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We present a theoretical density-functional theory study of the effect of deposition on a metal substrate �Mg,
Pt, Ag, and Au� on the phase diagram of ultrathin MgO�111� polar films. By considering various crystallo-
graphic structures �rocksalt, zinc-blende, and graphiticlike�, layer stackings and lattice registries at the inter-
face, we identify the two principal mechanisms by which oxide films interact with the metal substrate. On one
hand, metal provides the charges necessary for polarity compensation at the interface, enables the oxide ions at
the interface to recover their usual valence, and induces a strong stabilization of polar films. On the other hand,
due to interfacial bonding and band alignment �function of the metal electronegativity�, a second type of
electron exchange occurs at the interface, dominant in films which are either nonpolar or uncompensated polar.
It induces a structural distortion of the oxide film in the interface region and yields a nonvanishing film
polarization. The stabilizing effect of the metal substrate is considerably weaker in this case.
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I. INTRODUCTION

The last decade has witnessed important advances in the
fabrication and characterization of crystalline ultrathin oxide
films supported on metals. It has rapidly become clear that
the rich variety of their unusual and tailored structures as
well as their specific electronic properties may noticeably
modify the substrate reactivity1–6 and may control nucleation
sites, shape, and reactivity of supported metal atoms or
clusters.7,8 For example, it has been shown that the change of
work function induced by the oxide layer9–14 induces a spon-
taneous charging of metal adsorbates,15–17 and, in some
cases, may lead to adsorbate self-organization.18–21

More specifically, ultrathin oxide films of polar orienta-
tions have attracted interest due, in particular, to a successful
growth of well-controlled crystalline MgO�111� films and
islands, such as those on Ag�111�,22–25 Mo�110�,26 and
Au�111�,27 substrates. Moreover, on more general basis, it
has been pointed out that contrary to what happens at polar
surfaces of bulk oxides, polarity at the nanoscale may be at
the origin of a vast spectrum of novel effects and could be
used as an additional lever for tuning material properties.28,29

Indeed, on bulk oxide surfaces, polarity �divergent total di-
pole moment� requires an electrostatic compensation which
is achieved by an adequate modification of the surface
charge density.30,31 Conversely, at the nanoscale, since the
total dipole moment always remains finite, it may be simply
sustained by the oxide film, producing an uncompensated
polar state with strongly thickness-dependent properties.29 In
other cases, ultrathin films may heal polarity by a thorough
structural transformation, leading to novel “surface oxides,”
with no bulk counterparts.28

While the above scenarios apply to unsupported polar ox-
ide films, realistic predictions must include the effect of the
metal substrate. The latter is expected to be particularly im-
portant since the stabilizing role of a metal/oxide interface at
polar surfaces of bulk oxides has already been
demonstrated.32,33 On the other hand, the existence of a

strong electrostatic coupling between the interface charge
transfer and the atomic structure of an oxide monolayer has
been reported.34 It has been shown that a structural distortion
�rumpling� appears in the oxide film, creating a dipole mo-
ment which opposes and partially compensates that due to
the interfacial charge transfer.

In this context, the aim of the present paper is to system-
atically incorporate the effect of a metal substrate in the un-
derstanding of polarity-related effects in oxide thin films as a
function their thickness. To this goal we reconsider the
generic case of an ionic insulator �MgO� and we simulate
�1�1�-MgO�111� epitaxial ultrathin films �1–4-monolayer
�ML� thick� on surfaces of a variety of metals ranging from
simple �Mg�, to transition �Pt�, and noble �Ag, Au�. We con-
sider three crystallographic structures of the oxide film: rock-
salt �B1�, zinc-blende �B3�, and graphiticlike h-BN �Bk�,
which correspond to qualitatively different polarity charac-
teristics in unsupported films.28,29 Indeed, rocksalt MgO�111�
films require charge compensation; at the smallest thick-
nesses, they are unstable and relax spontaneously to the zinc-
blende structure. Zinc-blende films display a peculiar non-
compensated polar state, in which the total dipole moment is
sustained by the oxide films without any modification of the
surface charge density. Graphiticlike films are the most
stable due to the planar configuration of the Mg3O3 rings and
the resulting nonpolar character of the �0001� surface.

The paper is organized as follows. Section II presents the
details of the computational setup. Sections III–V are de-
voted to a detailed analysis of the MgO�111�/Pt�111� case:
structural phase diagram, polarity characteristics, and total
dipole moment. On these grounds, trends along the series of
four metals are established in Sec. VI and conclusions are
given in Sec. VII.

II. METHODOLOGY

The calculations rely on the density-functional theory at
the PW-91 gradient-corrected level35 with the projector aug-
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mented wave method36 and a plane-wave-basis set �kinetic
energy cutoff of 400 eV�, as implemented in VASP.37 All
MgO/metal systems are modeled by asymmetric five-layer-
thick metal slabs with one bare surface and one surface cov-
ered with the MgO film, separated by a vacuum layer of at
least 10 Å. The spurious interaction between the dipoles of
the neighboring supercells is eliminated by means of the so-
called dipole correction. All structures are fully relaxed until
the residual forces are less than 0.01 eV /Å. Atomic charges
are estimated within a Bader method.38,39

As in our previous study on metal-supported oxide
monolayers,34 we use structural models which focus on the
effect of metal-oxide bonding at the interface and on the
characteristics of the metal substrate as electron reservoir,
rather than on lattice mismatch considerations. We work with
�1�1� unit cells at the equilibrium lattice parameter of sup-
ported oxide films and the metal substrates are distorted ac-
cordingly. The equilibrium lattice parameters of the sup-
ported films are estimated from the minimum of the total
energy difference between MgO/metal and metal sub-
systems. Such procedure eliminates the first-order contribu-
tion due to the metal distortion and minimizes essentially the
energy of the oxide film augmented by the interaction energy
at the metal/oxide interface.

In addition to stoichiometric films, characterized by an
equal number of oxygen and magnesium atomic layers, we
have considered also nonstoichiometric ones. Within the �1
�1� cells, these latter are characterized by one excess atomic
layer of either oxygen or magnesium, and can be considered
as representative for oxygen- or magnesium-rich objects ob-
tained from layer-by-layer growth/oxidation experiments.

III. MgO/Pt(111): STRUCTURAL PHASES, STACKING,
AND REGISTRY

We start with a description of the properties of 1–4-ML-
thick MgO films supported on a Pt�111� substrate. We con-
sider the effect of stacking �oxygen or magnesium layer at
the interface�, of local lattice registry �oxygen or magnesium
on-top of metal atoms�, and of film stoichiometry. A com-
parison with the results obtained for unsupported films en-
ables a quantification of the stabilizing role of the Pt�111�
substrate.

Figure 1 gives the structural phase diagrams for Pt�111�
supported and unsupported 1–4-ML-thick MgO ultrathin
films. The most stable stacking sequence �oxygen at the in-
terface� and interface registry �oxygen on-top of Pt atoms�
are used in the stoichiometric films. Figure 1 displays also
the results obtained for nonstoichiometric films in the rock-
salt structure. In the unsupported case, nonstoichiometry has
a strong stabilizing effect on films in this bulklike structure,
shifting their formation energies close to those of the alter-
native structures.40 Moreover, contrary to their stoichiometric
counterparts, the thinnest unsupported nonstoichiometric
rocksalt films do not transform spontaneously into the zinc-
blende ones. Finally, because of their charge-compensated
polar character, an additional strong stabilizing effect by the
metal substrate is expected. The two types of nonstoichio-
metric films �O or Mg rich� are characterized by different

stacking sequences, respectively, oxygen �oxygen on-top
metal registry� or magnesium at the interface �magnesium
on-top metal registry�. In order to calculate the formation
energies, we used a reference to, half an oxygen molecule
�oxygen-rich conditions� or bulk magnesium �magnesium-
rich conditions�.

Comparison of the two panels in Fig. 1 shows that the
phase diagram is globally unchanged in the presence of the
metal substrate. In stoichiometric films, the graphiticlike
structure remains the most stable one and the rocksalt the
most unstable. However, in all cases, the metal substrate sta-
bilizes the MgO films. This is particularly clear for the
3–4-ML stoichiometric rocksalt films which relax to the
zinc-blende structure when unsupported but exist in a meta-
stable state when deposited on the Pt�111� substrate. Lower-
ing of formation energy is very large for nonstoichiometric
rocksalt films �on the order of 4 J /m2� and for the thickest
�3 and 4 ML� zinc-blende films. In the latter case, we will see
that it is associated with a suppression of the uncompensated
polarity. Stabilizing effect of the substrate is much weaker
�about 1 J /m2� in the case of thinner �1 and 2 ML� zinc-
blende and in all graphiticlike films.

In oxygen- or magnesium-rich conditions nonstoichiomet-
ric films become more stable than the stoichiometric ones.
This effect concerns only the thinnest O-rich films �O-Mg-O
trilayer� but is systematic in all Mg-rich films. In absence of
kinetic effects, one may thus expect that either nonstoichio-
metric or graphiticlike films will show up in oxidation/
growth experiments. We note that the films under consider-
ation display quite different in-plane lattice parameters a�.
While in the stoichiometric and Mg-rich rocksalt films a� is
close to the MgO bulk value of 3.0 Å, it is expanded to
about 3.3 Å in the O-rich rocksalt and in zinc-blende films,
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FIG. 1. Structural phase diagram of �a� Pt�111�-supported and
�b� self-standing MgO films in graphiticlike, zinc-blende, and rock-
salt structures. Formation energies �J /m2� are calculated with re-
spect to bulk �rocksalt� MgO with an additional reference to half an
oxygen molecule or to bulk magnesium for, respectively, nonsto-
ichiometric oxygen-rich �rocksalt O� and magnesium-rich �rocksalt
Mg� films.
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and up to about 3.4 Å in the graphiticlike ones.
Figure 2 shows the effect of interface registry and of film

stacking on the formation energy of 4-ML stoichiometric
MgO films. As far as lattice registry is concerned �Fig. 2�a��,
three high-symmetry configurations have been considered: O
on-top and Mg hollow �O top�, Mg on-top and O hollow �Mg
top�, and O hollow and Mg hollow �hollow�. The results are
shown for the most favorable stacking sequence with oxygen
layer at the interface. O-top configurations systematically
have the lowest energy, while Mg top are the least stable, the
energy difference being roughly 1–2 J /m2. Stacking effects
are shown in Fig. 2�b�, for the energetically favored lattice
registry: O top for oxygen layers at the interface �S-O stack-
ings� and hollow for magnesium layers at the interface �S-M
stackings�, respectively.

We find that the stacking does not modify the relative
stability of rocksalt and zinc-blende structures. Regardless
the precise film structure and thickness, energies of S-O
stacking are lower than S-M ones by about 0.5–1.0 J /m2.
The different nature of the dominant interactions at the inter-
face is responsible for these results: strong O-Pt covalent
bonding with a short interface distance and a large charge
transfer �O top�, as opposed to a weak Mg-Pt bonding with a
large interface distance and a small charge transfer �Mg top�.

In summary, the interaction with the Pt�111� substrate pre-
serves the relative stability of the three structures found in
unsupported films but, in all cases, stabilizes considerably
the MgO films. In the following, we will show that the en-
ergy lowering is strongly dependent of the polarity charac-
teristics of the oxide film: it is relatively weak for nonpolar
films but becomes large for polar-compensated ones and
when uncompensated polarity is suppressed. To this goal, in
the following section, we will focus more precisely on the
polarity-related characteristics of the supported films and on
the electrostatic coupling between the surface/interface
charge state and the film structure.

IV. MgO/Pt(111): POLARITY CHARACTERISTICS

Figure 3 shows the average film rumpling R̄ /c, the surface
charge-density modification �� /�B, and the interfacial
charge transfer �sub /�B in Pt�111�-supported MgO ultrathin
films. These quantities have been normalized to the distance
c between atomic layers of same composition and to the
layer charge density �B �absolute value� calculated for the
corresponding bulk MgO crystals. As before, three structures
and two stacking sequences are considered for the stoichio-
metric films �left panel�, and rocksalt structure is considered
for the two types of nonstoichiometric ones �right panel�.

The average film rumpling R̄ is defined as the separation
between the centers of gravity of the NO and NMg oxygen and
magnesium layers, located at elevations ziO and ziMg with
respect to the Pt�111� surface

R̄/c = ��
iO

ziO/NO − �
iMg

ziMg/NMg�/c .

We note that in nonstoichiometric films, a nonzero R̄ /c is a
measure of film asymmetry with respect to the central atomic
layer. The charge-density modification at the free surface of
the films

��/�B = �
i�surface

��i/�B

is calculated with respect to the corresponding bulk MgO
charge values. The summation starts at the free surface and
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runs over all layers for which ��i�0. At the MgO/metal
interface a charge modification occurs both in the oxide film
��i and in the metal substrate ��sub=�sub. Due to the overall
charge neutrality, these modifications obey the following re-
lation:

�sub/�B + �
i�interface

��i/�B

= 	 − ��/�B if stoichiometric

� − ��/�B if nonstoichiometric



with �=1�−1� for O �Mg� excess in nonstoichiometric films.
With these definitions, polarity compensation in stoichio-

metric films requires that �� /�B= R̄ /c. Conversely, nonsto-
ichiometric films with a bulklike rocksalt structure are char-

acterized by R̄ /c�0 and �� /�B=+� /2.40

Figure 3 shows a well-pronounced correlation between
the interface charge transfer �sub /�B, the surface charge state

�� /�B, and the structure of the oxide film R̄ /c. In the case of
stoichiometric films we note that all graphiticlike and thinner
�1–2 ML� zinc-blende films display small �absolute� values

of R̄ /c, �� /�B, and �sub /�B while these three characteristics
are clearly enhanced in thicker �3–4 ML� zinc-blende and in

rocksalt films. Positive values of R̄ /c are associated to posi-
tive �� /�B and negative �sub /�B, and vice-versa. In nonsto-

ichiometric films, nonzero values of R̄ /c in thinnest �1–2
ML� O-rich films correlate with an asymmetry of surface
charge state �� /�B between the oxide/metal interface and
the free film surface. As a consequence, while polarity com-
pensation is achieved by a substantial modification of the
surface charge density �� /�B, the polar character of the

films can also be deduced from their structure R̄ /c or from
the behavior of the interface charge transfer �sub /�B. Figure
3 shows that all considered cases split in two qualitatively
different categories.

A. Compensated polarity

On the one hand, thicker �3 and 4 ML� stoichiometric
zinc-blende and rocksalt films as well as all nonstoichiomet-
ric rocksalt ones, display large values of �� /�B and are polar
compensated. As expected from general arguments, �� /�B

values are consistent with the calculated R̄ /c, which witness
of a quasibulklike structure of the films. We note that, in all
cases, the metal substrate provides the major part of the com-
pensating interfacial charge density. This is similar to the
results of our earlier study on constituted metal/MgO�111�
interfaces,33 in which we had shown that the charge compen-
sation by the metal at the interface enables the oxide ions to
preserve their valence and stabilizes considerably the polar
oxide surface.

Indeed, local density of states �LDOS� plots, Figs. 4 and 5
reveal that, also in supported films, the oxide termination in
contact with the metal tends to recover its bulklike charac-
teristics �for unsupported films, see Fig. 3�b� of Ref. 29 and
the right panel in Fig. 3 of Ref. 40�. This mechanism deter-
mines the sign of the interfacial charge transfer, opposite for

the two stackings and for the two stoichiometries. Moreover,
the metal Fermi level intersects the surface conduction/
valence band of the film surface enabling the electron trans-
fer and formation of compensating charge density at the free
film surface, as sketched in bottom panels of Figs. 4 and 5.
As discussed later, the precise value of �sub also depends
upon metal-oxide bonds which form at the interface.

To summarize, for the films belonging to this category, the
electron exchange with the metal substrate is driven by the
polar character of the oxide film. It stabilizes the polar com-
pensated state and a bulklike film structure already at small
thickness.

B. Substrate-induced polarization

In the case of thinner zinc-blende �1 and 2 ML� and in all
graphiticlike �1–4 ML� films, the interfacial charge transfer

�sub /�B is weak and the average rumpling R̄ /c is systemati-
cally larger than in their unsupported counterparts. This ef-
fect, noticeable at 1 ML, diminishes for thicker films. Con-
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trary to the compensated polar case described above,
electrons are transferred toward the substrate ��sub /�B�0�
and oxygen atoms relax outward �R̄ /c�0� regardless the
stacking sequence �zinc-blende films� and the lattice registry
�graphiticlike films�. In our earlier study on MgO monolay-
ers supported on metal surfaces,34 we had shown that the
electron transfer is driven by the electronegativity of the
metal �in the present case the high electronegativity of Pt
leads to a negative �sub� and that the substrate-induced film

distortion �R̄ /c�0� produces a polarization which opposes
the dipole moment due to the interfacial electron transfer.
The present simulations generalize this scenario and show
that the substrate-induced polarization is principally local-
ized at the metal/oxide interface and vanishes rapidly within

the oxide film �R̄ /c decreases for thicker films�. It can be
concluded that, in the films belonging to this category, the
substrate-induced polarization overrides the either nonpolar
�graphiticlike� or uncompensated polar �zinc-blende� charac-
ter of their unsupported counterparts.

C. Fine substrate-induced effects

Beyond these general features, the formation of stronger
Pt-O bonds �as opposed to weaker Pt-Mg ones� at the inter-
face, explains some differences related to stacking or regis-
try. For example, while in all cases �sub contributes to the
compensating charge density at the interface, this contribu-
tion is not fully equivalent for the two stacking sequences
�stoichiometric films� or for the two stoichiometries. Indeed,
electron transfer toward the metal substrate �negative �sub� is
systematically larger than that toward the oxide film �positive
�sub�. We have noted the same trend in the analysis of metal/
MgO interfaces,33 and associated it to the formation of inter-
facial bonds and to the high electronegativity of Pt.

In addition, in stoichiometric rocksalt films, while R̄ /c
and �� /�B are quasibulklike for S-O stacking, they are by
nearly 50% smaller in the case of S-M stacking. This latter
effect can be attributed to the relatively strong O-Pt interac-
tion at the interface �short O-Pt distance� which, in conjunc-
tion with a weak Mg-Pt interaction �long Mg-Pt distance�,
results in an effective flattening of the films.

Finally, in the thinnest �1 and 2 ML� oxygen-rich rocksalt
films, the symmetry of both structural and electronic charac-
teristics with respect to the central atomic layer, present in

unsupported films, is broken. We find R̄ /c�0 and a different
charge state at the free surface and at the interface. The effect
is driven by a structural distortion due to a strong Pt-O in-
teraction at the interface which shifts the center of gravity of

oxygen layers toward the interface, R̄ /c�0. The dipole mo-
ment due to this structural distortion is opposed and partially
compensated by the one due to the charge redistribution be-
tween the two film terminations. As a consequence, the �ab-
solute� value of the charge state at the interface is larger than
that at the free surface.

In summary, we have shown that the electron exchange
between the metal substrate and the oxide film is at the origin
of two different effects. On one hand, it contributes to the
polarity compensation at the interface and enhances consid-
erably the stability of the compensated polar films. On the
other hand, it induces structural distortions of the films in the
interface region which either polarize the nonpolar films or
override the polarization of the uncompensated polar ones.

V. MgO/Pt(111): DIPOLE MOMENT AND WORK
FUNCTION

In this section we focus on the total dipole moment of the
supported oxide films, a quantity which represents the modi-
fication of the work function of the metal substrate, and
which determines the surface characteristics of the consti-
tuted oxide/metal support. Figure 6 shows that the oxide
layer gives a substantial contribution to the total work func-
tion, which can either increase �positive dipole values� or
reduce �negative dipole values� that of the bare metal sur-
face. We note that the total dipole moments, and, in particu-
lar, their sign, are correlated with the surface charge state
�� /�B, Fig. 3, and thus to the polarity characteristics of the
oxide films. However, an important negative contribution
comes from the compression of the electronic density at the
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metal/oxide interface, which systematically lowers the total
work functions,10,41 and drives the behavior of the total di-
pole moment in the case of graphiticlike and thinner �1–2
ML� zinc-blende films.

Indeed, in the case of compensated polar films �stoichio-
metric 3–4-ML zinc bende and rocksalt, nonstoichiometric
1–4-ML rocksalt�, the dipole moment is mainly determined
by the mechanism which drives the surface charge state
�� /�B. In stoichiometric films with S-M �S-O� stacking se-
quence, its main positive �negative� component is due to the
residual dipole across the oxide film, necessary to shift the
metal Fermi level EF below the valence-band maximum
�VBM� �above the conduction-band minimum �CBM�� of the
free film surface, see Fig. 4. Neglecting bandwidth effects, it
can be estimated as DS-M�EF−VBM and DS-O�EF−CBM.
This is consistent with −DS-O�DS-M in zinc-blende films,
where the metal Fermi level is approximately located in the
center of the gap, and −DS-O�DS-M in rocksalt films, where
the metal Fermi level is in the upper half of the band gap. We
note that DS-M−DS-O is on the order of the oxide bandwidth
�and actually somewhat smaller due to the neglect of band-
width effects�. Conversely, in nonstoichiometric films �zero
dipole moment when unsupported�, the sign and the strength
of the dipole moment is determined by the interface charge
transfer �sub, Fig. 3. While these arguments explain the main
characteristics of the total dipole moments as a function of
film stacking and stoichiometry, the precise values are also
dependent on the bonding characteristics at the interface.

At variance, in films which are only polarized by the
metal substrate, the main component of the total dipole mo-
ment is negative and due to the combined effect of the
electron-density compression at the interface �always nega-
tive� and of the interfacial charge transfer �negative due to
�sub�0�. In 1-ML-thick graphiticlike and zinc-blende films,
the latter �negative� component is partially compensated by

the positive dipole moment due to the film rumpling R̄ /c
�0 �see above�. In 2-ML zinc-blende films in S-M stacking,
the combined negative component is overridden by the in-
trinsic positive dipole due to the S-M stacking.

While the relative weights of different contributions vary,
we note that all supported MgO films produce total dipole

moments of a similar magnitude �see, e.g., the three stoichi-
ometric films in the preferential, S-O stacking�. As a conse-
quence, change of the work function on its own can hardly
be considered as an unambiguous signature of polar charac-
ter.

VI. SYSTEMATICS AS A FUNCTION OF METAL
SUBSTRATES

In order to determine to which extent the mechanisms
analyzed above in the particular case of MgO/Pt�111� are
generic and relevant for other metal substrates, we consider
MgO films supported on a series of metals ranging from
simple �Mg�, to transition �Pt�, and noble �Ag, Au�.

Figure 7 summarizes the energetic, structural, and elec-
tronic characteristics of supported MgO films: the formation

energy, the normalized average rumpling R̄ /c, and the nor-
malized charge density of the metal substrate �sub /�B. We
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have already reported these characteristics in the case of the
Pt�111� substrate �see Sec. III, Fig. 1 and Sec. IV, Fig. 3� and
discussed the mechanisms underlying their behavior. Com-
parison of these data for the series of metals enables a dis-
cussion of the effect of substrate electronegativity �in par-
ticular, contrary to considered transition and noble metals,
low electronegativity of Mg privileges an electron transfer
toward the MgO film34� and of the strength of metal-oxygen
bonds at the interface �particularly weak in the case of Ag�.

Figure 7 shows that the general trends discussed in the
case of Pt hold also for other substrates. On one hand, metal
substrates systematically stabilize the oxide films, the effect
being particularly well pronounced for the polar compen-
sated ones. We note that polarity compensation is the most
efficient at the Mg substrate, leading to the least pronounced
energy differences for of the three structures under consider-
ation. Moreover, stoichiometric rocksalt films on Mg�0001�
are metastable also at the smallest thickness, and both rock-
salt and zinc-blende films show bulklike structural character-
istics starting already 2 ML �see the corresponding bulklike

values of R̄ /c�.
On the other hand, similarly to the case of Pt substrate

discussed in Sec. III, we find the systematic relationship be-

tween film structural characteristics R̄ /c and the interface
charge transfer �sub /�B, the latter being correlated to the
oxide surface charge state, �sub /�B�−�� /�B. As a conse-
quence, the two categories of behavior discussed in Sec. III
can also be identified at other substrates. Indeed, in all cases
of polar compensated films �rocksalt films: 2–4 ML on Mg,
3–4 ML on Ag and Pt, 4 ML on Au and zinc-blende films:
2–4 ML on Mg, 3–4 ML on Ag, Pt, and Au�, regardless the
metal electronegativity, the interface charge transfer

�sub /�B�−R̄ /c is principally driven by the polar character
of the film, its positive sign being systematically determined
by the preferential S-O stacking at the oxide/metal interface.

Conversely, in the case of nonpolar or uncompensated po-
lar films �graphiticlike films: 1–4 ML on Mg, Ag, Pt, and Au
and zinc-blende films: 1 ML on Mg, 1–2 ML on Ag, Pt, and
Au�, the metal substrates induce a nonvanishing polarization.
While the average rumpling remains correlated with the in-

terface charge transfer −R̄ /c��sub /�B, the latter is driven by
the electronegativity of the metal substrate, rather than by the
structure of the oxide film. Indeed, charge transfer toward the
oxide ��sub�0� is favored on Mg �low electronegativity�
while electrons are transferred toward the metal ��sub�0� at
substrates of higher electronegativity �Pt, Ag, and Au�.

Our results show that, while the interface charge transfer
induced by the polarity of the oxide film is systematically
larger than the one driven by the substrate electronegativity,
the latter is present at both polar and nonpolar metal/oxide
interfaces. As a consequence, depending on the precise
oxide/metal system, the two contributions to the interface
charge transfer may either act along �MgO/Mg� or oppose
each other �MgO/Ag, MgO/Pt, and MgO/Au�. In this con-
text, the enhanced stabilizing effect of the Mg substrate can
be seen as due to its low electronegativity and to the result-

ing synergy between the two mechanisms of charge transfer
at the MgO/Mg interface. Conversely, higher electronegativ-
ity of Ag, Pt, and Au favors �sub�0, which opposes the
polarity compensation requirement for the preferential S-O
stacking ��sub�0�.

Finally, similarly to the case of the Pt�111� substrate, also
for the other metals different film structures are characterized
by considerably different values of in plane lattice parameter
a�. While one has to keep in mind the approximate character
of our present estimation of a�, it may provide a guideline for
the structural characterization of MgO films grown experi-
mentally. Indeed, the considerably expanded in-plane lattice
parameter of 3.25 Å �2 ML� and 3.28 Å �10 ML�, measured
for planar �1�1� MgO�111� films on Ag�111�,22,23 seems
incompatible with the calculated stoichiometric rocksalt
structure �a� =3.2 and 3.1 Å, respectively, for 3 and 4 ML�,
and points toward the zinc blende �a� �3.3 Å for both 3 and
4 ML� or the graphiticlike structure �a� �3.45 Å�, both of
them being considerably more stable energetically, Fig. 7.
On the other hand, lattice parameters close to the bulk MgO
value, derived from experiments on MgO�111�/Ag�111� �Ref.
25� and MgO�111�/Au�111� �Ref. 27� are consistent with the
supported rocksalt films and may thus suggest a possibility
of nonstoichiometry and/or of surface hydroxylation.

VII. CONCLUSIONS

In summary, to identify generic mechanisms of interaction
between polar oxide films and a metal substrate we have
performed DFT calculations on ultrathin polar MgO�111�
films of different structures, layer stacking and lattice regis-
try at the interface, deposited on a series of different metal
substrates �Mg, Pt, Ag, and Au�. We have shown that the
substrate provides charges participating to polarity compen-
sation: an electron transfer, which screens the compensating
charges at the interface and which allows the interfacial ox-
ide ions to recover their usual valence, takes place across the
metal/oxide interface. This induces a strong stabilization of
polar films. In addition, due to bond formation at the inter-
face and to band alignment, a second type of electron ex-
change occurs at the interface, driven principally by the elec-
tronegativity of the metal substrate. In nonpolar or
uncompensated polar films, this charge transfer induces a
structural distortion of the oxide film in the interface region
and a polarization which contributes to the modification of
the substrate work function. In the case of polar compensated
films, the present results suggest the possibility of an exten-
sive tuning of the surface work function of the composite
metal/oxide support by changes in the film structure �stack-
ing sequence� and stoichiometry.
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