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Abstract

The crystal structures of undoped and Zr-doped anatase were optimized by a first-principles molecular dynamics in the framework

of generalized gradient approximation (GGA). The calculated lattice constants for undoped anatase were in agreement with

experimental values within a difference of 0.21% for a-axis and 3.02% for c-axis. For Zr-doped anatase, a supercell containing 48

atoms was built for Zr-doped anatase and a centered Ti atom was substituted for a Zr atom. When a Ti atom was substituted for a

Zr atom, the average length of Zr-O bond increased than that of Ti-O bond by 5.6%. The molecular orbital calculations of undoped

and Zr-doped anatase were performed by using a discrete variational Xa method on model clusters to reveal the nature of Ti-O and

Zr-O bonds. The net charges were +2.38e for Ti and -1.19e for O in Ti-O bond and +2.59e for Zr and -1.23e for O in Zr-O bond.

The bond overlap populations defined as a sum of the overlap population of occupied molecular orbitals were 0.11 for Ti-O bond

and 0.06 for Zr-O bond. These results mean that Zr-O bond is more ionic than Ti-O bond.
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