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We report density functional theory calculations of the interaction of Cu and Pd wittO€gs)

surface ofa-Al,O3. The interaction of those metals with the oxide surface varies from covalent-like
for the aluminum rich surface to ionic-like for the oxygen terminated surface. Stoichiometric
hydroxylation of the surface does not increase the metal—oxide interaction significantly. We suggest
that defects created upon hydroxylation are the main mechanism to explain the observed metal
wetting of the oxide. ©2001 American Institute of Physic§DOI: 10.1063/1.1421107

I. INTRODUCTION large increase of the metal island density on alumina thin

. ) ) ) ) films was observed by Heemeiet al? For copper on thin
Knowledge of the interaction of metals with oxides is of

\No _ O alumina films, XPS studies by Kelbet al!*'*suggest that
crucial importance if we want to understand a broad variet

) SBhydroxylation of the surface significantly increases the abil-
of phenomena related to, for example, composite materlalﬁy of the oxide surface to bevettedby Cu.

corrosion, and heterogeneous catalystsin all cases the In the present paper we use density functional theory

metal-oxide interface determines many properties of the SySpeT) cajculations to study in some detail the adhesion of
tem. Yet relatively little is known about such interfaces, notCopper and palladium on the-alumina (0001 surface. In
least because they are hard to study experimentally. particular, we focus on the dependence of the adhesion on
Recently, a substantial amount of experimental and thege sty cture of the surface. We consider the stoichiometric
oretical interest has focused on theAl;0; (0001 surface 4 minum terminated surface, the aluminum rich surface,
and there is some hope that this may serve as a prototyRg,q the oxygen terminated surface. In addition we study
o_X|de surface fpr WhIC!’l we can establish _the first C(_)here%arious hydroxylated surfaces, including the fully hydroxy-
picture of the interaction between an oxide and different oy surfack® and the gibbsite-like ADH); surface'® The
4,5 .
metals. . . ) main conclusion is that the adhesion depends strongly on the
For the case of the stoichiometaealumina(000D sur-  gicture of the surface. In addition, we find that the most

face polarization interactions together with some residual CO3table, hydroxylated surfaces interact very weakly with metal

valent or ionic effects have been suggested to be responsiblgerjayers. This lends further support to the notion that de-
for the adhesion of a monolayéviL ) of Pt® and the adsorp-

: 2 Usi k fects are responsible for the nucleation of metals on the alu-
tion energy has been calculated to-b& J/nf using density  ina syrface and that the observed strong metal adhesion is
functional thgory(DFT) _and the_ local dgnsny approximation . related with these defects.

(LDA). Studies of the interaction of different metals on ul-

) L ) o L In the following we first briefly review the present
trathin alumina filmé confirm this picture. Within DFT cal- knowledge about the structure of alumina surfaces. We then

culations the adhesion energies depend on the exchange CQscribe the calculational method used in the present work,

relation functional used. The more accurate generalizedy discuss how our calculations describe bulk alumina and
gradient approximatioflGGA) usually lowers calculated 4 mina surfaces. This leads us to the presentation of our

- . 7
values of the adhesion energies 59.4-0.6 J/rﬁ results for the adhesion of Cu and Pd on these surfaces, and
Scanning tunneling microscop5TM) experiments, on  finaily we discuss our findings in light of the available ex-
the other hand, suggest stronger metal—oxide '”teraCt'O’}?erimental evidence.

with adhesion energies2.8 J/nt for both C#° and P+1°
The growth of Cu and Pd oa-alumina is found to produce
three dimensional3D) islands, and can be characterized asll. THE STRUCTURE OF THE a-Al,04
being of the Volmer—Weber tyge™° (0001) SURFACE

Hydroxylation of the alumina surface dramatically influ-

' . ‘ There is agreement in the literature that the most stable
ences the interaction with metals. In the case of rhodtam

(000Y) surface ofa-Al,O5 or corundum is a stoichiometric
surface, terminated by a single Al layer*® This surface
dElectronic mail: norskov@fysik.dtu.dk undergoes large relaxations, where the surface aluminum
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moves into the bulk, ending up almost coplanar with the
oxygen® This type of surface is the one most often observed
under UHV conditions.*®

The (0001) surface can reconstruct giving rise to/81
X /31IR+9° patternt® which is aluminum rich, i.e., there is
more than a single aluminum layer terminating the surface.
This type of surface seems to be stable with respect to oxi-
dation and hydroxylation, since it does not oxidize when
exposed to air at room temperatd?Pélhe reconstruction dis-
appears only when heating above 1000 °C. Ahn and
Rablaig’ reported thg0007) surface of corundum under ul-
tra high vacuum(UHV) conditions to be a mixture of the
aluminum and oxygen terminated structures. The oxygen tefFIG. 1. _Top view of the r_nodel unit cell. Dark spheres represent oxygen
mination ofthe surface is unstable, but could be stabilized b 197091y re s Fr the oyt surtace e O s
the presence of hydrogen on the surf4C&he hydrogen is oxygens. In the gibbsite-like phase surface aluminum is replaced by three
difficult to detect and the surface could appear to be termihydrogens.
nated by oxygen. Indeed Erg al° reported recently, that
under ambient conditions, the surface efalumina is

Al(OH)3-like rather than a stoichiometric, and moreover ane o the one obtained in a calculation usia 9 layer thick

Ove[lr?;e;SIf::;e;|§Opr?5:2tr?slt?oe jﬁLf:SZI'I large atomi slab. At the same time the relative interlayer spacing differs
g y rarg be less than 1%.

vibrations, where the amplitude of the perpendicular vibra- Our density functional calculations are based on the

tions of the surface aluminum atoms is twice as big as thosg ~ A b\\91 exchange-correlation functioRdl.The elec-

: 21,22 P
in the bléLIBOOJ)AnoX}erOpO|ntf|s that evenllor;t}tge rt’nost er" tronic density is determined by iterative diagonalization of
brepare a-Alps SUNaces, so-calie@lo Steps ol —ynq kohn—Sham Hamiltonian. The ionic cores are repre-

height 0.22 nm appear isotropicaffy.Such configurations sented by ultra soft pseudopotentials. The G4&4p and

expose additional oxygen to t_he sgrround_mgs. for Pd 4d5s5p electrons are treated as valence electrons. A
For several of the industrially interesting phases of alu'Monkhorst—PacIk—point mesh of the size 22x 1 together

ggai;h;rjgtlfgogf I;Sh:\leonror:erIucmoinr:g“i(':satr?gt. I;rn ho?/v:“:r?égith a plane wave energy cutoff of 340 eV is used. In some
cop P L ' ases the density of thepoint sampling was increased as
since the porous alumina usually exist in the &, or 0

hases, the resulting surfaces have different coord'nat'owiII be explained further below.
P ' utting su ve d inatl As a starting point we consider the properties of bulk

number§ of the surface catioffsIn the porous phases the alumina. The lattice parameters of the hexagonal corundum

surface is almost angways covered by hydroxyl groups or EV€lnit cell are calculated to be=4.724 A andc=12.894 A.

by mol'ecular \{vate N : . This should be compared to the experimental values of 4.759
Thin alumina films on metallic supports gives yet an- R and 12.99 A® The electronic band gap is found to be

other type of aluminum oxide surfac&slt seems that there ' i

) . . AE=7.77 eV. This is smaller than the experimental one
is no agreement in the literature what the structures of thes P

thin films are. Generally there is a mixture of tetrahedrally&'75 eV as can be expected.

and octahedrally coordinated aluminum. The structure of th%urf;‘r?: esnuen;acei gp:rolpgg I?fn%vva?] (Ilr?:d72r.3e/n§12§r Ezlleoxllr;?(.eghe
thin film has been described as being of thealumina 9y | ’

. . . and unrelaxed000)) surface, respectively. These values can
type?® but Stierle et al?’ have reported x-ray diffraction .
studies of an alumina thin film on a Ni&l00 substrate, and be compared to 1.76 Jfrand 3.77 J/rhreported by Manas

o sidis et al3! An experiment-based estimate of the surface
found that the structure of the film is closer to thehase. fa-alumi pe —1.69 J/mM.32
Besides complications in the particular film ordering, there jg- 19y Ofa-aluming 1S= . L .
’ The calculated surface relaxation for different surface

expenmental e\_/|denc_e that the presence of o_cFahedraIIy “Lioichiometries is presented in Table I. A large inward relax-
ordinated aluminum is strongly enhanced giving a closer

similarity of the surface to the-phase®

TABLE |. A comparison of the surface relaxation in % for different surface

11l. CALCULATIONAL METHOD AND THE PROPERTIES terminations. The surface terminations are denoted as. Al—

OF BULK AND SURFACE ALUMINA stoichiometric, ... Al-Al—Al-rich; ... O;—oxygen terminated,
... HLO—hydroxylated; (Oht—gibbsite-like.

Our model of the(0001) «-Al,O; surface consists of a

: Ref. | S A— L A-A— . ..H . O—
1x1x1 unit cell, 4 oxygen layers and 12 A of vacuum, c.f. e aver 20 (OH)s %
Fig. 1. The bottom layer of oxygen and aluminum are frozerAl,-0, -87.5 -19.4 —-14.2 - -
in their bulk configurations. To exclude electrostatic effectsOz—Als 3.2 15.2 0.2 60 -144
we applied a dipole layer in the vacuum part of the unit cell.ﬁ:fg!: _gg'i _lg'g _338‘1 _316(‘)44 _1(1)'533
Careful tests showed that the surface eneffgy 4 layer slab, o:—AIG 59 155 15  —04 59

as used in our calculations, differs by less than 0.02 eV/A
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1{(a) . staichiometric 3 TABLE II. Adhesion energies for the 1 ML coverage in J/iithe surface
terminations are denoted as. . Al—stoichiometric; . . . Al-Al—Al-rich;
... Oy—oxygen terminated; . .. H,O—hydroxylated; (Ohk—gibbsite-
like; ... OH—with radical® OH.
Surface Cu Pd
ol e - L A— 0.91 0.99
g (b i Al -rich . A-AI— 3.26 5.14
3 1F T .. Oy 6.18 421
g ... HO— 1.14 0.62
e ...(OH);— 0.87 0.36
o ..®OH— 2.55 1.16
5
O -rich
,; S
i —
. P e P , , -
- ° ] layer of Cu and Pd on different alumina surface stoichiom-
b . etries. The adsorption energies were calculatedEgs=

-
(=]
)]
(=]
3]
e
o

~ Egiapt Eal,0, 7 Emetal: with Eg,, representing the energy
of the alumina slab with the metal adsorbElA,zo3 being the

FIG. 2. Atom projected densities of sta(@®0S) for the surface aluminum energy of the alumina slab, arkl, ., the energy of a free
and oxygen on stoichiometric surfa¢a, aluminum rich surfaceb), and monolayer of adsorbed metal. The latter energy is calculated

oxygen terminated surfade), of «-Al,Oz. Solid lines represers (thick) - . .
andp (thin) bands of Al, dotted lines am.states of oxygen. for the lattice parameters of metals pseudomorphic with

those of alumina.

The adsorption energies vary substantially from one alu-
ation of surface Al is observed for the stoichiometric surfaceMina surface to the next in the manner similar to those ob-
only. Going to another surface termination significantly in-served for Ag,Nb/alumin&’ For the stoichiometric alumina
fluences the relaxation pattern. surface the adhesion of Cu and Pd are about the same, but

The surface stoichiometry affects the electronic properany deviation from perfect stoichiometry gives rise to large
ties of the surface as well. In Fig 2 we show calculated locaHifferences. For the aluminum-rich surface Pd binds much
densities of stated DOS) for the surface oxygen and alumi- stronger to the surface, while for the oxygen terminated sur-
num atoms for different surface structures. The stoichioface the situation is the opposite. The gibbsite-like surface is
metric surface is known to be insulating with a band gapthe least reactive, while the hydroxylated surface is slightly
somewhat smaller than the bufkThe oxygen p states lie more reactive. We also show the data for metals adsorbed on
at the top of the valence band and are localized below th#éhe corundum surface with nonstoichiometric amount of wa-
Fermi level. For the aluminum rich surface, on the otherter in the last row of Table Il. Those surfaces can be seen as
hand, additional electrons are available to occupyBd 3 remaining after a hydrogen transport out of the surface OH-
Al states, resulting in a localized surface conduction band@yroups has occurred. The GGA adhesion energy value of Cu
[cf. Fig 2(b)]. The metallic-like character of the Al-rich sur- on such a slab compares well to LDA resu3 Jint re-
face of corundum has been reported previoddf.For the  ported in Ref. 14, where such a system was studied with
reconstructed/31x /31 surface we would expect the metal- more details.
lization to strongly influence the surface reactivity. For the  Copper and palladium are fcc metals with lattice con-
oxygen terminated surface, on the other hand, thesBell ~ stants 3.6147 A and 3.8907 A, respectively. The lattice con-
could be unfilled. The top of the valence band is then shiftegtant misfit with respect to th@®001) «-alumina is then 8%
above the Fermi level and the surface has a localized band-and 16%. The valence electronic configuration of Cu is char-
this time a band of holegFig 2(c)]. In the cases of Al-rich acterized by a filledd shell and a singly occupies orbital.
and O-rich surfaces, when any signs of metallization can b&his prevents Cu from easily changing its electronic configu-
expected, we recalculated all results with the dekggoint  ration during bond formation with the surface. For the palla-
grid of 4x4X1. A denser integration mesh does not influencedium we have an unfilled shell, and this gives a far more
qualitatively our results and the adsorption energies areomplicated interaction picture. Below we consider in more
smaller by~0.1 eV (~1-2%. detail the nature of the metal/alumina bonding.

E-E__(eV)

Fermi

A. Stoichiometric, aluminum-rich, and oxygen
IV. ADSORPTION OF METALS terminated surfaces

The adsorption of metals on the corundum surface was The separation of the copper above the stoichiometric
studied by placing one monolay@/L ) of metal pseudomor- surface is found to be 1.24 A and for palladium it is 1.43 A.
phically on the surface and performing a complete optimizain both cases the metal atoms prefer to occupy the hcp sites
tion of the interface structure. 1 ML is defined with respect toover the oxygen. The adsorption of metals results in rela-
the oxygen layef3 atoms per surface unit cellln Table Il tively large surface relaxations, where the topmost surface
we present the calculated adhesion energies for one monatuminum moves towards the surface. The relaxation is more
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stoichiometric] A. For the oxygen terminated surface the situation differs,
Al-rich since the surface Al is replaced by the adsorbed metal atoms,
O-rich i and the copper atoms are smaller and move closer to the
surface.
The atom-projected densities of states for Cu and Pd
adsorbed on the different surfaces are presented in Fig. 3.
For clarity we show only thel-projections of the ad-
sorbed metal. In the case of copper the shape of-iband is
unaffected when the metal is put on the stoichiometric sur-
face. We have a similar situation for copper on the
aluminum-rich surface, but for the oxygen terminated sur-
face thed-DOS broadens, suggesting significant rearrange-
! ment of electrons within thd-shell. Splitting of bands in the
"-: \ ] Al-rich regime suggests an interaction between the Pd over-
ISP = layer and the surface Al. On the oxygen terminated surface
-10 -5 0 5 the shape of thé-DOS indicates significant rearrangements
E - Eromi (8V) within the shell.
FIG. 3. Local densities of stat¢sDOS) for the d-band of metals adsorbed More insight into electronic rearrangements in the vicin-
on various surface stoichiometries. Copytap) and palladium(bottom). ity of the surface can be obtained by examining the charge
Sor';d ””eST ﬁfe f°f_Egﬂgh;?ﬁifl%n?:ﬁgnfgg g'r'ef igfl‘i il%(ﬁif?e?fe?t'rtigh density within the interface region. In Fig 4 we show charge
tsr:Je ?)f)iist-ionseopf)oos;ygel&states for oxygens from thir% layers fromptop of density dlﬁere_nce plots for metals on the different alu_mma
the surface. surfaces considered. They were calculated by subtracting the
charge densities of the separated slab and metal overlayer in
their relaxed configurations. Thus some care must be taken in
pronounced for PdO—Al separation is 0.56 Athan for Cu  the interpretation, because the relaxed configurations of the
(0.41 A). For the aluminum-rich surface, the surface relax-interface differ from those when the oxide or metal are re-
ation with an adsorbed metal overlayer is even more prolaxed separately.
nounced and now the oxygen—aluminum separation equals For the stoichiometric surface we observe a small charge
0.77 A for Cu, and 0.82 A for Pd. The separation betweerredistribution both for Cu and Pd. The situation is far more
the surface aluminum and Cu is 1.84 A and for Pd it is 1.85nteresting in the case of the aluminum-rich surface. As

I Cu

Pd

LDOS (arb. units)

Coppar Coppar on Alusinum-rich Coppar on Oxypen-rich
fe g s - P : e
L T | | 1.0 | w3
id.a | B | B s
.1 ! ‘ . | 5
18 1 f [ | | o BT ]
TR | = ﬁ % | | |
e A 1 [N 1 [ - = | S5 - 1 F | .1
'F:J : I ea | momme | O - I T . (S
A I -6.4 1 ‘ ' L e i 1 -6
; " e . |_ ; i |
T ] 1 | L | I - F o -ars
7 | L o | e

Falladium Falladium on Alusdcom-rich Falladium on Oxyges-sich

(LK | B B | B2
s - . L8l B nnm | o A
I B ue I | .

L] } i
1.4 i j ] i fore ] I a3

! ¥ ! ¥ - 1 N
| - N s, | S W f& o

a4 I £ |

1. ] I Bl om | : .

aT.a | ! a.m | .7
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FIG. 4. (Color) The charge density difference plots for Gap) and Pd(bottom). Metals are(a) on stoichiometric surfacesh) on an Al-rich surface(c) on
the oxygen terminated-Al,Os.
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: : :
—— AI(OH),
-------- ALO, + H,0

27 diss

ALO, +H.0 | FCu

4+Pd

LDOS (arb.units)
LDOS (arb. units)

E-E

eV)

E-E

Fermi ( eV)

i (
Fermi
FIG. 5. Atom projected densities of statgDOS) for the surface atoms of

the hydroxylateda-Al,O5 (a) and gibbsite-like(b) surfaces. Dashed lines
are for Al, solid lines are for O, and dotted lines are for H.

FIG. 6. Atom projected densities of statdsDOS) for the d-band of Cu
(top) and Pd(bottom) on hydroxylated surfaces of corundum. The solid lines
are for the gibbsite-like surface and dashed are for the hydroxylated
a-Al,0;. The positions of the center dfbands are aligned with respect to
the positions of oxygen states for oxygens from third layers from the top of

shown in Fig. 4b), a charge accumulation is present betweerthe surface.

the oxide surface and the metal overlayer. Charge is more

localized for the Pd which corresponds to a stronger bond

(cf. Table 1l). When the surface is terminated by oxygen, a

charge redistribution within the-bands already suggested nonhydroxylated surfaces. The separation of the metal over-
by the LDGS plots can be. seen in Figclt Both copper and layer and the surface aluminum 2 A for both Cu and Pd.

Pd have rearrangements in tehell. To check the possibility of the transport of hydrogen out
of the interface region, we made two types of calculations.
First we performed molecular dynamics simulations of the
) ) ) ) ) _ (Cu,Pd/hydroxylated surface system at temperature 300 K.
. Under most ambient gnd .|ndustr|ally |nterest|ng.cond_|-We did not observe any signs of hydrogen transport out of
tions, the surface of alumina is hydroxylated. The dissoCiag,q nterface region on a time scale of 0.5 ps, which indicates
tive adsqrptlon of water leaves hydroxyl groups on the SUhat any strong general driving force responsible hydrogen
face cations and hydroxylates the surfacg oxygen. A emoval at high water coverage do not exist. This result,
increase of the water vapor pressure results in a transform%—owever does not exclude the possibility of hydrogen evapo-
tion into a gibbs_ite-lika[AI (QH)3] structure. We considered ration, V\;hich could be hampered by the small size of our
gy:/rr?::%/)la;i?j (S\i/ggsi'?e-lrirllaelz(i?u(;nH IZV%BLUS% \(/:e;rjg:s c(:eclko simulation unit cell anq the !imited si-mul-ation time scale.
how the hydroxylation could influence the interaction of the-srgrieoznhoesrsi(k:)rlleeZliag(c)ncs(')li:‘?gdurlerl]titl)r:]vsej\%gear:l%g/ dtrrg;e?]n?srgtlyar?sf-

oxide surface with metals. .
First we examine the local electronic properties of theported over the metal overlayer. We considered two cases

hydroxylated surfaces. The local densities of states for thi&/nén hydrogen from the surface OH or from ad-OH is trans-
type of surfaces are presented in Fig 5. In fact the overalPOrtéd above the metal, only from one OH group at a time.

LDOS for the hydroxylated surfaces do not differ signifi- All configurations were allowed to relax. In the cases when
cantly from those of the stoichiometric one. The oxygen hydrogen is transported it tends to occupy a hollow ?ite on
states are now more pronounced below the Fermi level Fighe metal plane. In all cases the energy cost of moving the

5(a), the features of the added oxygen show its bonding tdWydrogen was~0.5-1 eV, which makes this process very
the surface Al. In the gibbsite-like surface the band gap indifficult to occur. This result does not exclude, however, the

creases by about 2 eV; c.f. Fig(ty, with respect to the POssibility of hydrogen transport, at lower water coverages,
corundum analog. From the LDOS plots it would be ex-as realized by some experiments, or in the presence of de-
pected that the hydroxylated surfaces should be less reactifects a proton transfer within the surface could be much

than the nonhydroxylated surfaces since the band gap is tteasier.
same or larger. The d-bands of neither Cu nor Pd show any significant

Placing 1 ML of metal over the hydroxylated surface changes for metals adsorbed on the surfaces, see Fig. 6. The
always results in freezing hydroxyl groups between the metafelative difference in the positions of tlieband center with
overlayer and the oxide surface. Consequently, the metakspect to the Fermi level reveals a fragile balance of the
overlayer is farther from the surface than in the case of thelectrons in the surface region.

B. Hydroxylated surfaces
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V. DISCUSSION 0,003 T : T T T : T

The interaction of Cu and Pd overlayers with a stoichio-
metric alumina surface is weak, see Table Il, and the inter- I
actions are mainly due to polarization effects; see Fig. 4. For__ i
nonstoichiometric surfaces of the corundum the interaction
can be stronger and in these cases the mechanism of intera=
tion depends strongly on the stoichiometry of the surface.g
For the Al-rich surface localized metallic electrons are avail-
able, which introduces the possibility of covalent bond for- §
mation. In fact we observe a splitting of tlieband for Pd. =
The charge density difference plots show significant chargeg
accumulation in the vicinity of the interface. These observa-
tions indicate that the bond between the oxide surface anc
the metal has a covalent character. When we look at the
energies of formation of Cu—Al and Pd—Al alloys, we notice 0,000 . '
that the formation energy of Pd—Al is equal to 0.66 eV/atom, 1000 2000 30(_’10 4000
while for Cu—Al it is only 0.08 eV/atoni® The large differ- Frequency (cm’)
ence in th_ose e”erg'es is refound in the dlﬁere_nce betweeHG. 7. Amplitude of the Fourier transform of the time dependent O—H
the adhesion energies of Cu and Pd on the Al-rich surface.separation on an-Al,0; surface. The black line is for a pure hydroxylated

On the oxygen terminated surface, on the other hand, theurface and the dotted line is for a hydroxylated surface with an overlayer of
mechanism of interaction seems to be ionic. The electroni€opper.
structure of both Cu and Pd is strongly distorted, and some
charge transfer occurs. Since copper is smaller it gets closer
to the surface which makes electrostatic interactions stronger The increased interaction of the Rh with the hydroxy-
and accordingly the adsorption bond of Cu is stronger thatated surfaces of alumina has been explained as a process of
for Pd. the consumption of surface hydroxyl grouggdydrogen dif-

The potential reasons for the discrepancies between exuses out of the interface region leaving the oxygen termi-
perimentally measuréfl and calculatetiadhesion energies nated surface. This surface in turn strongly interacts with the
of Cu,Pd/ALO; was already discuss€dOur results suggest metallic overlayer; see Table II. Our calculations show that it
that the particular stoichiometry of the surface plays, besideosts a substantial amount of energy to move the hydrogen
elastic relaxationd’ a very important role in the interface from below the metal to above it when OH coverage is as
properties. As can be seen from Table Il any deviation fromhigh as 10 OH/nh However, at lower water or metal cov-
perfect surface stoichiometry results already in the enhancerages the situation could be different. This interesting prob-
ment of metal/oxide interaction. We may presume that thdem is waiting for explanation.
differences in the values of the experimental and theoretical One of the main pieces of evidence that hydrogen is
adhesion energies resemble different alumina surfaces eremoved from the interface is the observation of a loss of OH
countered in both cases. stretch frequencies due to metal adsorptfoiThis can be

We find that the interaction between the two metals andexplained in a different way. Our molecular dynamics simu-
the hydroxylated surfaces is very weak. This is in conflictlations of the 0.5 ps time evolution of the Cu-hydroxylated
with some experiments. XPS studies have been interpreted tdumina slab, did not reveal any signs of hydrogen transport
show that with an increasing degree of hydroxylation, coppeput of the interface region, but the stretching frequencies of
starts to wet an alumina surfat&'* The experiment cannot, OH lowered considerably. The amplitude of the Fourier
however, distinguish between actual wetting where a monotransform of the time dependent O—H separation is shown in
layer (or more spreads over the surface, and a significantFig. 7. For the hydroxylated surface the stretch frequencies
increase of the metal island density. Atomic scanning tunnelare in the region around(OH)~3850 cm'%, and they lower
ing microscopy (STM) suggests the latter situation. For to 3500—3600 cm' when the overlayer of Cu is present. As
rhodium deposited on clean and hydroxylated thin aluminahey fall into the “H-bond” region for IR spectroscopy these
films STM shows that with increasing hydroxylation the sur-bands may become “lost” in the background. Moreover, de-
face domain boundaries lose significance as the nucleatiotreasing of the vibrational frequencies is always related to
sites and the density of metallic islands increases on theoftening a particular force constant; in our case the O—-H
surfacet? The islands are distributed more homogeneoushbond. So one can interpret the observed softening as an ini-
and the average island size reaches 10 atoms/isfafile  tial stage of hydrogen desorption. Detailed studies of this
electronic structure of rhodium is very similar to that of Pd, point require a much bigger supercell and a time scale of at
so we expect the mechanism of the metal/oxide interaction tteast of couple ps. They will be possible within a few years
be similar. The homogenous distribution of a metal islandswith the present increase of computer power.
may suggest that the hydroxylation introduces some surface Some comment is also needed to the suggestion of
defects. Defects can be seen as a locally nonstoichiometri¢elber et al13*that hydroxylation of thg0001) surface of
regions of the surface and could be responsible for the ercorundum increases the adhesion of Cu on that surface. Their
hancement of interaction. calculations apply a model with only one OH group per sur-
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