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Figure S1. The species projected MSD plots of Na4SiSe4. The maximum value of the Si MSD is 

less than 3 Å2 and the maximum value of the Se MSD is less than 10 Å2.

Figure S2. Na-Na radial distribution function of Na4SiSe4 at 1000 K. The first peak at ∼3.8 Å, which 

equals the average distance between neighbor Na sites in Na4SiSe4.

Figure S3. Plots of the distinct-part of the van Hove correlation function (Gd) for Na4SiSe4 at 1000 

K. Gd is a function of the Na-Na pair distance r and time t.
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Figure S4. Characterization of Na migration events, and their correlation with rotational 

displacements of SiSe4 polyanion, in Na4SiSe4 during the second 20 ps trajectory at 1000 K. (a) 

Identification of individual Na-ion migration events. (b) Number of Na atoms participating in the 

cooperative migration event as a function of the time which those events were observed. (c) 

Displacements of Na-ions (black line, left axis) that participate in the migration events identified in 

(a), and the angular displacements of the two nearest-neighbor SiSe4 anions (blue and orange line, 

right axis). The ID for each Na and SiSe4 polyanion is marked in the top left corner of each plot. 

Four rotational displacements are plotted for each SiSe4 polyanion using same color, corresponding 

to the rotation of the four Se atoms around the center of mass of the SiSe4 polyanion. To identify 

long-lived Na displacements more clearly (to differentiate from local vibrations), The atom 

positions in (d) are averaged over a moving time window of width equal to 2 ps.
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Figure S5. Characterization of Na migration events, and their correlation with rotational 

displacements of SiSe4 polyanion, in Na4SiSe4 during the third 20 ps trajectory at 1000 K. See the 

caption of Figure S4 for additional details.
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Figure S6. Characterization of Na migration events, and their correlation with rotational 

displacements of SiSe4 polyanion, in Na4SiSe4 during the fourth 20 ps trajectory at 1000 K. See the 

caption of Figure S4 for additional details.

Figure S7. Typical vibrational modes were obtained by processing the eigenvalues of phonon 

calculations. Na, Si, and Se are labelled as yellow, bule, and green spheres, respectively.
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Figure S8. Calculated phonon dispersions of Na3.5Si0.5P0.5Se4.

Figure S9. Density of states and band gap (Eg) of Na3.5Si0.5P0.5Se4.

Figure S10. The species projected MSD plots of Na3.5Si0.5P0.5Se4.
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Figure S11. Power spectrum calculated via the Fourier transform of linear velocity autocorrelation 

for Na (black) and angular velocity autocorrelation for SiSe4 (blue) and PSe4 (orange) at 300 K in 

Na3.5Si0.5P0.5Se4.

Figure S12. (a) Reorientation autocorrelation function C(t) for SiSe4 as a function of temperature in 

Na3.5SiSe4. (b) Calculated diffusivities and activation energies using the Einstein formula for 

Na3.5SiSe4.

Table S1. Structural information of Na4SiSe4.

a/Å b/Å c/Å

7.22 9.28 14.54

α β γ

90° 90° 90°
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Table S2. Structural information of Na3.5Si0.5P0.5Se4.

a/Å b/Å c/Å

7.23 9.56 13.86

α β γ

90° 85.5° 90°

Table S3. Average atomic Bader charges (e) in Na3.5Si0.5P0.5Se4.

Species Bader charge (e)

Na 0.84

Si 1.81

P 0.40

Se (ligand is Si) −1.29

Se (ligand is P) −0.74

Table S4. Calculated room temperature ionic conductivity, activation energy and the coefficient of 

determination (R2) of Arrhenius plot for Na4SiSe4 and Na3.5Si0.5P0.5Se4. The calculated data of 

Na11Sn2PS12 (ref. 1), Na7P3S11 (ref. 2) and Na2.875PS3.875Cl0.125 (ref. 3) were also listed for 

comparison.

Composition σ300K (mS/cm) Ea (eV) R2

Na4SiSe4 1.42 0.279 0.88

Na3.5Si0.5P0.5Se4 16.94 0.195 0.94

Na11Sn2PS12 2.77 0.243 —

Na7P3S11 10.97 0.217 —

Na2.875PS3.875Cl0.125 6.38 0.199 —

Note. — denotes the coefficient of determination is not calculated in the reference.
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