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Role of oxygen transients in the facile scission of C—O bonds of alcohols on Zn

surfaces
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The alkoxy species produced by the interaction of alcohols
with Zn surfaces undergoes C-O bond scission at 150 K
giving hydrocarbon species, but this transformation occurs
even at 80 K when alcohol-oxygen mixtures are coadsorbed,
due to the oxygen transients.

Studies of the decomposition of methanol on transition metal
surfaces have shown that the methoxy species formed around
150 K, undergoes C—O bond scission on some of the surfaces at
relatively high temperatures giving hydrocarbon species.:
Ethanol transforms to the alkoxy species on transition metal
surfaces and undergoes C-O or C—C bond scission depending
on the surface56 Interaction of propan-2-ol with transition
metal surfaces also produces the alkoxy species and the C-O
bond scission occurs at high temperatures on some of the
surfaces yielding hydrocarbon species.57 We have investigated
the interaction of methanol on polycrystalline as well as (0001)
Zn surfaces by electron spectroscopic techniques and found that
the methoxy species produced around 120 K undergoes C-O
bond scission at 150 K and above, giving rise to hydrocarbon
species. We show the C(1s) and O(1s) spectra of methanol on a
Zn(0001) surface in Fig. 1(a) and (b) respectively to illustrate
the transformations. The C(1s) features due to the methoxy and
hydrocarbon species are seen at 286 and 285 eV respectively at
150 K. The O(1s) spectrum shows a feature due to the methoxy
species at 532 eV which disappears above 150 K. The alkoxy
species formed initialy undergoes C-O bond scission on the
Zn(0001) surface in the cases of both ethanol and propan-2-ol.
The stability of the alkoxy species increases from methanol to
propan-2-ol, the alkoxy species being formed in the latter even
at 80 K. Thus, in al the three alcohols, hydrogen abstraction
occursto givethe alkoxy species, followed by the scission of the
C-O bond forming the hydrocarbon species at 150 K. These
changes are corroborated by vibrational energy loss spectros-
copy. The above transformations of alcohols (ROH, R = alkyl
group) on the Zn(0001) surface can be represented as fol-
lows:

ROH(a) — RO(a) + H(a) (1)
RO(a) — R(a@) + O(a) 2

We were interested in examining the effect of O%— type
reactive oxygen transients on the interaction of alcohols with
the Zn(0001) surface, since such species are known to readily
abstract hydrogen from NH3 and other molecules.8® For this
purpose, we have investigated the coadsorption of a 3:1
mixture of methanol and oxygen on the Zn(0001) surface.
Typical C(1s) and O(1s) spectra are shown in Fig. 1(c) and (d)
respectively. Inthe C(1s) spectrum, the feature due the methoxy
Species at 286 eV appears at 80 K, along with aweak feature at
287 eV due to chemisorbed methanol. More importantly, a
relatively intense feature due to the hydrocarbon species with a
C(1s) binding energy around 285 eV aso occurs at 80 K. The
O(1s) spectrum shows the presence of chemisorbed methanol
and the methoxy species at 80 K with O(1s) binding energies at
533.6 eV and 532 eV respectively. A feature around 530 eV due
to the oxidic species emerges progressively with increasing
temperature. Coadsorption of oxygen with methanol appearsto

giveriseto the short-lived reactive O>— type of transient species
which readily abstracts hydrogen from methanol even at 80 K,
the OCH; species subsequently giving the (CH)y species
through C-O bond scission. It should be noted that the
coadsorption of methanol and oxygen on aCu(110) surfaceonly
yields OCH3 and formatel©

Coadsorption of a 3: 1 mixture of ethanol and oxygen on the
Zn(0001) surface also resultsin the formation of the alkoxy and
the hydrocarbon species at 80 K, with a progressive increase in
the hydrocarbon species with increase in temperature. In Fig.
2(a) we show typical C(1s) spectrato illustrate the transforma-
tions. Coadsorption of a3: 1 mixture of propan-2-ol and oxygen
on the Zn(0001) surface gives a high proportion of the
hydrocarbon species at 80 K as can be seen from Fig. 2(b). It
should be recalled that amongst the three alcohols studied, the
proportion of the alkoxy species formed on Zn surfaces is
highest in the case of propan-2-ol. Since the formation of the
akoxy species precedes the C-O bond scission, the ease of
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Fig. 1 (8) C(1s) and (b) O(1s) spectra of CHzOH adsorbed on a Zn(0001)
surface. CH3;OH was first adsorbed at 80 K and the surface progressively
warmed to 225 K. (c) C(1s) and (d) O(1s) spectra of a 3:1 mixture of
CH30H and O, adsorbed on Zn(0001). The mixture was adsorbed at 80 K
and the surface progressively warmed to 225 K.
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Fig. 2 C(1s) spectra of (&) of a3:1 mixture of C;HsOH and O, and (b) of
a 3:1 mixture of propan-2-ol and O, adsorbed on a Zn(0001) surface. The
a cohol—oxygen mixture was adsorbed at 80 K and the surface progressively
warmed to 225 K.

formation of the hydrocarbons will be related to the abundance
of the alkoxy species. It isknown that adsorption of acoholson
ZnO surfaces gives rise to akenes, adehydes and ketones.11
However, in the present study on Zn surfaces, we only observe
the formation of hydrocarbons.

The formation of the (CH)y type species at 80 K by the
interaction of acohol-oxygen mixtures with Zn surfaces
suggests that the C—O bond scission is favoured by the oxygen
transient. We represent these transformations as follows:

Zn+ 120, — Zn+ 0% (a) 3)
ROH + O°—(8) — RO(a) + OH(a) (4
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RO(® — R(a) + O(a (5)
20H(a) — H,0 + 02—(a) (6)

We consider the occurrence of C-O bond scission in acohols
a as low a temperature as 80 K to be significant, considering
that such scission occurs at 150 K in the absence of oxygen on
the Zn(0001) surface and at much higher temperatures on other
transition metal surfaces.
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