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1.Experimental
a. Electrodeposition of Pt nanorods on carbon paper

Electrochemical processes were conducted on untreated carbon papers (CP; size 1 cm?,
ElectroChem, Inc.).With a three-electrode electrochemical cell, Pt-NR was electrodeposited onto a
CP specimen via a pulse-mode potentiostatic electrodeposition (PPE) technique, with a high
potential of 1.2 Vgcg and low potential of -0.24 Vgcg. The frequency between high and low
potentials was 1.67 Hz for 480 cycles. A Pt mesh served as the counter electrode and a saturated
calomel electrode (SCE) was used as the reference electrode. The electrodeposition electrolyte was
0.2 mM H,PtClg:6H,O (Alfa Aesar®) + 0.1 M H,SO4 (95-97%, J. T. Baker). The deposition
electrolytes were saturated with Ar during the deposition processes conducted under ambient
pressure and a controlled temperature of 30 °C. After the electrodeposition procedures, the prepared
specimens were thoroughly rinsed and reserved in 0.5 M H,SO, aqueous solution. Fig. 1 shows a

wide view SEM image of Pt-NR on CP.

For comparison, a commercial Pt-black catalys (E-Tek, XC-72, Alfa Aesar®) was also
deposited onto a CP specimen. The catalysts were first mixed with Nafion solution. The resulting

slurry ink was then sprayed onto the CP. Fig. 2 shows the TEM of Pt black.

Fig. 2 TEM image of the Pt black.



b. Electrochemical and structural analyses of Pt nanorods

Before the catalytic efficiencies test, each specimen was analyzed by CV at a scan rate of 20
mV s! with potentials ranging from -0.2 to 0.35 Vgcg for five cycles in an Ar saturated 0.5 M
H,SO,4 aqueous solution. The CV analyses for evaluating the catalytic efficiencies of prepared
specimens were conducted at a scan rate of 20 mV s'! with potentials ranging from -0.2 to 0.9 Vgcg
for five cycles. The test solutions were Ar saturated 0.5 M H,SO,4 with 1 M CH30H (99%, Union
Chemical Works LTD., Hsinchu), 0.1 M HCHO (24%, First Chemical Works, Taipei), and 0.1 M
CH,0,; (>98%, Sigma-Aldrich), respectively.
All electrochemical operations were performed on an Autolab PGSTAT 302N potentiostat.
The morphologies and structures of the electrodes were analyzed with a JEOL JSM-6330F SEM, a
JEM-2100F TEM, a JEM-2100 TEM. Pt loadings were measured by an inductively coupled
plasma-mass spectrometer, [CP-MS (SCIEX ELAN 5000, Perkin Elmer).
The surface structure of Pt metals can be modified by adsorbed oxygen-like species at high
positive potentials.! In our study, we propose the mechanism of a continuously sequence of

reactions involving nucleation/growth and the structural modification of Pt.

The following possible reactions might occur during PPE at negative potentials.?

PtCle> + 2¢- — PtCL,2> + 2CI- (S1)
PtCl2 + 2¢” — Pt + 4CI- (S2)
Pt+ 2H" + 2e" — Pt(Ha)u (S3)

In addition to reactions (S1) and (S2), the adsorption of hydrogen bubbles might also occur at
standard hydrogen reduction reaction (SHRR, -0.241 Vgcg, eqn (S3)) potential, there were

considerable hydrogen bubbles accumulated on Pt surfaces at applied potential below -0.241 Vgcg.

At the higher positive potential (1.2 Vscg), following reaction might occur:2-
Pt(Hz)ad + HzO — Pt(O)ad + HZ(g) +2H" + 2e” (S4)
Pt(0),q + H,O — PtO, + 2H* + 2¢° (S5)

Reaction (S4) suggests that the desorption of hydrogen bubbles may occur by the reaction with
H,0. However, reaction (S5) would occur without hydrogen adsorption on Pt surfaces. And then,
eqn S5 and S6 might also occur. After that, at a low negative potentials, reactions (S6) - (S8) have
been suggested, resulting in the formation of pure Pt metal.?

Pt(0),q + 2H" + 2e — Pt + H,0 (S6)



PtO, + 4H' + 2¢- — Pt** +H,0 (S7)
Pt>* +2¢" — Pt (S8)

2.Electrochemical Analysis

a. Electrochemical Surface Activity (ECSA, or ESA), and Specific Activity (SA)

Figure 3 shows a typical ECSA (or ESA) measurement. The ECSA calculation is based on
several assumptions, particularly that the H adsorption/desorption charge density on polycrystalline
Pt is 210 uC cm™ 2 Pt, derived from equal distribution of the three low index planes (111), (110) and
(100) of Pt. Commonly, it is used for catalyst evaluation in fuel cell. The equation used to calculate

ECSA shows as Eq. R1.%7 The specific activity (SA) is the current divided by real surface area.

ECSA=————
[Pt] x 0.21 (Eq. R1)

Where the [Pt] is the Pt loading (mg cm2), Qy is the charge for hydrogen desorption (mC cm2),
0.21 is the charge required to oxide a monolayer of hydrogen on bright Pt.
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Fig. 3 A typical I-V curve of ECSA analysis.’

b. Voltammograms corresponding to (110), (100), and (111) of Pt

Fig. 4 shows the voltammograms of electrode surfaces having low-Miller-indices of Pt. Each of



these surfaces gives it proper voltammorram characteristic for the Pt atomic arrangement in it.
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Fig. 4 Voltammograms for the (110), (100), and (111) of Pt.?

c. Electrochemical characteristics of our prepared Pt-NR and Pt black.

Table 1 shows the electrochemical characteristic, the calculation methods shown as below

equations:
‘f

MA=——
loading

Ly
ECSA

MA
SVR = —
SA

In general, the surface-to-volume ratio (SVR) is related to the size of Pt nanoparticle. The higher the

Pt loading on electrode, the bigger the size of Pt particle. It can be realized simply that too many



ineffective Pt atoms inside particle which are unexposed to methanol to occur catalytic effect. As
particle size shrink to nano-scale, the effective catalytic Pt atoms will be increased sharply. From
Table 1, our SVR of Pt-NR is smaller of those of Pt-black. However, the SA of Pt-NR is more
10.54 times than Pt black. We suggest that Pt-NR is Pt(110) rich in ECSA plot which can boost the

catalytic efficiencies.

Table 1 Electrochemical characteristics of our prepared Pt-NR and Pt black.

Sample | Loading i ECSA MA SA SVR
(mg/cm?) | (mA/cm?) (cm?) (mA/mg p) | (mA/cm?p) | (cm¥cm?) X 10E6

Pt-NR 0.55 195 21.58 354.55 9.036 0.84

Pt black 0.65 54 63.00 83.08 0.857 2.08

MA: mass activity, SA: Surface activity, SVR: Surface to volume ratio.

3.Pt atoms and their configuration

Fig.5 shows the Pt atomic distance at various planes and directions. Fig.6 shows the distance
between neighboring hydrogen of various fuels. As we can see in the Fig.5, the Pt atomic gap of
[110] at (100), (110) and (111) are all 0 A, which means that the neighbouring hydrogen of the fuel
(as shown in Fig.6) may be decomposed the hydrogen on the atoms of Pt[110]. The capability of
hydrogen decomposing will decrease following the increasing gap of Pt atoms. For example, the
H;H, of CH;0H may not be decomposed on the atoms of Pt[100], because the distance of
neighbouring hydrogen (H;H, of CH;OH is 0.7277 A, Fig 6(a)) is smaller than the gap distance of
Pt[100] (1.149 A). A higher poisoning effect may occur on Pt(111) due to its zero gap, by another
word, a lower poisoning effect may occur on the Pt(110) due to its larger atomic gap of [100] and

[211].
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Fig. 5 The atomic distance between Pt atoms at various planes and directions.
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Fig. 6 The distance between neighbouring hydrogen of (a) methanol, (b) formaldehyde, and (c)

formic acid.
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