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Abstract

Nano-sized Pt and PRu colloids are prepared by a microwave-assisted polyol process, and transferred to a toluene solution of decanthiol.
Vulcan XC-72 is then added to the toluene solution to adsorb the thiolated Pt afli Rolloids. Transmission electron microscopy
examinations show nearly spherical particles and narrow size distributions for both supported and unsupported metals. The carbon-supported
Pt and Pt+Ru nanoparticles are activated by thermal treatment to remove the thiol stabilizing shell. All Pt-d®d €4talysts (except
Pts;—Ruz;) give the X-ray diffraction pattern of a face-centered cubic (fcc) crystal structure, whereas#hRWp4 alloy is more typical
of the hexagonal close packed (hcp) structure. The electro-oxidation of liquid ethanol on these catalysts is investigated at room temperature
by cyclic voltammetry. The results demonstrate that the alloy catalyst is catalytically more active than pure platinum. Preliminary tests on a
single cell of a direct ethanol fuel cell (DEFC) indicate that 8- PRwg/C anode catalyst gives the best electrocatalytic performance among
all the carbon-supported Pt andHRu catalysts.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Pt/Vulcan carbon catalyst is increased from 10 to 60 wt.%.
The metal particle-size for a 10 wt.% Pt catalyst was 2.0 nm,
Carbon-supported Pt or Pt-based alloys are the best elecbut increased to 3.2 and 8.8 nm for 30 and 60 wt.% Pt cat-
trocatalysts for the anodic and cathodic reactions in fuel alyst, respectively. Other studies and patdtis-14] have
cells. It is well known that the catalytic activity of the metal also underlined the difficulty of using conventional meth-
is strongly dependent on the particle shape, size, and size-ods to preparing platinum catalysts with high metal loadings
distribution[1]. Conventional preparation techniques based (>20wt.%) and small particle sizes (1-2 nm). In a study by
on wet impregnation and chemical reduction of the metal Boennemann et glL5], organoaluminum-stabilized bimetal-
precursors often do not provide adequate control of parti- lic colloids with particle size smaller than 2 nm were prepared
cle shape and siZéd]. There is continuing effort to develop and deposited on a commercial support at room temperature.
alternative synthesis methods based on microemul$ns  The stabilizing surfactant shell on the metal particles had to
sonochemistry3,4], and microwave irradiatiof5—9]; all of be removed before the particles could be used for electro-
which are, in principle, more conducive to generate colloids catalysis. In another method first used by Yu ef%lthat is
and clusters on the nanoscale, and with greater uniformity. generally known as the polyol process, an ethylene glycol so-
Legratiet et al[10] reported a significant increase in par- lution of the metal salt was refluxed at 393-443 K to generate
ticle size when the metal content in a commercial E-TEK insitu reducing species from ethylene glycol for the reduction
of the metallic species. Conductive heating is often used, but
* Corresponding author. Tel.: +65 6872 7532; fax: +65 6872 0785. microwave dielectric loss heating may be a better synthesis
E-mail addresszl-liu@imre.a-star.edu.sg (Z. Liu). option in view of its energy efficiency, speed, uniformity and
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simplicity in executio{16]. Wang and Hsing17] prepared (ICP) was used to measure the unreacted metal ions remain-
Pt and P+Ru/C catalysts based on an alcohol-reduction pro- ing in the ethylene glycol-water mixtures. The-Ru al-
cess. The surfactant-protected Pt/C andRRt/C catalysts loy nanoparticles of compositions of-B+Ruz7, Pso—Ruws,
were prepared using #PtCl, RuCk, dodecyldimethyl(3- Pt;o—Ruwsg, and Pts—Ruis were obtained from precursors
sulfo-propyl)ammonium hydroxide, carbon black in a mix- of Pbg—Rugp, Plso—RuUso, Pls7—Ruzs, and Pgo—Rupo. The
ture of methanol and water to form a suspension, which was ruthenium contents in the PRu alloy nanoparticles were
refluxed, filtered and washed. In comparison with commer- conspicuously lower than in the initial mixtures. This is be-
cial E-TEK electrocatalysts of similar compositions, the Pt/C cause some Rii ions failed to reduce simultaneously with
catalyst showed similar performance for oxygen reduction Pt** ions within 30 s of reaction time as the redox potential
and the PtRu/C for oxidation of H/CO mixtures. We have  of Ru**/Ru (Eg ~ 0.84 V) is much lower than that of PPt
proposed a new method of preparing carbon-supported Pt(Eg~ 1.41V)[20].
and P+Ru catalysts that are active at room temperature for
the electro-oxidation of methandl8,19] as partof our con-  2.2. Preparation of catalysts
tinuing work on the development of low-cost processes for
the preparation of homogenous and well-defined nanoparticle  The stable thiol-encapsulated Pt andfRt colloids were
catalysts for fuel-cell applications. supported on high surface-area Vulcan XC-72 carbon (as-
In the present work, thiol-encapsulated Pt aneRRt col- synthesized Pt and as-synthesizedRRt colloid catalysts,
loids are synthesized by a microwave-assisted polyol process 20 wt.% metal content) by combining a toluene dispersion of
deposited on carbon, and then heat-treated to produce carbonPt or P+Ru colloid with a suspension of Vulcan carbon in
supported Pt and PRu catalysts. The electrochemical activ- toluene. The solution was vigorous stirred for 2 h. The solvent
ities of these catalysts for ethanol oxidation are investigated. was evaporated and the solid residue was rinsed with ethanol.
Finally, the powder was dried at 6C in vacuum.
In order to remove the stabilizing shell on the nanoparti-

2. Experimental cles, the as-synthesized Pt andRt colloid catalysts were
heat-treated in argon for 1-10 h at 3&Q The furnace was
2.1. Colloid synthesis purged with argon gas for at least 15 min prior to the heat

treatment. All the catalysts had a nominal metal loading

Analytical grades of hydrogen hexachloroplatinate hy- of 20wt.% on the Vulcan carbon-black support. The heat-
drate, ruthenium chloride, sodium hydroxide, ethylene gly- treated samples are identified as heat-treated Pt and heat-
col, toluene, and decanethiol were used for the synthesis. Alltreated PtRu catalysts in the following discussion.
aqueous solutions were prepared with distilled de-ionized
water. 2.3. Catalyst characterization

A 2ml sample of aqueous 20 mM hydrogen hexachloro-
platinate hydrate solution was mixed with 25 ml of ethylene The Pt or PtRu colloidal formation process was
glycol to produce a yellowish solution. The solution was monitored by UV-vis spectroscopy on a Shimadzu UV-
placed in a CEM microwave reactor for 60 s with the max- 2501 PC double-beam spectrophotometer in the region of
imum temperature set at 17Q. The solution changed its 220-800 nm, using quartz cuvettes of 1 cm path length. The
colour from yellow to yellowish-brown upon heating, and particle morphology, size and size-distribution of the col-
was left to cool to room temperature naturally. The cooled loids and catalysts were characterized by transmission elec-
mixture was diluted with 1-2 times its volume of distilled tron microscopy (TEM) using a Philips CM300 FEG system
de-ionized water. The diluted Pt colloid solution was added that was operated at 300kV. The TEM samples were pre-
to 25ml of a toluene solution of decanethiol to provide a pared by placing a drop of the colloidal dispersion or a cat-
thiol/Pt molar ratio in the range of 3—10. The biphasic mix- alyst suspension sonicated for 1 h in acetone on a 3mm Cu
ture was vigorously stirred for a few minutes during which the grid, followed by drying atambient conditions. X-ray diffrac-
transfer of Pt from the ethylene glycol-water phase to toluene tion (XRD) patterns were recorded by means of a Bruker
occurred to leave a clear aqueous solution. The synthesis ofGADDS diffractometer with an area detector using a Gu K
the binary PtRu nanoparticles was carried out similarly, us- source % = 1.54056&) operating at 40kV and 40 mA. The
ing (1.2— x) ml of 20 mM of HyPtCl, xml of 20 mM RuC} XRD samples were obtained by depositing carbon-supported
and 25 ml of ethylene glycol in the starting mixture. The value nanoparticles on a glass slide and then drying under vacuum
of xwas chosen to yield initial Pt to Ru mole ratios of 0.25, 1, overnight.
2 and 4. The PtRu products were later known asitRugo,
Pso—Ruso, Ps7—Rusz, and Pgg—Rupo, respectively, where  2.4. Electrochemical measurements
the numerical subscripts beside Pt and Ru denote the atomic
percentage of the respective alloying metal. An EG&G Model 273 potentiostat/galvanostat and

To determine the actual platinum and ruthenium contents a conventional three-electrode test cell were used for
inthe P+Ru alloys, inductively coupled plasma spectroscopy electrochemical measurements. The working electrode was
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a thin layer of Nafion-impregnated catalyst cast on a vitreous T
carbon disc that was held in a Teflon cylinder. The catalyst ‘| - Before Reaction (H,PICly)
layer was obtained as follows: (i) a slurry was first prepared ‘A T i?ii‘;i:;?ﬂ:‘(‘;j’:j ]f;; r‘ﬁj:j—"
by sonicating for 1 h a mixture of 0.5 ml of de-ionized wa- N After Reaction (PtRu alloy nanoparticles)
ter, 0.013 g of Pt/C or PRu/C catalyst and 0.11 g of Nafion e
solution (Aldrich: 5wt.% Nafion); (ii) Jul of the slurry was
pipetted and spread on the carbon disc; (iii) the electrode was
dried at 90 C for 1 h and mounted on a stainless-steel support.
The surface-area of the vitreous carbon disc was 0.25cm .‘
Platinum gauze and a saturated calomel electrode (SCE) were :"‘. \
used as the counter and the reference electrode, respectively.
All potentials are reported with respect to the SCE. Each \\
electrolyte solution was de-aerated with high-purity argon
for 2h prior to measurement. For cyclic voltammetry ex- k,\_
periments, the electrolyte solution was 2 MHEOH in 1M E—————
H>SOy, which was prepared from high-purity sulfuric acid, 200 300 400 500 600 700 800
high-purity grade methanol, and distilled water. Wavelength (nm)

The MEA (membrane electrode assembly) for a direct
ethanol fuel cell (DEFC) was made by hot-pressing pretreated Fig. 1. UV-vis absorption spectra of solutioq containi@tc.k;,.and mix-
Nafior®117 together with an anode sheet and a cathode sheet!!"® Of HePtCk and RuG before and after microwave irradiation.
The anode sheet was a carbon paper (SGL, Germany) with
a carbon-supported Pt or-HRu catalyst layer. The cathode complexes. This is also shown spectroscopically as the evo-
sheet was a carbon paper with a carbon-supported 40 wt.%dution of a peak at~436 nm. The observation is similar to
Pt catalyst layer supplied by E-TEK. The average platinum that of Farvulescu et al[24]. On the formation of RPtRu al-
loadings at the anode and cathode were 3 and 2mgcm  loy nanoparticles, the characteristic absorptions b3/ Rnd

Absorbance (a.u.)

respectively, and the effective electrode area was% @ime PtCk?~ ions at436 and 260 nm disappear and are replaced by
fuel was 2 M GHsOH delivered at 2 mImint by a microp- gradually decreasing absorption from the ultraviolet region to
ump, and the oxygen flow was regulated by a flowmeter at 700 nm. This indicates the formation offRu nanopatrticles.
500 cn? min—1. Typical TEM images of the Pt and $3tRuwg colloids,

presented ifrig. 2(a) and (b), respectively, show remarkably
uniform and high dispersion of the metal and the alloy parti-
3. Results and discussion cles. The average diameters of 4.7 nm (for Pt) and 4.5 nm (for
Pts2—Ruwg) are accompanied by relatively narrow particle-
The formation of Pt colloids via microwave dielectric heat-  size distributionsKig. 2(e) and (f), range: 3—6 nm, standard
ing was followed by UV-vis spectroscopy. TheP{Ck so- deviation =0.4 nm). Adsorption of the colloidal particles on
lution before microwave irradiation is pale yellow, and shows Vulcan carbon followed by thermal treatment (in an argon gas
apeak at 260 nm in its UV-vis spectrufid@. 1) asaresultof ~ at 360°C for 5 h) to remove the stabilizing alkanethiol layer
the ligand-to-metal charge-transfer transition in the FCl do not bring about any significant morphological changes
ion[21,22] The solution turns dark brown after the reaction (Fig. 2(c) and (d)). The Pt and alloy nanopatrticles are in a
and the peak at 260 nm is no longer visible, which suggestsstate of high dispersion over the carbon surface, and the size
that all the PtG42~ ions are completely reduced. The spec- of the particles is nearly unchanged.
trum of the completely reduced solution displays strong ab- The XRD pattern of as-synthesized Pt/C under differ-
sorption from 700 nm and gradually increases intensity from ent heat-treatment conditions is givenRig. 3. The strong
the visible to the ultraviolet region. These features confirm diffraction at 2 <35’ is not shown because it pertains mostly
the formation of colloid§23]. When the Pt colloid in ethylene  to the carbon-black support. The peaks can be indexed to the
glycol is diluted with distilled de-ionized water, and mixed [111],[200],[311],[22 2] reflections of a Pt face-centered
with a toluene solution of decanethiol, transfer of Pt from the cubic (fcc) crystal structure. The lattice constant of 3.824
ethylene glycol and water phase to toluene takes place. This(for all Pt/C catalysts) is in good agreement with 3.90mr
is visually evident from the colour change in the two phases. pure Pt.
The colour of the ethylene glycol and water solution fades  The as-prepared Pt/C displays considerable crystallinity
gradually to colourless, whereas the colour of the toluene andbefore the heat treatment. As expected the degree of crys-
hexane phase darkens from colourless to yellowish-brown ortallization increases with the heating time, as shown by the
dark brown. sharper and more intense diffraction peaks. The heat treat-
Addition of NaOH to RuC] (or a mixture of BPtClk and ment produces mostly improvements in crystallinity.
RuCk) causes an instant colour change from dark brown to  X-ray diffraction patterns are also collected for-Ru al-
yellow-green, due to the formation of ruthenium hydroxide loy nanoparticles supported on carbon black. Generally Ru
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Fig. 2. TEM images of as-synthesized: (a) Pt and (b}MRi colloid catalysts and (c) heat-treated Pt and (e)RRt catalysts. Histograms of particle-size
distributions for (e) as-synthesized Pt and (f}-Ru colloids.

alone would display the [100],[101],[110],[103],[201] The Pt/C and Rp—Ruwg/C catalysts are characterized
reflections of a hcp lattice, whereas Pt would display the by cyclic voltammetry £0.2-1V, 50mVs?) in an elec-
characteristic fcc reflections described previously. As seentrolyte of 1M H,SO4 and 2M ethanol, and the resulting
from the data irFig. 4, the diffraction pattern of heat-treated voltammograms are shown iRig. 5. The forward scan
PtRu/C (except for Bg—Ruy7) displays mostly the reflec-  oxidation peak of ethanol on both Pt/C andPRus/C

tion characteristics of the Pt fcc structure, which suggests anappears at about 0.75V. The current density on the for-
alloy formation based on the substitution of the Pt lattice sites ward scan peak of ethanol electro-oxidation ofpPRu,s/C

[25]. The Pt3—Ru;7 alloy nanoparticles are exceptional, for is higher than that on Pt/C. In the reverse scan, an an-
which a hcp pattern can be clearly identified and indicates odic peak current density is detected at around 0.5V
the presence of Ru-rich alloy&6]. It is noted that with in- for P/C and 0.4V for Rb—Rwg/C. lwasita and Pas-
creasing proportion of Ru in the-FRu alloys, all (exceptfor  tor [27] reported that the adsorbed residues of ethanol
Pb3—Ruy7) diffraction peaks are shifted synchronously to (e.g., PEFOCH,CH3z, P~CHOH-CHj3, (Pt=COH-CHgs,
higher @ values. The shift is an indication of the reduction P+COCH;s, and P+C=0) are difficult to oxidize at low po-

in lattice constant. tentials. Thus, they constitute a catalyst poison. Manohara
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PU/C (10 h)
— PY/C (3 h)
Pt/C (2 h)
--------- PY/C (1 h)
As-synthesized PY/C

Intensity (a.u.)

2609

and GoodenougfR8] attributed this anodic peak in the re-
verse scan to the removal of the incompletely oxidized car-
bonaceous species formed in the forward scan in an elec-
trolyte. Hence, the ratio of the forward anodic peak current
density () to the reverse anodic peak current density, (
I¢/lp, can be used to describe the tolerance of the catalyst to
the accumulation of carbonaceous species. Alkdly ratio
indicates poor oxidation of alcohol to carbon dioxide during
the anodic scan, and excessive accumulation of carbonaceous
residues on the catalyst surface. A highy, ratio shows the
converse case. From the results giverrig. 5, the ratio is
0.96 for Pt/C and 1.60 for B+Ruwg/C. Such a low value

for the Pt/C indicates that a large amount of intermediate car-
bonaceous species is not oxidized to carbon dioxide in the
forward scan. These experimental observations highlight the

Fig. 3. X-ray diffraction patterns of as-synthesized and various heat-treated major deficiency of pure Pt catalysts, i.e., the accumulation

Pt/C catalysts.

Intensity (a.u.)

. PR R
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35 40 45 50 55 60 65 70 75 80 85 90

20(9)

Fig. 4. X-ray diffraction patterns, from top to bottom: heat-treated Pt/C,
Ptgs—Ru5/C, Pto—Rupg/C, PEo—Ruwg/C and Pi3—Ru;7/C.
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Fig. 5. Cyclic voltammograms of Pt/C andsp+Ruwg/C catalysts in 1M
H2S0Oy, 2 M ethanol electrolyte.

of intermediate carbonaceous species on the catalyst surface
that leads to catalyst poisoning.

Cyclic voltammograms for ethanol oxidation on Pt/C and
Ptso—Rwsg/C catalysts with different forward potential scan
limits are shown irFig. 6. It has been reporteg@9] that the
reaction mechanism of ethanol oxidation on Pt electrodes
in acid medium involves parallel and consecutive oxidation
reactions, as follows:

CH3—CH,0OH — CH3z—CHO + 2H' 4 2¢~ (1)
(1)

Pt + Pt-(CO-CHg)ags— Pt(CO)ags+ Pt-(CHz)ads (1”)

Pt + CH3—CHO — Pt(CO-CHa)ads+ H" +€~

CH3—CH0H + H20 — CH3—COOH + 4H" +4e”
)

Reaction(1) occurs mainly at lower potentialE€ 0.6V
versus reversible hydrogen electrode (RHE)) and reaction
(2) occurs mainly at higher electrode potentias>0.8V
versus RHE). At intermediate potentials (0.6V versus
RHE <E< 0.8V versus RHE), the dissociative adsorption of
water occurs:

Pt + H0 — PtOHags+H' + €~ )

so that the oxidation of adsorbed gHCHO may produce
acetic acid, as follows:

(CH3—CHO)ags+ Pt-OHgygs

— (CH3—COOH)gs+HT + €~ + Pt (4)

Further oxidation to carbon dioxide is usually difficult on
pure Pt electrodes at room temperature. Carbon monoxide
acting as a poisoning species, and Qtave been clearly
observed by infrared reflectance spectrosci@®] and gas
chromatography31]. This may be explained by reactions
(1), (1) and(5):

Pt(COgs+ Pt-OHags— 2Pt+ CO+HT +e~  (5)
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Fig. 6. Cyclic voltammograms of room temperature ethanol oxidation on (a) Pt/C andsb¥Rkg/C catalysts in 1M HSQy, 2M CoHsOH at 50 mv st
with different forward potential scan limits.

Since the backward scan peak current for the PY/C catalystopy Ry OHgag + (CHz—~COOH s

increases with increase of the anodic limit of the forward scan

(Fig. 6(a)), it appears that the backward scan peak is associ- — 2PtRU + 2CO;+6H" + 6e” (7
ated with freshly chemisorbed species (such ag-@&OOH

and P+(CO)yg9. The backward scan peak current for the
Pt2—Ruwg/C catalyst decreases with increase in the anodic

limit on the forward scanKig. 6(b)), it appears that the exis- in the cyclic voltammetry test, Bt-Rwg/C shows a higher

tence of Ru facilitates the oxidation of freshly chemisorbed o iyity than that of Pt/C and the other Pt/Ru mole ratio cat-
species and displays an enhanced activity for ethanol electro-

o s alysts. The open-circuit voltage of the single fuel cell us-
oxidation. The reaction of the backward scan peak may being different P+Ru/C catalysts cannot be distinguished see

Hence, thd¢/l, ratio increases with the anodic limit.
The performance of single cells with differentdRu/C
samples as anode catalysts is giverrig. 7. As identified

explained by: Fig. 7(a). The performance and power density of the single
fuel cell increases with the Ru content in the-Rt/C cat-
Pt-Ru—OHyg+ PERU=C=0 ;
alysts, and the best cell performance and the highest power
— 2PtRu + CO; +Ht +e~ (6) density appear when £t+Ruws/C is employed as the anode
0.9 0.07
e Pt
08 o ]':‘/CR p 0064 — PiRu/C
= P:HRUIS:C —&— Pt Ru,/C
0.71 A 72Uy 0,05 4 —y— Pt:;ZR“m/C
o 0.6 +' . :sz:zm;g T ~@— P Ru,/C
- 23 77 =~
= 0.5 5 0.04
g =
= ‘@
z 0.4 5 0.03
Q [
© 034 g
r‘,_D 0.02
0.2+
0.01
0.19
0.0 T T T T 0.00 T T T T
0.00 0.04 0.08 0.12 0.16 0.20 0.00 0.04 0.08 0.12 0.16 0.20
(a) Current density (A/cm?) (b) Current density (A/cm?)

Fig. 7. Polarization curves and output power of single cell at operating temperaturé®f 8Aode: P+Ru/C with different Pt/Ru mole ratio (3 mg crf),
2M CoH50H 2 mImin~2. Cathode: Pt/C (E-TEK) (2 mg cm), O, 1 bar.
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catalyst. When the mole percent of ruthenium is increased [5] W.Y. Yu, W.X. Tu, H.F. Liu, Langmuir 15 (1999) 6.

to 77%, i.e., Pis—Ruy7/C, the performance and power den-
sity decreases. Nevertheless;-Ru/C is better as an anode
catalyst than Pt/C.

4. Conclusions

Pt and PtRu nanoparticles supported on Vulcan XC-72

[6] W.X. Tu, H.F. Liu, Chem. Mater. 12 (2000) 564.

[7] S. Komarneni, D.S. Li, B. Newalkar, H. Katsuki, A.S. Bhalla, Lang-
muir 18 (2002) 5959.

[8] W.X. Chen, J.Y. Lee, Z.L. Liu, Chem. Commun. (2002) 2588.

[9] Z.L. Liu, J.Y. Lee, W.X. Chen, M. Han, L.M. Gan, Langmuir 20
(2004) 181.

[10] B. Legratiet, H. Remita, G. Picq, M.O. Delcourt, J. Catal. 164 (1996)
36.

[11] A. Gamez, D. Richard, P. Gallezot, F. Gloaguen, R. Faure, R. Du-
rand, Electrochim. Acta 41 (1996) 307.

carbon are prepared by the microwave-assisted polyol pro-j12] m. watanabe, K. Sakairi, US Patent 5,728,485 (1998).

cess. In this process, Pt and-Ru colloids are first formed

[13] K. Tsurumi, P. Stonehart, US Patent 5,480,851 (1995).

in an ethylene glycol solution and subsequently transferred[14] P. Stonehart, US Patent 5,593,934 (1997).

to toluene using decanethiol as the phase-transfer agent. Th
metal particles are nano-sized (4.7 nm for Pt, and 4.5 nm for

Pt-Ru) and have relatively narrow particle-size distributions
(range: 3—6 nm, standard deviatiofd.4 nm). X-ray diffrac-

Q.S] H. Boennemann, R. Binkmann, P. Britz, U. Endruschat, R. Moer-

tel, U.A. Paulus, G.J. Feldmeyer, T.J. Schmidt, H.A. Gasteiger, R.J.
Behm, J. New Mater. Electrochem. Syst. 3 (2000) 199.

[16] S.A. Galema, Chem. Soc. Rev. 26 (1997) 233.

[17] X. Wang, I-M. Hsing, Electrochim. Acta 47 (2002) 2981.

tion analysis shows that the as-synthesized Pt already ha$l8] Z.L. Liu, X.Y. Ling, J.Y. Lee, X.D. Su, L.M. Gan, J. Mater. Chem.

considerably crystallinity that is further refined by heat treat-

ment. All the P+Ru/C catalysts (except Bt-Ruy7) display

the characteristic diffraction peaks of the Pt fcc structure,

but the 2 values are all shifted to slightly higher values.

13 (2003) 3049.

[19] Z.L. Liu, X.Y. Ling, X.D. Su, J.V. Lee, J. Phys. Chem. B 108 (2004)
8234.

[20] F.A. Cotton, G. Wildinson, Advanced Inorganic Chemistry, Wiley,
1988.

The metal colloids are adsorbed on Vulcan XC-72 carbon [21] T. Teranishi, M. Hosoe, T. Tanaka, M. Miyake, J. Phys. Chem. B

and heat-treated to remove the decanethiol shell. The result-

ing catalysts are active at an operating temperature 6€80

103 (1999) 3818.
[22] S.Y. Zhao, S.H. Chen, S.Y. Wang, D.G. Li, H.Y. Ma, Langmuir 18
(2002) 3315.

for the electro-oxidation of ethanol, especially in the case of [23] p.N. Furlong, A. Launikonis, W.H.F. Sesse, L.V. Sanders, J. Chem.

Pt2—Ruws. The binary catalystis more active than the Pt-only
catalyst.
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