pattern. This redox process is believed to be the surface electro-
chemical oxidation and reduction of Pt/Rt@ < x < 2).
More detailed work is underway to confirm this assignment.
After the oxygen was introduced into the solution, a strong
oxygen reduction wave starting-atL00 mV can be observed
(Figure 5b), demonstrating that PtBias catalytic activity
toward oxygen reduction. In order to test the methanol
tolerance of this catalyst, we added 5.0 M methanol to the
solution. The obtained cyclic voltammogram is shown in
Figure 5c together with that recorded in the absence of
methanol (Figure 5b). Such cyclic voltammogram curves did
not change with the increase in cyclic times; it is obvious
that no methanol oxidation could be observed. This result
clearly indicates that the PtBtatalyst has an electrochemical
resistance to methanol oxidation, and the stable cyclic
voltammogram curve shows that the methanol tolerant
property of PtBi/C did not change with time. The experi-
ments with pure Pt and other Pt-based catalysts, such as PtRu,
PtFe, and PtNi showed that these catalysts have no such
property for methanol tolerance, which is consistent with the
results reported in the literatufeAs mentioned in the
oy S o Introduction, one of the major challenges in DMFC is the
Figure 2. HRTEM image of the PtBinanoparticle with (211) and (222) ~ Methanol crossover from the anode to cathode, causing the
faces. depletion of oxygen surface concentration, poisoning of the
cathode catalyst, and a reduction in fuel efficiency. Therefore,

respectively, for a chemically ordered PiBrystal structure. it is highly O,Ie,sirable to use a Cathqde gatalyst thgt has no
The reflections of the impurities such as®f and ByOs catalytic activity toward methanol oxidatidhlt is believed

can also be identified from the spectrum, which might be that this PtBj catalyst could be a feasible cathode catalyst

from the s_lde reaction. The _m_ost mportant copclusmn is that (10) (a) Gupta, S.; Tryk, D.: Zecevic, S. K. Aldred, W.; Guo, D.; Savinell,
the chemically ordered PtBivith an intermetallic phase can R. F.J. Appl. Electrochem1998 28, 673. (b) Kuver, A.; Potje-

; ; : ; Kamloth, K. Electrochim. Actal998 43, 2527. (c) Shukla, A. K.;
be syr_ﬂhesaed even in an aqueous solution under ambient Chrisensen, P. A.; Dickinson, A. J.; Hamnett, A.Power Sources
conditions. 1999 84, 70. (e) Heinzel, AJ. Power Sourced999 84, 70.

(c)
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Figure 3. XRD pattern of PtBi/C.
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Figure 4. The CV curve of polycrystalline Pt in 0.5 M430, (solid line)
and in 0.5 M HSOs + 1.0 M CH;OH (dashed line). Figure 5. Cyclic voltammograms of a PtBC-coated glass carbon electrode

o ) in (a) a 0.5 M HSO, solution saturated by N(b) a 0.5 M HSO, solution
for DMFCs to eliminate the negative effect of the methanol saturated by @ and (c) a 0.5 M HSQ, + 5.0 M methanol solution saturated

crossover. The mechanism for methanol tolerance of the by O Potential scan rate: 20 mv's
PtBi,/C catalyst is not clear at this stage. One of the possible
explanations is that the formation of the PtBhase may
result in a charge redistribution, which in turn may lead to
difficulties in the formation of oxygen-containing species
from water dissociation. This is one of the key steps for
methanol oxidation. Another fact is that the-Rt distance
in PtBi, is larger than that in other Pt-based catalysts, whic

may prohibit the formation of oxygen-containing species. .
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