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Fig. S1 7Li spectra of three samples of LLZO-Nb at 38 °C.

Fig. S2 Collision-diffraction patterns in echo attenuation plots for 3 mm-high
single-crystal samples soon after cutting from the 6 mm-high sample.

Fig. S3 Spectral patterns of the echo attenuation of the single crystal I.

Fig. S4 Spectral patterns of echo attenuation for the crushed sample.

Fig. S5 Collision-diffraction plots of the crushed sample at 30 and 65 °C.

Fig. S6 Plots of the STE and Hahn echo sequences for the crushed sample.

Fig. S7 A-Dependent Dgpparent at 38 © for the single crystal LLZO-Nb samples, 6 mm-
high, 3 mm-high I, and 3 mm-high II samples.

Fig. S8 g-Dependent apparent Dy ; at 38 °C for the 3 mm-high single-crystal sample with
A =20, 30, and 50 ms.

Fig. S9 Arrhenius-type plots of the Dyyparent Values for 3 mm-high single crystal sample

measured with A =30 ms for g=7.1, 10.0 and 12.9 Tm.
Fig. S10 Dy; versus o for 17 inorganic solid electrolytes

Fig. S11 Nyg versus o for 17 inorganic solid electrolytes

Table SI. Estimated number of Li atoms in unit volume (Ng; cm?).

Table SII. Ionic conductivity (o) and Li diffusion (Dy;) for inorganic solid electrolytes
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Fig. S1 7Li spectra of the single-crystal crushed and powder samples of LLZO-Nb at
38 °C. The shift positions are referred to an aqueous ’Li peak. The center positions of
the single crystal, crushed and powder samples were 0.39, 2.0 and 2.1 ppm, respectively
at the lower field side and each spectrum is accompanied by a broad component. In the
single crystal sample, decomposed two curves are shown and the position of the broad
component was 0.83 ppm. The linewidths of the narrow and broad components for the

single crystal were 0.066 and 0.58 kHz, respectively.
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Fig. S2 Collision-diffraction patterns in echo attenuation plots for two 3 mm-high single
crystal sample soon after cutting from the 6 mm-high sample. The measurement
conditions were g = 10 Tm!, A =10 ms, & = 0.1 to 8.0 ms (60 points). The ¢ values of
the minimum positions were 0.41, 0.66, 0.86, 1.02, 1.17 and 1.3 um! for the sample II.
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Fig. S3 Echo attenuation spectral patterns of Sample I of the 3mm-high sample of the
single crystal LLZO-ND at 65 °C, left: real mode and right: magnitude mode. Measuring
conditions: A= 10 ms, g=10.0 Tm!, and 8 = 0.1 ~ 8.0 ms (60 points).
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Fig. S4 Echo attenuation spectral patterns of the crushed sample of LLZO-Nb at 65 °C,
left: real mode and right: magnitude mode. Measuring conditions: A = 10 ms, g = 10.0
Tm!, and 6 = 0.1 ~ 8.0 ms (60 points). In the real mode, the phase rotations at the
diffractions were observed.
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Fig. S5 Echo-attenuation plots of the crushed sample of LLZO-Nb at 30 and 65 °C. The
measurement conditions were g = 10 Tm™!, A=10ms, § = 0.1 to 8.0 ms (60 points).
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Fig. S6 The confirmation of the STE and Hahn echo sequences for the crushed sample
of LLZO-Nb at 65 °C with g=10.0 Tm"!, A=5 ms and 6 = 0.1 to 4.0ms.
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Fig. S7 A-dependent D,pparent at 38 © for the single crystal LLZO-Nb samples (6 mm, 3
mm I, and 3 mm II samples). The results of 3 mm-samples I and I were reproduced
after two months.
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Fig. S8 g-Dependent apparent Dy; at 38 °C for the 3 mm-high single-crystal LLZO-Nb
sample with A =20, 30, and 50 ms.
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Fig. S9 Arrhenius-type plots of the Dypparent Values for 3 mm-high single crystal LLZO-
Nb measured with A =30 ms for g = 7.1, 10.0 and 12.9 Tm!. g-Dependent Li diffusion
suggests the dispersive Li migration and smaller g value can observe faster Li diffusion.
The apparent activation energy for smaller g-value seems smaller. The relative Li
numbers for a different g value are unknown at each temperature.
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Fig. S10 Dy; versus o for 17 inorganic solid electrolytes near room temperature except

for four powder garnet samples. Solid marks mean single crystal samples.
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Fig. S11 Nyg versus o for 13 inorganic solid electrolytes near room temperature except
for four powder garnet samples at elevated temperatures. Solid marks mean single

crystal samples.



Table SI. Estimated number of Li atoms in unit volume (Ng; cm)

Sample MF MW d N
gem? cm”
c-LLZO powder Li;La3Zr,04, 839.8 5.1 2.5¢ x 10%2
single LigsLasZr; 5Tag 5012, 881.2 | 534 | 2.3;,x10%
c-LLZO-Ta | crystal
powder Lig¢LasZr; ¢Tag 4012 8729 | 535 | 2.4;x10%
single Lig sLaszZr; sNby 5012 837.1, | 5.16 | 2.4, x 10%2
¢-LLZO-Nb | crystal
powder Lig7sLa3Zr; sNbg 25012 812.2 -
¢-LLZO-Al-Ta | powder | LigsyAlgosLaszZry75sTag2s012 | 860.2 | 5.13 | 2.3, x 102




Table SII. Ionic conductivity (o) and Li diffusion (Dy;) for inorganic solid electrolytes

Dy; Temp
Name 6 (Scm™) Nxg (cm?) MF Ref
(m?*s) 0)
EE]:;E) 32x 101 Li7La3Zr2012 70 Powder 1
cubic 7.6x10° | 3.5x1013 434 x 102 Li;La;Zr,01, 70 Pellet 1,2
LLZO
cubic 1.3 x 1073 1.6 x 1013 | 1.3x10% LigsLasZr, sTag 5O, 25 Single 3,4
LLZO-Ta crystal
cubic 22x103 | 235x 1013 | 1.7x 103 Lig cLasZr; Tag 4012 65 powder | 5,2
LLZO-Ta
cubic 1.8 x103 | 2.7x1013 | 1.1, x 10?3 Lig sLasZr; sNby 5Oy, 32 Single 6,7
LLZO-Nb crystal
cubic 2.9 x1073 1.7 <1013 | 3.1 x 108 | LigssLasZr; 4NbgasOin 58 Powder | 6,8
LLZO-Nb
Cubic 8.0x 103 | 2.1 x1013 | 6.95x 102 | LissiAlpesLasZr75Tag2501, 66 Powder 2
LLZO-Al-Ta
LAGP 48 x10% | 1.9x 1013 | 4.06x 10?2 Li; sAly sGe; 5(PO4)3 25 Powder | 9,10
cubic 1.0 x 103 1.2x 1012 | 1.3;,x10% Lig;3Lag 5sTiO; 25 bulk 11,12
LLTO
cubic 6.7x105 | 72x1013 | 1.5x10% Lig 33La0 5sTiO; 25 grain | 11,12
LLTO
tetragonal 39x10% | 7.1 x1013 | 89x10%1 Ligs3Lag 5sTiO; 25 bulk 11,13
LLZO
Crystalline | 3.8¢x 103 | 1.6 x 1072 | 4.0 x 10? (LizS)7(P,Ss); 30 Powder 14
LizS1,P;
Amorphous | 3.4 x10% | 47x 1013 | 1.2 x 102 (Li2S)7(P,Ss)3 30 Powder 14
Li;S,,P3
Crystalline 7.8 %105 | 45x1013 | 2.8 x 102 (Li38)75(P2S5)25 30 Powder 15
Li}PS4
Amorphous 1.6 x 10 6.0 x 1013 4.4 x 102! (Li,S)75(P2Ss)25 30 Powder 15
Li3PS4
B-Li;PS, 1.0 x 10% | 9.0 x 1014 1.8 x 102 (Li2S)75(P2Ss)2s 25 Powder 16
LGPS 4.0 x 103 1.4 x 10712 4.6 x 102 Li;oSnP,S;, room | Powder | 17,18
temp.
LGPS 8.0 x 1073 2.2 x 1012 5.8 x 102 Li;(GeP,S1» room | Powder | 17,18
temp.
LGPS 7.0 x 1073 1.8 x 1012 6.2 x 1022 Li;GePSg room | Powder | 17,18
temp.
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