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Report:

The present experiment aimed at determining the structure of the reconstructions dabili sing
the MgO(111) pdar oxide surface Similarly to previous experiments on NiO(111) [1-3] we have
used grazng incidence X ray diffradion. We have shown that a single aystalline NiO(111) surface
exhibits the predicted octopdar recnstruction [4] after air-anneding and a spinel configuration after
UHV anneding under apartial presaure of oxygen.

Indeed the MgO(111) pdar surface was long lelieved to be unstable because of the
divergenceof the dedrostatic patential. Recently several reconstructions of MgO(111) were reported
and a structural model based on cyclic ozone was proposed [5,6] that is very different from the
octopdar reconstruction. Since this results were surprisingly different from the NiO case and since
MgO is a simple oxide and is thus well suited to perform cdculations we have undertaken the
measurement of the MgO(111) surfacein collaboration with theoreticians in order to get insight in
the mechanisms gabilising MgO(111) and nd only a structural determination.

We were dle to produce asingle aystal with a very high crystalli ne quality up to the surface
(micron-sized terraces, a few 1/1000 d degree mosaicity) which showed strong p(2x2)
reconstruction peeks. No aher periodicity was found. The sample was first measured at room
temperature. All accessble in plane remnstruction peeks over the whole redprocd space were
measured with a systematic aror level of abou 8%. 4 reconstruction rods and 6 crystal truncaion
rods were dso measured. Since the in-plane scatering was very like the NiO(111) scatering at
higher temperature (i.e. a mixture of spinel and octopde @nfigurations) we have made two ather
measurements in order to determine the relative surface oncentrations at 150°C and 250C under
partial O presaure. In the MgO case the transformation was foundreversible in situ.

The wuding d atomic-scde simulations, based onthe density functional theory, with graang
x-ray diffradion experiments provide aunique oppatunity to aciieve apredse description d the
(2x2) reconstructions observed onthe (111) polar orientation d magnesium oxide. The cdculations
are caried ou by Fabio Finocchi and Claudine Noguera, in the surfacetheory groupat Orsay.



In the cdculations, starting from aredistic configuration, the surfacegeometry, correspondng
to stable or metastable wnfigurations at the ad¢ual surface omposition can be obtained. The models
so oltained can be compared to the structures proposed to fit the x-ray data. The cmparisonis worth
for two reasons: on ore side, the cdculations are caried ou on model systems (flat surfaces, in the
micro-canonicd ensemble, often at zero temperature), so that the relevant fadors governing the
evolution d the surfaces can be extraded much better from a aiticd comparison with the measured
data. On the other hand, the fitting procedure of surfaces with a large number of degrees of freedom
is a big task, and the outcome of the numericd simulations is often very useful, either as darting
point or as a better refinement of a dassof fitted structures.

Effedively, as expeded from the very qualitative first interpretation duing the experiment, a
spinel like cnfiguration could be determined and refined theoreticdly with help of the data taken at
250°C (pure spinel configuration). This inel configuration is a metastable state since its surface
energy is higher than the octopdar recnstruction, bu on the other hand it does not sportaneously
transform in the octopdar reconstruction. A major difficulty is the mixture of configurations already
at low temperatures. With the refined structural model we @uld determine that at room temperature
the surface ontains aready 55% of the spinel configuration and 106 at 250°C. The @rrespondng
in-plane experimental and cdculated structure fadors are given in figure 1. However the ladk of
situations with larger amourts of the octopdar remnstruction daes not allow yet evaluating the
relaxations of the octopdar recnstruction na the transition ader. Low temperature measurements
will thus become mandatory before acoherent and complete understanding d the MgO(111) can be
provided. On the other hand the similar behaviour observed for NiO(111) in an cther temperature
range dlows thinking that the observed two structure cwmbination is a general rule for polar oxide
surfaces with resped to the O potential and the temperature.
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