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S1. Apparatus and characterization. 

The morphology structure was characterized by scanning electron microscopy 

(SEM) (JSM-7610F Plus, Japan), and the samples were studied in the backscattered 

electron mode with an accelerating voltage of 5 kV and a distance of 8 mm, respectively. 

Fourier transform infrared spectroscopy (FT-IR) tested the analysis of the data before 

and after the separation of the membrane, in the range of 4000-400cm-1 (Bruker 

TENSORII, Germany). The concentration of the organic dye solution was tested with 

a ultraviolet-visible spectrophotometer (UV-vis) in the range of 800-200 cm-1 

(Shimadzu UV-2600, Japan). Powder X-ray diffraction (XRD) was used to determine 

the crystal structure of the synthesized sample and the separated film (Dandong 

Haoyuan DX-2700BH, China). The N2 adsorption-desorption isotherms was measured 

on BSD-PM2 (BeiShiDe instrument). The starting Angle was 5°-45°, the step width 

Angle was 0.02, the tube voltage was 40 V and the tube current was 30 A. The internal 

structure and possible elements in the fiber membrane and their distribution were 

analyzed using a transmission electron microscope (TEM) (JEOL, Japan Electronics, 

JEM-F200). Thermogravimetric analysis (TGA) was used to evaluate the thermal 

stability of the fiber membrane at a temperature range of 40-750 ℃ and a heating rate 

of 10 ℃ min-1 under nitrogen (50 mL·min-1) atmosphere (TA corporation, Q50). The 

hydrophilicity of the membrane can be characterized by water contact Angle (WCA) 

(Shanghai Zhongchen digital technology Equipment Co., LTD, JC2000DM). 

Inductively coupled plasma (ICP-6000). 

S2. Supplementary Experimental. 

2.1 Synthesis of 4,4′-bipyridine-N,N′-dioxide (dpdo) 

The dpdo ligand was synthesized according to a literature method [1]. First, a 

mixture of 4,4′-bipyridine (25.6 mmol, 4 g), acetic acid (25 mL), and 30% hydrogen 

peroxide (10 mL) was heated at 80° for 3 h. Then, the 7.5 mL of hydrogen peroxide 

was dropwise added to the above solution and maintained heating for 12 h. After the 

solution was cooled to room temperature and transferred to a beaker, a large amount of 

light yellow solid was precipitated during the 500 mL of acetone was added with stirring. 

The purified dpdo sample was separated by centrifugation and dried under vacuum at 
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60 °C for 24 h. 

2.2 Hydrothermal synthesis of POMOF crystal 

POMOF1 ({[Co4(dpdo)12][H(H2O)21(CH3CN)12][PW12O40]3}∞) crystals was 

prepared using the modified synthesis conditions based on the literature [2]. 

CoCl2·6H2O (7.1 mg, 0.03 mmol) 、α-H3PW12O40·6H2O (90 mg, 0.03 mmol) and dpdo 

(22 mg, 0.5 mmol) were dissolved in the mixed solution of acetonitrile (2 mL) and 

deionized water (4 mL) in turn. The mixture was transferred to a 25 mL teflon-lined 

stainless steel and heated at 80 ℃ for 24 h. After cooling to room temperature, reddish-

brown block crystals was washed three times with acetonitrile and dried at room 

temperature.  

POMOF2 ({[Co4(dpdo)12][H(H2O)21(CH3CN)12][PMo12O40]3}∞) crystals was 

prepared at the same method, except α-H3PW12O40·6H2O (90 mg, 0.03 mmol) was 

replaced by α-H3PMo12O40·14H2O (62.4 mg，0.03 mmol). 

2.3 Zeta potential test 

Typically, each sample powder (3 mg) was fully ground and then dispersed in 

deionized water (10 mL) by ultrasonication for 30 minutes. The zeta potential of each 

sample was measured three times by testing the suspension at the initial pH value. 

2.4 Recyclability of POMOF1/PAN NFM 

Four cycling experiments were performed to evaluate the reusability of 

POMOF1/PAN NFM. In each cycle, 10 mL (12 mg/L) of organic dye underwent 

filtration. Subsequently, the membrane was cleaned of organic dyes by ethanol rinsing 

before its next use, followed by drying at 60 ℃ in an oven for subsequent filtration and 

separation. 
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S3. The structure of POMOF1. 

 
Figure S1. The structure of POMOF1 (a) Structural unit diagram; (b) Coordination 

environment of cobalt center and dpdo ligand; (c) The 3D coordination polymers 

[Co4(dpdo)12]∞ framework along c axis; (d) The polyhedral diagram of the 3- charged 

heteropolyacid anion occupied three-quarters of the cavities. (The possible water 

cluster that occupied a quarter of the cavities of the MOFs are omitted for clarity.) Co: 

purple, W: green, O: red, P: orange, N: blue, C: gray, H: white.  

S4. XRD patterns of POMOF1 at different pH conditions. 

 
Figure S2. The XRD patterns of POMOF1 at different pH conditions (Soak 30 mg 

POMOF1 in 3 mL of solutions with different pH for 2 hours. The pH was adjusted with 

0.1 M NaOH and 0.1 M HC1. After soaking, centrifuge and vacuum dry for the XRD 

test). 
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S5. The Zeta potential of the materials. 

Table S1. The Zeta potential of POMOF (1, 2) powder and 5wt% POMOF1/PAN 

NFM in different dye water solvents. 

Sample solvent First (mV) Second (mV) Third (mV) Average (mV) 

POMOF1 H2O -32.6 -31.2 -32.3 -32.0 

POMOF2 H2O -30.7 -31.1 -30.9 -30.9 

POMOF1/PAN H2O -26.3 -26.8 -26.5 -26.5 

POMOF1/PAN RhB (12 mg/L) -14.9 -16.2 -15.2 -15.4 

POMOF1/PAN MB (12 mg/L) -16.5 -15.6 -17.1 -16.2 

POMOF1/PAN CV (12 mg/L) -12.9 -12.1 -12.3 -12.4 

POMOF1/PAN MO (12 mg/L) -24.9 -25.9 -26.7 -25.8 

POMOF1/PAN SY (12 mg/L) -24.9 -25.8 -25.6 -25.4 

 

S6. The molecular structure of dyes. 

 

Figure S3. The molecular structure of dyes (MO and SY are anionic dyes; MB, RhB, 

and CV are cationic dyes). 
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S7. The standard curves of the dyes. 

 

Figure S4. Standard curves of the dyes aqueous solution (a) RhB, (b) MB and (c) CV. 

The standard curves of RhB and MB solutions were obtained at different 

concentrations of standard solutions (0.5-25 mg/L). CV standard curves were obtained 

in concentrations range of 0.5-10 mg/L. 

S8. The specific surface area, pore size and pore capacity. 

Table S2 Specific surface area, pore size and pore capacity of POMOF1/PAN NFM of 

different proportions. 

 

 

 

 

 

 

Samples 
Specific surface area 

(m2/g) 

Average pore size  

(nm) 

Pore volume  

(cm3·g-1) 

POMOF1 1.78 51.17 0.023 

3wt% POMOF1/PAN 22.09 33.64 0.18 

5wt% POMOF1/PAN 24.38 43.00 0.26 

10wt% POMOF1/PAN 20.85 41.76 0.22 
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S9. The TGA curves of POMOF1 powder, POMOF1/PAN and PAN NFM. 

 
Figure S5. The TGA curves of POMOF1 powder, POMOF1/PAN and PAN NFM. 

S10. The photographs before and after membrane filtration. 

 

 
Figure S6. Photographs of POMOF1/PAN NFM before and after filtration different 

dyes (a) the fresh membrane; (b) RhB; (c) MB; (d) CV. 
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S11. Saturation adsorption and Langmuir isotherm modeling. 

 

 
Figure S7. Saturation adsorption of RhB, MB and CV for POMOF1/PAN NFM. 

 

 

Figure S8. Langmuir isotherm modeling of RhB, MB, and CV for POMOF1/PAN NFM. 

S12. The effect of adsorption of dyes at different times by 5 wt% POMOF1/PAN 

NFM 

 

Figure S9. The UV-vis adsorption spectra of dyes solution (a) MB, (b) CV, (c) RhB in 

the different adsorption time by 5wt% POMOF1/PAN NFM.  
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S13. Removal rate of cationic dyes in different water quality. 

 

Figure S10. Removal rate of cationic dyes in different water quality (DW: Deionized 

water; RW: River water; TW: Tap water). 

S14. Removal efficiency compared to the literature. 

Table. S3 Removal efficiency of RhB, MB and CV by different materials. 

Adsorbents dye Concentration  Qe Dye removal rate Ref. 

ZIF-8/TOCN RhB 10 mg/L 107 mg/g 93.8% [3] 

PAN-MIL-101(Fe)-NH2 RhB 10 mg/L 333.33 mg/g 96.03% [4] 

pMIL-88A/PAN RhB 20 mg/L 97.56 mg/g 94.4% [5] 

TSCB MB 60 mg/L 58.9 mg/g 81% [6] 

bio-MOF-1@TPU MB 20 mg/L 21.7 mg/g 94.04% [7] 

bio-MOF-1@PAN MB 10 mg/L 20.68 mg/g 74.6% [8] 

LDH/GO/PVDF  MB 20 mg/L 120 mg/g 90% [9] 

PSF/MIL-101(Fe)-NH2 RhB 10 mg/L 13.31 mg/g 95% [10] 

UiO-66/PGP RhB 10 mg/L 31.3 mg/g 95.5% [11] 

CS/CD/MIL-68(Al) MB 10 mg/L 60.61 mg/g 92.6% [12] 

CS/PVP/PVA@PEO  MB 30 mg/L 41.43 mg/g 83.91% [13] 

CS/PVP/PVA@PEO  CV 30 mg/L 30.97 mg/g 71.99% [13] 
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