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S1. DFT Calculation Details for LaixSrxFeOs (LSF) Structures

The plane wave based ab initio simulation package, VASP (Vienna Ab initio Simulation
Package) was used for all the ground state (0 K, zero pressure) calculations. Projector-augmented-
wave (PAW) potentials with valence configurations of 5s?5p®5d*6s? for La, 4524p®5s? for Sr, 3d’4s!
for Fe, and 2s?2p* for O were used to describe the valence electrons. The generalized gradient
approximation (GGA) functional along with Perdew, Burke, and Ernzerhof (PBE) parameters were
used to describe the exchange-correlation potentials of the constituting elements. Fe was treated
with the GGA+U method with a Uest = 3. A detailed discussion of the Fe atom U parameter
selection process is provided in Sections 2.2 and 3.1a. Spin-polarized calculations were performed
and the magnetic moment on each Fe was calculated by spherical integration. The accuracy for the
electronic calculations was within 1 peV. A single point energy calculation was performed to test
the convergence of the cut-off energy and k-points for each input lattice. It was concluded from
the k-mesh calculations that a k-spacing of 0.2 A was sufficient for the required accuracy of 1
meV/atom when the cutoff energy was set to 500 eV. lonic relaxations were performed until the

Hellmann-Feynman force on each atom reached the order of 10 meV/ A.*

The ground state energy for all three oxygen-stoichiometric (i.e. 3 = 0) LSF compositions
was calculated with six different initial structures (three crystal structures, as shown in Figure 1,

multiplied with two magnetic ordering arrangements), by allowing the cell shape and atom
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positions to relax. Among these six input structures, the one with the minimum energy per formula
unit was considered as the (ground state) crystal structure for that composition. The calculated
crystal structures, lattice parameters, bond lengths, low-temperature magnetic ordering
arrangements, and band gaps for stoichiometric SFO, LSF55, and LFO were benchmarked with

experimental or computational studies whenever available in the literature.

S2. Calculation of the Oxygen Vacancy Formation Energy (0 K) and Oxygen Vacancy
Formation Free Energy (as a Function of Temperature and Oxygen Partial Pressure)

For the defect reaction given in Equation 2, the neutral oxygen vacancy formation energy,

AElfac, was calculated from the DFT+U predicted energy of a stoichiometric lattice (5=0),
Eps'rect » and non-stoichiometric lattice, EZ)/,c.i,e (With one oxygen vacancy), using the
relationship:!
1
Awaac = Eg:fgctive - z?:r?}ect + EEgZFT [1]

where, EGFT is the energy of an isolated oxygen molecule.” A detailed discussion of the

computation of E;F" is available in Das et al.® Here, AE,{aC was calculated with different 6 by

varying the supercell size, mimicking a uniform vacancy distribution.

To facilitate direct comparison with experimentally measured & values, the computed

AE’ was converted to an oxygen vacancy formation free energy, AGlfaC, as a function of

vac

temperature (T) and oxygen partial pressure (po,) using the relationship:*°

1
AGécac = AEvfac + > (A.ugz (T) + lenpOZ) [2]
where, Aygz (T) is the free energy of oxygen gas at a temperature T and standard state pressure

(po,= 1 bar), including the excess energy due to phonon vibration contributed by the lattice
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oxygen. The calculation of Aygz (T) was performed utilizing available thermodynamics data, as

reported in Das et al.? Since AG,,faC may increase with increasing LSF oxygen non-stoichiometry,
a generalized equation to predict the oxygen vacancy site fraction, X as a function of temperature,

oxygen partial pressure and vacancy concentration was utilized:

X J— AGT{aC(T'p!X)
—x  €XP <_ RT > [3]

Note, this equation can be used for both dilute and interacting vacancies. The oxygen vacancy site

fractions were calculated by solving Equation 6.3

S3. Partial Density of States (PDOS) and Band Gap Calculations for Different LaixSrxFeOs
(LSF) Structures

Figure S1 shows the band gap for each energetically favored lattice structure. The partial density
of states (PDOS) was calculated for both FM and AFMG ordering in LFO as shown in Figures 4a
and 4b. The computed band gap was 0.5 and 2.0 eV for FM and AFMG ordering, respectively.
The band gap predicted in AFMG LFO was comparable to the experimentally observed optical
band gap of 2.1 eV measured at room temperature.® Cubic SFO shows a metallic behavior,” as
correctly predicted in Figure 4e. The good match between the various predicted and measured
properties for the other SrFeQOs.s phases can be found in our previous study.® The PDOS was
calculated for both FM and AFMG magnetic ordering in LSF55 and reported in Figure 4c and 4d.
Though there are few DOS observed close to Fermi energy with a FM orientation (Figure 4c), the
AFMG ordered structure has an energy gap of 1.6 eV, comparable to earlier computational

studies.®
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Figure S1. GGA+U (=3) partial density of states calculations for (a-b) orthorhombic LaFeOs, (c-
d) rhombohedral LagsSrosFeOz, and (e-f) cubic SrFeOs. The gray and black lines represent the Fe
3d and O 2p states respectively.
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