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Abstract

The mechanism of the oxidation of acetylene on a silver surface was studied by the dipped adcluster model (DAM)
combined with ab initio Hartree—Fock and MP2 calculations. The reactions of the hydrogen and carbon of acetylene
with both molecularly and atomically adsorbed oxygens were investigated. Our results show that the reaction path for
acetylene via epoxidation is energetically unfavorable. On the other hand, the reaction path via hydrogen abstraction
is much easier and leads to surface acetylide and hydroxyl intermediates, and is likely the initial reaction path
responsible for the complete oxidation reaction of acetylene on a silver surface. The reaction mechanisms derived
adequately explain the available experimental results. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction portance, and has been the subject of extensive
studies [1-38]. Most such studies are carried out
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For the epoxidation of ethylene, two mecha-
nisms involving surface molecular oxygen [8-18]
and atomic oxygen [22-31] as the active species
have been suggested. The unique catalytic activity
of silver has been the subject of long-standing
interest, since other metal surfaces such as cop-
per and gold are not good catalysts for this reac-
tion [1-7]. On the other hand, excluding ethylene,
only a few olefins such as styrene [33,34], 3,3-di-
methylbutene [35], norbornene [36] and butadiene
can be epoxidized on a silver surface. Other ole-
fins, such as propylene [8-14], butenes [14] and
pentenes [14], are mainly combusted into CO,
and H,O. Thus, there appear to be two main
factors which determine the reaction mechanism
of the surface oxidation of hydrocarbons: i.e. the
metal used and the structure specificity of the
hydrocarbon itself.

To clarify the mechanistic details of the oxida-
tion of hydrocarbons on a silver surface, we previ-
ously studied the epoxidation and complete oxida-
tion of ethylene [39,40] and propylene [41,42] on a
silver surface by the dipped adcluster model
(DAM) [43-45] combined with ab initio molecu-
lar orbital methods. Our theoretical studies
showed that the uniquely high reactivity of a
silver surface for ethylene epoxidation is due to
its ability to adsorb an oxygen molecule as the
end-on superoxide species [39]. Such a superoxide
species cannot exist on the surface of copper or
gold [46]. A higher selectivity of ethylene epoxida-
tion is possible if the selectivity from ethylene to
ethylene oxide by atomically adsorbed oxygen can
be increased [40]. The low selectivity of propylene
epoxidation is due to the presence of an allylic
hydrogen, which shows higher reactivity toward
the adsorbed oxygen than the olefinic carbon
atom, leading to the formation of surface hy-
droxyl and allyl species [41]. In this case, the
complete oxidation reaction is preferred. Based
on our theoretical results, the general mechanism
of the oxidation reaction of olefins on a silver
surface is as follows: olefins which contain no
allylic hydrogen and/or no subsequent reso-
nance-stabilized allyl radical or anion formation
mainly lead to epoxidation, while those which
contain allylic hydrogen mainly lead to complete
oxidation. Thus, whether epoxidation or complete

oxidation occurs on a silver surface is determined
by the reactivity of the olefinic carbon atoms and
the allylic hydrogen of the olefins.

In this report, we extend our study to the
oxidation of an alkyne on a silver surface. In
contrast to olefins, experimental studies have
shown that alkynes such as acetylene [37] and
propyne [38] only undergo complete oxidation; no
epoxidation products have been reported on a
silver surface. In this report, we focus on acety-
lene as an example. We study the mechanisms of
the reaction of acetylene with adsorbed oxygen
on a silver surface, and seek to clarify why only
complete oxidation, and not epoxidation, occurs.

2. Computational details

The theoretical methods used in the present
study are the same as those used previously
[39-42], i.e. the dipped adcluster model (DAM)
[43—-45] combined with ab initio HF and MP2
calculations. The DAM [43] was proposed as a
theoretical model to study chemisorptions and
surface reactions involving electron transfer
between bulk metal and admolecules. Our previ-
ous studies have shown that electron transfer,
electrostatic interaction (image force), and elec-
tron correlations are very important for the
chemisorption of oxygen [47,48] and the oxidation
reactions of olefins [39-42] on a silver surface.

Since acetylene is not adsorbed on a clean
silver surface [37], like ethylene, the Eley—Rideal
mode, which corresponds to the reaction between
gaseous acetylene and the adsorbed oxygen
species, is used in the present study. The activities
of the C-H and C-C bonds of acetylene are
studied by examining its reactivity with both
molecularly adsorbed superoxide and atomically
adsorbed oxygen on a silver surface. The model
used was the same as that in previous studies
[39-42]. Electron exchange between the adcluster
and the bulk metal is taken into account by the
DAM. Since we use the highest spin coupling
model [43], one electron is transferred (n = 1)
from a bulk metal into the adcluster, as shown
previously [39-42]. The electrostatic interaction
between the admolecule and the extended surface
is estimated by the image force correction [44].
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The geometries of the reactants, products, inter-
mediates, and transition states (TSs) are op-
timized by the energy gradient method at the HF
level, except for the Ag-Ag distance and the
Ag,—Ag,—O, angle which were fixed at 2.8894 A
and 90.0°, respectively. The electron correlations
are considered by the MP2 method. In all cases,
energy is expressed in kcal /mol, and bond dis-
tances and angles are in angstroms and degrees,
respectively. The calculations were performed us-
ing the Gaussian94 software package [49].

The Gaussian basis set for the silver atom was
(3s3p4d) /[3s2p2d] and the Kr core was replaced
by the relativistic effective core potential [50]. For
oxygen, we used the (9s5p)/[4s2p] set of Huzi-
naga-Dunning [51,52] augmented by diffuse s and
p functions of @ =0.059 as anion bases [53].
Polarization d functions of a = 2.704, 0.535 [54]
were added to the oxygen basis in the MP2 calcu-
lations. For carbon and hydrogen, the
(9s5p) /[4s2p] and (4s)/[2s] sets, respectively, of
Huzinaga—Dunning were used [51,52]. The valid-
ity of the present basis functions as well as the
effect of electron corrections have been demon-
strated in the previous studies [39].

3. Results and discussion

It is well known that several adsorbed oxygen
species exist on a silver surface. To study the
oxidation of hydrocarbons on a silver surface, it is
necessary to consider the reaction with both
molecularly and atomically adsorbed oxygen
species. Our previous studies have shown that the
active species for the epoxidation of ethylene on a
silver surface is the molecularly adsorbed super-
oxide O; [39]. The outside oxygen is more reac-
tive, while the inner oxygen is more negative
[47,48]. Atomically absorbed oxygen, which is left
after the epoxidation, is active for both epoxida-
tion and complete oxidation [39]. For propylene,
both the superoxide and atomic oxygen species
lead to complete oxidation [41]. While the reason
for the complete oxidation of alkyne on a silver
surface is unclear, we suppose that the main
reaction mechanism is similar to that of olefins,
i.e. differences may be due to the different reac-
tivities of hydrogen and carbon in alkynes. In the

case of acetylene, since there is only one kind of
hydrogen and carbon, the reaction paths of the
carbon and hydrogen with molecularly or atomi-
cally adsorbed oxygen would be illustrated as in
Fig. 1.

3.1. Reaction of carbon with the adsorbed superoxide
species

In this section, we study the reactivity of the
carbon of acetylene with the molecularly adsor-
bed superoxide species. The reaction path is
shown in Fig. 1a. As shown previously [39,47], the
active species of the molecularly adsorbed oxygen
is the superoxide O;. When carbon attacks the
superoxide species on the surface, it attacks the
terminal oxygen, since it is more reactive than the
inner oxygen. Fig. 2 shows the energy diagram for
this reaction path. The energy is given relative to
the free system, Ag, plus O, plus C,H,. An
in-plane reaction pathway is used, ie. the
Ag,0,C,H, adcluster is kept in the same plane
and maintains C, symmetry throughout the reac-
tion, since it has been previously shown to be the
most favorable pathway [39-42]. Starting from the
oxygen adsorption state, we examined each reac-
tion step in detail by optimizing the geometries of
the intermediates and the transition states (TSs)
along the reaction pathway.

When the carbon of acetylene attacks the
terminal oxygen, Oy, a transition state (TS1) with
an activation energy of 4.8 kcal /mol is obtained.
The energy level of the intermediate is 28
kcal /mol, which is similar to that of the superox-
ide adsorption state (26.9 kcal/mol). In the TS
the C~C bond distance increases from 1.20 Ain
gaseous acetylene to 1.30 A, and the O-O dis-
tance increases from 1.39 A in the adsorption
state to 1.48 A The C,-0O,, distance is calculated
to be 1.82 A. These changes indicate that the
0O-0O and C-C bonds are weakened in the TS,
and the C,-O, o-bond begins to be formed.
After the TS, we obtain an intermediate with a
C-C distance of 1.35 A a C,~0O, distance of 1.37
A and an O-O distance of 1 49 A. At this stage,
the C,-O, o-bond is complete, and the triple
C=C bond changes to a double C=C bond.

Table 1 shows the net charge and the frontier
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Fig. 1. Proposed reaction paths for the reaction of acetylene with adsorbed oxygen on a silver surface. (a) Reaction path of carbon
with molecularly adsorbed superoxide. (b) Reaction path of carbon with atomically adsorbed oxygen. (c) Reaction path of hydrogen
with molecularly adsorbed superoxide. (d) Reaction path of hydrogen with atomically adsorbed oxygen.

density (spin population) of the Ag,0,C,H, ad-
cluster along the reaction path shown in Fig. 2.
Changes in the net charge and frontier density
are mainly seen for the O,, O,, C,, and C,
atoms, which represent the reaction center of the
system. In the oxygen adsorption state, the fron-
tier density of the terminal O, is 0.784, which is
larger than that of O, (0.203). On the other hand,
in the intermediate state, the largest frontier den-

sity of 1.01 is situated on the terminal C, atom.
Thus, since the frontier density reflects the reac-
tivity of the atom, the reactive site shifts from O,
in the adsorbed oxygen state to C, in the inter-
mediate state.

When the intermediate is formed, two possible
reaction paths exist for subsequent reactions. In
one, the reactive site C, attacks O,, which may
lead to cleavage of the O—-O bond and formation
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Fig. 2. Energy diagram for the reaction between carbon and molecularly adsorbed oxygen on a Ag surface. The routes leading to
acetylene oxide and ketene are shown by broken and solid lines, respectively.

Table 1
Net charge and frontier density calculated by MP2 method for the Ag,0,-C,H, adcluster shown in Fig. 2
Adsorbed TS for Intermediate TS for TS acet. Product Product
oxygen appro. dissoc. H mig oxi. ketene

Net charge
Ag, -0.028 -0.059 —-0.032 —0.006 —-0.031 —0.058 —-0.058
Ag, -0.197 -0.232 —0.246 -0.270 -0.234 —0.300 -0.300
0o, —0.558 —0.624 —0.646 —0.568 —-0.627 —0.642 —0.642
0O, -0.217 -0.210 -0.248 -0.345 -0.205 —0.483 -0353
C, —0.244 +0.102 +0.274 +0.263 +0.244 —-0.055 —-0.720
C, —0.244 —0.428 —0.501 —-0.487 -0.59%4 —0.055 +0.581
H, +0.244 +0.230 +0.204 +0.226 +0.250 +0.296 +0.246
H, +0.244 +0.219 +0.195 +0.187 +0.197 +0.296 +0.246

Frontier density
Ag, +0.182 +0.496 -0.035 +0.366 —0.467 —0.108 -0.108
Ag, -0.169 -0.514 +0.040 -037 +0.501 +0.077 +0.077
0, +0.203 +0.497 —0.067 -0.245 —-0.051 +1.031 +1.031
O, +0.784 +0.059 +0.043 +0.244 +0.075 0.0 0.0
C, 0.0 —0.362 -0.016 -0.072 +0.511 0.0 0.0
G, 0.0 +0.808 +1.011 +1.049 +0.375 0.0 0.0
H, 0.0 +0.026 +0.009 +0.018 ~0.035 0.0 0.0
H, 0.0 —0.011 +0.016 +0.011 +0.092 0.0 0.0
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of acetylene oxide. The other path involves the
migration of H, from C, to C,, which would lead
to the formation of a ketene. When the ketene is
formed, it will prefer further combustion in the
presence of adsorbed oxygen [55]. The resulting
atomically adsorbed oxygen on the silver surface
also reacts with acetylene, as shown in Fig. 1b.
Fig. 2 shows that the product of acetylene oxide
+ Ag,07 is 46.8 kcal/mol more unstable than
the free system, and 74.8 kcal /mol more unstable
than the intermediate. This result shows that the
reaction path for acetylene oxide formation is
energetically unfavorable, and the epoxidation of
acetylene does not occur on a silver surface,
which is totally different from previous results
with olefins on the same silver surface [39-42].
Although the product of ketene + Ag,O™ is about
40 kcal/mol more stable than the intermediate,
the energy barrier for H, migration is calculated
to be 57.6 kcal/mol. This reaction path is also
unfavorable compared with that described below,
in which hydrogen reacts with the superoxide
species. Experimentally, no epoxidation product
or ketene has been identified in the reaction of
acetylene with adsorbed oxygen on a silver sur-
face [37].

3.2. Reaction of hydrogen with the adsorbed
superoxide species

Fig. 1c¢ shows the reaction path for the reaction
of the hydrogen of acetylene with the superoxide
species on a silver surface. This reaction path
consists of two steps: hydrogen abstraction and
HO-0O decomposition. In the first step, one hy-
drogen of acetylene is abstracted by the terminal
oxygen of the superoxide, leading to the adsorbed
hydroperoxyl species (HOO(a)) and the adsorbed
acetylide species (C,H(a)). The next step is the
decomposition of the adsorbed hydroperoxyl
group to the adsorbed surface hydroxyl group
(HO(a)) and the adsorbed atomic oxygen (O(a)),
as shown in a former study on the oxidation of
propylene [41]. Two surface hydroxyl groups can
be disproportionated to produce water and one
adsorbed oxygen on a silver surface [28,29,56].
The adsorbed oxygen atom produced in this
process is reactive in further oxidation, as shown

in Fig. 1d. The adsorbed acetylide species should
be readily oxidized to CO, and H,O in the pres-
ence of adsorbed oxygens, as shown experimen-
tally [37].

Fig. 3 shows the fully optimized geometries and
the energy diagram for the hydrogen abstraction
reaction step. When hydrogen approaches the
superoxide species, an intermediate state with a
stabilization energy of 11.4 kcal /mol is obtained.
At this stage, the geometry of acetylene is almost
the same as that of the free gaseous species. The
process leading to the TS includes the formation
of a weak o-bond between the hydrogen and the
terminal oxygen atom (O,). The H,-O,, distance
is 1.40 A and the C,~H, distance is 1.19 A, which
is comparable to 1 06 A in the free acetylene
molecule. The O,~O, distance also increases from
1.39 A in the adsorbed superoxide state to 1.42 A
The carbon of acetylene seems to interact with
the surface, although the C-Ag distance is as
large as 2.6 A. The C-C distance is 1.22 A, which
is comparable to 1.20 A in the free acetylene
molecule. The net charge and frontier density of
this reaction step are shown in Table 2.

The energy barrier in this step was calculated
to be 12.5 kcal /mol, which is much smaller than
that of the reaction paths leading to the forma-
tion of acetylene oxide and a ketene shown in Fig.
2. The energy level of the coadsorbed OOH and
C,H state was calculated to be stable by 57.6
kcal/mol, and further stabilization of 42.6
kcal/mol is achieved in the subsequent OOH
decomposition step [41]. Compared with the re-
sults shown in Fig. 2, the pathway via hydrogen
abstraction shown in Fig. 3 is much easier, and
should be the initial reaction step leading to the
complete oxidation of acetylene on a silver sur-
face.

3.3. Reactions with atomically adsorbed oxygen

We investigated the energetics and pathways of
the reactions of carbon and hydrogen with atomi-
cally adsorbed oxygen on a Ag surface. Atomi-
cally adsorbed oxygen on a Ag surface is pro-
duced through the peroxide species of molecu-
larly adsorbed oxygen [39,48]. As shown in Fig. 2,
it is also a product of the oxidation reaction of
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Table 2
Net charge and frontier density calculated by MP2 method for the Ag,0,—C,H, adcluster shown in Fig. 3

Adsorbed Intermediate Transition Intermediate
oxygen state
Net charge
Ag, —0.028 +0.007 -0.191 +0.003
Ag, —-0.197 —0.190 —0.169 +0.246
0o, —0.588 —0.443 -0.170 —0.547
0O, -0.217 —0.366 ~0.462 —0.644
C, —-0.244 -0.132 —-0.022 -0.162
Gy —0.244 —0.461 —0.491 —0.563
H, +0.244 +0.343 +0.263 +0.458
H, +0.244 +0.242 +0.242 +0.207
Frontier density
Ag, +0.182 +0.004 —0.032 +0.424
Ag, —0.169 +0.008 +0.022 +0.507
0, +0.203 +0.350 +0.869 +0.015
Oy +0.784 +0.634 +0.149 +0.002
C, 0.0 +0.021 +0.003 +0.203
C, 0.0 —0.017 +0.011 ~0.166
H, 0.0 —0.002 —-0.024 —0.000
H, 0.0 +0.001 +0.002 +0.015
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Fig. 3. Energy diagram for the reaction between hydrogen and molecularly adsorbed oxygen on a Ag surface.
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Fig. 4. Energy diagram for the reaction between carbon and atomically adsorbed oxygen on a Ag surface. The routes leading to
acetylene oxide and ketene are shown by broken and solid lines, respectively.

acetylene with the molecularly adsorbed superox- in-plane 2P, orbital, which is parallel to the
ide species. The net charge and frontier density of Ag-Ag bond. An in-plane reaction pathway with
the atomically adsorbed oxygen on the silver sur- C, symmetry is then adopted, as shown in Fig. 1b
face are calculated to be —0.642 and +1.031, and d.
respectively. This spin population exists on the Fig. 1b shows the reaction path of carbon with
Table 3
Net charge and frontier density calculated by MP2 method for the Ag,0-C,H, adcluster shown in Fig. 4
Adsorbed TS for Intermediate TS for Product
oxygen appro. dissoc.

Net charge

Ag, —0.058 -0.129 -0.122 -0.131 0.0

Ag, +0.300 -0.259 -0.241 —-0.234 0.0

O —0.642 —0.559 -0.592 —0.504 —0.353

C, —0.244 —0.048 +0.241 +0.154 —-0.720

G, —-0.244 —-0.415 -0.579 —0.628 +0.581

H, +0.244 +0.191 +0.113 +0.169 +(.246

H, +0.244 +0.219 +0.180 +0.175 +0.246
Frontier density

Ag, -0.108 —-0.370 -0.033 —-0.018 0.0

Ag, +0.077 +0.392 +0.021 +0.035 0.0

(0] +1.031 +0.740 —0.029 +0.127 0.0

C, 0.0 —0.460 —-0.052 +0.433 0.0

(0% 0.0 +0.676 +0.938 +0.289 0.0

H, 0.0 +0.026 —0.009 +0.014 0.0

H, 0.0 —0.004 +0.030 +0.120 0.0




Z.-M. Hu et al. /Journal of Molecular Structure (Theochem) 461462 (1999) 29-40

atomically adsorbed oxygen. When carbon attacks
atomically adsorbed oxygen on the surface, the
most favorable approach is the formation of a
C-0 bond. Fig. 4 shows the geometries and the
energy diagram in this reaction path. The net
charge and frontier density of the adcluster in
each reaction step are shown in Table 3. The
energy barrier from the adsorbed oxygen to the
intermediate is calculated to be 6.8 kcal/mol.
The C-O distances in the TS and the intermedi-
ate are calculated to be 1.86 and 1.31 A, respec-
tively. The C-C bond distance increases from
1.20 A in the reactant to 1.22 A in the TS, and
further to 1.36 A in the intermediate: it changes
from a triple bond to a double bond. Although
the intermediate is much more stable than the
free system, the total energy diagram is similar to
that given above for the reaction with molecularly
adsorbed superoxide species, i.e. formation of the
acetylene oxide is energetically impossible and
the energy barrier leading to ketene formation is
high.

Fig. 1d shows the reaction path of hydrogen
with atomically adsorbed oxygen on a silver sur-
face. The energy diagram for this reaction path is

37

shown in Fig. 5, and the net charge and the spin
population are shown in Table 4. The hydrogen of
acetylene approaches the atomically adsorbed
oxygen to give an intermediate that is 8.7
kcal /mol more stable than the adsorbed oxygen
state. The structure of acetylene in this state is
almost the same as that of gaseous acetylene, and
the O-H, bond is as long as 1.94 A. The elec-
tronic structure of this state is not much different
from that of the adsorbed oxygen state.

When hydrogen further approaches the adsor-
bed oxygen, the subsequent reaction occurs
rapidly, leaving the adsorbed OH and acetylide
on the Ag surface: the energy barrier of this
process is only 6 kcal /mol. The heat of reaction
was calculated to be 73.6 kcal/mol. In this

rocess, the O-H, distance decreases from 1.94
A t0 1.09 A, and then to 0.95 A, and the C,-H,
distance increases from 1.08 to 1.55, and then to
infinite. A reaction path which includes hydrogen
abstraction from C,~H, to O-H, is clear.

By comparing the energy diagrams in Fig. 4 and
Fig. 5, it is clear that the reaction path via hydro-
gen abstraction by the adsorbed oxygen is de-
finitely more favorable. The reaction of acetylene

lillos
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Fig. 5. Energy diagram for the reaction between hydrogen and atomically adsorbed oxygen on a Ag surface.
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Table 4
Net charge and frontier density calculated by MP2 method for the Ag,0—C,H, adcluster shown in Fig. 5
Adsorbed Intermediate Transition Intermediate
oxygen state

Net charge
Ag, —0.058 -0.099 +0.001 +0.242
Ag, +0.300 —0.283 -0.102 -0.015
(o] —0.642 -0.596 -0.726 -1.149
C, -0.244 —0.154 -0.19%6 -0.125
G, —0.244 —-0.425 -0.571 -0.571
H, +0.244 +0.332 +0.403 +0.415
H, +0.244 +0.224 +0.191 +0.205

Frontier density
Ag, -0.108 -0.123 -0.242 +0.454
Ag, +0.077 +0.095 +0.524 +0.447
(0] +1.031 +1.032 +0.741 +0.043
C, 0.0 +0.143 +0.441 +0.308
Gy 0.0 —0.142 —0.468 -0.274
H, 0.0 —0.018 -0.039 —0.003
H, 0.0 0.013 +0.043 +0.025

with atomically adsorbed oxygen on a silver sur-
face leads to complete oxidation by the abstrac-
tion of hydrogen as the initial fundamental reac-
tion step, which is the same result as when acety-
lene reacts with molecularly adsorbed superoxide
on a silver surface. Our results show that the
reactivity of the hydrogen of acetylene is higher
than that of the carbon for oxygen adsorbed on a
silver surface, and the initial fundamental reac-
tion step can be summarized as:

H-C=C-H+0O,/Ag—
H-C=C/Ag+H-0-0 /Ag

(1)
- H-C=C/Ag
+H-0/Ag+0/Ag
2)
H-C=C-H + O /Ag —
H-C=C/Ag+H-0/Ag
(3)

Barteau and Madix [37] studied the reaction of
acetylene with oxygen on a Ag(110) surface. A
surface acetylide species was suggested by ther-
mal desorption and LEED experiments, and an

acetylide intermediate was further confirmed by
titration reactions: HC,(a) reacts with CH,COOD
to give HC=CD [37]. An experiment with propyne
[38] also showed that hydrogen abstraction and
surface methyl acetylide formation is the main
reaction step. These experimental findings sup-
port the reaction mechanisms shown in Egs.
(1)-(3). Although the reaction mechanism pre-
sented here is based only on a study of the
oxidation of acetylene, it may reflect the general
reaction mechanism for the oxidation of alkynes
on a silver surface.

4. Conclusions

In this study, we examined the reaction mecha-
nisms of the oxidation of acetylene on a silver
surface by the dipped adcluster model (DAM)
combined with the ab initio Hartree—Fock and
MP2 methods. The reactivity of the hydrogen and
the carbon of acetylene with both molecularly
adsorbed superoxide and atomically adsorbed
oxygen on a silver surface were examined, and the
energy diagrams for the reaction paths leading to
epoxidation and complete oxidation products are
presented.

The reactions of acetylene with molecularly



Z.-M. Hu et al. /Journal of Molecular Structure (Theochem) 461-462 (1999) 29-40 39

and atomically adsorbed oxygen lead to the same
results. Since the energy level of the acetylene
oxide is very high compared with that of the free
species, the formation of the epoxidation products
is energetically impossible, which explains the ex-
perimental finding that no acetylene epoxidation
products have been found on a silver surface.

The reactivity of the hydrogen of acetylene is
higher than that of the carbon for surface oxida-
tion reactions. The reaction paths via hydrogen
abstraction lead to the formation of surface
acetylide and hydroxyl species, which is the initial
fundamental reaction step leading to the com-
plete oxidation of acetylene on a silver surface.
This reaction mechanism may also explain the
oxidation of other alkynes on a silver surface.

The present results regarding the mechanism
of acetylene oxidation combined with the results
reported previously [39-42] give us a good under-
standing of the oxidation of olefins and alkynes
on a silver surface. The DAM is essential for
clarifying these kinds of surface oxidation mecha-
nisms.
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