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Abstract  
 
Graphene holds several peculiar properties such as high carrier mobility, optical transparency, flexibility 
and high chemical resistance which have stimulated a vast amount of research in several technological 
fields. However, the diffusion of graphene technologies is still limited by the difficulties (i) in opening a 
gap in the graphene band-structure, (ii) in modulating its work function, and (iii) in the processing of 
graphene itself being a relatively inert material. Chemical functionalization has been reported to be 
effective in addressing these issues. Literature on graphene presents a variety of experimental work 
exploring its decoration by several functional groups ranging from simple hydrogen, for tailoring 
graphene structural and electrical properties [1], to complex organic molecules, for increasing the 
graphene reactivity toward specific chemical species [2]. However, the control of the graphene 
functionalization processes as well as the reduction of induced defects and related structural damage 
are still challenging. 
In this contribution, we present chemical and plasma-chemical routes for the tailoring of electrical 
properties in large area chemical vapor deposition (CVD) graphene [3] by functionalization with several 
chemical groups including oxygen, nitrogen [4] and sulfur groups as well as hydrogen and fluorine 
atoms. Our functionalization processes have been developed and optimized with the twofold aim: the 
fine tuning of graphene electrical properties and the strong minimization of induced structural damage. 
To this purpose, we perform “mild modulated plasma processes” for the covalent binding of functional 
groups without introducing structural defects related to ion radiative damaging. We also exploit intrinsic 
defects in CVD graphene which acting as preferential reactive sites allows the reduction of the operating 
temperature. This, in combination with the real time monitoring of graphene optical properties by 
spectroscopic ellipsometry, allows for an unprecedented control over the degree of functionalization.  
 
 
Acknowledgement  
The authors acknowledge funding from the European Community's 7th Framework Programme under 
grant agreement no. 314578 MEM4WIN (www.mem4win.org). 
 
 
 
References 

[1] D. C. Elias, R. R. Nair, T. M. G. Mohiuddin, S. V. Morozov, P. Blake, M. P. Halsall, A. C. Ferrari, D. 

W. Boukhvalov, M. I. Katsnelson, A. K. Geim, K. S. Novoselov, Science, 323 (2009) 610. 

[2] J. M. Englert, C. Dotzer, G. Yang, M. Schmid, C. Papp, J. M. Gottfried, H. P. Steinruck, E. Spiecker, 

F. Hauke, A. Hirsch, Nature Chemistry, 3 (2011) 279. 

[3] M. Losurdo, M. M. Giangregorio, P, Capezzuto, G. Bruno, Phys. Chem. Chem. Phys., 12 (2011) 

20836. 

[4] G. V. Bianco, M. Losurdo, M. M. Giangregorio, P. Capezzuto, G. Bruno, Phys. Chem. Chem. Phys., 

16 (2014), 3632. 

 



3 4 5 6 7 8
6.5

7.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5
 

 

  

103/T   (K-1)

R
sh

(1
0

3
O

h
m

/□
)

1200 1600 2000 2400 2800

 Raman shift (cm-1)

2 3 4 5
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

  

 

 

H
 p

la
sm

a

graphene

Hydrogenated
graphene

Energy (eV)

(a)

(b) (c)

 

 
 
Figure. Time evolution of (a) the Raman spectra and (b) ellipsometric spectra of the pseudoextinction 
coefficient of CVD graphene on glass substrate during hydrogen plasma treatment. (c) Temperature 
dependence of the sheet resistance for pristine and hydrogenated graphene.   


