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S1 Mg2+ Migration Energy Paths 

The following figures report the Mg2+ migration energies along the migration paths 

computed in all the coating materials considered in this investigation (summarized in 

Table 3 and Figure 3 of the main text). The zero of the migration energy in all plots is 

referenced to the lowest energy end-member structure. The migration barrier in all 

cases is taken as the difference between the lowest and highest energy states. Note 

that b-MgSiN2, Ia3$-Mg3P2, and Fm3$m-Mg2Si correspond to structures with Materials 

Project IDs of mp-3677, mp-2514, and mp-1367, respectively. 
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S2 Mg2+ Migration Energy Paths in Metastable Polymorphs 

We also calculated the Mg migration barriers in a few metastable structures at the 

compositions of Mg3P2 (space group: Pn3$m; Materials Project ID: mp-8085), Mg2Si 

(P6*/mmc; mp-1018796), MgSe2 (Pa3$; mp-1103590), and MgTe2 (Pa3$ ; mp-2604), as 

reported below.   

 

0 20 40 60 80 100
Path Distance (%)

0

100

200

300

400

M
ig

ra
tio

n
E

ne
rg

y
(m

eV
)

Mg3P2 − Pn
−
3m



17 

 

 

0 20 40 60 80 100
Path Distance (%)

0

100

200

300

400

500

600

700

800
M

ig
ra

tio
n

E
ne

rg
y

(m
eV

)

Mg2Si −P63/mmc

0 20 40 60 80 100
Path Distance (%)

0

200

400

600

800

1000

1200

M
ig

ra
tio

n
E

ne
rg

y
(m

eV
)

MgSe2



18 

 
 

 

  

0 20 40 60 80 100
Path Distance (%)

0

200

400

600

800

1000
M

ig
ra

tio
n

E
ne

rg
y

(m
eV

)

MgTe2



19 

S3 Convergence of Migration Barriers vs. Finite-size effects 

 

Figure S1 Migration barriers (in meV) of Mg in MgS as the size of the simulation cell is varied. 
The specific simulation cell used (in brackets) and the number of atoms within the pristine 
cell are indicated by the text near each data point. 

Figure S1 shows the calculated Mg2+ migration barriers in MgS including the 
background charge at varying supercell size. Starting from a conventional cell with 
dimensions of 5.23×5.23×5.23 Å3, we perform nudged elastic band (NEB) 
calculations using supercells of size 2×2×1 (32 atoms without Mg vacancy) of the 
conventional cell up to 4×4×4 (512 atoms). While the migration barrier within a 2×2×1 
supercell (~400 meV) exhibits significant deviation (~600 meV) from the 4×4×4 
supercell (~1000 meV), the migration barrier using the 2×2×2 supercell (~950 meV) 
is only slightly lower than the 4×4×4 (by ~50 meV). Note that ±50 meV is the typical 
error bar in the estimation of our migration barriers, which corresponds to ±1 order of 
magnitude in diffusivity, in agreement with the typical uncertainty in experiments (e.g., 
migration barrier estimates via galvanostatic intermittent titration measurements). 
Thus, using a supercell size of 2×2×2 gives a converged Mg2+ migration barrier.  
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S4 Electrostatic corrections to evaluate the formation energy of charge-
compensated Mg Vacancies  
 
The following plots depict the electrostatic correction schemes used for computing 
the charge-compensated Mg-vacancy (𝑉/011 ,𝑞 = −2) formation energies, listed in 
Table 2 of the main text for MgAl2O4 (Figure S2), MgBr2 (Figure S3), and MgSiN2 
(Figure S4). We used the methodology proposed by Freysoldt et al.1 for the isotropic 
MgAl2O4 (cubic), whereas both MgBr2 (hexagonal) and  MgSiN2 (orthorhombic) being 
anisotropic materials required the scheme proposed by Kumagai and Oba.2 Both 
correction schemes involve correcting long-range interactions by calculating the 
electrostatic potential using a classical model (e.g., using point-charges or 
Gaussians), while the short-range interactions are corrected by a constant shift such 
that the electrostatic potential “far away” from the defect becomes zero. Thus, both 
correction schemes are considered converged if the difference in the electrostatic 
potential between the defective structure, the pristine bulk, and the classical model 
decays to a constant non-zero value far away from the defect. Note that the long-range 
potential needs to be scaled by the dielectric constant (𝜖) of the pure bulk structure, 
which we calculated using density functional perturbation theory (employing the 
Perdew-Burke-Ernzerhof exchange-correlation functional) and have listed in Table S1. 
Captions for the figures below contain descriptions of the various data that are being 
plotted, supercell sizes used in calculations, and the actual correction values used to 
evaluate vacancy formation energies. 
 
Material Contribution 𝝐𝒙𝒙 𝝐𝒚𝒚 𝝐𝒛𝒛 

MgAl2O4 
Electronic 3.08 
Ionic 5.05 

MgBr2 
Electronic 3.22 2.60 
Ionic 3.19 0.42 

MgSiN2 
Electronic 4.40 4.35 4.27 
Ionic 5.31 4.19 3.62 

Table S1: Dielectric constants for the bulk materials. The sum of electronic and ionic 
contributions to the dielectric constant is used for estimating the electrostatic correction. The 
off-diagonal components (𝜖;<) are ~0 for all materials listed. 
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Figure S2  Correction scheme of Freysoldt et al. to account for spurious electrostatic 
interactions in MgAl2O4 with a charge-compensated Mg-vacancy. VLong range (black line) is the 
planar-averaged electrostatic potential evaluated by a Gaussian model of charges (𝑞 = −2), 
including the defect, i.e., the defect and its periodic images. Note that VLong range plotted here 
already includes the constant shift (𝐶~0.045 V) for the short range term. Vdefect – Vbulk (red line) 
is the difference in the planar-averaged electrostatic potential of the defective and pristine 
bulk structures, as computed by DFT. Thus, Vdefect – Vbulk  includes the spurious electrostatic 
interactions between the defect site, its periodic images, and the compensating background 
charge. VShort range (green line) indicates the difference between Vdefect – Vbulk and VLong range, and 
the constant shift required to determine the short range correction is nominally obtained by 
sampling the uncorrected short range potential far away from the defect (indicated by the grey 
shaded area). Since the corrected short range potential (green line) is ~0 V within the 
sampling region, we consider our charged defect calculation to be well-converged. Including 
the long range (~1.23 eV) and short range (~0.09 eV) contributions, the final correction (𝐸?@AA) 
for V/011  in MgAl2O4 is ~1.32 eV. We used the conventional MgAl2O4 cell to evaluate the total 
energies and electrostatic potentials of the defective and pristine configurations.  
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Figure S3 Correction scheme of Kumagai and Oba to account for spurious electrostatic 
interactions in MgBr2 with a charge-compensated Mg-vacancy. VPC (circles) is the long-range 
electrostatic potential evaluated using a point-charge (PC) model (including V/011 ) of the 
periodically repeating defect. Vq/b (triangles) is the difference in the electrostatic potential 
computed by DFT between the defective (q) and pristine (b) structures. Both VPC and Vq/b are 
calculated at atomic positions corresponding to Mg (light blue) and Br (dark blue) atoms 
within MgBr2. The green crosses (Vq/b – VPC) indicate the difference between the DFT-
computed electrostatic potential and the potential derived from the PC model. The values of 
Vq/b – VPC are sampled (grey area) at atomic sites within the Wigner-Seitz cell of MgBr2, and  
averaged to obtain the alignment term (Valign/q, solid red line), which represents the required 
short-range correction. Including the long range (~1.10 eV) and short range (~0.19 eV) 
contributions yields an electrostatic correction (𝐸?@AA) value of ~1.29 eV for V/011  in MgBr2. We 
used a 4×4×2 supercell of the conventional MgBr2 structure to evaluate the total energies and 
electrostatic potentials of the defective and pristine configurations. 
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Figure S4  Correction scheme of Kumagai and Oba to account for spurious electrostatic 
interactions in MgSiN2 with a charge-compensated Mg-vacancy. VPC (circles) is the long-range 
electrostatic potential evaluated using a point-charge model (including V/011 ) and Vq/b 
(triangles) is the difference in the electrostatic potential (from DFT) between the defective (q) 
and pristine (b) structures. VPC and Vq/b are calculated at atomic positions corresponding to 
Mg (dark blue), Si (light blue) and N (green) atoms. Yellow crosses (Vq/b – VPC) indicate the 
difference between the DFT-computed electrostatic potential and the point-charge model 
potential, which are sampled (grey area) at atomic sites within the Wigner-Seitz cell of MgSiN2, 
and  averaged to obtain the short-range alignment term (Valign/q, solid red line). Including the 
long range (~0.64 eV) and short range (~0.06 eV) contributions yields an electrostatic 
correction (𝐸?@AA) value of ~0.70 eV for V/011  in MgSiN2. We used a 3×3×2 supercell of the 
conventional MgSiN2 structure to evaluate the total energies and electrostatic potentials of 
the defective and pristine configurations. 
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