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LETTERS TO THE EDITORS

The Formation of C,-Oxygenates from Synthesis Gas over
Oxide-Supported Rhodium

The problem of selectivity in synthesis
gas reactions and in particular the problem
of how to maximize the selectivity in oxy-
genates has attracted much attention in re-
cent years (/). Several models have been
suggested to explain why with certain sup-
ports or promoters the selectivity of Rh for
oxygenates is high:

(a) A support or a promoter influences
the electronic structure of the metal (2).

(b) The support oxygen can be activated
to take part in the formation of oxygenates,
outside the metal surface (3).

(¢) The promoter or the support material
stabilizes the presence of Rh"* centers and
the reaction is ‘‘bifunctional.”” Rh’ pro-
duces CH, units and Rh"* are the sites of
CO insertion into these units (4, 5).

(d) The promoter placed on the metal sur-
face accelerates CO dissociation and CO in-
sertion (6, 7) whereby the Rh"* centres play
no role.

Our own results, to which we refer be-
low, and some other recent data in the liter-
ature make it possible to reject some of
the ideas mentioned above and to draw
up a unifying model for the formation of
C,-oxygenates from synthesis gas. The
starting point is the recent note published
by Sachtler et al. in this journal (7).

Idea (a) above is not considered. Theo-
retically it is not well defendable (8) and the
particles of Rh are sometimes so large (5-
10 nm) that speculations on such an effect
are not relevant at all.

Parts of other theories can be integrated
into one model, schematically shown in
Fig. 1. Figure 1 presents an ‘‘artist’s
view’’ of the following. Various forms of
adsorbed CO, in single or multiple coordi-
nation, populate the Rh surface; CO
can switch between these forms and com-
petes for sites with other species including
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adsorbed hydrogen. When CO is activated
by the cation of the promoter (Fig. 1, left) it
can switch over into a chemisorbed species
which has two more or less equivalent oxy-
gens (Fig. 1, middle). In one of these forms,
an attachment of a CH, group (insertion)
takes place. It is not known whether a sin-
gle or multiple (7) bound CO is involved in
these steps. After insertion, hydrogenation
follows into CH;CHO (indicated in Fig.
1) or C,HsOH. As already mentioned
above, Rh™* ions stabilize formyl groups
and are beneficial for CH;OH formation
(Fig. 1, right).

Experimental support exists for all the in-
termediates and reaction steps shown in
Fig. 1, and it is discussed below.

It has been shown that CH, ex CH,Cl,
(but not CH; ex CH;Cl) can be converted
into CH;CH,0OH by adding CH,Cl, to a
CO: H, mixture (9). The formation of C,-
oxygenates by CO insertion into CH, units
has been further proven by isotopic label-
ing. Isotopic labeling also revealed (10, 11)
that the oxygen of the support or promoter
participates in the intermediates of the re-
action. However, a certain caution is nec-
essary with this information. A fast ex-
change of **O”’ between other intermediates
and/or products and the solid oxides would
serve the same purpose as direct participa-
tion of oxide in the formation of crucial in-
termediates. It would, however, be highly
incidental that the degree of exchange of
oxygen reaches almost exactly the value
expected, when acetates operate as inter-
mediates. Therefore, acetate formation,
with participation of support oxygen,
seems to be the better explanation of the
data available and such participation of ox-
ide oxygen is also assumed in the present
model (Fig. 1).

It has also been shown that support mate-

0021-9517/86 $3.00
Copyright © 1986 by Academic Press, Inc.
All rights of reproduction in any form reserved.



512

H\ _~CH30H
/\/_\—/HQC_CHO —~———— (=0~

G+ A_D0

Support {(MOy)

F16. 1. Schematic model of the formation of C,-oxy-
genates and methanol on the surface of a rhodium cat-
alyst.

rial, which reaches the metal surface, either
during high-temperature reduction (encap-
sulation) or during other stages of prepara-
tion, can play the role of the promoter of
insertion (or other steps) in the sense of
Fig. 1. Our suggestion is that also Rh,Os
plays this role (12-14).

The role of Rh** needs one more com-
ment. The following two suggestions can be
found in the literature: (i) Rh** (or ions of
other metals) form the centers of CH;OH
formation (4, 8) and (ii) Rh** are centers of
formation of higher oxygenates, whereby
the mechanism is ‘‘bifunctional’’: metal
surface supplies CH, groups and recombi-
nation of these groups with CO takes place
on Rh** (4, 5).

Our recent results (/5) confirm sugges-
tion (i) but are at variance with suggestion
(ii). Thus it appears that the concentration
of Rh** is sympathetically correlated with
the activity in CH;OH formation, but the
correlation with higher oxygenates is anti-
pathic and the most active and selective
catalysts in C,-oxygenate formation con-
tain no extractable (Rh**) rhodium (/2).
However, the findings just mentioned do
not exclude that Rh”* on the metal can ful-
fill the role of the promoter in CO activa-
tion, in the sense of the theory in Ref. (7)
and in compliance with the experimental
data in Refs. (I3, 16).

An equally important function of the ox-
ide is to block the metallic (Rh) surface and
to suppress the production of CH, units
through CO dissociation to an optimal
level. Catalysts with optimal selectivity
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showed indeed a low CO and H, aerial ad-
sorption (12, 15).

An inspection of the data in the refer-
ences quoted above should convince the
reader that the model [being a combination
of ideas expressed by others, mainly in
Refs. (7, 10)] presented in Fig. 1 is very well
supported in all details discussed.
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