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The interaction of @with charged and neutral gold clusters,Auand Au containing up to eight atoms,
investigated through the use of density functional theory with generalized gradient corrections and scalar
relativistic pseudopotentials, exhibits a pronounced sensitivity to the cluster size and to its charge state.
Molecular adsorption is found to be favorable regardless of the charge state for clusteks i while
dissociative adsorption is favored for larger clusters. The dissociation process involves a significant barrier
(1 eV or more), and it is predicted to result in a large structural distortion in the host gold cluster. The
interaction energy is largest for the anionic gold clusters where it exhibits anexdh alternation as a
function of the number of gold atoms, with the maxima occurring fox@ur complexes with eveil. The
molecular bonding mechanism to these complexes involves charge transfer to the oxygen molecule with a
concomitant activation of the ©0 bond to a superoxo-like state.

1. Introduction well below room temperature. Specifically, it was found for
mass-selected deposited gold clusters on a MgO(001) surface,
ﬂ'.e., Au/MgO (2 = N = 20), that only clusters witiN > 8

were active in the low-temperature oxidation of & heoreti-

gal calculations revealed the following important factors con-
cerning the “nanocatalytic” behavior of supported gold clus-

The chemical reactivity of gas-phase metal clusters (mainly
transition metals) toward various molecules has been the subjec
of numerous investigations, motivated by the intrinsic interest
in clusters as novel nanoscale catalysts, as well as by the lesson

that may be learnt from such studies pertaining to catalysis b .
y b g y yters: (1) gold clusters are most likely to be adsorbed on color

supported metal clusters and the adsorption and reactivity : i
mechanisms of extended metal surfaces. Recently there has beefEnters (oxygen vacancies) on the MgO(100) surface; (2) the

a growing interest in the chemical properties of gold nanoclusters interaction with the color center involves partial electron transfer

and their potential use as nanocatalysts. Some of the key findingd0-2€ in the case of AIMgO) to gold; (3) the cluster size, the
in this area may be summarized as follows. charge transfer, and the clustesurface interaction determine

() In early experiments? a definite pattern of oxygen the width and the position of the gold d-band in the energy

adsorption to negatively charged small gold clusters has been'€9ion Er = 7) eV < E < Eg, which in tum induces subtle
detected, where only anionic clusters with an even number of effects in the details of the binding and activation modes of an
’ oo /13

atoms (odd number of valence electrons) showed significant ©XY9en molecule by the gold clustér}® and (4) structural
O, uptake, whereas odd-numbered clusters either did not exhibitdynamic fluxionality of the cluster plays an important role in
any propensity for reaction with oxygear showed very weak the' ad.sorptlon'of the reactants and in I.owerm.g the reaction
reactivity close to the detection limit of the experiméfthese  activation barriers. These findinfsprovide guidelines to
early findings have been supported by later studies by two undgrstalgdlethe chemical activity of larger nanoscale gold
independent groups* Neutral clusters and positively charged Particles: _ o o _
ones were found to be inert toward oxygen uptake, with the Here we report on a systematic theoretical investigation, using

sole exception of Aw™.! density-functional theory, of the adsorption of the oxygen
(i) Gold cluster anions that show a propensity for oxygen molecule on neutral and charged clusters containing up to to
adsorption can also coadsorb carbon monoXidehus sug- eight gold atoms; while our focus is on anionic clusters, we

gesting them as possible model catalysts for the CO oxidation will also discuss neutral and cationic ones. Overall, we find
reaction. Indeed, such a reaction was theoretically predicted forthe adsorption of @to gold clusters to be highly sensitive to
Auy~ 5 and later confirmed experimentally. the cluster’s size and to its charge state. We predict that there
(iii) Recent mobility experimentsindicate that pure gold s a size-dependent change in the thermodynamically most stable
cluster anions prefeplanar ground-state structures up to adsorption modethat is, for both anionic and neutral gold
surprisingly large sizes (from the experiments the 2D-3D clusters molecular adsorption (MK)is favorable forN < 3
transition size was deduced to Be= 12). Very recent high- and dissociative adsorption (DA) is preferred fér= 4. For
resolution photoelectron data measured for gold cluster anionsanionic clusters, the binding energy to oxygegr(O,), is
can also be interpreted by planar cluster structures up to aboutpredicted to exhibit strong odeeven oscillations, with the value
N = 132 This remarkable propensity for 2D optimal structures of Eg(O) being 0.5-1 eV higher for even-numbered (open
has been recently showhto be correlated with the uniquely  electron-shell) clusters than for the neighboring odd-numbered
strong relativistic effects on bonding in gdi. (closed electron-shell) clusters. For neutral clusteggQ,) is
(iv) Supported size-selected gold clusters exhibit remarkable generally 0.5-1 eV smaller than for the corresponding anions.
atom-by-atom size-sensitivity in catalyzing the CO oxidation The stronger binding in the MA mode occurs for &~
reaction. Furthermore, the active clusters catalyze the reactioncomplexes with even N, and it is accompanied by activation of
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the O—0O bond length to about 1.35 A, which is a typical value
for a superoxo state, involving charge transfer to one of the
empty 2t* orbitals. The calculated ©0 stretch frequency in
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TABLE 1: Calculated Energies for Molecular and
Dissociative Adsorption (MA and DA, Respectively) of Q to
Auy Clusterst

this state is about 1200 crh In contrast to the MA mode, the AunO2~ AunO2
dissociative adsorption mode is accompanied by large changes Es(O2) do.o @ VDE aDE Es(02) do-o
in the structure of the metal host. In all cases the energy-optimal A @) A (@emb (V) (ev) spin (V) (A) spin
configurations of AwO,~ and AWO; clusters have planar or 5, ymaA 139 1.343 1205 325 293 05 046 1.285 1
near-planar structures up to the largest size studied here ( 2b DA 0.79 3.31 3.20 1.5 —0.39 1
8).18 3a MA 046 1304 1347 372 3.42 1 0.66 1.277 0.5
3b DA 0.14 336 315 0 0.61 0.5
. 4a DA 17 . .45 0. 1.01 1
2. Theoretical Method 43 MA 1.0? 1.328 1217 335.)5139 33.35% 00‘7)5 0(.]30 1.291 1
In this study the KohrrSham (KS) equations were solved i; mz 8:3‘31 1222 (l):g
using the Borr-Oppenheimer local-spin-density molecular 5a pA 1.33 373 339 1 1.00 0.5
dynamics (BG-LSD—MD) method??including self-consistent ~ 5b MA 0.61 1.316 1292 3.36 3.29 1 0.38 1.285 0.5
generalized gradient corrections (GGA)yith nonlocal norm- 22 '\D/': g-ﬁ 1.493 60 355 % s oo )
conserving pseudopotenti@i$or the 5d%s! and _2§2p4 valence 6b MA 106 1362 1216 397 304 05 024 1268 1
electrons of gold and oxygen atoms, respectively, with scalar- . va 102 1.355 0.5
relativistic treatment for golé.The BO-LSD—MD method is 7a DA 1.30 357 342 1 1.18 05
particularly suited for this study, since it does not employ 7b MA 0.53 1.318 1340 3.72 3.66 1 0.17 1.283 0.5
periodic replication of the ionic system (that is, no supercell is gg Bﬁ i;g 4.15 4.09 0055 0.57 1
used) thus allowing accurate calculations on both neutral and C MA 087 1330 1290 357 347 05 028 1280 1

charged systeni$. The KS orbitals are expanded in a plane-
wave basis with a 62 Ry energy cutoff, ensuring convergence *Additionally, the inter-oxygen bond lengthsio(.o) for the MA
of the calculated values. No constraints on spin or spatial Stalltes afe_tﬂi\t’ﬁ”- Ttget_geome(;ri?s °Of| t_heF?'UStefls ?rfﬁ I?)becli'ed in the left
: F : column wi € notation as aetined In rFigure 1. € ninding ener
symmetry were imposed on the structural optlmlzatlon of the of O, to the cluster is denoted H5a(Oy). wgis the O-0 vibrati%nal 9y
C!USte_'rS’ which used a steepest-descent-like meth‘?d- Thefrequency (for MA), and vDE (aDE) are the vertical (adiabatic) electron
vibrational frequencies of the molecularly adsorbed species weregetachment energies from the adsorption complex. In the column
determined from constant energy first-principles MD simula- marked “spin”, we give the spin polarization of the corresponding
tions, starting from the minimum energy configuration but with cluster, that is half of the difference between the number of electrons
a stretched (by 1%) interatomic bond length. The calculated With up-spin and the number of down-spin electrons. The negative
bond lengths and binding energies for the elemental dimegs Au  Es(02) value for structure?b of Au;0, means that this configuration
Auy~, AuO, and AuO and for the @ molecule compare is not en_er_getl_cal'ly fa\_/orable with respect to separate_d_M Q
2 " ) although it is binding with respect to two oxygen atoms initially in the
favorably with the experimental datdpr example, the calcu- gas phase. The calculated vibrational frequency of the freadlecule
lated dissociation energy of free;@ 5.36 eV, in agreement s 1485 cm® compared to the experimental value of 1580 &nThe
with the measured value of 5.23 eV (see citation 17 in ref 5). o values reported here include a scaling factor of 1580/1485.
For selected clusters, the barrier fop @issociation was
mapped by using the regular “nudged elastic band” (NEB) induces only minor relaxation in the host gold cluster, the DA
method?2 Between the fixed initial (MA) and final (DA) states, is always accompanied by major structural changes in the gold
a trial reaction path is constructed from a number of intermediate part, particularly folN = 5 (see structuresa, 6a, 7a, and8ain
configurations generated by linear interpolation of the coordi- Figure 1). A common structural motif induced by the DA mode
nates of all the atoms. The NEB method finds the minimum is the formation of the (almost) linear chain A®—Au with
energy path (MEP) between the initial and final states by an Au—O bond length of 1.961.99 A and a strong elongation
optimizing the intermediate configurations within two con- or even a breakage of some nearby-AAu bonds.
straints: (i) the adjacent configurations are “kept together” by ~ The binding energy of the oxygen molecule to the gold cluster
an elastic spring force, and (ii) each configuration is locally anionsEg(O2) = E(Aun™) + E(O2) — E(AunO27), shows large
optimized in the direction normal to the path. These optimized odd-N/evenN oscillations as a function of the cluster size (see
intermediate configurations and the corresponding energiesFigure 2). For the MA mode the maximum binding energy
define the MEP and the energy barrier. In our case the use ofoccurs for the gold dimer anion (1.39 eV) while far= 4, 6,
typically six intermediate configurations along the MEP yielded and 8Eg(O,) is of the order of 0.8 1 eV, with weaker binding
an estimate for the top of the barrier within an accuracy of 0.1 found for the clusters witlN = 3, 5, and 7 for whiclEg(O,) is

eVv. about 0.5 eV. FoN = 4, dissociative adsorption is energetically
favorable over the molecular adsorption, and in the DA mode,
3. Results the maximum value oEg(O,) (2.1 eV) occurs folN = 6.

The vertical (vDE) and adiabatic (aDE) electron detachment
energies for ANO,~ complexes are plotted in Figure 3, parts a
tive Adsorption. The structural and energetic details of the and b for the DA and MA modes, respectively. The vDE and
anionic complexes AYO,~, 2 < N < 8, are displayed in Table  aDE values vary typically in the range-3 eV and miss the
1 and in Figures 1 and 2. For each cluster size, several possibledistinct odd-even oscillations found by us earlier for the pure
isomers for MA and DA complexes were optimized and a few gold cluster aniong:23Local maxima in the vDE are observed
of the lowest-energy structures are shown in Figure 1. From anfor N =5 andN = 8 for the DA complexes, and fod = 3 and
inspection of Figure 1, two observations can be made concerningN = 7 for the MA complexes. The relaxation energy (VBE
the structures of the MA and DA complexes: (i) the structures aDE) varies between 0.1 and 0.3 eV, with the largest values
are planar or near-planar, with the sole exception of the DA occurring forN = 3 and 5 for the DA complexes ard = 2,
complex forN = 3 (structure 3b), and (ii) while the MA mode 3, and 6 for the MA ones.

3.1. Anionic AuyO,~ Complexes: Molecular vs Dissocia-
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Figure 2. Binding energy of an oxygen molecule to gold cluster anions.
N is the number of gold atoms in the cluster. The structures are labeled
as in Figure 1. The dissociative adsorption (DA) mode and the molecular
adsorption (MA) one, are denoted by a filled square and an empty circle,
respectively.
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Figure 3. Vertical and adiabatic electron detachment energies (vDE
and aDE, respectively) for the dissociatively (a) and molecularly (b)
adsorbed ANO,~ complexes (DA and MA, respectively). The labeling

of the structures is as in Figure 1. In part a, large and small filled squares
correspond, respectively, to vDE and aDE values, and in part b, the
vDE and aDE values are depicted by the open large and small circles,
respectively.

3.2. Neutral AuyO, Complexes.The binding energies of
O in neutral AwO, complexes are given in Table 1 and Figure
4; here, we note that since our major focus in this study is on
anionic clusters we did not search extensively for the lowest
energy configurations of the neutral adsorption complexes,
limiting ourselves to structural optimizations starting from the
Figure 1. Optimized structures of AD,™, 2 < N =< 8. The ground-  ground state configurations found for the corresponding nega-
state structures of the correspondlng pure gold cluster anions are g'Ventiver charged ones. For both the MA and DA complexes the
on the left. The bond lengths are given in angstroms. . . .

binding energies are generally smaller than for the corresponding
anionic complex. However, for the DA complexes wkh=

Finally, in the column marked “spin” in Table 1 we give the 4—7, the binding energy is still at least 0.8 eV. For the neutral
spin polarization of the corresponding cluster, that is half of MA complexes, the maximum binding energy occurs Ko
the difference between the number of electrons with up-spin 3 (0.6 eV), and it gradually decreases for larger clustersNFor
and the number of down-spin electrons. Note that for the anionic = 4, the DA mode is preferred over the MA one. As before we
MA complexes with an odd number of gold atoms a minimum show also in Table 1 the spin polarization of the \®4
of 0.5 appears, whereas for an even number of gold atoms acomplexes.
spin of 1 is found (i.e., two unpaired electrons), correlating with ~ 3.3. Correlation between the Activation of Q and the
the nonactivated state of the adsorbegdniblecule for these Charge State of the ComplexAs shown in Table 1, the longest
clusters (see below). O—0 bonds occur in MA complexes, AD,, with evenN
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Figure 4. Binding energies of an oxygen molecule to neutral gold

clusters, AwO. Filled squares and empty circles correspond to

calculated DA and MA values, respectively.

9

(odd number of electrons), the typical values being about 1.35
A. To further analyze the bonding and activation mechanism
we display in Figure 5a the local density of electronic states
(LDOS) of the MA AusO,~ complex (see structure 6b in Figure
1), projected onto the Omolecule and the gold part of the
complex. All the prominent peaks of the LDOS spectrum
corresponding to the adsorbed @olecule can be assigned to
KS orbitals displaying characters of the free molecular oxygen
(see the orbitals depicted in Figure 5a). Bonding of the molecule
to gold involves hybridization of thed Lrn, and Im states
with the lower-energy edge {57 eV below the Fermi energy)

of the gold d-band; here and in the following we use the
terminology common in the solid-state literature (e.g., Fermi

J. Phys. Chem. A, Vol. 107, No. 20, 2008069
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Figure 5. (a) Local density of electronic states (LDOS) projected on
the G molecule (solid line) in the MA AgO,~ complex (see structure
6b in Figure 1). The KS orbitals corresponding to the prominent peaks

energy and d-band), even though the states of the clusters argjisplay clear characteristics of the free @olecular orbitals in the

discrete as they are in molecules. Clos&gpthe up-spin 2-*
and 2r* and the down-spin 2* states are occupied. Analysis

oxygen part. The LDOS of the gold part is shown by the gray shaded
curve. The highest occupied orbital (HOMO) is at zero. For the 1

of the local charge shows an excess charge of 0.75e on theand 2r state manifolds, the “parallelll notation refers to the orbitals

oxygen, and this charge is mainly promoted to the down-spin

2m* state, rendering the adsorbed oxygen molecule as a

superoxo-like species with a stretched-O bond length of
1.362 A. In Figure 5b, we display an iso-surface plot of the
local spin polarization (i.e., the local difference between the
spin-up and spin-down electron densities). Note that the spin
polarization plot for the oxygen part is similar to the electron
distribution of the up-spin2-*. This is due to the cancellation
of the polarization between the up and down spifidrbitals

in the superoxo-like state, and the fact that the down-spirf 2
orbital is unoccupied; i.e, it is the lowest unoccupied molecular
orbital (LUMO), depicted by the right-most peak in the bottom
panel of the LDOS shown in Figure 5a.

In the LDOS of the corresponding neutral &y complex
(Figure 6a), the down-spins@* and 2rg* orbitals are both
empty (i.e., they are located above the Fermi energy) the
molecule possesses the free-molecule §pinl, and the bond
length is 1.268 A, i.e., merely 0.018 A longer than the calculated
value of free @ (1.25 A). This indicates lack of activation of
the @ molecule by the neutral gold cluster. The above picture
of bonding is supported by the spin-polarization iso-surface
shown in Figure 6b. Indeed, the cylindrically symmetric shape
(about G-0 bond) of the spin-polarization plot, which is similar
to the spin-polarization iso-surface corresponding to the free
oxygen molecule, originates from addition of the densities of
the occupied up-spinig* and 27-* orbitals and the aforemen-
tioned unoccupancy of the corresponding down-sqirbitals.

We note also that since the spin-down antibonding* 2
orbital which is occupied in the case of &by~ is of bonding

where ther-character close to the oxygen molecule lies in the plane
defined by the gold cluster. The location of the Fermi level is indicated
on the horizontal axis by a dashed vertical line at 0 eV. Note that here
both the up-spin2* and 27* orbitals, as well as the down-spingZ
orbital, are occupied (i.e., located below the Fermi energy), while the
down-spin 2r* is the LUMO state depicted by the rightmost peak in
the bottom panel of the LDOS. (b) Isosurface of the local spin
polarization (i.e., the local difference between the spin-up and spin-
down electron densities). Note that the spin polarization plot is similar
to the electron distribution of the up-spimz in the oxygen part .
This is due to the cancellation of the polarization between the up- and
down- spin Z;* orbitals in the superoxo-like state, and the fact that
the down-spin 2¢* orbital is unoccupied.

is empty (compare the corresponding binding energies of 1.06
and 0.24 eV in Table 1). This kind of bonding and activation
mechanism was discussed by us previously in the context of a
gold cluster adsorbed on a color center on a MgO surface, where
the color center donates electron charge to the adsorbed gold
cluster making it partially (0.5e in the case of #AdgO)
negatively charged and facilitating binding and activation of
molecular oxygen to a peroxo stdfe-3 Activated peroxo-like

and superoxo-like states of,@ere also observed as precursor
states in the disssociative adsorption of oxygen on the Pt(111)
surface?*

The magnitude of the charge transfer and the concomitant
bond activation is expected to be largest for those@un
complexes where the electron detachment from the gold part
requires the least amount of energy. This is indeed the case, as
shown in Figure 7 which displays and correlates the calculated
vertical electron detachment ene?d§of the gold cluster anions

nature between the oxygen and gold atoms, the anionic complexAuy, 2 < N < 8, with the calculated excess charge in the oxygen

is able to bind @stronger than the neutral one, where this orbital

part of the MA AyO,~, the O-0O bond length, and the ©0
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Figure 6. (a) Same as Figure 5, but for AD,. Note that here both
the down-spin 2* and 2m* orbitals are unoccupied (i.e, they are
located above the Fermi energy). (b) Isosurface of the local spin
polarization (i.e., the local difference between the spin-up and spin-
down electron densities). Note the cylindrically symmetric shape (about
the O-O bond) of the spin-polarization plot in the oxygen part,
originating from the addition of the densities of the occupied the
occupied up-spin 2* and 2t7* orbitals, and the aforementioned
unoccupancy of the corresponding down-spimbitals.
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Figure 8. Activation and dissociation barriers for,@nteracting with
Aug~. The dashed line is plotted for visual guidance. For numerical
values see Table 2. The filled diamond denotes calculated values for
the locally optimized configurations along the minimum energy path.
The horizontal axis denotes the “reaction coordinate”.

TABLE 2: Amount of Charge Transferred to the Adsorbed
Oxygen Molecule Ag (e)), the Binding of O, to the Gold
Cluster, the Dissociation Barrier (AEYss), and the Activation
Barrier ( AEa)2

Aq (e) Es(O,) (eV) AETss(eV)  AEXt(eV)
AusOy~ 0.588 0.61 1.42 2.03
AugO2~ 0.745 1.06 1.27 2.33
AugO2 0.321 0.24 3.10 3.34
AugO2™ 0.143 0.46 3.15 3.61

aResults are shown for A@,~ and for the anionic, neutral, and
cationic AuO; cluster. For definitions of the barriers, see Figure 8.

gold atoms. These predictions could be tested by high-resolution
photoelectron spectroscopy.

We also analyzed the bonding and activation of the oxygen
molecule in the cationic MA A¢O,™ complex in light of the
above discussion. The calculated values for the binding energy
of O, (0.46 eV), the G-O bond length (1.26 A), the €0
stretch frequency 1514 criy and the vertical ionization potential
of the complex (7.98 eV), indicate that although the positively
charged gold cluster can bind,@even slightly stronger than
the neutral cluster), it fails to activate the-@ bond. Analysis
of the corresponding LDOS (not shown) confirms the lack of
activation (absence of charge promotion to the spin-dowh 2
manifold). Furthermore, the close correspondence between the
vIP of the AuO, complex (7.98 eV) and the vIP of the neutral
bare A cluster (8.13 eV) indicates that ionization of the neutral
AugO, complex involves electron removal mainly from the gold
part of the complex.

3.4. Barrier for Dissociation of the O, Molecule. The
barriers for Q dissociation were mapped by using the regular
“nudged elastic band” methé&dfor AusO,~, AugO,~, AugOy,
and AuO.t. As the dissociated state of oxygen yields the
ground state of each of these adsorption complexes, the general
shape of the barrier in all cases is similar to that shown in Figure
8 for AusO,~. The pertinent energies (the binding energy of
the initial molecular state, the maximum value of the barrier
over the dissociation limit, and the activation energy) are denoted

Figure 7. Correlations between the vertical electron detachment energy in Figure 8 and are displayed in Table 2. The smallest

(vDE) of the bare gold cluster anion Au the amount of charge
transferred to the oxygen moleculkdq, in units of the electron charge
e) in the MA AwO;~ complex, the G-O bond lengthdo-o0), and the
O—0 bond stretch frequencynj.

bond stretch frequeney. Low electron detachment energy leads
to a larger charge transfer to oxygen, which in turn stretches
and weakens (activates) the-© bond and lowers the -©0
bond stretch frequency. The predicted values dbr the MA
complexes are between 1200 and 1350 Emvith minimum
values (around 1200 cm) for clusters withN = 2, 4, and 6

dissociation barrier, the top of which is located around arGD
distance of about 2.5 A, occurs for &~ (1.27 eV), which
together with the molecular binding energy of 1.06 eV yields
an activation energy of 2.33 eV. We note that for the neutral
AugO; and cationic AgO," complexes both the barrier height
and the activation energy are very high, well over 3 eV.

In light of the calculated high energy (2.33 eV) required for
activation of the molecularly adsorbed species we have inves-
tigated other competing reaction channels. Our results are
summarized in Table 3. Apart from the simple back-reaction
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TABLE 3: Calculated Activation Energy for Possible Acknowledgment. This research is supported by the U.S.
Reaction Channels of Processes Starting from the Air Force Office of Scientific Research. The calculations were
AugO,"MA Complex? : :
performed at the GIT Center for Computational Materials
reaction channel AE&t(eV) Science.
AUO; " (MA) — Als_+ O 1.06 Note Added in Proof. After the acceptance of our manu-
AU502 (MA) _’AUGOZ (DA) 2.33 . . . .
AUO; (MA) — AusO, (MA) + Au 260 script, experimental vibrational-resolved photoelectron spectra
AugO2 (MA) — AusOx(MA) + Au~ 3.46 from AuyO,~ with N = 2 andN = 4 appeared (see Stolcic, D.
AucO, (MA) — Au,0;~(MA) + Au, 2.57 et al.,J. Am. Chem. SoQ003 125 2848). From Figure 2 in
AugO2~(MA) — AusOx(MA) + Auz™ 3.92 that paper, the vibrational splitting of the lowest-binding-energy

a Note that all the reactions shown in the table are endothermic. MA Peak corresponds to-€D frequencies of 1444 cm (179 meV)
and DA correspond to the molecularly adsorbed and dissociatively for N = 2, and 1226 cm! (152 meV) forN = 4. While the
adsorbed species. former frequency agrees well with our predicted value of 1426
(desorption of @ back to the gas phase), all the considered cm™! for the neutral MA AuO, complex (i.e., the final state of
channels involving fragmentation of the gold part of the complex the electron detachment process), the latter corresponds to that
require even higher energies than the calculated activationof the initial anionic MA complex AyO,~ where our predicted

energy for Q dissociation. value is 1217 cm! (see Table 1). The absence of features
corresponding to the final-state (neutral) in the photoelectron
4. Summary spectra for AyO,;~ may be correlated to the weaker predicted

@inding of G in the neutral AyO, complex compared to that

in Au0; (the G binding energies to the neutral tetramer and
dimer gold clusters are 0.30 eV and 0.46 eV, respectively, see
Table 1). Associated with the weaker binding eft®the cluster

is a higher probability for @desorption from the neutral AQ,
complex following electron photodetachment from,&qg~.

We have presented an extensive and systematic study on th
interaction of the oxygen molecule with gas-phase gold clusters
in the size range of two to eight gold atoms. Our findings are
summarized as follows.

(1) The interaction energy is largest for the anionic gold
clusters where it presents a distinct egelen behavior as a
function of the number of gold atoms, the maxima occurring

for even-N AywQO,~ complexes. References and Notes
(2) The bonding r_nechanism inyolves c_harge transfer to the (1) Cox, D. M.; Brickman, R.; Creegan, K.; Kaldor, A Phys. D1991,
oxygen molecule with a concomitant activation of the-Q 19, 353; Cox, D. M.; Brickman, R.; Creegan, K. Mater. Res. Soc. Symp.
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is close to 1200 crtt. 262(3)35allsbury, B. E.; Wallace, W. T.; Whetten, R.Chem. Phys200Q

(3) We predict a change in the energetically optimal adsorp- (4 Hagen, J.; Socaciu, L. D.; Elijazyfer, M.; Heiz, U.; Bernhardt, T.
tion mode as a function of the size of the gold cluster: clusters M.; Woste, L.Phys. Chem. Chem. Phy2002, 4, 1707.
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