Supplementary Information (Sl) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2024

Ionic-liquid Functionalized Metal-organic Framework and Its High

Performance Solid Electrolyte for Lithium-ion Conduction
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Scheme S1. Synthesis diagram for UiO-67, EIMS-LiTFSI@UiO-67, UiO-67-MIMS, IL;;-MOF

and ILLi'4-



w; L =
L & =
- w;
w 3 M=
[ <
L =}
) . — 2
3 [ v
¢ = 3 “
s61= = ° Loty w SLIN 3 = 9¢°0 [ -
pET— a = —£0T [ =
F = W o g a0t |-
g [ (@) 2] — [
=
- L = = — | w
0.._ i 2] i ) o
= L o o
e - yo| M 6L2 k ¥l
[ w =
2 3 b
L m uy
85— & ———00T [ 1 ~ -
[aa)
i Q 00'F— F 3
[ & & -
65°L veol = © L
z“....w I g
L¥L ix.:u.— & m -
6oL’ 660 | 13 M
00 Yooz 8 e
. Lien L W0 S€E—
90°8 - L60 [ o @ w,
£8'8— ' —— 860 [ a2 o
- PR -
o =) f e
h.—.N I .IH uy
) CHE -
=
F (o] . =)
= L e L =
o o v g T ©
-0 * 2 E 5
d 5 3 e/ G
Y- I w Lt
[ 6L'LT -
L a8y F 3
STEI— VWL s/
[ L«
09°'8— - 101 ©

Figure S2.'"H NMR spectrum of UiO-67-MIMS in DMSO-ds and DCI.
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Figure S3. FT-IR curves of IL~4-MOF, IL;-2-MOF and UiO-67-MIMS.

—
)
S

0 o @ lstrun (b) 3.0x10° A
" e © 2nd run
- L ° O 3rdrun 2.5x107 4
a2 g —@—110°C
o ~ .\._.\.\.——._.
T 34 8o = 2.0x10°
g ] g
) ]
W -4 L 2 1.5x10°
-~ -~
-
© -5 - ©
-1 e 1.0x107 A
2 6] e e
-7 5.0x10* 4 & 30°C
e *—o—0—0—0—0—90
-8 T T T T T T T T T r r r . T v v
24 26 28 30 32 34 36 38 40 42 0d 5d 10d 15d 20d 25d 30d
1 -1
100077 / K Time / days

Figure S4. Recycle test (from -30 to 110°C) and long-time stability of ILy;-4-MOF test.
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Figure S5. Nyquist plots of ILy;~2-MOF from -40 °C to 110 °C.
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Figure S6. Nyquist plots of IL;;~4-MOF from -30 °C to 110 °C.
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Figure S7. Nyquist plots of EIMS-LiTFSI@UiO-67 from -10 °C to 110 °C.
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Figure S8. Nyquist plots of IL;-4 from -30 °C to 110 °C.



Table S1. Comparison of components in UiO-67-MIMS, EIMS-LiTFSI, ILy;-2-MOF and IL;;-4-

MOF
Sample EIMS UiO-67- LiTFSI vV Stoichiometry Formula
(mg) MIMS (mg) MOF Formulaa weight
(mg) Vv (L =BPDC-
LiTFSI MIMS)a
Ui0-67- / / / / Zr04(OH)4(L)s5  ~3106.9
MIMS (O,CCH3)1 4
EIMS- 218 / 1378 / EIMS (LiTFSI)ss  ~1366.5
LiTFSI
IL;-2- / 50 56.8 1:1 ZrsO4(OH)4(L)s3  ~6752.8
MOF (O,CCH3), 4
(LiTFSI) 5
1L ;-4- / 50 113.6 1:2 ZrO4(OH)4(L)s5  ~10398.7
MOF (O,CCH3); 4
(LiTFSI)ys

VMOF represents the pore volume of MOFs, VL'TFSI represents the calculated total van der Waals’
1

volume of lithium salt !, Stoichiometry formula is based on UiO-67-MIMS which was determined

through '"H NMR (Supplementary Figure. 2)

Table S2. BET, pore volume, pore size of UiO-67, UiO-67-MIMS, IL;-2-MOF and IL;-4-MOF.

Sample BET Pore volume Pore size
(m?/g) cm’/g n
Ui0-67 2222 1.067 ~12
Ui0-67-MIMS 320.22 0.423 ~6/~12
IL;;-2-MOF 8.83 0.016 ignorable

IL;;-4-MOF 5.32 0.011 ignorable




Table S3. Conductivities of ILy-2-MOF, IL1;-4-MOF, IL;;-4 and EIMS-LiTFSI@UiO-67 at

selected temperature.

ample EIMS-
ic conduction ILLi-Z-MOF ILLi-4-MOF ILLi'4 LiTFSI@UiO-
(Scm) 67
9110
1.35X107 2.25X1073 1.31X10* 4.12X10*
50
3.37X1073 4.57X104 4.92X10°¢ 3.80X10°
30

1.62X1073 2.39X10* 6.08 X107 9.70 X 10

-30 / /
1.25X107 3.23X10°

Table S4. Comparison of ionic conductivities of 1Ly ;-2-MOF and IL, ;~4-MOF with representative

conductors based on MOF matrix blended with IL or slat of Li*.

Composites (IL/Salt@MOF) T/°C c/Scm™! Reference

UN-LiM-DEME 25 2
3.43 X104

UN-LiM-EMIM 25 2
4.75X10*

Li-MOF@NWE/PEO 30 3
1.0X 10

PS720 25 4
2.97X107

COF-SS-Li 40 3
1.28 X 10+

CSIL 30 6
2.40X1073

PI-PEO-TMP-2 30 7
4.70 X107

. . 25 8
UlO'66'LISS‘50 Wt % EC/PC 7.80 >< 10_4

MIT-20-LiCl 25 ?
1.30X 107

MIT-20-LiBr 25 ?

4.40X107



MIT-20-LiBF,4 25 ?

4.80% 104
LC-PP 30 10
5.00X 10
LP-PP 30 10
7.00X 10
PEO-ZIF-8 25 i
470X 104
Cu,(BPY),(NDIDS 28 12
ua(BPY)( ) 230X 104
TL -4 30
L 6.08X 1077
1L, -2-MOF 30 this work
1.62X 103
1L, -4-MOF 30 this work
239X 10
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