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1. Synthesis of solid-state electrolytes:

2000 mg of compound InOF were added in 446 mg of LiTFSI
(bis(trifluoromethanesulfoneimide) lithium salt) in 10 mL of PC (propylene carbonate) solution
and keeping the mixture in a shaker for 10~12 hours to adsorb Li™ in pores. Then the obtained
solid was separated by centrifugation, washed with PC solution slightly to remove the LiTFSI on
surface. And finally the solid is dried at 100 °C for 2 hours to obtain InOF-Li. The preparation
methods of InOF-Na, InOF-K and InOF-Zn are same as that of InOF-Li above, except that
LiTFSI is replaced with the corresponding NaTFSI (bis(trifluoromethanesulfoneimide) sodium
salt, 331.028 mg), KPF¢ (Potassium hexafluorophosphate, 201.102 mg) and Zn(ClO4),(H,0)s
(Zinc perchlorate, 406.64 mg).

The powder pellets of InOF-Li, InOF-Na, InOF-K and InOF-Zn were prepared by pressing
powder between two stainless steel sheets of 8 mm diameter and the pressure of 6 Mpa. The
thicknesses of the pellets is approximately between 0.05 cm and 0.08 cm.

InOF-Li (400 mg) and PVDF-HFP (100 mg) were mixed in NMP. After magnetically stirring
for 24 h, the mixture was casted onto cleaned petri dishes and prebaked for half an hour under
infrared lamp. Then the mixture was further dried at 80 °C under vacuum for 12 h to remove the
NMP solvent. The obtained flexible membranes were stored in an argon filled glove box (< 0.1
ppm H,0O and O,) (MIKROUNA). The flexible membrane was immersed in liquid electrolyte (1M
LiTFSI in PC) for 12 h and then was dried to remove the excess solution for the current-time
curve and the ac impedance spectra before and after polarization.

2. X-ray Crystallography

The single crystal measurement of InOF were executed on Bruker APEX-II diffractometer
coupled to CCD detector with graphite-monochromatic Mo Ko radiation (lambda = 0.71073 A)
and Atlas detector at 298 K. The unit cell parameters and data were determined and collected
directly by CrysAlisPro program. The structure of InOF was solved by the direct methods and
refined by the full matrix least square method of SHELX program package. All non-hydrogen
atoms were directly located according to Fourier diffraction points and refined by anisotropy. H
atoms on the ligand were added by theoretical model. The disordered solvent molecules and ions

in the crystal channel were computed by PLATON software/SQUEEZE subroutine. CCDC:



1947427. Crystallographic data are summarized in Table S1.
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Fig. S1 SEM images of InOF (a) and the optical photograph (b).
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Fig. S2 PXRD patterns of as-synthesized InOF (red), the simulated XRD pattern from the

single-crystal X-ray structure (black) and Li*-loaded InOF (blue).
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Fig. S3 TGA curves of as-synthesized InOF (black) and vacuum dried InOF (blue).



Fig. S4 Single crystal structure of InOF (a) the structure viewed along the a, b axis; (b) the

structure viewed along the c axis.
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Fig. S5 Current-time curve at 10 mV of polarization; the inset is the EIS before and after

polarization of LillnOF-Li-based SEILi and symmetric cell.
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Fig S6 XPS characterization of Li 1s spectra for lithium salts and MOFs. (a) LiTFSI (56.95 eV);

(b) InOF treated with LiTFSI (55.98 eV).
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Fig. S7 TGA plots of InOF-Li and InOF-Li-PC.
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Fig. S8 the AC impedance spectra before polarization of LillnOF-Li-based SEILi and symmetric
cell.

Table S1. Crystallographic Data Collection and Refinement Results for InOF.

InOF

Chemical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group
a(A)

b(A)

c(A)

V (A3)

VA

Density (calculated g/cm?)

Absorbance coefficient (mm!)

CusH4In, 055
1278.31
298(2)
0.71073
tetragonal

P 4,/nnm
14.1360(15)
14.1360(15)
26.520(3)
5299.4(9)

2

0.801

0.481




F(000)

Crystal size(mm?)
Goodness of fit on F?
Ry, wRy [I>20(1)]

Ry, wR, (all data)

Largest difference peak and hole(e/A3)

1268
0.13%0.07%0.05
1.051
0.0876,0.1889
0.1566,0.2010
1.072,-1.012

Table S2. Comparison of the ion density of MOFs.

MOFs framework negative sites based  Reference
on the linker

InOF [Iny(THBA),]* 3 This work
ZJU-28 [In;(BTB)4]* 0.75 1
bio-MOF-1 [Zng(Ad)4(BPDC)s]* 0.2 2
NOTT-210 [Iny(C»,08H;0),]* 1 3
SNU-100’ [Zn;(TCPT),(HCOO)]- 0.5 4
Ui0-66-COOH [Zrs04(OH)4(L)s]™ 1 5
Ui0-66-2COOH [Zrs04(OH)4(L)s]'> 2 5
Cu,THBA(H,0), [Cu,THBA]* 2 6
Cuy(L)(H,0), [Cux(L)] 1 7
MIT-20 [Cu,CI,BTDD] 1 8

Table S3. Comparison of the ion conductivity of MOFs based on lithium ion solid state

electrolytes.
materials Ionic conductivity Activation tLi+ ref
(S/cm) energy (eV)
InOF-Li 1.49 x 1073 (25 °C) 0.19 0.78 This work

Mg,(dobdc)-0.35Li0OiPr-0.25LiBF, 3.1 x 10 (27 °C) 0.15 9
MIT-20-LiCl 1.3 x 107 (25 °C) 0.32 0.66 8
MOF-525 (Cu) 3.0 x 10 (25 °C) 0.36 10
HKUST-1 3.8 x 10 (25 °C) 0.18 11

MOF-5 1.3 x 10 (25 °C) 0.4 11
Cuy(BPY),(NDIDS) 2.3 x 10*(RT) 0.167 12
ZIF-67 2.29 x 1073 (30 °C) 13
D-Ui0-66-NH, 3.1 x 107 (25 °C) 0.72 14
MIL-100-Al 1.22 x 1073 (25 °C) 0.21 11
MIL-100-Cr 2.3 x 104 (25 °C) 0.18 11
MIL-100-Fe 9.0 x 10 (25 °C) 0.18 11
Cuy(ttpm),(CuCly)g 6(LiCl); 5 2.4 x 107 (25 °C) 0.34 0.69 15
Cuy(ttpm),(CuCly)g 6(LiBr), 5 3.2 %107 (25 °C) 0.3 0.42 15
Cuy(ttpm),(CuCly)g 6(Lil); 0 1.1 x 104 (25 °C) 0.24 0.34 15
MOF-688 4.6 x 10 (30 °C) 0.87 16




Ui0-66 1.8 x 10 (RT) 0.21 11

UiOLiTFSI 2.07 x 104 (25 °C) 0.31 0.84 17
Ui0-67 6.5 x 10 (=25 °C) 0.12 0.65 11
MIL-101(Cr)-DET-Li 7.13% 10 (30 °C) 0.2 0.87 18
SE-PMOF 1.7 x 103 (30 °C) 0.27 0.8 19
LCMOF-1 4.42 x 104(25 °C) 0.58 5

Table S4. Ionic conductivity for InOF-Li for different temperature.

Material Temperature (°C) Body resistance (Q) o (S/cm)

InOF-Li -20 361.11 445 = 10"
-10 226.46 7.10 x 104
0 155.06 1.04 x 1073
10 111.94 1.22 x 1073
20 85.85 1.49 x 1073
30 69.372 7.97 x 1073
40 57.105 7.69 x 1073
50 48.12 1.22 x 1073
60 41.29 1.22 x 1073

References

1.

8.

9.

J.Yu, Y. Cui, C. Wu, Y. Yang, Z. Wang, M. O’keeffe, B. Chen, and G. Qian, Angew. Chem.
Int. Ed. 2012, 51, 10542-10545.

J. An, S. J. Geib, and N. L. Rosi, J. Am. Chem. Soc. 2009, 131, 8376-8377.

S. Yang, S. K. Callear, A. J. Ramirez-Cuesta, W. 1. F. David, J. Sun, A. J. Blake, N. R.
Champnessa and M. Schroder, Faraday Discuss., 2011, 151, 19-36.

H. J. Park and M. P. Suh, Chem. Sci. 2013, 4, 685-690.

Q. Zhang, D. Li, J. Wang, S. Guo, W. Zhang, D. Chen, Q. Li, X. Rui, L. Gan and S. Huang,
Nanoscale, 2020, 12, 6976-6982.

X. Duan, R. Lv, S. Li, J. Tang, J. Ge, and D. Zhao, Z. Anorg. Allg. Chem. 2019, 955-959.

X. Liu, Z. Xiao, J. Xu, W. Xu, P. Sang, L. Zhao, H. Zhu, D. Sun, W. Guo, J. Mater. Chem. A
2016, 4, 13844-13851.

S. S. Park, Y. Tulchinsky, and M. Dinca, J. Am. Chem. Soc. 2017, 139, 13260-13263.

B. M. Wiers, M.-L. Foo, N. P. Balsara, J. R. Long, J. Am. Chem. Soc. 2011, 133, 14522.

10. Z. Wang, R. Tan, H. Wang, L. Yang, J. Hu, H. Chen, F. Pan, Adv. Mater. 2018, 30, 1704436.



11.

12

13.

14.

15.

16.

17.

18.

19.

L. Shen, H. B. Wu, F. Liu, J. L. Brosmer, G. Shen, X. Wang, J. I. Zink, Q. Xiao, M. Cai and
G. Wang, Adv. Mater., 2018, 30, 1707476.

D. K. Panda, K. Maity, A. Palukoshka, F. Ibrahim, S. Saha, ACS Sustainable Chem. Eng.
2019, 7, 4619.

N. Chen, Y. Li, Y. Dai, W. Qu, Y. Xing, Y. Ye, Z. Wen, C. Guo, F. Wu, R. Chen, J. Mater.
Chem. A 2019, 7, 9530.

H. Huo, B. Wu, T. Zhang, X. Zheng, L. Ge, T. Xu, X. Guo, X. Sun, Energy Storage Mater.
2019, 18, 59.

E. M. Miner, . . Park, M. Dinca, J. Am. Chem. Soc. 2019, 141, 4422.

W. Xu, X. Pei, C. S. Diercks, H. Lyu, Z. Ji, O. M. Yaghi, J. Am. Chem. Soc. 2019, 141,
17522.

F. Zhu, H. Bao, X. Wu, Y. Tao, C. Qin, Z. Su, Z. Kang, ACS Appl. Mater. Interfaces 2019, 11,
43206.

D. Li, J. Wang, S. Guo, Y. Xiao, Q. Zeng, W. He, L. Gan, Q. Zhang, and S. Huang, Adv.
Funct. Mater. 2020, 2003945.

Q. Zhang, B. Liu, J. Wang, Q. Li, D. Li, S. Guo, Y. Xiao, Q. Zeng, W. He, M. Zheng, Y. Ma,

and S. Huang, ACS Energy Lett. 2020, 5, 2919-2926.



