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First principles electronic structure investigations of the nature of adsorption, relaxation of the atoms near the adsorption site, and the charginc
of the Aw; particle on the relaxed-rumpled MgO(100) surface have been carried out within the density functional theory-cluster-embedding
approach. The investigations focus on an:Awolecule, perpendicular to the surface, adsorbed at different locations. Three bonding sites
are studied: a five coordinated oxygen regular terrace sitead F. neutral color center (two electrons in an O vacancy), andiapdsitive

charged color center (one electron in an O vacancy). The studies indicate that large relaxation of the neighboring atoms and large charge
transfer occurs for an Auover the color centers. An analysis of the one-electron energy levels of the Au dimer, the MgO surface and the
AuzMgO(100) complex for each absorption site allows us to rationalize the nature of the bonding, surface relaxation, calculated absorption
and dimerization energies and electron charge transfers.
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1. Introduction one or two electrons are trappedf(&nd F, centers respec-
tively) have attracted considerable attention. These sites fa-
In recent year there has been a sustained interest in supportggliate cluster growth and promote catalytic activity by en-
gold nano-particles as catalysts for a very broad range of rgyancing the charge transfer from the surface to the adsorbed
actions [1-4]. Most interest has been focused in CO oxidatioryster [14-15]

at ambient temperature; although, gold nano-particles sup- Several ab initio studies have been reported aimed at pro-

ported on MgO can have some other applications, like to en\'/iding a detailed, atomic-level description of the catalytic re-

hance the performance of protective layer alternating Curren&ction and at quantifying the properties that contribute to

plasma display panels [4]. ) L
: . . the enhanced catalytic activity of the gold clusters [16-27].
Experimental and theoretical studies over the past sev- i ity g " [ ]

. L n particular, several authors have done density functional
eral years have shown that the catalytic activity of small gol P y

lust red tal oxid ; first di eory (DFT) studies of the adsorption of Awver the
clUsters supported on metal oxides surtaces, |rs IScover g0O(100) surface, and several isomers have been reported
by Harutaet al. [5], depends on several factors; the size of

. t the diff tad ti ites [16,19,21-23,25,27].
the clusters [6-10], poorly coordinated gold atoms [2,7], thea e different adsorption sites | ) ) ] . )
In the present work we have carried out detailed investi-

presence of defect centers in the underlying surface [6,12], | X
ation of one isomer that has been found to be common to all

and the electronic charge induced in the clusters via the intef

action with the surface [6,13]. From all these factors, theadsorption sites studied, namely the;Alimer perpendicular

low coordination of the gold atoms, and the properties ofl© the MgO(100) surface, in order to compare the character-

the Au-oxide interface are found to have the greatest influiStics of the adsorption sites;Q F, and Ff'. Consequently,
ence on activity. Although some studies indicate that catalytl this work we have studied the only Aisomer common to
ically active free gold particles must have a specific size (of1€S€ adsorption sites, specifically the dimer almost perpen-
the order of few nanometers) [9-10], experimental studies officular to the MgO(100) surface.

surface-supported Atindicate that gold clusters on a defect- ~ The studies cover three adsorption sites; Auer a five-

rich MgO surface are more active than on a defect-poor surcoordinated regular oxygen site;Q and over surface de-
face [6]. These results show that the supporting surface dodscts, namely E (two electrons in an oxygen vacancy), and
play an important role. Harut al. [12] experimentally in-  F{ (one electron in an oxygen vacancy) color centers. Our in-
vestigated the effects of support upon CO oxidation for Auvestigations allows us to analyze the nature of bonding of the
catalysts irrespective of Au particle size, and concluded thaf\U2 dimer to the MgO(100) surface, to compare the contact-
the nature of the contact between the Au particle and the suggtructure geometries of the same gold cluster adsorbed on dif-
porting surface is even more important than the particle sizeferent surface sites, and to study absorption and dimerization
Among the possible surface absorption sites, defect centeiergies and the charge transfer from those surface sites to
formed by oxygen vacancies in the surface of MgO in whichthe gold dimer.
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FIGURE 1. (A) Au; over an oxygen atom of an embedded @30 cluster. The cluster is centered at an oxygen site of the MgO(100)
surface, and the embedding has 1740 point charges. (B)®bg cluster. The first- and second- nearest neighbors of the O vacancy are

emphasized with a small square, the third-, fourth- and fifth- with a large square. Definition of the geometrical parameters, Surface-Au

distance (z_au) and Au-Au distance f—au). The two sets of equivalent distances &d R, are also shown. The Mg, O and Au atoms
are represented by gray, red and yellow circles respectively.

FIGURE 2. Lateral and top views of the optimized geometries oféwer and Q. site (A), over an E color center (B), and over arnfFcolor
center (C) at the MgO(100) surface. The surface-Ay (%), and Au-Au distances {&—au) in units of A are given for each case.

2. Methods surface with the Awon top (Fig. 1A). The MgO(100) surface
was initialized from the optimized rumpling and relaxation
2.1. Cluster model calculated previously [29,30], and a combination of equiva-

. . o . lent and constrained optimization of selected surface atoms
We discuss the theoretical model briefly; further details can . .

) i was performed [27]. In order to simulate the adsorption of
be found in our previous work [27]. We have employed

a cluster-embedding technique in which the active clus:'[ethe Au, particle on a regular oxygen site of the MgO surface,

: S [he all-electron MgyO3q DFT cluster is initially centered on
Au2Mgs00s0 (AUMQ30Os9) i treated within DFT calcula- "7 o0 10" model the adsorption of Aan F, and F

tions. An Evjen array [28] of 1740 point charges surroundsColor centers, we used AMgsoOyo clusters with a neutral

the active cluster to provide a proper electrostatic environ- nd sinale-charaed oxvaen vacancy at the center respectivel
ment and boundary conditions, and to represent an MgO(lO& 9 9 y9 y P Y-
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TABLE |. The Surface-Au distance{z a,) and Au-Au distance f—au), BSSE corrected binding energies, {[Edimerization energies (&
and B), and the NBO atomic charges for the absorption of Authe G., Fs and F" sites. Two cases are shown, NN-free in which the
surface atoms and Auare optimized; and NN-frozen in which only the Awas optimized. Au and Ay ; are the gold atoms closer and
more distant from the surface respectively. Results of previous studies are given for comparison.

Au, at Zs—au(A) Iau_nu (A) E.(eV)® Eaim (eV) E (eV) Q(Aur) Q(Aur;)
05(:
NN free 2.14 2.49 1.05 (1.88) 3.12 1.99 -0.01 -0.17
NN frozen 2.17 2.49 1.11 (1.75) 3.09 2.06 -0.03 -0.14
RPBE® 0.99
PWO917 2.31 2.53 1.23
PWo1'8 2.18 2.53 1.49 2.91 1.99
PBE*! 2.19 2.56 1.27 (1.61)
Fs
NN free 1.49 2.57 2.85 (4.05) 3.14 2.01 -0.66 -0.55
NN frozen 1.64 2.55 2.79 (3.65) 2.83 1.80 -0.62 -0.49
PWO917 1.60 2.59 3.72
BP86%" 1.62 2.63 4.06
PBE*! 1.69 2.62 3.38 (3.86)
PW9122 3.57
Fr
NN free 1.52 2.59 1.93(2.92) 1.29 0.16 -0.63 -0.02
NN frozen 1.67 2.58 2.05 (2.81) 1.39 0.36 -0.61 0.06
BP86° 1.62 2.60 2.40 -0.04

We investigated two cases. First, theAdimer is fully op-  of the MgO cluster were treated explicitly using the double-
timized while the MgO surface is kept frozen denoted NN-valence plus polarization (DZVP) basis sets (6321/411/1%)
frozen from here on. Second, the Aand the first- and for magnesium and (621/41/1*) for oxygen [35]. For the
second- nearest neighbors of the,Aadsorption site on the gold atoms the relativistic effective core potential with 19
MgO surface are fully optimized, while the third-, fourth-, valence electrons proposed by Schwerdtfegjeal., [36] in

and fifth- nearest neighbors are optimized only along the dicombination with the correlation consistent aug-cc-pVTZ-pp
rection perpendicular to the surface, denoted NN-free fronvalence basis set [37] was used. The GEN-A2 auxiliary func-
here on. For the third-, fourth-, and fifth- nearest neighbordion set for Mg and O atoms, and the GEN-A2* set for the
we optimized two equivalent internal coordinates representAu atoms were employed. For the geometry optimization, a
ing the bond length between an oxygen (magnesium) in thguasi-Newton method in internal redundant coordinates was
first cluster layer, and a magnesium (oxygen) on the surfaceaysed [30,38]. This methodology has been used for the op-

as shown in Fig. 1B. timization of the rumpling and relaxation of the MgO(100)
surface [29,30], and also has been shown to qualitatively re-
2.2. Quantum chemical methods produce the properties of the Au atom and dimer [27]. Ad-

ditionally, we calculated the formation energy of thedie,
All calculations were performed within the DFT formalism, as the energy required to remove an O atom in its triplet state
and employed the Perdew, Burke, and Enzerhof generatrom the MgO surface. Our calculated value of 9.01 eV is
ized gradient approximation (GGA) [31]. The electronic or- in excellent agreement with previous calculations employing
bitals and eigenstates were determined by using a linear conoth the embedded cluster method (9.07 eV, [39]) and plane
bination of Gaussian atomic type orbital molecular orbitalwave basis sets (values of 9.02 eV [40] and 9.06 eV. [25])
approach. The numerical calculations were carried oufrhe molecular geometries and orbitals were plotted with the
using the deMon2k software [32]. It uses variational fitting Schakal [41] and Molden [42] software respectively. Natu-
of the Coulomb potential to avoid the calculation of ral bond orbital (NBO) charges [43] were determined at the

four-center electron repulsion integrals [33]. The exchangeoptimized geometries to analyze the charge transfer from the
correlation potential was calculated via numerical integraivigO surface to the Au atoms.

tion from the auxiliary function density [34]. All electrons
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3. Results and Discussion Mg ions are displaced from the bulk equilibrium position by
) ) ) around 6.4% in the X and Y directions and 0.1% in Z di-
3.1. Geometries of Ay and adsorption neighborhood rection with respect to the nearest neighbor bulk distance of

2.105A, and the O ions are displaced from the bulk equilib-
rium position around 2.3% along the diagonal of the square
formed by first- and second- nearest neighbors. The opti-
mized R and R equivalent bond lengths are 2.120and

3.1.1. AgonGO,

Lateral and top views of the optimized geometry for the NN-
free case for Au adsorbed over an#, F; and F" sites on o : X e
the MgO(100) surface are shown in Fig. 2. In the case of-111A respectlvely, again close t_o the op'E|m|zed valugs for
Au, adsorbed over an O ion (Fig. 2A) we found a small_the cluster model without the Awnit, 2.123A and 2.105A,

distortion of the surface at the adsorption site. The Mg ionduSt as in the case of the;Osite. The optimized z_a, and
(in gray) move away from the central O, while the O ions Tau-au distances are 1.48, and 2.57A respectively (Fig. 2B

(second-nearest neighbors) do not move. The Mg ions ard"d Table I). The considerable reduction gt g, with re-
displaced from the bulk equilibrium position around 3.6% SPECt to the absorption on the Gsite, the stretching of the
along the X and Y directions, and 1.8% in Z direction of "au—Au distance, and the distortion of the MgO surface near

the nearest neighbor bulk distance (X and Y directions ardh€ Fs site all attest to the stronger interaction of the;Avith

in the plane of the surface and Z direction begin perpendicuth® surface at this absorption site. ,

lar to the surface). The optimized Rnd R, equivalentbond '€ Z—au value of 1.64A obtained in the calculation
lengths that describe the position of the third-, fourth-, andVith the surface frozen was found to be considerably larger
fifth- nearest neighbors are 2.18nd 2.1134, close to the (15 pm) than the value obtained with NN-free. Previous stud-

optimized value for the cluster model without the Aunit, €S have reported values ranging from 1.60 to 126@Ta-
2.121A and 2.106A respectively. This comparison shows ble I). We believe that this discrepancy can be attributed to

that there is not a significant relaxation of the surface farthef1€ Sensitivity of the optimizedsz , distance with respect
than the second neighbors of the absorption site. The Auto the different models used to describe the absorption site.

dimer was found almost perpendicular, to the surface; it wa&" the other hand, theraydistance was more consistent
found deviated from the normal to the surface by’5.8he ~ With previous studies; here we can specify an upper limit of
optimized surface-Au distance {za,) and the Au-Au dis- 2.59A for its value.

tance (ku_au) are 2.14A and 2.49A respectively (Fig. 2A).
All these results are collected in Table I. The Au-Au distanc

is very close to t_he experimental value of _2/54'[44] for 'Fhe For Au, adsorbed over anfeolor center (Fig. 2C) the Mg
Aus, dimer showing that the MgO surface is not affecting theions (first-nearest neighbo‘rs) move away from tHesite by

Au-Au bond. Table I also shows the results of the calculag 304 and the O ions (second-nearest neighbors) almost do
tions with the surface frozen (NN-frozen). As expected fromnot move, only 0.47% toward the color center, and 0.1% in

the small relaxation of the surface in the case of NN-freey,, 7 direction, with respect to the nearest neighbor bulk dis-

Zs—au and fay—au Were almost the same in both cases. FOr,ce The optimized Rand R, equivalent bond lengths are

For comparison, we have also included the results of previou§_121A and 2.110R respectively, again very close to the op-
studies in Table I. As concluded in our previous work [27], yjized values for the cluster model without the Aunit of
2.16A and 2..51A can be set as the upper limits for the z, 2 122R and 2.1093. The 2 _au @nd fy_a, Optimized val-
and sy distances respectively. _ uesare 1.54 and 2.59A respectively, see Fig. 2C and Table
) We also_ considered the case in which th@Am_as opti- . |. As in the case of the Fsite, we again found that the calcu-
mized starting from an adsorption over an Mg site. In t,h'slation with NN-frozen predicted a considerably larger z,
case, the Aymoved away from the Mg site toward an adja- o¢ 1 57A The value of k,_a, however, was not affected for

cent O atom, and the final geometry was very similar {0 thgy,q re|axation of the surface. A previous stidyreported a
geometry of the Ay particle adsorbed over an O ion. We then Zo_au value 1.62R intermediate between our NN-free and
performed an additional optimization in which movement OfNN-frozen calculations

the Au, unit was allowed only in the direction perpendicular
to the surface, and found a local minimum 1.21 eV higher3.2. Nature of the bonding, absorption energies, dimer-

in energy with respect to the case in whichsfoved to an ization energies and charge transfer
adjacent O site.

3-1.3. Agon FI (Vacancy with one electron)

To study the effect of the relaxation of the MgO surface on
3.1.2. Ay on F, (Vacancy with two electrons) the absorption of the Audimer, we calculated the absorp-
tion and dimerization energies of Adior both the NN-free
For Au, adsorbed over a neutral colog Eenter, a substan- 544 NN-frozen cases using the following equations:
tial distortion of the surface near thedelsorption site is ob-
served in the top view of the optimized geometry (Fig. 2B). Ea = E(Au,) + E(MgO site)-E(AyMgO site)
Both the Mg ions (the Fnearest neighbors) and the O ions

(second-nearest neighbors) move away from thsite. The Edim = E (Au) + E(Au,/MgO site) - E(Ay /MgO site)
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Ep = E(Au, /MgO site) + E(Ay /MgO O;,.) above, E, Egim and F, are positive for a bound structure and
— E(Au,/MgO site)-E(MgO Q,). larger values of k, and B imply enhanced structural stabil-

ity of the Au, dimer.

Here E(Aw), E(MgO site), E(Ay,MgO site), and E(Au)
are the total energies for the optimized geometries of the re3 2.1, Ay on O,
spective clusters and of the Au atom, i& the absorption en-
ergy as corrected for the basis set superposition error (BSSHhe calculated absorption energies for the NN-free and NN-
using the counterpoise method [45]. We note that BSSE hafsozen cases are very close, 1.05 and 1.11 eV respectively.
been shown to be significant for the AMgO systems with  These results are in agreement with previous studies that have
total energy differences of the order of 0.5 to 1 eV [25,27].reported values in the range of 0.99 to 1.27 eV [19,21,25].
Eqim is the dimerization energy of a gas phase Au atom to an©Our calculated Ey, and B are respectively three and two
other Au atom already bound to a given site, {0~ or F/),  times larger than f thus showing that an adsorbed Awill
and E, is the binding energy of a Au atom bound to ap.O be stable toward dissociation (Table 1). Further, the €ite
site to another Au atom located on a given sitg (0~ or  will be expected to promote particle growth, particularly from
FI). According to the convention adopted in the equationsan already absorbed Au atom and a gas phase Au atom, as the

2 'Mg,,0Oy "Au,Mg,,0;, - 'Au
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FIGURE 3. One electron energy levels and iso-surfaces (isovalue = 0.001 a.u.) of selected molecular orbitals g @ MaioMgs0030

and Aw clusters for NN-free. For AtMgsoOs0 we have marked the energy levels with a significant contribution of the Au atoms with

an arrow. The superscripts indicate spin multiplicity. The continuous lines represent occupied levels, the dotted lines correspond to single
unfilled states, the degeneracy is marked next to selected levels, and both the majority (up) and minority (down) spin states are shown.
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value of i, (3.12 eV) is larger than the experimental bind- levels with contributions from the Au atoms in Ag3¢039
ing energy of two gas phase Au atoms (2.30 eV) [40]. are marked with arrows in Fig. 3.

To investigate the nature of the bonding of the,Authe The catalytic properties of deposited gold clusters have
Os. site further, we plotted the one-electron energy levels andbeen shown to depend substantially on the charge transfer
molecular orbital iso-surfaces for the optimized M@,  from the surface to the cluster [6,13], and experimental stud-
Au>Mg30030, and Ay clusters for the NN-free case. These ies by Sterretet al. [46] have concluded that Au particles
plots are shown in Fig. 3. The electronic configuration ofin color centers are negatively charged, while Au particles in
Au is [Xe] 4114 5410 6s!, and an A4 molecule can accom- regular terrace sites are neutral. Simic-Milosest@l. [47]
modate 22 electrons (11 from each Au atom) in the elevemecently reported a combined experimental-theoretical study
doubly occupied topmost energy levels. The lowest unoccuin which they found that Aydimers on thin MgO(001) films
pied molecular orbital (LUMO) of Ay is found to be 2 eV  grown on Ag(001) are neutral when absorbed in an upright
above the occupied states. After the binding of Awith the  position, and negatively charged when the dimer absorbs par-
Mgs003¢ cluster, the five doubly occupied topmost energyallel to the surface. In the later case, the charge coming from
levels of Au,Mg3o039 accommodate 10 electrons fromAu the Ag(001) support populates the LUMO of AuThis re-
and the remaining Au electrons form bonding states with thesult as well as the energy levels of Fig. 3 discussed above,
Mgs00s3 cluster states that are located at lower energy, whileean then explain why for the absorption of Aon the § and
the LUMO of Aw, is pushed to higher energy. The energy F! sites of the MgO(001) surface, in which a charge transfer

2 M9yOs 'Au,Mg,,0, Ay,
al ™" ’ - |
il

. *
-5 1 1 /
eV ,
6 3 3 iy

2 2

g [ e R _—
8 = == _ =

—_— = = —1% ]
Hl — — e — i 1 1
-10 R — — —\ .
A1 i
12 _

FIGURE 4. One-electron energy levels, and iso-surfaces of selected molecular orbitals of $§@JMgAu2MgsoO29and Aw clusters for
NN-free. See caption of Fig. 3 for more details.
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exists, isomers with the Audimer tilted towards an Mg and 0.20 eV, with the values calculated for NN-frozen being the
an O atom have been predicted to be lower in energy than themaller ones. Notably, previous reports have reportpddi:
vertical isomer [26,27]. ues ranging from 3.38 to 4.06 eV [21,23,25-26] showing that
In the present study we calculated NBO charges on th&, is sensitive to the model used to describe the absorption
optimized geometries (Table 1). Inspection of Table | showssite.
that in both the NN-free and NN-frozen calculations, a small
negative charge~{ 0.18 electrons) are located in the Au
dimer.

To investigate the nature of the bonding of the.Au
the F, site, we plotted the one electron energy levels and
molecular orbital iso-surfaces for the optimized MQ-9,
Au>Mgs30029 and Aw, clusters. These are shown in Fig. 4.
Analysis of the energy levels of MgO29 shows that the two
We found, as in the case of the Csite, similar values of E  trapped electrons in the Bite are located in the highest occu-
for both the NN-free and NN-frozen calculations (Table 1). pied molecular orbital (HOMO), and are considerably higher
The E, values are almost three times larger compared within energy compared to the rest of the energy levels. Interest-
those at the @. site. Although the NN-frozen calculations ingly, the LUMO of the Ay dimer is located at a similar en-
predicted a surface-Au distance 15 pm larger than the NNergy (around -4 eV). The bonding interaction between these
free case, Evalues show only a small decrease from 2.85 eVievels leads to strong binding, as attested by the high absorp-
for NN-free to 2.79 eV in the case of NN-frozen. The calcu-tion energy and by the energy levels in Fig. 4. While the
lated Bim and B, however, presented differences of more thatenergy levels of the AIMg3,09 cluster have a structure

3.2.2. Ay on F, (Vacancy with two electrons)

d _2!\4_930029+ 2AU2M939929+ N 1Au2 —
3| ol :
P Bl L | '
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— — —_— =\ =]
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FIGURE 5. One-electron energy levels, and iso-surfaces of selected molecular orbitals of #®lgAu>Mgs0 O3, and Aw clusters. See
caption of Fig. 3 for more details.
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similar to those of AuMg30030 (Fig. 3), in this case there the MgO(001) surface on a regulasCsite and on the de-

is one more energy level, resulting in six doubly occupiedfect F, and F" sites. We studied the two cases, in which the
topmost energy levels with predominant contributions formMgO(001) surface was relaxed and when it was frozen. For
the Au atoms. An analysis of the charge transferred from th¢he G, site we found a small relaxation of the MgO surface
MgO surface to the Asdimer shows that there are respec- upon Aw, absorption, and thus the calculations for which the
tively 1.21 and 1.11 electrons in Afor the case of the NN- surface was kept frozen presented similar geometrical param-
free and NN-frozen calculations. In summary, the large val-eters, absorption and dimerization energies as those in which
ues of i, E, and Eji, indicate that the Audimer is strongly  the surface was optimized.

bonded and that the dimer can be formed either from two al- For the F site a distortion of the surface in the neigh-
ready absorbed Au atoms, or one absorbed and one gas phdehood of the absorption site was observed. In this case the

Au atom. bonding of the Ay dimer to the surface can be explained
. from the bonding interaction between the doubly occupied
3.2.3. Ay on Ff(Vacancy with one electron) HOMO of the Mg;,Os cluster that contains two trapped

electrons in the Fsite, and the LUMO of Aw. This bond-

ing mechanism also explains the large calculated value of the
charge transfer from the MgO surface toAand the high-

est absorption energy among the studied surface sites. The
Salculations with the MgO surface frozen predicted a consid-
erably larger surface-Au distance (15 pm), as well as smaller
dimerization energiesy 0.2 eV) compared with the calcula-
tions where the MgO surface was allowed to relax.

The calculated absorption energies for the case of theite
are of the order of 2 eV and are similar for both the NN-free
and NN-frozen cases. As in case of thg dtte, Eim and

E, presented differences of 0.1 to 0.2 eV between both type
of calculations (Table ). The small values aofif;, 1.29 eV,
and especially of | 0.16 eV, imply that at this site once the
dimer is absorbed it can dissociate easily, and thussfhot

a good nucleation site. Considering that ttﬁe_ﬂ?{e has only For the F site, a distortion of the surface in the neigh-
Zqzrtrziﬁsgtgﬁc;tf?:i,t an;;ggl;th?ng:aitt?;]] 'sfkonnogvzjoa?oan\ggorhood of the absorption site was observed. In this case
at thg B site has beerzl’predicte%. In fact, at this site, the Authe bonding mechanism is explained from the interaction be-

. - +
atom presents the highest absorption energy of 3.39 eV, con’tlWeen the single occupied HOMO of the M@;, cluster

pared with only 0.60 and 2.53 eV for the,Oand F, sites and the LUMO of Ay. This mechanism also explains why

. : the charge transfer calculated from the MgO surface tg Au
respectively [23]. These factors explain the small values for .
; oL . Is only half the one calculated for the, Bite, and that the
the dimerization energiesyi and k. . o .
As for the other absorption sites, we investigated the Onecalculated absorption energy is intermediate between §he O
P ! L. 9 and F; sites. The calculations with the MgO surface frozen
electron energy levels and molecular orbital iso-surfaces for

o " " predicted a considerably larger surface-Au distance as in the
the optimized Mgy O59, AUMgs0 05, and Au, clusters, and oo ¢ e Fsite, and the dimerization energies differed by
are shown in Fig. 5. For the/Fsite, the absorption energy of : :

. . s . ~ 0.15 eV compared with the calculations were the MgO sur-
Aus is almost two times larger compared with that at the O

site (Table 1). An analysis of the energy levels of M@, face was allowed to relax.

shows that the trapped electron in the &ite interacts with
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