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Effect of confined surface electrons on atomic motion on
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Physics, Moscow State University, 119899 Moscow, Russia

Several fascinating phenomena occur if surface electrons are confined
to closed nanostructures [1-3]. The first experimental investigation of
the quantum confinement of surface electrons on nanoscale islands on
(111) noble metal surfaces by means of STM has been performed by Li
et al. [3]. These studies revealed the validity of the confinement picture
down to the smallest of island sizes. Here, the quantum confinement of
surface electrons on top of nanoscale islands and around them is stud-
ied by means of the first-principles Korringa-Kohn-Rostocker Greens
function method [4]. Our kinetic Monte Carlo simulations reveal that
confinement-induced electronic states around and on top of nanois-
lands significantly affect atomic diffusion [4]. Formation of empty
zones and orbits of adatom motion is shown. We demonstrate that
the quantum confinement dramatically influences the growth process
of nanoislands at low temperatures [4].
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The energy gap of superconducting Pb nanocrystals grown on a Si(111)
substrate was probed in situ layer-by-layer between 5 to 60 monolay-
ers by low-temperature scanning tunneling spectroscopy. The critical
temperature T, was found to decrease from its bulk value as a func-
tion of inverse island thickness, in quantitative agreement with ex situ
magnetic susceptibility measurements, however, in stark contrast to
previous scanning probe results. Ab initio density functional calcula-
tions of the electron-phonon coupling constant support the experimen-
tal findings and show that the decrease of T, mainly originates from
a concomitant decrease of the electronic density of states at the Fermi
level.
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‘We use a percolation model to study numerically and analytically
the influence of gas adsorption on the conductance of thin films of
nanoporous crystalline metal oxides. We model the layers by a net-
work of intergranular contacts with conductances that depend on the
amount of adsorbed gas molecules. For a given layer thickness, average
grain size and coordination number we estimate the critical gas con-
centration N. below which the nanoporous structure is insulating due
to the absence of a percolating cluster of conducting grains. Above
N., which decreases strongly with the coordination number, the con-
ductance increases rapidly. In order to obtain a low threshold N, it
is advantegous to consider films consisting of several monolayers with
low coordination number.
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Recently we demonstrated the capability to form extremely regu-
lar metal-organic honeycomb nanomeshes using linear dicarbonitrile
molecules in combination with Co atoms on Ag(111). The size of the
network unit cell can be adjusted by the length of the employed linear
molecular bricks [1]. In this contribution we present a new approach
to steer the growth of metal-nanostructures using these metal-organic
networks as templates. When depositing Fe or Co atoms onto the
template, the metal atoms adsorb exclusively on top of the metal-
organic network avoiding the open hexagonal cavities. In addition,
the nucleation sites for Fe clusters can be shifted from the organic lig-
ands towards the metal coordination nodes by changing the deposition
temperature. Therefore, by tuning the honeycomb mesh size and the
deposition temperature we can control the adsorption sites, the shape
and the spacing of the small metal-clusters.
[1] U. Schlickum et al., Nano Lett. 3813 (2007)
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Para-sexiphenyl (p-6P) was deposited on the Cu(110)-(2x1)O surface
at room temperature under UHV conditions. The structure of the
(2x1)-reconstructed substrate served as a template for the growth of
a highly ordered molecular film. The sequential deposition of p-6P
films was monitored by means of Reflectance Difference Spectroscopy
(RDS) showing a high optical anisotropy at the HOMO-LUMO tran-
sition energy, which is characteristic for the growth of a well-oriented
molecular layer. Following the growth of this molecular layer, Ag clus-
ters were prepared on the p-6P film by means of physical vapor depo-
sition. The cluster growth can be monitored by the RD signal related
to the particle plasmon resonance of the Ag clusters. Ex-situ AFM
studies of these samples reveal that the Ag clusters are distributed ho-
mogeneously on the p-6P layer. Furthermore, photoelectron emission
spectroscopy measurements show that the p-6P features are absent in
the corresponding spectra, indicating that the Ag clusters are on top
of the p-6P layer.
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Surface of pure and transition metal-doped SrTiO3(STO) single crys-
tals before and after hydrogen plasma-flow treatment (energy of 5...20
J/cm2) is investigated by wide-angle X-ray diffraction (WAXRD), flu-
orescence X-ray Absorption Near Edge Structure (XANES) and scan-
ning electron microscopy (SEM) techniques. Plasma treatment results
in the formation of a textured polycrystalline layer at the surface of the
single-crystalline samples with different orientation. The formation of
the quasi-ordered structures consisting of nanoscale-sized pyramids is
observed by SEM. XANES evidences the change of the valency of the
part of Tid+ to Ti3+ due to the plasma treatment. The data obtained
together with results of X-ray spectroscopy measurements [1] gives ev-
idences of the change of stoichiometry of the STO samples resulting in
a change of their physical properties after plasma treatment [2].
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