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Section 1. Materials and Characterization

All chemicals and solvents were purchased from commercial suppliers including
J&K Scientific Co. Ltd., Energy Chemicals Co. Ltd., and Aladdin Reagent Co., Ltd,
and used without further purification unless otherwise stated. Bis(acetylacetonato)
titanium oxide (powder, 99.99% metal basis) was activated at 100 °C for 12 h under
vacuum before use. Anhydrous solvents with molecular sieves were used throughout
the experiments. Fourier transform infrared (FT-IR) spectra were collected in the range
of 400-4000 cm™!' on Bruker ALPHA spectrometer. Powder X-ray diffraction (PXRD)
was measured by a Rigaku MiniFlex 600 diffractometer operating at 40 kV voltage and
50 mA current with Cu-Ko X-ray radiation (A = 0.154056 nm). '"H NMR spectra were
recorded on Bruker Ascend 400 MHz spectrometer. Solid-state '°C CP/MAS NMR
spectra were recorded on Bruker Avance 700 MHz spectrometer by using a 4 mm probe.
All NMR measurements were performed at room temperature. X-ray photoelectron
spectroscopy (XPS) was collected by using Thermo scientific ESCALAB 250Xi with
Al Ka-radiation. Elemental analysis (EA) was conducted on a Vario EL-III elemental
analyzer. The contents of Li, Na, K and Ti in Ti-DMTHA-M were determined by
Prodigy7 inductively coupled plasma-atomic emission spectrometry (ICP-AES).
Thermogravimetric analysis (TGA) was carried out on a NETZSCH Proteus thermal
analyzer under a N2 atmosphere at a heating rate of 10 °C/min within a temperature
range of 30-800 °C. N2 and CO: adsorptions were measured on Quantachrome
instrument Autosorb-iQ at different temperatures after pretreatment at 120 °C under
vacuum. The specific surface areas were calculated by the Brunauer-Emmett-Teller
(BET) method. The pore size distributions were evaluated by the nonlocal density
function theory (NLDFT). Transmission electron microscopy (TEM) images were
collected on a JEOL JEM-2100F transmission electron microscope operating at 200 k'V.
Field emission scanning electron microscopes (FE-SEM) images were determined by
JEOL model JSM-7500F. All electrochemical impedance spectroscopy tests were

carried out on CHI 760E electrochemical workstation.



Section 2. Experimental Section

Synthesis of 9,10-dimethyl-2,3,6,7-tetramethoxyanthracene (DMTMA)

A mixture of veratrole (8§ mL, 0.06 mol), methanol (5 mL, 0.12 mol), acetic acid (32
mL, 0.60 mol) and acetaldehyde in 40% water (12.5 mL, 0.22 mol) was added into an
ice-cooled round-bottom flask and stirred for 5 min, then 32 mL of concentrated sulfuric
acid were added dropwise over 15 min with continuous stirring. The reaction mixture
turned from pink to dark purple during this process and then was stirred for 16 h at
room temperature. The resulting mixture was then poured into a beaker full of crushed
ice and the precipitate was filtered and washed with water and acetone to get an off-
white solid. '"H NMR (400 MHz, CDCl3): = 7.4 (s, 4H), 4.08 (s, 12H), 2.95 (s, 6H).
Synthesis of 9,10-dimethyl-2,3,6,7-tetrahydroxyanthracene (DMTHA)

An oven-dried Schlenk flask loaded with DMTMA (1.63 g, 4.9 mmol) was evacuated
and backfilled with Ar three times. Anhydrous dichloromethane (40 mL) was then
added and stirred for 5 min. 1 M boron tribromide solution in dichloromethane (22 mL)
was injected slowly into the suspension, the color turned from purple to brownish
yellow after 2 h of continuous stirring. The sediment was filtered and washed with water
and methanol then dried under a vacuum at 60 °C overnight. 'H NMR (400 MHz,
DMSO-ds): 0 =9.4 (s, 4H), 7.34 (s, 4H), 2.70 (s, 6H).

OCH;3 H;Co OCH,
con. H2304 BBr3
+ CH3;CHO —mMmM
HOAc, CH;0H
OCH;

Scheme S1. The synthetic route of DMTHA.



Section 3 Supplementary figures

Figure S1. The structural models of Ti-DMTHA-M (a) top view and (b) side view. Grey,
pink, blue, and purple spheres represent C, O, Ti, and counter ions, respectively.
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Figure S2. (a-b) The eclipsed AA stacking model and staggered AB stacking model of Ti-
DMTHA-M, (c) the simulated PXRD patterns.
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Figure S3. Experimental PXRD, Pawley refined PXRD, simulated PXRD, and the difference
between experimental and Pawley refined PXRD of Ti-DMTHA-LI.
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Figure S4. Experimental PXRD, Pawley refined PXRD, simulated PXRD, and the difference
between experimental and Pawley refined PXRD of Ti-DMTHA-Na.
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Figure S5. Experimental PXRD, Pawley refined PXRD, simulated PXRD, and the difference
between experimental and Pawley refined PXRD of Ti-DMTHA-K.
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Figure S6. Pore size distribution of Ti-DMTHA-Li.
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Figure S7. Pore size distribution of Ti-DMTHA-Na.
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Figure S8. Pore size distribution of Ti-DMTHA-K.
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Figure S9. The isosteric heat of adsorption of Ti-DMTHA-Li.
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Figure S10. The isosteric heat of adsorption of Ti-DMTHA-Na.
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Figure S11. The isosteric heat of adsorption of Ti-DMTHA-K.

Figure S12. Energy dispersive spectroscopy mapping of Ti-DMTHA-Li.
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Figure S13. Energy dispersive spectroscopy mapping of Ti-DMTHA-Na.

05pm

Figure S14. Energy dispersive spectroscopy mapping of Ti-DMTHA-K.
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Figure S15. High-resolution XPS spectra of Ti-DMTHA-Li.
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Figure S16. High-resolution XPS spectra of Ti-DMTHA-Na.
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Figure S17. High-resolution XPS spectra of Ti-DMTHA-K.
100 -
90 4
80 1
70 4
L 60-
S 901 _ .
ko) 40 4 — Ti-DMTHA-Li
= —— Ti-DMTHA-Na
30 —— Ti-DMTHAK
20 -
10 +
0 L] L] L] L] L] L] L]
100 200 300 400 500 600 700 800

Figure S18. TGA comparison of Ti-DMTHA-Li, Ti-DMTHA-Na and Ti-DMTHA-K.
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Figure S19. PXRD patterns of Ti-DMTHA-LIi after immersing in different solvents for 24 h.
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Figure S20. PXRD patterns of Ti-DMTHA-Na after immersing in different solvents for 24 h.
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Figure S21. PXRD patterns of Ti-DMTHA-K after immersing in different solvents for 24 h.
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Figure S22. Nyquist plots of the pristine Ti-DMTHA-Li at different temperatures.
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Figure S23. Nyquist plots of the pristine Ti-DMTHA-Na at different temperatures.
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Figure S24. Nyquist plots of the pristine Ti-DMTHA-K at different temperatures.
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Figure S25. PXRD patterns of Ti-DMTHA-M after immersing in EC/DEC for 24 h.
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Figure S26. N, isotherms of Ti-DMTHA-Li and EC/DEC@Ti-DMTHA-Li.
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Figure S28. N isotherms of Ti-DMTHA-K and EC/DEC@Ti-DMTHA-K.
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Figure S29. TGA comparison of Ti-DMTHA-Li and EC/DEC@Ti-DMTHA-Li.
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Figure S30. TGA comparison of Ti-DMTHA-Na and EC/DEC@Ti-DMTHA-Na.
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Figure S31. TGA comparison of Ti-DMTHA-K and EC/DEC@Ti-DMTHA-K.
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Figure S32. Nyquist plots of the NaClO4@Ti-DMTHA-Na at different temperatures.
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Figure S34. Two-dimensional electron density contour maps of (a) Ti-DMTHA-Li, (b) Ti-
DMTHA-Na, and (c¢) Ti-DMTHA-K. The electron density decreases as the color changes from

red to blue via green.

21



Section 4. Supplementary Tables

Table S1. The CO, adsorption comparison of MOF-based materials at 1 bar and 273 K.

Adsorbent Capacity (mmol g™ Ref.
MAF-23 33 1
IFMC-1 4.1 2
MAF-66 6.3 3
NH>-MIL-125 4.0 4
TMOF-1 2.2 5
LIFM-26 5.4 6
Ui0-66-AD4 3.6 7
Ui0-66-AD6 3.8 7
CPM-33b 7.8 8
CPM-33a 6.1 8
USTC-253 3.7 9
Zn-TAZ 1.2 10
Cda(tp)2(dptz).- DMF 2.5 11
Cus(pmtz)s DMF 0.8 12
PyUiO-66 2.3 13
4-TPOM 2.8 14
PCN-224 3.9 15
PCN-224(Mg) 2.1 15
MOF-FNP-MeOHj 3 4.0 16
MOF-DM-MeOH 4.2 16
MOF-FNP- MeOH 3.7 16
Ti-DMTHA-Li 4.3 This work
Ti-DMTHA-Na 4.8 This work
Ti-DMTHA-K 4.9 This work

Table S2. Calculated formula, elemental analysis, and ICP-AES results for Ti-DMTHA-M.

C(%) H(%) Ti(%) M (%)

. ) Calcd. 63.32 4.70 9.71 2.81
C26H23L1205T1

Found 60.12 4.95 9.52 2.54

. Calcd. 59.45 441 9.11 8.75
C26H23NaxO6T1

Found 58.90 4.10 8.82 8.10

) Calcd. 56.01 4.16 8.59 14.03
C26H23K206Tl

Found 54.83 4.17 8.12 13.45

Table S3. The comparison of MOF-based solid-state Na ion conduction materials.



MOF materials Description ~ Conductivity Ea T(°C) Ref.
(Scm™) (eV)

EHUI(Sc, Na) NaBFs 9.2 x 107 0.64 37 17
MIT-20(Na) NaSCN 1.8 x 107 0.39 25 18
MIL-100(Al) NaClO4 4.4 x10* 0.28 RT 19
MIL-121 NaSCN 1.0 x 10™ 0.36 25 20
S-IL@ZIF-8 Na-IL 2.0x10* 0.26 RT 21
UIOSNa Na-IL 3.6 x10* — RT 22

Ti-DMTHA-Na EC/DEC 1.4 x10° 0.22 40 This

work

Ti-DMTHA-Na NaClO4 4.5x10* 0.15 25 This

work

Note: PC = propylene carbonate, EC = ethylene carbonate, DEC = diethyl carbonate.
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