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Abstract: LiFePO, doped with Ni and Mg was simulated by using the first-principles. Through the energy band, PDOS
and population analysis, it shows that, when the transition metal element Ni is used as dopant, the structure is becomes
stable and the band gap reduces when Ni is doped on either Li(M1) or Fe(M2) sites, which results in the increase of the
electronic conductivity and the discharge-recharge rate, because the electronic structure and energy properties of the
transition metal oxides are greatly affected by the electrons in orbital d. When non-transition metal element Mg is doped
at Li-site, both the band gap and total energy decrease, and the lithium ion diffusivity improves. When Mg is doped at
Fe-site, the band gap increases because of the influence of electronics in Fe-d orbitals near the Fermi level, which is not
beneficial to the electronic conductivity. The covalent interaction between Li and O strengthens through the analysis of
population, which is not benefit for the lithium ion diffusivity and modification. So, the electrochemical properties of
LiFePO, are influenced by the changes of microstructure which are affected by dopants. The electrons in orbital d mainly
affect the electronic structure near the Fermi level, while has no relative with the chemical valence and atomic radius of
dopant.
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Table 1 Basic properties of elements in doped LiFePO,
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Atom Ion state Atomic radius/nm Covalent radius/nm Electronic configuration of outermost electron
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Mg Mg* 0.172 0.136 2p° 3s?
Ni Ni** 0.162 0.115 3d° 4¢
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Fig. 2 Partial density of states of Ni-doped LiFePOy: (a), (a"), (a”) LiFe;5NisPOy; (b), (b"), (b") Li;gNiysFePOy4
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Fig. 3 Band structure of Ni-doped LiFePO, at Fermi level: (a) LiFePO,, band gap 2.127¢V; (b) LiFe;Ni; POy, band gap 2.146 eV;
(c) LizgNiygFePOy, band gap 2.080 eV
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Table 2 Comparison of calculation results of different doped LiFePO,
Compound Total energy/eV Band gap/eV a/nm b/nm c¢/nm V/nm’
LiFePO, -2.106 1X10* 2.127 1.006 2 0.586 4 0.934 4 0.5513
LiFegNi;sPO4 -2.1913x%10* 2.146 1.0050 0.587 5 0.9343 0.5516
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Table 3 Bond population of different doped element bands
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Li—O 0.080 0 0.078 7 0.079 0 0.089 2 0.084 3
Fe—O 0.232 0.234 0.228 0.234 0.222
P—O 0.683 0.681 0.674 0.684 0.686
M—O - 0.222 0.140 —0.787 —0.820
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