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Abstract. PtTi binary electrocatalysts with low Pt loading at the electrodes have been developed by plasma
magnetron co-sputtering method under optimized conditions without signiﬁcant loss in cell performance.
Loading of the electrodes in the range of 0.05–0.40 mg cm-2 is achieved by controlling sputtering time.
Deposition at 0.15 mbar argon pressure leads to the formation of conical nanopillars like structures, which
play an essential role in the electrochemical activity, durability and cell performance of the electrocatalysts,
offering a high electrochemically active surface area. The best assembled Membrane Electrode Assembly
(MEA) i.e. MEA4 with a prepared electrode of ﬁve times less PtTi catalysts loading than standard Pt/C
exhibits a maximum power density of 0.604 W cm-2 compared to standard Pt/C electrode with the maximum
power density of 0.618 W cm-2. In addition, nine times high Pt mass-speciﬁc and ﬁve times high PtTi massspeciﬁc power density have been achieved in comparison to commercial Pt/C electrodes.
Keywords. PEM fuel cell; co-sputtered electrode catalyst; catalyst nanopillars; low Pt-loaded electrode;
PtTi binary electrocatalysts.

1. Introduction
Proton Exchange Membrane (PEM) Fuel Cells have
been considered as one of the promising candidates of
sustainable energy sources for use in the environmentfriendly transportation sector as well as in both
portable and stationary devices. PEM fuel cells produce energy by electrochemical reactions at their
electrodes. The conversion of chemical energy into
electrical energy occurs in presence of a catalyst
through Hydrogen Oxidation Reaction (HOR) at the
anode and Oxygen Reduction Reaction (ORR) at the
cathode. The most suitable and conventional catalyst
used in both the electrodes of PEM fuel cells for
conversion of energy is Pt (Platinum).1,2 But, due to
the sluggish nature of ORR (*6 orders of magnitude
slower than HOR),3 a signiﬁcantly high amount of Pt,
usually ten times more than anode electrode is
required at the cathode,4–6 which accounts for 17%
total cost of an 80 kW PEMFC.7 The scarcity and very

high price of Pt is one of the prime barriers in the mass
commercialization of PEM fuel cells. Nowadays, low
loaded Pt catalyst electrodes without hindering PEM
fuel cells’ performance is a ﬁeld of research for many
electrocatalytic studies.8–13 One viable way is alloying
Pt with different metals such as Co, Fe, Cu, Ni, Ag
which not only reduce the Pt amount but also enhance
the ORR activity of Pt.14–19
However, Pt-based alloy catalysts suffer stability
issues due to degradation of the catalyst caused by
dissolution, agglomeration, and detachment of Pt
during operation along with leaching of less noble
metal from Pt alloy nanoparticles.15,20 Scientists suggest that alloying Pt with high enthalpy transition
metals such as Y, Sc, Zr, and Ti can overcome the
issue of degradation.21,22 Among these transition
metals, Ti is best known for its high corrosion resistive
nature in different chemical environments. Moreover,
theoretical studies have revealed that Ti can generate
electronic modiﬁcation for Pt, which in turn improves
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the ORR activity.23–26 The preparation of PtTi alloy
catalysts and their ORR activities are much less
explored. Kawasoe et al. prepared PtTi alloy electrocatalysts by colloidal and sol-gel method and reported
that the prepared catalysts exhibited higher ORR
activity than pure Pt catalyst.27 In another study, Ding
et al. showed that PtTi alloy prepared by thermal
decomposition and reduction of Pt and Ti precursors at
elevated temperatures showed a twofold increase in
ORR activity as compared to a benchmark Pt/C catalyst.28 Recent reports also proposed the use of PtTi
alloy as promising cathode electrocatalysts in PEM
fuel cells.29,30
Magnetron sputtering technique has the advantage
in the preparation of highly active catalytic nanoparticles, which allow reducing the catalyst loading.
Sputter-deposited catalysts exhibit higher speciﬁc
activity and better catalyst utilization in comparison to
chemically prepared catalysts.31 Makino et al. also
reported that ﬁfteen times higher mass activities of Pt/
C prepared by the sputtering method were found better
than a Pt/C prepared by conventional paste method.32
It is possible to reduce the catalyst loading up to 8
times (from 0.5 to 0.06 mg cm-2) by using sputtered
Pt nanostructure in PEM fuel cells electrodes.33
Ozturk et al. prepared Pt thin ﬁlms on Ti sublayer by
single magnetron sputtering and found that the catalytic efﬁciency along with cell performance of MEA
is superior compared to that of MEA with the same
cathode Pt loading but without Ti sublayer.34
In this work, we report the fabrication of carbonsupported PtTi bimetallic alloy electrocatalysts by
simultaneous deposition with two magnetrons (cosputtering) and their activity and durability. The
electrocatalysts are prepared under optimized cosputtering conditions. Nanopillar like structures of
catalysts are grown on the carbon substrates at a high
argon pressure of 0.15 mbar. We have already reported the enhanced catalytic activity and better catalytic
utilization of low loaded Pt and Pt-based binary catalyst.19,35,36 In this case, we have focused on the effect
of PtTi loading on the ORR activity and cell
performance.
2. Experimental
2.1 Preparation of electrocatalysts
Carbon supported electrode catalysts are prepared by
simultaneous sputter deposition of Pt and Ti targets.
Co-sputtering is carried out in a 40 (diameter) 9 30
(height) cm cylindrical stainless steel chamber which
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is connected to a vacuum pumping system of a
diffusion pump backed by a rotary pump as shown
in the supplementary information (Figure S1, SI). Pt
and Ti sputtering targets (purity 99.99%) are
mounted on two magnetrons and powered with an
RF source (2 MHz, 600 W, SEREN) and a DC
(0–1500 V, 1 A, PS-2000, HindHivac), respectively.
The co-sputtering chamber is evacuated to a base
pressure of 10-6 mbar before inserting argon gas
through a Mass Flow Controller (MFC) to achieve
argon pressure of 0.15 mbar. RF and DC power of
45 and 50 Watt are respectively applied to Pt and Ti
targets, and the target substrate distance is maintained at 5 cm. The deposition is carried out in such
a way that more Pt nanoparticles are at the surface
of the deposited ﬁlm than Ti nanoparticles by terminating Ti deposition a few seconds before Pt
deposition. Loadings of the prepared samples are
calculated by weighing the samples before and after
deposition using a microbalance (Shimadzu,
AUW220D), and then dividing the difference in
weight by the area of the respective substrates. Pt
and Ti targets are co-sputtered at 0.15 mbar to
synthesize samples FCE1 to conﬁgure the anode
loading at optimized 0.05 mg cm-2 of Pt35 and
0.03 mg cm-2 of Ti catalysts. Further samples
FCE2, FCE3, FCE4, FCE5, FCE6, and FCE7 are
fabricated with increasing Pt and Ti loading as
shown in Table 1 by controlling the deposition time.
For each deposition, all the other co-sputtering
parameters are kept constant. All depositions are
carried out on carbon paper [EC-TP1-030T, ElectroChem. Inc], silicon wafers and glass substrates.
The deposited carbon paper substrates are used as a
Gas Diffusion Layer (GDL) in fuel cell assembly, as
it is porous with good conductivity. The silicon
wafers and glass substrates are used for different
sample characterizations.
2.2 Characterization of electrocatalysts
X-ray Diffractometer (XRD, D8 Advanced, BRUKER
AXS, Germany) with CuKa radiation (k = 1.5406 Å)
source at 40 kV and 40 mA is used to analyze the
compositional details of the prepared electrode catalyst samples. Surface morphology, structure and size
of the prepared catalysts are studied by Field Emission
Scanning Electron Microscopy (FESEM) (ZEISS
SIGMA/VP), Atomic Force Microscopy (AFM)
(NTEGRA PRIMA NT-MDT) and with the help of a
Transmission Electron Microscope (Jeol, JEM 2100F).
Chemical states of the alloy nanoparticles are also
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Table 1. Loading conﬁgurations of prepared samples at 0.15 mbar Ar pressure. Catalyst
loadings are varied by controlling the deposition time of sputtering.

Ar pressure (mbar)
Pt loading (mg cm-2)
Ti loading (mg cm-2)
PtTi loading (mg cm-2)

FCE1

FCE2

FCE3

FCE4

FCE5

FCE6

FCE7

0.05
0.03
0.08

0.09
0.06
0.15

0.12
0.08
0.20

0.15
0.15
0.10
0.25

0.17
0.13
0.30

0.21
0.14
0.35

0.25
0.15
0.40

characterized by X-ray Photoelectron Spectrometer
(XPS, Thermo Fisher Scientiﬁc, ESCALAB Xi?) of
monochromatic AlKa X-ray source.

2.3 Electrochemical measurements
The activity and durability of the electrocatalysts are
evaluated using cyclic voltammetry ORR polarization
curves. All the electrochemical measurements are
performed in a conventional three-electrode conﬁguration system using a Potentiostat/Galvanostat
(GAMRY Potentiostat/ Galvanostat Ref 3000) with a
ParaCell. A standard Ag/AgCl electrode is used as the
reference electrode; a ﬁne platinum wire is used as a
counter electrode, and the co-sputtered PtTi deposited
electrode is mounted as the working electrode in the
ParaCell in such a way that 2.65 cm2 area of the
working electrode is exposed to the electrolyte. Cyclic
voltammetry (CV) curves are recorded in 0.5 M
HClO4 electrolyte at a scan rate of 100 mV s-1. To
evaluate the durability of the electrocatalysts, CV
curves were recorded before and after 1500 potential
cycles (accelerated durability test, ADT).20 The Electrochemically Active Surface Area (EASA) offered by
Pt catalyst is calculated using the formula:
EASAPt ¼

QH
½Pt  QPtH

ð1Þ

Here QH is the charge corresponding to the area
under the hydrogen desorption region (mC cm-2), Q
(Pt-H) is the contribution of monolayer charge
(0.21 mC cm-2), and [Pt] is the catalyst loading on the
electrode (mg cm-2).

Table 2. Conﬁguration of assembled MEAs.
Sample
MEA1
MEA2
MEA3
MEA4
MEA5
MEA6
SMEA

Anode

FCE1

EC-20-10-7PT

Cathode
FCE2
FCE3
FCE4
FCE5
FCE6
FCE7
EC-20-10-7PT

electrodes at a temperature of 130°C under a pressure
of 0.5 tons for 150 sec.36 The conﬁguration of each
assembled MEAs are shown in Table 2. A standard
MEA with electrode EC-20-10-7PT purchased from
ElectroChem Inc. is labelled as SMEA to compare the
obtained results. The current-voltage (I-V) characteristics of the assembled MEAs are carried out in a
single fuel cell test station (KPAS Electronics, Chennai). The MEAs are placed in between two serpentine
ﬂow graphite plates supplied with humidiﬁed hydrogen (H2) and oxygen (O2) gases at 1:2 ratio. Two
gaskets and two current collector plates each at both
sides are tightened. All the measurements are carried
out at cell temperature of 60°C and at ambient pressure. Polarization curves are drawn from the measured
cell voltage and current density, which indicate the
performance of the prepared MEAs in PEM fuel cells.

3. Results and Discussion
3.1 Compositional, structural and surface
morphology analyses

2.4 Fabrication and testing membrane electrode
assembly (MEA)
MEAs are prepared by hot pressing (Polymer Press,
Model: Pf M 15) Naﬁon 212 membrane (EC-NM-212,
ElectroChem Inc.) in between the synthesized

Figure 1 shows the XRD spectra of the synthesized
electrocatalysts. The diffraction patterns reveal the
formation of the cubic structure of PtTi alloy (Pt3Ti)
by matching it with the standard patterns (JCPDS PDF
no. 03-065-3259) having lattice parameters a = b = c =
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Figure 1. XRD pattern of prepared Pt3Ti catalysts (FCE2,
FCE3, FCE4, FCE5, FCE6 and FCE7) and comparison with
standard JCPDS pattern. Only the prominent diffraction
peaks are indexed.

3.897 Å. Diffraction peaks of the prepared electrocatalysts at 40.13° and 46.68° are assigned to (111)
and (200) lattice planes of the cubic Pt3Ti respectively. The crystallite size (d) of the most prominent
crystal plane (111) is calculated using Scherrer’s
equation and are found to be 4.2, 6.87, 6.12, 4.37, 3.27
and 3.96 nm for sample FCE2, FCE3, FCE4, FCE5,
FCE6 and FCE7 respectively.
As X-ray Photoelectron Spectroscopy (XPS) is
more sensitive to the surface electron of nanostructured materials, further, the composition and chemical states of the synthesized Pt3Ti alloy
electrocatalysts FCE5 are investigated by XPS
(Figure 2(a)). Figure 2(b) and (c) represent the Pt4f
and Ti2p de-convolution spectra. The Pt4f spectra
(Figure 2(b)) show a doublet signal with binding
energies of 71.4 and 74.9 eV are attributed to Pt
4f7/2 and Pt 4f5/2 peaks of Pt0. The results show a
shift (about 0.20 eV) to higher binding energy upon
alloying with Ti compared with 71.2 eV for pure Pt
4f7/2, which is in consistent with the observation of
Ozturk et al.34 This shifting to high energy indicates
an increase in the d vacancy or lowering of Fermi
level. This shifting occurs due to electron transfer
from Ti to Pt which also suggests the formation of
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single-phase alloy.29 According to Kawasoe et al.,
this positive shift in binding energy increases Pt
vacancy in PtTi alloy electrocatalysts and enhances
the ORR activity.27 The binding energy 71.5 eV is
the same as the Pt binding energy for an intermetallic Pt3Ti alloy (71.5 eV) documented in the
National Institute of Standards & Technology
(NIST) XPS database.28 Another weak doublet signal is observed at around 72.6 and 76 eV, which can
be assigned to Pt 4f7/2 and 4f5/2 peaks of Pt2?
species.29 The two characteristic peaks (Figure 2(c)),
which arise from spin orbit-splitting at binding
energy around 458.5 and 464.3 eV of Ti 2p spectra,
can be assigned to 2p3/2 and 2p1/2 spin doublets
and corresponds to Ti4?.37
The surface morphology of the prepared samples
is obtained from FESEM characterization, which are
shown in Figure 3 and Figure S2 (SI). Formation of
nanoparticles sitting on one upon another is
observed for all the above-prepared samples (Figure 3: (a) FCE4, (b) FCE5, (c) FCE6 and Figure S2
(SI): (a) FCE2, (b) FCE3 and (c) FCE7). This is
because of the fact that deposition at high argon
pressure (0.15 mbar), the collision between the
background neutral argon atoms and sputtered atoms
increases, resulting decrease in the mean free path of
sputtered Pt and Ti atoms. As such, sputtered atoms
lose their kinetic energy and nucleate to form
nanoparticles before reaching the substrate. These
nucleated particles pile up one upon another, leading
to the formation of conical pillar-like structure,35
which is further conﬁrmed by AFM analyses and is
shown in the subsequent section. The FESEM images also reveal a uniform and homogeneous distribution of the nanoparticles across the substrate. With
an increase in catalyst loading, a smooth, dense
catalyst ﬁlm tends to form (Figure 3: (c) FCE6 and
Figure S2 (SI): (c) FCE7). It is due to the fact that
with an increase in sputtering time, more and more
atoms are sputtered from the targets which fall on
the edge of the previously formed nanopillars and
this phenomenon leads to the formation of planar
uniform thin ﬁlms on the substrate’s surface. It is
clear from the images that the size of the nanoparticles is almost the same for all the prepared samples. The exact size, shape along with distribution of
the nanoparticles are analyzed with the help of TEM
and are shown in Figure 4(a). From the TEM image,
it is evident that the shape of the nanoparticles is
mostly spheroids, which is magniﬁed in Figure 4(b) and the arrangement over the substrate is
dense. The size distribution (Figure 4(c)) reveals an
even size distribution with an average particle size
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Figure 2. (a) Survey of the surface, deconvoluted XPS spectra of (b) Pt 4f and (c) Ti 2p of Pt3Ti catalyst.

of around 2.76 nm. All other prepared samples have
the almost same size, shape and distributions of
nanoparticles.
Further, the surface morphology of the prepared
catalyst is carried out by AFM analyses. The AFM
micrographs in Figure 5 and Figure S3 (SI) reveal
the formation of pillar-like structures with conical
shape for all the samples (Figure 5: (a) FCE4,
(b) FCE5 and (c) FCE6 and Figure S3: (a) FCE2,
(b)FCE3 and (c) FCE7). These nanostructures occur
due to a higher collision rate between the background argon atoms and sputtered atoms. Nucleation
and growth of the ejected atoms take place before
they reach the substrate. These nucleated particles
then deposit one upon another, forming conical
nanostructures on the substrate. It is also observed
that the height of the nanopillar cones increases with
deposition time i.e., with increasing loading up to
0.30 mg cm-2 (Figure 5: (a) FCE4, (b) FCE5 and
Figure S3 (SI): (a) FCE2, (b) FCE3). This is
because of the fact that with an increase in

sputtering time, more and more atoms are sputtered
and they deposit on the surface of the initially
formed pillars. As a result of this, the height as well
as the number density of the nanopillars increase.
FCE5 shows the highest density and height of the
formed nanopillars. These pillar-like structures offer
more surface area than a thin ﬁlm of catalyst. With
more surface area, nanopillar structured ﬁlm exhibits
better electrochemical activity, which is shown in
section 3.2. Further increase in loadings (beyond
0.30 mg cm-2) causes the pillars to become thicker
slowly and tends to form a ﬁlm-like structure on the
substrate surface (Figure 5 (c) FCE6 and Figure S3
(SI) (c) FCE7).

3.2 Electrochemical analyses
To evaluate the electrochemical activity of the prepared electrocatalysts, ORR polarization curves are
recorded between - 0.3 V to 1.5 V in 0.5 M HCLO4

10
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Figure 3. FESEM image of samples (a) FCE4, (b) FCE5 and (c) FCE6. Images reveal the formation of a dense ﬁlm on
increasing catalyst loading.

Figure 4. TEM image of samples (a) FCE5, (b) High magniﬁcation of FCE5 and (c) Size distribution of nanoparticles of
FCE5.

at a scan rate of 100 mV s-1. The results are shown in
Figure 6. The peaks in the potential range - 0.2 V and
0.1 V (in Figure 6(a)) correspond to the hydrogen
adsorption (forward scan) and hydrogen desorption
(backward scan) of Pt nanoparticles. In addition to
that, the peak at 1.2 V corresponds to the formation of
Pt oxides and reduction of this adsorbed oxygen species occurs around 0.42 V.38 Beyond 1.4 V, oxygen

evolution is observed in the anode scan. These peaks
demonstrate that the synthesized samples are active for
hydrogen and oxygen redox processes. No evidence of
oxidation signal representing Ti oxides was observed
in cyclic voltammograms, which further indicates the
formation of Pt-Ti alloy is uniform.29 The EASA of
the prepared sample is calculated from equation (1)
and is found to 86.1, 106.7, 178.3, 185.2, 147.1 and
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Figure 5. AFM Micrograph of (a) FCE4, (b) FCE5 and (c) FCE6.

Figure 6. Cyclic voltammograms of (a) FCE2, FCE3, FCE4, FCE5, FCE6 and FCE7 (b) FCE5 before (black) and after
(red) the ADT.

91.4 m2 g-1 for samples FCE2, FCE3, FCE4, FCE5,
FCE6 and FCE7, respectively. The EASA of sample
FCE5 is found to be the maximum among the prepared
samples. The height and density of the formed
nanopillars are also maximum in this sample, which
offers more active sites of catalyst and in turn shows
high catalytic activity. With a further increase in catalyst loading, the EASA decreases due to ﬁlm-like
structure formation on the substrate.

The durability of the best-prepared electrocatalysts
(FCE5) is examined (in Figure 6 (b)) by recording
CV curves before and after 1500 potential (ADT)
cycles between -0.3 and 1.5 V in the same electrolyte (0.5 M HCLO4). The CV reveals that the
prepared electrocatalysts are stable under the halfcell condition. After 1500 potential cycles with
almost no loss of the EASA has been observed. The
decreased adsorption/desorption charge of Under-
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potentially Deposited Hydrogen (Hupd) may be due
to the dissolution and/or agglomeration of small Pt
nanoparticles.39 As a result, the Pt surface area
decreases.

3.3 Cell performance measurement
The single-cell performance of the assembled MEAs is
measured in a fuel cell test station and are shown in
Figure 7 as polarization curves. The potentials of the
assembled cells are obtained by supplying an
increasing current through a DC electronic load and
recorded to calculate the power density of the cells.
The maximum power density of MEAs is found to be
0.388, 0.514, 0.557, 0.604, 0.522 and 0.409 W cm-2
for MEA1, MEA2, MEA3, MEA4, MEA5 and MEA6
respectively. It is clear from Figure 7 that MEA1 has
poor cell performance. Despite the formation of pillarlike structures, too low Pt loading at the cathode leads
to lower catalytically active sites, which slows down
the kinetics of ORR. Sluggish ORR at the cathode
signiﬁcantly hampers/lowers the cell performance.4
With increasing catalyst loading at the cathode, the
maximum power density of the prepared MEAs
(MEA2, MEA3 and MEA4) follow an increasing
trend. This is due to the formation of high-density
nanopillars with increasing height. These nanopillars
offer more EASA and enhance the ORR activity
resulting increase in cell performance. The best

prepared MEA i.e., MEA4 exhibits a maximum power
density of 0.604 W cm-2. With more electrocatalysts
loading than MEA4, the power density of MEA5 and
MEA6 tends to decrease to 0.522 W cm-2 and
0.409 W cm-2, respectively. This is because of the
fact that with further increase in cathode catalyst
loading, the hump-like structure starts to form at the
top of the pillars making the pillar broaden and the
height of the pillars decreases. As a result of this
combined effect, catalytically active sites reduce and
the EASA decreases dropping the cell performance.
For comparison of the obtained results, SMEA
assembled with standard Pt/C catalyst coated electrode
(ElectroChem Inc.) is tested in the same test station
and the maximum power density is found to be
0.618 W cm-2. Our best prepared MEA4, which has a
total anode and cathode PtTi catalysts loading of
0.38 mg cm-2 having Pt loading of 0.22 mg cm-2,
shows a power density of 0.604 W cm-2 in comparison with 0.618 W cm-2 power density of SMEA
having 2 mg cm-2 Pt loading. In this case, the Pt
catalyst loading is nine times lower than the standard
one. With our best-prepared MEA, we have achieved
1.4 A cm-2 at cell voltage 0.4 V in comparison to
577 mA cm-2 at 0.4 V cell voltages of Ozturk et al.34
Recent works on electrochemical activities of PtTi are
mainly concerned with different nanostructures of a
catalyst such as spherical particles, ﬁlms, etc. by a
sputtering method. In our work, conical nanopillar
structures of binary catalyst have been grown by the

Figure 7. Polarization curves of the assembled MEA.
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Table 3. Mass speciﬁc power density of assembled MEAs.

MEAs

Power
density
(W cm-2)

PtTi loadings
(anode ?
cathode)
(mg cm-2)

Pt loadings
(anode ?
cathode)
(mg cm-2)

Pt mass speciﬁc power
density
(W mg-1)

PtTi mass speciﬁc power
density
(W mg-1)

MEA1
MEA2
MEA3
MEA4
MEA5
MEA6
SMEA

0.388
0.514
0.557
0.604
0.522
0.409
0.618

0.23
0.28
0.33
0.38
0.43
0.48
–

0.14
0.17
0.2
0.22
0.26
0.3
2

2.8
3.0
2.8
2.7
2
1.4
0.3

1.7
1.8
1.7
1.6
1.2
0.9
–

co-sputtering method at high argon pressure. These
structures have the advantage of high electrochemically active surface areas, which help in the cell performance with a minimum loading of catalyst. Thus, it
can be summarized that by incorporating Ti in Pt
nanostructures by co-sputtering method, the loading of
Pt catalyst can be signiﬁcantly reduced in PEM fuel
cells electrode with a minimum loss in cell performance. The mass-speciﬁc power density is listed in
Table 3, which reveals nine times high mass-speciﬁc
power density for Pt and ﬁve times high PtTi massspeciﬁc of MEA4 than SMEA.
4. Conclusions
Carbon-supported PtTi binary catalysts for PEM fuel
cell electrodes have been synthesized by plasma
magnetron co-sputtering at high argon pressure. XRD
results display that PtTi catalysts are dominated by
intermetallic Pt3Ti structures. The binding energy of
Pt4f spectra are found to shift to a higher side upon
alloying with Ti. This shifting leads to an increase in
the d vacancy, which helps in ORR activity. Also, the
density, size and shape of the conical nanostructures
formed at the electrode surface play a pivotal role in
enhancing the catalytic activity. From the AFM study,
it is clear that the height of the nanopillars increases
with loading up to 0.30 mg cm-2 and beyond that, the
height again decreases, leading to ﬁlm formation.
Cyclic voltammetry analysis also reveals a similar fact
i.e. increasing EASA up to loading 0.30 mg cm-2 and
then decreasing trend. 1500 potential cyclic test is
carried out to show the durability of the best-prepared
electrode. The cell performance of the assembled PtTi
electrodes is demonstrated under actual operating
conditions and is compared to a conventional Pt/C
electrode. The maximum power density of the best-

assembled MEA has been found to be 0.604 W cm-2
and it is comparable to the SMEA. In this case, the
PtTi catalyst loading is ﬁve times lower than the
commercially available standard Pt/C electrode while
the Pt mass-speciﬁc power density of the best prepared
MEA is found to be nine times higher than the standard Pt/C electrode. The synthesis advantage of this
particular work is that conical nanopillar structures of
the binary catalyst are formed at the electrode surface,
which provides a high electrochemically active surface
area for the chemical reaction in fuel cell than a ﬁlm or
particle catalyst structure. Another advantage is that
the loading of Pt catalyst on the electrode can be easily
tuned with the binary sputtering method. The new
ﬁnding of this study is fabricating co-sputtered PtTi
binary nano-catalysts with pillar structure and minimum Pt loading but to achieve a high mass-speciﬁc
power density of the electrodes in a PEM fuel cell.
Supplementary Information (SI)
Figure S1-S3 are available at www.ias.ac.in/chemsci.
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