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ABSTRACT: A facile wet chemical approach was developed to prepare
ultralong PtIrTe nanotubes (NTs) using Te nanowires (NWs) as template.
These PtIrTe NTs were made up of Pt nanodendrites uniformly arrayed on the
surface of IrTe NTs and interweaved with each other to nanopores. Their
morphology, structure, and composition were investigated by transition
electron microscopy, X-ray powder diffraction, and X-ray photoelectron
spectroscopy. As expected, these PtIrTe NTs catalysts show a larger surface
area, a stronger CO tolerance, and a higher catalytic activity toward
electrochemical oxidation of methanol relative to the commercial Pt catalysts
due to the 1D porous core—shell structure and the modification of the

electronic effect by Ir.
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1. INTRODUCTION

Platinum (Pt) is an indispensible ingredient for numerous
catalysts in industrial production and commercial devices
because of its unique and versatile competence in the
acceleration on the redox reactions of small molecules, such as
methanol, alcohol, formic acid, et al.' A case in point is Pt
catalysts widely used to convert methanol into CO, in the
methanol fuel cells (DMFCs). As we all know, DMFCs hold the
promise to be a potential energy for vehicles and portable devices
on account of its great specific output density, high energy
conversion efficiency, low starting temperature, and near-zero
pollution emission.” In DMFCs, methanol oxidation is sluggish
at the Pt crystal face. It involves a multielectron transfer.
Moreover, Pt is prone to be poisoned by the intermediate
species, such as CO. These byproducts will occupy the active
sites of the Pt crystal plane by adsorption and block the
transportation of methanol in its oxidation.’On the other hand,
the wide application of Pt catalysts will result in the unbearable
price for the commercial utility of DMFCs.

The cost-effective use of Pt catalysts should be borne in mind
during the fabrication of the DMFCs, and toward this goal, an
essential step is to engineer the structure and component of Pt
catalysts with an aim to optimize their activity on methanol
oxidation."* Morphology design is a popular approach. Recent
attention focuses on the porous Pt nanostructures owing to their
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large specific surface areas and high-index exposed facets.” In
parallel, increasing efforts have been poured into the preparation
of multicomponent Pt catalysts in the shape of alloy, core—shell,
and heterostructure.® Since only the Pt skin atoms in a catalyst
are used in practice to boost a redox reaction while the Pt bulk
atoms are needless, a multielement Pt catalyst is more economic
for the usage of Pt in catalysts and less limited due to the reserve
and economic dependence." Moreover, a multielement Pt
catalyst will be superior to its monometallic components due
to a possible synergistic effect among Pt and non-Pt elements.”®

In addition, one-dimensional (1D) Pt nanostructures have also
obtained considerable interest in the field of catalysis.” The 1D
Pt-based electrocatalysts have been prepared by colloid
approach,'®''electrodeposition method,'>"* and template strat-
egy.'*'° Xiao and co-workers have reported the one-pot
method by polyols thermal reduction to synthesize ultrathin
and ultralong single-crystal platinum nanowires (Pt NWs)
assemblies.'’ Yuan and co-workers have proposed a one-step
strategy by electrodeposition to prepare ordered Pt nanotube
arrays in the porous anodic aluminum film."® Besides, 1D Pt
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Figure 1. TEM images of Te NWs (A, B) and IrTe NTs (C, D) under different magnification (A, C) 100 nm, (B, D) 10 nm. Inset: their high resolution

TEM images.

catalysts can be obtained by replacement reaction using Ag,"*
Cu,"” Se,'® or Te nanowires'® as sacrificial templates.

Despite extensive investigation of these 1D Pt catalysts to date,
the mass production of Pt NWs with a porous skin is far from
meaningless with a view to the promise as high active and cost-
effective catalysts used in the DMF Cs.! Herein, we demonstrate a
facile, solution approach to mass synthesis of ultralong PtIrTe
tricomponent nanotubes (NTs) with the core made of IrTe NTs
and the shells comprised of Pt nanodendrites. Interestingly, Pt
nanodendrites are arrayed on IrTe NTs and interweaved with
each other to form a porous structure among IrTe NTs. As
expected, these ultralong nanodendritic Pt on IrTe NT's exhibit a
high surface area, which will enhance electrocatalytic activity
toward methanol oxidation reaction (MOR).

2. EXPERIMENTAL SECTION

2.1. Chemicals and Materials. Polyvinylpyrrolidone (PVP, Mw ca.
58000) was purchased from Acros. Na,TeOs, H,PtCl,, IrCly, H,SO,
(98%), and methanol were purchased from Shanghai reagent Co. Inc.
Pt/C (25%) was purchased from De Nora Elettrodi Co. Ltd. Water was
purified and deionized by a Milli-Q system.

2.2. Preparation of Te NWs. Te NWs were prepared by a slight
modification of the method according to ref 15. 0.20 mg of PVP was
dissolved into 20 mL of the deionized water in an ultrasonic bath. Then,
111 mg of Na,TeO; was dissolved into the solution, followed by
introducing hydrazine hydrate (85%, 1 mL) and ammonia solution
(25—28%, 2 mL). This mixture was sealed in a Teflon-lined stainless
steel autoclave and maintained at 180 °C for 8 h, and, last, the samples
were allowed to cool down. The Te NWs were precipitated with
acetone, recovered after centrifugation, and washed with water and
ethanol. These Te NWs (S0 mg) were redispersed into the solution
(100 mL) containing glycol and ethanol with a volume ratio of 1:1 by an
ultrasonic method for further preparation of IrTe NTs, PtTe NTs, and
PtIrTe NTs.

2.3. Preparation of PtTe NTs and IrTe NTs. PtTe NTs were
synthesized via a replacement reaction in line with ref 5. 200 uL of 0.5 M
H,PtCl,; was added into 20 mL of Te NWs dispersion, and then Te NWs
reacted with H,PtCly at S0 °C for 12 h under magnetic stirring. PtTe
NTs were recovered by centrifugation and washed with water and
ethanol.

The preparation of IrTe NTs is similar to the synthetic procedures for
the PtTe NTs via the replacement of Te by Ir at 90 °C for 12 h.

2.4. Preparation of PtlrTe NTs. The PtIrTe NTs were prepared by
in situ precipitation of Pt nanoparticles on IrTe NTs using ascorbic acid
(AA) as reductant. S0 mg of PVP and 100 mg of AA were dissolved into
20 mL of the deionized water. 10 mg of IrTe NTs was added and
dispersed into the mixture solution under ultrasonic agitation. The IrTe
NTs dispersion was saturated with N, and transferred into a flask after
addition of 200 uL of H,PtCl, (0.5 M). The Pt precursors were reduced
by AA and deposited on IrTe NTs after magnetic stirring at 90 °C for 2
h.

2.5. Composition and Structure Analysis. X-ray photoelectron
spectroscopy (XPS), thermogravimetric analysis (TGA), and the
inductively coupled plasma-atom emission spectroscopy (ICP-AES)
were used to examine the composition of the as-prepared products. XPS
were conducted on an ESCALAB-MKII spectrometer with an
unmonochromated Al KR X-ray source (1486.6 eV) for excitation.
TGA data were collected on a Netzsch STA 449C analyzer at a heating
rate of 10 °C/min under nitrogen. The ICP-AES technique was carried
out on a PerkinElmer ICP-Optima 4300. The samples were dissolved
into 3:1 concentrated HCI:HNO; and diluted to an appropriate volume
before being induced to the plasma. Intensities are measured at Te
214.281 nm, Pt 340.458 nm, and Ir 205.222 nm.

Transmission electron microscopy (TEM) and X-ray diffraction
(XRD) analyses were used to observe nanoscale structure and
determine crystalline phase of the as-prepared products. TEM images
were obtained from a JEOL 2010 microscope interfaced with an energy
dispersive spectroscopy (EDS). Elemental mapping was analyzed in the
STEM mode. XRD patterns were recorded on a Philips PW3040/60
diffractometer with Cu KR (1.5406 A) radiation.

2.6. Electrochemical Investigation. Electrochemical character-
ization was studied on a CHI 660C electrochemical analyzer system
(Shanghai CHI Instruments Co.) configured to a three-electrode setup
under ambient conditions, in which a Pt wire was used as the auxiliary
electrode and a saturated calomel electrode (SCE) as the reference
electrode. A glassy carbon (GC) disk embedded in Teflon acted as the
working electrode, which was polished with 0.5 ym alumina slurry and
washed with water and alcohol before use. 4.0 mg of Pt catalysts was
dispersed in 400 L of water to form a catalyst ink with ultrasound. This
Pt catalyst ink (2.5 pL) was mixed with an equivolume of 0.5%
Nafion117 solution, and then the mixture was dropped and air-dried on
the GC electrode at room temperature. Electrochemical tests were
measured in a N,-saturated 0.5 M H,SO, solution with or without 0.5 M
CH,OH.
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Figure 2. TEM images of PtIrTe NTs under different magnification (A) 200 nm, (B) 100 nm, (C) 10 nm, and (D) S nm. Inset: their high resolution

TEM image.
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Figure 3. HAADF STEM (A) and elemental mapping of PtlrTe NTs: (B) Pt M, (C) Ir L and (D) Te L.

3. RESULTS AND DISCUSSION

3.1. Materials Characterization. Te nanomaterials are
observed by TEM under different magnifications. Figure 1A and
B shows that Te NWs reach a length of up to tens of
micrometers, and their diameter is averaged to be 7 nm. Their
high resolution TEMs (HRTEMs) clearly reveal a 0.592 nm d-
spacing of adjacent fringes on Te NWs, which can be ascribed to
the (001) planes of a hexagonal lattice of Te."” IrTe bicomponent
hybrids form after Ir takes the place of Te on Te NWs, and these
IrTe hybrids are present as nanotubes, which can reach a length
of tens of micrometers as Te NWs can (Figure 1C and D). Their
external diameter is estimated to be ca. 8 nm and an internal
diameter ca. 6 nm. Interestingly, based on the HRTEM, these
IrTe NTs are amorphous, different from the specific crystal
structure of Te NWs or those of Ir nanoparticles.

After Pt nanoparticles were deposited on the surface of IrTe
NTs, as shown in Figure 2A, PtlrTe tricomponent hybrids still
maintain a one-dimensional configuration measured up to tens of
micrometers almost without shortening. Figure 2A shows the Pt
component presented as nanodendrites arrayed on the surface of
IrTe NTs. It is difficult to discern IrTe NT's in PtIrTe hybrids due
to the high density of Pt nanodendrites deposited on IrTe NTs.
However, their fracture plane clearly reveals the presence of IrTe
NTs in PtIrTe hybrids, indicative of a core—shell structure of
PtlrTe NTs. In this case, Ir'Te NTs are comprised of the core,
while Pt nanodendrites are made up of the shells, which are self-
interweaved to create lots of nanopores on IrTe NTs (Figure
2C). The HRTEM exhibits Pt nanodendrites consisting of Pt
nanoparticles with a diameter of 3—4 nm, which are aggregated
on IrTe NTs. In addition, these Pt nanoparticles also display a
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Figure 4. TEM images of PtTe NTs under different magnification (A) S0 nm and (B) S nm. Inset: their high resolution TEM image.
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Figure 5. EDS curves of (A) Te NWs, (B) IrTe NTs, (C) PtIrTe NTs, and (D) PtTe NTs.

0.23 nm d-spacing of adjacent fringes assigned to (111) planes of
face-centered Pt cubic (fcc)*® (Figure 2D). The core—shell
structure of PtIrTe NTs was further characterized by elemental
mapping. Several typical PtIrTe NTs were imaged by the high-
angle annular dark-field scanning TEM (HAADF STEM)
(Figure 3A), and their element distributions were analyzed by
STEM-EDS technique (Figure 3B-D). Observably, Pt, Ir, and Te
elements were uniformly distributed among PtIrTe NTs.
Moreover, Pt mapping exhibits a higher density of Pt
concentration with larger diameter distribution by comparison
with those of Ir and Te mapping, which reveals a core—shell
nanostructure of the tricomponent hybrids, composed of the
IrTe NTs as a core and a complete shell of Pt.

As discussed above, Ir nanoparticles were uniformly dispersed
on Te Nanowires to form an amorphous IrTe NTs. These Ir
nanoparticles will act as seeds to allow Pt nanoparticles to grow
along IrTe. On the other hand, the PVP is also necessary in the
formation of PtIrTe NTs. Without PVP, Pt nanoparticles will be
dropped off Ir'Te NTs (Supporting Information, Figure SI).

For comparison, PtTe NTs are also prepared, as shown in
Figure 4; PtTe NTs were hollow with a diameter between S and
10 nm. HRTEM also reveals a 0.23 nm d-spacing of adjacent
fringes, indexed as a (111) plane of fcc Pt cubic crystal.”!

21989

The composition of Te nanomaterials is determined by the
EDS curves attached to TEM. As shown in Figure S, Te signals
are presented at all EDS curves and occur at ca. 3.9 keV (for Te
L) and 27.0 keV (for Te K).** Both Pt M and Ir M signals are
presented at ca. 2.0 keV. Meanwhile, Pt L signals are different
from the Ir one. For Pt L signals, they appear at 9.5 keV for Pt La
and 11.1 keV for Pt Lb. For Ir L signals, they occur at 9.1 keV for
Ir Laand 10.6 keV for Ir Lb.*® By normalizing the L core intensity
of Pt, Ir, and Te signals, the molar ratio of Ir, Pt, and Te for
different Te nanomaterials is estimated and listed in Table S1.
The atomic ratio of Pt, Ir, and Te is estimated to be 5:2:2 for
PtIrTe, and these results are in good agreement with those of
ICP-AES (Supporting Information, Table S1).

The composition of Te nanomaterials is further confirmed by
XPS (Figure 6). All their XPS survey profiles show the C 1s signal
at ca. 285 eV and the N 1s signal at ca. 400 eV (Figure 6A),
indicating the presence of PVP, which acts as a stabilizer in the
formation of Te nanomaterials. Figure 6B exhibits the variation
of the Te 3d core level spectra. For Te NWs, Te 3d spectra
display two intense peaks ascribed to Te(0) at 573.2 eV for Te
(0) 3d 5/2 and 583.5 eV for Te 3d (0) 3/2, respectively.
Meanwhile, another couple of weak Te 3d spectra occurs at 577.1
eV for Te (IV) 3d 5/2 and 587.7 eV for Te (IV) 3d 3/2,**
respectively, which may be associated with the presence of TeO,
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Figure 6. XPS survey spectra (A) of Te NWs, IrTe NTs, PtTe NTs, and PtIrTe NTs and variation in the core level spectra of Te 3d (B), Ir 4f (C), and Pt

4 (D).

generated from the surface oxidation of Te NWs by oxygen in air.
Obviously, Pt or Ir introduction decreases significantly the
spectra of Te (0) 3d and augments considerably the spectra of Te
(IV) 3d, indicating that Te NWs are oxidized and replaced by Pt
or Ir elements. Figure 6C presents the Ir 3d core level spectra for
IrTe NTs and PtIrTe NTs. For IrTe NTs, the Ir (0) 4f spectra
split into 4f 7/2 at 60.8 eV and 4f 5/2 at 63.7 eV.** After Pt
nanoparticles are deposited onto the IrTe NTs, the Ir (0) 4f 7/2
spectra shift negatively by 0.6 eV. Figure 6D reveals the Pt (0) 4f
core level spectra for PtTe NTs and PtlrTe NTs. For PtlrTe
NTs, the Pt (0) 4f spectra possess 4f 7/2 at 71.4 eV and 4f 5/2 at
74.7 eV. Their Pt (0) 4f 7/2 signal shifts positively by 0.3 eV in
contrast with that of PtTe NTs. This energy shift indicates that
the surface Pt shell has received a partial charge from the
neighboring Ir component, an evidence for the decrease in the d-
band reactivity and the oxygen affinity on Pt surface.>>**%%¢
The crystal structure of Te nanomaterials was measured using
XRD analysis. As shown in Figure 7, the peak positions of Te
NWs are well indexed to the Te hexagonal lattice (JCPDS no.
036-1452).”® IrTe NTs share the similar XRD pattern with Te
NWs, but the peaks intensities of IrTe NTs are much lower than
that of Te NWs, demonstrating partial replacement of Te NWs
by Ir nanoparticles. However, there are no significant diffraction
peaks on the XRD pattern of IrTe NTs, further confirming the
amorphous Ir nanoparticles in IrTe NTs. The Te (011) can be
observed in the XRD pattern of PtTe NTs and PtIrTe NTs,
indicative of the presence of the Te crystal structure in these Pt
and Ir hybrids, which may act as a framework for in situ
deposition and dispersion of the Pt or the Ir nanoparticle.’
Besides, Figure 6 shows a well-refined face-centered cubic (fcc)
platinum in accordance with the XRD patterns of PtTe NTs and
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Figure 7. XRD patterns of Te NWs, IrTe NTs, PtTe NTs, and PtIrTe
NTs.

PtIrTe NTs; their lattice constant a is calculated to be 3.9 A
according to the Scherrer equation, which fits in with the
standard literature values (JCPDS no. 04-0802). In especial, all
the diffraction peaks are broadened due to their nanoscale
structural features.'

3.2. Electrochemical Investigation. The electrochemical
behaviors of PtlrTe NTs catalysts were studied by cyclic
voltammetry (CV). Figure S2 shows the cyclic voltammograms
(CVs) of PtIrTe NTs catalysts in H,SO, (0.5 M) solution for the
first and the 40th cycles (Supporting Information). This
potential scan could rearrange outer Pt and Ir atoms due to the
dissolution of adjacent Te atoms. Pt surfaces are activated
because more Pt sites are exposed and available to methanol
oxidation.”® ** The continuous decrease for the peak current of
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CH,;OH solution at the applied potential of 0.60 V. Their potential-dependent steady-state current (D) of methanol electrooxidation for 3000 s

polarization.

PtlrTe NTs catalysts between 0.6 and 0.9 V reveals the
dissolution of Te atoms in 0.5 M H,SO, solution during the
successive potential cycling,®' thereby enriching Pt and Ir atoms
on the surface of PtIrTe NTs catalysts. Meanwhile, the augment
in the underpotential deposited hydrogen between —0.2 and 0.15
V indicates the exposure of a Ptlr-concentrated skin.® As shown
in Figure 8A, this CV loop in the hydrogen region can be used to
measure the electrochemically active surface area (ECSA) of Pt
based catalysts by integrating the hydrogen region area after
deducting the double-layer capacitor.®® Based on the normal-
ization to the real surface area per mass of Pt and Ir elments, the
PtlrTe TNs catalysts have an ECSA of 108 mA-cm >mg "/,
almost twice as much as PtTe TN catalysts (58 mA-cm™>mg™").
In contrast, the ECSA of Pt/C catalysts is also determined, which
is 499 mA-cm >mg~", close to that of PtTe TNs catalysts. The
high ECSA of PtIrTe TNs catalysts may result from their
nanoporous core—shell structure.

The MOR was tested at the GC electrodes modified with Pt
catalysts in 0.5 M H,SO, solution containing 0.5 M methanol.
Figure 8B shows a well-known dependence of the faradic current
response on the applied potential for the methanol electro-
oxidation. The forward peak I 4,01 at ca. 0.7 Vis assigned to the
oxidation of methanol. The reverse peak I, at ca. 0.5 Vis ascribed
to the oxidation of intermediate, dominated by adsorbed CO.*?
Clearly, I, thano of PtIrTe NTs catalysts (495 mA-cm™>mg™") is
almost 2.5 times higher than that of PtTe NTs (200 mA-cm™>
mg ') and § times that of Pt/C catalysts (90 mA-cm™>mg™"). In
contrast, IrTe NTs show no significant response to the oxidation
of methanol oxidation (Supporting Information, Figure S3). The
high catalytic efficiency of methanol is attributed to the large

21991

ECSA value from their 1D nanoporous structure. Moreover,
these results are comparable or superior to those of the current
state-of-art Pt catalysts, such as PtPdTe NWs (595 mA-cm™>
mg~')* and PtRu/Graphite Carbon Nanofibers composite
(~240 mA'cmfz'mgfl).33 In addition, a large ratio of I .qanol/
I, suggests a more complete methanol oxidation, a lower
concentration of intermediate species adsorbed on the active site
of Pt plane, and thus a higher resistance to CO poisoning.>> >
The I, thanol/Ico Of PtIrTe NTs catalysts is 1.10, higher than 0.99
of PtTe NTs catalysts and 0.68 of Pt/C catalysts, suggesting a
higher CO tolerance of PtIrTe NTs catalysts by comparison with
PtTe NTs and Pt/C catalysts. The introduction of Ir to Pt
catalysts may accord for the enhanced resistance of PtIrTe NT's
catalysts to CO poisoning, as a result of the modification to the
electronic structure of the Pt site by the neighboring Ir atom.
This variation on the Pt electronic structure can lower the
adsorptive capability of the Pt site to the intermediate species and
accelerate C—H cleavage on the Pt plane due to the electron shift
of Pt sites to the d-band center of Ir atoms.>**’ Thus, the PtlrTe
NTs can clear the CO byproducts away more quickly than PtTe
NTs or Pt/C catalysts.®

Figure 8C shows the representative amperometric currents
recorded at 0.6 V in 0.5 M H,SO, solution containing 0.5 M
methanol. The MOR currents decay for all Pt catalysts at the
start. This decrease is associated with the deactivation of the Pt
sites by the intermediate from MOR. Then the MOR currents
will remain stable after the intermediate species on the Pt surface
achieve the equilibrium of adsorption/desorption.>> The long-
term poisoning rate () can be used to evaluate the stability of Pt
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catalysts. It is estimated according to the linear current decay of
MOR using the following equation>>*

100 ( drI )
X
t>500s

dt
where (dI/dt),¢q0s is the slope of the linear portion on the
current decay, and I; is the current at the start of polarization
back extrapolated from the linear current decay.

The long-term poisoning rate of PtIrTe NT's catalysts is 0.012
s7L, close to 0.015 s7! of PtTe NTs catalysts and less than 0.024
s™' of Pt/C catalysts. These results confirm the superior stability
of PtIrTe NTs catalysts over PtTe NTs and Pt/C catalysts.

In addition, PtIrTe NTs catalysts show a higher current
response (209 mA-cm™>mg~") than PtTe NTs (71 mA-cm™>
mg ") or Pt/C (40 mA-cm >mg ") catalysts under over 3000
s~! continuous polarizing at 0.6 V. Moreover, Figure 8D indicates
that the PtIrTe NTs catalysts exhibit better performance on
MOR than Pt/C catalysts for all applied potentials.

The poison tolerance of Pt catalysts was further investigated by
CO stripping voltammetry; the CO was polarized and adsorbed
at Pt catalysts at —0.10 V in a CO-saturated 0.5 M H,SO, for 15
min. Then the CO in solution was removed by purging N, for 15
min. Figure 9 shows only a well-defined CO,4 oxidative wave
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Figure 9. CO stripping CV curves of the different Pt-based catalysts in
0.5 M H,SO, solution at the scan rate of 50 mV-s™".

recorded on the CVs of PtlrTe NTs and PtTe NTs catalysts,
indicating a synergistic effect® on the CO, oxidation from a
combinative contribution of Pt and Ir sites. The oxidation of

CO,gq starts at 0.432 V and reaches its peak at 0.571 V for PtIrTe
NTs catalysts, shifting negatively by 0.093 and 0.066 V as
compared to those on PtTe NTs catalysts. The results
demonstrate that PtIrTe NTs catalysts are more active for
CO,q than PtTe NTs catalysts. Obviously, Ir plays a positive role
in CO tolerance for Pt catalysts, in accordance with a previous
report on the Ptlr-IrO, NT thin-wall electrode at this point.** On
the other hand, PtIrTe NTs catalysts also show a negative shift
(0.099 V) of peak potential from CO,4 oxidation by comparison
with the Pt/C catalyst. The result suggests a faster oxidative
removal of CO,4 that takes place at PtIrTe NTs. As discussed
above, the electronic structure of Pt surface was modified after
the Ir addition. This modification can strengthen the repulsive
interaggion between CO,4 and quicken the oxidative removal of
CO,q.

The structural stability of PtIrTe NTs and PtTe NTs catalysts
was valued by cyclic voltammetry and TEM. These Pt catalysts
were swept between —0.2 and 1.0 Vin 0.5 M H,SO, solution for
5000 cycles at room temperature. Then the samples were peeled
off and dispersed into an alcohol solution with ultrasound. The
CV curves of the PtIrTe NTs and PtTe NTs catalysts before and
after 5000 CV cycles are shown in Figure 10A. The peak current
in the hydrogen region for the PtTe NTs catalysts drops
remarkably during the successive potential circling. On the
contrary, the PtIrTe NTs catalysts display only a slight decay in
the peaks current under the same condition. Figure 10B shows
the ECSA retention with the cycle number of CV tests. After
5000 cycles, the ECSA of the PtIrTe NTs catalysts only
decreased by 15%, while PtTe NTs catalysts lost 40% of their
ECSAs. TEM images show that most of the PtlrTe NTs were
broken after 5000 CV cycles, and the small Pt nanodendrites
were agglomerated into larger particles (Supporting Information,
Figure S4A and B). Similarly, PtTe NTs were also cracked, and
some large Pt nanoparticles can be observed (Supporting
Information, Figure S4C and D). The morphological variation
of PtTe NTs and PtTe NTs can be ascribed to a combination of
the dissolution of Te framework and the Ostwald ripening of Pt
nanoparticles.*'

4. CONCLUSIONS

We have developed a template approach to mass production of
porous, uniform, and ultralong PtIrTe NTs, which exhibits a
larger ECSA value, a higher CO tolerance, and a larger
electrocatalytic activity toward methanol oxidation reaction
(MOR) by comparison with Pt/C due to a combination of the
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Figure 10. Electrochemical stability of PtIrTe NTs and PtTe NTs catalysts as shown in the CV curves before and after the durability tests in 0.5 M
H,SO0, solutions at the scan rate of 50 mV-s™". The ECSA retention of PtIrTe NTs and PtTe NTs catalysts with CV cycles number.
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nanoporous core—shell structure and the beneficial electron
structure after the introduction of Ir into the Pt site. These PtIrTe
NTs exhibit a current response to methanol oxidation up to 495
mA-cm™>mg ', which is comparable or superior to those so far
reported for the Pt based catalysts. The PtIrTe NTs catalysts can
maintain a MOR current of 209 mA-cm™>mg ™' for 3000 s
polarization at 0.6 V with a long-term poisoning rate of 0.012s™".
Therefore, these superior properties of PtIrTe NT's catalysts hold
promising use as an alternative anode material for DMFCs on an
increasingly large scale.
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