Experiment title: Experiment
el Determination by GIXD of the structure of an ulthén alumina number:
ESRF layer on Ni(111) and observation by GISAXS of thevgh of Au SI-1850
nanoparticles on this temge
Beamline: Date of experiment: from: 08/07/2009 to: 14/07/2009 Date of report:
ID3 28/02/2011
Shifts: L ocal contact(s): Didier Wermeille Received at ESRF:

Names and affiliations of applicants (* indicates experimentalists):

G. Prévot*, R. Bernard*, B. Croset*, R. Lazzari*, Bchmaus*
Institut des Nanosciences de Paris (INSP), UPMC/ENR place Jussieu, 75015 Paris

S. Le Moal*,
Laboratoire d’Etude des Matériaux Hors Equilibrestitut de Chimie Moléculaire et des Matériaux
d’Orsay, Université Paris Sud/CNRS, F-91405 Orsalex, France.

Report:

In the framework of fundamental surface sciencdistiof heterogeneous catalysis, ultrathin oxiglera
on metallic substrates are widely used as substfatemetallic cluster growth. They mimic the effef
dispersed supports used in actual catalyst whiteair@ing thin enough to be free of charge effectgatds
several characterization todté. Among them, alumina layers have attracted grearést due to their easy
way of preparation that allows one to grow crystalllayers with a well-defined thickness of theesrdf a
few A.2 Despite the high number of studies performed atbenic structure of the TAF as well as the origin
of the epitaxial relationship with the substratestii an open question. An atomic structural mdaies$ only
been proposed for ADs/NiAl(110).* The atomic arrangement has been described asfispetithe
NiAl(110) substraté,in particular for the interface plane, where tlemtagon-heptagon organization of Al
atoms would be due to preferred chemical shorteamrger favoring Al-Ni neighbors. However, a simila
organization has recently been observed for aluminan on Cu-9at%Al(1115,for which the Al atoms of
the substrate should play a minor role, and alstligh11)? In the latter case, the misfit observed between
the alumina structure and the substrate indicatesak coupling between Al and Ni atom&utherford
backscattering spectrometry channeling experimdrage also evidenced that the substrate remains
unaffected by the aluminum lay®in order to elucidate the origin of the atomiwsture of alumina films
on metal substrates, we have studied by grazingance X-ray diffraction (GIXD) the ultrathin aluma
film grown on Ni(111).

GIXD experiments were performed on the ID3 beaméihéhe European Synchrotron Radiation Facility
(ESRF) storage ring. The Ni sample was a disk win® diameter, with one side polished and orientedal
the (111) direction with an accuracy of 0.1°, asaited with X-rays. The sample was prepared anaeidig
inside an ultrahigh vacuum chamber (base pressur¢hé low 10° mbar) coupled to a six-circle
diffractometer of “z-axis” type. Sample cleaningsaachieved by cycles sputtering with 2 kV' Asns for 30
min, followed by annealing during 5 min at 1000 Kder UHV. Neither carbon nor oxygen contamination
could be detected by Auger electron spectroscoffieaend of the preparation. A 2.5 monolayer thii¢k
film, corresponding to an atomic density of 4.618toms/crf, was deposited on clean Ni(111) at room
temperature and annealed at 700 K for 15 min. [Quiie annealing, as shown in our previous workhjra
epitaxial NgAl(111) film formed®® The sample was then oxidized at room temperaturiegi 16 min under
1.6 10° mbar oxygen and further annealed at 1000 K.

For GIXD measurements, monochromatic X-rays witfhaton energy of 20 keV were selected by using
a Si(111) monochromator. The incidence angle was é@nstant at the critical angle (0.17°) of thbsrate
to reduce beam penetration depth and bulk diffes¢texing. For the alumina layer, we have measurgd,
performing standard rocking scans, 105 in-plangctire factors, corresponding to a set of 65 nanvadent



reflections (see Fig. 1), and 168 out-of-planecitme factors along 9 non-equivalent rods (see BigFor
the Ni substrate, we have measured 76 out-of-gameture factors along 4 non-equivalent crystat¢ation
rods (CTR). Voigt curves were used for integratimg profile of the rocking scans and deriving tiferatted
intensity. The standard instrumental correction g@ggslied to the structure factors for taking inbe@unt the
geometry of the diffractometer and the sample dsitars. The experimental uncertainties take int@act
both statistical uncertainties and systematic srdoe, for example, to misalignment. These sysieraabrs
have been estimated in the range of 5% using tictuthtions of equivalent reflection structure fasto

We have been able to unambiguously determine theedtimensional structure of the film, which
consists of a substratesO.4/Al4/O,g stacking within a (18.23 A x 10.53 A) RO° unitIc@dee Fig. 3).
From the different Al coordinations (3/4/5) in theyer and from the precise determination of theQAl-
interatomic distances, we conclude that the filmcttire presents some similarities with thphase of bulk
alumina which also has a high surface/bulk ratibe Pprecise comparison between these two structures

allows us to explain that the perfedﬁ ratio between the two sides of the mesh of tihe fis governed by
the stacking of the two central planes, combinirggen close-packed atoms below Al atoms in tetredled
or pyramidal positions. Moreover, Al atoms at theerface plane of the ultrathin film adopt a quaisiedral
configuration, which confirms that, in the aluminahase, Al atoms with such a coordination are kxtat
near the surface of the nanocrystals. The atomictsire is also very near to the one first propdsetiresse
et al. for alumina films on NiAl(110§. This strongly suggests that this atomic modelhimismall variations,
can be extended to ultrathin alumina film on nurasrother metal substrates and may be quasi-irdrinsh
free-standing layer rather than governed by theraations between the film and the substrate. Smae is
neither registry between the film and the substrateinduced Ni relaxations, this system appearset@
prototypical free standing oxide layer.

Publication:
G. Prévot, S. Le Moal, R. Bernard, B. Croset, RzZaai, D. Schmaus, archetypal structure of ultra-th
alumina films: a grazing incidence X-ray diffraction Ni(111), Phys. Rev. B, under review.

Concerning the growth of Au nanoparticles on thims,fit seems that the structure suffer some disong)
upon deposition of Au atoms, due to contaminattbe yacuum was not very good during Au evaporation)
No GISAXS signal indicating nanoparticle growth teen obtained



Fig. 1. Comparison between experimental (black seohs) and theoretical (white semicircles) in-pé&a
structure factors for the set of non-equivalente&tfons (the radii of the circles are proportiortal the value
of the structure factors). The theoretical struetdactors are the result of the best fit using aletavith 92
atoms (A}Osy) in the primitive unit cell (18.23 A x 10.53 A).
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Fig. 2: Comparison between experimental (dots) sintlilated (lines) structure factors along varidisRs.
L =1 corresponds to277/(6.1048). The number of free parameters considered for dbeof-plane
relaxations are respectively 3 (blue dotted lire)gl 22 (red continuous line).



Fig. 3. In-plane view of the ADs, model structure giving the best fit of the expentakdata. Red dots: O
atoms. Black dots: Al atoms. Interface Al atomskeadshy O surface atoms are represented by a dotted
circle. Pyramids and tetraedra showing the coordima of the Al surface atoms are also drawn (blue
polyhedra).
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