
153

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 153
ISBN 978-3-95806-255-9

Sc
hl

üs
se

lte
ch

no
lo

gi
en

  
Ke

y 
Te

ch
no

lo
gi

es
Th

e 
in

flu
en

ce
 o

f t
he

 s
ub

st
ra

te
 o

n 
th

e 
st

ru
ct

ur
e 

an
d 

el
ec

tr
on

ic
 p

ro
pe

rt
ie

s 
of

 c
ar

bo
n-

ba
se

d 
2D

 m
at

er
ia

ls
Je

ss
ic

a 
Sf

or
zin

i

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 153
ISBN 978-3-95806-255-9

The influence of the substrate on the structure and 
electronic properties of carbon-based 2D materials

Jessica Sforzini



Forschungszentrum Jülich GmbH
Peter Grünberg Institut (PGI)
Functional Nanostructures at Surfaces (PGI-3)

The influence of the substrate on the structure 
and electronic properties of carbon-based 2D 
materials

Jessica Sforzini

Schriften des Forschungszentrums Jülich
Reihe Schlüsseltechnologien / Key Technologies Band / Volume 153

ISSN 1866-1807  ISBN 978-3-95806-255-9



Contents

1 Motivation and Outline 1

2 Methods 5
2.1 Photoelectron Spectroscopy (XPS and ARPES) . . . . . . . . . . . . 5
2.2 Normal Incidence X-ray Standing Waves (NIXSW) . . . . . . . . . . 9
2.3 Near Edge X-ray Absorption Fine Structure (NEXAFS) . . . . . . . . 14
2.4 High-Resolution Electron Energy Loss Spectroscopy (HREELS) . . . 17

3 Sample Details and Experimental Set-Ups 21
3.1 Graphene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.1.1 Literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.1.2 Electronic Properties . . . . . . . . . . . . . . . . . . . . . . . 22
3.1.3 Synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.1.4 Epitaxial Growth on SiC . . . . . . . . . . . . . . . . . . . . . 24

3.2 Phthalocyanine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.2.1 Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.2.2 Two-Dimensional Ordering . . . . . . . . . . . . . . . . . . . . 25
3.2.3 Vibrational Properties . . . . . . . . . . . . . . . . . . . . . . 26
3.2.4 PdPc and PtPc . . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.3 Surface Phonons of Cu(111) . . . . . . . . . . . . . . . . . . . . . . . 27
3.3.1 Past Literature . . . . . . . . . . . . . . . . . . . . . . . . . . 27

3.4 Experimental Details and Set-Ups . . . . . . . . . . . . . . . . . . . . 29
3.4.1 Surface and Interface Beamline . . . . . . . . . . . . . . . . . 30
3.4.2 Material Science Beamline . . . . . . . . . . . . . . . . . . . . 32
3.4.3 HREELS Laboratory . . . . . . . . . . . . . . . . . . . . . . . 34
3.4.4 ESCA Laboratory . . . . . . . . . . . . . . . . . . . . . . . . . 36

4 Hydrogen-Intercalated Graphene 37
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

XI



Contents

4.2 Reprint of Physical Review Letters 114, 106804 (2015) . . . . . . . . 38
4.3 Supplemental Material . . . . . . . . . . . . . . . . . . . . . . . . . . 46

5 Germanium-Intercalated Graphene 51

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
5.2 Experimental Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
5.3 Electronic Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
5.4 Structural Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
5.5 Summary and Conclusion . . . . . . . . . . . . . . . . . . . . . . . . 60

6 Nitrogen Doping of Graphene 61

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
6.2 Reprint of Physical Review Letters 116, 126805 (2016) . . . . . . . . 62

7 Boron Doping of Graphene 69

7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
7.2 Reprint of Physical Review B 93, 041302(R) (2016) . . . . . . . . . . 70

8 Pd- and Pt-Phthalocyanine 75

8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
8.2 Reprint of Physical Review B 96, 165410 (2017) . . . . . . . . . . . . 76
8.3 Supplemental Material . . . . . . . . . . . . . . . . . . . . . . . . . . 89
8.4 Interaction with Molecular Hydrogen . . . . . . . . . . . . . . . . . . 95

8.4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
8.4.2 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . 95
8.4.3 Summary and Conclusion . . . . . . . . . . . . . . . . . . . . 96

9 Testing a New HREELS Set-Up 97

9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
9.2 Experimental Details . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
9.3 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
9.4 Summary and Conclusion . . . . . . . . . . . . . . . . . . . . . . . . 101

10 Conclusions 103

11 Appendix A 107

XII



Contents

12 Appendix B 121
12.1 Calculation of the Reflectivity for 6H-SiC . . . . . . . . . . . . . . . . 121

12.1.1 Crystal Structure . . . . . . . . . . . . . . . . . . . . . . . . . 122
12.1.2 Calculation of the Structure Factors . . . . . . . . . . . . . . . 122
12.1.3 Summary of the Results . . . . . . . . . . . . . . . . . . . . . 127

Bibliography 133

XIII



153

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 153
ISBN 978-3-95806-255-9

Sc
hl

üs
se

lte
ch

no
lo

gi
en

  
Ke

y 
Te

ch
no

lo
gi

es
Th

e 
in

flu
en

ce
 o

f t
he

 s
ub

st
ra

te
 o

n 
th

e 
st

ru
ct

ur
e 

an
d 

el
ec

tr
on

ic
 p

ro
pe

rt
ie

s 
of

 c
ar

bo
n-

ba
se

d 
2D

 m
at

er
ia

ls
Je

ss
ic

a 
Sf

or
zin

i

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 153
ISBN 978-3-95806-255-9

The influence of the substrate on the structure and 
electronic properties of carbon-based 2D materials

Jessica Sforzini


	Motivation and Outline
	Methods
	Photoelectron Spectroscopy (XPS and ARPES)
	Normal Incidence X-ray Standing Waves (NIXSW)
	Near Edge X-ray Absorption Fine Structure (NEXAFS)
	High-Resolution Electron Energy Loss Spectroscopy (HREELS)

	Sample Details and Experimental Set-Ups
	Graphene
	Literature
	Electronic Properties
	Synthesis
	Epitaxial Growth on SiC

	Phthalocyanine
	Structure
	Two-Dimensional Ordering
	Vibrational Properties
	PdPc and PtPc

	Surface Phonons of Cu(111)
	Past Literature

	Experimental Details and Set-Ups
	Surface and Interface Beamline
	Material Science Beamline
	HREELS Laboratory
	ESCA Laboratory


	Hydrogen-Intercalated Graphene
	Introduction
	Reprint of Physical Review Letters 114, 106804 (2015)
	Supplemental Material

	Germanium-Intercalated Graphene
	Introduction
	Experimental Details
	Electronic Properties
	Structural Properties
	Summary and Conclusion

	Nitrogen Doping of Graphene
	Introduction
	Reprint of Physical Review Letters 116, 126805 (2016)

	Boron Doping of Graphene
	Introduction
	Reprint of Physical Review B 93, 041302(R) (2016)

	Pd- and Pt-Phthalocyanine
	Introduction
	Reprint of Physical Review B 96, 165410 (2017)
	Supplemental Material
	Interaction with Molecular Hydrogen
	Introduction
	Experimental Results
	Summary and Conclusion


	Testing a New HREELS Set-Up
	Introduction
	Experimental Details
	Experimental Results
	Summary and Conclusion

	Conclusions
	Appendix A
	Appendix B
	Calculation of the Reflectivity for 6H-SiC
	Crystal Structure
	Calculation of the Structure Factors
	Summary of the Results


	Bibliography
	Titelei 153.pdf
	Leere Seite

	Leere Seite
	Leere Seite



