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Synthesis of PtMoQO; Electrode by Electrodeposition Method for Direct Methanol Fuel Cell
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Pt-MoOs electrodes were fabricated on ITO-coated glass by electrodeposition method using 20 mM hydrogen hexachloro-
platinate (H,PtClg) and 10 mM Mo-peroxo electrolyte. Deposition order was varied, and catalytic activities of synthesized elec-
trodes were compared with that of pure Pt electrode. Scanning Electron Microscopy (SEM) was utilized to examine surface
morphology. The crystallinity of synthesized films was analyzed by X-ray Diffraction (XRD), and the oxidation state of both
the platinum and molybdenum were determined by X-ray Photoelectron Spectroscopy (XPS) analyses. The catalytic activity
and stability for methanol oxidation were measured using cyclic voltammetry (CV) and chronoamperometry (CA) in a mixture
of 0.5 M H,SO4 and 0.5 M CH30H aqueous solution. MoOs electrodeposited on the surface of Pt showed much higher cata-
Iytic acitivity and stability than pure Pt electrode due to the good contact between Pt and MoOs.
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Table 1. Synthesis Conditions of Pt-MoQO; Electrode

1 Deposition

2" Deposition

Sample No.
Electrolyte Voltage vs Ag/AgCl  Time (Sec.) Electrolyte Voltage vs Ag/AgCl  Time (Sec.)
Sample 1 (Pure Pt) 20 mM H,PtClg -0.4 30 - - -
Sample 2 (Pt-MoOs) 20 mM H,PtClg -0.4 30 10 mM Mo-Peroxo -0.02 30
Sample 3 (MoOs-Pt) 10 mM Mo-Peroxo -0.02 30 20 mM H,PtClg -0.4 30
Sample 4 (Pure MoO;) 10 mM Mo-Peroxo -0.02 30 - - -
DMFC= Hleh2RE S5l d AFEAIRRS drkeA] 59 & Qo] 7]
& 7R ] GRAISo STl uhE EHTS SlaAA F glch
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@ FAHERD YAtslekay(CO) 2 Prid= I HAG SR lgh B4 A3 Figure 1. SEM images of (a) Pure Pt (sample 1) and (b) Pt-MoO; thin
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film synthesized by electrodeposition method.
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Figure 2. XRD pattems of the electrodeposited samples after calcination

at 400 C for 2 h; (a) pure Pt (Sample 1), (b) Pt-MoO; (Sample 2),
and (c¢) MoOs-Pt (Sample 3).

A0 7 FAE MoO; > A4 A A7%Ao] e FElE XA 3
(X-ray Diffraction, XRD)i4] Az}, 977} #FHA] Pk (data
not shown), 400 CellA] 24 Fofli= Mo0s 2] 54 =7} F3lo] Tz
=St} Figure 2(a)= 7% Pt Bl2ke] 240 § XA 31 24 A
= UeEiSlEE], FCC Pt 559 (1113 (200)8] 54431331 40°9)
46° ¥-9] ¥=7} BEEA12]. Pt} MoOs7F 5 Z29 Sample
29} Sample 3°] 739~ Figure 2(2)] F 71| 54 F| =L o]9]of] 24.5°,
25.3°, 2731 27° FFelA AR I3 AEE e, o] I35
orthorhombic Mo0;2] 4 JFo|t}13]. ©|42] XRD 4 Anz 5
B d718187 S el 23 el MoOs7) e A o2 I E S
gelgk & ek

TAE Pt} Mod A7 HE ZAFSEZ] 13l Sample 201 thal] X-ray
Photoelectron Spectroscopy (XPS) 48 F~3t] 1 Z ¥} Figure
3o YERNSITE Pt 4f5,9} 4fsn core leveloll TigH XPS #41 A}
Figure 3(a)°llA] H20] 71.3 eV 74.6 eVollA] F719] 337} FElo]
FAE Q=) o] Pt 49 XPS 4] A#}9} AUX|3HH14]. Figure
3(b)= Mo 3dsn 9} Mo 3dspoll thdt XPSoll= 2427, 232.8 eV
235.9 eVellA F 719 927} B, o MoOyde] Mo™ 54
T FolvH15]. o] el AFENE W73 S o r e Prot
Mot 42 Pt 557 MoO; & EAIg = 21& 18 4= IStk

3.2. et M32| HEE
Jeke 2hsike- 548 AKH] 4, 0.5 M HaS0, 894 UlellA] &
e A=) AREE REE B3-S 20 mVse SRR S
(Cyclic Voltammetry)< ©]8-3t0] w241ste] 1 A& Figure 4] e}
Ak =53 Pt (Sample 1)2] 75 0.6 V vs Ag/AgCl #2310 V
vs. Ag/AgCl el 22t 8w A8} 4hsle) A7) FFlo] Al
=, ol& 747 ARl g3 ol i IR dAE 4 Qlok &
02~0 V APlM = H'S] &) gt 971 F5lo] =
th =738 MoOs (Sample 4)2] 73-%, tHE samplesel| vlal AFHE=7}
wekom pee] Abg) 3kl B4 937} #EE A okkth Sample 29
Sample 42] 739~ (Figure 4(b,c)), 58t Pto] 74-9-2} vI71A| 2 Pte]
A 22 F&e ot 9371 0.6 V vs Ag/AgCl F7 1.0 V vs

i)

E
]
=
©
=
@
=
T8 76 T4 T2 T0 68
Binding Energy (eV)
(2
Ei
-1
oy
W
=
z
=

238 237 236 235 234 233 232 231 230
Binding Energy (eV)
(b)
Figure 3. X-ray photoelectron spectroscopy spectra of Sample 2; (a)
Pt 4f7/z and Pt 4f5/2, and (b) Mo 3d5/2 and Mo 3d3/2,
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Figure 4. Cyclic voltammograms of electrodeposited samples in a 0.5
M H,SOy solution; (a) pure Pt (Sample 1), (b) Pt-MoQO; (Sample 2),
(¢) MoO:s-Pt (Sample 3), and (d) pure MoOs; (Sample 4). The scan rate
was 20 mVs .
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Figure 5. Catalytic activities of electrodeposited samples for methanol
oxidation in a mixture of 0.5 M H,SOs and 0.5 M CH;OH; (a) pure
Pt (Sample 1), (b) PMoQO; (Sample 2), and (c) MoOs-Pt (Sample 3).
The scan rate was 20 mVs .

=)

o] &3t Pt (Sample 1)} A2 FL3HA LUEFATE ©]& Sample
, 2,39 A9 FAE AgtelA] 22 AlREs<t PrE ARSIV Wit
of T4% %< Pt FAEN] WEow Ak IH|Ee e
02~0 V Aol E H S F&2F 9)310] A =58t Pto] 49 1
o} ¥l WA o] w37k #AEEY, ol Peoll 2% H'S e
MoOs°ll 28t H'9] intercalation/deintercalation2] &¥}7} Aol L}E}
s Zle® a5 ok

0.5 M CH;0H + 0.5 M H,S0,2] E&-&-ellA 20 mv/s] 307
Cyclic Voltammetry A &-& 330} wehe Akebs 548 A8
Figure 59 UERAISITE. 5573 MoO; (Sample 4)°] 7-9- Figure 4(d)
o] A8t F ApolE vERlA] ekgkor, AskE 9137} HEEA
2ot MoO;+= HlEhE AbsluEg-of Tfsh E4o] gith= A& &Rlsksl
THdata not shown).

Figure 5914 ®z0] -2 ko] ptE AME-3F Sample 2, 3, 48] F-$-
AMZ T WehE AR 545 JERISItE peE 1A SESskL
MoOs 5 ol F2Het Sample 22] 7-9(Figure 5(b)), <=2 Ptel] ]
3 =2 HlehE ABWES A4S vER B, MoOsE WA Tt

—_

224815t M 21 3 X 4=, 2010

CHyOH

MoO; l‘
nMoQO; + H* + & < nHxMoO5 + Pt =—— Pt-H + Pt-CH,O

|

MoO,
nMoO,+ H* + & < nHxMoOg + Pt «——— Pt-H + Pt-CHO

MoO, l
nMoQ;+ H* + & > nHxMoOy + Pt +———— Pt-H + Pt-CO

uﬂﬂl

€O, + H0 + Pt

Figure 6. Schematic diagram of methanol oxidation over Pt-MoOs;
electrode.
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Figure 7. Chronoamperometry of electrodeposited samples at 0.5 V vs
Ag/AgCl in a mixture of 0.5 M H,SOs and 0.5 M CH;OH; (a) pure
Pt (Sample 1), (b) Pt-MoOs; (Sample 2), and (¢) MoOs-Pt (Sample 3).
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