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Fig. S1. FE−SEM images of Li(CB9H10)0.7(CB11H12)0.3 prepared by the liquid–phase synthesis: (a) Scale 

bar, 100 µm, (b) Scale bar, 20 µm, and (c) Scale bar, 5 µm.
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Table S1. Ionic conductivities and activation energies of Li(CB9H10)0.7(CB11H12)0.3 prepared by 

solid−phase and liquid−phase synthesis.

Material Synthetic 
method

Ionic conductivity
(S cm−1)

Activation 
energy

(kJ mol−1)
References

6.7 × 10−3 (25 °C)
Solid−phase

8.5 × 10−2 (110 °C)
28.4 1

6.6 × 10−3 (25 °C)
Li(CB9H10)0.7(CB11H12)0.3

Liquid−phase
9.5 × 10−2 (110 °C)

29.2 Present 
study
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Fig. S2. (a) XRD patterns of Li(CB9H10), Li(CB11H12), and Li(CB9H10)0.7(CB11H12)0.3 before and after 

moisture exposure at a dew point of −50 °C for 12 h. (b) Change in the weight of the 

Li(CB9H10)0.7(CB11H12)0.3 powder during moisture exposure at a dew point of −50 °C.
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Fig. S3. Nyquist plots of Li(CB9H10)0.7(CB11H12)0.3 at 25 °C before and after moisture exposure at a dew 

point of −50 °C for 12 h.
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Table S2. Used solvents, synthetic temperatures, and ionic conductivities of various solid electrolytes 

synthesized by the liquid−phase method.

Material Solvent
Synthetic 

temperaturea (°C)
Ionic conductivityb

(S cm−1)
References

Li(CB
9
H

10
)

0.7
(CB

11
H

12
)

0.3 DI water 200 6.6 × 10−3 This work
Li

7
P

2
S

8
I ACNc 200 6.3 × 10−4 2

Li
7
P

2
S

8
I EPd 170 4.7 × 10−4 3

Li
7
P

3
S

11 ACN 180 1.0 × 10−3 4
Li

7
P

3
S

11 THFe−ACN 250 9.7 × 10−4 5
Li

7
P

3
S

11 ACN 260 1.5 × 10−3 6
Li

7
P

3
S

11 DMEf 250 2.7 × 10−4 7
Li

6
PS

5
Cl Ethanol−THF 550 2.2 × 10−3 8

Li
6
PS

5
Cl ACN−PTHg 550 2.8 × 10−3 9

Li
6
PS

5
Cl EAh 550 1.1 × 10−3 10

Li
6
PS

5
Cl Ethanol 80 1.4 × 10−5 11

Li
6
PS

5
Cl Ethanol−ACN 180 6 × 10−4 12

Li
6
PS

5
Cl THF−Ethanol 550 2.4 × 10−3 13

Li
6
PS

5
Cl THF 550 2.2 × 10−3 14

Li
6
PS

5
Cl Anisole−Ethanol 550 2.1 × 10−3 15

Li
10

GeP
2
S

12 ACN−THF−Ethanol 550 1.6 × 10−3 16
Li

7
PS

6 Ethanol 200 1.1 × 10−4 17
Li

6
PS

5
Br THF−Ethanol 550 1.4 × 10−3 18

Li
6
PS

5
Br EP−Ethanol 180 3.4 × 10−5 19

Li
6
PS

5
Br Ethanol 150 1.9 × 10−4 20

β−Li
3
PS

4 THF 140 1.6 × 10−4 21
β−Li

3
PS

4 EA 160 3.3 × 10−4 22
β−Li

3
PS

4 ACN 200 1.2 × 10−4 23
β−Li

3
PS

4 THF 140 1.3 × 10−4 24
Li

4
PS

4
I DME 200 1.2 × 10−4 25

Li
3
PS

4
−LiBH

4 THF 160 6.0 × 10−3 26
Li

6.5
P

0.5
GE

0.5
S

5
I Ethanol 180 5.4 × 10−4 27
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Li
2
S−P

2
S

5 Dibutyl ether 165 3.1 × 10−4 28
Li

3
InCl

6 DI wateri 200 2.0 × 10−3 29
Li

3.2
P

0.8
Sn

0.2
S

4 EDAj−EDTk−THF 260 1.9 × 10−4 30
Li

4
SnS

4 DI water 320 1.4 × 10−4 31
0.6Li

4
SnS

4
−0.4LiI Methanol 200 4.1 × 10−4 32

Li6.28Al0.24La3Zr2O12 DI water 1200 5.1 × 10−4 33
Li7La3Zr1.89Al0.15O12 Nitric acid 1150 3.4 × 10−4 34
Li1.4Al0.4Ge1.6(PO4)3 Ethylene glycol 900 1.2 × 10−3 35

aThe highest heat treatment temperature in the previous reports; bRoom temperature (22−30 °C) conductivity of the 
cold−pressed samples; cACN, acetonitrile; dEP, ethyl propionate; eTHF, tetrahydrofuran; fDME, 1,2−dimethoxyethane; gPTH, 
1−propanethiol; hEA, ethyl acetate; iDI water, deionized water; jEDA, 1,2−ethylenediamine; kEDT, 1,2−ethanedithiol.
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Table S3. Ionic conductivities of various solid electrolytes synthesized by the solid−phase and 

liquid−phase methods.

Ionic conductivitya

(S cm−1)
References

Material
Solid−phase

synthesis
Liquid−phase

synthesis

|1 −  
σ

Liquid−phase
/σ

Solid−

phase
| Solid−phase 

synthesisb
Liquid−phase 

synthesis

Li(CB
9
H

10
)

0.7
(CB

11
H

12
)

0.3 6.7 × 10−3 6.6 × 10−3 0.01 1 This work

Li
7
P

3
S

11 3.2 × 10−3 1.0 × 10−3 0.69 36 4

Li
7
P

3
S

11 1.7 × 10−2 9.7 × 10−4 0.94 37 5

Li
7
P

3
S

11 2.9 × 10−3 2.7 × 10−4 0.91 38 7

Li
6
PS

5
Cl 2.1 × 10−3 2.2 × 10−3 0.04 8 8

Li
6
PS

5
Cl 2.9 × 10−3 2.8 × 10−3 0.05 9 9

Li
6
PS

5
Cl 2.9 × 10−3 1.1 × 10−4 0.62 10 10

Li
6
PS

5
Cl 1.4 × 10−3 1.4 × 10−5 0.99 11 11

Li
6
PS

5
Cl 3.0 × 10−3 2.4 × 10−3 0.85 39 13

Li
6
PS

5
Cl 4 × 10−5 6 × 10−4 14 12 12

Li
10

GeP
2
S

12 1.2 × 10−2 1.6 × 10−3 0.87 40 16

Li
6
PS

5
Br 1.9 × 10−3 1.4 × 10−3 0.26 18 18

Li
6
PS

5
Br 1.0 × 10−4 3.4 × 10−5 0.66 19 19

Li
6
PS

5
Br 8.2 × 10−4 1.9 × 10−4 0.77 20 20

Li
2
S−P

2
S

5 6.7 × 10−4 3.1 × 10−4 0.54 28 28

Li
3
InCl

6 1.5 × 10−3 2.0 × 10−3 0.36 41 29

Li
3.2

P
0.8

Sn
0.2

S
4 7.7 × 10−4 1.9 × 10−4 0.75 30 30

β−Li
3
PS

4 8.9 × 10−7 1.6 × 10−3 1796.75 21 21

β−Li
3
PS

4 4 × 10−6 3.4 × 10−4 84 42 22

Li1.4Al0.4Ge1.6(PO4)3 3.5 × 10−6 1.2 × 10−3 347.57 43 35

aRoom temperature (22−30 °C) conductivity of the cold−pressed samples. bConductivity compared in the literature on the 
liquid−phase synthesis.
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Fig. S4. (a) Ionic conductivities of various solid electrolytes synthesized by the aqueous liquid–phase 

method. (b) Change rates of ionic conductivities of the aqueous liquid−phase and solid−phase samples.
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Table S4. Synthetic temperatures and ionic conductivities of various solid electrolytes synthesized by 

aqueous liquid–phase method.

Material Solvent
Synthetic 

temperaturea 
(°C)

Ionic conductivityb

(S cm−1)
References

Li(CB9H10)0.7(CB11H12)0.3 DI water 200 6.6 × 10−3 This work

Li
3
InCl

6 DI water 200 2.0 × 10−3 29

Li
4
SnS

4 DI water 320 1.4 × 10−4 31

Na
3.75

Sn
0.75

Sb
0.25

S
4 DI water 450 2.0 × 10−4 44

Na
3.75

Sn
0.75

Sb
0.25

S
4 DI water 550 5.0 × 10−4 44

Na
3
SbS

4 DI water 200 1.5 × 10−4 45

Li6.28Al0.24La3Zr2O12 DI water 1200 5.1 × 10−4 33

aThe highest heat treatment temperature in the previous reports; bRoom temperature (22−30 °C) conductivity of the 
cold−pressed samples.
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Table S5. Ionic conductivities of various solid electrolytes synthesized by solid−phase and aqueous 
liquid−phase methods.

Ionic conductivitya

(S cm−1)
References

Material
Solid−phase 

synthesis
Liquid−phase 

synthesis

|1 −  
σ

Liquid−phase
/σ

Solid−

phase
| Solid−phase 

synthesisb
Liquid−phase 

synthesis

Li(CB
9
H

10
)

0.7
(CB

11
H

12
)

0.3 6.7 × 10−3 6.6 × 10−3 0.01 1 This work

Li
3
InCl

6 5.1 × 10−4 2.0 × 10−3 3 46 29

Li
3
InCl

6 1.5 × 10−3 2.0 × 10−3 0.36 41 29

Na
3
SbS

4 1.1 × 10−3 1.5 × 10−4 0.87 45 45

Li1.4Al0.4Ge1.6(PO4)3 3.5 × 10−6 1.2 × 10−3 347.57 43 35

aRoom temperature (22−30 °C) conductivity of the cold−pressed samples. bConductivity compared in the literature on the 
liquid−phase synthesis 
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Fig. S5. Optical images before and after the dissolution of the Li(CB9H10) powder in DI water.
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Fig. S6. Optical images before and after the dissolution of the Li(CB11H12) powder in DI water.
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Fig. S7. Optical images before and after the dissolution of the Li(CB9H110) and Li(CB11H12) powders in 

DI water.



15

Fig. S8. Charge−discharge profiles of the cell using Li6PS5Cl solid electrolyte at 0.05, 0.1, 0.2, 0.5, and 

1C; at 0.1, 0.2, 0.5, and 1C, the charging rate is fixed as 0.1C. After the first cycle, as the C−rate increased 

by 2, 4, 10, and 20 times from 0.05C, the cell retained 89.9%, 85.6%, 70.5%, and 55.5% of the capacity 

(198.7 mAh g−1) in the second cycle, respectively.
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Fig. S9. Charge−discharge profiles of the cell using Li(CB9H10)0.7(CB11H12)0.3 solid electrolyte at 0.1 C 

and 40 °C.
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