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Infrared Spectroscopic Evidence for CO Dissociation on
NaX-Zeolite-Supported Rhodium

The dissociation of CO in rhodium is a
matter of intense discussion because of its
significance for the activity and selectivity
of CO hydrogenation on Rh catalysts. Rho-
dium is situated at the borderline between
metals on the left side of the Periodic Table
on which the adsorption of CO is dissocia-
tive and those on the right side on which the
adsorption of CO is molecular (/). There
are some contradictions in the results ob-
tained for the adsorption and dissociation
of CO on single crystal planes and poly-
crystalline material of Rh. Somorjai and co-
workers found CO dissociation by heating a
Rh foil in a low-pressure atmosphere of CO
(2—4). Especially effective for the dissocia-
tion were planes like Rh(331) and Rh(755)
which exhibit a great number of steps
and kinks. On the other hand, Yates and
co-workers (5, 6) and Gorodetskii and
Nieuwenhuys (7) concluded from their
results that there was only a very small
probability for CO dissociation on rhodium
crystal planes.

Concerning supported rhodium, it seems
to be confirmed that CO dissociates at least
at higher temperatures on reduced forms.
Solymosi and Erdéhelyi (8) have found by a
microcatalytic pulse technique that on Rh/
ALOs there is CO dissociation at tempera-
tures higher than 473 K. In a recent paper
(9) they extended their investigation to Rh
on other supports, viz., TiO,, SiO,, and
MgO, and found the formation of CO, from
the disproportionation (dissociation) of CO
on Rh above 473 K to be in the order TiO,
> AL O3 > Si0; > MgO for the supports.
Similar results were obtained by Niwa and
Lunsford (10) at temperatures higher than
573 K and they included Y-zeolite as a sup-

port. From the appearance of carbonate
bands in the IR spectra lizuka et al. con-
cluded that dissociation of CO occurred on
Rh/ALO; at temperatures. higher than 373
K whereas on Rh/ZrQO, the dissociation
scemed to appear at lower temperatures
(~313 K) to a very small extent. On Rh/
MgO they could not find any carbonate
bands due to CO dissociation (11, 12).

In the present work we investigated the
dissociation of CO on Rh supported on
NaX-zeolite. The reason for the choice of
NaX was first the importance of NaX as a
support in several catalytic reactions in-
volving CO as reactant. Second, CO,
formed during the CO disproportionation
(dissociation) is easily adsorbed by the X-
zeolite and can be detected unambiguously
by IR spectroscopy in the form of well-
known carbonate structures (13).

The catalyst was prepared by ion ex-
change of NaX-zeolite (13 X Wolfen) with
an aqueous solution of [Rh(NH;)sCll(OH),
and subsequent drying and calcining in air
(2 h, 673 K). The metal content was 1 wt%
Rh. According to H, chemisorption the dis-
persion of the reduced catalyst was about 1
(ratio H:Rh). For IR spectroscopic mea-
surements the catalyst was pressed to self-
supported wafers (10-15 mg/cm?) and
placed in a conventional cell. All pretreat-
ments were performed in situ and particular
care was taken to prevent any admission of
air or moisture. As CO, is formed in the
reaction of supported Rh(III) species with
CO (14), the catalysts were reduced care-
fully at 673 K with hydrogen. During the
reduction water was removed with a liquid-
nitrogen trap. The gases used were of high
purity (CO: 99.997%, Ferak, H,:99.999%,
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Tega). The IR spectra were recorded by an
UR-20 double-beam spectrometer (Zeiss,
Jena, DDR).

In a first series of experiments CO was
admitted alone to the catalyst. The results
are shown in Figs. la—g. At beam tempera-
ture (ca. 313 K) the spectrum shows only
distinct bands due to adsorbed CO on sup-
ported rhodium: there are strong bands at
2100 and 2000 cm~! due to the twin struc-
ture Rh(CO),, and in addition a shoulder at
1950 cm~! and a broad band at about 1800
cm™!, both probably due to bridge-bonded
CO. Only after raising the temperature to
373 K were distinct bands obtained at 1430
and 1488 cm~! (Fig. 1d) which could be as-
signed to a carbonate structure on the NaX
support (13). Apparently, in these condi-
tions the CO molecules dissociate on the
Rh/NaX sample and CO, is formed and ad-
sorbed as carbonate on the NaX support:

CO, - C, + O,
CO, + 0, — CO,,.

An interaction of CO with the pure NaX
support at the same conditions does not
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F16. 1. Infrared spectra of the interaction of CO with
Rh/NaX (1 Torr = 133.3 N m™2). (a) Background: re-
duced at 673 K with H,, evacuated at 673 K; (b) 8 Torr
CO at 313 K for 50 min, after (a); (c) after evacuation
at 313 K; (d) 373 K for 10 min after (c); (¢) after evacu-
ation at 373 K; (f) 423 K for 10 min after (e); (g) 473 K
for 10 min after (f); (h) 9 Torr CO + 16 Torr H;, at 313
K for 25 min after (a).
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yield a significant amount of surface car-
bonate. Even after a treatment with CO at
423 K for 30 min the carbonate bands have
a very low intensity comparable with Fig.
1b.

Interestingly, after short evacuation of
the CO-covered Rh/NaX at 373 K the in-
tensity of the carbonate band increases sig-
nificantly (Fig. le). The absorbance of the
1488-cm~1 band increases from 0.07 to 0.12,
The reason for this increasing intensity may
be the stronger interaction of the remaining
CO groups with the Rh atoms. This would
result in a weakening of the CO bond and,
therefore, in a higher dissociation probabil-
ity. This explanation is supported by the
shift of the absorption bands of the bridge-
bonded CO groups to lower wavenumbers
by 5-10 cm~! (Fig. 1e). This frequency shift
during evacuation may also be interpreted
in terms of decreased dipole—dipole interac-
tions (15) but an electronic effect seems to
operate simultaneously (16). The increasing
dissociation probability at lower CO cover-
age results in the formation of carbonate
bands also at beam temperature (ca. 313 K)
to a very small extent (Fig. 1c).

At higher temperatures CO, is desorbed
(I7) and the intensity of the carbonate
bands decreases, especially at tempera-
tures higher than 423 K (Figs. 1f, g). This
desorbed CO; could be found by a separate
temperature-programmed desorption ex-
periment with detection by a mass spec-
trometer. CO was adsorbed at room tem-
perature on a sample that had previously
been reduced and outgassed at 673 K. On
raising the temperature CO desorbs and,
beginning at about 473 K together with CO
also CO, is detected in the gas phase with
increasing concentration up to 823 K.

In a second series of experiments CO
was admitted together with H, to the cata-
lyst (Fig. th). Evidently, the dissociation of
CO is promoted to hydrogen and the car-
bonate structures appear distinctly at 313
K. The promotion of the CO dissociation
on supported Rh catalysts by adsorbed hy-
drogen was already mentioned by Solymosi
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et al. (18). We agree with their assumption
that the electron-donating properties of ad-
sorbed hydrogen may result in a weakening
of the CO bond due to the higher 7-back-
bonding and may therefore be the reason
for the CO dissociation at lower tempera-
tures.

On the other hand, hydrogen may pro-
mote the CO dissociation by removing the
reaction products from the active sites. As
oxygen is removed by CO, hydrogen could
remove the active carbide species.

The role of hydrogen is also discussed in
terms of hydrogen-assisted dissociation via
hydrogen-containing intermediates such as
formyl or hydroxycarbene species (19-21).
However, in that case we should expect
water as the main oxygen-containing prod-
uct. The spectrum (Fig. 1h) does not sup-
port this possibility. It seems that the final
conclusion on the influence of hydrogen
needs further investigations.

To summarize, it has been shown that
CO dissociates on Rh/NaX to a significant
amount at a temperature of 373 K and
higher. Hydrogen promotes this reaction
and causes a dissociation already at 313 K.
The dissociation is also favored by a de-
creased CO coverage on the surface of the
catalysts.
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