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More than 100 years after Einstein , - .
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«1905, Annus mirabilis»

The interpretation of the
photoelectric effect
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Photoelectron spectroscopy from a solid .
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- element specific and quantitative " )
» sensitive to chemical and structural environments
» surface sensitive

Photoelectron




Wdde Temperature Range

Wide Temperature Range

Fast Data
Acquisition

tast Data

Down to the 100 ms time-scale
AE in the range 40-100 meV
Coverage < 0.1% of ML
Temperature 20+-1300 K
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Adsorbates on solid surfaces I

Carbon Monoxide adsorption on Rh(111)
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A. Baraldi et al., Surf. Sci. Rep. 49, 169 (2003).
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From simple molecules to graphene o
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Harmonic approximation
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C1s core-level spectrum of adsorbed CO
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Different perspectives <y
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The core levels from substrate atoms
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Photoemission Intensity [arb. units]
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iy Atomic adsorption site determination
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A correlation between
graphene-substrate bond strength
and
graphene corrugation
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A narrow window for graphene
growth on Re(0001)

Formation of a high—quality single-layer of graphene is strongly opposed
by two competing processes, hamely surface carbide formation and carbon
bulk dissolution.
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Growth mechanism on transition metals

Fast-data acquisition allows to monitor the C1s spectral evolution
while dosing ethylene at high temperature.

m Gr/Ru(0001) using C,H,




The carbon lattice-gas:
precursor to graphene formation
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Graphene on PtRu/Ru(0001) bimetallic surface alloys

Mm“ it Pt deposition at 300 K
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Previous STM studies: Pt atoms confined in the first layer and

randomly distributed.
[H.E. Hoster et al., Phys. Chem. Chem. Phys. 10, 3812 (2008)]
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1" Fine-tuning of graphene-metal adhesion
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Epitaxial GR growth on the PtRu surface alloy by C,H, CVD at 1050 K.




Fine-tuning of graphene-metal adhesion

Comparison with DFT simulations
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Graphene on ultra-thin alumina layer
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a_w‘ Graphene formation via polycyclic
o hydrocarbon dehydrogenation

C1s core level of adsorbed coronene on Ir(111)
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Graphene formation via polycyclic =/
hydrocarbon dehydrogenation —
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D. Curcio et al., JACS 138, 3395 (2016).



Y Graphene formation via polycyclic
hydrocarbon dehydrogenation

D. Curcio et al., JACS 138, 3395 (2016).



A glimpse to the future

At the nanoscale a very small
cluster of atoms can drastically
change its properties by adding or
removing just a single atom.

The goal of our research team
will be to understand how
structural, electronic and
chemical properties evolve
atom by atom, from the
monomer to the bulk.
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For any question do not hestitate to contact me:

Prof. Alessandro Baraldi

Deputy-Rector for Scientific Research and Doctorates
University of Trieste

Physics Department

Via Calerio 2, 34127 Trieste-Italy

e-mail: abaraldi@units.it

Head NanoscaleMaterials Laboratory
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e-mail: alessandro.baraldi@elettra.eu
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