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Fig. 1. Structure of NO, adsorbed on graphene surface: (a) Pristine graphene; (b) N-doped graphene; (¢) Zn-doped graphene; (d) N-

Zn co-doped graphene.
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Fig. 2. Top and side views of the molecular structure of NO, adsorbed on the optimized graphene surface: (a) Pristine graphene;

(b) N-doped graphene; (c) Zn-doped graphene; (d) N-Zn co-doped graphene.
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Table 1.

NO, adsorption on graphene surface.

sl IREER /A ALSEER /A TR eV

The distance and adsorption energy of

RABIRAT BRI 3.00 2.96 -0.22
INEZZS 3.00 2.73 -0.69
VAR 3.00 1.94 -4.80

N-ZnXUB 4% 3.00 1.93 -4.97
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Table 2.  Mulliken charge distribution of NO,.
TR =S sHL T pHLTF T HLAT e Sy LA e i JE AL i /A
N 1.39 3.18 4.57 0.44
NO, 0 1.85 4.36 6.22 -0.22 0 0.68 1.23
¢} 1.85 4.36 6.22 0.22
N 1.46 3.21 4.67 0.33
KABIRAr B ¢} 1.86 4.44 6.29 -0.29 -0.25 0.63 1.24
0 1.86 4.44 6.29 -0.29
N 1.51 3.23 4.74 0.26
INEZZS ¢} 1.86 4.53 6.39 0.38 -0.48 0.60 1.25
0 1.86 4.51 6.36 -0.36
N 1.48 3.40 4.88 0.12
InBk 0 1.86 4.50 6.36 -0.36 -0.59 0.67 1.26
0 1.86 4.49 6.35 -0.35
N 1.49 3.40 4.88 0.11
N-Zn
T 0 1.86 4.51 6.37 -0.37 -0.60 0.67 1.27
¢} 1.86 4.48 6.34 -0.34
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Fig. 3. (a) Charge density difference (CDD), (b) total charge density (TCD), and (c) electron density difference (EDD) plots of NO,
molecules adsorbed on different graphene surfaces. The isosurfaces of TCD plots are set to 0.02 e/A3; the isosurfaces of CDD plots

are set to 0.01 /A3, blue represents electron accumulation and yellow represents electron depletion; in EDD plots, red represents

charge accumulation and blue represents charge depletion.
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Fig. 4. Fractional density of adsorbed NO, molecules on graphene surfaces: (a) Pristine graphene; (b) N-doped graphene; (c¢) Zn-

doped graphene; (d) N-Zn co-doped graphene.
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Abstract

In order to study the adsorption of NO, on pristine graphene and doped graphene (N-doped, Zn-doped, and
N-Zn co-doped), we simulate the adsorption process by applying the first-principles plane-wave ultrasoft
pseudopotentials of the density-functional theory in this work. The adsorption energy, Mulliken distribution,
differential charge density, density of states, and optical properties of NOy molecules adsorbed on the graphene
surface are calculated. The results show that the doped graphene surface exhibits higher sensitivity to the
adsorption of NO, compared with the pristine graphene surface, and the order of adsorption energy is as follows:
N-Zn co-doped surface > Zn-doped surface > N-doped surface > pristine surface. Pristine graphene surface and
N-doped graphene surface have weak interactions with and physical adsorption of NO,. Zn-doped graphene
surfac and N-Zn co-doped graphene surface form chemical bonds with NO, and are chemisorbed. In the visible
range, among the three doping modes, the N-Zn co-doped surface is the most effective for improving the optical
properties of graphene, with the peak absorption and reflection coefficients improved by about 1.12 and 3.42
times, respectively, compared with pristine graphene. The N-Zn co-doped graphene not only enhances the
interaction between the surface and NO,, but also improves the optical properties of the material, which
provides theoretical support and experimental guidance for NO, gas detection and sensing based on graphene
substrate.

Keywords: NO,, graphene, adsorption, first principles
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