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Atomic structures

Orange and purple balls represent the Sn and P atoms,

Fig. S1 Optimized structure of c-Sn4Ps.

respectively.



Fig. S2 Optimized structure of c-NajsSns. Yellow and orange balls represent the Na and Sn

atoms, respectively.
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Fig. S3 Optimized structure of ¢-Na3P. Yellow and purple balls represent the Na and P atoms,

respectively.



a-Sn4P;3 a-NasSn4P;
a-NagSnyP3 a-Na;2Sn4P;
a-NaisSn4P;3 a-NazoSn4P;
a-Naz4SnyP;3 a-NazSnsP;

Fig. S4 Optimized structures of a-Na,Sn4P3 (x =0, 4, 8, 12, 16, 20, 24, and 28). Yellow, orange,

and purple balls represent the Na, Sn, and P atoms, respectively.




Voltages

We calculated the average voltages of a-Na,Sn4P3 using not only the PBE functional but also
the HSEO6 functional. We found that the voltage curve calculated by the HSE06 functional is
very similar to that calculated by the PBE functional (Fig. S5). This can be understood from the
fact that the voltage is defined as the derivative of total energy with respect to x. The absolute
energies can vary depending on the used functional, but the variation of energies with x does not
significantly depend on the functional. As a result, despite its inaccuracy in describing band gap,
the PBE functional has similar accuracy in describing voltage as the hybrid functional. Indeed,
the calculated voltage curve using the PBE functional lies between the experimental charge—

discharge profiles, as shown in Fig. 2b.
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Fig. S5 Average voltages of a-Na,Sn4P3, calculated by the PBE and HSEO06 functionals.



Bulk moduli

Bulk modulus is defined as B = Vo(6?Ew/0V?), where Eio is the total energy of unit cell, Vo is
the equilibrium volume of unit cell, and V' is the volume of unit cell. The total energies of a-
NaisSns and a-Naz;P were calculated as a function of volume (Fig. S6) and were fitted to

Murnaghan’s equation of state to determine their bulk moduli.
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Fig. S6 Total energies of a-NaisSns and a-NasP as a function of the volume of unit cell.



Diffusivities
The self-diffusion coefficients D of Na atoms in of a-Naj 33Sn4P3, a-Na4Sn4P3, a-NajsSna, and

a-NasP at T = 300 K were obtained from the Einstein relation <{r*(f)> = 6Dt where <{r?) is the

mean square displacement. We calculated the <{7?>)> values of Na atoms from the AIMD

simulations for 10 ps at 7= 1200, 1600, 2000, and 2400 K and then determined the D values at
each temperature. The determined D values at these high temperatures were used to extrapolate
the D value at 7 = 300 K using the Arrhenius law D = Do exp(—Ep/ksT) where Dy is the pre-
exponential factor, Ep is the activation energy for diffusion, and k is the Boltzman constant.

Temperature dependences of Na diffusivities are shown in Fig. S7.
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Fig. S7 Temperature dependences of Na diffusivities in a-Naj33Sn4P3, a-Na4Sn4P3, a-NaisSny,

and a-NajsP.



Structural analyses

We analyzed the average partial coordination numbers (CN) of Na, Sn, and P in a-Naj 338n4P3,
a-Nax4SnsP3, a-NaisSn4, and a-NasP and radial distribution functions (RDF) for the Na—Na, Na—
Sn, Na—P, Sn—-Sn, P-P, and Sn—P pairs in a-Na,SnsP3. The analyses were done for the
equilibrium structures, i.e., the room-temperature simulation structures during the final MD step
in the procedure for constructing the amorphous phases. The CN and RDF were obtained using
the RINGS code [Roux and Jund, Comput. Mater. Sci. 49 (2010) 70] and were presented in

Table S1 and Fig. S8, respectively.
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Table S1

Partial coordination numbers of Na, Sn, and P in a-Na; 33Sn4P3, a-Na24SnaP3, a-Najs5Sns, and a-
Na3P. The bond cutoff distances are 4.6, 4.5, 4.2, 3.6, 3.3, and 2.5 A for the Na—Na, Na—Sn, Na—
P, Sn—Sn, Sn—P, and P-P bonds, respectively, which correspond to the first-minimum positions

of the RDFs (Fig. S8).

a-Naj 335n4P3 a-Naz4SnsP3 a-NajsSng a-Na3P

CNnNa Na 2.10 10.31 9.89 11.04
CNNa-sn 6.93 1.89 2.90

CNNa-p 4.55 1.18 3.27
CNsn-Na 2.31 11.37 10.90

CNsn-sn 3.01 0.52 0.79

CNsn-p 1.75 0.04

CNp-Na 2.02 9.47 9.82
CNp-sn 2.34 0.05

CNp_p 1.11 0.00 0.24
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Fig. S8 Radial distribution functions for the Na—Na, Na—Sn, Na—P, Sn—Sn, P-P, and Sn—P pairs

in a-Na,Sn4Ps.
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Table S2
Partial coordination numbers of Na, Sb, and P in a-NagSbP, a-Na3Sb, and a-NaszP. The bond
cutoff distances are 4.6, 4.5, 4.2, 3.6, 3.3, and 2.5 A for the Na—Na, Na—Sb, Na—P, Sb—Sb, Sb-P,

and P—P bonds, respectively.

a-NagSbP a-Na3Sb a-NazP

CNna-Na 10.13 9.00 11.04
CNnNa-sb 1.82 3.30

CNna-p 1.50 3.27
CNsb-Na 10.95 9.91
CNsb-sb 0.00 0.06

CNsp-p 0.00

CNp-na 9.00 9.82
CNp-sp 0.00

CNp-p 0.65 0.24
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