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Abstract An attempt has been made to examine the properties of the title divalent cation impurity -
cation vacancy dipole as well as the adsorptivity and diffusion of atomic hydrogen over the LiH (001)
surface usingb initio methods of molecular electronic structure calculations. The LiH crystal surface
was simulated and quantum clusters of variable size were surrounded by point charges to examine the
[-V dipole orientation, cation vacancy migration and overlap effects. The effects of introducing an |-V
dipole on the nature of adsorbate-substrate interactions and diffusion of an H atom over the surface
were also examined. The results confirm that the (100) orientation of the |-V dipole is energetically
more favorable than the (110) orientation and that the cation vacancy migrates without activation en-
ergy barriers. The |-V dipole enhances the adsorptivity of atomic hydrogen by ca. 4.96 eV, changes the
nature of adsorption from physisorption to chemisorption and introduces an activation energy barrier to
H diffusion over the surface. As the I-V dipole is introduced, the HOMO and LUMO levels of the
substrate shift to higher energies, the band gap becomes narrower and the atomic charges on the adsorbed
H increases. This change in the electronic structure makes the adsorptivity process, through the charge
transfer from the H 1s singly occupied AO to the conduction band and from the valence band to the H
1s singly occupied AO more facile.

Keywords |-V dipoles, Surface adsorption, Band gaps, LiH crystal, ab initio

impurities constitute the major contamination in ionic crys-
tals. They lie at a substitutional position and present an ex-

o ) ) ) cess positive charge. This in turn induces the generation of
Ab initio methods are being used increasingly to probe thg cation vacancy to retain the electrical neutrality of the
properties of condensed matter. Of particular importance ig,aterial.
the behavior of defects or impurities, which control the  Because of the Coulomb attraction, the energetically most
mechanical properties of crystalline solids. Divalent cationfgyored location for the vacancy is as nearest or next nearest
neighbors to the impurity. In each case, an impurity - va-
- cancy (I-V) dipole is created with orientation (100) for near-
Correspondence toA. S. Shalabi est neighbors and (110) for next nearest neighbor dipoles.

Introduction



J. Mol. Model.2000 6

27

Direct evidence for the occurrence of both types of dipol&ble 1 Specification of the finite lattice used for the crystal
has been obtained from electron spin resonance (ESR) spalzulations. R is half the lattice distance which for LiH is
tra of transition - metal ion (M) and rare earth ion (BY) 2.04A; ris the distance of the appropriate shell from the center

(1].

of the lattice

The I-V dipole is thermally dissociated and free dissocia-

tion energies and vacancy migration energies can be obta 2

L = . ) Coordinates/R  Charge Number
from ionic conductivity measaments. Thenal orientation IXO Ov0 -2 MO of centers
of these dipoles can be studied from the electric losses or_by
using the ionic thermocurrent method developed by Bucgi 110 1 4
and Fieschi [2]. 6 112 1 4

Detailed experimental studies have been carried out ofia 310 1 8
number of divalent cations. Optical spectroscopy has bgen 312 1 8
applied to PB and SA" and optical and magnetic ESR angg 114 1 4
ENDOR spectroscopy to transition metals (e.g?Nnd N?*)  1g 330 1 4
and rare earth ions (e.g. Buand the experimental data have» 332 1 4
been generally analyzed in accordance with the conventiopgl 510 1 )
schemes of the crystal and ligand field methods [3,4]. Varosigs 314 1 8
and Mourikis [5] calculated the association energy of th& Mg 512 1 8
- cation vacancy in LiD and LiH from conductivity measurezy 334 1 4
ments. Ikeya [6] calculated the energy of association ofa 530 1 8
positive ion vacancy with a divalent cation impurity in Likgg 532 1 8
from the ionic conductivity measurements as well as the ejg 116 1 4
ergy of the rotation of a vacancy around cation from the megs- 514 1 8
urements of ionic thermocurrent (ITC). Kalman et al. [7] ugg 316 1 8
ing computed ionic displacements and elastic stress fieldsgf 550 1 4
dislocations calculated the yield stress increment causedspy 534 1 8
I-V dipoles in NaCl crystal containing €ampurities. Toth g 710 1 8
et al. [8] computed the interaction of dislocations with botfy 552 1 4
fixed and rotating I-V dipoles with edge and screw dislocgy 336 1 4
tion. 58 730 1 8

66 554 1 4
54 712 0.409283 8
62 732 0.409283 8
66 118 0.800909 4
82 910 0.800909 8
86 912 0.800909 8

¥
X
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Theoretical and experimental studies of adsorption on solid
surfaces have become of increasing ingoare [9]. This is
attributed to the fact that they are related to a variety of tech-
nologically significant processes, not least of which are cata-
lysts, corrosion and gas sensors. The chief problem in study-
ing these processes computationally is the treatment of the
extended surface when examining a localized phenomenon
like chemisorption [10]. For simple systems such as atoms or
small molecules interacting on surfaces, it can be feasible to
use an extended 2- dimensional periodic system and to study
an ordered overlayer of adsorbate on the surface. Such ex-
aminations have sometimes used slab calculations [11], al-
though more recently surface embedding is providing a prom-
ising route forward. Several theoretical studies have been done
to simulate adsorption of simple systems on ionic surfaces
[12-15]. For oxide surfaces, these studies highlight the for-
mation of metal-oxygen bonding and antibonding states, the
later being either completely or partially filled. Thus the in-

Figure 1 Representation of the z = 0 plane of the lattiGg actions are considered to be mainly of a chemical nature.

used in the calculations
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This is a reasonable assumption for relatively reactive sur-

faces such as those of many metal oxides. However, other 0.018
ionic surfaces are known to be highly stable and the nature of - LizHo
the metal-surface (100) bond is not so clear. Meanwhile, we )
have not been able to find any experimental data on the char- o T LisHs
acteristics of hydrogen adatoms on lithium-hydride surfaces, \ —--—-  Li4Hus

hence our results serve as theoretical predictions. 0.016 \

Methods \\

In cluster calculations, the host surface is represented by only \

a small number of ions explicitly in the three dimensional 0.014 '\
space. The remainder may be represented by some long range \ :
potential, like Madelung potential, or may be merely ignored. \
To simulate the LiH crystal surface, we follow a procedure )
previously reported for MgO crystals [16]. A finite crystal of
288 point charges was first constructed. The Coulomb poten- 0012k °
tial along thex- andy-axes of this crystal are zero by symme- .
try as in the host crystal, Figure 1. The charges on the outer \

shells listed in Table 1 were modified to make the Coulomb | \
potential at the four central sites equal to the Madelung po- _ ; )
tential of the host crystal and to make the eight points with “\J \ :
coordinates (0, * R, £+ R) and (xR, 0, + R), where R is half '  0.010 \\

T
.//

and 0.800909, the Coulomb potential in the region occupied \ \
by the central ions is very close to that in the unit cell of the A
host cystal. All charged centers with cartesian coordinates
+X, tY and Z=2R, 4R, 6R and 8R were then removed, so
that the surface generated consists of 176 charged centers i
the three dimensional space X, Y and -Z = 0,2R, 4R, 6R .
and 8R. Thecoordinates of these charged centers are given AN
in Table 1. lon clusters were then embedded within the cen- . h
tral region of the crystal surface to examine the required prop- 0.006
erties. All the electrons of the embedded clusters were in- ' '
cluded in the Hamiltonian o&b initio calculations. Other
crystal sites entered the Hamiltonianadif initio calculations
as point chargs. Theadsorbate-substrate distances were then
optimized and gas-surface potentials were calculated.

In order to understand the possible electrostatic contribu- 0.004
tion to the bonding when using,H,, LigHgsand Li H, ,clus-
ters, plus corresponding embedding for the surface, we cal-
culated the electrostatic potential at the surface on the (0,0,0)
site for each cluster. Figure 2 shows that the electrostatic
potentials due to LHgand Li H,, are slightly different and
the shapes of functions are quite similar. This means that we 0.002
can expect almost the same electric fields and electric field
derivatives. Since the electrostatic interaction of the adatom
with the surface will mainly consist of electric field-induced
dipole and electric field derivatives-induced quadruple mo-
ments, one expects that the classical contributions to the 0.000 . . . . .
adatom-surface interactions are quite similar for clusters with “7"30 35 40 45 50 55 6.0
sizes larger than those considered in the present study. . ;

The Hartree-Fock method ab initio theory employed in Distance to the (0,0,0) site/ A
the present calculations treats the exchange potential exafiyure 2 Electrostatic potentials as a function in the dis-
but omits - by definition - the correlation energy. Since caance to the 0,0,0 site of,H,, LigHg and Li H,, clusters

0.008

Efctrostatic p
e
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Table 2 Binding energies of the (110) and (100) orientahe nearest neighbors to the four central sites. In other words,
tions of I-V dipole using SCF and DFT methods and differghe nearest neighbor point charges to the Batster were
cluster sizes: BefiBeL{Hg and Belj,H,,, Energies are given replaced by real ions to examine the overlap effects on inter-

in eV action eneriges. Thenon-Coulombic interaction energy (bind-
ing energy) of each ion cluster was calculated by subtracting
. . the non-Coulombic monomer energies from the non-
BeH, BeligHs  BeliyHy, Coulombic total enetigs. Thenon-Coulombic interaction
(110) SCF -1.897 1.420 8.424 energies of (110) orientation were calculated to be ca. -1.9
DFT -2.509 -0.677 5360 €V for BeH and ca. 1.42 eV for Beltl,.
The non-Coulombic interaction energy of the (100) ori-
(100) SCF -5.534 -1.234 5.452 entation was calculated to be ca. -5.53 eV for Battl ca. -
DFT -6.586 -4.070 1.865 1.77 eV for BelLjHg. On this basis, the (100) orientation is

suggested to be the more energetically preferred orientation
of Be**V- dipole at the surface of theystal. Thenon-
Coulombic interaction energy implies that binding energy is

@iculated in the absence of the point charge distribution.

der Waals interactions between adsorbates and substrateé&g- ; 0
: . . sequently - in the absence of such stabilizing long range
faces, the influence of Density Functional Theory DFT ¢ elds - the clusters can be unstable. This is indicated by the

relation at the B3LYP level and 6-31++G (d, p) basis sets ; : L : :
been tested for (110) and (100) orientations of the |-V dip%?ﬁi\ggf }Snli}rs]: ?fg%“;ig?lluleg)Oc];r?e'ﬂ?é?i%fsnerg'es for BiLi
using BeH, BeLiH, and BeliH,, clusters. In Table 2, the To have an estimate of the electron correlation effects, we

binding energies of the two IV orientations at different clug-. . . i .
ter sizes are gan. As shown irthis Table, the contribution Tarried out DFT calculations on the binding energies of (100)

of the DFT correlation ranges from ca. 0.5442 to 2.9931 eV
for the (110) orientation and from ca. 1.0884 to 2.9931 eV
for the (100) orientation. However, for the more stable (100)
orientation, the contributions to BgHj, and Belj,H,, clus-

ters are nearly identical (ca. 2.9931 eV).

The Hartree-Fock calculations were carried out using the
Gaussian 6-31++G(d,p) internal basis. For an ionic cluster
such as LjHg; on which atomic H is adsorbed, there are 206
basis functions and 328 primitive Gaussians. As shown the
basis set size is large enough to minimize the basis set
superposition error BSSE. The basis set superposition errors
for a sample of 4 ions cluster (H,) were calculated to be
ca. -0.0010, -0.0015 and —0.00E3 using the basis sets 6-
31++G (d, p), 6-311++G (d, p) and 6-31++G (2df, 2pd) re-
spectively. Moreover, since the most important nearest (100)
neighbor ions to the four central sites are included explicitly
in the calculations, the accuracy of the results might be sig-
nificantly affected by including the relatively less important
long range potentials of next nearest neighbors. The quan-
tum mechanical calculations were carried out using
Gaussian98 system [17].

Results and discussion

Bez*\V— dipole orientation

We first examine the preferred orientation of ®edipole at

the surface of the crystal. Two- possible orientations are con-

sidered (110) and (110). These are shown in Figure 3. For

each orientation, two- ion clusters of variable size are inves- (110)

tigated, BeH and BeLjH,. The first represents three inter-

acting ions and a cation vacancy. The second is identicaFigure 3 (110) and (100) orientations of B&- dipole at
the first, but surrounded by 6*Land 6H ions representing the surface of LiH®: Be**, O. H-, @. Li*; /7 vacancy
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Table 3 The data for the se- Li H LiH

leCt?.d gubstrate Io¢ns 4, A Re 2 Eads. Re e Eads.
equilibrium adsorption ener-
gies E,/eV and atom-sur- g o 4.50 -0.00254 4.00 -0.00803
face distances Re/A of atomig) 1 4.60 -0.00252 3.90 -0.00889
H over the defect-free (JH, .2 4.75 -0.00249 3.75 -0.00969
and LigHy) and defect-con- g 3 4.75 -0.00245 3.80 -0.01002
taining (BeH and BeliHy) (.4 4.75 -0.00240 3.80 -0.01011
surfaces of LiH 0.5 4.70 -0.00236 3.80 -0.00993
0.6 4.70 -0.00231 3.60 -0.00973
0.7 4.60 -0.00227 3.60 -0.00920
0.8 4.50 -0.00224 3.70 -0.00867
0.9 4.40 -0.00223 3.70 -0.00881
1.0 4.40 -0.00223 3.60 -0.00770
BeH, BeLigH,
A Re Eads. Re Eads.
0.0 1.330 -4.0099 1.35 -4.0450
0.1 1.310 -4.2007 1.30 -4.2311
0.2 1.260 -4.3776 1.25 -4.3998
0.3 1.170 -4.5440 1.15 -4.5547
0.4 1.100 -4.6808 1.02 -4.7056
05 0.800 -4.8713 0.80 -4.8416
0.6 0.400 -5.0699 0.55 -4.9674
0.7 -0.035 -5.2279 0.20 -4.9663
0.8 -0.090 -5.0251 0.10 -4.6824
0.9 -0.150 -4.6655 0.10 -4.2451
1.0 -0.200 -4.2676 0.10 -3.7478

and (110)orientations of I-V dipoles for BefBeLisH; and  tion lowers the total energy by ca. 0.59 eV at the SCF level
BelLi,H,, clusters. The DFT results are collected with thend ca. 0.56 eV at the DFT level.

SCF results - for comparison - in Table 2. As shown in this The difference in binding energies between Baldd
table, binding energies are quite sensitive to cluster size. BadiHg ion clusters may be taken as a measure for the mag-
trend is that cluster stability is inversely proportional to clusitude of overlap effects. These contribute ca. 3.32 eV to the
ter size, as indicated by the less negative or more posito&l binding energy of the (110) orientation and ca. 3.76 eV
values of binding eneigs. This is a logical consequence ofo the total binding energy of the (100) orientation. In other
the absence of the stabilizing effects of Coulombic interagerds, they contribute ca. 0.72 eV to the total binding en-
tions which are — as shown — directly proportional to clustengy per ion of the (110) orientation and ca. 1.72 eV to the
size. However, when we come to consider the relatitaal binding energy per ion of the (100) origiata These
stabilities of the two considered orientations, the (100) ontinor changes in binding energies with increasing cluster
entation was always more stalhen the(110) atthe SCF size should be mainly attributed to placing the ion clusters in
and DFT levels. The (100) orientation was energetically ptee simulated Coulomb field of the host surface. On the other
ferred by ca. 3 to 3.5 eV at the SCF level and by ca. 3.5 toHahd, the difference in binding energies of the two orienta-
eV at the DFT level. Moreover, the contribution of DFT eletions may be taken as a measure for the energy required for
tron correlation is significant and ranges from 0.61 to 3.@&tion vacancy migration between the two neighboring sites
for (100) orientation, and from 1.05 to 3.59 for (110) orientahown in Figure 3. These were calculated to be 3.63 eV for
tion. Theelectron correlation contribution is also shown tBeH, cluster and 3.19 eV for BelH, cluster pointing to the

be a function of cluster size, i.e., the DFT contribution é&ase of cation vacancy migration between the two relevant
directly proportional to the size of the embedded cluster. sites, provided that no activation barriexsse We have there-

To shed light on the geometrical relaxation effects, viere examined the presence of activation barriers for the mi-
have considered the relaxation of nearest neighbor iongtation of cation vacancy by calculating the binding energies
the I-V dipole in the (100) orientation of BgH, embedded of BeH, and BeLjH, ion clusters as a function in the diffu-
cluster. The optimal relaxation mode was found to be ass®@idn pathA. The data are represented graphically in Figure 4.
ated with the outward displacement of all nearest neighl#&s shown in this figure, no activation barriers exist for the
ions. Outward displacement by 10% of the interionic separaigration of the cation vacancy from the (110) orientation to
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the (100) orientation in consistence with the prediction trextd BeLjH,. These clusters were embedded in a three di-
the (100) orientation is the more energetically favorable omtensional array of point charges and the point charges as
entation at the surface. The energy gaps between the twoviell as the real ions were included in the Hamiltonian of the
clusters along the diffusion path reflect the contributions ab initio calculations. Figure 5 shows schematically the 3D
of overlap effects, relative to crystal field effects, and await cells and the path along which we have optimized the
shown to be significantly broadened at the preferred oriengalatom - surface distance at selectedtioeca A for BeH,
tion (100). and BeLjH, ion clusters.
The adsorption energy, E of the adatom on the substrate
surface was calculated from the relation
Adsorptivity of atomic H
ads. Ecomplex_ E adsorvate™ E substrate 1)

In general, adsorbate - substrate interactions result from the
tendency of the adsorbate valence electrons to interact withiThe terms appearing on the right hand side are the total
the available substrate electronictesa This interaction can energies of the complex (adsorbate + substrate), the adsorb-
be expected to have a major role if there exists a small ate (free hydrogen atom) and the substrate (defect-free or
ergy gap between the adsorbate and substrate electronic st@dégsct- containing), obtained from three independent calcu-
or if the adsorbate has an open shell electronic structurelations using the same supercell. The negative adsorption en-

We discuss our results of adsorbate-substrate interactiergy E, . indicates that the bound adsorbate is electronically
by studying the diffusion characteristics of a single H atogtable.
on the defect-free and defect-containing surfaces of LiH crys-The data for the selected substrate locatibredong the
tal. Four substrate clusters are considerghl ). BeH,, LigHg diffusion path, equilibrium adsorbate - substrate distance R
/A and equilibrium adsorption energieg,£eVare collected
in Table 3 and represented graphically in Figure 6. Defining
the optimal adsorption site as the substrate locAtairwhich

0.00.10.20.30.40.50.60.70.80.91.0

2.0 the strongest adsorbate-substrate interaction occurs along the
........ BeHz diffusion path, the optimal adsorption sites of the defect-free
. surfaces were found to be on the top of a substratemj
1.0 — Belishs 4.5 A above the substrate plane igHj and on the top of a
substrate lod#on A= 0.4, 3.8 A above the substrate plane in
LigHg. The optimal adsorption sites of the defect-containing
0.0 surfaces were found to be under the bottom of a substrate
location A= 0.7, 0.035 A under the substrate plane in BeH
and on the top of a substrate Itioa A= 0.6, 0.55 A above
-1.0 the substrate plane in BeH,
These results show that adsorption energies of atomic H
. have been enhanced by ca. 5.23 eV gil)cluster and by
% -2.0 ca. 4.96 eV on LH, after introducing the I-V dipole. A strong
m N sign for interaction or chemical bond formation between ad-
g sorbate and substrate electronic states on the defect- contain-
-3.0 ing surfaces is therefore expected, particularly in the vicinity
4.0 o H )
-5.0 ,
\ P
S v -+ ;
LA |
-6.0 ./O i / O/.

A P

Figure 4 Activation energy of B&V- dipole migration in Figure 5 LigHgand BeLjH, ion clusters and the path along
BeH, and BeljHg; A= 0.0 represents the (110) orientationwhich the adatom surface distance was optimized at selected
and A= 1.0 represents the (100) orientation locationsA. @: Be?*, O H-; @: Li*; /7 vacancy
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of the migrated cation vacancy, where the maximum increase
of adsorption energie and decrease of adsorbate-substrate
distance were observed. Moreover, the effect of increasing
the size of the embedded cluster on adsorption energies and
adsorbate-substrate distances was marginal implying that cal-
culations carried out for small clusters might replace those
for larger clusters so long as all clusters were embedded in
the central region of the finite crystal surface, where the Cou-
lomb field closely approximates that of the host surface.

Vidali et al. [18] reported 17.8 meV and 2.7 A for adsorp-
tion energy and adsorbate-substrate distance in H/LiF (001)
system. his may be compared with the present 10.1 meV
and 3.8 A for adsorption energy and adsorbate-substrate dis-
tance calculated for the adsorption of atomic H on the de-
fect-free LjHg surface at the optimal substrate looaA=0.4.

The basic difference between adsorption energies and adsorb-
ate-substrate distances in the two systems is attributed to the
extended charge distribution of the hydride anion at LiH sur-
face. Moreover, the present optimal substrate locdth4

is consistent with the role of steric hindrance and electronic
repulsion between adsorbate and substrate electrons.

The electrostatic fields near the surface of an ionic crystal
are large enough [19-21] that the polarization energy is a
major component of the adsorption energy for many
physisorped species. However, the fields are so nonuniform
[22] that the dipole polarizability gives an inaccurate account
of the polarization energy. Guo and Bruch [23] calculated
the electrostatic polarization energy for H and He on LiF and
MgO surfaces and reported that it contributes at the 10% level
for atomic hydrogn. Theyalso reported: "The trend is that
the electrostatic terms will be significant for more polarizable
inert gases such as Kr and Xe”. Calculating the polarization
energy to within 25% for such adsorbates will require inclu-
sion of many multipole configurations

In Table 3 and Figure 6, binding of atomic H at is
strongly favored over binding atHf the LiiH, defect-free
surface, and binding at Bes strongly favored over binding
at the cation vacancy of the Bgij defect-containing sur-
face, pointing to the probable diffusion of atomic H over the
surface. To examine this probability, we have calculated the
largest variations in adsorption energies and adsorbate-sub-
strate distance. While the largest variation in the adsorption
potential ca. 0.3 meV and in the adatom-surface distance ca.
0.1 A occurs at a saddle point position on the top of the sub-
strate L ion, 4.5A above the substrate plane igH,i the
largest variation in the adsorption potential ca. 2.4 eV and in
the adsorption height ca. 0.2 A occurs at a saddle point posi-
tion on the top of a substrate locatitvr0.4, 3.8 A above the
substrate plane in ;. The diffusion barrier (or activation
energy for diffusion) of the adsorbed H over the defect-free
surface of LiH is therefore negligible and the mobility of the
atomic H may not be considered as restricted. On the other
hand, the largest variations in the adsorption potential ca.
1.22 eV and in the adsorbate-surface distance ca. 1.37 A oc-
curs at a saddle point position under the bottom of a sub-
strate locatiomd=0.7 under the substrate plane in Beidd
the largest variation in the adsorption potential ca. 0.92 eV
and in the adsorbate-surface distance ca. 0.8 A occur at a
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saddle point position on the top of a substrate loc&txinG, We have estimated the charges on the adsorbed hydrogen
0.55 above the substrate plane in Bel,i Here, the diffu- from the Mulliken method of population analysis and selected
sion barriers of the adatom H over the defect- containing stive optimal adsorption sited\= 0.4 for LiH, defect- free
faces are quite significant and the mobility of adsorbed ddrface andA= 0.6 for BeLiH, defect- containing surface.
over the surface is relatively restricted. We note, howevive expected a relationship between the charge on the ad-
that in reality the adatom diffusion on this surface may iserbate and the type of substrate surface. The charges on the
clude more complicated mechanisms, such as atomic Elxatom adsorbed at the defect- free and defect- containing
change mechanisms, which we have not attempted to stadsfaces were calculated to be 1.001 and 1.052 respectively.
here. The larger charges assigned to the atomic H adsorbed at the
To investigate the differences in adsorption between tihefect-free and defect-containing surfaces - relative to the
defect-free and defect-containing sites, the local densitiedrek H atom - imply that charge transfer takes place from the
state (LDOS) have been evaluated for two-model$jland surface in consistence with the effect of I-V dipole on en-
BeLigHs. In LigH; model, the band gap as the difference bkeancing the adsorption, as well as the greater importance of
tween HOMO (-9.75 eV) and LUMO (-1.67 eV), was calcisurface HOMO's.
lated to be 8.08 eV. In BellHg; model, the band gap as the We have not attempted to study the relaxation of surface
difference between HOMO (-5.88 eV) and LUMO (-1.47 eMayer, but several calculations [24-26] show that properties
was calculated to be 4.41 eV. The band gap was thus redwdfddns in the bulk of LiF and MgO are rather similar to the
by 3.67 eV as a consequence of the HOMO and LUMO shiftoperties of the corresponding species near the surface and
ing to higher energies. More specifically, the rise of HOM®at the charge state [27] of the surface anions is nearly the
level was much greater than the rise of the LUMO level. Thame as in the bulk. Calculations give small relaxations of
energy levels of the hydrogen singly occupied and lowélse surface layers, in agreement with low energy electron
unoccupied AO’s were calculated to be -13.57 and 2.63 diffraction (LEED) experiments [28,29] but at variance with
respectively. The charge transfer occurs fite 1s AO to an ion channeling experiment [30]. The sensitivity of defect
the surface unoccupied MO'’s (donation) and from the sgites to cluster size and electrostatic environment may even
face occupied MO'’s to the 1s singly occupied or lowest upe reduced by surface relaxation, though this remains a topic
occupiedA.O of H (back-dontion). The charge ansfer is for future work.
therefore suggested to occur from the surface occupied MO’s
to the 1s singly occupied or lowest unoccupied AO of H (back-
donation) in the course of adsorbate-substrate bond forrﬁgfe rences
tion. The pesent cluster models do consider the Madelung

potentials representing the ions in the rest of the crystal ?e'Agullo-Lopez, F.. CatlowC.R.A: Tavnsend, P.DPoint

cause they are regarded as a part of the solid. This implie . N .
that the calculated band gap narrowing is not exaggerated?sjzﬁai?h %ﬁﬁ{;ﬁf@ﬁ%ﬁ?&% ig%%s Harcourt Brace

Moreover, the calculated band gap narrowing, as a resultzofBucci, G.: Fieschi, RPhys.Rev.Lett1964 12.16.

I'.V dipole fo'rma.tlon,' shows that the electrical properties f di Bartolo, B.Optical Interactions in SoligdViley: New
LiH surface is significantly enhanced, even though it is still York 1968

in the domain of insulating materiatsZ eV). Since Hartree— . ) . : .
. g Sugano, S.; Tanabe, Y.; Kamiura,Multiplets of Transi-
Fock calculations often largely overestimate band gaps, D?:Ttion Metal lon in CrystalsAcademic Press: New York

calculations were carried out for valance and conduction 970

bands. DFT band gaps were calculated to be 7.9 and 4.26.e ) o

for LigHg and BeljH, surface clusters respectively. How%' Ikaer O:t?\'/ls’ JPI'D'?]"SMSO:(;'I(\']Z’ ;’12348732\/?69874 10, 5220.
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