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Bottom-up synthesis of free-standing nanocluster arrays sup-
ported by carbon — eTosias HarTL!, MoriTz WiLL!, SopHiA
DELLMANNY, Davor CAPETAQ, VIrGINIA Borx peE La Cruz3, Ra-
JENDRA SiNgH?, DANIEL ScHEINECKER?, PaoLo Lacovia®, Siv-
vaNo Lizzit®, Jani Korakoski?, JAN KNUDSEN®, MAaRKO KRALJZ,
TuoMas MicHELY!, and PaNTELIS Bampouris! — !University of
Cologne — 2Institute of Physics, Zagreb — 3MAX IV Laboratory,
Lund — 4University of Vienna — ?Elettra Synchroton, Trieste

Cluster superlattices exhibit unique properties stemming from their
small size and dimensionality. However, their use in applications is
hampered by their low stability when exposed to application relevant
conditions, e.g. ambient pressure, high temperature. We succeeded in
synthesizing free-standing membranes hosting metal cluster superlat-
tices which are stable at these conditions. We present, in detail, the
fabrication process of such membranes. The cluster superlattices are
grown on graphene on Ir(111), and subsequently embedded in a few
nanometer thick carbon matrix. XPS and STM reveal that the carbon
embedding is conformal to the clusters, anchors them to the graphene
and greatly improves their thermal and mechanical stability. Removal
of the membranes from the Ir(111) substrate by hydrogen bubbling is
possible, when a substantial reduction of the graphene-Ir binding is
accomplished by annealing at 850 K and intercalation of Eu. Post-
removal TEM analysis of the cluster lattice membrane proves that the
excellent order of the cluster lattice is maintained in the free-standing
membrane.
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Hydrogenation of small organic molecules with size-selected
Pty clusters supported on thin-film SiOs and MgO — eToBIAS
Hinke, MARIAN ROTZER, MAXIMILIAN KRAUSE, ANDREW CRAMP-
ToN, and UELI HE1z — Technische Universitdt Miinchen, Ernst-Otto-
Fischer Strafe 1, D-85748 Garching bei Miinchen

To gain fundamental understanding in heterogeneous catalysis pro-
cesses, model systems and associated reactions, e.g. in UHV, are use-
ful tools. Transition metal clusters on a single crystal and metal oxide
support constitute highly tunable systems. The high degree of sur-
face uniformity of metal single crystals governs an epitaxial growth
of metal oxide thin-films, forming a suitable support, which are capa-
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ble of modeling bulk oxide supports. Transition metal clusters with
up to 50 atoms show significant, non-scalable size-effects. Additional
properties of the support, like acidity, reducibility, film thickness and
interfacial support interactions, in conjunction with the crystal (local)
work function affect the cluster polarization. This induces a change
in surface charge density, an important quantity for metal cluster re-
activity. The activity and the change of the structural sensitivity of
size-selected Pty-clusters (n=9, 10, 13) supported on SiO2 and MgO
thin-films are studied. Activity and structure sensitivity towards the
hydrogenation of small organic molecules (ethylene and acetylene) as a
model reaction are evaluated. Activity is monitored by pulsed molecu-
lar beam reactive scattering and temperature programmed desorption
experiments. Characterization is performed through electronic (AES,
MIES, UPS) and vibrational (IRRAS) spectroscopy.
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Photocatalytic properties of graphene-supported titania clus-
ters calculated from first principles — eSapunHI BapaLov!,
ReNE WILHELM2, and WoLF GERO ScHMIDT! — 1Lehrstuhl fiir The-
oretische Materialphysik, Universitdt Paderborn, 33095 Paderborn —
2Institut fiir Organische Chemie, Technische Universitit Clausthal,
38678 Clausthal-Zellerfeld

Among photocatalyst materials, titanium dioxide (TiO2; titania)
draws considerable interest because of its excellent photoactivity, high
oxidation potential, nontoxicity, earth abundancy, and long-standing
physical and chemical stability.[1,2,3] However, its application is ham-
pered by the lack of response to visible light and the fast recombination
rate of electron-hole pairs.

In the present study, we use density-functional theory in order to
explore the potential of graphene and graphene nano-flakes for photo-
sensitizing titania clusters. It is found that the size of the graphene
nano-flakes has a significant effect on the bandgap of the composite
material. Besides, spatial separation of photoexcited electrons and
holes is observed, which indicates prolonged lifetimes of the photoex-
citation. This finding can be expected to improve the photocatalytic
activity.
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