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Fig. 1. (color online) The crystal structure of LioFeSiO4

Fe gsi @0

with Pmn2; space group.
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Table 1. The calculated value and experimental value of atomic fractional coordinates for LioFeSiO4.

T SR E

X Y Z X Y Z
Li 0.252 0.331 0.945 0.237 0.325 0.842
Fe 0.5 0.827 0.939 0.5 0.831 0.923
Si 0 0.835 0.950 0 0.841 0
o1 0.215 0.688 0.844 0.217 0.687 0.884
02 0 0.125 0.843 0 0.137 0.850
03 0.5 0.167 0.776 0.5 0.167 0.860

#2 AL LizFeSiOy(z = 1, 1.5, 2) IS4
Table 2. The optimized cell parameters for LizFeSiO4(z = 1, 1.5, 2).

a/A b/A c/A a/(°) /) /() V/AS AVV/%
LioFeSiOy4 6.2635  5.3781  5.0145 90 90 90 168.91
Li; 5FeSiO4 6.1456  5.5215  5.0341 88.8 90.2 90.6 170.78 1.1%
LiFeSiO4(IIT)  6.0605 56560 50637  88.9 90 88.9 173.56 2.7%
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Fig. 2. (color online) The bond lengths comparison of
Fe—O, Si—O and Li—O for LizFeSiO4(z = 1, 1.5, 2).
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K3 (MTIEh) arEEE (a) LipFeSiO4 i O-Si-O 1i; (b) LiFeSiO4 ¥ O-Si-O M; (c) LioFeSiO4 ] O-Fe-O

Ifi; (d) LiFeSiOy4 ff) O-Fe-O [fii

Fig. 3. (color online) Charge density contour plots: (a) The O-Si-O plane for LioFeSiOy; (b) the O-Si-O
plane for LiFeSiOy; (¢) the O-Co-O plane for LigFeSiOy; (d) the O-Co-O plane for LiFeSiOy.
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Fig. 4. (color online) (a) Band structure for LioFeSiOy4; (b) band structure for LiFeSiOy4; the Fermi level is set at
zero energy and marked by a horizontal dotted line.
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Fig. 5. (color online) (a) Total density of states and partial density of states for LioFeSiOy4; (b) total density of

states and partial density of states for LiFeSiOy4; the Fermi level is set at zero energy and marked by a vertical

dotted line.
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Fig. 6. (color online) The curves of conductivity relax-
ation time ratio varies with temperature for LioFeSiOy4
and LiFeSiOy4.
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Abstract

The electronic structure and properties of silicate polyanion LiaFeSiO4 in the orthorhombic crystal structure with
Pmn2; symmetry and the relevant delithiated system LiFeSiO4 are investigated by the first principles method in the
framework of the density functional theory with the generalized gradient approximation. The WIEN2k software is used
for the self-consistent calculation of the crystal structure to obtain the energy band, density of states, and charge density.
Boltzmann transport theory is further used to obtain the values of ratio o/7 of LiaFeSiO4 and LiFeSiO4 based on the
results of the first-principles calculations. The structural stability of LioFeSiO4 system is demonstrated by calculating
and analyzing the lattice parameter and the bond length. The results indicate that LioFeSiO4 crystal has only 2.7%
volume variation in the lithiation/delithiation process and the change of the Si—O bond length is very small, which
suggests that the bonding nature between silicon and oxygen atoms remains unchanged. The results of charge density
analysis show that the structural stability of LioFeSiO4 crystal during lithium deintercalation is actually a consequence of
a strong covalent interaction between silicon and oxygen atoms. An analysis of density of states shows that the density in
the high-energy range near the Fermi level mainly comes from Fe-3d electron states. The Fermi level moves towards the
lower energy end during the deintercalation of lithium ions and the electronic conductivity decreases with the decreasing
of lithium ions, indicating that the conductive properties of LioFeSiO4 are better than those of LiFeSiO4. It suggests
that LizFeSiO4 could be modified by doping atoms to affect the electrons in orbital Fe-3d and enhance conductive
properties in future research. The calculations of transport properties show that the electronic conductivity of LioFeSiO4
is not sensitive to temperature in a range from 300 to 800 K, and Li2FeSiO4 material is a potential candidate for heat-
resisting cathode material. It also indicates that Li2FeSiO4 owns a better electronic conductivity than LiFeSiO4, which
is consistent with the analyses of band structure and density of states. This research reveals the microscopic mechanism
such as electronic structure and electronic transport properties of LisFeSiO4 crystal in theoretical calculations, and

provides a theoretical basis for the further improvement of electrochemical properties of lithium-ion battery.
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