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Table S1. Summary of the separation performance of COF membranes in monovalent/multivalent cation separation.

Feed concentration L. K* permeation rate K*/Mg* Na*/Mg?* | Lit/Mg* KY/Li* K*/APB*
Membrane Driving force . . . . .
(mol L) (mol m~2 h™) selectivity | selectivity | selectivity | selectivity | selectivity
COF-300! 0.1 M AC 0.07 31.5

COF-DhaTg? 0.1 M AC 590 506 230
COF-TpTg/SPPSU-CI3 0.05M AE 1.8 20.27 10.57 5.89
COFTpPa-SOsNa/PAN* 0.1 M AC 0.5 400 480 192
COF-B18C6Tapa/PAN> 0.05M AE 0.589 40 16 12

COF-TfbDab-Azo® 02 M AC 0.74 6000

AC: dialysis conditions

AE: electro-driven conditions




Table S2. Summary of the separation performance of COF membranes in Li*/Mg?* separation.

Feed concentration . Li* permeation rate Lit/Mg?** Na*/Mg** K*/Mg?*
Membrane Driving force . . L.
(mol L) (mol m~2 h1) selectivity selectivity selectivity
COF-TpEb’ 02M AC 0.13 48.0 99.8 130.4
COF-Eb,Bd,;/PAN? 0.5M AC 353 360 35
COF-TamDta-CHg ¢’ 0.1 M AC 0.2 203 425 625
0.5 ¢ L' LiCl
COF-TpTg-PA!0 . AP 1.0 21.3
30:1 (MgCl,:LiCl)
2000 ppm
COF-TpMpd-PA!! , AP 0.08 73.0
20:1 (MgCl,:LiCl)
2gL!
COF-TpMpd-PA/PES? , AP 40.6
20:1 (MgCl,:LiCl)
COF-TpPa-SO;H-PA!3 2gL! AP 120
COF-TpEb/PEI' 1000 ppm AP 0.39 30.7
COF-Qa-PA-213 2000 ppm AP 82.6
COF-TfbTg-PA-316 1000 ppm AP 0.3 61.8
COF-TpPa-SO;H!" 0.1 M AC 0.0025 1000
COF-TpTat-P!8 0.1 M AC 0.224 474
ZIF-8/COF-TpPa-
0.5M AC 23.2 116
SOs;H/nylon'?
2000 ppm
COF-TpPa-SO;H-PDDA?0 . AP 0.013 61.6
50:1 (MgCl,:LiCl)
COF-TpDy?! 0.1M AC 0.1 217 680 765
COF-EOQ4/PAN? 0.1 M AC 0.23 64




150:1 (MgCl,:LiCl)

COF-EOy/PAN? 0.1 M AE 0.2 1352

COF-BizTp?* 0.1M AC 0.16 210
2000 ppm

COF-EO,?S PP AP 0.03 302

AC: dialysis conditions

AE: electro-driven conditions

AP: pressure-driven conditions




Table S3 Summary of the separation performance of COF membranes in lithium recovery from spent batteries.

Feed concentration . Li* permeation rate Lit/Cu?* KY/APR* Li*/Ni%* Li*/Co** Li*/Mn?*
Membrane Driving force .. .. . . ..
(mol L) (mol m~2 h1) selectivity selectivity | selectivity | selectivity | selectivity
COF-TfpmBd-COOH?¢ 0.1 M AC 0.5 490
COF-TfpmPa? 0.1 M AC 823.5
COF-TpPy?8 0.1 M AC 0.13 107.7 106.8 67
COF-DmaTg® 0.1 M AC 0.059 1491 996 243

AC: dialysis conditions




Table S4. Summary of the separation performance of COF membranes in monovalent cations separation.

Membrane Feed concentration Driving force Li* permeation rate| Na* permeation rate | K* permeation rate| Na*/K* K*/Li* | Na'/Li*
(mol L) (mol m~2 h1) (mol m~2 h1) (mol m~2 h1) selectivity |selectivity | selectivity
COF-Cys-60%3° 0.1 M AC 0.0613 0.0245 2.5
COF-TpPa-SO;H?3! 0.1 M AC 0.33 16.4
COF-TpHz-D*? 0.1M AC 0.14 5.4 0.026 0.14
COF-TpPa-COOH-3% 0.1M AC 0.269 18.7
COF-TpPa-SO;H-(r)* 0.1M AC 0.15 0.3 0 ©
COF-DhHz-15C53 L.OM AC 0.00933 58.31

AC: dialysis conditions




Table S5. Summary of the separation performance of COF membranes in proton and metal cation separation.

Feed
. . H* permeation | H/Fe?* | H'/Li* H*/Na* H'/K* HY/Mg? | HY/Ca? | H'Y/AP*
Membrane concentration |Driving force _ . . . . . . .
(mol L) rate (mol m~2 h™') |selectivity | selectivity | selectivity | selectivity | selectivity |selectivity| selectivity
1 M H*+0.26
COF-TfbTg/HPAN3® AC 1266
M Fe?*
1 MH*+0.26
COF-DhaTg/HPAN?? AC 4589
M Fe?*
IMH*+02M
COF-DmaTg/HPAN?3® Fe2t AC 1248.9
e
0.5MH"+0.12
COF-TamTp*’ AC 5617 354 1913 8247
M Fe?*
0.5M H"+0.13
COF-Eb;Bd;/HPAN#* AC 5186.9
M Fe?*
COF-TpTapa*! 0.1M AC 1499 145 143 136 608
COF-DmaTg/PES*? 0.1M AC 334 269 253 388 1173
COF-TpTg® 0.25M AC 0.9 3545 346 259 253 1116 886 4334
COF-Eb0_33(Pa-
SO3H)yPAN® 0.5M AC 5.7 3.8 18.6 12.3
3H)3
COF-TpPa-SO;H*% IM AC 0 o0 0

AC: dialysis conditions




Table S6. Summary of the separation performance of COF membranes in CI/SO,> separation.

Feed concentration . . .
Membrane (mol L) Driving force CI" permeation rate (mol m=2 h1) CI/SO4* selectivity
COF-TpPa-SO3;H* 0.35 mM AC 0.009 3.6
COF-DmaTb-PA*’ AP 84
COF-TpPa-SO;H/aAEM348 0.05M AC 18.92
COF-TpPa-SO;Na-PA% 500 ppm AP 310
COF-TpPa-PA> 200 ppm AP 137
COF-TpaPip-0.0625°! 2gL! AP 96.5
COF-DhaTb-PA-452 1000 ppm AP 105.1
COF-DtaTb-170%3 0.1 M AC 64

AC: dialysis conditions

AP: pressure-driven conditions



Table S7. Summary of the separation performance of COF membranes for radioactive and rare metal ion separation.

Feed concentration . Cr* permeation rate Cr*/La’* Cr*/Sr?* Sr?*/La%t | USY/Th* | Sr*/Y3*
Membrane Driving force .. .. . .. .
(mol L) (mol m~2 h1) selectivity selectivity selectivity | selectivity | selectivity
COF-HbabTat>* 0.1 M AC 0.33 69.8 13.3 2.1
COF-TfbDbd~(S)53 20 ppm AC 9.8
COF-TbDha-0% 20 ppm AC 49

AC: dialysis conditions




Table S8. Summary of the energy conversion performance of COF membranes integrated into RED devices.

Power density

Energy conversion

Testing area

Materials System (NaCl Aqueous) . External stimuli
(W m?) efficiency (%) (m?)
COF-TpPa-SO;H*’ 0.5M10.01M 59 259 -- 3x10-8
COF-TamDp-SO;H># 0.5M10.01M 21.2 45.3 -- 3x10-8
COF-TpV-CF;S03>° 0.5M10.01 M 55 - -- 1.2x10712
COF-TpDa-PVA-4.1%"% 0.5M10.01 M (KC]) 12.5 - -- 3.14x1078
COF-TpTg/PAN®! 0.5M10.01 M (H,SOy) 97.1 - -- 7.85x107°
COF-TfpPa-SO;H/SANF? 0.5M10.01M 8.7 - -- 3x10-8
Ca-COF® 0.5M10.01M 180.5 371 -- 1x10710
COF-ZnTPP% 0.5M10.01M 135.8 - -- 3.14x10-12
COF-ZnTPPTpa® 0.001 M (LiCl) I 1 M (MeOH) 84.5 -- -- --
COF-ZnTPPVg®® 0.5M10.01M 102 -- -- 3.14x10-12
COF-CuTPP¢’ 0.5M10.01M 22.08 5.63 2.5x107
COF-DhaDt®® 0.5M10.01M 51.4 (pH=3.5) -- -- --
COF-TfppEb® 0.5M10.01M 7,174 11.52 7.9x10-1
COF-Bta;Bth/PAN70 0.01MI10.5M10.01M 51.9 33 -- 7.85%107°
COF-Bta/PAN"! 0.01MI0.5M10.01 M 60 (24711) AT=30K 7.85%107°
COF-Eb;Bdy/PAN"? 0.5M10.01M 113 (215M) - AT=40 K 7.85%x107°
COF-TpPa-(SO;3;Na),/PAN73 0.5M10.01M 97 (231[al) - AT=60 K 7.85x107°
COF-TpEb@TpPa-SO;3;Na-30074 0.5M10.01M 19.2 26.9 -- 3x10-8
COF-SO3H-24 and COF-Qa-247 0.5M10.01M 432 - -- 3x10-8
COF-DmazDha;-Qa’¢ 0.5M10.01M 53.2 (69.6[2) - 200 mW cm 8x107°
COF-PtaDha-SO3;K"’ 0.5M10.01M 10.8 (18.012]) 21.2 100 mW cm 4x10-8
COF-COOH-6h and COF-Qa-6h"® 0.01MI10.5M10.01M 104 (195(21) -- AT=35K 7.85x107°




COF-TpPa-Tmc/PES™ 2 M 10.04 M (H,SO3) 135.65 - - 3x10%

HBg7 ;@COF/PAN and JGgo, @COF/PAN® 0.0l M10.5M10.01 M 51.4 36.8 - 7.85x10°

HBo.y/1Go.ss@COF and 0.5M10.01 M 63.7 2 - -
JGos/HBg s4@COF*®!
HB; ,@COF-TamDha/PAN® 0.5M10.01 M 75.4 (12914)) N 120mW em? | 1.5x10-10
0.5 M (H,SO4)+1 mM (NaCl) 1 0.01 M
COF-TpDa/ANF® 550.5 . . 5.03x10-
(H2S0,)
COF-TRTm™ 0.5M10.01 M 14.1 (pH=14) - - 7.85%10°
0.5M10.05M
COF-TbBd*> 0.5M10.01 M 96 (15514)) 27.1 (46.1) 7.85%10°9
Na;PO,
COF-TamDha*s 0.5M10.01 M 217.7 - - 2.25%10-10
COF-TafDb¥’ 0.5 M 10.1 mM 0.17 mW m 2 - - -

COF-300% 0.5 M 10.01 M (KCl) 531 10.38 - 2%10°*
COF-LZU1/CNT-CNF® 0.5M10.01 M 3.1 - - 3%10°8
COF-TpPa-COOH/HPAN® 0.5 M 10.01 M (KC) 4.90 326 - 3x10°

COF-TpPa/PAN?! 3M 13 M (KCl) 20.22 N PO, AT=S0K | 7.85x107
COF-DhHz” 2.5M10.05M 16.9 36 - 3%10-10

DGq ,@COF/PAN® 0.5 M (NaCl) | 5 mM (CaCly) 422 48 - 1.5%10-10
COF-TfbTb/AAO% SM10.01 M 17.95 45 - 3x10°
COF-TpTapa/ANM® SM10.01 M 27.8 (pH=6.2) 9.58 - 3x10°

[a] The values in parentheses represent the output power density when an additional power difference is present.
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