
Graphene2017                                                   March 28-31, 2017 Barcelona (Spain)  

Probing graphene-water interactions using hyperfine 

interactions 
A. S. Fenta1,2,3*, J. N. Gonçalves1, C. O. Amorim1, 

N. Fortunato1, K. Johnston3, S. Cottenier4, H. 

Haas1,2, M. Barbosa5, V. S. Amaral1, J. G. 

Correia3,6, L. M. C. Pereira2 
 

1Department of Physics and CICECO, University 

of Aveiro, 3810-193 Aveiro, Portugal 

2KU Leuven, Instituut voor Kern- en 

Stralingsfysica, Celestijnenlaan 200 D, 3001 

Leuven, Belgium 

3CERN, EP Division, 1211 Geneva 23, Switzerland 

4Department of Materials Science and 

Engineering, Ghent University, Technologiepark 

903, BE-9052 Zwijnaarde, Belgium 

5Faculdade de Ciências da Universidade do 

Porto, Rua do Campo Alegre 1021/1055, 4169-

007 Porto, Portugal 

6Centro de Ciências e Tecnologias Nucleares 

(C2TN), Instituto Superior Técnico, Universidade 

de Lisboa, 2686-953 Sacavém, Portugal 

*fenta@ua.pt 

Abstract  

 

The importance of understanding the 

interaction between graphene and water 

molecules spans a wide range of 

applications, not only because it determines 

the interaction between graphene and a 

water-based environment but also because 

adsorbed water molecules directly affect 

many of graphene’s physical and chemical 

properties (e.g. wetting [1], adhesion [2], 

electrical doping [3], carrier mobility [4]). 

Moreover, the structural order of adsorbates 

on graphene can originate completely new 

phenomena [5,6].  

We present a combination of density 

functional theory (DFT) calculations and 

perturbed angular correlations (PAC) 

experiments dealing with the interaction 

between graphene, water molecules, and 

Hg solute atoms/ions. Using PAC, we 

measure the electric field gradient (EFG) 

and the magnetic hyperfine field (MHF). By 

measuring these parameters, and 

correlating them with DFT calculations, we 

are able to locally probe the interaction 

between graphene and the adsorbates, at 

the atomic scale: structural configuration, 

stability, and electronic structure. Moreover, 

by using radioactive probes (199mHg, in this 

case) produced at the ISOLDE facility at 

CERN, we can perform such experiments 

without the use of external probes (e.g. a tip 

in scanning probe microscopy) or particle 

beams (e.g. electron beam in transmission 

electron microscopy), which can otherwise 

perturb the probed interactions. As an 

example of the range of applications of this 

approach, we discuss the observation of 

ordered water+Hg structures on the surface 

of graphene (Fig. 1). 
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Figure 1: Experimental PAC R(t) function using 
199mHg as a probe for the system Graphene + 

Water + Hg. The analysis of the Fourier transform 

(FT) yields two different frequencies (EFGs) 

associated with two spatial configurations. 
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