
 

 
 

 

 
 
 
 
 
 

 

Strong metal–support interaction improves 
activity and stability of Pt electrocatalysts on 
doped metal oxides† 

Ignacio Jiménez-Morales, Sara Cavaliere,  * Deborah Jones  and 
Jacques Roziè re 

 
Niobium and antimony doped tin oxide loose-tubes decorated with Pt nanoparticles present outstanding 

mass activity and stability, exceeding those of a reference carbon-based electrocatalyst. Physico-chemical 

characterisation and in particular X-ray photoelectron spectroscopy demonstrate that this observation can 

be ascribed to the strong metal–support interaction promoting electroactivity and Pt anchoring on doped 

metal oxide supports. 

 

Introduction 

Metal oxides are attractive materials for applications requiring 
oxidative conditions for instance as electrocatalyst supports in 
fuel cell cathodes, due to their chemical and electrochemical 
stability against corrosion.1–3 Furthermore, they often promote 
the electrocatalytic activity of metal catalysts towards the reactions 
taking place, i.e. the oxygen reduction reaction (ORR).4,5 This 
phenomenon is ascribed to the so-called strong metal–support 
interaction (SMSI)6,7 evidence for which is generally deduced from 
X-ray diffraction (XRD) and X-ray Photoelectron Spectroscopy 
(XPS) characterisation.8–10 The main drawback of metal oxides 
in the context of fuel cell electrode materials is their semiconductor 
behaviour and the subsequent limited electronic conductivity, 
that is often circumvented by formation of composite or mixed 
materials with carbon4,11–13 or doping with aliovalent ions.14–16 
Among the various metal oxides investigated as electrocatalyst 
supports alternative to carbon, tin oxide has attracted particular 
research attention.17 Several nanostructured materials based on 
SnO2 have been synthesised, doped mainly with niobium18–23 
and antimony12,19,21,24–26 ions, eventually added to carbonaceous 
materials12,13,27–31 and characterised as platinum supports for 
ORR electrocatalysis. The higher corrosion resistance of this kind 
of supported electrocatalyst at high potential (up to 1.2–1.5 V) 
compared to carbon-based materials has been thoroughly 
demonstrated.20,22,24,26,27,31–37 For instance, Pt deposited onto 
antimony doped tin oxide (ATO) nanoparticles, when submitted 
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to 800 cycles between 0.6 and 1.2 V, showed an ORR activity 
decrease of 35% vs. the 78% observed for Pt/C, and a similar 
relative decrease in electrochemical surface area (ECSA) of 36% 
compared to the 80% for Pt/C.24 

Nevertheless, despite this significant improvement in corrosion 
resistance, the electroactivity reached so far by Pt/doped-SnO2 
catalysts is still far from meeting the target of 0.44 A mg—1 Pt at 
0.9 V vs. RHE.38 For instance, mass activity values of 1.55 A mg—1 
Pt at 0.8 V per RHE,18 0.95 A mg—1 Pt at 0.85 V per RHE39 and 
0.08 A mg—1 Pt at 0.9 V per RHE23 were reported for Pt 
nanoparticle catalysed Nb doped SnO2 (NTO). 

Herein, we present our work on niobium and antimony doped 
tin oxide loose-tubes prepared by electrospinning and decorated with 
Pt nanoparticles obtained by a microwave-assisted polyol method. 
Previously, we have reported the synthesis and the ex situ and in situ 
electrochemical characterisation of these materials, and demon- 
strated their stability at potentials as high as 1.4 V.20,36,37,40 However, 
low ECSA (ca. 30 m2 g—1)37,40 and activity (0.034 A mg—1 Pt for 
Pt/NTO36 and 0.14 A mg—1 Pt for Pt/ATO37 at 0.9 V per RHE) were 
observed, that we ascribed in particular to the low and/or inhomo- 
geneous electronic conductivity of the metal oxide supports. 

We describe here the further development of these electro- 
catalysts that has led to remarkably high activity towards the oxygen 
reduction reaction and stability at high potential. Furthermore, 
detailed XPS investigation has shed light on the origin of these 
improved properties that are attributed to a strong interaction 
between Pt and doped SnO2. 

 

Experimental 
Synthesis of Sb and Nb doped SnO2 loose-tubes 

Doped tin oxides were prepared by electrospinning followed 
by thermal treatment, and their doping amounts (5 at% Nb and 



 

 

  
 

10 at% Sb) were those leading to the maximum electrical 
conductivity.37,40 The synthesis of the doped SnO2 fibre-in- 
tubes was performed as reported elsewhere.37,40 The obtained 
samples were labelled NTO (5 at% niobium doped tin oxide) 
and ATO (10 at% antimony doped tin oxide). 

Synthesis of Pt/doped-SnO2 

Pt nanocatalyst particles were synthesised using a microwave- 
assisted polyol method16 that was modified to obtain nano- 
particles with slightly larger size and with a polyol-free surface. 
Hexachloroplatinic acid (133 mg, 99.9% Alfa Aesar) was dis- 
solved in ethylene glycol (EG, 108 mL, 99.8%, Sigma Aldrich) 
and the pH was adjusted to 11.4 with NaOH (1 M solution in 
EG, 98%, Sigma Aldrich). The obtained solution was heated at 

165 1C for 8 minutes, and then for 39 seconds at 160 W in a 
microwave reactor (MiniFlow 200SS Sairem). The doped-SnO2 
materials (60 mg) were added to the resulting Pt nanoparticle 
suspension while lowering the pH to 2 using H2SO4 (1 M 
solution in EG, 95–98%, Sigma Aldrich). The suspension was 
stirred for 24 hours, and then the Pt/doped-SnO2 was recovered 
by filtration, washed with Milli-Qs grade water and ethanol, 

and dried at 80 1C for 24 h. A further thermal treatment at 

160 1C for one hour was performed to remove any EG traces 
from the Pt surface. The same Pt nanoparticle synthesis and 
deposition was repeated on Vulcan XC-72R (Cabot), to obtain 
Pt/C materials for a comparative X-ray photoelectron spectro- 
scopy analysis. 

Physico-chemical characterisation of doped-SnO2 and 
Pt/doped-SnO2 

The morphology of the Pt/doped-SnO2 materials was analysed by 
transmission electron microscopy (TEM) using a JEOL 1200 EXII 
microscope operating at 120 kV equipped with a CCD camera SIS 
Olympus Quemesa (11 million pixels). Samples were suspended 
in ethanol and sonicated, then deposited onto carbon-coated 
copper grids. The average sizes of Pt and doped-SnO2 materials 
were determined by measuring 200 selected objects using the 
ImageJ software. 

Powder X-ray diffraction (XRD) patterns were recorded at 
20 1C in Bragg–Brentano configuration using a PANalytical 
X’pert diffractometer, equipped with a hybrid monochromator, 

operating with CuKa radiation (l = 1.541 Å). A step size of 
0.11 2y within the 2y domain from 20 to 801 was employed. 

X-ray fluorescence (XRF) was used to determine the Pt 
loading on doped-SnO2. Samples were prepared by grinding 
50 mg of each electrocatalyst with 25 mg of cellulose. The 
recovered powder was placed in a cavity in an H3BO3 matrix and 
subsequently pressed to obtain a pellet of 32 mm diameter with 
scanned surface of ca. 12 mm. The same protocol was used to 
prepare seven standards using 15, 20, 25, 30, 35, 40 and 45 wt% 
of Pt black (Alfa Aesar) and doped-SnO2 to obtain a calibration 
line. The XRF analyses were performed with a PANalytical Axios 
Max spectrometer fitted with a Rh (4 kW) tube, and equipped 
with a LiF200 crystal and Omnian software. 

The surface chemical state of the materials was investigated 
by X-ray Photoelectron Spectroscopy (XPS) on an ESCALAB 250 

(Thermo Electron). The X-ray excitation was provided by a 
monochromatic Al Ka (1486.6 eV) source and the analysed 
surface area was 400 mm2. A constant analyser energy mode was 
used for the electron detection (20 eV pass energy). Detection of the 
emitted photoelectrons was performed perpendicular to the simple 
surface. Data quantification was performed in the Avantage 
software, removing the background signal using the Shirley 
method. The surface atomic concentrations were determined 
from photoelectron peak areas using the atomic sensitivity 
factors reported by Scofield. Binding energies of all core levels 
are referred to the C–C bond of C1s at 284.8 eV. 

 
Electrochemical characterisation of Pt/Sb-SnO2 

The electrochemical analyses were carried out at 20 1C using a Pine 
bipotentiostat model AFCBP1 in a conventional three-electrode cell 
(reversible hydrogen electrode (RHE, reference electrode), glassy 
carbon rotating disk electrode (RDE) (working electrode, geometric 
area 0.196 cm2), and platinum wire (counter electrode)). All the 
potential values are referred to the RHE and the current densities 
are reported as current per geometric electrode area. In order to 
prepare the catalyst ink, 5 mg of the Pt/doped SnO2 electrocatalyst 
were dispersed in 613 mL (554 mL) of Milli-Qs grade water, 2.5 mL 
(2.2 mL) of ethanol (Aldrich) and 22 mL (19 mL) 5 wt% Nafions 
EW1100 solution in alcohols (Aldrich). For the reference, 5.3 mg of 
57 wt% Pt/C (HiSPEC 9100 from Johnson Matthey, 2.6 nm particle 
size measured by TEM) were mixed with 1 mL of Milli-Qs grade 
water, 4 mL of ethanol (Aldrich) and 35 mL of the 5 wt% Nafions 
EW 1100 solution in alcohols (Aldrich). Catalyst inks were sonicated 
(VWR Ultrasonic Cleaner) for 5 min. Aliquots of 7 mL of the inks 
were then deposited onto the RDE surface with a micropipette and 
dried in air. The Pt loading onto the electrode was 21.3 mg cm—2 for 
all electrocatalysts. 

Cyclic voltammetry (CV) was performed in N2 saturated 
0.1 M HClO4. For high voltage corrosion resistance characterisation 
of the support, 6000 cycles were performed between 1.0 V and 
1.6 V with a scan rate of 100 mV s—1.41 After every 100 cycles, one 
cycle between 0.025 V and 1.2 V with a scan rate of 20 mV s—1 was 
performed to determine the electrochemical surface area (ECSA). 
Its calculation was based on hydrogen desorption peaks in the range 
0.05 V to 0.4 V vs. RHE after double-layer correction, assuming a 
monolayer hydrogen adsorption charge of 210 mC cm—2 for the Pt 
surface. The ORR curves were recorded using linear sweep voltam- 
metry at 1600 rpm in O2 saturated 0.1 M HClO4, varying the potential 
from 0.1 V to 1.2 V vs. RHE at a scan rate of 20 mV s—1. The curves 
obtained were later background and IR corrected. Mass (MA) and 
specific activity (SA) values were calculated by dividing the kinetic 
currents obtained applying the Koutecky–Levich equation by the 
mass of Pt deposited onto the RDE or the Pt ECSA, respectively. 

 

Results and discussion 
Morphological and structural characterisation of electrospun 
doped-SnO2 

In this work, the doping percentages of Nb and Sb doped SnO2 
electrospun materials were fixed at 5 at% for Nb (NTO) and 



 

 

  

 

 

Fig. 1 XRD diffractograms of (a) Pt/NTO and (b) Pt/ATO. 
 

 
10 at% for Sb (ATO), as they correspond to the maximum observed 
electrical conductivity37,40 of these metal oxides (0.021 and 1 S cm—1 

at 20 1C, respectively), of crucial importance for the envisaged 
application. The presence of Nb and Sb heteroatom promotes the 
formation of fibre-in-tube structures with an average tube diameter 
of 170 nm. 

Analysis of the XRD patterns showed that all diffraction 
peaks correspond to polycrystalline rutile cassiterite tin oxide 
(Fig. 1). Niobium and antimony ions, due to their comparable 
ionic radii (0.69, 0.69, 0.74 for Sn4+, Nb5+ and Sb5+, respectively)18 
and their similar outer shell electronic configurations, are able 
to replace tin(IV) ions in the SnO2 lattice without significant cell 
volume variations. The average crystallite size estimated from 
the Scherrer equation was 15.8 nm for NTO and 16.5 nm for 
ATO, which is in concordance with the TEM results. 

 
Morphological and structural characterisation of 
Pt/doped-SnO2 

Pt nanoparticles prepared by the microwave-assisted polyol 
method were homogeneously dispersed onto the loose-tubes 
with an average diameter of 4.1 and 3.5 nm for Nb and Sb 
doped SnO2 hollow fibres respectively, and in neither case was 
any aggregation observed (Fig. 2). 

These results are in agreement with the expected crystallite size 
increase of Pt nanoparticles37,40 brought about by the modification 
of the parameters of the microwave-assisted reaction. 

In addition to the diffraction lines arising from tetragonal 
cassiterite SnO2, the XRD pattern of the Pt/doped-SnO2 materials 
(Fig. 1) also exhibits those assigned to the face-centred cubic 
structure of Pt (2y = 39.7, 46.2 and 67.41, JCPDS 004-0802). Applying 
the Scherrer equation to the Pt(111) peak gave an average diameter 
of the Pt crystallites on NTO and ATO of 4.5 and 3.8 nm respectively, 
in full agreement with TEM results. X-ray fluorescence analysis 
provided a Pt loading of 33 wt% on NTO and 37 wt% on ATO. 

 
Surface analysis of doped-SnO2 and Pt/doped-SnO2 

X-ray photoelectron spectroscopy (XPS) was carried out to 
investigate the surface chemical state of the Pt/doped-SnO2 
electrocatalysts. In particular, the analysis was performed on 

 
Fig. 2 TEM images of (a) Pt/NTO and (c) Pt/ATO and their corresponding 
Pt size distribution histograms (b and d). 

 

 

Fig. 3 XPS core level spectra of Sn3d for (a) NTO support (1) and Pt/NTO 
(2) and (b) ATO support (1) and Pt/ATO (2). 

 

 
all the elements (Sn, Nb or Sb, O and Pt) present in the pristine 
supports and Pt catalysed materials. 

In Fig. 3 are depicted the XPS spectra of the Sn3d core level. 
For the bare supports (Fig. 3-1), the binding energies of the 
Sn3d5/2 and Sn3d3/2 doublet are 486.6 and 495.0 eV for NTO 
(1-a), and 486.9 eV and 495.3 eV and ATO (1-b) and, considering 
the peak position and spin–orbit splitting of 8.4 eV, they are 
assigned to the highest oxidation state of Sn, i.e. IV.42,43 Never- 
theless, it is agreed that these features alone are not sufficient 
to distinguish Sn4+ from Sn2+ species. In a previous study on the 
same electrospun materials undoped and doped with Nb, other 
data including Sn/O stoichiometric ratio and Auger spectra 
were taken into account and led to the conclusion that the 
material surface also comprises oxygen-deficient SnO2, and 
thus Sn2+ in addition to Sn4+.40 

The binding energy of the Sn3d doublet presents a 0.3 eV 
shift and peak asymmetry in ATO (Fig. 3-1-b) compared to NTO 
(Fig. 3-1-a), which may be ascribed to the different local 
chemical and physical environments,44 due to higher atomic 
concentration of the doping agent (10 at% Sb vs. 5 at% Nb). 
The Sn3d high-resolution spectra of the catalysed supports, 
Pt/NTO (a) and Pt/ATO (b) are shown in Fig. 3-2. 

When Pt nanoparticles are deposited onto the tin oxide 
loose-tubes, the Sn3d peaks are moved to higher energy by a 



 

 

  
 

significant value of 1 eV. As already reported for other metal/ 
oxide materials,24,45 this BE shift may be attributed to the 
strong metal–support interaction between Pt and SnO2. This 
interaction gives rise to charge transfer from tin to platinum, 
which induces a partial positive charge on tin and a subsequent 
local increase of the electron density on Pt. In some cases, a 
downshift instead of an increase in BE values was reported for 
the metal oxide as well as for the deposited metal, which then 
might involve not only charge transfer effects, but also changes 
in the lattice parameter due to alloy formation.7,8 

The same effect was observed at the heteroatoms substituting 
tin in the lattice, i.e. Nb and Sb (Fig. 4 and 5). 

The bare NTO support (Fig. 4-1) gives an XPS spectrum 
comprising an Nb3d5/2/Nb3d3/2 doublet, with binding energies of 
207.2/210.0 eV, which is consistent with the presence of Nb(V),21,40,46 
and which corroborates the p-type doping of the metal oxide and 
the electrical conductivity increase. This doublet is shifted to 
higher energy by 1 eV in the spectrum of Pt/NTO (Fig. 4-2), 
compared to the bare material, which indicates that niobium 
ions as well as tin are both involved in electron donation to Pt. 

 

 

Fig. 4 XPS core level spectra of Nb3d for NTO electrocatalyst support (1) 
and Pt/NTO (2). 

 

This phenomenon induces a partial positive charge on niobium, 
shifting its binding energy to higher values.47,48 

The Nb/Sn atomic ratio given by XPS is 0.036. This is lower 
than expected for 5 at% doping due to a gradient of heteroatom 
distribution in the loose-tubes being higher in the inner fibres 
and lower on the outer tubes.40 A shift to higher BE values was 
also observed when using Sb dopant. The XPS high-resolution 
spectra of the Sb3d region for bare (1) and catalysed ATO (2) are 
displayed in Fig. 5. This region partially overlaps with that of 
O1s at low binding energies. In Fig. 5-1 it is thus easily possible 
to attribute the peak at 540.2 eV in the ATO spectrum to the 
Sb3d3/2 of Sb(V),49 while for the 3d5/2 a peak deconvolution is 
needed to separate antimony and oxygen contributions. The 
broad peak between 528 and 535 eV can be decomposed into 
three contributions. That at 531.0 eV (band B) is the Sb3d5/2 
peak of Sb(V),50–52 while the two others correspond to O1s 
signals, the peak at 530.8 eV (band A) being attributed to O2— 
ions in an oxide lattice structure, and that at 531.7 eV (band C) 
to H2O, OH or CO surface-adsorbed species.53,54 Similar results 
for O1s peaks are obtained for NTO (Fig. 6) with a slight 
downshift probably due to the lower doping amount: the peak 
at 530.5 eV can be attributed to the metal oxide, and the peak at 
531.4 eV to hydroxyl species at the material surface. 

The spectrum recorded on Pt/ATO (Fig. 5-2) shows a 0.7 eV 
shift to higher energy for the Sb3d doublet, which is compatible 
with the SMSI between Pt and ATO,52 already demonstrated by 
Sn and Nb peak analysis. The Sb/Sn ratio value of 0.17 is greater 
than expected for a 10 at% doping, showing a certain segrega- 
tion of antimony at the SnO2 surface.26 The O1s peaks in 
Pt/ATO (Fig. 6-2) as well as in Pt/NTO (Fig. 5-2) are also shifted 
to higher binding energies (531.4 eV and 532.2 eV for Pt/ATO, 
and 531.2 and 532.2 eV for Pt/NTO). 

This phenomenon has not been yet reported and may 
arise from the probable participation of oxygenated species in 
the charge transfer to Pt. A 10–20% increase of the contribu- 
tion at high energy corresponding to oxygen bound to metal 
hydroxides or adsorbed hydrated species is seen when passing 
from the bare to the catalysed support, which may be related 
to the adsorption of such species on the Pt surface, in 
perfect agreement with the data of Fig. 7 that will be discussed 
below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5 XPS core level spectra of Sb3d and O1s for ATO (1) and Pt/ATO (2). Fig. 6 XPS core level spectra of O1s for NTO (1) and Pt/NTO (2). 
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Fig. 8 Cyclic voltammograms in N2 saturated HClO4 (a) and ORR polarisa- 
tion curves measured at 1600 rpm of the Pt/NTO (b), Pt/ATO (c) and 
Pt/C (d) electrocatalysts. 

 

 

 
 
 

Fig. 7 XPS core level spectra of Pt4f for Pt/NTO (a), Pt/ATO (b) and 
Pt/C (c). 

 

 
In Fig. 7 are displayed the Pt4f region in Pt/NTO (a) and Pt/ATO 

(b), and a Pt/C material (c) comprising a commercial carbon support 
(Vulcan XC-72R) and Pt nanoparticles synthesised and deposited on 
it in the same conditions as for the oxides. A Pt4f7/2/Pt4f5/2 doublet at 
71.4/74.7 eV (A bands) is observed for the Pt/doped-SnO2 (a, b), 
indicating that Pt is present in the metallic form. A further contribu- 
tion is given by a second doublet at higher energy (B bands at 72.3 
and 75.6 eV) corresponding to PtOads and/or Pt(OH)2

55 due to 
partial surface oxidation of the Pt metal nanoparticles. Oxidised 
Pt was 42% and 44% of the total Pt for Pt/NTO and Pt/ATO, 
respectively, which qualitatively agrees with the increase in the 
peak of adsorbed hydroxyl species in the O1s spectra of Fig. 4 
and 5. The signals for Pt4f for both samples (Fig. 7a and b) 
exhibit a slight downshift (0.1 eV) compared to the Pt/C 
material (71.5 eV, Fig. 7c). This shift is higher than that of other 
carbon-supported Pt catalysts (71.5556 or 71.8 eV12), which is 
consistent with the existence of an SMSI between Pt and SnO2, 
since charge transfer from the metal oxide to platinum enhances 
electron density on the latter, so shifting the Pt4f bands to lower 
energy.12,17,30,57–60 

In other studies, X-ray absorption spectroscopy measure- 
ments showed that the decrease in the d-band vacancies of Pt 
may be attributed to the easier electron donation from the 
doped metal oxide support to the metallic Pt.59 

Electrochemical characterisation of Pt/doped-SnO2 

Cyclic voltammograms of the Pt/doped SnO2 and HiSPEC 9100 l 
Pt/C electrocatalyst materials are depicted in Fig. 8a, where the 
hydrogen adsorption/desorption peaks and Pt oxide formation 
and reduction are clearly seen. ECSA values were derived from 
the hydrogen desorption sweep, giving 47, 44 and 78 m2 g—1, for 
Pt/NTO, Pt/ATO, and Pt/C respectively (Table 1). 

These values are higher than those previously reported for 
Pt/doped-SnO2 loose-tubes (27 and 31 m2 g—1),37,40 and we 
attribute this to the thermal post-treatment leading to higher 
accessible metal surface. These values lie midway in the range of 
ECSAs (18 to 81 m2 g—1) reported for Pt/doped-SnO2 materials 
obtained via other synthetic routes.18–20,22,23,26,61 They are, never- 
theless, lower than those calculated on a geometric basis (70–
80 m2 g—1), and than that of the commercial Pt/C. Pt nano- 
particle encapsulation taking place on reducible metal oxide 
supports and generally associated with the strong metal–support 
interaction discussed above6,62,63 is the probable explanation for 
lower ECSA in Pt/SnO2. The electrical conductivity of the support, 
lower than that of carbon, can also lead to a reduced ECSA as 
some particles may not be active as electrically disconnected. 
The relatively low specific surface area of the SnO2 based 
supports (35–50 m2 g—1)37,40 may also be responsible for the 
low Pt utilisation.64 

In the voltammograms of the tin oxide based electrocatalysts 
a small peak is discernible at 0.71 V per RHE. Earlier investiga- 
tions of adsorption of p-block elements on Pt and recent results 
on similar Pt/ATO electrocatalyst suggest the assignment of this 
peak to a change in the degree of oxidation of Sn atoms 
adsorbed on the Pt surface.26,65 

The ORR mass (MA) and specific activity (SA) values of Pt 
deposited on the doped SnO2 loose-tubes and the commercial 
carbon-based electrocatalyst were evaluated, and the corres- 
ponding ORR polarisation curves are presented in Fig. 8b–d. 
Optimisation of the synthetic route to the Pt/SnO2 electro- 
catalysts led to a significant improvement in mass activity 
compared to that previously reported for Pt/doped SnO2 electro- 
spun loose-tubes (0.034 A mg —1 for Pt/NTO36 and 0.14 A mg—1 
Pt for Pt/ATO37 at 0.9 V per RHE), since the MA values at 0.9 V per 
RHE are 0.18, 0.20 and 0.27 A mg —1 for Pt/C, Pt/NTO and 
Pt/ATO, respectively (Table 1), and 0.59, 0.81 and 1.26 A mg—1 Pt 
at 0.85 V per RHE. Specific and mass activities of Pt supported on 
both tin oxide supports was higher than on carbon and, notably, 
the electrocatalytic activity of Pt/ATO loose-tubes is one of the 



 

 

  
 

Table 1 Electrochemical surface area (ECSA) and ORR mass activity (MA) 
and specific activity (SA) values at 0.9 V per RHE of the different electro- 
catalysts obtained before and after the corrosion resistance characterisa- 
tion of the support 

 
 

 

This property enhancement is considered to result from the 
strong interaction between Pt and doped SnO2. A detailed XPS 
study provided evidence for the occurrence of charge transfer 
from tin (and its substituting ions) towards platinum, which 

 

 
Catalyst 

ECSA (m2 g—1 Pt) 
before [and 
after AST] 

ORR MA0.9V 
(A mg—1 Pt) 
before [and 
after AST] 

ORR SA0.9V 
(mA cm—2 Pt) 
before [and 
after AST] 

is responsible for the enhanced electrocatalytic activity and 
nanocatalyst anchoring. While doped SnO2 loose-tubes show 
excellent electrocatalytic activity and high stability, their textural 

 
 

Pt/NTO 47 [40] 0.20 [0.13] 426 [325] 
Pt/ATO 44 [34] 0.27 [0.17] 614 [500] 
Pt/C 78 [34] 0.18 [0.09] 231 [265] 

 

 
highest values reported so far for Pt/metal oxide electro- 
catalysts.12,18–20,22–24,26,39,61 Such electrocatalytic activity enhance- 
ment can be ascribed to the strong metal–support interaction 
between Pt and the doped metal oxide which greatly modifies the 
electronic structure of platinum, the latter promoting electrocatalysis 
of the metal nanoparticles.6,7,62,66 Indeed, the thermal treatment 
performed after Pt deposition may not only free the metal surface 
from residual surfactant thus improving the interface with the 
support, but also enhance the particle adhesion onto it and subse- 
quently the SMSI. No similar effect took place on the carbon support, 
and mass activity values in agreement with previous results37 and 
with the literature were founded for Hispec Pt/C.67,68 

In order to investigate the electrochemical stability of the 
various support materials (doped SnO2 vs. carbon), an acceler- 
ated stress test (AST) at high voltage (1.0–1.6 V per RHE) was 
applied and the variation in ECSA and ORR activity was 
monitored. The results are shown in Table 1, Fig. 8b–d and 
Fig. S1 (see ESI†). 

After 6000 cycles between 1.0 and 1.6 V, the drop in electro- 
chemical surface area, mass and specific activity was lower for 
the oxide-based electrodes than for the carbon-based commercial 
electrode. Clearly the Pt/C cathode is less resistant to corrosion 
at high cell voltage than the Pt/metal oxide12,19,22,24,61 The oxide 
support on the one hand possesses high corrosion resistance36,69 
(see ESI,† Fig. S2), and on the other hand favours anchoring of 
the Pt nanocatalyst via the strong electronic interaction demon- 
strated by the XPS study. The ECSA and ORR MA loss are similar 
for both Pt/tin oxide electrocatalysts, but are slightly lower 
for the NTO-based one (ECSA —16% vs. —23% and ORR MA 

—33% vs. —37%). For the Pt/ATO electrocatalyst, the mass 
activity after the high potential AST is practically the same as 
that of the commercial Pt/C before use. This provides a clear 
evidence that the doped SnO2-loose-tubes are stable under high 
potential conditions and retain their high ORR electroactivity. 

 

Conclusions 

The ORR mass activity of Pt/Nb– and Sb–SnO2 loose-tubes 
materials with ca. 4 nm Pt particles prepared by a microwave 
assisted polyol synthesis particles and heat treated to remove 
residual surfactant is the highest reported for tin oxide-based 
electrocatalysts, being 0.27 A mg—1 Pt for Pt/ATO at 0.9 V per 
RHE. The electrochemical stability of these catalysts is excellent 
up to 1.6 V with ca. 80% ECSA and ca. 65% mass activity retention. 

and surface properties provide new challenges for the develop- 
ment of PEMFC cathode catalyst layers, and for fuel cell water 
management. 
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