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Self-consistent Hartree-Fock-Slater-LCAQO studies have been performed for (geometri-
cally distorted) C2H2 molecules interacting with Fe and Cu clusters of one to three atoms,
which model the w, di-a, M a°d Ms adsorption sites on Fe(110), (100) and Cu(IlIl), (100) and
(110) surfaces. The results have been compared with previous data for Ni surfaces (paper I).
Calculated i1onization energies are in fair agreement with the measured ones (from UPS): a
bonding shift of the acetylene 7ru levels, relative to the 3ag level, 1s found in all cases, but also
a larger splitting of these 7ru levels occurring on Cu, compared with Fe and Ni. This difference
IS due to a different C2 H2-metal iInteraction: on Fe and Ni we find n to metal donation and
(more substantial) metal to n* back donation, on Cu the first effect Is dominated by a strong
Interaction between the occupied acetylene ttu (and 3ag) levels and the filled metal levels which
are present in the same energy range (only in Cu, due to the lower lying 3d and 4s bands). This
relatively strong (net repulsive) interaction explains the larger 7ru level splitting and, also, the
observation that C2H2 binds weaker to Cu (it desorbs, at higher temperature, and does not dis-
soclate) than to Fe and Ni.

1. Introduction

Although most transition metals can be used as catalysts in some chemical reac-
tions, one finds large differences In activity going along the transition series. These
differences appear already in simple processes such as the adsorption of H2, N2, NO
or CO being molecular on some metals, dissociative on others [1—12]. Also the
chemisorption of acetylene, which is interesting for the study of catalytic reactions
Involving hydrocarbons, shows characteristic differences on Ni, Fe and Cu surfaces.
These have been observed under well-defined conditions: single crystal surfaces,
rather low temperatures and low coverages (less than a monolayer).

On the Ni(l 11) surface C2H2 is adsorbed molecularly at T — 100 K [13—18]. At
higher temperatures (300 to 400 K) the molecules dissociate into CH fragments
[14,19,20]. Also on the Ni(100) and (110) planes molecular C2H2 adsorption has
been observed at low temperature [16,21]. For Fe, which has a more open bcc
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lattice (whereas NI and Cu have the closest packed fee structure), the activity of the
low Index planes seems to depend on the packing density. On the densest Fe sur-
face, (110), molecular C2H2 adsorption occurs without fragmentation, at tempera-
tures up to 300 K, according to UPS (ultraviolet photoelectron spectroscopy) [7],
LEED (low energy electron diffraction) [11] and thermal desorption [11] studies.
On the most open low index plane, (111), adsorption is mainly [11] or completely
[22] dissociative (at 300 K) with both C—€ and C—H bonds breaking. The medium
density (100) face adsorbs C2H2 at 98 K, first molecularly, and then gradually
converts It into fragments [23] (this process Is enhanced by raising the temperature
to 123 K). If this (100) surface is partially deactivated by preadsorption of carbon
or oxygen, adsorbed C2H2 remains molecular. Also on polycrystalline Fe films
molecular C2H2 adsorption has been observed at low temperature (110K) [24].
On Cu surfaces the situation is rather different. Both, on Cu(100) faces [15] and
on polycrystalline Cu films [24], C2H2 is molecularly adsorbed from 80 to 300 K.
At higher temperatures C2H2 desorbs reversibly without any decomposition taking
place. So, on the whole, we can conclude that molecular C2H2 adsorption is prob-
ably weaker on Cu than on Fe and Ni. Whereas the latter two metals can split C2H2
Into (adsorbed) fragments, Cu cannot. The activity of the Fe and Ni surfaces seems
to be highest for the most open (Fe) surfaces. Also stepped Ni surfaces can disso-
clate C2H2 (into C2 fragments) at low temperature (150 K) [20,25].

These observations, and the available structural (LEED [11,14,26—28]) and
spectroscopic data (UPS spectra for C2H2 on Fe, Ni and Cu [7,13—16,21—24,29],
ELS spectra for the Ni(lll) surface [17—20,25,30]) form an interesting basis for
theoretical studies. We have investigated already (see paper | in this series [31]) the
molecularly adsorbed state of C2H2 on Ni surfaces (mainly the (111) surface, since
most experimental information Is available there). We have done this by means of
self-consistent Hartree—ock—Slater—LCAOQO calculations of C2H2 interacting with
small clusters of NI atoms which represent the different adsorption sites on the sur-
face. By extending these calculations to Fe and Cu clusters we want to throw some
light on the observed activity differences and to explain the differences in the UPS
spectra as well.

Other studies which are related to these problems are semi-empirical (Extended
Hiickel) calculations for C2H2 on Fe clusters [32,33] and ab initio Hartree—Fock—
LCAO calculations for (geometrically distorted) C2H2 (free or bonded to a Be
atom) [15,16,34] and C2HZ2 interacting with one Fe or Cu atom [35]. We think
that additional insight can still be gained from further systematic theoretical work,
however (as we have explained in paper 1).

2. Method and calculations

The non-empirical (spin-restricted) Hartree—ock—Slater (HFS)—CAO method
used has been described In detail elsewhere [36—38] and, briefly, in paper |. The
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atomic orbital basis set (double zeta Slater type orbitals [39]) and the density fit
functions have been chosen as in I: 3d, 4s and 4p orbitals on Fe (from the 3d64s2
5D state) and Cu (from the 3d104s1 2S state), 2s and 2p on C and Is on H and fit
functions up to g-type inclusive. The core electrons have been replaced by a non-

empirical pseudo-potential [40].

bce SITES ON LOW INDEX SURFACES fee
bulk distance bpe=2.782 A bulk distance b[, = 2.556 A
lattice constant aFe=2.866 A (=20/V3) lattice constant aQu = 3.615 A
metal ocarbon ohydrogen

Fig. 1. Structures (drawn to scale) of low index surfaces (100), (110) and (111) of bcc iron and
fee copper (bulk nearest neighbour distances, bpe and bQU, from ref. [41]). The (projected)
positions of C2 H2 (distorted, CCH angle 150°) for the me and /us sites have been indicated too.
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The structures of the three low index surfaces of bcc Fe and fee Cu (and Ni)
are depicted in fig. 1. Just as for C2H2 on Ni we have studied n bonding (C2H2 on
top of one metal atom), di-a bonding (C2H2 bridging over 2 metal atoms with the
C—C axis parallel to the metal—metal axis),/u2 bonding (a double n bond, with two
metal atoms) and /u3 bonding (a n bond with one metal atom and a di-a bond with
two others), see also fig. 1. So, our metal clusters range from one to three atoms.
The cluster models for C2H2 adsorption on Cu are the same as for Ni (see paper I,
fig. 1), but the metal—metal nearest neighbour distance bCu =2.556 A [41] s
somewhat larger (¢(?Ni = 2.492 A [41]) and, moreover, we have also considered a
ju3 site, n3(a), which occurs on the Cu(100) surface (for which surface the UPS
spectrum has been measured). The distance between two of the metal atoms Is
equal to a =Db\/2 in this case (see fig. 1). For Fe, which has a different lattice struc-
ture (bcc) with a slightly smaller neighbour distance ¢ = 2.482 A [41], the ji3
site occurring on the densest plane (110) is somewhat different, too (see fig. 1). The
di-a and 2 sites have been studied for two metal—metal distances, b and a =2b\JI>
(clusters denoted by di-a(6), 112(b) and di-a(tf), /i2(<z), respectively). Clusters with
larger metal—metal distances (e.g. a\J2) have not been studied since the more open
Fe surface (111) does not seem to adsorb C2H2 molecularly.

In all models the C—C axis Is kept parallel to the “surface” with a carbon to
metal (internuclear) distance of 1.9 A. The adsorbed acetylene molecule is distorted

from the linear structure by bending the CH bonds over 30° (in the vertical plane)
and, at the same time, using C-C and C-H bond lengths which are intermediate
between the values of free acetylene [41] and those of ethylene [42]. This struc-
ture with a CCH angle close to 150° and a metal—earbon distance of 1.9 A has been
found as the most probable one iIn our studies (paper I) for C2H2 adsorption on
Ni(lIll); 1t 1s in agreement with the X-ray structures of alkyne—ransition metal
complexes [43—57]. For the Ir site on Fe surfaces we have considered the linear
and the 60° bent C2H2 structures, too (z-cch = 180° and 120°, respectively). The
structural parameters for the adsorption clusters are the same as in our study of
C2H2 on NI (except of course the metal—metal distances), see paper I, fig. 1.

1 The analysis of the results proceeds along the same lines as in paper |. We could
not use the total (adsorption) energies since they are not sufficiently accurate In
these large systems for looking at the subtle differences we are interested in (e.g.
the relative stability of different adsorption sites). As mentioned in paper I, this is
due to the numerical integration method; work on this problem is still in progress.
Instead, the measured adsorption shifts in the UPS spectrum of C2H2 are compared
with the shifts In the i1onization energies calculated for the cluster models. The lat-
ter values are calculated within the HFS formalism in most cases by the transition
state method [37,58]. Also the calculated (relative) level positions from ground
state HFS calculations can be used, however, since the relaxation effects on the
electron binding energies are practically uniform for the upper valence levels of
C2H2 [31]. The bonding of C2H2 to Fe and Cu clusters is discussed, both by look-
Ing at the level (bonding/anti-bonding) shifts and at the character of the molecular
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orbitals involved. This character iIs expressed by a Mulliken population analysis
[59,60] In terms of the atomic orbitals, but also Iin terms of the MO’s of acety-
lene * (after a linear transformation). By the latter results we can quantify the
Dewar—Chatt—Duncanson donation—back donation effects [61,62]. The data are
compared with the Ni results (paper I), but, unfortunately, no ELS spectra are
available for C2H2 on Fe and Cu.

3. Results
3.1. Adsorption of C2H2 on Fe

The UPS spectrum for C2H2 adsorbed on Fe surfaces iIs similar to the spectrum
for NI surfaces: the nulevels have a bonding shift relative to the 3ag level, the 2cu—
3ag splitting remains almost constant, see figs. 2,3. This nubonding shift Is largest
for Fe films [24], it is still considerable for the (110) surface [7] but it becomes
very small for (100) [23]. On the latter surface, however, the UPS spectrum must
be measured immediately after adsorption or on a partially deactivated surface
(precovered with carbon or oxygen), since otherwise C2H2 becomes dissociated.
Only a single nu peak Is observed In the spectra, indicating that the splitting
between the two nu levels should not be too large (smaller than 1 eV probably).

Figs. 2 and 3 also display the calculated adsorption shifts in the electron binding
energies for C2H2 on Fe clusters. The levels shown are the only ones which are pre-
dominantly composed of the occupied C2H2 valence levels; they are the lowest
valence levels In the C2H2—Fe clusters (the same as for Ni, cf. paper I). Only the
results for the di-a(6) and fi2(b) clusters (see section 2) have been indicated, since
those for di-a(j) and ji2(a) do not differ significantly. (Note that the Fe—C dis-
tances are always 1.9 A, so that for the (j) clusters, with the larger Fe—Fe distance,
the C2H2 molecule 1s somewhat closer to the “surface”.)

The calculated shifts for the jI2 and I3 adsorption clusters are in agreement with

the observed UPS spectra. For di-cr bonding the 7)—17 splitting becomes too large;
this 1s true also for & bonding, but only In the transition state results. Except for this

latter case which iIs exceptional (we shall discuss it below), the transition state
results lead to practically the same shifts of the upper C2H2 valence levels as the
ground state results, indicating a uniform relaxation effect for these levels. Only the
lowest C2H?2 valence level (2ag) shows a larger relaxation shift (cf. also paper 1), but
the position of this level has not been measured on Fe surfaces (neither on Cu). The
very small #u bonding shift measured for the (100) surface Is not found In any of

* We use the free acetylene MO nomenclature (cg, au, 7wu, 7rg) also for the MO’sin the cluster
models; actually, the symmetry is lowered, of course. By 711_and 7n7 we denote morbitals per-
pendicular and parallel to the “surface”, respectively.
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EXPERIMENT (UPS)

free C2H2 0
C2H?2
on Fe film -1.9
Chb
on Fe (HO)| 13
C2H2
on Fe (100)1 6.
J—L
HFS GROUND STATE
free 180 -5.2
iIflo 1 1//
Tt '.' \!
on Fe 150 -51 |Q(/
120 5.8 il
— L —1 1
HFS  TRANSITION STATE
free 180 |-Q1 |
Tl
on Fe 150 -1.5 1 K
I_L i- | L
(OCH 20q 2010 307 'Illu
(degr.) i

-2U -22 -20 -18 -16 - H -12 eV

Fig. 2. MO schemes for C2 H2 on the Fe wsite from HFS ground state and transition state cal-
culations, compared with the free C2 H2 level scheme [31]. The same comparison is indicated
for the experimental (UPS) ionization energies of C2H2 molecularly adsorbed on an Fe film
[24], on Fe(l 10) [7] and on Fe(lOO) [23] (all measured relative to the work function) and the
lonization energies of free C2H2 [16,63], All spectra have been shifted by the amount indi-
cated (in eV) next to the 3ag levels in order to bring these 3ag levels into the same position.

the cluster models. The molecularly adsorbed C2H2, which i1s not stable on this sur-
face and possibly bound weaker [23,33], might occupy a position (farther away
from the surface?) which is not represented by our models.

Let us now look at the electronic charge distribution in the clusters. The Mulli-
ken populations on the adsorbed C2H2 molecules are shown in fig. 4, see also table
1, the 2ag, 2au and 3ag populations remain practically equal to two. Generally the
results are very similar to the Ni results (paper ). There i1s some donation of acety-
lene 7/ electrons to the metal and a more substantial back-donation of metal elec-
trons to the anti-bonding #g orbitals. The combination of these two effects leads to
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Fig. 3. MO schemes for C2H2 on the Fe2 di-or(Z?) and 112(b) sites and on the Fes /jls site; see

further the caption of fig. 2.

a considerable decrease In the C—C overlap population, a growth of the C net
atomic population and an increased negative charge on C. The magnitude of these

effects Increases In the order » < di-a< 2 3 Just as for Ni;
cases both the and the #/ orbitals of C2H2 become involved (see

In the j12 and M3
paper |) and this

should lead to a considerable decrease In the C—€C bond strength. (For Ni [31] this
has been compared with the shift in the C—€ stretch frequency as measured by ELS

[17,18,30].) We have also found some differences with the Ni resul
first one Is that the lowering in the C—€ overlap population (and t

ts, however. The
nus, probably, In

the C—€ stretch frequency [31,64,65], which has not been measu

red for Fe, how-

ever) for the ¢;3 site on the Fe(110) surface is slightly less than for the fi3 site on
Ni(l 11). (Also the #tu and 2ag bonding shifts are somewhat smaller.) This Is under-
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POPULATION ANALYSIS: C2H2o0n Fe clusters

b
5
L net | ;
3 atomic ~ --------
2 populations
1
0 » = | -] H
; 1

grOSS L H
0 atomic =~ ------------- ] :
-1 charges
-2
2
1 atom-atom _

overlap C-C
0 populations
-1
1 - atom-alom
o overlap C-H

populations
3 1
) gross | . : ']5%}/ |

t-MD
L populations 1 ngl—
0 Tigl/—
(CCH(degr.) ~ JBQ 150 120, 150 150 150

oite t di-a(b) M2b) 113
Fig. 4. Population analysis data for C2H2 on the various Fe sites (---------- ), compared with free
C2Hz2 results [31] (-——-- ).

standable when one realizes that for the site on Fe(llO) two Fe atoms have a
somewhat larger distance @ =2b!\/3, see fig. 1). Consequently, the difference In
Interaction strength between the n2 and n3 sites (although we do not know the
Interaction energies) seems somewhat smaller on Fe(l 10) than on Ni(l 11).

The second difference concerns the it site which yields a somewhat peculiar
behaviour for Fe. The Mulliken population of the acetylene ‘Auil orbital Is larger
than two, see table 1. Although such a result (which we shall encounter for Cu
also) has no direct physical interpretation (it 1s due to the definition of the Mulli-
ken populations), It points to a specific type of interactions occurring. In this
case, It Is caused by an occupied Fe orbital which lies only slightly above the
occupied acetylene #ui orbital; these orbitals, which have the same symmetry,
strongly iInteract. Since both orbitals are doubly occupied the net interaction will
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Table 1

Selected population data for C2H2 on Fe, Ni a and Cu clusters

Site lcch Total 7u (ttux + ttu//) Total 7Ig (71| + Kg//) 30p popula-

(deg) population population tion b

Fe Ni Cu Fe NI Cu Cu

180 3.95 3.69 0.75 0.68
Tt 150 4.16 3.69 3.90 1.02 0.92 0.88 2.56

120 4.79 3.93 1.21 1.08
di-a 150 3.63 C 3.54 1.19 c 1.02
P 150 3.30 d 3.34 3.24 1.56 d 1.37 1.39 2.59
VB 150 3.38 3.37 5.15 e 1.76 1.60 1.74 e 2.01 €

5.63 f 1.69 f 2.03 f

a From paper | [31],

b For adsorption on Fe and Ni, the population of the 3ag orbital Is about two (see text and
paper | [31]); on Cu the situation is different, see text.

o Value for di-a(s).

d Value for 112(b).

e Value for 113(b).

f Value for 3 (a).

be repulsive, lowering the stability of the C2H2-Fe complex. In the transition state
for 7rui 1onization we extract half an electron from this «ru orbital, which leads to
extra stabilization. This explains the exceptionally large relaxation effect found for
the 7ul level (see above). Since all these effects occur only for the r site iron clus-
ter, which consists of a single Fe atom (with level positions which are unrealistic for
the metal), we shall not attempt to attribute any physical reality to them in this
case. Moreover, It i1s not very probable In view of our findings, that the # site Is
preferred by C2H2 adsorbing on Fe surfaces.

3.2. Adsorption of C2H2 on Cu

In some aspects the UPS spectrum for C2H2 on Cu surfaces [15,24], see fig. 5,
resembles the spectra for NI and Fe surfaces: one has observed a bonding shift of
the acetylene 7u levels relative to the 3ag level and practically no change in the
20u—30g splitting. For Cu, both on the (100) surface [15] and on polycrystalline
films [24] one has found a distinct splitting of the acetylene #u levels, however,
which does not occur for Ni and Fe. We compare these results in fig. 5 with the
lonization energy shifts calculated for C2H2 interacting with the Cu clusters.

The calculated results are rather different from the Ni and Fe results. For Ni and
Fe we have found a set of orbitals in the C2H2—metal clusters (the lowest valence
orbitals) which are In one to one relation with the occupied acetylene valence orbi-
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EXPERIMENT (UPS)

free C2H2 0
C2H?2
. 81
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| Cu (100) o 1.
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Fig. 5. MO schemes for C2H2 on the Cu 7 site, the Cu2 M site and the Cus 3(a) and i3 (b)
sites from HFS ground state and transition state calculations, compared with the free C2 H2 level

scheme [31]. The same comparison is indicated for the experimental (UPS) ionization energies
of C2H2 molecularly adsorbed on a Cu film [24] and on Cu(lOO) [15] (coinciding In the
figure; both are measured relative to the work function) and the ionization energies of free
C2H2 [16,63]. All spectra have been shifted by the amount indicated (in eV) next to the 3ag
levels In order to bring these 3ag levels into the same position. Dotted bars (with the symbol
Cu) represent almost pure Cu levels; dashed bars labelled by ¢ u stand for about equal mixtures
of #u and Cu orbitals; levels indicated by } have about equal 7 and wu// character. Further-
more on the 13 sites, all 7ru orbitals have small admixtures of Cu character.

tals; each of these cluster MO’s contains one C2H2 valence MO with large weight.
For Cu we notice (in fig. 5) that almost pure Cu MO’s are lying lower than the
highest valence levels of C2H2, but also that some of the occupied C2H2—Cu cluster
MQO’s consist of both C2H2 and Cu orbitals In different admixtures. Moreover, the
acetylene orbitals #fux, #u/ and (somewhat less) 3ag are mixed among themselves.
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site Tt [i7 n3@ MO

Fig. 6 . Population analysis data for C2H2 on the various Cu sites (---------- ), compared with free

C2H2 results [31 ]

]

This strong interaction with the (occupied) low lying Cu orbitals leads to a splitting
(and, on the real surface, probably broadening) of the acetylene ttu levels on the
larger (tri-atomic) ¢13 clusters, in addition to the (smaller) ™ —7 splitting observed

on NI and Fe. T
C2H2 on Cu, w

nis can explain the finding of two (#) peaks in the UPS spectrum of
nereas there iIs only one on Ni and Fe. The bonding shift of these

(mainly) #u levels relative to the 3og level and the small change of the 2o0u—3o0g

splitting also em
of the acetylene

erge from the calculations. Finally, we note that the bonding shift
ttu levels (and of the 2aglevel, which has not been measured on Cu,

however) i1s smaller for the /i13(fl) site occurring on the (100) face than for the 113(b)

site on (111).

Let us now look at the population analysis again. Most of the acetylene data are
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shown In fig. 6, see also table 1. The essential differences with NI and Fe are the
following. There Is an additional shift of electrons from the metal to the carbon
atoms, especially for the fis sites. (As pointed out In paper I, this shift in the
Mulliken populations does not necessarily correspond with an increase in the work
function of the system.) These electrons cause the occupied acetylene orbitals to
have gross populations considerably larger than 2, suggesting a negative electron
donation effect (see table 1). As discussed In section 3.1, this means In fact that
there Is a (strong) interaction between the occupied low lying metal orbitals anc
the occupied acetylene orbitals, an interaction which leads to the level splitting and
broadening effects which we have just discussed. For the /;3 sites mainly the acety-
lene Fu orbitals are involved, for the # and jjk sites (less strongly) the 3og orbitals
(see table 1); this corresponds with the presence of copper cluster orbitals with the
correct symmetry, lying close In energy to the C2H2 orbitals concerned. This inter-
action between occupied orbitals, which dominates the electron donation effect,
should have a net anti-bonding (repulsive) character; it will reduce the C2H2—metal
bonding caused by the # back donation effect (the latter effect is still present on
Cu). This may well explain the observation that C2H2 desorbs more readily from Cu
than from Ni and Fe and does not dissociate [15,24].

Among the 3 sites, we notice that the charge shifts and the reduction of C—C
overlap population is largest for the /13(Z?) sites, occurring on the (111) surface; this
agrees with the relative 7lUand 2og level bonding shifts. Apparently the /Js(a) site,
where two of the metal atoms have a considerably larger distance (a =b\/2) is less
effective In interacting with C2H2 even though the Cu—C distances are the same
(1.9 A). A similar difference, albeit smaller, has been found for the jiz site on the
Fe(l 10) surface as compared with the [iz site on Ni(l 11) (see section 3.1).

4. Conclusions

Summarizing the results of the previous sections, we can draw the following
conclusions. Acetylene Is bound to Fe surfaces via the Dewar—Chatt—Duncanson
& to metal donation and metal to 7* back-donation mechanism [61,62]; the
amount of back-donation iIs larger. Both effects weaken the acetylene C—C bond.
No significant differences have been found between the more dense Fe surfaces and
the NI surfaces studied earlier; Fe as a bcc metal also has more open low Index sur-
faces, however, which we have not investigated. The bonding on Cu surfaces Is
different. Here, the donation effect Is dominated by an interaction between the
occuplied acetylene valence orbitals (mainly 7ru and 3ag) and the low lying occupied
copper levels; the fact that occupied Cu orbitals (with the correct symmetry to
Interact with the C2H2 orbitals) are present in this energy range must be caused by
the (filled) 3d band of copper lying lower than the (partly filled) 3d bands of Ni
and Fe and by the bottom of the 4s band being lower as well for Cu [66—68]
(these effects are represented already by some discrete levels in our very small metal
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clusters). This relatively strong interaction between the occupied orbitals of nearly
the same energy must cause an extra repulsion, which may well explain that the
adsorption of C2H2 is weaker on Cu than on Ni and Fe. All these effects, donation,
back-donation as well as repulsion, become more pronounced when the metal coor-
dination of the acetylene bonding sites Is higher: u < di-a <fi12<¢¢3. The j3 sites
are most effective when the metal atoms are packed closer: /;.3 —Cu(100) < -
Cu(lll), /13- Fe(llO) < —Ni(ll1).

Our cluster calculations lead to an iInterpretation of some typical features in the
observed UPS spectra for C2H2 adsorbed on Fe, Ni and Cu surfaces. The bonding
shift of the 7Ulevels (relative to the 3aglevel) Is found In all cases, but the fact that
Cu Is exceptional by showing two distinct #u peaks can also be explained by the
calculations. This iIs caused by the strong interaction between the C2H2 valence
orbitals and low lying copper orbitals (close In energy) which we have just dis-
cussed; the iInteraction leads to a splitting (and broadening) of the occupied
levels. So, we suggest a relation between the extra peak In the UPS spectrum of
C2H2 on Cu (observed both on the Cu(100) surface [15] and on Cu films [24]) and
the weaker adsorption of C2H2 on Cu (as compared with Ni and Fe). Although the
adsorption shifts in our calculated 1onization energies are in fair agreement with the
experimental UPS spectra we cannot determine from this comparison which are the
preferred adsorption sites for C2H2 on Fe and Cu;the calculated 1onization energy
spectra for the different bonding sites show too small differences (also the experi-
mental spectra are usually not very different if they have been measured on differ-
ent single crystal surfaces [7,15,16,21,23] and on films [24]). We think that C2H?2
adsorbs on Fe(l 10) In jjR2 or jjI3 positions and on the Fe(100) surface In jI2 positions
(see section 3.1). The extra Information which was available for C2H2 on the
Ni(l 11) surface (from the ELS spectrum [17,18,30]) is still lacking for Fe and Cu

surfaces.
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