
Grain Boundary Resistivity in Polycrystalline Graphene 
 

Aron W. Cummings,
1
 Dinh Loc Duong,

2
 Eduardo Barrios,

1
 Dinh Van Tuan,

1
 Jani Kotakoski,

3,4
 Young 

Hee Lee,
2
 and Stephan Roche

1,5
 

 
1
 ICN2 - Institut Català de Nanociència i Nanotecnologia, 

Campus UAB, 08193 Bellaterra (Barcelona), Spain 
2
 IBS Center for Integrated Nanostructure Physics (CINAP), Institute for Basic Science, 

Department of Energy Science, Department of Physics, 
Sungkyunkwan University, Suwon 440-746, South Korea 

3
 Department of Physics, University of Vienna, Boltzmanngasse 5, 1090 Wien, Austria 

4
 Department of Physics, University of Helsinki, P.O. Box 43, 00014 University of Helsinki, Finland 

5
 ICREA - Institució Catalana de Recerca i Estudis Avançats, 08010 Barcelona, Spain 

aron.cummings@icn.cat 
 
 

Abstract 
 
 In recent years, graphene has emerged as a favorable material for a wide range of applications 
[1]. While single-crystal graphene would be ideal, the most promising approach for the mass production 
of graphene is chemical vapor deposition (CVD), which results in a material that is polycrystalline [2,3]. 
This polycrystallinity arises due to the nucleation of growth sites at random positions and orientations 
during the CVD process. In order to accommodate the lattice mismatch between misoriented grains, the 
grain boundaries in polycrystalline graphene consist of a variety of non-hexagonal carbon rings, which 
can serve as a source of carrier scattering [4,5]. Indeed, several experimental works have demonstrated 
that grain boundaries add an extra resistance compared to single-grain samples [6-9]. In addition, a 
variety of studies have demonstrated the high chemical reactivity of the grain boundaries, compared to 
pristine graphene [6,10]. This has led to the possibility of using polycrystalline graphene as efficient 
chemical sensors [11]. Thus, in order to understand the large-scale transport properties of 
polycrystalline graphene, it is important to understand charge transport through the grain boundaries, 
and how this is altered by chemical functionalization. 
 In this work, we use numerical simulations to examine the role that grain boundaries play in 
charge transport through polycrystalline graphene. We find that grain boundaries increase the sheet 
resistance of graphene samples, and with a simple scaling law we extract the intrinsic grain boundary 
resistivity. The calculated grain boundary resistivity is 1-2 orders of magnitude smaller than what is 
obtained from most measurements, suggesting that scattering due to the non-hexagonal structure of the 
grain boundaries is relatively small, and that another mechanism must be responsible for most of the 
experimentally-measured grain boundary resistivity. We examine this by progressively adding chemical 
adsorbates to the grain boundaries, as depicted in Fig. 1. We find that functionalization can tune the 
grain boundary resistivity by more than one order of magnitude, as shown in Fig. 2, bringing the 
simulations within the range of experimental measurements [6-9,12,13]. These results have strong 
implications for CVD-grown graphene, as they indicate that chemical functionalization can play a strong 
role in the electrical properties of this material. We also present recent experimental measurements that 
demonstrate the impact of chemical functionalization on an individual grain boundary. 
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Figures 
 

 
Fig. 1. Schematic representation of H adsorbates on a graphene grain boundary. Gray atoms belong to 
the graphene grains, blue atoms belong to the grain boundaries, and white atoms are the H adsorbates. 
Adsorbate concentrations are (a) 1%, (b) 10%, (c) 50%, and (d) 100%. 
 
 

 
Fig. 2. Effect of chemical functionalization on grain boundary resistivity. Panel (a) shows the grain 
boundary resistivity as a function of adsorbate concentration. Red squares are for epoxide, green circles 
are for hydrogen, and blue triangles are for hydroxyl adsorbates. Panel (b) shows the grain boundary 
resistivity from a variety of sources. The first set of data (red open circles, far left) gives our numerical 
simulations, and the rest are the experimental measurements of other groups. 


