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TEM study on SiO2 supported Pt particles
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Instead of “real” supported catalysts consisting of randomly oriented and
irregularly shaped metal particles on high surface area porous supports, well oriented
and regularly shaped metal particles were grown on planar thin supports as initial state
and the structural changes in a chemical environment during activation or reaction, can
be characterized by electron microscopy [1-2]. In the present work, Pt particles
epitaxially grown on (001) NaCl single crystals were covered with a supporting film of
amorphous silica. Subsequently, the NaCl was dissolved in distilled water and the
films were mounted on gold grids for electron microscopy [2]. After an oxidising
treatment (O2, 673K, 1h) the samples were exposed to H2 at 873K for 1h. Selected
area electron diffraction (SAED), bright field imaging and microdiffraction were taken
by a Philips CM200 FEG microscope to analyse the morphological change of the Pt
particles and the strong metal-support interaction (SMSI). The mechanism of metal-
support interaction is proposed upon the observation.

The electron microscope image in Fig. 1(a) shows the as-grown Pt particles and
in (b), that after the treatment. The as-prepared Pt particles exhibit regular shapes,
most of them being square with edges parallel to each other. The size of the particles
amounts to 8~15 nm. After the treatment, particles consisting of two coalesced parts
(denoted as A) and large particles with irregular forms (denoted as B) were observed.
These particles are about 20 nm in size and randomly oriented.

The selected area diffraction patterns of the sample before and after the treatment
are shown in Figs. 2(a) and (b), respectively. The pattern in Fig. 2(a) is identical to the
pattern from 001-oriented single crystal Pt, i.e., all the as-grown particles exhibit the
same orientation. This is simply due to the epitaxial growth of Pt particles on (001)
NaCl. Comparatively, the diffraction pattern of the sample after the treatment shows
series of rings together with some diffuse, but distinct spots. Calibrated by the electron
diffraction pattern of Pt before the treatment, the d values (± 1%) of rings and diffuse
spots are calculated. Comparing these values with those of the reported Pt silicides, we
found that the structural changes can be attributed to the formation of Pt3Si (cubic),
Pt3Si (monoclinic), and Pt12Si5 (tetragonal). In addition, microdiffraction patterns were
taken from single particles after the treatment and some of them are shown in Fig. 3a-
d. From Fig. 3a and b, it is indicated that a number of Pt particles were not reacted,
some with original [001] zone and some with changed orientation. Fig. 3c and d shows
the microdiffraction pattern of Pt3Si and Pt12Si5, respectively. However, Fig. 3c could
be attributed to either cubic Pt3Si or monoclinic Pt3Si. The analysis for selected area
electron diffraction pattern indicates the existence of both.

In addition to the suggested mechanism involving the dissociative adsorption of
hydrogen on Pt particles, reduction of SiO2 through atomic hydrogen, the migration of
silicon atoms into Pt particles and the formation of cubic Pt3Si with Cu3Au structure
[3], the present study provides valuable information about the mechanism of the
Pt/SiO2 interaction in the reductive gas at high temperature. It is possible that the
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atomic hydrogen reduces the SiO2 surface to a thin suboxide SiOx phase, on which the
Pt particles at the temperature of 873 K become highly mobile. This facilitates the
coalescence of neighboring Pt particles, accompanied with the migration of Si atoms
into Pt particles. On the other hand, since the dissociative adsorption of H2 on Pt
particles is an exothermal reaction, a large amount of heat will be liberated and can
result in local increase of temperature. The irregularly shaped particles may be formed
through melting and recrystallisation. This local high temperature may also explain the
appearance of the monoclinic Pt3Si phase, which was reported earlier to occur only at
1020 K [3]. The observed tetragonal Pt12Si5 could also be the heating result of the
exothermal reaction. Moreover, the diffuse reflections in Fig. 2b indicate that on some
particles, a topotactic structural transformation from Pt to either cubic or monoclinic
Pt3Si may take place, with the [001] zone of cubic Pt3Si or the [010] zone of
monoclinic Pt3Si corresponding to the [001] zone of Pt. This process also involves the
migration of Si into Pt particles. All the suggested processes (coalescence, melting and
recrystallisation, and Si migration) lead to the flattening of the as-grown half
octahedral Pt particles, which was confirmed in ref [4].
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Fig. 1 TEM images of Pt supported on SiO2 (a)
before and (b) after the treatment in H2 at 873 K.

Fig. 2 SAED patterns of Pt supported on SiO2 (a)
before and (b) after the treatment in H2 at 873 K.
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Fig. 3 Microdiffraction patterns from single particles of (a) [0,0,1] Pt, (b) [0,3,1] Pt, (c)
[0,0,1] cubic Pt3Si or [1,0,0] monoclinic Pt3Si and (d) [1,3,10] Pt12Si5.


