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1. Materials: Porous Al2O3 disc (22 mm diameter, and 2 mm thickness) were supplied as supports by Nanjing University of Technology. All chemicals were used as received: 1,3,5-triformylbenzene (EXTENSION), 2,5-Diethoxyterephthalohydrazide (EXTENSION), diethyl 2,5-dihydroxyterephthalate (Sigma-Aldrich), butyl bromide (Sigma-Aldrich), hexyl bromide (Sigma-Aldrich), octyl bromide (Sigma-Aldrich),  K2CO3 (Sigma-Aldrich ), acetone (J&K Scitific Ltd), ethanol (>99%, J&K Scitific Ltd), Hydrazine hydrate (85%, Sigma-Aldrich), acetic acid ( J&K Scitific Ltd), 1,4-dioxane (>99%, J&K Scitific Ltd), mesitylene (J&K Scitific Ltd), 3-Aminopropyltriethoxysilane (APTES) (99%, innochem), hydrochloric acid (Beijing Xingqinghong Fine Chemicals Science And Technology Co., Ltd., China), toluene (>99%, J&K Scitific Ltd). Dyes including Evans blue (EB), Fluorescein sodium (FSs), Calcein (CA), Methyl orange (MO), Methylene blue (MeB) were supplied by HEOWNS. All chemicals were used as received without further purification. Emerging TrOCs are listed in Supplementary Table 3. 
2. Characterizations. Powder X-ray diffraction (PXRD) patterns were collected on a Bruker D8 ADVANCE diffractometer using Cu Kα radiation (λ = 1.5418 Å). High resolution synchrotron powder diffraction data were collected using beamline 17-BM at the Advanced Photon Source (APS), Argonne National Laboratory using an average wavelength of 0.45187 Å. Discrete detectors covering an angular range from −6 to 16º (2theta) are scanned over a 34º (2theta) range, with data points collected every 0.001º 2 theta and scan speed of 0.01º/s. Data were taken at 400, 700, and 1000 mm.

Fourier transform infrared (FT-IR) spectra was measured on a Thermo Fisher Scientific Optics NICOLETIS10 FT-IR spectrometer with Universal ATR accessory between the ranges of 4000 to 500 cm−1. Liquid state 1H nuclear magnetic resonance spectra was collected on a Bruker Avance III instrument with AS500 magnet equipped with a cryoprobe (500 MHz). Liquid state 13C nuclear magnetic resonance spectra were measured on a Bruker Advance III instrument with AS500 magnet equipped with a cryoprobe (125 MHz). Liquid state 31P nuclear magnetic resonance spectra were measured on a Bruker Advance III instrument with AS500 magnet equipped with a cryoprobe (202.41 MHz). The morphologies of the Cn-COF powders and Cn-COM membranes were observed by JSM-IT500HR scanning electron microscopy (SEM). And the elemental compositions of the membranes were analyzed using an energy dispersive spectroscopy (EDS) device attached with SEM. N2 adsorption and desorption measurements were performed at 77 K using BEL (MicrotracBEL Corp, Japan), before gas adsorption measurements, all the solids have been dried at 60 °C under vacuum in a drying oven for 24 h to remove residual solvent, then all the samples have been degassed under vacuum at 100 °C with BELPREP VAC III for 12 h to afford the sample for sorption analysis. The pore size distributions of samples in this work were estimated by Nonlocal Density Functional Theory (NLDFT) based on the model of N2/77 K on graphitic carbon with slit pores and the method of Tikhonov regularization. The water contact angles were measured on goniometer (JC2000C, Japan) equipped with video capture.

3. Synthesis of monomer C4-NH2
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2,5-Dibutyloxyterephthalohydrazide(S2) 15 mmol of S1, 126 mmol of potassium carbonate were suspended in 30 mL of acetone. 45 mmol of butyl bromide were added to this mixture and heated to 90℃ for 24 h. The crude product was collected from the filtrate of the mixture to obtain S2. 
2,5-Dibutoxyterephthalohydrazide(C4-NH2) The S2 was then dissolved in 60 mL ethanol and 13 mL hydrazine hydrate. The mixture was stirred and heated to 90℃ for 24 h. After cooling the mixture, white crystals precipitated, which were isolated by filtration and rinsed with acetone. Finally, the white solid (monomer C4-NH2) was dried at 60℃ for 12 hours. Yield: 5.1 g (90%). 1H NMR (500 MHz, CDCl3):δ 9.19 (s, 1H), 7.84 (s, 1H), 4.22-4.12 (m, 4H), 1.86 (p, J = 6.7 Hz, 2H), 1.50 (h, J = 7.3 Hz, 2H), 1.00 (t, J = 7.4 Hz, 3H).
Synthesis of monomer C6-NH2
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2,5-Dihexoxyterephthalohydrazide(S3) 15 mmol of S1, 126 mmol of potassium carbonate were suspended in 30 mL of acetone. 45 mmol of hexyl bromide were added to this mixture and heated to 90℃ for 24 h. The crude product was collected from the filtrate of the mixture to obtain S3. 
2,5-Dihexoxyterephthalohydrazide(C6-NH2) The S3 was then dissolved in 60 mL ethanol and 13 mL hydrazine hydrate. The mixture was stirred and heated to 90℃ for 24 h. After cooling the mixture, white crystals precipitated, which were isolated by filtration and rinsed with acetone. Finally, the white solid (monomer C6-NH2) was dried at 60℃ for 12 hours. Yield: 5.54 g (89 %). 1H NMR (500 MHz, CDCl3): δ 9.20 (s, 2H), 7.79 (s, 2H), 4.17 (t, 8H), 1.84-1.90 (m, 4H), 3.08-3.12 (m, 4H).
Synthesis of monomer C8-NH2.
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2,5-Bis(octyloxy)terephthalohydrazide(S4). 15 mmol of S1, 126 mmol of potassium carbonate were suspended in 30 mL of acetone. 45 mmol of octyl bromide were added to this mixture and heated to 90℃ for 24 h. The crude product was collected from the filtrate of the mixture to obtain S4. 
2,5-Bis(octyloxy)terephthalohydrazide(C8-NH2). The S4 was then dissolved in 60 mL ethanol and 13 mL hydrazine hydrate. The mixture was stirred and heated to 90℃ for 24 h. After cooling the mixture, white crystals precipitated, which were isolated by filtration and rinsed with acetone. Finally, the white solid (monomer C8-NH2) was dried at 60℃ for 12 hours. Yield: 6.6 g (93%). 1H NMR (500 MHz, CDCl3):δ 9.20 (s, 1H), 7.84 (s, 1H), 4.17 (t, J = 6.7 Hz, 4H), 1.87 (p, J = 6.9 Hz, 2H), 1.47 (d, J = 7.4 Hz, 2H), 1.29 (s, 8H), 0.89 (d, J = 13.3 Hz, 3H).
Synthesis of Cn-COF
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1,3,5-Trisformylbenzene (16.2 mg, 0.10 mmol) and monomer (C2-NH2, C4-NH2, C6-NH2, C8-NH2) (0.15 mmol) were weighed into a glass ampoule (volume of ca. 20 mL, body length of 18 cm, neck length of 9 cm). To the mixture was added 1,4-dioxane (1.0 mL), mesitylene (3.0 mL), and the ampoule was immersed in an ultrasonic bath for 5 min; following 0.4 mL of 6.0 mol L−1 aqueous acetic acid was added and the ampoule was immersed in an ultrasonic bath for 10 min. Then the ampoule was flash frozen in a liquid nitrogen bath, evacuated to an internal pressure of 0 mbar and flame sealed, reducing the total length by ca. 10 cm. Upon warming to room temperature, the ampoule was placed in an oven at 120 ºC and left undisturbed for 3 days, yielding a gelatinous product. The ampoule was broken at the neck, and the white solid was isolated by centrifugation and washed with acetone (3 × 10 mL), and soaking in dry acetone for 12 h, and dried at 80 ºC under vacuum for 12 h to yield Cn-COF (n = 2, 4, 6, 8) as a white powder.

Structural stability performance measurement. In order to study the structural stability of Cn-COMs, the initial flux and dyes rejection were evaluated. The long-term stability test of the C2-COMs and C4-COMs were conducted using 50 ppm Evans blue solution in the same filtration cell mentioned in Supplementary Fig. 12, and the total evaluation time lasts for 40 h and 55 h under a pressure of 0.2 MPa, respectively. The permeate and feed solution were collected and measured to evaluate the flux and dye rejection ability.
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Supplementary Fig. 1 | SEM image of the Cn-COFs as-synthesizedin the same PTFE autoclaves as the membrane.
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Supplementary Fig. 2 | Experimental PXRD patterns of C2-COFs, C4-COFs, C6-COFs and C8-COFs with that derived from simulated eclipsed stacking models. 
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Supplementary Fig. 3 | XRD comparison of starting materials and Cn-COFs.
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Supplementary Fig. 4 | FT-IR of Cn-COFs.
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Supplementary Fig. 5 | Pore size distributions of calculated C8-COFs from N2 sorption (HK Plot). 
Ps: The pore size of the C8-COFs sample exceeds the testing range, and we used another calculation method - HK plot to obtain its pore size distribution.
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Supplementary Fig. 6 | Top-view SEM images of substrate membrane(a), C4-COM(b), C6-COM(c), C8-COM(d).
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Supplementary Fig. 7 | Cross-sectional SEM images of a C4-COMs (a) and C8-COMs (b).
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Supplementary Fig. 8 | 1H NMR data of C4-NH2.
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Supplementary Fig. 9 | 1H NMR data of C6-NH2.
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Supplementary Fig. 10 | 1H NMR data of C8-NH2.
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Supplementary Fig. 11 | XRD comparison of C2-COFs, C2-COMs and substrate.
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Supplementary Fig. 12 | Experimental apparatus for nanofiltration performance evaluation (left) and flat module structure (right).
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Supplementary Fig. 13 | Zeta potential of dyes.
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Supplementary Fig. 14 | Dye separation of the C2-COMs. EB(a), FSs(b) , MO(c) , MeB(d) , and CA(e) before (feed) and after (permeate) passing through the membrane. Inset is the corresponding molecular structure of different dyes and the photograph of feed (right) and permeate (left) of the dye solution.
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Supplementary Fig. 15 | Dye separation of the C8-COMs. CG before (feed) and after (permeate) passing through the membrane. Inset is the photograph of feed (right) and permeate (left) of the dye solution.
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Supplementary Fig. 16 | Adsorption test. a-e, adsorption of Cn-COF powders on various dye solutions. f, adsorption percentage of Cn-COF powders on various dyes at different times. (Dye concentration: 50 ppm).
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Supplementary Fig. 17 | Stability test of the C2-COMs (Operating conditions: 0.2 MPa, 50 mg·L-1 EB solution

	Supplementary Table 1 | Characteristics and structures of the dyes used for the Cn-COF membranes performance tests.
	Molecular structure
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	Molecule size
	3.1 nm×1.2 nm
	1.03 nm×0.96 nm
	1.76 nm×0.88 nm
	1.47 nm×0.53 nm
	1.25 nm×0.51 nm

	
	λmax (nm)
	608
	475
	488
	444
	661

	
	Charge
	-
	-
	-
	-
	+

	
	MW

(g mol-1)
	960.8
	376.2
	622.5
	327.3
	319.8


	
	Generic name
	Evans Blue

(EB)
	Fluorescein Sodium

(FSs)
	Calcein

(CA)
	Methyl orange

(MO)
	Methylene blue

(MeB)


	Supplementary Table 2 | Comparison of nanofiltration performance of the representative membranes reported in the literatures and in this study.
	Reference
	1


	2


	3


	4


	5


	6


	7


	8


	9


	10


	11


	12


	13


	14


	15


	16


	17


	18


	
	This work
	CR: Congo red, MeB: Methylene blue, OG: Orange GII, AF: Acid fuchsin, MO: Methyl orange, MB: Methyl blue, CBT: Chrome black T, RB: Rose bengal, EB: Evans blue, VB-12: Vitamin B12, CA: Calcein.

	
	Pressure
	0.3 MPa
	0.2 MPa
	0.1 MPa
	0.5 MPa
	1.0 MPa
	0.2 MPa
	0.2 MPa
	0.05 MPa
	0.2 MPa
	0.3 MPa
	3.1MPa
	11.76MPa
	2.5 bar
	0.5 bar
	225 psi
	1 bar
	0.5 MPa
	0.5 MPa
	0.2 MPa
	0.2 MPa
	

	
	Permeate
(kg m-2 h-1 MPa-1)
	500
	207.07
	418.5
	580.5
	27.1
	272
	102
	140
	152
	247.5
	310
	325
	130
	109
	8.9
	500
	265
	87
	700
	348
	213.8
	137.5
	100.6
	

	
	Rejection (%)
	99.5
	94.4
	94.5
	93.9
	91.4
	99.9
	99.4
	97.4
	93.5
	97.1
	96.8
	＞98%
	59
	92
	95.97
	2.4
	67
	36
	7.6
	90.3
	99.6
	99.8
	99.9
	99.9
	

	
	Charge
	-
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-/+/-
	-/-/+
	-
	+
	-
	-
	-
	-
	-
	-
	-
	-
	+
	

	
	MW (g mol-1)
	696.6
	319.8
	350.3
	350.3
	585.5
	696.6
	799.8
	799.8
	585.5
	327.3
	461.3
	696.6/799.8/461.3
	1018/696.6/799.8
	1355.3
	319.8
	327.3
	327.3
	327.3
	327.3
	452
	960.8
	622.5
	327.3
	319.8
	

	
	Dyes
	CR
	MeB
	OG
	OG
	AF
	CR
	MB
	MB
	AF
	MO
	CBT
	CR/MB/CBT
	RB/CR/MB
	VB-12
	MeB
	MO
	MO
	MO
	MO
	Orange GII
	EB
	CA
	MO
	MeB
	

	
	Membrane
	TpPa/PSF
	PA/PDA-COF(3)/PAN
	TpTa-1/HPAN
	COF-LZU1
	PA/ZIF-8
	ZIF-12
	GO/MoS2
	TpTa/AAO
	GO/PAN
	Ceramic NF
	GO/COF-1
	M-TpTD
	COF/PA
	GO/MXexe
	Tru(NH2)3/TPA
	TpTa/sfEG
	ZIF-8/PSS
	PEI-GO/PAA
	Cellulose nanofibers@COFs bilayer membranes
	C2-COMs
	C4-COMs
	C6-COMs
	C8-COMs
	


Supplementary Table 3 | Classification of the TrOCs used for experimental testing.

	TrOCs
	Name
	Abbreviation
	Molecular structure
	MW 

(g mol-1)

	Citrate esters
	Trimethyl citrate
	TMC
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	234.2

	
	Triethyl citrate
	TEC
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	276.2

	
	Acetyl triethyl citrate
	ATEC
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	318.3

	
	Tributyl citrate
	TBC
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	360.4

	
	Acetyl tributyl citrate
	ATBC
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	402.4

	
	Trihexhexide citrate
	THC
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	486.7

	
	n-Butyryl tri-n-hexyl citrate
	BTHC
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	514.6

	
	Trioctyl citrate
	TOC
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	538.7

	
	Tributyl aconitate
	TBA
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	342.4

	Nitropolycyclic Aromatic Hydrocarbons (NPAHs)
	2,7-dinitrofluoren-9-one
	dNDO
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	270.2

	
	2,4,7-trinitrofluoren-9-one
	tNDO
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	315.2

	
	2,7-dinitro-9H-fluorene
	2,7-ND
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	256.2

	
	9,10-dinitroanthracene
	9,10-NA
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	268.2

	
	1,6-dinitro-pyren
	1,6-NP
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	292.2

	
	1,8-dinitro-pyren
	1,8-NP
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	292.2

	
	nitropyrene
	1-NP
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	247.2

	
	6-nitrochrysene
	6-NC
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	273.3

	
	7-Nitrobenzene anthracene
	7-NBAA
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	273.3

	
	6-nitrobenz(a)pyrene
	6-NBAP
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	297.3

	Organophosphate esters (OPEs) 
	triethyl phosphate
	TEP
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	182.1

	
	tripropidium phosphate
	TPrP
	[image: image47.emf]P

O

O

O

O


	368.4

	
	tris (1,3-dichloroisopropyl) phosphate
	TDCIPP
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	430.9

	
	naphthalen-2-yl diphenyl phosphate
	NAPHP
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	376.3

	
	O-phenyltriphenyl phosphate
	BPDP
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	402.4

	
	2-ethylhexyl diphenyl phosphate
	EHDPP
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	362.4

	
	bis(2-ethylhexyl) phenyl phosphate
	BEHPP
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	398.5

	
	tris(2-ethylhexyl) phosphate
	TEHP
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	434.6

	
	tris(2-chloroethyl) phosphate
	TCEP
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	285.4

	
	tris(1-chloropropan-2-yl) phosphate
	TCIPP
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	triphenylester phosphate
	TPHP
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	tributyl phosphate
	TNBP
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	tris(2-butoxyethyl) phosphate
	TBOEP
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	tritolyl phosphate
	TCrP
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	tris(2-phenylphenyl) phosphate
	TBPHP
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	Pesticides
	clothianidin
	--
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	thiacloprid
	--
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