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PRACTICAL SOLUTION OF THE SCHRODINGER EQUATION: DFT

Second Series December, 1926 Vol. 28, No. 6

The Nobel Prize in Physics 1933
THE Erwin Schrédinger, Paul Dirac

PHYSICAL REVIEW

AN UNDULATORY THEORY OF THE MECHANICS
OF ATOMS AND MOLECULES

By E. SCHRODINGER

ABSTRACT

The paper gives an account of the author’s work on a new form of quantum
theory. §1. The Hamiltonian analogy between mi ics and optics. 51 The
analogy is to be extended to include real 'undulatory' mechanics
instead of mere geometrical mechanics. §3. The significance of wave-length;
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Oxide Films at the Nanoscale: New Structures,

New Functions, and New Materials
LIVIA GIORDANO AND GIANFRANCO PACCHIONI*

Dipartimento di Scienza dei Materiali, Universita Milano Bicocca, via R. Cozzi 53,
53-20125 Milano, Italy
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Electron transfer from oxide films to adsorbates
(metal clusters, molecules) by electron tunneling
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Ricci, Bongiorno, GP, Landman, Phys. Rev. Lett. 97, 036106 (2006)
Sterrer, Risse, Heyde, Rust, Freund, Phys. Rev. Lett. 98, 206103 (2007)
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STRUCTURAL CHANGE OF FeO/Pt(111) FILM UNDER O, PRESSURE
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Giordano, Goniakowski, Shaikutdinov, GP, Freund et al. Angew. Chemie 49, 4418 (2010)
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ATOMS AND CLUSTERS DEPOSITION ON NaCl/Au(111) THIN FILMS

STM of Co,, and Co,, in NaCl/Au

Li, Chen, Schouteden, Lauwaet, Giordano, Trioni, Janssens, lancu, Van
Haesendonck, Lievens, GP, Phys. Rev. Lett., 112, 026102 (2014)
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MAIN RESULTS

MgO/Mo(100)

1 on ultrathin films spontaneous
charging of supported clusters
possible by direct tunneling; role of
the metal/oxide work function

1 structural flexibility may lead to
enhanced reactivity

1 Exploit nano-porosity to modify
properties and generate assembly of
ad-atoms and clusters

1 Doping of oxide films - charging
can be induced by selective doping
with TM atoms
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Semiconducting oxides in
photocatalysis

Band gap engineering

Gianfranco Pacchioni — Dept. Materials Science — Univ. Milano Bicocca



Photoactivity: the mechanism

(a) RN Potential R Abe, J.Photo-

photocatalyst 2011, 11, 179.

H,0 ' H, +1/20, - chem.Photobio.C.
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DOPED TiO,: B, C, N, F SUBSTITUTIONAL TO O

Paramagnetic defects

SUBSTITUTIONAL
CB :3 I ] I states in the gap
B 2p C 2p
move down along the
series

F substitutional:
formation of Ti3+(3d?)

States are localized!
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DOPED TiO,: B, C, N INTERSTITIALS

Interstitials more
stable than
substitutional

B and C interstitials act
as electron donors:
formation of Ti3*(3d?)

N forms “"NO”
interstitials (proven by
EPR and XPS)

Defect states are
localized!
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Third generation photocatalysts
Multi-photon excitations?

ZrO,, inert material as photocatalyst
due to high band gap

Ce-doped ZrO,: under visible light
material becomes active

e-/h* pairs generated by irradiation
with visible light (A > 420 nm)

e-/h* pairs migrate to the surface

Ce introduces new states in the gap

Double excitation possible explanation
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MAIN RESULTS

1 role of oxygen vacancies in oxide
surfaces and nanostructures; oxide
reducibility

1 doping and nanostructuring,
heterojunctions, effects on band gap
engineering

1 electron localization, comparison
with EPR studies, electron-hole
formation

1 magnetic properties of doped and
defective oxides
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Nanoparticles in catalysis

Concepts and interpretations

Mars van Krevelen Mechanism
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Au/TiO2 in CO oxidation at high temperature: role of metal/oxide
interface

() CO, + AulTiO,.,
COg2 (gas) +

~ Mars van Krevelen Mechanism -

(c) Intermediate "N _ 17| (e) COLIAUITIO,,

Reaction coordinate
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AEp:<(CO,) = 0.54 eV

CO,/AUlTIO, COIAUITIO,

-0.80 eV

Phase C (7-8): Phase A (1-4):
CO oxidation CO oxidation CO,/AUITIO,
with O 4 with TiO, lattice

oxygen

Phase B (5-6):
Refilling of the
oxygen vacancy by O,

AE =-1.90 eV
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Oxide catalysts in biomass
conversion
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Titania and zirconia in biomass conversion

oxide surfaces

Coke formation

Ru, Ni particles

Ru, Ru, 0

wTi0, 210, /\A,;\ Py
{ 1‘6 (‘}“_'(Y (?«V Q
4 \‘ A L)‘;&\ A
S5 s

nanoparticles

Energy (eV)

.
e
a
C
t
i
o
n

2 0 OC QO =

H spillover

f\'f' Ml

H =09

e

H,0O desorptioﬁ

Gianfranco Pacchioni — Dept. Materials Science — Univ. Milano Bicocca

== ONVIIW 1=



MAIN RESULTS

1 role of metal/oxide interface in
determining reactivity of supported
metal particles

I mechanism leading to sintering of
supported nanoclusters

1 dependence of properties on size
and shape of nanoclusters

1 charging effects on metal
nanoparticles deposited on oxides
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EXTERNAL COLLABORATIONS AND PROJECTS
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Recent projects:

MIUR PRIN 2016-2019 — New materials for CO2 and H2
cataysis

MIUR FIRB 2011-2016 — Nanostructured oxides

Cariplo Foundation 2014-2017 — Oxides photocatalysis
DECORE — FP7 2012-2015 — Oxicarbides for fuel cells
CASCATBEL — FP7 2014-2018 — Oxide catalysts for biofuels
CATSENSE — FP7 2014-2018 — Metal clusters on oxides
COST CM1104 — 2013-2017 - Reducible oxides
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Irends in non-metal doping of anatase TiO,: B, C, N and F
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