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Artificial crystals or device-structures made of 2Dstructures made of 2D-materials 
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How do interactions between layers modify properties?How do interactions between layers modify properties?
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If interlayer interactions are important for the 
electronic structure of van der Waals materials, how 
do interlayer interactions affect 

of van der Waals materials? 

Here we study graphene/MoSHere we study graphene/MoS

If interlayer interactions are important for the 
electronic structure of van der Waals materials, how 
do interlayer interactions affect heterostructures

of van der Waals materials? 

Here we study graphene/MoS2 interfaces. 
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Here we study graphene/MoS2 interfaces. 



Preparation of graphene/MoSPreparation of graphene/MoS2 samples
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Characterization of transferred graphene on MoS

Trapped water-layer after transfer (ambient AFM)

Characterization of transferred graphene on MoS2
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Characterization of transferred graphene on MoS

After annealing in UHV at 300 C:

Atomically sharp interface => moire

pattern.

Characterization of transferred graphene on MoS2

NSDOE



Electronic structure of transferred graphene on MoS
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Intact Dirac-cone with no charge transfer doping

ARPES (30 eV) NanoARPES (100 eV)

=> The Dirac cone of graphene is very close to that expected for free
graphene, i.e. linear dispersion and no doping (Fermi

cone with no charge transfer doping

(100 eV)
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=> The Dirac cone of graphene is very close to that expected for free-standing 
graphene, i.e. linear dispersion and no doping (Fermi-level at the Dirac point). 



Band-gaps in graphene 

30 eV ARPES
NanoARPES

Same gaps in graphene for same substrate

gaps in graphene π-band
NanoARPES 100 eV
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Same gaps in graphene for same substrate-direction=> substrate induces 



Correlation of band-gaps in graphene with MoS

=> Band gaps open in graphene due to hybridization of 

gaps in graphene with MoS2 ‘out-of-plane’ orb
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=> Band gaps open in graphene due to hybridization of π-states with ‘out-of plane’ MoS2 molecular orbital



Conclusions: graphene/MoS2 ‘van der Waals’ interfaces

• Macroscopic (tens of mm-sized) CVD
transferred with excellent quality to MoS
clean interfaces.

• The interface band alignment between graphene and MoS
close to barrier-less electron injection from graphene into MoS

• A close to ideal Dirac-cone of graphene is observed.• A close to ideal Dirac-cone of graphene is observed.

• Overlap of out-of-plane molecular orbitals of MoS
band causes hybridization and opening of band

Conclusions: graphene/MoS2 ‘van der Waals’ interfaces

sized) CVD-grown graphene can be 
transferred with excellent quality to MoS2 with atomically sharp and 

The interface band alignment between graphene and MoS2 suggests a
less electron injection from graphene into MoS2.

cone of graphene is observed.
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cone of graphene is observed.

plane molecular orbitals of MoS2 with graphene π-
band causes hybridization and opening of band-gaps in graphene.  



Graphene transfer to other materials: e.g. SrTiOGraphene transfer to other materials: e.g. SrTiO3(001)
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Graphene transfer to other materials: e.g. SrTiO

Interface structure of graphene/SrTiO3(001) Reconstructed 

Graphene covered STO

=>This suggest an atomically sharp interface between 

H. Coy-Diaz, R. Addou, M.B J. Phys. Chem. C 117, 21006 (2013)

Graphene transfer to other materials: e.g. SrTiO3(001)

Reconstructed bare SrTiO3 surface.
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=>This suggest an atomically sharp interface between graphene and the oxide substrate!

21006 (2013)



Graphene transfer to other materials: e.g. SrTiO

Dirac 

point

Fermi 

level 

=>Dirac cone of graphene is maintained: Interface charge transfer results in n

Graphene transfer to other materials: e.g. SrTiO3(001)
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=>Dirac cone of graphene is maintained: Interface charge transfer results in n-type doping 
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