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Abstract: The current materials used in proton-exchange mem-
brane fuel cells (PEMFCs) are not sufficiently durable for com-
mercial deployment. One of the major challenges lies in the
development of an inexpensive, efficient, and CO-tolerant anode
catalyst. Here we report the unique CO-tolerant property of Pt
nanoparticles supported on Tig7Wg30,. The Tig ;W 30, nanopar-
ticles (50 nm) were synthesized via a sol—gel process and
platinized using an impregnation—reduction technique. Electro-
chemical studies of Pt/Tig;Wo30, show unique CO-tolerant
electrocatalytic activity for hydrogen oxidation compared to
commercial E-TEK PtRu/C catalysts. Differential electrochemical
mass spectrometry measurements show the onset potential for
CO oxidation on Pt/Tip7W( 30, to be below 0.1 V (vs RHE). Pt/
Tio7Wo30, is a promising new anode catalyst for PEMFC
applications.

Proton exchange membrane fuel cells (PEMFCs) are an attractive
aternative to current energy conversion technologies and are being
developed for automotive and portable electronics applications due
to their high efficiency, near room temperature operation, and zero
emissions.* However, there are still many challenges to overcome
before their commercial deployment, including the development
of inexpensive, durable, and efficient catalysts. Although Pt/C is
currently the electrocatalyst of choice for hydrogen oxidation, the
catalyst surface is easily poisoned, even by low levels of CO (10
ppm), resulting in a significant degradation in performance. The
adsorption of CO on the catalyst surface blocks the adsorption and
desorption of hydrogen, causing severe anode polarization.? Al-
though PtRu catalysts are currently acknowledged as the best anode
materials for PEMFCs under impure hydrogen conditions,® their
CO tolerance is unsatisfactory for practical PEMFCs applications.
Furthermore, Ru is neither stable in the aloy, especidly at high
current densities, nor abundant.* Hence, there is a need for anode
catalysts that are stable, inexpensive, and resistant to CO poisoning.

Studies by Niedrach et al. have shown the increased CO tolerance
of platinized metal oxides, notably those of tungsten.® There are
numerous studies focused on W-based, CO-tolerant catalysts, either
W-modified Pt electrodes® (W deposited onto Pt electrode surfaces
or aloyed with Pt) or Pt deposited on the surface of WQOs;.%”
However, W is easily oxidized at potentials beyond 0.3 V (vs RHE),
and WO; cannot be used in PEMFCs due to its low electronic
conductivity, which derives from the fact that W is in its highest
oxidation state.

TiO, has been widely used in photovoltaics, water splitting, and
gas sensors® due to its mechanical and chemical stability in acidic
and oxidative environments. Recently, TiO, has also been used as
acatalyst support in fuel cells’ due to its stability, even though its
electronic conductivity is much lower than that of conventional
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Figure 1. (a) SEM |maJe of T|07W0302 (b) SEM |maJe of Pt/T|07W030z
(C) TEM |mwe of Pt/Tio_7W0_30z. (d) XRD patterns of Ti0_7W0_302 (bla:k)

and Pt/Tig7Wo30; (red). The inset of (d) shows the enlarged region of Pt
(111) and (200) diffraction peaks.

carbon supports.’® The conductivity of pure titania, a large band
gap (>3 eV) semiconductor, can be improved by aleovalent cation
substitution.

Here we describe the synthesis and characterization of nanopar-
ticles of Pt supported on conducting Tig7 W30, and their unique
CO-tolerant electrocatalytic activity. Tig7\Wo30, nanoparticles were
synthesized via a sol—gel-based multistep synthesis involving in
situ polymerization of citric acid and ethylene glycol. The air-
calcined product with W' was reduced to W'V by heating to 750
°C with stoichiometric amounts of Zr foil in a sealed, evacuated
silica tube.** Nanoparticles of Pt were deposited on the oxide by
impregnating Tip7Wo30, nanoparticles in a warm solution of
H,PtCls, sonicating, drying, and finally reducing with forming gas.

Figure 1 shows SEM images of Tig7Wy30, particles (20—50
nm) before (a) and after deposition of 5 wt % Pt (b). The Pt
nanoparticles are the bright spots distributed on the surface of the
oxide. The uniform distribution of the Pt nanoparticles was verified
through elemental mapping using SEM-EDX (Figure S1, Supporting
Information) aswell asvia TEM imaging (Figure 1¢). The presence
of Pt was further confirmed through XRD (Figure 1d). The
diffraction peaks of Tip7W30, could be completely indexed to a
tetragonal unit cell, shifted slightly from that of pure rutile-TiO,
due to W doping. The formation of crystalline Pt nanoparticles was
confirmed by the Pt (111) reflection (20 ~ 40°). The low intensity
of the Pt peaks is ascribed to low Pt loading and small particle
size.

10.1021/ja102931d © 2010 American Chemical Society
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Figure 2. (a) CV a 50 mV s ! of Pt/Tig7W30, (with 20 wt % C added)
at different positive potentials limitsin 0.1 M H,SO, purged with N,. (b)
H, oxidation on Pt/Tig7Wo 30, (with 20 wt % C added) RDE (1 mV s %) in
0.1 M H,SO, saturated with H, at various rates of rotation. (c) Levich plot
of (b) in the diffusion-limited potential region at 0.25 V. (d) Polarization
curves for H, oxidation on different catalysts in the presence of 2% CO at
room temperature. Rotation rate, 1600 rpm; scan rate, 1 mV s,

Tio7Wo30, nanoparticles were observed to be stable, through
both XRD and SEM (Figure S2), when heated at 80 °C in 5 wt %
Nafion solution for up to 3 weeks. The electrochemical stability of
Pt/Tio7 W30, was tested by potential cycling between +0.05 and
+1.1V a50mV s?tin0.1 M H,SO, for 500 cycles (Figure S3,
Supporting Information). Initial tests indicate that Pt/Tio7 W30, is
more stable than Pt/C and PtRu/C catalysts. After 500 cycles, the
lossin the integrated Coulombic charge of the CV for Pt/Tip7W30;
was only 5%, while it was over 30% in the case of a commercia
E-TEK PtRuU/C catalyst.

The electrocatalytic activity for H, oxidation and CO tolerance
of Pt/Tig7Wo30, nanoparticles were evaluated using rotating disk
electrode (RDE) voltammetry (Figure 2). (Sufficient electronic
conductivity was ensured by adding 20 wt % VulcanXC72R to the
Pt/Tio7Wo30; to prepare the ink.) The CV profile of Pt/Tig7 W30,
(Figure 2a) exhibited hydrogen adsorption/desorption as well as
oxide formation and reduction peaks characteristic of a polycrys-
talline platinum electrode. However, the Coulombic charge of the
hydrogen region was much larger than that of the oxide, which
could be aresult of hydrogen spillover from Pt to Tig7Wo30,. The
Pt/Tio W30, electrocatalyst exhibited negligible overpotential for
H, oxidation, aswould be expected for pure Pt nanoparticles (Figure
2b). The Levich plot (Figure 2c) obtained using the results shown
in Figure 2b in the diffusion-limited potential region at 0.25 V gives
aslopeof 8.5 x 1072mA cm~2 rpm~Y2, which isin good agreement
with the literature value for Pt/C.*? The CO tolerance of Pt/
Tig7Wo30, was evauated by CO stripping in 0.1 M H,SO, at 50
mV s! (Figure $S4, Supporting Information). When compared to
Pt/C and PtRuU/C catalysts (Figure S4a—c), the most notable feature
of CO stripping on the Pt/Tig;Wo30, electrocatalyst was the
relatively negative potential of the “pre-peak” at 0.3 V. Similar
results have been reported for both porous Pt electrodes with
adsorbed W species and Mo-modified Pt single-crystal electrodes.®°*2
To distinguish between the currents arising due to COs €l ectrooxi-
dation and the electrochemica response of Tip7Wo30,, the CO
stripping experiment was repeated in an Hp-saturated solution for
al the cataysts (Figure S4a—c’). The Pt/Tig/ W30, catayst
exhibited a large decrease in the H, oxidation overpotential. In
addition, the polarization curves for H, oxidation in the presence
of 2% CO for the various cataysts (Pt/C, PtRu/C, and Pt
Tig7Wo30,) exhibited dramatically different responses. As can be
seen in Figure 2, Pt/Tio W, 30, exhibited the lowest onset potential
for H, oxidation (ca. 0.05 V vs RHE) relative to both Pt/C and
PtRu/C, which exhibited onset potentials that were over 250 mV
more positive. Moreover, Pt/Tip;Wo30, exhibited two plateaus in
the voltammetric profile, and upon increasing the rate of rotation,
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Figure 3. H; oxidation on a Pt/Tig /W30, (with 20 wt % C added) thin-
film electrode in a thin-layer DEMS flow-cell in the presence of 2% CO in
0.1 M H,S0O, at an electrolyte flow rate of 15 4L s* and a potential scan
rate of 1 mV s Faradaic current (a) and corresponding mass spectrometric
signas of CO, at m/z = 44 (b) and H, at m/z = 2 (c).

the current at the lower potential plateau decreased while that for
the higher potential plateau increased (Figure S5, Supporting
Information).

Differential electrochemical mass spectrometry (DEMS) mea-
surements were conducted to distinguish the currents of CO
oxidation and hydrogen oxidation from that of possible W oxidation
(Figure 3). The polarization characteristics of hydrogen oxidation
in Figure 3a are similar to the RDE results at low rotation rates
(Figure S5, Supporting Information, 400 rpm), and the anodic
current starts to increase at about 0.05 V. The concurrent mass
spectrometric signal at m/z = 44 (Figure 3b) shows that the onset
potential for CO, formation is below 0.1 V. This lends additional
support to our previous assertion that (Ti/W)O, can significantly
cocatalyze CO oxidation. The onset of H, oxidation, which is
indicated by the decrease in the mass spectrometric signd intensity
at m/z = 2 (Figure 3c), coincides perfectly with the onset of CO,
formation. At asolution flow rate of 15 uL /s, the hydrogen oxidation
current on Pt/Tig7 W30, reached its diffusion-limited value at 0.2
V, even though only a very small fraction of CO is oxidized.

It appears that not only the W in the Pt/Tig ;W 30, catalyst but
also the TiO, contribute to the higher activity for CO oxidation on
Pt. This may be due to electronic effects from the TiO, (Figure
S6, Supporting Information). The onset potential of CO oxidation
at Pt/Tig7 W30, occurs at 0.05 V, and a small pre-peak occurs at
apotential of 0.15 V, as shown in the MSCV of CO, at m/z = 44
(Figure S6d). In contrast, the pre-peak of CO oxidation at a PtW/C
dloy catalyst is more positive than that of the Pt/Tig;Wq 30, catalyst
(Figure S6b"). Furthermore, the main peak of CO oxidation on Pt/
Tig7Wo30; is also shifted 100 mV more negative than that of the
PtW/C aloy catalyst.

In conclusion, Tip7 W30, was successfully synthesized using a
sol—gel technique, and platinum nanoparticles were uniformly
deposited on the oxide. Chemical and electrochemical studies
indicate hlgh ﬁablllty of both Tio]Wo.gOz and Pt/TinWOSOZ
nanoparticles. Pt/Tip /W30, exhibits high activity for H, oxidation
as well as a higher CO tolerance than Pt/C and PtRu/C catalysts.
Pt/Tig7Wo 30, is apromising anode catayst for PEMFC applications.
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