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Abstract

As the focus of much attention in multi-disciplinary fields such as physics, chemistry, biomedicine,
and materials science, graphene has the following limitations which impede their widespread ap-
plications: 1) the gapless electronic structure of graphene would retard their optoelectronic ap-
plications, 2) the high surface energy of graphene nanosheets causes them to readily aggregate,
consequently losing their unique properties, and 3) the inert surface of graphene makes it difficult
to combine with other materials. In order to realize more widespread applications of graphene, it
is essential to functionalize graphene physically or chemically, and graphene functionalization is a
broad subject being undergoing an intense study. This is because the functionalization cannot only
retain the unique intrinsic properties of graphene to a certain extent but also impart new struc-
tures and properties to the functionalized graphene. Doping with heteroatoms is one of the most
hot-topic research areas regarding the functionalization of graphene, which leads to the breakage
of the original symmetry and ordered honeycomb structure and to the rearrangement of the crys-
tal structure of graphene. Compared to other non-metal heteroatoms, nitrogen has a size closer to
carbon, revealing a higher compatibility of nitrogen with the lattice structure of graphene. Hence,
nitrogen can be more easily doped into the graphene lattices, producing nitrogen-doped graphene
(NG) that is more stable in comparison with other heteroatom-doped graphene. More importantly,
the incorporation of nitrogen would enhance the electronegativity of graphene materials, attri-
buted to the generated N-C bond where the adjacent carbon atoms are endowed with more posi-
tive charges. The enhancement of the electronegativity facilitates catalytic redox reactions. These
characteristics of NG lead the research and applications of NG to become an important direction in
various fields. This review article summarizes various NG preparation methods in recent years,
and compares the merits and demerits of these preparation methods. In addition, the applications
of NG in catalysis, supercapacitors, photocatalysis, biosensing, and antibacterial, etc., are reviewed,
and the bottleneck in the current stage and the future prospect are also pointed out. The review
paper presented here paves the way for the development of more high-performance NG-based
materials for addressing both fundamental and technical problems and challenges in both scien-
tific and industrial communities.
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Figure 1. Impact of B, N doping on the potential density distribution of B, N-co-doped graphene. Charge distribution of
graphene (a) and the graphene co-doped with B and N in the meta position [17]
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Figure 2. Four types of N that could exist in NG [20]
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Figure 3. XPS spectra of the NG sample being fabricated on pre-grown Si
nanowires, and the corresponding schematic diagram was also provided on the
right [24]
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Figure 4. Schematic illustration of the synthesis of NG by CVD using camphor
and melamine as carbon and nitrogen sources, respectively [25]
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Figure 5. Schematic presentation of the preparation of NG based on the segregation growth method [29]
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Figure 6. The molecular formula depicting the synthesis of
NG via a solvothermal method, along with the corresponding
STM image of the synthesized NG [30]
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Figure 7. Structural formula showing the hydrothermal synthesis of NG using GO and (NH,4),CO; as the starting material [32]
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at% ], (FZAFEI1) NG #a RN T 1 RCK[30].
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Figure 8. Molecular formula showing the synthesis of NG based on an arc discharge approach
by inputting DC electric arc into an NH; atmosphere and subsequently reacting with graphite
electrodes [34]
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Figure 9. Schematic illustration of the flow chart for the preparation of NG based on an acid combined with thermal strategy [35]
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Figure 10. The nitrogen type in the NG prepared by the PECVD
method using GO as the starting material. (a) Schematic illustra-
tion of the prepared NG. (b) TEM image and SAED pattern of the
prepared NG which reveal that the pristine in-plane honeycomb
structure of graphene was not destructed after being suffered to
the PECVD processing [39]
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223. Hib A

KEWAEBEEYE: ZH R T 7 A B GO Bl & RGO, ZRIMK A Al gy — PR,
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