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Here we present a surfactant-free strategy to prepare supported monodisperse Pt nanoparticles from

molecular [Pt5(CO);(uo-CO)s]s2™ clusters. The strategy allows facile deposition of same-sized Pt nano-
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particles on various oxide supports to unambiguously study the interface effect between noble metal

and metal oxide in catalysis. In this study, Fe;03 is demonstrated to be a superior support over TiO,, CeO,
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Introduction

Heterogeneous catalysts with fine metal particles loaded on
high-surface-area solids play an important role in industrial
chemistry."”> For example, supported Pt-based heterogeneous
nanocatalysts have been widely used in hydrogenation,>*
oxidative dehydrogenation,”” oxygen reduction reaction
(ORR),*** and so on. In general, supported metal nanocata-
lysts are complex systems with performance determined by a
combination of several parameters which at least include the
composition, particle size and structure of metal nanoparti-
cles, and also the interfaces between metal and supports.”**™"”
In order to design and prepare a supported metal nanocatalyst
with optimized performance, one needs to deeply understand
how the overall performance is influenced by each parameter
individually. However, traditional synthetic strategies to
prepare supported metal nanocatalysts are based on wet
impregnation methods pioneered by Universal Oil Products in
the 1940s."®%° The methods typically involve the deposition of
the high-valent metal precursors on supports followed by
thermal or chemical reduction of the deposited precursors to
directly yield metal nanoparticles on the supports. Those
methods do not allow us to precisely control an individual
influencing parameter in a supported metal nanocatalyst. In
particular, the interface between metal and supports is
difficult to be precisely engineered while keeping other
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and SiO, to prepare highly active supported Pt nanoparticles for CO oxidation, which indicates that the
interfaces between Pt and iron oxide are the active sites for O, activation and CO oxidation.

parameters the same. Such a situation prevents us from
drawing unambiguous conclusions about the interface effect
in heterogeneous catalysis.

In recent years, research efforts have thus been devoted to
the colloidal deposition method to better control the para-
meters of supported metal nanocatalysts.>" > In the colloidal
deposition method, well-defined metal nanoparticles are pre-
pared and then deposited on supports to better control the
composition, size, and shape of the metal nanoparticles.
However, in order to obtain high-quality monodisperse nano-
crystals, bulky capping agents, such as surfactants,>* biomater-
ials,">?° polymers*>° or fatty ligands,"""'**°>? are typically
employed in the synthesis. The presence of bulky capping
agents on the surface of as-prepared nanoparticles would
more or less block the catalytic sites. Pre-treatments are often
required to clean their surfaces to make them active for cata-
lysis.®121:22:333% However, one could not guarantee that a
change of the uniform nature of the pre-made nanoparticles
would not occur during the surface cleaning process, which
could make it meaningless to pre-make uniform metal
nanoparticles. The development of methods that allow the
direct precision synthesis of catalytic nanomaterials is highly
desirable.

Dianionic [Pt;(CO)3(p,-CO)3],>~ clusters have been reported
as unique precursors to prepare carbon-supported monodis-
perse Pt nanoparticles for electrocatalysis by Higuchi et al.*>>°
In this work, we now demonstrate that the [Pt;(CO);(j1,-CO)3]5>~
clusters can also be used as the precursors for the preparation
of surface-clean monodisperse Pt nanoparticles supported on
various high-surface-area oxide supports (ie., TiO,, CeO,,
Fe,0; and Si0,) for investigating support-Pt interface effect in
catalysis. Without the need of any pre-treatment, the prepared
supported catalysts exhibit support-dependent catalytic
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performance in CO oxidation. Fe,Oj; is revealed as a superior
support over TiO,, CeO, and SiO, to fabricate highly active
supported Pt nanocatalysts for CO oxidation.

Experimental
Materials

All chemicals were commercially available and used as received
without further purification. Chloroplatinic acid (H,PtCls-6H,0)
was purchased from Sinopharm Chemical Reagent Co. Ltd
(Shanghai, China). Cerium dioxide and SiO, nanoparticles
were purchased from Sigma Aldrich. TiO, nanoparticles (P25)
and Fe,O; nanoparticles were purchased from Degussa and
Alfa Aesar, respectively. CO (99.99%) was obtained from
Linde Gas.

Characterizations

AVarian Cary 5000 UV-visible spectrometer was used to record
the UV-visible spectra of the reaction solution before and after
reaction. The infrared (IR) spectra of the solid samples were
recorded from 400 to 4000 cm™" on a Nicolet 380 FTIR spectro-
meter (Thermo Electron Corporation) by using KBr pellets. IR
spectra of the liquid samples were recorded from 900 to
4000 cm™" with the liquid film formed in the middle of two
CaF, pellets. X-ray photoelectron spectroscopy (XPS) measure-
ments were carried out in a UHV system using a monochroma-
tized Al K, radiation (1486.6 eV) and an Omicron Sphera II
hemispherical electron energy analyser. Binding energies
reported herein are with reference to C (1s) at 284.5 eV. The
TEM images and high resolution TEM (HRTEM) image were
acquired using TECNAI F30 transmission electron microscope,
which was operated at 300 kv. The TEM samples were made by
placing a 2 pL sample on a carbon coated copper grid and
finally dried in the air. Mass spectrum was obtained on an
ESQUIRE 3000 plus (Bruker) instrument operating in electro-
spray ionization and negative mode. The concentrations of CO
and CO, in the effluent gas were analysed by an on-line gas
chromatograph (FULI 979011, TDX-01 column) using N, as the
carrier gas. The dispersion of the Pt catalysts was measured by
pulse adsorption of CO on a Micromeritics Auto Chem II 2920
chemisorption analyzer at 50 °C.

Preparation of [Pt;(CO);(1,-CO);]5>~ clusters

Aqueous solution of chloroplatinic acid (H,PtCls) (0.1 M,
0.5 mL) mixed with 10 mL dimethylformamide (DMF) was
reduced at 50 °C for 12 h in a glass pressure vessel which was
charged with 0.1 MPa CO. The yellow reaction solution gradu-
ally turned blue-green after reaction. The resulting solution
was used for further preparation of supported Pt nanoparticles
without any purification or other treatments.

Preparation of different-sized Pt nanoparticles loaded on P25

In a typical experiment, 1 mL DMF solution of [Pt;(CO)3z(p,-
CO);]5>” clusters prepared above was firstly diluted with 4 mL
DMF. The as-prepared DMF solution of [Pt;(CO);(j1,-CO);]5>~
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clusters was mixed with 60 mg TiO, (P25) under vigorous stir-
ring. The as-made composite was then stirred in air at room
temperature for 3 h. To control the size of the Pt nanoparticles,
different temperatures or ripening time were modified. Pt
nanoparticles loaded on P25 with size of 1.8, 2.5 and 2.8 nm
were produced by heating the reaction composites at 100 °C
for 3 h, 150 °C for 3 h and 150 °C for 9 h, respectively. The
final precipitates were centrifuged or filtered, washed with
ethanol for several times, dried in vacuum oven and used for
catalysis and further characterization.

Preparation of similar-sized Pt nanoparticles loaded on
different supports

Pt (2.2 = 0.2 nm) nanoparticles loaded on P25. 10.5 mL
(10 mg Pt) DMF solution of [Pt;(CO)s(p,-CO)s]s>~ clusters
mixed with 250 mg P25 was stirred in the air at room tempera-
ture for 12 h to yield P25-supported Pt nanoparticles.

Pt (2.0 + 0.2 nm) nanoparticles loaded on CeO,. 10.5 mL
(10 mg Pt) DMF solution of [Pt;(CO)s(p,-CO)s]s>~ clusters
mixed with 250 mg CeO, was stirred in the air at room temp-
erature for 12 h to yield Pt nanoparticles supported on CeO,.

Pt (2.0 + 0.3 nm) nanoparticles loaded on Fe,O;. 10.5 mL
(10 mg Pt) DMF solution of [Pt;(CO)s(p,-CO)s]s>~ clusters
mixed with 500 mg Fe,O; was stirred and heated at 150 °C for
3 h to give Fe,O3-supported Pt nanoparticles.

Pt (2.0 + 0.3 nm) nanoparticles loaded on SiO,. Before the
deposition of Pt nanoparticles, the surface of SiO, was modi-
fied with -NH, by mixing 1.0 g SiO, and 100 pL (3-amino-
propyl)trimethoxysilane in 100 mL toluene at 50 °C overnight. The
product was separated via centrifugation, washed with ethanol
for several times and dried in vacuum. 10.5 mL DMF solution
of [Pt3(CO);(,-CO);]5>~ clusters (10 mg Pt) mixed with 220 mg
surface-modified SiO, was stirred and heated at 150 °C for 3 h
to give the SiO, supported Pt nanoparticles.

Preparation of Pt nanoparticles loaded on different supports
with conventional impregnation method

Pt nanoparticles loaded on SiO,. An aqueous solution of
chloroplatinic acid (H,PtClg) (0.1 M, 0.25 mL) and 200 mg
-NH, modified SiO, were mixed with 10 mL water and then
stirred at room temperature. The precipitate was separated via
centrifugation. Before reducing under H, atmosphere at
200 °C for 2 h, the precipitate was first dried in the vacuum
oven for 12 h.

Pt nanoparticles loaded on P25. An aqueous solution of
chloroplatinic acid (H,PtClg) (0.1 M, 0.25 mL), 200 mg P25 and
0.1 mL ammonia (28%) were mixed with 10 mL water and
then stirred at room temperature. The precipitate was sepa-
rated via centrifugation. Before reducing under H, atmosphere
at 200 °C for 2 h, the precipitate was first dried in the vacuum
oven for 12 h.

Catalysis of CO oxidation

The catalysis of CO oxidation was carried out in a continuous
flow fix-bed glass reactor with an inner diameter of 5 mm. CO
conversion was detected by an on-line gas chromatography.

This journal is © The Royal Society of Chemistry 2013
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The gas mixture of air (40 mL min~") and CO (10 mL min~",

5 vol% in N,) was controlled by mass flow controllers at atmos-
pheric pressure and passed through the catalysts at a space velo-
city of 270 L h™" g™ 'p.. The reactor was heated by an electrical
heater controlled by a temperature controller. The temperature
of the reactor was incrementally raised from room temperature
to 170 °C. The gas after catalysis reaction was sampled every
ten degree by an auto-sampler.
CO conversion (Xco) is calculated as:

[CO] in — [CO] out

x 100
[CO}in

Xco conversion (%) =

The TOF (turnover frequencies) were calculated based on
the specific rate and the dispersion of Pt. Specific reaction
rates and TOF of Pt-based catalysts at different temperatures
were obtained by decreasing the weight of catalyst to ensure
the CO conversion below 35%. The TOF were calculated as:

Xco X [CO}in XV

TOF = in [molecules Ptgres ' 5]

N, active sites
V is the total mole flow rate. Based on Arrhenius equation, E,
and A were determined:

k = Ae~ (B/RT)

lnk:lnA—E
RT

where £ is the rate constant of a chemical reaction at an abso-
lute temperature T (in Kelvin), A is the pre-exponential factor,
E, is the apparent activation energy, and R is the standard gas
constant. In our case, TOF were used as the rate constant in
the Arrhenius’ equation. The slopes of In(TOF) versus T~ plots
were used to determine E,.

Results and discussion
[Pt5(CO)3(1-CO)3]5>~ clusters

To prepare the [Pt3(CO);(j1,-CO);]s> clusters, H,PtCl, was
reacted with CO in DMF without any surfactants or polymers
at 50 °C for 12 h in a glass pressure vessel which was charged
with 0.1 MPa CO. At the end of the reaction, the color of the
solution changed from yellow to blue-green (Fig. 1a), indicat-
ing the formation of platinum carbonyl clusters. It has been
well documented that the reaction of H,PtClg with CO often
leads to the formation of [Pt3(CO);(j,-CO)s],>~ clusters.?”*°
With a columnar structure, the [Pt;(CO);(p,-CO)3],>~ clusters
can be considered as stacking oligomers of common planar tri-
platinum hexacarbonyl components along the pseudo-three-
fold axis through Pt-Pt bonding.*® The [Pt;(CO);(1,-CO)3],>~
clusters with different number (n) of planar triplatinum hexa-
carbonyl units exhibit different absorption bands, which have
been studied by experiments and theoretical calculations.?”*°
To determine the degree of polymerization of the as-made
clusters, UV-vis spectra were recorded for the DMF solution of

This journal is © The Royal Society of Chemistry 2013
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Fig. 1 (a) Photographs and (b) UV-vis spectra of DMF solutions before and
after reaction. (c) The structure of the [P’[3(CO)3(p27CO)3]527 cluster.

H,PtCl before and after reaction (Fig. 1b). Compared with the
H,PtCls solution, two new peaks at 400 nm and 630 nm
appear for the clusters in DMF, consistent with that of the
[Pt3(CO)3(ko-CO)5]5>~-*7*° The model of the [Pts(CO)s(py-
CO);]5>" cluster is presented in Fig. 1c. Only the two character-
istic peaks appear in the spectrum indicates that only one
kind of cluster, [Pt;(CO);(1,-CO)3]5>~, formed in the solution.
The polymerization of the cluster was confirmed by our electro-
spray ionization mass spectrometry (ESI-MS) measure-
ments. The cluster displays a well-resolved peak at 1883.2 m/z
under negative ion mode (Fig. 2a), matching well with that of
the calculated one for the [Pt;(CO);(1,-CO);]s>~ dianionic
cluster. The infrared (IR) spectrum of the DMF solution after
reaction also clearly revealed two carbonyl absorption bands at
2050 and 1960 cm™" (Fig. 2b), which are ascribed to the term-
inal and edge-bridging carbonyl groups, respectively.*'

Pt nanoparticles with different sizes

As the Pt atoms in the clusters are in negative oxidation state,
the size of the clusters can be adjusted towards higher degree
of polymerization by spontaneous air oxidation.*> Once the
two electrons on each cluster were lost, the preparation of
monodisperse Pt nanoparticles from the clusters would be
possible. When the DMF solution of [Pt3(CO);(j1,-CO);]5>~ clus-
ters were simply exposed to air for 2 days, uniform Pt nano-
particles were produced but heavily aggregated (Fig. S11) because
of the high surface energy of the fine nanoparticles. Inspired
by our previous work where the aggregation of Pt nanoparticles
can be prevented by introducing supports during their syn-
thesis,*> we thus dispersed high-surface-area titanium oxide
(P25) in the DMF solution before exposing the [Pt;(CO)s-
(12-CO)3]s>~ clusters to air. After exposure to air for several
hours followed by thermal ripening in the DMF solution, the as-
made product was separated via centrifugation and characterized

Dalton Trans., 2013, 42, 12699-12705 | 12701
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Fig. 2 (a) ESI-MS spectrum of [Pt3(CO)5(u>-CO)sls?~ clusters under negative

mode. (b) The infrared spectrum of [Pt3(CO)s(uy-CO)sls>~ clusters in DMF
solution.

Fig. 3 The representative TEM images of Pt nanoparticles with different sizes
loaded on P25: (a) 1.8 nm, (b) 2.5 nm, and (c) 2.8 nm.

by TEM. The TEM images (Fig. 3) clearly reveal that supported
monodisperse Pt nanoparticles were successfully produced.
The single-crystalline nature of the Pt nanoparticles was also
confirmed by HRTEM (Fig. S27). Starting from [Pt3(CO)z(,-
CO);]5>” cluster precursors, we found in this work that the size
of Pt nanoparticles can be further tuned by controlling the oxi-
dation process. By tuning the thermal ripening time, P25-sup-
ported Pt nanoparticles with sizes varied from 1.8 nm to
2.8 nm were obtained (Fig. 3a-c).

After being separated from solution, the as-prepared P25-
supported Pt nanoparticles were subjected to IR spectral ana-
lysis. In contrast with [Pt;(CO)3(p,-CO)3]s>~ clusters, no carbonyl
absorption bands at 2050 and 1960 cm™" were observed for

12702 | Dalton Trans., 2013, 42, 12699-12705
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Fig. 4 The infrared spectrum of Pt-P25 after exposure in the air.

P25-supported Pt nanoparticles (Fig. 4), indicating that CO
molecules were dissociated from the cluster precursors during
the oxidation and ripening process. The obtained supported Pt
nanoparticles thus possess clean exposure surfaces, making
them promising candidate for catalysis.

Pt nanoparticles loaded on different supports

Starting from [Pt;(CO)3(p,-CO)3]s>~ clusters which can be easily
obtained in situ by reducing H,PtCls by CO in DMF, supported
surface-clean uniform Pt nanoparticles are readily prepared by
simple mixing and ripening processes. Such a feature has
motivated us to apply the synthetic strategy to systematically
prepare a series of supported Pt nanoparticles to address some
fundamental aspects in designing Pt nanocatalysts with opti-
mized catalytic performances. For example, the interface effect
in heterogeneous catalyst usually plays a crucial role in the cata-
Iytic activity. In many cases, however, the interface effect is
coupled with the influence from other factors such as the size
of the metal nanoparticles. Therefore, to clearly address which
interface between noble metal and metal oxide is better than
others, one should prepare the same-sized metal nanoparticles
deposited on various supports for comparison studies.

To study the interface effect between Pt and metal oxide of
supported Pt nanocatalysts, we have attempted to employ
[Pt3(CO)3(1a-CO)3]5>~ as the precursor to prepare supported
uniform Pt nanoparticles on various supports (i.e., P25, CeO,,
Fe,O; and Si0,). The same amount of [Pt;(CO);(jt,-CO);]5>~
clusters were mixed with supports and subjected to air oxi-
dation to form similar-sized Pt nanoparticles on the supports.
The representative TEM images (Fig. 5) reveal that the
obtained Pt nanoparticles are of similar size (~2 nm) and are
well dispersed on the supports. In order to have Pt nanoparti-
cles also deposited on SiO,, it should be noted that the surface
of SiO, was pre-modified with -NH, by hydrolyzing (3-amino-
propyl)trimethoxysilane at 50 °C overnight in toluene solution.
Because of the weak interaction between [Pt3(CO);(j1,-CO);]5>~

This journal is © The Royal Society of Chemistry 2013
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Fig. 5 The representative TEM images of Pt nanoparticles loaded on different
supports: (a) P25, (b) CeO,, (c) Fe;03, and (d) SiO,. The histograms show the
size distribution of the Pt nanoparticles loaded on different supports,
respectively.

clusters and the unmodified SiO, surface, without the -NH,
modification the Pt nanoparticles would aggregate on SiO,
(Fig. S37). The sizes of the Pt nanoparticles supported on P25,
Ce0,, Fe,0; and SiO, (denoted as Pt-TiO,, Pt-CeO,, Pt-Fe,03
and Pt-SiO,) are 2.2 + 0.2 nm, 2.0 + 0.2 nm, 2.0 + 0.3 nm and
2.0 £ 0.3 nm, respectively. For comparison, Pt nanoparticles
loaded on different supports were prepared with a convention-
al impregnation method.*> **> The as-prepared SiO,- and P25-
supported Pt nanoparticles are rather polydispersed in size
(Fig. S41). What is worse, the Pt precursor cannot be absorbed
on the 50 nm Fe,O; nanoparticles under acidic condition or in
aqueous solutions of high pH-value (10-11). The difficulty for
the conventional impregnation method to prepare mono-
disperse Pt nanoparticles highlights the advantages of our strat-
egy. With a similar size distribution of Pt nanoparticles, these
supported Pt nanocatalysts are an ideal system to study the
interface effect in catalysis.

Interface effect in catalysis

CO oxidation was chosen as the probe reaction to investigate
the interface effect. As clearly illustrated in Fig. 6a, the four
supported catalysts exhibit quite different activities in CO oxi-
dation. The Pt-Fe,O; catalyst displayed the best catalytic per-
formance with complete conversion of CO at near room
temperature (Fig. 6a). The catalyst also displayed a stable
activity in the entire range of temperatures studied (30 to
160 °C). No decrease in the activity was observed during either
heating or cooling process. In comparison, all the other cata-
lysts (i.e., Pt-TiO,, Pt-CeO,, Pt-SiO,) achieved complete CO
conversion only above 70 °C, higher than that by Pt-Fe,O;.

This journal is © The Royal Society of Chemistry 2013
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Fig. 6 (a) Heating and cooling (10 °C min~") light-off curves of CO conversion
against the temperature for the four studied catalysts. (b) Kinetic rate data for
CO oxidation on four studied catalysts: (®) Pt-P25, (¥) Pt-CeO,, () Pt-Fe,0s3,
and (m) Pt-SiO,.

The enhanced activity of the Pt-Fe,O; catalyst could be
explained by the strong metal support interaction between Pt
nanoparticles and iron oxide. FeO, is commonly recognized as
the active phase for oxygen activation for CO oxidation.*®™°
Combined with Pt nanoparticles which serve as the absorption
sites for CO, the synergetic effect of the interface between FeO,
and Pt promotes the reaction of CO oxidation.*>”" Guided by
these insights, we prepared the catalyst of unsupported Pt
nanoparticles mixing with iron oxide (physical mixing). The
performance of the catalyst was also investigated for the cata-
lysis of CO oxidation under the same condition. As illustrated in
Fig. S5,T the catalyst exhibited a poor activity for CO oxidation,
indicating that the physical mixing strategy for the preparation
of the catalyst reduced the interfaces between Pt and iron
oxide and lead to the decrease of activity, which further con-
firmed the importance of the interfaces. The interface effect is
not optimal in Pt-TiO, and Pt-CeO, catalysts and even worse
in the case of an inert support such as SiO,. As illustrated in
Fig. 6a, the complete conversion of CO for Pt-SiO, catalyst was
only achieved above 160 °C. The catalysts after catalysis were
also characterized by TEM (Fig. S61). The results indicate that
the catalysts displayed high thermal stability except for

Dalton Trans., 2013, 42, 12699-12705 | 12703
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Pt-SiO,. The size of Pt nanoparticles loaded on SiO, increased
from 2.0 nm to 2.5 nm, indicating that the interaction between
Pt and SiO, was weak. But it should be noted that the Pt nano-
particles loaded on SiO, exhibited strong adsorption ability for
CO in our CO titration experiments that were used to deter-
mine the metal dispersions and TOFs (Fig. S7T). These results
imply that a synergetic effect occurred at the interfaces
between Pt nanoparticles and Fe,0O;, P25 and CeO, supports,
but was not present in the Pt-SiO, catalyst. This phenomenon
has been denoted as the ‘support effect’ in surface science and
catalysis.

To provide deep insight into the kinetic and energetics of
CO oxidation in the presence of different catalysts, turnover
frequencies (TOF) at different temperatures before the com-
plete conversion of CO were calculated for the different Pt-
based catalysts (Fig. S8f). As shown in the Arrhenius plots
(Fig. 6b), the reaction rates on Pt-Fe,O; at 30 °C were about
3 and 16 times higher than those on Pt-CeO, and Pt-P25 under
the same conditions, respectively. The apparent activation
energies of Pt-Fe,0;, Pt-P25, Pt-CeO,, and Pt-SiO, catalysts
are 21.1 + 1.4 k] mol™, 48.14 + 2.5 k] mol™, 55.8 + 1.1 kJ
mol™" and 103.6 + 2.5 k] mol™', respectively. The different
apparent activation energies clearly indicate that the nature of
their active sites is significantly different among the four cata-
lysts. These results demonstrate that the metal-support inter-
action could change the reaction pathway. With the lowest
energy barrier among the four studied catalysts, the Pt-Fe,0O5
catalyst would be a promising catalytic system for CO removal
at low temperature. Time-on-stream experiments under dry
and moist atmospheres were carried out on the oxidation of
CO over the Pt-Fe,O; catalyst at 30 °C. As demonstrated in
Fig. 7, the activity of the Pt-Fe,O; catalyst under dry

100 -
I
5 60- o—dry
o —e— humidity (50+5%)
g i
C
8 404
o
O ]

204

0 L I Ll I Ll I L] ' L] I
0 500 1000 1500 2000 2500

Time on stream / min

Fig. 7 (a) Effects of moisture and durability on the oxidation of CO over
Pt—Fe, 03 catalysts at 30 °C.

12704 | Dalton Trans., 2013, 42, 12699-12705

View Article Online

atmosphere decreased quickly from 100% conversion to 50%
in 400 min. In comparison, under the humid atmosphere
(50 + 5%), the Pt-Fe,O; catalyst can realize full conversion of CO
at 30 °C without any decrease of the activity in 2500 min,
which indicates that the stability of the -catalysts were
enhanced by water. However, it should be noted that no
obvious change in the morphology of the Pt nanoparticles was
observed by TEM for the catalyst after catalysis in dry or humid
conditions (Fig. S9T). Further study of the surface properties of
the Pt nanoparticles loaded on different supports was carried
out with X-ray photoelectron spectroscopy (XPS). As revealed in
Fig. S10,T the Pt 4f,,, peaks of Pt-P25, Pt-CeO, and Pt-Fe,0O3
are located at 71.2 eV, 71.1 eV and 71.1 eV, respectively, which
are consistent with metallic Pt. A molecule-level understanding
of the relationship between the Pt-FeO, interfaces and the
enhanced catalysis is still needed.

Conclusion

In conclusion, we demonstrate a simple and effective strategy
to prepare supported surface-clean Pt nanoparticles from di-
anionic [Pt3(CO);(p1,-CO)3]s>~ clusters. Supported monodis-
perse Pt nanoparticles are readily prepared by simply mixing
the clusters with desired supports in air. While the size of the
Pt nanoparticles can be varied by the thermal ripening
process, it is possible to prepare supported Pt nanoparticles
with a similar size but loaded on different supports (i.e., TiO,,
Ce0,, Fe,03, and Si0,). The obtained catalysts were applied to
investigate the interface effect of oxide-supported Pt nanoparti-
cles in CO oxidation. Fe,O; was demonstrated to be a superior
support over TiO,, CeO, and SiO, to prepare highly active sup-
ported Pt nanoparticles for CO oxidation. The complete CO
oxidation at room temperature was readily achieved by the as-
obtained Pt-Fe,O; catalyst.
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