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Fig. 1. (a) Crystal cell structure of Li,Coq5R, 5510, (R = Co, Ga, Ge and As); (b) the corresponding supercell. Green, pink, orange

and blue tetrahedron represent LiO4, CoO,, RO, and SiO,, respectively.
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Fig. 2. Corresponding unit cell volume of Li,CojsRy 5510,
(R = Co, Ga, Ge and As) at during delithiation z (z= 0, 1, 2).
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Fig. 3. Variations of lattice parameters a, b and ¢ of Li,Coy 5Ry 5510, (R = Co, Ga, Ge, As) at during delithiation z (z = 0, 1, 2).
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Fig. 4. Average deintercalation voltages of LiyCoy R 5510,
(R = Co, Ga, Ge and As).
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Table 1. Magnetic moment and oxidation state of

Co ion.
pr RS s
Li,CoSiO, 2.79 +2 (4593d7)
LiCoSiO, 3.18 +3 (4s°3d9)
CoSi0, 3.34 13 (45°3d°)
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Fig. 6. Density of states of (a) LiyCoq5Gag 5510y, (b) LiCoy5Gag 5510y, (¢) CoysGag55i04; (d) the PDOS of Ga in Li,Coj;Gag 5510,

(z =0, 1, 2) during delithiation.
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Table 2.  Magnetic moment and oxidation state of
Co ion.
ity R /s ERIES
LiyCoy 5Gay 5510, 2.79 +2 (4s°3d7)
LiCo 5Gag 5510, 3.18 +3 (4s°3d5)
Coy 5Gag 5510, 3.26 +3 (4s°3d%)
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(z =0, 1, 2) during delithiation.
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Table 3. Magnetic moment and oxidation state of
Co ion.

45 S /g AR
LiyCoq 5Gey 55104 2.79 +2 (4s°3d7)
LiCo 5Geg 5510, 2.79 +2 (4s°3d7)
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Abstract

Silicate cathode material Li,CoSiO, has received wide attention due to high theoretical capacity. However,
the high discharge makes the existing electrolyte unable to satisfy the requirements of its use, and the poor
cyclic stability limits its further application and development. The high discharge and cycle stability of
Li,CoSiO, cathode material can be improved by doping corresponding elements. The effects of non-transition
high-valent elements of Ga, Ge and As doping on structural, electrochemical and electronic properties of Li-ion
battery cathode material Li,CoSiO, are systematically studied by the first-principles calculations based on
density functional theory within the generalized gradient approximation with Hubbard corrections (GGA + U).
The calculation results show that the maximum expansion range of the unit cell volume of Li,CoSiO, cathode
material during lithium ion removal is 3.5%. However, the Ga, Ge and As doping reduce the variation range of
unit cell volume during the delithiation of the system, which is beneficial to the improvement of the cycle
stability of Li,CoSiO, material. Furthermore, the Ga, Ge and As doping can reduce the theoretical average
deintercalation voltages of extraction for the first Li* in per formula unit; the theoretical average deintercalation
voltages of the doping systems decrease by 1.65 V, 1.64 V and 1.64 V, respectively, compared with the
deintercalation voltage of the undoped Li,CoSiO, system. Meanwhile, except for the Ga doping, the Ge and As
doping can also effectively reduce their theoretical average deintercalation voltagesin the secondary delithiation
process. The density of states and magnetic moment show that Co?* has a strong binding effect on the 3d
orbital electrons, which makes it difficult for Co?* in Li,CoSiO, material to lose electrons for participating in
the charge compensation in the process of Li* removal. However, the Ga, Ge and As doping can effectively
participate in the charge compensation of the system in the process of Li" removal, which is the main reason for
the decrease of the theoretical average deintercalation voltage of the system. In addition, the Ge doping reduces
the band gap value of the Li,CoSiO, from 3.7 €V to 2.49 eV, while the Ga doping and the As doping introduce
the donor defects, and thus making the doping system exhibit metallic properties, which can improve the

conductivity of the system to some extent.

Keywords: first-principles calculation, doping, deintercalation voltages, electronic structure
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