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£ Aims Electronic Structure
\ - Investigate oxygen redox processes in - Delithiation of Li, FeSiO, is known to occur in
L a model (Li-ion) polyanion cathode two distinct two-phase processes, from x=2 to
material (Li,FeSiO,) using density x=1 and from x=1 to x=0.
functional theory and ab initio - The projected electronic density of states for
molecular dynamics. FeSiO, exhibits a redox state above the Fermi
- Compare these processes to the level that has substantial overlap with both Fe
\\-.’ lithium-rich layered systems and and O states.

" determine the extent to which the - We have visualised these redox states by
mechanism of oxygen redox is plotting the Wannier isosurface associated
transferable between materials. with the relevant bands. O

- The oxidation state
of the Fe according to
the Wannier centres

Thermodynamics is FelV, but there is

. o significant
a!nd Klnetlcs covalency as

- We have calculated that FeSiO, is thermodynamically unstable evidenced by the
(~ 0.2 eV /atom above the convex hull) with respect to decomposition into shape of the
Fe,O4, Si0O, and O, trapped in the bulk. isosurface.

- As has been suggested in the lithium-rich layered systems, we thus expect
the thermodynamic product of oxygen redox to be bulk molecular O,.

- We have sampled the kinetically accessible states of FeSiO, with ab initio
molecular dynamics simulations at 500 and 1000 K.

O_
- We observe low-energy < ” /WRM\V‘ MM
configurations containing . W ’wm

oxygen dimers, in which

some of the Fe'V ions have

been reduced to Fe'l. .
~10.0 —-75 =50 =25 0.0

- The lowest energy | | | | E—Ep/eV

configurations we collected are

those containing trapped

molecular oxygen (sampled COIlClllSiOIlS

at 1000 K), as opposed to the

peroxides bridging between A ‘ | - Despite the kinetic stability imparted by a
cation polyhedra seen at lower -/ rigid polyanion framework, the ultimate
temperature (sampled at 500 . product of oxygen redox in Li,FeSiO, is

K). « molecular oxygen trapped in the bulk.
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Relative Energ

- Extraction of the second lithium per formula

- The reduction of Fe'¥ to Fe''! by peroxide formation is reminiscent of the unit oxidises Fe' to Fe'', which (owing to
ligand to metal charge transfer process observed in the disordered rock- substantial covalency) constitutes a joint
salts. Our results suggest that this is an intermediate step towards the cationic and anionic redox process.

formation of molecular O,.
1000 K _ Fe'V is a metastable intermediate which is

reduced back to Fe'! upon oxygen dimerisation.

10 -
D - 500 K

FeIV - Our results suggest that the oxygen redox

process in polyanion systems has significant

bridging overlap with the equivalent mechanism in the
o3

O, lithium-rich layered and disordered rock-salt

\‘_‘\ systems.

Relative Energy / eV
|
= &

|
p—
a2

~~ THE FARADAY
INSTITUTION

|
.
S




