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Fig. 1. Graphene structures with substitutional and adsorbed oxygen: (a) Pure graphene; (b) adsorbed oxygen; (c), (d) substitution-

al and adsorbed oxygen between adjacent carbon; (e), (f) substitutional and adsorbed oxygen between nonadjacent carbon.
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Table 1.  Total energy of structures and the bond length of carbon and oxygen.
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Fig. 2. Charge density of structure c: (a) Top view; (b) ro-
tation 50 degrees around the y axis (yellow represents the
charge distribution and blue represents the periodic bound-
ary profile).
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Table 2. The elastic constants of structures a, c
and d.

Cy/Nm™ Co/N-m™  Cp/Nm™ Cyg/Nm™

ZEfa 2445.1 2438.7 441.9 0.939
ZEHje 1607.5 958.7 163.9 0.986
Z5fd - 975.8 1295.3 463.5 ~266.9
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Fig. 3. Band structures of the graphene oxide with carbon
oxygen double bond (red dashed line represents the Fermi

level).
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First-principles study on structural stability of graphene
oxide and catalytic activity of nitric acid”
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Abstract

The stability and electronic structure properties of graphene fumigated by nitric acid are systematically
studied by the first-principles method based on ultrasoft pseudopotentials. The model of graphene oxide
fumigated by nitric acid is built based on the 2 x 2 supercell model with orthogonal graphene unit cells, which
contains 15 carbon and 2 oxygen atoms. The results show that the fumigated graphene containing a carbon
atom bonded to an oxygen atom is a stable structure with lower energy, which is consistent with the
experimental result. In addition, the mechanical stability analysis shows Cgg > 0, C13 > 0, C11C > C%,, which
satisfies the mechanical stability condition. By analyzing the reactant and product, it can be concluded that the
nitric acid acts as catalyst. Moreover, the process of graphene oxidation catalyzed by nitric acid is endothermic
and the reaction needs heating. By analyzing the electronic properties of the structure, the graphene oxide is
determined to be an intrinsic semiconductor with a direct band gap of 1.12 eV and work function of 5.28 eV.
These results provide theoretical basis for preparing the graphene oxide and its applications in the field of

optoelectronic devices.
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