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Results

After fitting the high-temperature region of the computationally predicted LLZO conductivity plot,
the extrapolation to a temperature of 300 K resulted in a total conductivity of 32.9 mS/cm, which was
two orders of magnitude higher than the bulk conductivity determined in the experimental studies. In
addition, the bulk conductivities calculated along the a, b, and ¢ axes were 29.5, 40.0, and 31.5 S/cm,
respectively, indicating that the differences between them were negligible and that the results
reported in this work were identical to the isotropic ion conducting characteristics of cubic LLZO.
Furthermore, the calculated bulk lattice parameter at 300 K (12.92(1) A) differed from the
corresponding experimental value (12.98 A) by less than 1%. Therefore, the optimized lattice
parameter value was used in the MD simulations, which allowed statistical evaluation of the Li
conducting behavior of cubic LLZO (similar results were obtained in our previous ab initio MD study

of LLZO?).
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Table S1. Li occupancies of the 24d and 48g/96h sites in cubic and tetragonal LLZO obtained

through NPT simulations for 20 ps.

Li occupancy

24d 489/96h

Cubic 0.617 0.858

Tetragonal 0.622 0.856

S3



Table S2. Fitted local Li ionic conductivity across the GB layer at 300 K and activation

energies derived from the MSD analysis.

o (Scm™) Activation

(at 300 K) energy (eV)
Bulk 3.3x102 0.18
23 (2-1-1)=(1-21) 8.0x10° 0.41
23 (100) x (2-12) 5.4x10% 0.44
23 (1-10)=(0-11) 1.8x10* 0.32
23 (110) X (411) 1.6x10* 0.33
25 (031)=(03-1) 5.0x10* 0.31
27 (3-2-1)=(2-31) 4.0x10* 0.31
29 (1-14)=(-114) 2.0x103 0.26
211 (1-13)=(-113) 1.4x1073 0.27
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Table S3. Parameters of the Buckingham interionic potentials.

Interaction  A; (eV) p; (A) C; (eV A9)
L%+ -Q'4  876.86 0.2433 0
Laz'-O'4 14509.63 0.2438 30.83
Zr2& Q14 1366.09 0.3181 0

o4 -0+ 4869.99 0.2402 27.22
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Figure S1. Partial densities of states calculated for the (a) La-4f, (b) Zr-4d, and (c) O-2p bands

of the £3 (2-1-1)=(1-21) GB model in the bulk and GB regions.
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Figure S2. SEM images of a typical LizLasZr.O1 crystal grown using a LiOH flux.
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Figure S3. Trajectories of La, Zr, and O atoms obtained for the £3 (2-1-1)=(1-21) GB models

at 1300 K.
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Figure S4. Trajectories of La, Zr, and O atoms obtained for the X3 (100)x(2-12) GB models at

1300 K.
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Figure S5. Trajectories of La, Zr, and O atoms obtained for the £3 (1-10)=(0-11) GB models at

1300 K.
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Figure S6. Trajectories of La, Zr, and O atoms obtained for the (d) £3 (110)x(411) GB models

at 1300 K.
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Figure S7. Trajectories of La, Zr, and O atoms obtained for the X5 (031) = (03-1) GB models at

1300 K.
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Figure S8. Trajectories of La, Zr, and O atoms obtained for the X7 (3-2-1) = (2-31) GB models

at 1300 K.
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Figure S9. Trajectories of La, Zr, and O atoms obtained for the £9 (1-14) = (-114) GB models

at 1300 K.
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Figure S10. Trajectories of La, Zr, and O atoms obtained for the 11 (1-13) = (-113) GB

models at 1300 K.
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Figure S11. Variations of the (a) lattice energies and lattice constants along the (b) a, (c) b, (d)

and c axes of LLZO with the cubic and tetragonal initial lattices as functions of time.
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Figure S12. RDFs plotted for the Li—Li, La—La, Zr-Zr, and O-O interactions of the (a—d) bulk

and (e—h) GB models.
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Figure S13. RDF differences between the bulk and GB models calculated for the Li—Li, La—La,

Zr—Zr, and O-0 interactions.
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Figure S14. Arrhenius plots of the Li ionic conductivity constructed for the isotropic 3D Li

diffusion path in the bulk garnet LLZO along the a, b, and c axes.
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Figure S15. Li ion trajectories obtained for the £3 (2-1-1)=(1-21) GB models at 1300 K.
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Figure S16. Li ion trajectories obtained for the £3 (100)x(2-12) GB models at 1300 K.
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Figure S17. Li ion trajectories obtained for the £3 (1-10)=(0-11) GB models at 1300 K.
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Figure S19. Li ion trajectories obtained for the £5 (031) = (03-1) GB models at 1300 K.
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Figure S20. Li ion trajectories obtained for the £7 (3-2-1) = (2-31) GB models at 1300 K.
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Figure S21. Li ion trajectories obtained for the £9 (1-14) = (-114) GB models at 1300 K.
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Figure S22. Li ion trajectories obtained for the 11 (1-13) = (-113) GB models at 1300 K.
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