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F 1 RBHGHE BN Li,MnO, 1Y 3 BB SR LT R MR

Table 1.  Lattice constants, volume of supercell, magnetic moment of rare-earth atom of Li,MnOj3 without and with rare-
earth doping.
(3 s+ IR MWERE /g 2a/A b/A 2¢/A V/A3
Li,MnO4(exp) P — 9.874 8.5632 10.060 —
Li;MnO4 — 10.030 8.670 10.191 835.566
La-LiyMnOg 0 10.244 8.828 10.317 877.527
Ce-LisMnOg3 0 10.157 8.769 10.266 861.058
Pr-Li;MnOs4 1 10.151 8.765 10.263 859.917
Sm-Li,MnO4 0 10.136 8.755 10.248 856.630

Bl 1 LiMnOg "+ 45240 B 5 Li 8 7 19 9 fOR ] %
UIRDAZIF=AES
Fig. 1. Crystal structure of Li,MnOj with rare-earth dop-

ing sites and nine Li sites.
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Table 2.

neighboring O in undoped Li,MnO; and distance

Distance between Mn and the nearest

between rare-earth ion and the nearest neighboring
O in rare-earth-doped Li,MnOs.

Mn4+ La3+ Ce4+ Pr4+ Sm4+

1.941 2374 2215 2193 2181

Y /[ = Mn
M OW*MA 1.934 2385 2198 2208 2.183
La, Ce, Pr, Sm)/

1.949 2401 2218 2211 2170
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Table 3.  Diffusion paths of Li ions in two differ-

ent structures with neighboring Li ions.

KB IRk Z 7S
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Fig. 4. Diffusion energy barriers of Li ions in La-doped Li,MnOQOs. All diffusion paths are consistent with those listed in Table 3.
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Fig. 5. Diffusion energy barriers of Li ions in Ce-doped Li,MnOs. All diffusion paths are consistent with those listed in Table 3.
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materials Li,MnQOj; in Li-ion batteries”
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Abstract

Although Li-ion batteries (LIBs) have had great success in portable electronic devices and electrical
vehicles, the improvement of the performances has received intensive attention. Generally, doping is an effective
method to modify the battery performance, such as cycling performance. Appropriate doping can effectively
reduce the structural deformation of electrode materials during charging and discharging, thus improving the
cycling performace of LIBs. Because of the large radius, large charge and strong self-polarization ability of rare
earth ions, rare earth element is a promising candidate for doping modification. Motivated by this, we study the
structural, electronic and ionic diffusion properties of rare-earth-doped cathode material Li,MnO;4 by using first-
principles calculations based on density functional theory as implemented in Vienna ab initio simulation
package. After the doping of rare earth elements (La, Ce, Pr, Sm), the lattice constants and cell volumes
increase with respect to the undoped one. The cell volume of La-doped Li;MnQO3; has the biggest change, while
the cell volume of Sm-doped one has the smallest change. Due to the different ionic valence states, the
electronic structures of the doped Li;MnOs are various. La-doped Li;MnOj exhibits metallic characteristic,
whereas Ce-, Pr-, and Sm-doped structures are semiconducting with smaller band gap than that of the undoped
case. The Li diffusion energy barrier in Li,MnOs shows complicated variation when the La and Ce are doped.
At the sites far away from the rare earth ions, the Li diffusion barriers are lower than that of undoped one. The
reason is that the diffusion channels, which are determined by the distance between neighboring O-layers, are
enlarged due to the implantment of rare earth ions. However, the situations are various at the sites close to the
rare earth ions. The Li diffusion barriers increase essentially when Li ions diffuse from the nearest sites to rare
earth ions. Such a result is closely related to the huge changes of local structures around the rare earth ions. In
addition, the effect of La doping on the Li diffusion barrier is more obvious than that of Ce doping, which is due

to the local structure change around rare earth ions.

Keywords: frist-principle calculation, rare-earth doped, Li-ion battery, cathode materials
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