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Fig. 1  Volume-energy relationships of ZrO, with different

crystalline phases
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Fig.2 Charge differential density distribution of different phases
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Fig.3 Band structure of different phases
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First-principles study of the stability and electronic structure of
different zirconia phases

WEN XinZhu LIU MingZhen PENG YuYan

(Institute of Engineering and Technology, Yang’en University, Quanzhou 362014, China)

Abstract ; The crystal structure parameters of different zirconia phases have been calculated using density functional
theory (DFT). On the basis of all the model structure optimization, the reasons for the different stabilities of differ-
ent crystal phases at a general temperature and pressure are analyzed. The electronic band structures and state den-
sity charge differential densities of different crystal phases have been calculated using three different functionals. It
is found that in the zirconia high temperature stable phase system, the interaction between strongly correlated elec-
trons in zirconia is enhanced. The generalized gradient approximation plane wave ultra-soft pseudopotential func-
tional of traditional density functional theory and its modified Hubbard U method seriously underestimate the energy
band gap, so the band position of each layer is not accurate, but the calculated results using the B3LYP hybrid
functional are in good agreement with the existing experimental results. By combining with the density of states and
differential density data calculated by B3LYP hybrid functional, the stability, electrical conductivity and optical ab-
sorption properties of different crystal phases of zirconia have been explained theoretically from the aspect of elec-
tron-to-electron interaction.

Key words: zirconia; crystalline phase; first principles; energy band structure
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