


Who killed the Dirac Point’?

Spin-orbit coupling opens a gap

Dirac!



(_an we “see” orbitals?

L. Pardini, S. Loéffler, 6. Biddau, R. Hambach, U. Kaiser, CD, and P. Schattschneider,
Phys. Rev. Lett. 117, 036801 (2016).

S. Loffler, V. Motsch, and P. Schattschneider, Ultramicroscopy 131, 39 (2013).



Orbital mapping in the TFTEM

What should we see in the microscope?
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Orbital mapping in the TFTEM

DQOS of first nearest neighbors
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ital maPPing in the I'TTEM
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Orbital mapping in the TFTEM

N-doped graphene

PDOS [states/eV]




Orbital mapping in the TFTEM
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Orbital mapping in the TFTEM

N-doped graphene
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Orbital mapping in the TFTEM

Graphene with vacancy
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Gral:)l':cnc as substrate ...



Folarization effect

GoW,@LDA
Decrease of gap on adsorption
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P. Puschnig, P. Amiri & CD
PRB 86, 085107 (2012).

see also
J. Neaton, et al., PRL (2006).
K. S. Thygesen and A. Rubio, PRL (2009).



State of the art mcthqdology}\
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Molccular switches ...

Azobenzene SAMs on metals

Switching hampered
Intermolecular coupling in excited state
Interaction with substrate

frans-AB

Cis-AB

C. Cocchi and C. Draxl
PRB 92, 205105 (2105).

C. Cocchi, T. Moldt, C. Gahl,

M. Weinelt, and C. Draxl|
JCP 145, 234701 (2016).



Azobenzene / gral:)hene

Blue-shift upon adsorption

Polarization reduces gap
by 1.1 eV

Screening reduces exciton
binding energy by 2eV

Effects on switching behavior

Loss of symmetry makes
forbidden transitions allowed



Azobenzene / grapkcne

Q. Fu, € Cocchi, D. Nabok,
A. Gulans, and CD,
PCCP 19, 6196 (2017).

Exciton wavefunction




Azobenzene / grapl':enc

Q. Fu, € Cocchi, D. Nabok,
A. Gulans, and CD,

O PCCP 19, 6196 (2017).

Exciton wavefunction
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Azobenzene / graphcnc

Q. Fu, € Cocchi, D. Nabok,
A. Gulans, and CD,
PCCP 19, 6196 (2017).

Exciton wavefunction
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Azobenzene / gral:)hene

Blue-shift of HOMO-LUMO transition

New features at higher energies
Mediated by graphene subsirate

Q. Fu, € Cocchi, D. Nabok,
A. Gulans, and CD,
PCCP 19, 6196 (2017).



(_/ PN heterostructures

Several patterns open
a gap in graphene

see also R. Quhe et al.,
NPG Asia Materials (2012)

W. Aggoune, C. Cocchi, K. Rezouali, M. Belkhir, and CD,
J. Phys. Chem. Lett. 8, 1464 (2017).



(_/ PN heterostructures

Carbon /

Nitrogen
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(_/ PN heterostructures

Intense peaks in the IR region
Finite absorption in the visible
Excitons in the near-UV range



(_/ PN heterostructures

l, Il: graphene « graphene
Weakly bound tr-t* excitations
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(_/ PN heterostructures

V, VI: BN < BN %
Strongly bound intralayer exciton %0
Like in h-BN bulk

L. Wirtz et al,

PRL 100, 189701 (2008)
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& BN l‘!ctérostructprcs

ll, IV: graphene « BN
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C_ / BN l‘!ctérqstrdctprcs

Tuning the spectrum by stacking |
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C/ BN l‘!ctérqstructprcs

Tuning the spectrum by stacking

Main spectral features preserved
Most significant differences in the UV-visible
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OUI’ ’nStruant *»+ A Gulans, S. Kontur, C. Meisenbichler, D. Nabok,

P. Pavone, S. Rigamonti, S. Sagmeister, U. Werner,
http://exciting-code.org and C. Drax

exciting: a full-potential all-electron package

implementing density-functional theory and many-
body perturbation theory
J. Phys: Condens. Matter 26, 363202 (2014).

exciting is a full-potential all-electron density-functional-theory
package implementing the families of linearized augmented
planewave methods. It can be applied to all kinds of materials,
Irrespective of the atomic species involved, and also allows for
exploring the physics of core electrons. A particular focus are
excited states within many-body perturbation theory.



Teamwork

Andris Gulans = =\ |

! Lorenzo Pardini

Caterina Cocchi
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Data at NOMAD Repository - https://repository.nomad-coe.eu
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