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Selective nitrogen-doping of graphene oxide with a high pyridinic N 

ratio (51%; L-GO) was achieved by laser irradiation of graphene 

oxide with ammonia. The resulting L-GO exhibited enhanced elec­

trocatalytic properties; specifically, the overpotential of the hydro­

gen evolution reaction (HER) was improved by over 400 mV at 10 

mA cm-2 compared to the pristine graphene oxide.

Graphene and graphene oxide have attracted a lot of interest 
due to their unique physical and chemical properties, such as large 
surface area, excellent electrical conductivity, and ease of 
functionalizationY Doping of graphene (oxide) with heteroatoms, 
such as nitrogen (N), boron (B), phosphorus (P), fluorine (F), or 
sulphur (S), influences the charge distribution of the carbon atoms, 
which is an effective approach to tailor its electronic structure and 
electrochemical properties.3-5 For example, in N-doped graphene,
the spin density and charge distribution of carbon atoms are 
influenced by the neighbouring nitrogen dopants, which introduce 
"activation regions" on the graphene surface.6 Many interesting
properties arising from these "activation regions" have been found 
in N-doped graphene. It has been recognized that N-doped graphene 
is a potential candidate for various applications, such as 
electrocatalysts,3'7 biosensors,8 field effect transistors,9 Li­
batteries10•11 and ultracapacitors.12 Nitrogen doped graphene has
also been used as the substrate material for electrocatalysts.13•14 It
was considered that N-doped graphene as the substrate contributes 
to the improved hydrogen evolution reaction (HER) performance 
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Fig. 1 An illustration of the preparation of nitrogen doped graphene oxide 
by laser irradiating a solution containing graphene oxide and ammonia. (a) 
Three types of bonding configurations of N in graphene (oxide). (b) A 
schematic view of the experimental setup. (c) The structure model of 
graphene oxide (GO). (d) The structure model of nitrogen doped GO after 
laser irradiation (L-GO}. 

due to the interactions between the metal catalysts and the active 
sites on the substrate.13'14 

Nitrogen atoms can be incorporated into the graphene 
carbon lattice in three predominant bonding configurations, 
namely, graphitic N, pyridinic N, and pyrrolic N (Fig. la).6•15 It
has been reported that both graphitic N and pyridinic N 
facilitate the oxygen reduction reaction (ORR) activities.15•16

Theoretical calculations demonstrated that pyridinic N in N­
doped graphene can increase the absorption of H", thus 
improving the catalytic HER performance.17 However, achiev­
ing selective pyridinic N is still challenging and most processes 
require multistep, high temperature or prolonged 
reaction times. 








