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Figure S1. SEM images taken in SE mode of the LATP-0.02LSO sintered at 800 °C for 2 h (A) and 1000 °C for 12 h (B),
and LATP-0.1LSO sintered at 800 °C for 2 h (C) and 1000°C for 12 h (D).
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Table S1. Relative integrated intensities (II) in %, full widths at half maximum height (FWHM) in ppm and isotropic
chemical shifts (8) of the lineshapes used to simulate Al MAS NMR spectra shown in Figure 4 for LATP-0.1LSO sample
sintered under different conditions.

AlOs (LATP1) AlOs (LATP2) AlOs (LiAIP207) AlOs (U/I Phase)
Sintering Con- o FWHM 11 o FWHM 11 FWHM FWHM
. d [ppm] I1[%] | & [ppm] 11 [%]
ditions [ppm] [ppml] [%] [ppm] [ppm] [%] [ppm] [ppm]
900°C2h -14.60 3.18 46.9 -16.30 3.18 40.6 -19.60 6.40 12.5 - - -
900°C6h -14.60 3.16 46.3 -16.30 3.16 41.7 -19.60 6.40 12.0 - - -
900°C12h -14.50 3.16 49.6 -16.24 3.16 45.3 -19.60 6.40 5.1 - - -
1000°C2h -14.70 3.16 46.8 -16.40 3.16 43.6 -19.60 6.40 9.6 - - -
1000°C6h -14.60 3.16 48.3 -16.40 3.16 44.0 -19.60 6.40 7.7 - - -
1000°C 12 h -14.70 3.12 449 -16.40 3.12 42.7 -19.60 6.40 10.7 -18.90 2.00 1.8

Table S2. Relative integrated intensities (II) in %, full widths at half maximum height (FWHM) in ppm and isotropic
chemical shifts (8) of the lineshapes used to simulate 3P MAS NMR spectra shown in Figure 5 for LATP-0.1LSO sample
sintered under different conditions. Actual (xXNMR) AI* concentration in LATP phase is also given along with the nominal

one (xXNOM).

Composition P(OTi)s (LATP1) P(OTi)3(OAl): P(OTi)2(0Al): P(OTi)1(OAls
sintering d FWHM I d FWHM I d FWHM I d FWHM  II
. XNOM XNMR
conditions [ppm]  [ppm] [%] | [ppm]  [ppm] [%] | [ppm]  [ppm] [%] | [ppm] [ppm]  [%]

900°C2h 0.30 0.32 -27.70 1.40 34.7 | -26.38 1.40 20.8 | —25.18 1.40 73 | —23.90 1.40 1.5
900°C6h 0.30 0.31 -27.70 1.40 344 | -26.40 1.40 20.7 | -25.18 1.40 72 | -23.95 1.40 1.3
900°C12h 0.30 0.34 -27.70 1.40 329 | 2640 1.40 21.8 | -25.14 1.40 7.7 | —23.95 1.40 1.8
1000°C2h 0.30 0.34 -27.80 1.40 333 | -26.44 1.40 215 | -25.16 1.40 82 | —-23.95 1.40 2.0
1000 °C 6 h 0.30 0.36 -27.80 1.40 327 | -26.44 1.40 222 | -25.16 1.40 83 | —-23.90 1.40 21
1000°C12h | 0.30 0.38 -27.82 1.40 315 | -26.44 1.40 229 | -25.16 1.40 8.9 | -23.90 1.40 2.2

Composition P(OTi)4+ (LATP2) P(OTi)s(OAD: P(OTi)2(0Al): P(OTi)1(OAl)s
sintering o FWHM 1I o FWHM 1I o FWHM I o FWHM I
. XNOM | XNMR
conditions [ppm]  [ppm]  [%] | [ppm] [ppm]  [%] | [ppm] [ppm] [%] | [ppm]  [ppm]  [%]

900°C2h 0.30 0.32 -28.08 1.00 14.7 | -27.02 1.00 6.9 -25.70 1.00 33 | 2445 1.00 1.5
900°C6h 0.30 0.31 -28.10 1.00 16.0 | -27.06 1.00 73 -25.75 1.00 32 | —2445 1.00 1.5
900°C12h 0.30 0.34 —-28.07 1.00 139 | -27.06 1.00 7.3 -25.75 1.00 34 | 2445 1.00 1.6
1000°C2h 0.30 0.34 -28.15 1.00 141 | -27.10 1.00 8.1 -25.74 1.00 32 | 2445 1.00 1.5
1000°C 6 h 0.30 0.36 -28.15 1.00 129 | -27.12 1.00 8.1 -25.74 1.00 34 | 2445 1.00 1.6
1000°C12h | 0.30 0.38 -28.18 1.00 11.5 | -27.14 1.00 8.2 -25.74 1.00 34 | -24.45 1.00 1.8

LiAIP207 LiTiPOs LisP207 (Triclinic) LisP2O7 (Triclinic)
sintering o FWHM I o FWHM I o FWHM 11 o FWHM 11
conditions | [ppm]  [ppm]  [%] | [ppm] [ppm] [%] | [ppm] [ppm] [%] | [ppm] [ppm] [%]
900°C2h -23.05 2.80 2.7 -10.25 1.01 5.6 -6.35 0.70 0.6 —4.05 0.70 0.6
900 °C 6 h -23.10 2.80 2.3 -10.20 0.75 55 -6.35 0.60 0.4 —4.05 0.60 0.4
900°C12h | -23.00 2.80 2.8 -10.20 0.75 6.0 -6.35 0.67 0.4 -4.05 0.67 0.4
1000°C2h | -23.10 2.80 2.8 -10.20 0.92 4.7 -6.35 0.60 0.3 -4.05 0.60 0.3
1000°C6h | -23.00 2.80 35 -10.27 0.92 4.8 -6.50 0.60 0.3 -4.20 0.60 0.3
1000°C12h | -23.00 2.80 3.8 -10.27 0.80 5.3 —6.50 0.60 0.2 —4.20 0.60 0.2
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Table S3. Relative integrated intensities (II) in %, full widths at half maximum height (FWHM) in ppm and isotropic
chemical shifts (§) of the lineshapes used to simulate the °Li MAS NMR spectra shown in Figure 6 for LATP-0.1LSO sample

sintered under different conditions.

Li1 (LATP) Li3 (LATP) LiTiPOs LiAIP207 U/I Phase
sintering d FV;H I > FWHM I 5 FWHM I > FWHM I d FWHM I
conditions | [ppm] [ppm] (%] | [ppm]  [ppm]  [%] | [ppm] [ppm]  [%] | [ppm] [ppm] [%] | [ppm]  [ppm]  [%]
900°C2h | -0.82 060 108 | -0.54 365 782 | -0.20 0.75 26 | -120 110 85 - - -
900°C6h | -0.87 055 102 | -0.68 350  78.7 | -0.20 0.75 27 | -140 130 85 - - -
900°C12h | 087 050 115 | -074 340 769 | -01 0.60 37 | <135 120 79 - - -
1000°C2h | -0.89 050 116 | -074 300 763 | -0.05 0.50 37 | -135 120 75 | -055 0.40 0.9
1000°C6h | -0.89 050 114 | -0.72 310 782 | 0.0 0.35 23 | -135 120 74 | -038 0.30 07
1000°C12h | -0.89 050 110 | 070 310 768 | 0.04 0.50 37 | 135 120 75 | 035 040 1.0

Table S4. Values of bulk (0yr) and total (o) ionic conductivities at 30°C as well as the bulk (Egr) and total (Ett) activation

energies.
Composition Smter::)gnsCondl- 0gr (30°C) [S-em™] oot (30°C) [S-em™] Egr [eV] Etot [eV]
_______ 800°C2h | 14x10% | 13x10% | 034 | 04
_______ 800°Céh | 36x10% | 42x10° | 03 | 04
______ 800°C12h | Z28x10% ) 2ex10° ) 034 LM
_______ 00°C2h | 18x10% | 15x10° 034 | 04
LATP-0.02LSO | 200°Cé6h | 31x107% L 33x10° | 035 044 .
______ 00°C12h | 26107 | 26x10° | 035 04
______ 1000°C2h | 27x10% ) 2dx107 ) 085 |04
______ 1000°Ce6h | 21x10% | L7xl0® ) 034 |04
1000 °C 12 h 2.5 x 10+ 3.5x10° 0.35 0.43
Composition Smter:ir:)is(:ondl- 0gr (30°C) [S-em™] oot (30°C) [S-em™] Egr [eV] Etot [eV]
_______ 800°C2h | 69x10% | 12x10% 4 031 | 040
_______ 800°Céh | . 52x10% | __ 86x10® | 032 | 040
______ 800°C12h | 44x10% ) 593x10° | 031 | 040
_______ 00°C2h | 5dx10% | 90x10° o 03 | .03
LATP-0.05LSO | 200°Céh | - 72x10% L1x10% 030 038 .
______ 900°C12h | elx10%  f Lix1or ) 08l 038 .
______ 1000°C2h | 49xl0% ) 82x10® | 028 | 038
______ 1000°Ce6h | . 52x10% ) 85xl0® ) 029 .03
1000 °C 12 h 5.0 x 10+ 9.3 x 10 0.30 0.39
Composition Smter’:il:)ifondl- ogr (30°C) [S:cm™] otot (30°C) [S:cm™1] Eg [eV] Etot [eV]
_______ 800°C2h | . 79x10% | .. l4x100 1 031 .03
_______ 800°Céh | 58x10% | 12x10% 4 031 | 040
______ 80°C12h | 57x10% ) dxlo® 030 ) 039
LATP-01LSO | 900°C2h 1 .. 57x10% . 1ix102 030 039 .
_______ 00°Céh | . 52x10%  f 11x10% 4 02 | 038
______ 00°C12h ) 50x10% | 98x10® {02 | 038
______ 1000°C2h | 55207 ) 1dxlof 82 |03
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1000 °C 12 h




