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Computational details: 

Our numerical approach is based on the spin polarized density functional theory 

(DFT) using the ab initio pseudopotential plane-wave method as implemented in the 

PWSCF code.
1
 The Perdew-Burke-Ernzerhof gradient corrected functional (PBE) is 

employed as the exchange-correlation functional.
2
 Ultrasoft pseudopotentials have 

been used.
3
 The valence electronic wave functions were expanded onto a plane wave 

basis set with a kinetic energy cutoff of 40 Ryd for wave functions and 300 Ryd for 

charge density. For most of the calculations, a 7×1×1 Monkhorst-Pack k-point mesh 

was used.
4
 The electronic structure analysis with 35×1×1 k-point mesh have also been 

performed. 

To determine the ionic oxygen diffusion barriers, transition states were determined 

using the nudged elastic band method (NEB).
5
 A set of intermediate configurations, or 

‘images’, generated by linear interpolation between the two equivalent endpoint 

configurations were then optimized so as to converge to points on the minimum 

energy path. Harmonic spring interactions were used to connect the different images 

of the system along the path. Conjugated gradients algorithm is used to minimize the 

forces on the images. 
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Computational results: 

The substitutional stability of heteroatoms B, N, and O on ribbon edge was 

examined in the supercell. The substitution energy can be addressed as 

          Esub=Eheteroatom:ZGNR– EZGNR – heteroatom + carbon           (1) 

where Eheteroatom:ZGNR is the energy of the heteroatom-substituted supercell, EZGNR is 

the energy of pristine supercell, and heteroatom and carbon are calculated using the total 

energy of their ground states of each species. All substitutional processes turn out to 

be exothermic, -0.78, -1.17, and -2.08 eV respectively for the order of B-, N-, and 

O-doping, most notably for oxygen, which provides a complementary understanding 

of easy contamination of graphene in oxidized environments. 

 

Based on the DFT calculation, both B- or N-doping can contribute positively to the 

H2 dissociation by reducing the dissociative energy barrier, in a similar way on 

enhancing ORR activity from experimental and theoretical perspectives. The 

important role of light element doping on stimulating the H2 dissociation reported in 

this work add a precious data to the various other metal-free efficient catalyst, like the 

oxygen reduction reaction (ORR) for fuel cell applications or beyond. 

 

Table S1. Löwdin charge population results for B-, N, O-doped and undoped graphene 

ribbon during H2 dissociation process. IS, TS, and FS represent initial structure, 

transition state and final structure, respectively. 

B-doped IS TS FS un-doped IS TS FS 

Dopant 2.864 3.115 2.774 Edge C 3.835 4.077 3.958 

C* 3.982 4.012/4.012 4.164/4.131 C* 4.086 4.022 4.142 

H 0.964 0.743/0.789 0.799/0.886 H 0.966 0.885 0.793 

N-doped IS TS FS O-doped IS TS FS 

Dopant 5.086 5.202 5.217 Dopant 6.074 6.191 6.348 

C* 3.959 3.931 3.977 C* 3.931 3.953 3.928 

H 0.967 0.871 0.795 H 0.966 0.897 0.791 
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Table S2. Calculated physical adsorption energy of H2 on B-, N, O-doped and 

undoped graphene ribbon edges with and without van der Waals correction. 

Ead/eV B-doped Un-doped N-doped O-doped 

without vdW -0.0009 -0.0015 -0.0067 -0.0252 

vdW correction -0.0182 -0.0200 -0.0250 -0.0378 

 

 

 

Fig. S1. Spin-polarized local density of states projected onto doped edge atom, 
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adsorbing site C* and H2, in the IS, TS, and FS configurations as illustrated in Fig. 2. 

The Fermi level is set to zero. 
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