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</xs>
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In exciting carbon q#0
is possible only in TDDFT

<qpointset>
<qpoint>0.0 0.0 0.0</qpoint>
</apointset>

definition of the g-points

</xs>
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store exciton eigenvectors
for detailed exciton analysis
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MaxNunberExci
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Exciton Analysis
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<plan>
<doonly ta

ritebevec' />
<doonly task="excitonWavefunction®/>
</plan>

<writeexcitons WinNumberExcif
MaxNunberExci

<excitonPlot epstol
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<plot1d>
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<point co
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</plot3d>
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</excitonPlot>
s>

</x

Exciton Analysis

I
i

DR

print exciton coefficients
for reciprocal space
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exciton wave function
plot
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<path steps="1'>
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<doonly task="excitonmavefunction' /> <doonly task="excitonmavefunction' /> <doonly task="excitonmavefunction' />
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<hole> <hole>
<plotid> <plotid>
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Spoint cosrd 0.52 0.52 0.5/~ |— hole block T point coord= 0,52 052 0.52'/2] specify hole position: e eint coardzr 0,52 0.52 0.52°/
</path> </path> </path>
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<point coo 1o <point coord=" 2.0 -1.0 <point coor
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</plot3d> </plot3d> </plot3d>
</electron> </electron>
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Exciton Analysis Graphene/h-BN
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s >
<plan>
<doonly tasi =" exc i tonWave func tion" />
</plan>
i ’ unber
<excitonPlot epstol
<exciton lambda:
<hole>
<plotld>
<path steps='1'> :
(/P:z;:l:nt coors 0.52 0.52 0.52"/> 0 1 3 4 5 6 7 8
</plotid> Energy [eV]
define the sampling of « Graphene/hexagonal boron nitride (h-BN) van der Waals heterostructure
o o the supercell « Quasi-particle gap of 250 meV opened in graphene through interaction
o 2.0
0 -1.0 with h-BN
<,J£:t‘:::!’ « Three types of excitations can be identified
</excitonPlot>
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Spec Training school on spectroscopy codes| Olga Turkina, Christian Vorwerk | 16.01.2018 JSpec Training school on spectroscopy codes| Olga Turkina, Christian Vorwerk | 16.01.2018 'Spec Training school on spectroscopy codes| Olga Turkina, Christian Vorwerk | 16.01.2018

___Graphene/h-BN Graphene/h-BN

25

JSpec Training school on spectroscopy codes| Olga Turkina, Christian Vorwerk | 16.01.2018

25,
20|
IéF15
£10
5
o 1 2 3 4 5 78 p[FEEEAereas % 1 3 3 4 & 78 o 1 2 3 4 5 78
Energy [eV] L = Energy [eV] Energy [eV]
« IR region: interband transitions within j . « UV region: strongly bound h-BN intralayer 45 « Fingerprints of the heterostructure in the j
graphene layer zz excitons %z visible region: charge-transfer excitations S
« Delocalized excitations with electron and 3o « Spatially confined e-h pairs with large %o - « Delocalized excitations with hole located %o
hole in the same layer exhibiting n-m* I%'Az — oscillator strength within h-BN layer S-z on h-BN and electron on the carbon layer E 2 ym—
character 4 \ 4 / \ and vice versa 4 \
W. Aggoune etal., J. Phys. Chem. Lett. 8, 1464 (2017) B W. Aggoune etal., J. Phys. Chem. Lett. 8, 1464 (2017) - W. Aggoune etal., J. Phys. Chem. Lett. 8, 1464 (2017) -
Spec Training school on spectroscapy codes] Olga Turkina, Christian Vorwerk | 16.01.2018 . .

)Spec Training school on spectroscapy codes| Olga Turkina, Christian Vorwerk | 16.01.2018



Py@Zn0(10-10)

EULT

RIS

Prototypical hybrid
organic/inorganic system
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« Lowest bound exciton E = 0.4 eV at

E = 1.8 eV with highest intensity
* Main contribution: transition from
ZnO-like VBM to hybridized CBM
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Conclusions

* Charge-transfer exciton at E = 5.5 eV

* Main contribution: transition from
Py(HOMO-1) to hybridized CBM
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« Optical excitations described by Bethe-Salpeter equation

« Applicable to complex materials

Ongoing Development

« Going beyond Tamm-Dancoff approximation
« Finite momentum transfer

« More efficient/parallelized version

Py@Zn0(10-10)

* Hybrid exciton at E = 2.5 eV

* Main contribution: transition from
hybridized valence band to

hybridized CBM at '
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