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Supplementary Table 1. 30 K-/P-containing compounds with 1D, 2D or 3D

migration maps, not mentioned in the literature as superionic conductors or

cathode materials
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type

Formul
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group
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channel)

Migration
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eV(BVSE)

ICSD

code
1D 2D 3D

1 [InP2]3- K3InP2 Ibam 3D 3D 0.15 0.48 0.48 300141

2 [MP]2-

M = Cu, Au

K2CuP Cmcm 3D 3D 0.17 0.41 0.68 61082

3 K2AuP Cmcm 3D 3D 0.18 0.45 0.45 300201

4 [AuP2]5- K5AuP2 P63/mmc 2D(001) 3D 0.20 0.20 1.50 40700

5 [P]3- K3P P63/mmc 3D 3D 0.21 0.21 0.21 25550

6 [P]- KP P212121 3D 3D 0.27 0.29 0.39 14010

7 [MP2]4-

M = Zn, Be

K4BeP2 R3m 2D(001) 3D 0.29 0.37 0.57 300110

8 K4ZnP2 R3m 2D(001) 3D 0.38 0.38 1.50 67261

9 [CdP2]4- K4CdP2 C2/m 2D(001) 3D 0.32 0.32 >5 61084

10 [InP3]6- K6InP3 P1 3D 3D 0.33 0.39 0.40 300147

11 [MP]-

M= Mg, Mn

KMnP P4/nmm 2D(001) 2D(001) 0.45 0.45 >5 89593

12 KMgP P4/nmm 2D(001) 2D(001) 1.14 1.14 >5 641231

13 [AlP2]3- K3AlP2 P1 3D 3D 0.55 0.56 0.58 300130

14 [P3]4- K4P3 Cmcm 3D 3D 0.56 0.70 0.77 64625

15 [SiP2]2- K2SiP2 Ibam 3D 3D 0.59 2.34 2.34 36367

16 [MP2]2-

M = Pd, Ni

K2PdP2 Cmcm 3D 3D 0.65 1.34 1.37 15584

17 K2NiP2 Cmcm 3D 3D 0.76 1.21 1.92 300119

18 [BP2]3- K3BP2 C2/c 3D 3D 0.75 0.87 0.87 300104

19 [Cu3P2]3- K3Cu3P2 R3m 2D(001) 3D 0.72 0.73 0.73 12163

20
[P6]4-

K4P6 Fddd 3D 3D 0.94 0.95 2.02 33260

21 K4P6 Fmmm 3D 3D 1.86 1.86 2.85 33259

22 [P11]3- K3P11 Pnab 3D 3D 2.68 3.17 3.65 36590

23 [P15]- KP15 P1 2D(001) 2D(001) 2.01 2.30 >5 433301



24 [GaP2]2- K2GaP2 P21/n 3D 3D 1.08 1.09 1.09 300144

25 [ZnP]- KZnP P63/mmc 2D(001) 2D(001) 1.19 1.19 >5 12160

26 [Cu7P3]- KCu7P3 P31m 2D(001) 2D(001) 1.28 1.28 >5 11685

27 [Te4P8]4- K4Te4P8 P21/m 1D[010] 2D(100) 1.59 1.95 4.62 249937

28 [M4P3]-

M = Cd,Zn

KCd4P3 R3m 2D(001) 2D(001) 2.47 2.47 >5 262033

29 KZn4P3 R3m 2D(001) 2D(001) 2.24 2.24 >5 262034

30 [Rh2P2]- KRh2P2 I4/mmm 2D(001) 2D(001) 3.19 3.19 >5 641292

The values of the migration energies are highlighted in the order: Em< 1eV in green,

1eV < Em< 1.2eV in yellow, Em > 1.2eV in orange.



Supplementary Table 2. The KMC results for 13 potassium phosphides

*The results of five independent simulations are given.

Formula Supercell
σ (S cm-1)* D

(cm2 s-1)1 2 3 4 5 average

K2AuP 2×4×4 1.72×10-9 1.38×10-8 4.64×10-9 1.38×10-8 1.11×10-9 7.01×10-9 6.29×10-14

K2CuP 2×4×4 1.36×10-9 2.06×10-9 1.88×10-9 7.26×10-10 8.74×10-10 1.38×10-9 1.18×10-14

K3Cu3P2 4×4×1 3.14×10-9 1.06×10-9 2.09×10-9 1.22×10-9 4.84×10-9 2.47×10-9 1.89×10-14

KMnP 4×4×2 1.04×10-11 2.42×10-11 4.22×10-11 2.15×10-11 1.87×10-11 2.34×10-11 5.25×10-16

K4CdP2 2×4×2 2.01×10-16 1.02×10-16 1.06×10-16 4.69×10-16 5.05×10-16 2.77×10-16 2.81×10-21

K3InP2 2×4×4 8.92×10-4 6.75×10-4 1.15×10-3 5.63×10-4 2.02×10-3 1.06×10-3 1.08×10-8

K3AlP2 2×2×2 4.54×10-6 6.19×10-6 7.55×10-6 1.11×10-5 2.13×10-5 1.01×10-5 6.61×10-11

K6InP3 3×3×3 4.68×10-6 3.48×10-6 5.50×10-6 5.50×10-6 4.07×10-6 4.50×10-6 3.41×10-11

K3P 4×4×2 8.97×10-7 8.97×10-7 1.13×10-6 1.29×10-6 1.99×10-6 1.24×10-6 9.67×10-12

K4P3 4×2×2 9.28×10-7 8.12×10-7 5.80×10-7 5.57×10-7 7.89×10-7 7.33×10-7 6.18×10-12

KP 4×4×2 3.01×10-8 3.01×10-8 3.01×10-8 3.01×10-8 3.01×10-8 3.01×10-8 2.72×10-13

K4BeP2 4×4×1 6.91×10-8 9.00×10-8 1.08×10-7 4.00×10-8 7.46×10-8 7.63×10-8 6.04×10-13

K3BP2 3×3×3 3.89×10-8 3.89×10-8 3.89×10-8 3.89×10-8 3.89×10-8 3.89×10-8 3.67×10-13



Supplementary Figure 1. The crystal structures of K3Cu3P2, showing the 3D

potassium ionic migration map from GT approach (left) and BVSE calculation (right).

Supplementary Figure 2. KxCu3P2 structure for different compositions (x=3, 8/3, 2).

The red circles indicate the potassium ions extracted in each cycle.



Supplementary Figure 3. The calculated unit cell changes of (A) the lattice constant,

(B) the lattice angle.

Supplementary Figure 4. Partial density of states with K content (x=7/3).



Supplementary Table 3. Bader charge of K3Cu3P2 for different compositions

Supplementary Figure 5. K1 and K2 sites and ion diffusion coefficients in K3Cu3P2.

Structure Cu P

K3Cu3P2 -0.26667 -0.25985

K8/3Cu3P2 -0.24614 -0.2288

K7/3Cu3P2 -0.20617 -0.21764

K2Cu3P2 -0.17758 -0.19603


