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First-principles study on hydrogen storage property of
Li-decorated defective blue phosphorene monolayer

ZHANG Zhi-Cai » MA Liang-Cai
(School of Physics and Electronic-Electrical Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: The hydrogen storage properties of defective blue phosphorene monolayer decorated by alkali
metal Li were systematically investigated by using first-principles calculations. The results show that
the interaction between Li atom and blue phosphorene monolayer can be enhanced by introducing the
double-vacancy defect DV2, thus hindering effectively aggregation of Li on the surface of the blue phos-
phorene monolayer. Three H; molecules can be absorbed by a Li atom with the average adsorption ener-
gy of 0. 248 eV/H,. Both the polarization mechanism of H, molecules and the weaker hybridization of
Li-s/p orbitals with H-s orbitals are responsible for the adsorption of H; molecules. The effect of tem-
perature and pressure on the hydrogen storage performance is also investigated, and the results indicate
that the H, storage systems can be stable at room temperature and low pressure, and thus the practical
reversible hydrogen storage can be achieved at room temperature.
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Fig. 1 Optimized structures of (a) pristine and (b~e) defective blue phosphorene monolayer

054001-3



% 59 &

v K FRCH RAF O % 5

x1 EBBRROVERFEFAEE E

Tab.1 The formation energy Efof defective blue phos-
phorene monolayer
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Ei/eV Ref. [25] 1. 60 2.38 2. 85 2.32
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Fig. 2 Diffusion energy and detailed pathway of Li atom on the (a) pristine and (b) defective blue phosphorene monolayer
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Fig. 3 (a) The optimized geometry structure and (b) the charge density differences plot of Li-decorated blue phos-
phorene monolayer with DV2 defect (The isovalue is taken to be 0. 01 e/A*)
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Fig. 4 The optimized geometry structure of the pristine, defective blue phosphorene and Li/DV2 with H; molecules ad-
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Tab. 2 The calculated adsorption energies (E., and E..)
of H, as well as the distances between Li atom and
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1H, 2H, 3H, 4H,
Econ/eV 0. 288 0.174 0.148 0. 040
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Fig. 5 Charge density difference plot of nH, +1Li/DV2 system (The isovalue is taken to be 0. 007 e/A*).
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