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Reaction Routes between CO and Hydrogen over an Sm203 Catalyst Observed by in situ Infrared

Spectroscopy
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Reaction routes between CO and hydrogen over an Sm203 catalyst were clearly
observed by in situ infrared spectroscopy. CO directly reacted with surface hydride
species to form surface hydrogenation products but the surface carboxylate or oxalate

produced from adsorption of CO were inert to the reaction with hydrogen.

CO hydrogenation has been investigated over various catalyst systems. Especially, oxides, such as ZrOp
and lanthanide oxides, were known to the catalysts that exhibit characteristic activity and selectivity to CO
hydrogenation.1-3) A number of studies by using infrared spectroscopy have been performed to make clear the
reaction between CO and hydrogen over the oxide catalyst surfaces.4-8) In those studies, identification of the
surface intermediates that were produced from the reaction and examination of the reaction of the produced
species were mainly performed. However, there were a few studies that suggest the mechanisms of production
of the surface intermediate from the reactants directly and clearly. ~ We take notice of the catalytic activity of the
lanthanide oxides and have been investigating the reactivity of surface species produced over an Sm203 surface
from CO hydrogenation.9a10) In this paper, we report a reaction mechanism in the initial stage of CO
hydrogenation over an Sm203 surface.

The preparation and pretreatments of the Sm203 used were shown in previous report.9‘1 1) The infrared
spectra were recorded on an FT-IR (Jasco. model FT/IR 7300) equipped with MCT detector which was cooling
with liquid nitrogen. Spectra were measured with 256 scans at 4 cm1 resolution and obtained by rationing the

background spectra of Sm203 to those of adsorbed gases.
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Fig. 1. Infrared spectra of adsorbed species over Sm203 formed from (a) adsorption of CO at 300 K after

evacuating the gas phase, and the species under H) atmosphere at (b) 300 K and (c¢) 400 K.

Infrared spectra of the surface species produced from adsorption of CO and the species under H2
atmosphere are shown in Fig. 1. When the surface was exposed to CO, some infrared bands attributed to the
surface species were appeared. The produced species were stable after evacuating the CO in gas phase and any
significant changes of the infrared spectra did not observe before or after evacuating the gas phase at 300 K. The
spectrum are shown in Fig. 1(a). From a previous report of CO adsorption on MgO,12) the bands appeared
below 2200 cm-1 in Fig. 1(a) can be assigned to carboxylate and oxalate type species, which were generated
from the reaction of CO. Then, the reactivity of the produced species under H2 atmosphere was examined.
When the surface was exposed to H2 at 300 K, producing new bands at 3655, 820 and 714 cm-1 that have been
assigned to surface OH and hydride species produced from adsorption of H2 over Smp03,11) were observed as
shown in Fig. 1(b). However, production of any surface species originated to the reaction between the surface
species from CO and hydrogen is not observed at 300 K from the spectrum. Infrared spectrum of the surface
species under H2 atmosphere at 400 K is shown in Fig. 1(c). No significant changes of the spectrum can be
observed in Fig. 1(c) compared to the spectrum in Fig. 1(b) except for decreasing the intensities of the bands due
to hydrogen adsorbed species. These results suggest that hydrogen adsorption and activation occurred over the
surface but the surface species originated from CO were too stable to react with the activated hydrogen. From
these results, it is clear that surface species produced from adsorption of CO show poor reactivity toward

hydrogen over the SmpO3 surface.
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Fig. 2. Infrared spectra of adsorbed species over Sm203 at 300 K formed from adsorption H2 and then
evacuating the gas phase for (a) 5 min. and (b) 1 h, (c) adsorption of CO over 5 min. evacuated hydrogen
preadsorbed Sm203, and (d) adsorption of mixed gas of H2 and CO (H2/CO=3, 13 kPa).

Infrared spectra of surface species formed from adsorption of hydrogen (13 kPa) over Sm203 at 300 K,
where H) in gas phase was evacuated for 5 min. and 1 h, are shown in Figs. 2(a) and (b), respectively. The
bands attributed to v(OH) and hydrides!1) are clearly observed after evacuating Hy in the gas phase for 5 min. as
shown in Fig. 2(a). These bands were gradually decreased with the increase of time and the bands almost
disappear by evacuating the gas phase for 1 h as shown in Fig. 2(b).

Infrared spectrum of the surface species formed from the adsorption of CO (400 Pa) at 300 K over the 5
minutes evacuated hydrogen preadsorbed surface is shown in Fig. 2(c). When the surface was exposed to CO,
the infrared bands attributed to produced surface species are observed as shown in Fig. 2(c). The shape of the
spectrum in Fig. 2(c) is quite different from that shown in Fig. 1. In Fig. 2(c), four bands at 3019, 2830, 2796
and 2699 cm~1 due to v(C-H) are observed. This result suggests the formation of new surface species that have
.C-H bond from reacting CO with preadsorbed hydrogen over Sm203 surface. From the infrared spectrum in
Fig. 2(c), the produced new surface species can be assigned to several kinds of formyl type adsorbed species
from a previous review.12) For hydrogen adsorbed species, it is observed that the bands at 820 and 714 cm-1
attributed to hydride species completely disappear in the spectrum by adsorbing CO, while the band at 3655 cm-1
due to surface OH species is remained at nearly the same intensity as that before adsorbing CO. From these

results, it is clear that CO is immediately reacted with preadsorbed hydride species to form formyl type adsorbed

species over the surface.
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Infrared spectrum of the surface species produced from adsorption and reaction of CO and hydrogen
mixture is shown in Fig. 2(d). When the pretreated Sm203 surface was exposed to H2 and CO mixed gas
(H2/CO=3, 13 kPa) at 300 K, the surface species that give the infrared bands as shown in Fig. 2(d) were
produced. It is interesting to note that the shape of the spectrum shown in Fig. 2(d) is in good agreement with
that shown in Fig. 2(c). This result suggests that the mechanism of producing the surface species from CO
hydrogenation at 300 K is the same as that from adsorption of CO over hydrogen preadsorbed surface and
indicates that, when CO hydrogenation occurred at 300 K over the surface, the reaction proceeds by way of
following steps; the first hydrogen was adsorbed over the surface to form OH and hydride type adsorbed species
and then CO is selectively reacted with the produced hydride species to form formyl type adsorbed species.

There have been various discussions about the reaction mechanisms of CO hydrogenation over
heterogeneous catalysts. 14)  However, it is very difficult to obtain the evidences of the initial stage reaction of
CO hydrogenation directly and clearly. The present results suggest the reaction mechanism and rule between CO

and hydrogen clearly at 300 K over an Sm203 surface.
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