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Fig. S1 UV absorption spectrum of MB (0.1 g L-1).
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Fig. S2 FTIR spectra of PAN substrate and TpPa-1-MX.
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Fig. S3 (a) Survey spectrum of TpPa-1-M2 membrane XPS. (b) High-resolution XPS spectrum of N1s.

[bookmark: _Hlk213266728]Table S1 Surface elemental composition of the TpPa-1-M2 membrane.
	Element
	TpPa-1-M2 (at%)

	C
	73.30%

	N
	14.48%

	O
	12.22%



Table S2 Detailed C1s spectrum results for the TpPa-1-M2 membrane.
	Species
	TpPa-1-M2 (at%)
	Energy (Ev)

	C-C
	48.55%
	283.19

	C-O/C-N
	43.68%
	284.82

	C=O
	7.77%
	286.71





Table S3 Detailed O1s spectrum results for the TpPa-1-M2 membrane.
	Species
	TpPa-1-M2 (at%)
	Energy (Ev)

	O=C
	50.43%
	529.38

	O-N
	40.01%
	531.19

	O-H
	9.56%
	533.67
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Fig. S4 Digital photographs of TpPa-1-M2 in DMF: (a) before stripping, (b) after stripping.
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Fig. S5 (a) SEM image of PAN substrate surface. (b-f) SEM images of TpPa-1-MX membrane surface.
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Fig. S6 (a) PAN substrate water contact angle. (b-f) Water contact angles of TpPa-1 membranes prepared under different conditions.
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Fig. S7 (a) Effect of Pa-1 concentration on membrane performance. (b-f) Effect of Pa-1 concentration, aqueous phase impregnation time, IP time, Na2SO4 concentration, and MB concentration on Na2SO4 and MB rejection.
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Fig. S8 XRD comparison of TpPa-1-M2 membrane before and after acid treatment and stability testing.
The acid-resistance test was performed by immersing the membrane in a 1 M HCl solution for 48 hours. For the stability evaluation, a membrane sample was subjected to a continuous 48-hour test before collecting XRD data. All XRD samples were treated with DMF before measurement to ensure consistent sample preparation.
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Fig. S9 Electron micrographs of the separation layer of an 18 cm diameter TpPa-1 amplified membrane.
Table S4 Dye desalting performance of five regions on large membranes.
	
	Permeance
(L·m-2·h-1·MPa-1)
	Rejection of Na2SO4 (%)
	Rejection of
MB (%)
	Separation factor

	1
	360.83
	10.37
	99.25
	118.8

	2
	344.91
	8.02
	99.11
	103.3

	3
	334.29
	7.32
	99.27
	126.5

	4
	318.38
	16.74
	99.19
	102.3

	5
	382.05
	13.32
	99.10
	96.6





Table S5 Comparison of water flux and dye desalination separation factor for different nanofiltration membranes.
	Membrane
	Permeance
（L m-2 h-1 MPa-1）
	Salt rejection（%）
	Dye rejection（%）
	Separation factor
	Ref.

	3,5-DABA/TMC
	246.2
	13.6
	99.5
	172.8
	[1]

	SMA-PEI/PES 
	236.0
	2.5
	99.4
	162.5
	[2]

	CFGO/PA
	110.0
	25.0
	95.1
	16.3
	[3]

	LNFM4-COF-366
	650.0
	/
	/
	27.1
	[4]

	PA-DEA-PQ
	420.4
	10.7
	98.9
	81.2
	[5]

	EIP M120
	47.0
	4.7
	99.8
	435.1
	[6]

	PEA-TMC
	166.0
	16.4
	95.4
	16.8
	[7]

	TpPa-12/PAN 
	210.0
	19.5
	99.8
	402.5
	[8]

	TAIP (M4)
	71.6.0
	2.6
	97.5
	38.5
	[9]

	GN-PA/PAN
	365.0
	5.6
	96.9
	30.2
	[10]

	PES-CNT-PA
	170.0
	25.9
	99.4
	123.5
	[11]

	TiO2COOH/CaAlg
	141.0
	7.5
	98.4
	57.8
	[12]

	PrGO75/250
	1130.0
	0.4
	98.3
	59.0
	[13]

	TMC-β-CD/PES
	1039.0
	10.6
	99.0
	89.4
	[14]

	TMC-DAT/HPAN
	951.0
	5.8
	99.1
	104.7
	[15]

	TMC-ME/PES
	532.3.0
	5.6
	99.6
	236.0
	[16]

	CMCS-OA-NaAlg
	126.0
	7.0
	99.5
	186.0
	[17]

	TbPa-SO3H
	360.0
	1.2
	96.0
	24.7
	[18]

	TpPa COFs
	1050.0
	6.0
	98.5
	62.7
	[19]

	IP-TpPa-1-M2
	865.0
	9.4
	99.6
	212.0
	This work
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TpPa-1 Separation Bayer
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