Supplementary Information (SlI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2024

Supporting Information
Fully conjugated covalent organic frameworks with high

conductivity as superior cathode materials for Li-ion batteries

Xudong Qin, Haoran Tang*, Haiyang Zhao, Lin Shao, Chunchen Liu, Lei Ying, and Fei Huang*

X. Qin, Dr. H. Tang, H. Zhao, L. Shao, Dr. C. Liu, Prof. L. Ying, Prof. F. Huang

Institute of Polymer Optoelectronic Materials and Devices

Guangdong Basic Research Center of Excellence for Energy & Information Polymer Materials
State Key Laboratory of Luminescent Materials and Devices

South China University of Technology (SCUT)

Guangzhou, China.

[*] E-mail:

mstanghaoran@scut.edu.cn

msfhuang@scut.edu.cn

Table of Contents

Section A. Methods and Materials 1
Section B. Supporting Figures 6
Section C. Supporting Tables 15

Section D. Supporting References 19


mailto:msfhuang@scut.edu.cn

Section A. Methods and Materials.

2,2'-(2,5-dihydroxy-1,4-phenylene) diacetic acid, 1,4-benzophenone, 6-bromoisatin, bromoethyl methyl ether, and
1,3,5-tris(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) benzene were purchased from Bide Pharmatech Co. Ltd. n-
butanol, acetic acid, and isopropyl alcohol were purchased from J&K Scientific Co. Ltd. Other reagents and chemicals that
were not specifically identified were purchased from Energy Chemical.

Fourier transform infrared (FT-IR) spectra were recorded on an IFS 66V/S Fourier transform infrared
spectrophotometer. The PXRD data were recorded on a Rigaku model RINT Ultima Il diffractometer by depositing powder
on a glass substrate, from 26 = 2° to 25° with 0.01° increment. UV-vis spectra were recorded on a Shimadzu UV-3600
spectrometer. High-resolution transmission electron microscopy (HR-TEM) images were obtained on a TEM JEOL 2100F
with an acceleration voltage of 300 kV. X-ray photoelectron spectroscopy (XPS) analysis was conducted using the Thermo
Scientific K-Alpha. Gas sorption isotherms were measured on a BELSORP-mini (MicrotracBEL, Japan, Corp.) automated
volumetric sorption analyzer. The desired temperature (77 K) was controlled by a liquid nitrogen bath. The conductivity
measurements were conducted on JouleYacht MRS-3RT. The conductivity o was calculated based on the equation o =
IL/VWd, where | represents the current, V represents the voltage, L represents the voltage probe distance (3.6 mm), W

represents the sample width (10 mm) and d represents the thickness of the sample.
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Synthesis of 3,7-dihydrobenzo[1,2-b:4,5-b’] difuran-2,6-dione (2, H-BFDO). H-BFDO was synthesized following previously
reported procedures.>? To a suspension of compound 1 (1.0 g, 4.4 mmol) in anhydrous toluene (50 mL), Ac,0 (10 mL) was
added. The mixture was stirred at 100°C for 5 h and then the solvent was removed under reduced pressure. The residue
was purified by recrystallization from toluene to give 2 as a white powder (0.79 g, 80 %). 'H NMR (CDCl;, 400 MHz, ppm):
8 7.07 (s, 2H), 3.78 (s, 4H).
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Synthesis of N, N*-dipropylbenzene-1,4-diamine (4). Compound 3 (21.49 g, 191.6 mmol), n-propylamine (23.26 g, 393.5
mmol) were added to ethanol (600 mL) and reacted in air for 1 h. Evaporation of the solvent yielded the crude product,
which was used directly without purification.

Synthesis of N, N'-(1,4-phenylene) bis(2-chloro-N-propylacetamide) (5). Compound 4 (9.0 g, 46.8 mmol), 4-
dimethylaminopyridine (5.72 g, 46.82 mmol) were added to tetrahydrofuran (THF, 200 mL) in a 1000 mL round bottom
flask. Then, chloroacetic chloride (15.9 g, 140.78 mmol) dissolved in 250 mL THF was added dropwise to the reaction
system. The mixture was stirred for 1h at room temperature under nitrogen atmosphere. The solvent was removed under
vacuum using rotary evaporation. The product was purified by silica gel column chromatography using petroleum
ether/dichloromethane (PE/DCM, v/v = 1/1) as the eluent.

Synthesis of 1,5-dipropyl-5,7-dihydropyrrolo[2,3-f] indole-2,6(1H,3H)-dione (6, H-BPDO). Compound 5 (1 g, 2.84 mmol),
and AlCl3 (2.7 g, 20.25 mmol) was added into a 50 mL single-necked reaction flask and reacted at 190°C for 40 min under
nitrogen atmosphere. The reaction was then cooled to room temperature and quenched with water. The solids were
filtered out as crude product, which was subsequently purified by silica gel column chromatography using DCM/PE (v/v =
10/1) to obtain a white product. Yield 500 mg (64%). *H NMR (CDCls, 400 MHz, ppm): 6.79 (s, 2H), 3.68-3.65 (m, 4H), 3.55
(s, 4H), 1.72-1.68 (m, 4H), 0.99-0.96 (m, 6H).
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Synthesis of 6-bromo-1-(2-methoxyethyl)-1H-indole-2,3-dione (8). The 6-bromo-1-(2-methoxyethyl)-1H-indole-2,3-
dione was synthesized by adding 6-bromoisatin (5 g, 22.33 mmol), K,CO; (4.62 g, 33.5 mmol), and MeCN (200 mL) to a
500 ml double-necked reaction flask. The mixture was heated at 80°C for half an hour, and then bromoethyl methyl ether
(4.62g, 33.5 mmol) was added. After being heated for 12 hours, the reaction was cooled to room temperature and

quenched with water, followed by extraction with ethyl acetate, collection of the organic phase, and drying by addition



of MgS04. Finally, purification of the product was carried out by chromatography over the column PE/DCM (v/v = 1/1) to
obtain an orange product.

Synthesis of 6,6',6'"-(benzene-1,3,5-triyl)tris(1-(2-methoxyethyl)indoline-2,3-dione) (10, TBI). A reaction mixture
containing compound 9 (2.02 g, 8.00 mmol), Pd(PPh3), (506 mg, 0.40 mmol), compound 8 (5.16 g, 18.24 mmol), and K,CO3
(5.52 g, 40 mmol) in THF (100 mL) and H,0 (20 mL) was stirred under argon at 80°C for 3 days. After cooling to room
temperature, the yellow precipitate was collected by filtration, washed with cyclohexane and acetone to yield the product
as a bright yellow powder. Yield: 2.6 g (86%). *H NMR (CDCls, 400 MHz, ppm): § 7.86 (s, 3H), 7.74-7.73 (d, 3H), 7.42-7.40
(d, 3H), 7.34 (s, 3H), 4.01-3.99 (m, 6H), 3.72-3.69 (m, 6H), 3.35 (s, 9H).

Synthesis of 3,7-bis((E)-6-bromo-1-(2-methoxyethyl)-2-oxoindolin-3-ylidene)-3,7-dihydrobenzo[1,2-b:4,5-b']difuran-
2,6-dione (11). The H-BFDO (190.1 mg, 1.0 mmol), and compound 8 (594.3 mg, 2.1 mmol) were added in a 25ml double
necked bottle with 5 mL of AcOH/n-Butanol (v/v = 1/1) as solution. Subsequently, p-toluenesulfonic acid (0.1 eq) was
added as a catalyst. The mixture was subjected to a vacuum reaction at 130°C for 24 hours. The reaction was restored to
room temperature. The precipitate was filtered and washed with methanol to give crude product. HR-MS (MALDI) m/z

calcd. for (C3;H,1Br;N,03) (M-H*): 720.97. Found: 720.66.

Synthesis of 3,7-bis((E)-6-bromo-1-(2-methoxyethyl)-2-oxoindolin-3-ylidene)-1,5-dipropyl-5,7-dihydropyrrolo[2,3-
flindole-2,6(1H,3H)-dione (12). The H-BPDO (272.2 mg, 1 mmol), and compound 8 (594.3 mg, 2.1 mmol) were added in
a 25ml double necked bottle with 5 mL of AcOH/n-Butanol (v/v = 1/1) reaction solution. Subsequently, p-toluenesulfonic
acid (0.1 eq) was added as a catalyst. The mixture was subjected to a vacuum reaction at 130°C for 24 hours. The reaction
was restored to room temperature. The precipitate was filtered and washed with methanol to give crude product. HR-

MS (MALDI) m/z calcd. for (CsgH35Br,N40,) (M-H*): 803.10. Found: 802.64.
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Synthesis of 3,7-bis((E)-1-(2-hexyldecyl)-2-oxoindolin-3-ylidene)-3,7-dihydrobenzo[1,2-b:4,5-b']difuran-2,6-dione (14).
The H-BFDO (190.1 mg, 1.0 mmol), and compound 13 (868.7 mg, 2.1 mmol) were added in a 25 mL double-necked bottle
with 5 mL of AcOH/n-Butanol (v/v = 1/1) as solution. Subsequently, p-toluenesulfonic acid (0.1 eq) was added as a catalyst.
The mixture was subjected to a vacuum reaction at 130°C for 24 hours. The reaction was restored to room temperature.
The precipitate was filtered and washed with methanol. Yield 844.0 mg (86%). *H NMR (CDCls, 400 MHz, ppm): 6 9.13 (s,
2H), 9. 06-9.04 (m, 2H), 7.42-7.39 (m, 2H), 7.09-7.06 (m, 2H), 6.80-6.78 (d, 2H), 3.67-3.66 (d, 4H), 1.92-1.89 (m, 2H), 1.34-
1.23 (m, 64H), 0.87-0.84 (m, 12H).
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Synthesis of 3,7-bis((E)-1-(2-hexyldecyl)-2-oxoindolin-3-ylidene)-1,5-dipropyl-5,7-dihydropyrrolo[2,3-flindole-

2,6(1H,3H)-dione (15). The H-BPDO (272.2 mg, 1.0 mmol), and compound 13 (868.7 mg, 2.1 mmol) were added in a 25mL
double-necked bottle with 5 mL of AcOH/n-Butanol (v/v = 1/1) as solution. Subsequently, p-toluenesulfonic acid (0.1 eq)
was added as a catalyst. The mixture was subjected to a vacuum reaction at 130°C for 24 hours. The reaction was restored
to room temperature. The precipitate was filtered and washed with methanol. Yield 893.4 mg (84%). *H NMR (CDCl;, 400
MHz, ppm): 6 9.23-9.21 (m, 2H), 8.87 (s, 2H), 7.36-7.33 (m, 2H), 7.06-7.02 (m, 2H), 6.77-6.75 (d, 2H), 3.85-3.83 (m, 4H),
3.68-3.66 (d, 4H), 1.89-1.81 (m, 6H), 1.27-1.23 (m, 64H), 0.87-0.86 (m, 6H), 0.85-0.84 (m, 12H).

Synthesis of TBI-COF-O. H-BFDO (5.7 mg, 0.03 mmol) and TBI (13.8 mg, 0.02 mmol) were added into AcOH/n-Butanol
(1mL, v/v = 1/1) solution in a 10 mL Pyrex tube. Then 4M TsOH in isopropanol was added to the solution as a catalyst. The
tube was degassed by three freeze-pump-thaw cycles. After that, the tube was sealed off and heated to 120°C for 4 days.
The precipitates were collected by centrifugation and then washed with THF (3 x 10 mL), acetone (3 x 10 mL), DCM (3 x
10 mL). and the powder was placed in a Soxhlet extractor and washed with chlorobenzene. Finally, the powder was

collected and dried at 80°C under vacuum overnight to give TBI-COF-O in a yield of 87%.



Synthesis of TBI-COF-N. H-BPDO (8.2 mg, 0.03 mmol) and TBI (13.8 mg, 0.02 mmol) were added into AcOH/n-Butanol
(1mL, v/v=1/1) solution in a 10 mL Pyrex tube. Then 4M TsOH in isopropanol was added to the solution as a base catalyst.
The tube was degassed by three freeze-pump-thaw cycles. After that, the tube was sealed off and heated to 140°C for 4
days. The precipitates were collected by centrifugation and then washed with tetrahydrofuran (3 x 10 mL), acetone (3 x
10 mL), DCM (3 x 10 mL), and the powder was placed in a Soxhlet extractor and washed with chlorobenzene. Finally, the
powder was collected and dried at 80 °C under vacuum overnight to give TBI-COF-N in a yield of 82%.
Computational Calculation. The PXRD data were analyzed by Pawley refinement using Reflex, which is a commercial
software package for crystallographic structural analysis implemented in MS modeling version 4.4 (Accelrys Inc.). The final
Rwe and Rp values were calculated as 3.74% and 6.26% for TBI-COF-O. Meanwhile, the final Ryp and Ry values were
calculated as 6.89% and 11.24% for TBI-COF-N. Unit cell dimensions were solved manually using coordinates from the
obtained PXRD pattern positions. Pawley refinement was then performed, and the lattice parameters were iteratively
optimized until the Ry values converged.
Computational details. The geometry of an isolated molecule and complexes was optimized at the B3LYP-D3(BJ)/6-
311+G(d, p) level using the Gaussian 09 software package.
Electrochemical Measurements. The electrodes were prepared by casting a mixture of TBI-COF-O (or TBI-COF-N), carbon
black and polyvinylidene difluoride (PVDF) with a mass ratio of 7:2:1/8:1:1 onto a copper foil. Polyethylene membrane
was used as the separator. The electrolyte was 1 M LiPF; in ethylene carbonate: dimethyl carbonate (EC/DMC, v/v = 1/1).
The electrochemical performances were tested in 2032-coin cells with a 450 um Li as the cathode. The LAND battery test
system (CT2001A) was used for long-term cyclic stability and rate capability tests. An electrochemical work station
(CHI1760D) was used to obtain the data of cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). The
EIS was tested within a frequency range of 0.01-100000 Hz and a voltage amplitude of 5 mV.
Theoretical capacity calculations. The theoretical capacities (C;,, mAh g') of TBI-COF-O and TBI-COF-N were calculated
according to the following equation (2):
o=l

3.6M
Where n is the number of transferred electrons during the redox reaction, and M is the molecular weight of the unit cell
of TBI-COF-0O and TBI-COF-N, F is the Faraday constant (96500 C mol™).
Pseudo capacitance calculations. To evaluate the capacitive contribution of TBI-COF-O, and TBI-COF-N to the total
current response, the diffusion-controlled and surface capacitive contributions can quantitatively be separated using the
equation (3) below:

1

i=kV + bV?

where v is the scan rate, i is the current, k and b are constants.



Section B. Supporting Figures
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Figure S1. 'H NMR spectrum of H-BFDO.
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Figure S2. 'H NMR spectrum of H-BPDO.

2 16,05+ om—

-

=500



™

T

T

T

T

T

T

T

T

-

T

T

-

T

g

y

T

g 8 8 8 8 28 28 8 8 g8 s 2
¢ P ¥ ¥ _ @ B Q. 8 o = & o 3
9ce— —J e
69¢
_.E,.W —_— -~ FEL
s
mm‘n/
0y —_— EZ9
"%
XL
Peh, — =662
7 — *gL'g
L
i — »g0¢
981" e =00¢

.

W0 78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34

1 (ppm)

Figure S3. *H NMR spectrum of TBI.
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Figure S4. 'H NMR spectrum of compound 14.
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Figure S5. *H NMR spectrum of compound 15.
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Figure S6. Mass spectrum of compound 11.
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Figure S7. Mass spectrum of compound 12.
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Figure S8. The FT-IR spectra of (a) TBI-COF-O, and (b) TBI-COF-N.
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Figure S9. The solid-state 3C NMR of (a) TBI-COF-O, and (b) TBI-COF-N.

(b)

Figure S10. HR-TEM of (a) TBI-COF-O, and (b) TBI-COF-N.

10



100 Ep——— —— TBI-COF-N
90 4 90
80 ] 80

=70 F 701

60 < 60

£eo) e

] -]

= 40 2 40
30 30
20] 204
10 10

——————— (B . S S . . , ,
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800
Temp (°C) Temp (°C)

Figure S11. The thermogravimetric investigations of (a) TBI-COF-O, and (b) TBI-COF-N.
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Figure S12. Pore size distribution profile of TBI-COF-O and TBI-COF-N.

(a) (b)
—— TBI-COF-0O — TBI-COF-N
LUMO: -3.67 eV LUMO: -3.53 eV
HOMO:-5.71 eV HOMO:-5.32 eV
:' sty
s g 3 d
- — /
g / kS 7
s | —7
3
o o
45 10 05 00 05 10 15 20 -5 10 05 00 05 10 15 20
Potential (V vs. SCE) Potential (V vs. SCE)

Figure S13. The electrochemical energy level of (a) TBI-COF-O, and (b) TBI-COF-N.
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Figure S14. Lithium-ion battery performance with COF-based cathodes. (a) Specific capacity of TBI-COF-N with 20wt% conductive carbon at the rate
of 0.1C; (b) Electrochemical impedance spectra of TBI-COF-N under different cycles. (c) Long-term cycling stability of TBI-COF-N cathodes at a
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Figure S17. (a) The cyclic voltammetry (CV) curves of TBI-COF-N under different scan rates (0.5 mV s, 1mVs™® 2mVs?3mVs?t4mVs?and5
mV s7%); (b) Linear fits of the logarithms of the peak current against logarithms of scan rate for TBI-COF-N; (c) Normalized capacity contribution of
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corresponding to the charging and discharging behaviors of the battery, including O1s, and N1s.
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Section C. Supporting Tables

Table S1. Optimization of synthesis conditions for TBI-COF-O.

Entry No. Solvents Catalyst Temperature (°C) Crystallinity
1 0-DCB/n-BuOH=1/1 2M Na,CO; 120 No
2 0-DCB/n-BuOH=1/1 2M NaOH 120 No
3 0-DCB/n-BuOH=1/1 2M KOH 120 No
4 0-DCB/n-BuOH=1/1 Pyridine 120 No
5 0-DCB/n-BuOH=1/1 Piperidine 120 No
6 0-DCB/n-BuOH=1/1 EtsN 120 No
7 0-DCB/n-BuOH=1/1 AcOH 120 No
8 0-DCB/n-BuOH=1/1 6M AcOH 120 No
9 0-DCB/n-BuOH=1/1 12M AcOH 120 No
10 0-DCB/n-BuOH=1/1 CF5SO;H 120 No
11 0-DCB/n-BuOH=1/1 TsOH 120 No
12 0-DCB/n-BuOH=1/1 2M TsOH 120 No
13 0-DCB/n-BuOH=1/1 4M TsOH 120 No
14 0-DCB/n-BuOH=1/1 6M TSOH 120 No
15 Dioxane/Mes=1/1 2M Na,CO; 120 No
16 Dioxane/Mes=1/1 2M NaOH 120 No
17 Dioxane/Mes=1/1 2M KOH 120 No
18 Dioxane/Mes=1/1 Pyridine 120 No
19 Dioxane/Mes=1/1 Piperidine 120 No
20 Dioxane/Mes=1/1 EtsN 120 No
21 Dioxane/Mes=1/1 AcOH 120 No
22 Dioxane/Mes=1/1 6M AcOH 120 No
23 Dioxane/Mes=1/1 12M AcOH 120 No
24 Dioxane/Mes=1/1 CF3SO;H 120 No
25 Dioxane/Mes=1/1 TsOH 120 No
26 Dioxane/Mes=1/1 2M TsOH 120 No
27 Dioxane/Mes=1/1 4M TsOH 120 No
28 Dioxane/Mes=1/1 6M TSOH 120 No
29 DMF/n-BuOH=1/1 2M Na,CO; 120 No
30 DMF/n-BuOH=1/1 2M NaOH 120 No
31 DMF/n-BuOH=1/1 2M KOH 120 No
32 DMF/n-BuOH=1/1 Pyridine 120 No
33 DMF/n-BuOH=1/1 Piperidine 120 No
34 DMF/n-BuOH=1/1 Et;N 120 No
35 DMF/n-BuOH=1/1 AcOH 120 No
36 DMF/n-BuOH=1/1 6M AcOH 120 No
37 DMF/n-BuOH=1/1 12M AcOH 120 No
38 DMF/n-BuOH=1/1 CF3SO;H 120 No
39 DMF/n-BuOH=1/1 TsOH 120 No
40 DMF/n-BuOH=1/1 2M TsOH 120 No
41 DMF/n-BuOH=1/1 4M TsOH 120 No
42 DMF/n-BuOH=1/1 6M TSOH 120 No
43 DMAc/n-BuOH =1/1 2M Na,CO4 120 No
44 DMAc/n-BuOH =1/1 2M NaOH 120 No
45 DMAc/n-BuOH =1/1 2M KOH 120 No
46 DMAc/n-BuOH =1/1 Pyridine 120 No
47 DMAc/n-BuOH =1/1 Piperidine 120 No
48 DMAc/n-BuOH =1/1 Et;N 120 No
49 DMAc/n-BuOH =1/1 AcOH 120 No
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50 DMAc/n-BuOH =1/1 6M AcOH 120 No

51 DMAc/n-BuOH =1/1 12M AcOH 120 No

52 DMAc/n-BuOH =1/1 CF5SO;H 120 No

53 DMAc/n-BuOH =1/1 TsOH 120 No

54 DMAc/n-BuOH =1/1 2M TsOH 120 No

55 DMAc/n-BuOH =1/1 4M TsOH 120 No

56 DMAc/n-BuOH =1/1 6M TSOH 120 No

57 AcOH 4M TsOH 120 Low
58 AcOH/n-BuOH=1/1 4M TsOH 120 High
59 AcOH/isopropanol=1/1 4M TsOH 120 High

Table S2. Optimization of synthesis conditions for TBI-COF-N.
Entry No. Solvents Catalyst Temperature (°C) Crystallinity

1 0-DCB/n-BuOH=1/1 2M Na,COs 120 No
2 0-DCB/n-BuOH=1/1 2M NaOH 120 No
3 0-DCB/n-BuOH=1/1 2M KOH 120 No
4 0-DCB/n-BuOH=1/1 Pyridine 120 No
5 0-DCB/n-BuOH=1/1 Piperidine 120 No
6 0-DCB/n-BuOH=1/1 Et;N 120 No
7 0-DCB/n-BuOH=1/1 AcOH 120 No
8 0-DCB/n-BuOH=1/1 6M AcOH 120 No
9 0-DCB/n-BuOH=1/1 12M AcOH 120 No
10 0-DCB/n-BuOH=1/1 CF3SO3H 120 No
11 0-DCB/n-BuOH=1/1 TsOH 120 No
12 0-DCB/n-BuOH=1/1 2M TsOH 120 No
13 0-DCB/n-BuOH=1/1 4M TsOH 120 No
14 0-DCB/n-BuOH=1/1 6M TSOH 120 No
15 Dioxane/Mes=1/1 2M Na,CO; 120 No
16 Dioxane/Mes=1/1 2M NaOH 120 No
17 Dioxane/Mes=1/1 2M KOH 120 No
18 Dioxane/Mes=1/1 Pyridine 120 No
19 Dioxane/Mes=1/1 Piperidine 120 No
20 Dioxane/Mes=1/1 EtsN 120 No
21 Dioxane/Mes=1/1 AcOH 120 No
22 Dioxane/Mes=1/1 6M AcOH 120 No
23 Dioxane/Mes=1/1 12M AcOH 120 No
24 Dioxane/Mes=1/1 CF3SO3H 120 No
25 Dioxane/Mes=1/1 TsOH 120 No
26 Dioxane/Mes=1/1 2M TsOH 120 No
27 Dioxane/Mes=1/1 4M TsOH 120 No
28 Dioxane/Mes=1/1 6M TSOH 120 No
29 DMF/n-BuOH=1/1 2M Na,CO4 120 No
30 DMF/n-BuOH=1/1 2M NaOH 120 No
31 DMF/n-BuOH=1/1 2M KOH 120 No
32 DMF/n-BuOH=1/1 Pyridine 120 No
33 DMF/n-BuOH=1/1 Piperidine 120 No
34 DMF/n-BuOH=1/1 Et;N 120 No
35 DMF/n-BuOH=1/1 AcOH 120 No
36 DMF/n-BuOH=1/1 6M AcOH 120 No
37 DMF/n-BuOH=1/1 12M AcOH 120 No
38 DMF/n-BuOH=1/1 CF3SOsH 120 No
39 DMF/n-BuOH=1/1 TsOH 120 No
40 DMF/n-BuOH=1/1 2M TsOH 120 No
41 DMF/n-BuOH=1/1 4M TsOH 120 No
42 DMF/n-BuOH=1/1 6M TSOH 120 No
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43 DMAc/n-BuOH =1/1 2M Na,CO; 120 No
44 DMAc/n-BuOH =1/1 2M NaOH 120 No
45 DMAc/n-BuOH =1/1 2M KOH 120 No
46 DMAc/n-BuOH =1/1 Pyridine 120 No
47 DMAc/n-BuOH =1/1 Piperidine 120 No
48 DMAc/n-BuOH =1/1 Et;N 120 No
49 DMAc/n-BuOH =1/1 AcOH 120 No
50 DMAc/n-BuOH =1/1 6M AcOH 120 No
51 DMAc/n-BuOH =1/1 12M AcOH 120 No
52 DMAc/n-BuOH =1/1 CF3SO3H 120 No
53 DMAc/n-BuOH =1/1 TsOH 120 No
54 DMAc/n-BuOH =1/1 2M TsOH 120 No
55 DMAc/n-BuOH =1/1 4M TsOH 120 No
56 DMAc/n-BuOH =1/1 6M TSOH 120 No
57 AcOH 4M TsOH 120 Low
58 AcOH/n-BuOH=1/1 4M TsOH 120 Low
59 AcOH/isopropanol=1/1 4M TsOH 120 Low
60 AcOH 4M TsOH 140 Moderate
61 AcOH/n-BuOH=1/1 4M TsOH 140 High
62 AcOH/isopropanol=1/1 4M TsOH 140 High

Table S3. Comparison of conductivity and carrier mobility between Janus dione based COFs and other conductive COFs.

COFs Sample type Methods o/Scm™? Refs
NiPc-NH-CoPcFg Film 4-probe 1.3x107* S4
TFPPy-ICTO-COF Pellet 4-probe 5.6x1073 S5

TFPPer-ICTO-COF Pellet 4-probe 2.3x1073 S5
TBI-COF-O Pellet 4-probe 7.5x107* This work
Sp?-c-COF Pellet 2-probe 7.1x107* (dope) S6
ZnPc-pz-l, Pellet Hall effect 3.1x10™* S7

CoPc-PDQ-COF Pellet 4-probe 3.6x107° S8
COF-DC-8 Pellet 4-probe 2.5x107° S9
TBI-COF-N Pellet 4-probe 2.3x107° This work
TANG-COF Pellet 4-probe 1x1072(dope) S10
TFF-COF Pellet 2-probe 2.1x1077 S11
TTF-Por(Co)-COF Pellet 2-probe 1.3x1077 512
TAPP-TFPP-COF Pellet 2-probe 1.4x107° 513

Table S4. Performance comparison between representative COF-based, metal oxides and organic small molecule materials for LIBs.

Electrode Low-rate capacity High-rate capacity Ref
TBI-COF-O 320 mAh g*at 0.1C 245 mAh gtat 1C This work
PT-COF50 267 mAhglat0.2 Agt 229 mAhglat5Agt S14
BTT-ICTO@CNT-50 396 mAhgtat0.1Ag? 227 mAhgtat5Ag? S33
HATN-AQ-COF 319 mAhglat0.18 Ag™ 227 mAh glat 3.6A gt S15
TFPPy-ICTO-COF 338 mAhglat0.1Ag! 214 mAhglat1Ag? S5
TBI-COF-N 265 mAh g1at 0.1C 204 mAh gtat 1C This work
PIBN-G 271 mAh g at 0.1C 193 mAh g'at 10C S16
USTB-6@G 253 mAh g*at 0.1C 188 mAh g'at 10C S34
PFG-1@rGO 480 mAh glat 0.5 Ag? 189 mAhglat5Ag? S35
TFPPer-ICTO-COF 303 mAhgtat0.1Ag* 182 mAhgtat1Ag! S5
PT-COF-30 280 mAhg'at0.2Ag? 145 mAh gtat5A gt S14
COF-TRO 268 mAh gat 0.1C 124 mAh gtat 1C S17
PT-COF10 225 mAhg'at0.2Ag! 115 mAhgtat5Ag? S14
BTT-ICTO@CNT-30 326 mAhgtat0.1Ag? 113 mAhg'at5Ag? S33
2D CCP-HATN 116 mAh g'at0.1Ag! 94 mAhgtat0.1Ag?! S18
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PT-COF 193 mAhg'at0.2Ag™? 76 mAhgtat5Ag? S14
BTT-ICTO@CNT-10 269 mAh gtat0.1Ag? 67 mAhgtlat5Ag? S33
BTT-ICTO 225mAhglat0.1Ag?! 65mAhglat 1A gt 533
DAPH-TFPI-COF 80 mAh g™*at 0.5C 50 mAh g* at 20C 519
DAAQ-TFP-COF 110 mAh g*at 0.02 A g™ 25 mAhgtandat3Ag! S20
2D-PAI@CNT 104.4 mAhg'at 0.1 A g™ 96 mAhglat2 Ag? S21
PI-COF@rGO 112 mAh g'at 0.1C 67 mAh gtat 1C S22
E-TP-COF 110 mAhglat 0.2 Ag™ 30mAhglat2Ag? $23
NBALs 155 mAh g-*at 0.5C 50 mAh g*at 20C S24
Cc8Q 341 mAh g*at 0.2C 60 mAh g*at 5C S25

PTN 119.1 mAhg'at0.05Ag™? 89.4mAhglat5Ag? S26
p-DNB 536 mAhg'at0.05Ag™? 250 mAhg'at0.2Ag? S27
1,5-DNN Irreversible Irreversible S28
Liz.075V0.92502 314 mAh g*at 0.1C 172 mAh g™tat 5C S29
Lig.78V0.7502 551.6 mAhgtat0.1Ag™? 272 mAhglat1Ag? S30
Li; ,VO, 294 mAh g*at 0.1C - S31
Li107V0930, 116 mAh g*at 0.1C - $32
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