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Abstract: The deposition or co-deposition of Pt and/or PtNtbO3(0<y<x<2) on a flat base platinum electrode from 0.5M$0); solutions

with 0.005M HPtClg and/or 0.05M NaMoOy and the catalytic oxidation of methanol on deposited and co-deposited electrodes in 0gMHCH

+ 0.5M H,SQ solution were studied by cyclic voltammetry, choronoamperometry and alternative current impedance spectroscopy. A deposited
platinum electrode obtained by cycling the base platinum from —0.2 to 0.8V (vs. SCE) in 0.008NId+ 0.5M H,SOq solution had a larger

surface area than the base platinum electrode. Hydrogen molybdenum brogile@s) was deposited and could be oxidized in two steps

to HyMoOs (y<x) when the base platinum electrode was cycled from —0.2 to 1.3V (vs. SCE) in 0.08bG®a+ 0.5M H>SQ; solution. A
Pt-HyMoO3 co-deposited electrode could be obtained by cycling the base platinum electrode from —0.2 to 0.8V (vs. SCE) in g\0&®} Na

+ 0.005M H,PtClg + 0.5M H,SQq solution. There is a significant catalysis for methanol oxidation at the co-deposited electrode in 8BM H
solution. The catalysis was ascribed to the interaction between platinum and the redox cQMu@4A HyMoOs (0<y<x<2). The hydrogen
molybdenum bronzes with less hydrogen play a role as hydrogen acceptor, which help to free platinum from poison by the intermediates of methano
oxidation. The instability of the codeposited electrode in 0.5)8@), solution was proposed.
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1. INTRODUCTION

CH3OH + HyO — CO, + 6H " + 66 )
Direct methanol fuel cell (DMFC) technology is attractive in
this modern society that more and more energy is required and
environmentally friendly energy is desired. DMFCs are ideal Theoretically, DMFCs have an energy density five times that of
power sources not only for large vehicle but also for portable @ Liion battery which has been able to achieve 300-350 Whl.

electronics use, because methanol offers numerous benefits wh . . .
E?ectrocatalytlc oxidation of methanol plays an important role

it is used as a fuel. Methanol can be obtained from cost and. the DMEC ; Much K has b ed th
reproducible sources such as wood, which can reduce the usd! € system. viuch work has been reported on the

of minerals such as oil. Methanol is an environmentally clean development of elgctrocatalyts for the mgthanol oxidation and
fuel due to only formation of carbon dioxide and water while on the understanding of the electrocatalytic mechanisms [1-10].

methanol is burned. It can be handled and stored as easily a§hropsh|re was the first to report the catalysis of molybdates

gas and more easily than hydrogen. Most of all, methanol has on the methanol oxidation [11]. Since then the application of

high energy density through a six-electron reaction: platinum-molybdenum electrode has_, bee_n paid much gttention
[12-16]. However proposed mechanisms in the catalysis on the
methanol oxidation are controversial. Some believed that the

*To whom correspondence should be addressed: Email: liwsh@scnu.edu.crcouple Mo(1V)/Mo(lll) played an important role in the catalysis
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of methanol oxidation [12,13], but some believed that it was not tion of hydrogen ions into molybdenum oxides, forming hydro-

the couple Mo(1V)/Mo(lll) but the couple Mo(VI)/Mo(IV) [14]. gen molybdenum bronzesxMoOs(x <2) [17,18]. The oxida-

The purpose of this work is to investigate the electrocatalytic tion and reduction of hydrogen molybdenum bronze can be ob-

mechanism by studying deposition of platinum and/or reduced served when transferring the platinum with colored deposition

molybdates and electrochemical behaviors of co-deposited platinto 0.5M H,SO;, solution without molybdates and cycling the

inum and hydrogen molybdenum bronzegO3, 0<y<x<2) electrode between —0.2 and 0.8V. This indicates that the colored

in the sulfuric acid solution with and without methanol. The co- deposition should be hydrogen molybdenum bronzes.

deposition method is used in order to prepare R6i03 with

homogeneous compositions.

2. EXPERIMENTAL 200
1.0x10°*

All the experiments for the depositions of platinum and/or hy- 00

drogen molybdenum bronze and the determination of electro-

chemical behaviors were performed using a potentiostat/galva-

nostat (PGSTAT 30, Autolab) controlled by a computer with a

GPES program. A conventional three-electrode cell was used

in all the experiments. A platinum disk with an area of 0.196

cn? was used as the working electrode. A platinum wire was 40x10° 1

used as the counter electrode and a saturated calomel electrode 5010°

(SCE) was used as the reference electrode. Potentials in this pa- e e S S e s e

. -04 -02 0.0 0.2 04 06 08 10 12 14

per are referenced to SCE. The electrolyte volume in the cell E (V. vs. SCE)

was 100 crd. All the chemicals used were analytical grade T

reagents. Solutions were prepared with water de-ionized and

distilled twice. 0.5M BSQO, + 0.005M H,PtCk solutions with ) ] )

and without 0.05M NaMoO, were used for the preparation Figure 1: Voltammograms of platinum electrode in 0.5M

of deposited platinum and co-deposited RiviéO; electrodes. H2>S0Oy solutions with (solid line) and without (dash line) 0.05M

0.5M H,SO, + 0.1M CH;OH solution was used in the catalytic N@&MoOa, scan rate: S0mV/s.

study. All the experiments were carried out at room tempera-

ture.
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The formation and the oxidation currents of adsorbed hydrogen
3. RESULTS AND DISCUSSION atoms on platinum in the solution without molybdates were not
observed in the solution containing molybdates. This indicates

3.1 Deposition and co-deposition of platinum and/or hy-  thatthe platinum surface is covered with the deposited hydrogen

drogen molybdenum bronzes molybdenum bronzes and no naked platinum is available for the
formation of adsorbed hydrogen. Two oxidation current peaks
3.1.1 Deposition of hydrogen molybdenum bronzes can be observed from Fig. 1 at 0.24V (A) and 0.95V (B) on

platinum in the solution containing molybdates. The currents
Fig. 1 shows the cyclic voltammograms of platinum electrode near the second peak (B) is far higher than those observed on
in 0.5M H,SOy solutions with and without 0.05M N#&100;. the electrode in the solution without molybdates, indicating that
In the solution without molybdates, reversible formation and the second current peaks is mainly contributed by the oxidation
oxidation of adsorbed hydrogen atoms can be observed on thef the reduced molybdates. Therefore, the oxidation of the re-
potentials between —0.2 and 0V, and the formation of platinum duced molybates, hydrogen molybdenum bronzegvigOs),
oxide beginning at about 0.45V and its reduction peak poten-proceeds in two steps. No reduction currents correspond to the
tial at about 0.45V can be identified. The reduction of molyb- second oxidation of the hydrogen molybdenum bronzes and the
dates and the oxidation of the reduced molybdates can be easilyeduction current peak of platinum oxide still can be observed
observed by comparing the voltammograms of platinum elec-on the electrode in the solution containing molybdates. This in-
trode in the solutions with and without molybdates. The re- dicates that the deposited hydrogen molybdenum bronzes will
duction of molybdates begins at about 0.2V and reaches a peaklissolve in the solution after the second oxidation. The dis-
current at about OV before the hydrogen evolution takes place.solution of hydrogen molybdenum bronze with higher oxida-
The reduced molybdates deposits on the platinum surface, betive state of molybdenum has been testified by several authors
cause colored deposition on the electrode surface can be obf19,20]. Naked platinum surface is available again and platinum
served when the potential scan ends at —0.2V. The reductioroxide is formed due to the dissolution of hydrogen molybdenum
of molybdates in acid solution is accompanied by the inser- bronzes.
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To understand the reduction behavior of molybdates, the voltam-Fig. 3 is the chronocoulometric response of platinum electrode

mograms of platinum electrode were measured in 0.518® at OV in 0.5M H,SO, + 0.05M NaMoOQ,4 solution. There is

+ 0.05M NaMoO; solution with different potential scan rates. a good linear relationship between the reduction coulomb of

The results are shown in Fig. 2a. There is a proportional re- molybdates and the square root of reduction time and the equa-
lationship between the reduction current at OV and the squaretion (3) can be used [21].

root of scan rate, as shown in Fig. 2b. This indicates that the
reduction of molybdates is reversible and the equation (2) can
be used [21].

Q = 2nFADY Cir Y212 4 Qg + nFAT, 3)

ip = (2.69x 10°)n%3ADS 2vY/2C; )

Ip is the reduction peak current of the reactanh@e reaction

electron numberA the electrode ared), the diffusion coeffi-

cient,v the potential scan rate a@j the bulk concentration of
the reactant.
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Figure 2: Voltammograms of platinum electrode in 0.5M
H,SO; + 0.05M NaMoOy, solution with scan rates: 200, 150,

whereQyq is the capacitive chargé,, the surface concentra-
tion of adsorbed reactants, the faradaic constant, other sym-
bols have the same meaning as in equation (2). Although the
diffusion coefficient is not available, the reaction electron num-
ber can be obtained by combining two slopes of the linear lines
in Fig.2b and Fig. 3. As the slope is 1.0103 V1/2/s1/2 in
Fig.2b and —1.8810%C/s/2 in Fig. 3, the reaction electron
number obtained is 4.72.
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Figure 3: Chronocoulometric response of platinum electrode at
0V in 0.5M H,SOy + 0.05M NaMoOy4 solution

In acid solution, molybdates exist in the form of polymolyb-
dates [22]. The number of molybdenum atom in a polymolyb-
date molecule depends on the acid concentration. The reduction
reaction of molybdates can be expressed as follows:

ZIMo(V1)]so +NE +2zXHT — Z[HyM0O3]ags X<2  (4)

120, 100, 80, 50, and 20mV/s (a), the arrow shows the increasevherezis the number of molybdenum atom in a polymolybdate
of the scan rate, and the variation of current at OV with the molecule anck equalsn/z Sincex <2 andn = 4.72,zis larger

square root of scan rate (b).

than 2,i.e,, a ploymlybdate molecule in 0.5M4%$0, solution
consists of more than two molybdate molecules.
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Cycling the platinum electrode in 0.5M 280, + 0.05M

NaxMoOy4 solution between —0.2 and +1.3V, the voltammograms 3.0x107
in various cycles remains almost the same with the solid line in 20x107%
Fig. 1. This indicates that the amount of the deposited hydro- 1.0¢10% 4
gen molybdenum bronzes on platinum will not build up with 00
cycles but dissolve into the solution again after two-step oxida- -1.0x10* -
tion. The oxidation of hydrogen molybdenum bronze and the 2010*
dissolution of the oxidized product can be expressed as follows: = 3x10*]

4.0x10*

45.0x1o“—:

[HxM0Os]ags — [HyM0Os]ags+ (X —y)€™ 0 42 | 0o | o2 | o4  os
+(x—yH" 0<y<x<2 (5) E (V, vs. SCE)
[HyM0Os]ags — [M0O3]ags+ye™ +yH™ (6) Figure 4: Voltammograms of platinum electrode in 0.5M

H,SO, + 0.005M HPtCk solution, the arrows show the in-
crease of cycle number, scan rate: 50mV/s.

[MOOS]ads+ 6HT — [MO(V|)]30| + 3H,0 (7)

3.1.2 Deposition of platinum

Fig. 4 shows the voltammograms of platinum electrode in 0.5M

H,SOy + 0.005M HPtCk solution. The reduction of Pté:]‘

begins at about 0.3V, just after reduction of platinum oxide. The

oxidation of adsorbed hydrogen atoms can be observed at negdrogen molybdenum bronzes between 0.1 and 0.3V can be ob-
ative potentials. Based on the variation of the oxidation chargeS€rved. This indicates that co-deposition of platinum and hy-
of adsorbed hydrogen atoms with cycling from Fig.4, it can be drogen molybdenum bronze takes place. The naked platinum
found that the surface area of platinum increases with cycling. SUrface is always available during the co-deposition, which is
This means that the deposited platinum was dispersed on th&ifferent from the deposition of hydrogen molybdenum bronze
base platinum surface. The deposited platinum was prepared ifP" Platinum as shown in Fig. 1. The co-deposited electrode was

this paper by cycling the base platinum electrode for 30 cyclesPrepared in this paper by cycling the base electrode for 30 cy-
between —0.2 and 0.8V in 0.5MA3Q, + 0.005M HPtCl so-  Cles between —0.2 and 0.8V in 0.5M:$0, + 0.005M HPICk

lution at a potential scan rate of 50 mV/s. Fig. 5 is SEM of *0-05M N&MoO, solution at a potential scan rate of 50 mVis.
different electrodes. Fig. 5b is the SEM of the prepared de- Fi9- 5C is the SEM of the prepared co-deposited electrode.

gosneqt %Iat;ntjm electrode, which shows the dispersion of theFig. 8 shows the voltammograms of the deposited platinum and
eposited platinum. the co-deposited electrodes in 0.5 M$0, solution. It can

The surface area of platinum electrode can be evaluated by mea2€ found that there is little difference between the deposited
suring the oxidation coulomb of adsorbed hydrogen atoms [23]. platinum electrode and the co-deposited electrode, except that

Fig. 6 shows the voltammograms of the base platinum and theth€ Oxidation peak A at 0.22V and the reduction peak A" at
deposited platinum electrodes in 0.5 M$0, solution. The  0-17V of hydrogen molybdenum bronzes can be observed and
coulomb is 4.4%10°5 C for the base platinum electrode and & little larger naked platinum surface is available on the co-
1.06x 103 C for the deposited platinum electrode. The area of deposited electrode. The naked platinum surface available on

the deposited platinum electrode is about 24 times that of theth® co-deposited platinum electrode is about 1.2 times that on
base platinum electrode. the deposited electrode. The peak A and peak A’ in Fig. 8

correspond to the oxidation and reduction of a redox couple of
3.1.3 Co-deposition of platinum and hydrogen molybdenum hydrogen molybdenum bronzes. The difference of two peak

bronze potentials is 50mV, indicating that the redox reaction is con-

siderably reversible. The redox potential of this couple can be

Fig. 7 shows the voltammograms of platinum electrode in 0.5M estimated from their peak potentials. It is 0.2V, close to the po-
H.SO, + 0.005M HPtClk + 0.05M NaMoO, solution. The tential (0.4V vs. SHE) for the conversion of{M0oO3 phase |
current peaks corresponding to the oxidation of adsorbed hy-(0.23 <x < 0.40)/phase Il (0.85 % <1.04) [24]. Therefore, the
drogen atoms between —0.2 and OV and the oxidation of hy-redox reaction can be expressed as:
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Figure 6: Voltammograms of base platinum electrode (dash
line) and deposited platinum electrode (solid line) in 0.5M
H>SOy solution, scan rate: 50mV/s.
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Figure 5: SEM of base platinum electrode (a), deposited plat-

inum electrode (b) , and Co_deposited electrode (C) Figure 7: VOltammOgramS of platinum electrode in 0.5M

H,SO4 + 0.005M H,PtCl + 0.05M NaMoOy solution, the ar-
rows show the increase of cycle number, scan rate: 50mV/s.
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-2.0x10* | B
3.2 Catalytic oxidation of methanol on the co-deposited 4.0x10 5 A A o oo o8
electrode E (V. vs. SCE)
Fig. 9 shows the first cyclic voltammograms of the base plat- st ]
inum, the deposited platinum and the co-deposited electrodes 2:2;0,3_-
in 0.1M CHzOH + 0.5M H,SO; solution. The potential scan 2.0x10°
began at -0.2V, reversed at 0.8V and ended at —0.2V. The elec 1-8x1°:2-_
trode was kept at —0.2V for 3s before the scan started. It can be L‘jxlg
observed from Fig. 9a that the oxidation current of methanol in- 1:2;0.3_- /
creases with increasing potential slowly before 0.4V but quickly < 10x10°] /
after 0.4V. The slow current increase is ascribed to the forma- ~ 8-0x10:‘:—_
tion of reaction intermediates and the quick increase to the for- jgﬂg
mation of partial platinum oxide which favors the conversion of 2:0;0,4_-
intermediates to carbon dioxide [16]. The current magnitudes 00 C
of methanol oxidation on these three electrodes are different: -20x10 1
the highest on the co-deposited electrode and the lowest on the A T T 0 oe oe | os
base electrode. Compared with the base platinum electrode, th E (V. vs. SCE)

deposited electrode and the co-deposited electrode apparentl
catalyze the methanol oxidation. For example, the current at

0.37V, where current increases slowly with increasing potential, ] .
on forward scan is 2.2610°5 A for the base electrode, but the Figure 9: Voltammograms of the base platinum (a), deposited

currents at the same potential are 3«a64 A for the deposited  Platinum (b) and co-deposited (c) electrodes in 0.1MsOH +
electrode and 6.85104 A for the co-deposited electrode, 16.2 0-5M H2SO; solution, scan rate: 50mV/s.
and 26.4 times that for the base electrode, respectively.
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The oxidation of methanol on polycrystalline and single crystal denum with lower valence than Mo(VI) is more negative than
platinum has been well studied [25-28]. The reaction involves the potential for the methanol oxidation (as shown in Fig. 1).
the formation of adsorbed intermediates such as CO [29] andThe catalysis for the methanol oxidation on co-deposited plat-
COH [30], which will retard the further oxidation of methanol. inum/molybdenum oxide has also been reported [14]. A surface
The pathways for the methanol oxidation are similar on the redox mechanism which involves the Mo(VI)/Mo(IV) couple
base platinum electrode, the deposited platinum electrode andn substoichiometric lower valence molybdenum oxide MoO
the co-deposited electrode. On the forward scan, the adsorbe@<x<3) was proposed to explain this catalysis. Based on our
methanol on platinum is directly oxidized to different forms of results obtained in this paper, not the Mo(VI)/Mo(1V) but the
intermediates or even to GO The current increases with in-  couple HMoOs/HyMoOs (corresponding to the redox A/A in
creasing potential, so the reaction is controlled by the chargeFig. 8, 0<y <x < 2) is responsible for the catalysis of methanol
transfer step. The current reaches a peak at about 0.6V and theaxidation.

decreases with increasing potential, indicating that the methanol ) o
oxidation becomes difficult on the surface covered completely We have reported that the catalysis for methanol oxidation on
with platinum oxide. On the backward scan, the current peak of the platinum modified with reduced molybdates depends on the
methanol oxidation occurs at about 0.45V, 0.15V less negative@Mount of the reduced molybdates [16]. The catalysis was re-
than the current peak potential on the forward potential scan.duced when platinum was under-modified or over-modified with
This can be ascribed to the fresh naked platinum available dugydrogen molybdenum bronze. Therefore, the catalysis for
to the reduction of platinum oxide. The current for hydrogen Methanol oxidation on the co-deposited platinum and hydro-
adsorption is not so apparent for the base platinum electrode a§en molybdenum bronzes should be related to the interaction
for the deposited electrode and the co-deposited electrode. Thi®etween platinum and hydrogen molybdenum bronze. Since

indicates that the dispersed platinum favors the desorption ofthe catalysis takes place after the oxidation peak A in Fig. 8,
the reaction intermediates of methanol oxidation. the catalysis is not ascribed to the direct methanol oxidation by

HyMoO;3 (0 <y < 2). The catalytic mechanism can be explained
The catalysis for the methanol oxidation on the deposited elec-as the proton spillover effect between platinum and hydrogen
trode should be ascribed to the increase of real surface area angholybdenum bronzes. The redox couplgbOz/ HyMoO3(0<
the geometric effect of the dispersed platinum on the depositedy < x < 2) is reversible. The hydrogen molybdenum bronze
electrode. The real surface area of the deposited platinum elecwith high amount of hydrogen (1003) is easily oxidized on
trode is 24 times that of the base platinum electrode. There arghe platinum to form the hydrogen molybdenum bronzes with
two types of adsorbed CO on platinum surface [31,32]. The dis- less hydrogen (MoOz). The latter plays a role as proton ac-
tribution of different adsorbed CO depends strongly on the crys- ceptors, which help the oxidation of adsorption intermediates,
talline characteristics of the surface and the methanol oxidationCH,O,440 < z < 4), on platinum. The electrocatalytic process
depends greatly on surface structure [33]. The deposited platcan be formulated as:
inum has a structure with dispersed platinum particles, which
will favor the methanol oxidation.

There is a stronger catalysis for the methanol oxidation on the Pt+CHzOH — Pt—[CHzO]ags+ (4—2)e” +(4—2)H'  (9)
co-deposited electrode than on the deposited electrode. Based
on the oxidation charge of adsorption hydrogen, it has been
known that there is no significant difference in real platinum sur- Pt — [CHzOJags+ WPt — [HyM0O3]ags+ H20 —

face area between the co-deposited electrode and the deposited CO; + Pt+wPt— [HM0Os]ags  (10)
electrode. Therefore, the catalysis for the methanol oxidation

on the co-deposited electrode must be ascribed to the existence WPt— [HxM0Os]ads —

of hydrogen molybdenum bronze. The current at 0.37V for the WPt — [HyM0O3]ags+W(X — y)e~ +w(x—y)H" (11)
methanol oxidation increases by 16.2 times from the base elec-

trode to the deposited electrode whose platinum surface area i?—'ig 10 shows the Nyquist plots of the base platinum electrode

24 times that of the base platinum electrode. However, the cur- . .
P the deposited electrode and the co-deposited electrode at 0.37V

rent at the same potential for the methanol oxidation increases .
by 1.87 times from the deposited electrode to the co-deposite qO.lM CHOH + 0.5M S0, solution. It can be found from

electrode whose platinum surface area is only 1.2 times that of 9. 10 that the Nyqt_“s_t bghawors of j[h_ese thre_e electrodes at
the deposited electrode. high frequency are similar: a flat semicircle, which represents

a process controlled by the charge transfer step. This indicates
Some reports ascribed this catalysis to the direct methanol oxthat the methanol oxidation on these tree electrode is controlled
idation by Mo(IV) [15]. This mechanism seems unreasonable, by the charge transfer step. Charge transfer resistance can be

because the formation potential for any other forms of molyb- obtained by fitting the Nyquist plots of Fig. 10 at high fre-
quency (from 1BHz to 1Hz) with a parallel equivalent circuit of
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capacitance and resistance. It is 1Q4for the base platinum

electrode, 1.4R for the deposited electrode and 0.%¥for the 10000 7
co-deposited electrode. The charge transfer resistance for thi 9000
co-deposited electrode is almost half of the charge transfer re- 5000 -
sistance for the deposited electrode, although the naked plat 7000 A
inum surface of the co-deposited electrode is almost the same 6000 |
as that of the deposited electrode. Therefore, the higher catal g 5000
ysis of methanol oxidation on the co-deposited electrode than S Lo ] . .
the deposited electrode can be ascribed to the decreasing char¢  n° " .
transfer resistance due to the interaction between platinum anc 3000 1 " . .
hydrogen molybdenum bronze. This strengthens the proposec 2000 _-' -
catalytic mechanism for methanol oxidation: hydrogen molyb- 1000 - i .,
denum bronzes help to clean platinum to make the methanol 0 -
oxidation easier. 2000 O 2000 4000 6000 8000 10000 12000 14000 16000
To determine the stability of the co-deposited platinum and hy- Z, (Ohm)
drogen molybdenum bronze electrode, potential step experimen
was carried out. Fig. 11 is the choronoamperometric response: 600 - -
of deposited electrode and co-deposited electrode at 0.6V in = " .
0.1M CHzOH + 0.5M H,SO;, solution. At the beginning of 400 - - .
the potential step, the current for the methanol oxidation at the . .
deposited platinum electrode decreases significantly. The cur- . -
rent on the co-deposited electrode is far higher than thatonthe £ 207 = -
deposited platinum electrode, for example, after the potential QE I B -
was maintained for 600s the current is 7.513x4®for the co- N0+ "
deposited electrode, five times the current (1.492%A) for '
the deposited electrode. This verifies the catalysis of the co- 200 - -
deposited platinum and hydrogen molybdenum bronze on the . . -
methanol oxidation. However, after the potential was main- 400
tained for 1500s the current on the co-deposited electrode de- 0 200 400 600 800 1000 1200 1400
creases and reaches almost to the current on the deposited ele Z_/ohm
trode. This indicates that the catalysis of co-deposited electrode
on the methanol oxidation is reduced. It was found that the re- 400 -
dox couple peaks A/A in Fig. 8 disappeared when measuring
the voltammogram of the co-deposited electrode after potential 300 - "L
step experiments, as shown in Fig. 12. This indicates that the . =
deposited hydrogen molybdenum bronze can dissolve into sul- 2004 . "
furic solution. The reduction of the catalysis of the co-deposited 100 . . .
electrode is ascribed to the dissolution of the deposited hydro- & f .
gen molybdenum bronze. In order for the catalytic system to o 0
be used in the fuel cell, efforts should be made to find out the N C !
methods for stabilizing hydrogen molybdenum bronze. 190

200 - -
4. CONCLUSIONS 0 -
Hydrogen molybdenum bronzes can be co-deposited with plat- 0 20 400 500 800
inum. There is an interaction between the co-deposited plat- Z_ (ohm)

inum and hydrogen molybdenum bronzes, which catalyze the
oxidation of methanol in the sulfuric acid solution. The catal-

J. Lu et al./J. New Mat. Electrochem.

Systems 8, 5-14 (2005)

ysis can be ascribed to cleaning of poison adsorption interme-,:igure 10: Nyquist plots of base platinum (a), deposited plat-
diates formed from the methanol oxidation on platinum by the ;,um (b) and co-deposited (c) electrodes at 0.37V in 0.1M

redox couple HMoOs/ HyMoO3 (0 <y <x < 2). However, the  cp.0H + 0.5M H,SO; solution, frequency from 100kHz to
co-deposited platinum and hydrogen molybdenum bronze elec-1gmHz.
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trode is not stable in sulfuric solution. Hydrogen molybdenum
bronzes can dissolve in the solution.
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