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Model nanocatalysts with tunable size, shape, and composition
drew tremendous interest in both theoretical and technological fields
in recent years, since they are promising materials for unveiling
the interrelation between catalytic activity or selectivity and the
characteristics of catalysts.* By virtue of their narrow size distribu-
tion, fine dispersibility in various media, tunable shapes and sizes,
and accessibility for the construction of hetero-nanocomposites,
colloidal nanoparticles have been proven to be ideal model
nanocatalysts.? However, as these materials are relatively unstable
and tend to agglomerate during high temperature reactions, it is of
vital importance to enhance their thermal and chemical stability
without impairing their intrinsic high performance.®

As a most important functional rare earth oxide, ceria-based
materials are attractive with extensive applications in conversion
catalysts, three-way catalysts (TWCs), fuel cells, solar cells, gates
for metal oxide semiconductor devices, and phosphors.* Many
studies on ceria-based materials toward exhaust emission have
demonstrated that the capacity for rapid storage and release of
oxygen at their surface is mainly associated with the ceria—noble
metal interaction.® To promote CO oxidation and a water-gas shift
reaction, particularly at the early stage of an engine start, the
construction of noble metal/CeO, nanocomposites with high thermal
stability and catalytic activity becomes a great challenge.

In this Communication, we report a facile method to synthesize
uniform Pt/CeO, hetero-nanocomposites. The procedures (Scheme
1) include the microemulsion-mediated synthesis of Pt/CeO,@SiO,,
the calcination of Pt/CeO,@SiO,, and the removal of aSiO, shell .
In atypica synthesis, the cyclohexane solution, polyoxyethyleneo-
nyl pheny ether (Igepal CO-520), and aqueous solution formed a
microemulsion system, in which the hydrophobic ceria nanoparticles
(Figure S1 in Supporting Information (SI)) and Pt precursors could
be blended evenly in the microemulsion droplets.® After the
subsequent addition of NH,OH agueous solution and tetraethyl
orthosilicate (TEQS), uniform Pt/CeO,@Si O, with maximized Pt/
CeO, interfaces was obtained. In addition, the SiO, shells separate
the inner nanocomposites and thus prevent their aggregation during
calcination. As a result, after removal of the SiO, shells, these
hetero-nanocomposites exhibit high thermal stability and improved
catalytic activity compared with the mixture of Pt and CeO, in the
CO oxidation reaction.

Transmission electron microscopy (TEM) analyses show the
formation of monodisperse Pt/CeO,@SiO, (Figure 1a). After
calcination in air at 450 °C, the crystallinities of both Pt and CeO,
nanoparticles in these composites are improved, while their
morphologies are well maintained. These are confirmed by a TEM
image (Figure 1b), in which nearly each SiO, sphere contains one
Ce0, nanocrystal and several surrounding Pt nanoparticles. The
Ce0, and Pt nanocrystals are cubic and truncated octahedral in
shape, with average sizes of 5—6 nm and 1—2 nm, respectively.
As shown in the inset of Figure 1b, a high-resolution TEM
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Figure 1. TEM images and HRTEM images (inset) of the samples: (a)
as-prepared Pt/CeO,@SiOy; (b) calcined Pt/CeO,@SiOy; (c) Pt/CeO, hetero-
nanocomposites; (d) calcined Pt/CeO, hetero-nanocomposites.

(HRTEM) image of the nanocomposite indicates that the CeO,
nanocrystal is enclosed by {100} facets, as can be confirmed from
the lattice fringes with an interplanar distance of 0.27 nm, while
the surrounding Pt particles are enclosed by the {111} facets,
according to the existing 0.22 nm interplanar distance. The spectrum
of energy-dispersive X-ray analysis (EDAX) (Figure S2 in Sl)
confirms its homogeneous composition, and the Pt/Ce ratio is 1:3,
according to the inductively coupled plasma mass spectrometry
measurement result. In addition, Pt/CeO,@SiO, with different Pt/
Ceratios (Figure S3 in Sl) can be obtained, while these structures
are stable up to 800 °C (Figure $4 in Sl).

The SiO, shells of the Pt/CeO, hetero-nanocomposites are
dissolved by aqueous NaOH solution after sintering. Figure 1c and
Figure S5in Sl showsthe TEM images of the as-obtained Pt/CeO,
hetero-nanocomposites, revealing the maintenance of the crystal-
linity and morphologies of the core composites after the removal
of the SIO, matrix. The HRTEM image shown in the inset of Figure
1c demonstrates that the resultant composites of Pt/CeO, are of
low aggregation and indeed consist of a single CeO, nanocrystal
and surrounding Pt nanocrystals. More importantly, when the as-
obtained Pt/CeO, hetero-nanocomposites are calcined at 450 °C,
as shown in Figure 1d, the products still inherit their original
morphology basically, without a significant increase in the nano-
crystal size and loss of the CeO, and Pt interfaces. Generally, when
calcined at high temperature, small nanoparticles are more liable
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Figure 2. CO conversion vs reaction temperature over the catalysts of
Pt/CeO, hetero-nanocomposites and two kinds of mixture of CeO, and Pt.

to aggregate, coalesce, and grow to minimize the surface energy.
Herein, we believe that the good durability against heat treatment
of the present Pt/CeO,, which can keep their pristine properties
even after the calcination at 450 °C, originates probably from the
earlier calcination treatment of Pt/CeO,@SiO,. In this process, the
SiO, shells hinder further mergence and growth of the CeO, and
Pt nanoparticles at high temperature, and accordingly, under the
protection of a silica shell, these nanoparticles are capable of
maintaining their initial nanostructures while improving crystallinity
concurrently. Thus, Pt/CeO,, with a relatively small particle size,
maximized Pt/CeO, interfaces, and especialy sufficient thermal
stability (Figure S6in Sl), may serve as an excellent catalytic model
for important high-temperature catalytic reactions.

In the fields of exhaust emission control and fuel cells, the
composite of ceria and noble metal is one of the most prevalent
systems to explore the catalytic oxidation of CO to CO,. Here, the
performance at high temperature of the Pt/CeO, was investigated
using the CO oxidization as a model reaction. Three samples with
the same Pt/Ce ratio were used. Sample 1 was obtained by
calcination of the Pt/CeO, hetero-nanocomposites (Figure 1d).
Sample 2 was obtained by respectively calcining Pt and CeO,
nanoparticles and further mixing them together (Pt nanoparticles
before and after calcination were shown in Figure S7a,b, and CeO,
nanoparticles before and after calcination were shown in Figures
Sl and S7cin Sl). Sample 3 was obtained by respectively preparing
Pt@SiO, and CeO,@SIO, (Figure S7d,ein Sl), further calcination
and then removal of the silica shell, followed by a second
calcination treatment (Figure S7f,g in SI), and mixing them together.
Figure 2 shows the plot of CO conversion percentage versus reaction
temperature for these three samples. For the CO conversion to CO,
from 65 to 250 °C, the 100% conversion temperatures of the
catalysts are found to follow the sequence of sample 1 (144 °C) <
sample 3 (171 °C) < sample 2 (223 °C). The BET specific surface
areas of the samples 1, 2, and 3 were determined to be 83, 70, and
76 m? g%, respectively, which is consistent with the above activity
sequence. However, the dlight difference among these data does
not seem sufficiently responsible for the major variation in catalytic
performances. Thus, besides particle size, some other factors, such
as particle dispersity, and the interaction of oxide and noble metal
probably play important roles in the catalytic activity of nanocom-
posites.” According to the TEM images (Figures 1d and S7b,c in
Sl), it is obvious that, compared with sample 2, sample 1 exhibits
a smaller particle size and lower aggregation between particles,
which convincingly contribute to their lower 100% conversion
temperature. However, athough the particle size and aggregation
degree for the samples 1 and 3 are similar, as shown by Figures 1d
and S7f,g in S, a notable difference is also observed in regard to
their catalytic activity. This can be ascribed to the existence of more

Scheme 1. Synthesis Protocol of Pt/CeO,@SiO, Nanospheres and
Pt/CeO, Hetero-Nanocomposites
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Pt/CeO, interfaces in sample 1, which have positive effects on the
interaction of CeO, and Pt, and thus on the catalytic activity.
Therefore, these results strongly suggest that the Pt/CeO, hetero-
nanocomposites would have potential applications in various
catalytic fields, especially in high-temperature catalytic reactions.

In conclusion, we demonstrate a facile method for the synthesis
of Pt/CeO, hetero-nanocomposites from Pt/CeO,@SiO,. The final
Pt/CeO, without silica encapsulation shows not only an enhanced
catalytic activity (Figure S8 in Sl) but also a good thermal stability.
Compared with the mixture of Pt and CeO,, this thermally stable
Pt/CeO, nanocomposite exhibits the characteristics of small size
as in the case of Pt and CeO,, low aggregate of particles, and a
large number of Pt and CeO, interfaces, assuring their high catalytic
activity in CO oxidation. This approach is simple albeit efficient
and can be potentially extended to the synthesis of other composites
of noble metals and oxides. This work has opened a new window
for the construction of hetero-nanocomposites with high activity
and would serve as excellent model in high-temperature catalytic
systems of both theoretical and practical interest.
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