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Hydrogen Species Adsorbed on an Sm,04 Catalyst Observed by

Infrared Spectroscopy
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The characteristic hydrogen species adsorbed on a
well-outgassed Sm,053 surface at 300 K are observed by
infrared spectroscopy. The infrared bands of these species

were observed at 822 cm'1 and 714 cm"1.

The lanthanide oxide catalysts have interesting properties and have

been applied to various reactions.! %) Especially, one of the

characteristic property of these catalyst systems is the higher activity of

2/3)  The hydrogen activation

the ethene hydrogenation at low temperatures.
over their surface is one of the important factor to elucidate the

hydrogenation reactions as well as their surface states. The hydrogen
5-7)

species on some oxides have been observed by infrared spectroscopy and

sometimes play the significant role of the hydrogenation reaction.

In this work, we have studied the adsorption of hydrogen on Sm,05,
and have observed characteristic hydrogen adsorbed species by infrared
spectroscopy.

Self-supporting disk of Sm,03 which prepared from Sm2(N03)3 (ca. 60
mg) set in quartz IR cell. The catalyst was treated with 0, and Hy at 873
K respectively and then evacuated at 1100 K for several minutes in the
cell. 1Infrared spectra were recorded with FT/IR 7000 (JASCO.). All

1 resolution and obtained from the ratio of

spectra were measured at 4 cm~
the background spectrum of Sm,053 to that of the adsorbed gases.

Infrared spectra of surface species formed from the adsorption of
deuterium and hydrogen at 300 K were shown in Fig. 1. The bands at 3661,
822, and 714 cm™! were observed after exposing H, as shown in Fig. 1(a).
From Fig. 1(a)-(c), it is clear that the intensities of the bands at 822
and 714 cm™ depend on the pressure of H, but the band at 3661 cm™ ! was
independent of the pressure of H,. When deuterium was exposed to the
surface, the bands at 2722, 2700, and 2678 cm_1 due to O-D were observed
but the bands at 822 and 714 cmf1

If these bands were attributable to hydrogen, the corresponding bands of

were disappeared as shown in Fig. 1(d).
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the deuterium species shifted to out of the spectral regions that can be
measured for the Sm,03. It was also confirmed that these two bands were
gradually decreased with increasing the temperature and were almost
disappeared at 373 K under 13 kPa of hydrogen atmosphere. From these
results, the bands at 822 and 714 cm™! can be assigned to the adsorbed
hydrogen species over Sm,03. Generally, for the heterolytic splitted
hydrogen adsorbed on oxides,5'7) if these species desorbed, the IR bands
due to metal hydride and hydroxide were decreased correspondingly. In
this case, there has no relation between the intensity of the bands due to
the hydride and hydroxide. It is clear that the hydride species observed
in this work has a characteristic properties compared to the heterolytic
adsorbed hydride. In some cases infrared bands due to hydride over oxide

1 and were supposed to assign the

surfaces were appeared below 1000 cm™
bridged or multi-holded hydrogen between the metal ions like the adsorbed
hydrogen on Cu-Zn-Cr mixed oxide.8) It also suggests that the bridged or

multi-holded hydrogen adsorbed species were formed over the Sm,03 surface.
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Fig. 1. Infrared Spectra of surface species on Sm,0, formed from
adsorption of hydrogen (a) 133 Pa, (b)‘h% iPa and (c) 10 kPa,
and adsorption of deuterium under 13 kPa(d).
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