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S1. Synthesis of ligands
S1.1. Synthesis of 2-fluoroterephthalic acid.1

Scheme S1. Synthesis of 2-fluoroterephthalic acid

3-fluoro-4-methylbenzoic acid (900 mg, 5.85 mmol) and KMnO4 (3.09 g, 19.26 mmol) were
dissolved in 5% KOH aqueous solution (30 mL) and the mixture was refluxed for 6 hours. The
solution was then cooled to room temperature and stirred for another day. After filtration,
concentrated HCl solution (~ 37%) was added to the filtrate until the pH reached around 1. The
white precipitate was collected by filtration and then washed with water (20 mL). The obtained
solid was dried under vacuum to afford 2-fluoroterephthalic acid as a white powder (812 mg,
75.4 %).

1H NMR (500 MHz, DMSO-d6) δ 13.58 (s, 2H), 7.98 – 7.95 (m, 1H), 7.83 (dd, J = 8.1, 1.6 Hz,
1H), 7.73 (dd, J = 11.0, 1.6 Hz, 1H); 19F NMR (470 MHz, DMSO-d6) δ -110.18 – -110.28 (m,
1F).

Figure S1. 1H NMR spectrum of 2-fluoroterephthalic acid in DMSO-d6 (500 MHz) recorded at
298 K.
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Figure S2. 19F NMR spectrum of 2-fluoroterephthalic acid in DMSO-d6 (470 MHz) recorded at
298 K.

S1.2. Synthesis of 2,5-difluoroterephthalic acid.2

Scheme S2. Synthesis of 2,5-difluoroterephthalic acid

Dry tetrahydrofuran (20 mL), anhydrous diisopropylamine (1.74 mL, 12.4 mmol), and
n-butyllithium (5.1 mL, 12.7 mmol, 2.5 M in hexane) were added to a round bottom flask under a
nitrogen atmosphere at -78 ℃. The mixture was allowed to react for 1 hour with stirring.
3,5-difluorobenzoic acid (948.6 mg, 6 mmol) was dissolved in 10 mL of dried tetrahydrofuran
and added into the mixture dropwise for 2 hours. Crushed dry ice (10 g) was added to the reaction.
Then, the reaction was allowed to warm to room temperature within 4 hours. At the end of the
reaction, the reaction was cooled down to room temperature, and the concentrated HCl solution
(~ 37%) was acidified to pH = 1 and extracted with anhydrous diethyl ether three times. The
organic layer was collected and washed three times with deionized water and saturated sodium
chloride solution, dried with anhydrous magnesium sulfate, and filtered. The diethyl ether solvent
was removed using a rotary evaporator, and the solid product was collected. The product was
further purified by recrystallization in a mixture of hexane-acetone. Pure 2,5-difluoroterephthalic
acid (0.69 mg) was isolated as a light yellow powder in 56.5% yield.

1H NMR (600 MHz, DMSO-d6) δ 13.88 (s, 2H), 7.64 – 7.63 (m, 2H); 19F NMR (565 MHz,
DMSO-d6) δ -111.15 (d, J = 7.6 Hz, 2F).
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Figure S3. 1H NMR spectrum of 2,5-difluoroterephthalic acid in DMSO-d6 (600 MHz) recorded
at 298 K.

Figure S4. 19F NMR spectrum of 2,5-difluoroterephthalic acid in DMSO-d6 (565 MHz) recorded
at 298 K.
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S1.3. Synthesis of 2-(trifluoromethyl) terephthalic acid.3

Scheme S3. Synthesis of 2-(trifluoromethyl)terephthalic acid.

Synthesis of 2-(2,5-dimethylphenyl)-1,3,2-dioxaborolane. Freshly ground
magnesium strips (1.07 g, 44 mmol) were added to dry tetrahydrofuran (55 mL). A part of the
solution of 2,5-dimethyl bromobenzene (5.52 mL, 40 mmol) was added to the solution dropwise
under a nitrogen atmosphere. Hot air is used to initiate the reaction until the solution changes
from yellow to colorless, and the remaining 2,5-dimethyl bromobenzene is added. The mixture
was heated to 76 °C and refluxed for 1.5 hours, and then the solution was cooled down to
room temperature. Trimethyl borate was dissolved in dry THF (55 mL, 1.45 mM) and then
added to the mixture dropwise at -78 °C. Then, the greyish solution was warmed up to room
temperature and concentrated to dryness by reduced-pressure rotary evaporation. Ethanol glycol
(18 mL) and toluene (55 mL) were added to the resulting solid. The mixture was refluxed
overnight at 95 °C, and the toluene layer was separated and concentrated by a reduced-pressure
rotary evaporator. The turbid liquid was further dried by vacuum distillation to obtain the final
product (6.99 g, yield: 88%).

1H NMR (600 MHz, CDCl3) δ 7.63 (s, 1H), 7.17 (d, J = 5.5 Hz, 1H), 7.08 (d, J = 7.7 Hz, 1H),
4.37 (s, 4H), 2.50 (s, 3H), 2.31 (s, 3H).

Figure S5. 1H NMR spectrum of 2-(2,5-dimethylphenyl)-1,3,2-dioxaborolane in CDCl3 (600
MHz) recorded at 298 K.
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Synthesis of 1,4-dimethyl-2-trifluoromethyl-benzene. Under 0 °C, CuCl (2.97 g, 30
mmol), NaSO2CF3 (14.05 g, 90 mmol), and 2-(2,5-dimethylphenyl)-1,3,2-dioxaborolane (5.28
mg, 30 mmol) was added to a mixture of DCM/MeOH/H2O (50 mL/50 mL/40 mL) in a round
bottom flask. Tert-butyl hydroperoxide (TBHP, 70% w/w in water, 18 mL, 150 mmol) was added
dropwise. The reaction was allowed to warm to room temperature and stirred for 12 h. At the end
of the reaction, anhydrous diethyl ether was added and extracted three times. The organic layer
was washed three times with saturated sodium bicarbonate solution and saturated sodium sulfite
solution, respectively. The organic layer was dried with anhydrous magnesium sulfate. The
filtrate was concentrated by a rotary evaporator without further purification.

1H NMR (600 MHz, CDCl3) δ 7.41 (s, 1H), 7.21 (d, J = 7.7 Hz, 1H), 7.15 (d, J = 7.7 Hz, 1H),
2.43 (s, 3H), 2.35 (s, 3H); 19F NMR (565 MHz, CDCl3) δ -61.73 (s, 3F).

Figure S6. 1H NMR spectrum of 1,4-dimethyl-2-trifluoromethyl-benzene in CDCl3 (600 MHz)
recorded at 298 K.
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Figure S7. 19F NMR spectrum of 1,4-dimethyl-2-trifluoromethyl-benzene in CDCl3 (565 MHz)
recorded at 298 K.

Synthesis of 2-(trifluoromethyl)terephthalic acid. 1,4-dimethyl-2-trifluoromethyl-benzene
(870.8 mg, 5 mmol), water (4.8 mL), and nitric acid (12.5% in water, 9.7 mL) were added to a
Teflon lined vessel (23 mL). The vessel was sealed and heated at 180 °C for 24 h. The resulting
solid was collected by filtration and washed with water (10 mL) to afford a white solid product
(108 mg, 72% yield).

1H NMR (600 MHz, DMSO-d6) δ 13.76 (s, 2H), 8.27 (d, J = 8.1 Hz, 2H), 7.94 (s, 1H); 19F NMR
(565 MHz, DMSO-d6) δ -58.48 (s, 3F).
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Figure S8. 1H NMR spectrum of 2-(trifluoromethyl)terephthalic acid in DMSO-d6 (600 MHz)
recorded at 298 K.

Figure S9. 19F NMR spectrum of 2-(trifluoromethyl)terephthalic acid in DMSO-d6 (600 MHz)
recorded at 298 K.
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S1.4. Synthesis of 2,5-ditrifluoromethylterephthalic acid.4

Scheme S4. Synthesis of 2,5-ditrifluoromethylterephthalic acid.

Synthesis of 2,5-dibromo-1,4-bis(trifluoromethyl)benzene. 1,4-bis(trifluoromethyl)benzene
(2.14 g, 10 mmol), trifluoroacetic acid (SDS, 28 mL), and sulfuric acid (6.76 mL) were mixed
and stirred under 60 °C for 10 min. Then, N-bromosuccinimide (3.5 g, 20 mmol) was slowly
added over 30 min. The solution was heated to 60 °C under stirring for 48 h. After the addition of
ice (100 g) to the crude mixture, the product was precipitated out. The solid product was
separated by filtration and dried under vacuum for 24 hours. The product was purified by
sublimation (under 75 °C) to obtain a white solid (1.78 g, 47.8% yield).

1H NMR (600 MHz, CDCl3) δ 8.01 (s, 2H); 19F NMR (565 MHz, CDCl3) δ -63.57 (s, 6F).

Figure S10. 1H NMR spectrum of 2,5-dibromo-1,4-bis(trifluoromethyl)benzene in CDCl3 (600
MHz) recorded at 298 K.



9

Figure S11. 19F NMR spectrum of 2,5-dibromo-1,4-bis(trifluoromethyl)benzene in CDCl3 (565
MHz) recorded at 298 K.

Synthesis of 2,5-ditrifluoromethylterephthalic acid. A solution of n-butyllithium (1.92
mL, 4.8 mmol, 2.5 M in hexane) was diluted with 3.75 mL of dry THF and cooled to -78 °C.
Under a nitrogen atmosphere, 2,5-dibromo-1,4-bis(trifluoromethyl)benzene (0.8 g, 2.15 mmol)
was dissolved in 5 mL of THF and added dropwise to the diluted n-butyllithium solution. After
stirring for 30 minutes at -78 °C, 10 g of crushed dry ice was added to the mixture and the
reaction was warmed up to room temperature. The mixture was extracted three times with 2 M
sodium hydroxide solution. The aqueous phases were acidified by hydrochloric acid (12 M) to pH
= 1. The precipitate was filtered and dried under vacuum for 24 h to give 0.5 g (73% yield) of
2,5-ditrifluoromethylterephthalic acid as a white solid.

1H NMR (600 MHz, acetone-d6) δ 8.30 (s, 2H); 19F NMR (565 MHz, acetone-d6) δ -60.67 (s,
6F).
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Figure S12. 1H NMR spectrum of 2,5-ditrifluoromethylterephthalic acid in acetone-d6 (600 MHz)
recorded at 298 K.

Figure S13. 1H NMR spectrum of 2,5-ditrifluoromethylterephthalic acid in Acetone-d6 (600 MHz)
recorded at 298 K.
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S2. Synthesis of fluorinated UiO-66
Synthesis of 1F-UiO-66. ZrCl4 (0.0233 g, 0.1 mmol), 2-fluoroterephthalic acid (0.0184 g, 0.1
mmol), and benzoic acid (0.0122 g, 0.1 mmol) were fully dissolved in DMF (4 mL) in a kettle
with polytetrafluoroethylene lining. The container was sealed and heated to 100 ℃ for 24 h in an
oven. Then the temperature was gradually lowered to 25 ℃ over 6 hours. The white precipitate
was collected by filtration and dried under the vacuum. The fluorinated UiO-66, 1F-UiO-66, is
obtained with an 18% yield. FT-IR (KBr, cm-1): 3430 (s), 1608 (s), 1512 (w), 1415 (m), 1365 (s),
1307 (m), 1267 (m), 1149 (s), 1064 (m), 925 (w), 796 (w), 659 (m), 605 (m).

Synthesis of 2F-UiO-66. A mixture of ZrCl4 (0.0233 g, 0.1 mmol), 2,6-difluoroterephthalic acid
(0.0202 g, 0.1 mmol), and benzoic acid (0.0122 g, 0.1 mmol) was completely dissolved in DMF
(4 mL) in a kettle with polytetrafluoroethylene lining. The container was sealed and heated to
100 ℃ for 24 h in a baking oven. Then the temperature was progammablely lowered to 25 ℃
within 6 hours. The white precipitate was collected and dried under the vacuum. The target
fluorinated UiO-66 is obtained with a yield of 17%, which is named 2F-UiO-66. FT-IR (KBr,
cm-1): 3413 (s), 2373 (w), 1652 (w), 1600 (s), 1500 (w), 1390 (s), 1297 (m), 1145 (s),1052 (m),
771 (m), 667 (m), 576 (w).

Synthesis of 1CF3-UiO-66. A mixture of ZrCl4 (0.0233 g, 0.1 mmol),
2-(trifluoromethyl)-1,4-Benzenedicarboxylic acid (0.0234 g, 0.1 mmol), and benzoic acid (0.0122
g, 0.1 mmol) was completely dissolved in DMF (4 mL) in a kettle with polytetrafluoroethylene
lining. The container was sealed and heated to 100 ℃ for 24 h in a baking oven. Then the
temperature was progammablely lowered to 25 ℃ within 6 hours. The white precipitate was
collected and dried under the vacuum. The target fluorinated UiO-66 is obtained with a yield of
18%, which is named 1CF3-UiO-66. FT-IR (KBr, cm-1): 3434 (s), 1660 (s), 1602 (s), 1488 (m),
1407 (s), 1296 (w), 1253 (w), 1106 (s), 1035 (m), 891 (m), 788 (m), 659 (s), 594 (w).

Synthesis of 2CF3-UiO-66. A mixture of ZrCl4 (0.0233 g, 0.1 mmol),
2,5-bis(trifluoromethyl)terephthalic acid (0.0302 g, 0.1 mmol), and benzoic acid (0.0122 g, 0.1
mmol) was completely dissolved in DMF (4 mL) in a kettle with polytetrafluoroethylene lining.
The container was sealed and heated to 100 ℃ for 24 h in a baking oven. Then the temperature
was progammablely lowered to 25 ℃ within 6 hours. The white precipitate was collected and
dried under the vacuum. The target fluorinated UiO-66 is obtained with a yield of 18%, which is
named 2CF3-UiO-66. FT-IR (KBr, cm-1): 3413 (s), 1658 (s), 1589 (s), 1498 (m), 1417 (s), 1386
(s), 1228 (m), 1106 (s), 952 (w), 989 (w), 825 (w), 769 (m), 659 (s), 569 (m).

S3. Characterizations of fluorinated UiO-66

S3.1. SEM images.

Protocol: Fluorine-containing UiO-66 powder and stick it to the copper conductive adhesive on
the sample holder. Gold was sprayed onto the sample before testing.
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Figure S14. SEM images of (a, b). 1F-UiO-66; (c, d). 2F-UiO-66; (e, f). 1CF3-UiO-66; (g, h).
2CF3-UiO-66

S3.2. PXRD profiles

Figure S15. PXRD profiles of simulated UiO-66, synthesized 1F-UiO-66, 2F-UiO-66,
1CF3-UiO-66, and 2CF3-UiO-66.
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Figure S16. PXRD profiles of simulated UiO-66, experimental data of as-synthesized
2CF3-UiO-66, and activated 2CF3-UiO-66 under vacuum in a nitrogen atmosphere at 150 ℃ for 6
h.

S3.3. FT-IR spectra

Figure S17. FT-IR spectra of 1F-UiO-66, 2F-UiO-66, 1CF3-UiO-66, and 2CF3-UiO-66.
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S3.4. XPS characterization.

Figure S18. (a) A comparative XPS survey spectra of 1F-UiO-66, high-resolution XPS spectra of
(b) C 1s, (c) O 1s, (d) F 1s, (e) Zr 3d of 1F-UiO-66.

Figure S19. (a) A comparative XPS survey spectra of 2F-UiO-66, high-resolution XPS spectra of
(b) C 1s, (c) O 1s, (d) F 1s, (e) Zr 3d of 2F-UiO-66.
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Figure S20. (a) A comparative XPS survey spectra of 1CF3-UiO-66, high-resolution XPS spectra
of (b) C 1s, (c) O 1s, (d) F 1s, (e) Zr 3d of 1CF3-UiO-66.

Figure S21. (a) A comparative XPS survey spectra of 2CF3-UiO-66, high-resolution XPS spectra
of (b) C 1s, (c) O 1s, (d) F 1s, (e) Zr 3d of 2CF3-UiO-66.
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S3.5. Hydrophobicity of fluorinated UiO-66 powders test.

The UiO-66, 1F-UiO-66, 2F-UiO-66, 1CF3-UiO-66, and 2CF3-UiO-66 powders (around 2
mg) were scattered on the surface of 6 mL deionized water, and all fluorinated MOF powders
floated on the surface of the water, while UiO-66 powder would quickly settle on the bottom of
the water.

Figure S22. Images of 2 mg of adding UiO-66, 1F-UiO-66, 2F-UiO-66, 1CF3-UiO-66, and
2CF3-UiO-66 to 6 mL of DI water.

Figure S23. Images of water dripping on UiO-66, 1F-UiO-66, 2F-UiO-66, 1CF3-UiO-66, and
2CF3-UiO-66.

S3.6. Water contact angle.

Test method: the powder was fully compacted in the sample tank and tested with a water contact
angle tester, and each drop fell about 5 μL.
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Figure S24. Images of water contact angle of (a) 1CF3-UiO-66 and (b) 2CF3-UiO-66 powders.

S3.7. Lipophilicity of 2CF3-UiO-66.

Test method: The 1CF3-UiO-66 and 2CF3-UiO-66 powder were put into the sample tank, and
organic solvents dyed by Sudan I were dropped on the powder surface. The oil droplets were
instantly absorbed.

Figure S25. Images of adding different organic solvents to (a) 1CF3-UiO-66 and (b)
2CF3-UiO-66 powder.

S3.8. UV-vis absorption spectra of the selected synthesized MOFs

Protocol: 15 mg of 3,5-dichlorophenol was dissolved in 50 mL of deionized water. The mixture
was sonicated for 2 hours as the mother solution. Then 1CF3-UiO-66 and 2CF3-UiO-66 of 10 mg
were added to the 15 mL of mother solution and ultrasonicated for 2 hours. Then, the solutions
were characterized by UV-vis spectra.
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Figure S26. UV-vis spectra of 300 ppm 3,5-dichlorophenol aqueous solution before and after
1CF3-UiO-66 and 2CF3-UiO-66 adsorption.

S3.9. BET characterization

The activated 2CF3-UiO-66 powder was tested for N2 adsorption and desorption at 77 K, and
the specific surface area was 329 m2·g-1.

Figure S27. BET analysis of activated 2CF3-UiO-66.
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S3.10. The water adsorption isotherms and oil components adsorption of fluorinated UiO-66.

Test method: UiO-66 and 2CF3-UiO-66 powders were degassed at 160 °C for 5 h. These
isotherms were measured at 25 °C

Figure S28. Water adsorption isotherms for (a) UiO-66 and (b) 2CF3-UiO-66. Toluene adsorption
isotherms for (c) UiO-66 and (d) 2CF3-UiO-66.
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Figure S29. Water adsorption isotherms and toluene adsorption isotherms for (a) UiO-66 and (b)
2CF3-UiO-66. (c) Water adsorption isotherms and (d) toluene adsorption isotherms for UiO-66
and 2CF3-UiO-66.

S3.11. Solvent stability of 2CF3-UiO-66.

The 2CF3-UiO-66 powder material of 20 mg was soaked in 3 mL of different solvents for 24
hours, and the dried powder material was filtered and collected for PXRD characterization.
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Figure S30. PXRD profiles of simulated UiO-66 and experimental data of 2CF3-UiO-66 after
immersing in water, DMA, DMF, ethanol, and methanol for 24 h.

Figure S31. PXRD profiles of simulated UiO-66 and experimental data of 2CF3-UiO-66 after
immersing in toluene, petroleum ether, and hexane for 24 h.
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Figure S32. PXRD profiles of simulated UiO-66 and experimental data of 2CF3-UiO-66 after
immersing in dichloromethane, chloroform, and carbon tetrachloride for 24 h.

S3.12. Acid-base stability of 2CF3-UiO-66.

The 2CF3-UiO-66 powder (20 mg) was soaked in 3 mL of an HCl/NaOH aqueous solution
with pH=1-14 for 24 hours, and the powder was filtered and collected for the PXRD test.

Figure S33. PXRD profiles of simulated UiO-66 and experimental data of 2CF3-UiO-66 after
immersing in different pH aqueous solutions for 24 h.
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S3.13. Thermogravimetric characterization

Activation of 2CF3-UiO-66: 2CF3-UiO-66 powder was suspended in ethanol under stirring.
2CF3-UiO-66 was filtered and re-suspended in fresh ethanol every 12 hours 3 times. The resulting
2CF3-UiO-66 was collected by filtration and activated under vacuum at 150 ℃ for 6 hours. The
activated 2CF3-UiO-66 powder was tested by thermogravimetry.

Figure S34. Thermogravimetric analysis of activated and unactivated 2CF3-UiO-66 (ramp rate:
5 °C/min) under an argon atmosphere.

S4. DFT calculation of fluorinated ligands

The liquid-water partition coefficients between n-octanol and water ( log�oct/wat ) of the
ligands were calculated using ORCA software package. During geometry optimization and
frequency analysis procedure, PBE0 hybrid functional5 with density functional theory (DFT)-D4
dispersion correction,6 and def2-TZVP basis sets7 were used together with the solvation model
based on density (SMD) implicit solvation model8. The solvation free energy was calculated at
M06-2X/6-31G* level,9,10 and the high-level single point energy was calculated with
PWPB95-D411 double-hybrid-meta-GGA density functionals and def2-TZVPP basis sets. The
electrostatic isosurface map (isovalue=0.001) was processed using Multiwfn and drawn with
visual molecular dynamics (VMD). The liquid-water partition coefficients were calculated
according to the formula:

log�oct/wat =−
�octanol−�water

2.303��
(1)
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Figure S35. The optimized structure of (a) BDC (b) 1F-BDC (c) 2F-BDC (d) 1CF3-BDC (e)
2CF3-BDC.

Table S1. Energy and liquid-water partition coefficients of terephthalic acid and fluorinated
terephthalic acid in water and n-octanol.

Ligands BDC 1F-BDC 2F-BDC 1CF3-BDC 2CF3-BDC

water

E1 (Hartree) -609.2650 -708.5001 -807.7340 -946.2982 -1283.3304

E2 (Hartree) -609.1499 -708.3496 -807.5471 -946.0751 -1283.0004

E2’ (Hartree) -609.1679 -708.3671 -807.5650 -946.0947 -1283.0204

E1+E2’-E2 (Hartree) -609.2829 -708.5176 -807.7519 -946.3178 -1283.3504

n-octanol

E1 (Hartree) -609.2649 -708.5000 -807.7339 -946.2981 -1283.3302

E2 (Hartree) -609.1498 -708.3495 -807.5471 -946.0749 -1283.0003

E2’ (Hartree) -609.1674 -708.3663 -807.5642 -946.0928 -1283.0171

E1+E2’-E2 (Hartree) -609.2824 -708.5168 -807.7510 -946.3159 -1283.3471

log(Poctanol/Pwater) 0.23 0.37 0.41 0.87 1.52

E1=single point energy, E2=solvent energy (structure), E2’=solvent energy (structure+solvent)
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S5. Synthesis and characterization of 2CF3-UiO-66 devices
S5.1. Synthesis of 2CF3-UiO-66@CT/SP.

ZrCl4 (0.0233 g, 0.1 mmol), 2,5-bis(trifluoromethyl)terephthalic acid (0.0302 g, 0.1 mmol),
and benzoic acid (0.0122 g, 0.1 mmol) were completely dissolved in DMF (6 mL/8 mL) in a
reaction kettle lined with polytetrafluoroethylene containing. The pretreated cotton/sponge was
immersed in the solution. The reaction kettle was sealed and heated to 100 °C for 24 hours in an
oven. Then, the reaction was programmablely cooled down to 25 °C within 6 hours. Then, the
cotton/sponge composite materials were washed with ethanol to remove excess MOFs on the
surface and dried under vacuum (Figure S36, S37).

Figure S36. Natural cotton (left) and synthetic 2CF3-UiO-66@CT (right) composites

Figure S37. Sponge (left) and synthetic 2CF3-UiO-66@SP (right) composites

S5.2. Energy dispersive X-ray spectroscopy (EDX) characterization.

Choose a small amount of natural cotton fiber/ sponge, and composite materials are stuck
with conductive adhesive on a copper sample holder. The materials were sprayed with gold
before testing.
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Figure S38. SEM image (top left) and element distribution of cotton fiber and EDX.

Figure S39. SEM image (top left) and element distribution of 2CF3-UiO-66@CT and EDX.
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Table S2. Element content of Cotton Fiber

Element Elemental (wt %)

C 69.56

O 30.44

Table S3. Element content of 2CF3-UiO-66@CT

Element Elemental (wt %)

C 47.45

O 31.51

F 16.43

Zr 4.61

Figure S40. SEM image (top left) and element distribution of sponge and EDX.
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Figure S41. SEM image (top left) and element distribution of 2CF3-UiO-66@SP and EDX.

Table S4. Element content of the sponge

Element Elemental (wt %)

C 40.95

N 46.05

O 13.00

Table S5. Element content of 2CF3-UiO-66@SP

Element Elemental (wt %)

C 40.18

N 9.17

O 17.27

F 25.41

Zr 7.98

S5.3. PXRD characterization of 2CF3-UiO-66@CT/SP.

The 2CF3-UiO-66@CT/SP composite material is placed on the sample slot, and the
measuring range of 5-80° is selected for direct measurement.
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Figure S42. PXRD profiles simulated UiO-66 and experimental data of cotton and
2CF3-UiO-66@CT

Figure S43. PXRD profiles simulated UiO-66 and experimental data of cotton and
2CF3-UiO-66@SP

S5.4. FT-IR characterization of composite materials.

A small amount of natural cotton fiber and composite cotton fiber were mixed with KBr and
pressed to prepare samples. The test range is 4000-500 cm-1.
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Figure S44. FT-IR of cotton fiber, 2CF3-UiO-66@CT, and 2CF3-UiO-66

Figure S45. FT-IR of sponge, 2CF3-UiO-66@SP, and 2CF3-UiO-66
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S5.5. The water contact angle measurement of 2CF3-UiO-66@CT/SP.

The 2CF3-UiO-66@CT/SP material is directly placed on the water contact angle tester, and
the water droplets fall about 5 μL each time.

Figure S46. Images of water contact angle of (a) 2CF3-UiO-66@CT and (b) 2CF3-UiO-66@SP.

S5.6. The rolling test of water droplets is on 2CF3-UiO-66@CT/SP.

The 2CF3-UiO-66@CT/SP material is placed at a position of 30° on the horizontal plane,
and the water droplets dyed with methylene blue are dropped on the composite.

Figure S47. Images of water rolling on (a) 2CF3-UiO-66@CT and (b) 2CF3-UiO-66@SP.

S5.7. Hydrophobicity Test of 2CF3-UiO-66@CT/SP in water

Place 2CF3-UiO-66@CT/SP above the water surface, press it under the water surface with
an external force, and then withdraw the external force.
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Figure S48. Images of immersing (a) 2CF3-UiO-66@CT and (b) 2CF3-UiO-66@SP in water.

S6. Oil-water separation performance of 2CF3-UiO-66 devices
S6.1. Removing a small amount of oil from the water

S6.1.1. 2CF3-UiO-66@CT composite material removes a small amount of oil from water

Toluene (0.5 mL, with Sudan I as the indicator) was mixed with 20 mL of deionized water.
The obtained 2CF3-UiO-66@CT was added to the solution, and toluene was absorbed by the
composite material, effectively separating it from the water. Upon treatment with the composite
cotton material, the oil-water mixture became clear, with no visible oil residue. Similarly, carbon
tetrachloride (0.5 mL) was mixed with 20 mL of deionized water. When the 2CF3-UiO-66@CT
was immersed in water, it quickly absorbed carbon tetrachloride. The surface of the composite
cotton material without adsorbed heavy oil remains dry. These results demonstrate the material's
ability to selectively adsorb heavy oil, as evidenced by the absence of visible oil compounds at
the bottom of the treated oil-water mixture (Figure S49).
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Figure S49. Images of 2CF3-UiO-66@CT composites adsorb a small amount of (a) toluene (0.5
mL) and (b) tetrachloride carbon (0.5 mL) from water (20 mL).

S6.1.2. 2CF3-UiO-66@SP composite material removes a small amount of oil from water

Using the same method of 2CF3-UiO-66@CT, 2CF3-UiO-66@SP was used to adsorb
toluene and tetrachloride in water. The part of the composite sponge surface without adsorbed oil
compounds remains dry, indicating the material's efficient and selective oil adsorption capability.
After treatment with the composite sponge material, the oil-water mixture shows no visible oil
compounds in the water (Figure S50).

Figure S50. Images of 2CF3-UiO-66@SP composites adsorb a small amount of (a) toluene (0.5
mL) and (b) tetrachloride carbon (0.5 mL) from water (20 mL).

S6.2. Oil adsorption test

S6.2.1. The oil adsorption capacity of 2CF3-UiO-66@CT

The measurement was repeated 5 times. The average adsorption capacities of
dichloromethane, chloroform, carbon tetrachloride, toluene, petroleum ether, n-hexane,
hexadecane, kerosene, and gasoline are calculated 9.92 ± 0.43 g·g-1, 11.90 ± 0.23 g·g-1, 14.01 ±
0.35 g·g-1, 8.06 ± 0.32 g·g-1, 6.27 ± 0.45 g·g-1, 6.36 ± 0.26 g·g-1, 6.85 ± 0.44 g·g-1, 8.56 ± 0.34
g·g-1, 7.39 ± 0.30 g·g-1, respectively. However, the average adsorption capacity for water is only
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0.05 ± 0.02 g·g-1, which indicates that the composite cotton material has good lipophilic and
hydrophobic ability and is an ideal adsorption material (Figure S51 a). The curve in Figure S51 b
indicates a positive correlation (R2 > 0.94) between the adsorption capacity of organic solvents
and their density (Table S6).

Figure S51. (a) The adsorption capacity of dichloromethane, chloroform, carbon tetrachloride,
toluene, petroleum ether, n-hexane, hexadecane, kerosene, and gasoline. (b) The linear fit of the
adsorption capacity and density of different organic solvents for 2CF3-UiO-66@CT.

Table S6. The linear fit result of the adsorption capacity and density of different organic solvents
for 2CF3-UiO-66@CT.

Equation y = a + b*x

Intercept 5.21 ± 8.08

Slope 89.87 ± 7.74

Residual sum of squares 473.65

R2 0.94

S6.2.2. The oil adsorption capacity of 2CF3-UiO-66@SP

Through the same method, the average adsorption capacities of dichloromethane,
chloroform, carbon tetrachloride, toluene, petroleum ether, n-hexane, hexadecane, kerosene,
gasoline for 2CF3-UiO-66@SP are measured as 139.69 ± 2.50 g·g-1, 136.35 ± 3.65 g·g-1, 141.52 ±
2.53 g·g-1, 78.98 ± 2.19 g·g-1, 70.76 ± 2.97 g·g-1, 64.58 ± 2.12 g·g-1, 77.23 ± 2.67 g·g-1, 68.35 ±
2.75 g·g-1, 64.15 ± 2.65 g·g-1, respectively. The average adsorption capacity for water is 0.15 ±
0.02 g·g-1, which is an ideal adsorption material and has good lipophilic and hydrophobic ability
(Figure S52 a). Through the characterization of the fitting curve, there is a positive correlation
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between the adsorption capacity of different organic solvents and their densities (Figure S52 b).
R2 is more than 0.91 (Table S7).

Figure S52. (a)The adsorption capacity of dichloromethane, chloroform, carbon tetrachloride,
toluene, petroleum ether, n-hexane, n-hexadecane, kerosene, and gasoline. (b) The linear fit of the
adsorption capacity and density of different organic solvents for 2CF3-UiO-66@SP.

Table S7. The linear fit result of the adsorption capacity and density of different organic solvents
for 2CF3-UiO-66@SP.

Equation y = a + b*x

Intercept 2.12 ± 0.77

Slope 6.81 ± 0.74

Residual sum of squares 4.28

R2 0.91

S6.3. Oil-water separation efficiency of 2CF3-UiO-66@CT/SP

The 2CF3-UiO-66@CT composites separated by oil and water can recover some of the
adsorbed oil compounds by mechanical extrusion, rinse and dry with ethanol three times, and
then recycle them again. The average oil-water separation efficiency of dichloromethane,
chloroform, carbon tetrachloride, toluene, petroleum ether, n-hexane, hexadecane, kerosene, and
gasoline for 2CF3-UiO-66@CT are measured as 99.62 ± 0.14 %, 99.19 ± 0.52 %, 99.47 ± 0.35 %,
99.49 ± 0.11 %, 98.94 ± 0.64 %, 99.27 ± 0.66 %, 99.47 ± 0.23 %, 99.66 ± 0.10 %, 99.61 ±
0.15 %, respectively.
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Figure S53. Oil-water separation test of 2CF3-UiO-66@CT

The device for preparing 2CF3-UiO-66@SP composite material is the same as
2CF3-UiO-66@CT composite material. The average oil-water separation efficiency of
dichloromethane, chloroform, carbon tetrachloride, toluene, petroleum ether, n-hexane,
hexadecane, kerosene, and gasoline for 2CF3-UiO-66@SP are measured as 95.89 ± 0.65 %, 98.06
± 0.89 %, 98.96 ± 0.45 %, 98.51 ± 0.21 %, 98.62 ± 0.46 %, 98.77 ± 0.32 %, 98.15 ± 0.42 %,
99.02 ± 0.36 %, 97.66 ± 0.82 %, respectively.

Figure S54. Oil-water separation test of 2CF3-UiO-66@SP
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Figure S55. The oil-water separation efficiency of 2CF3-UiO-66@SP

S6.4. Water content measurement

A piece of composite cotton is placed in the needle position of the 5 mL syringe and
compacted to make a simple oil-water separation device. Mix 92 gasoline (98% carbon
tetrachloride) from 60 mL with deionized water from 3 mL and slowly pour the mixed solution
into the oil-water separation unit until the mixed solution is completely poured out. The oil phase
will flow into the beaker through the composite cotton, and the water phase will be intercepted
above the composite cotton to determine the water content of the oil phase in the beaker. The
resulting data are shown in Table 2, S8.

Table S8. Determination of water content of carbon tetrachloride after water–oil separation

NO. Sample Water content (%)

1 98% carbon tetrachloride 0.0112

2
the mixed solution was separated once

by 2CF3-UiO-66@CT material
0.0078

3
the mixed solution was separated three times

by 2CF3-UiO-66@CT material
0.0072

S6.5. Effect of different water environments on oil-water separation of 2CF3-UiO-66@CT/SP in
practical application

We also investigated the effect of different water environments on oil-water separation
efficiency in practical application. We selected 3.5% simulated seawater and Inner Mongolia
University's (IMU) TaoLi lake water as the consideration solution for the water environment and
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tested the oil-water separation efficiency of 2CF3-UiO-66@CT and 2CF3-UiO-66@SP
composites. Carbon tetrachloride is used as heavy oil in separation, and the separation efficiency
is shown in the column chart of Figure S58. The separation efficiency of 2CF3-UiO-66@CT
composite material is 99.21 ± 0.26 % in the simulated seawater environment and 99.29 ± 0.13 %
in the Inner Mongolia University's TaoLi lake environment. The separation efficiency of
2CF3-UiO-66@SP composite material is 98.66 ± 0.31 % in the simulated seawater environment
and 98.27 ± 0.26 % in Inner Mongolia University's TaoLi lake environment. Under the influence
of man-made measurement error, there is not much difference compared with the previous
deionized water data, which can prove that 2CF3-UiO-66@CT composite and 2CF3-UiO-66@SP
composite have excellent oil-water separation efficiency in practical application.

Figure S56. The oil-water separation efficiency of 2CF3-UiO-66@CT/SP in different water
quality.

S6.6. Speed measurement of oil-water separation.

To measure the speed of separating the oil-water mixture of our synthetic 2CF3-UiO-66@CT
composites, we have made a set of oil-water separation devices. The PVC adapter is combined
with two transparent PVC tubes with a diameter of 3.4 cm, and the 2CF3-UiO-66@CT composite
material is installed at the adapter to form a straight pipe device, as shown in Figure S57. The
mixture of dichloromethane and water is separated by gravity drive. Under the constant pressure
of 165 mm water injection, the time of 200 mL dichloromethane flowing through the composite
cotton material was tested. The experiment was repeated three times. Using unit volume velocity
to calculate the velocity of oil passing through 2CF3-UiO-66@CT composite material in an
oil-water mixture

v = V / t (2)

In the formula, v is the flow rate of oil in the oil-water mixture, in units of cm3·s-1, and V is
the liquid volume of dichloromethane, in cm3; t for time, in s.

The average flow time of 200 cm3 dichloromethane through the composite cotton material
was 18.4 s, and the average flow velocity was 10.87 cm3/s.
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Figure S57. Images of the device for the oil-water separation speed measurement.

S6.7. Anti-gravity extraction.

The anti-gravity extraction experiment of the 2CF3-UiO-66@SP composite sponge was
carried out (Figure S58). And 7.5 mL of carbon tetrachloride (dyed by Sudan I) and deionized
water (dyed by methylene blue) were added to the test tube. Put the 2CF3-UiO-66@SP composite
material to the end of the tube. Because of the superhydrophobicity, the composite material will
not absorb water in the anti-gravity extraction process. Only oil can pass through the composite
material, and water is surrounded by the device. After adsorbing the oil compounds, the
UiO-66@SP composite was removed from the test tube. The obtained oil was squeezed out into
another beaker.

Figure S58. Anti-gravity extraction of 2CF3-UiO-66@SP composite materials

Table S9. 2CF3-UiO-66@CT limiting oxygen index

Sample LOI (%)

Cotton 18.5

2CF3-UiO-66@CT 23.5
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S7. Stability of 2CF3-UiO-66@CT/SP
S7.1. Solvent stability characterization of composite materials.

The 2CF3-UiO-66@CT/SP material was soaked in gasoline, toluene, and carbon
tetrachloride of 4 mL for 24 hours, and the composite was dried for PXRD test.

Figure S59. PXRD profiles of simulated UiO-66 and experimental data of cotton,
2CF3-UiO-66@CT after immersing in carbon tetrachloride, toluene, and kerosene for 24 h.

Figure S60. PXRD profiles of simulated UiO-66 and experimental data of sponge
2CF3-UiO-66@SP after immersing in carbon tetrachloride, toluene, and kerosene for 24 h.
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S7.2. Water stability test.

Figure S61. Images of putting 2CF3-UiO-66@CT on DI water for 100 days.

Figure S62. Images of putting 2CF3-UiO-66@SP on DI water for 100 days.

S7.3. Mechanical stability and boiling water stability characterization of composite materials.

Compression test: The 2CF3-UiO-66@CT/SP was cyclically compressed 5 times with 50%
compressive deformation. The weight loss changes of 2CF3-UiO-66@CT/SP before and after
testing are shown in Table S10.

Figure S63. Compression test of (a) 2CF3-UiO-66@CT and (b) 2CF3-UiO-66@SP.
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Stretching test: 2CF3-UiO-66@CT was cut to a cross-sectional size of 1.7 cm × 0.2 cm. The
weight loss changes of 2CF3-UiO-66@CT before and after testing are shown in Table S10.

Figure S64. Stretching test of 2CF3-UiO-66@CT.

Abrasion test: The 2CF3-UiO-66@CT/SP composite was placed on 1200 mesh sandpaper, and
then a 20 g object was taken and pressed on the surface of the composite and dragged at a speed
of 2 cm/s for about 1 m. The weight loss changes of 2CF3-UiO-66@CT/SP before and after
testing are shown in Table S10.

Boiling water test12: 2CF3-UiO-66@CT/SP composite was placed in boiling water and kept for
30 min. The composite material is still floating above the water. The weight loss changes of
2CF3-UiO-66@CT/SP before and after testing are shown in Table S10.

Figure S65. Images of (a) 2CF3-UiO-66@CT and (b) 2CF3-UiO-66@SP

The average oil-water separation efficiency of carbon tetrachloride for 2CF3-UiO-66@CT
after stress, abrasion, stretch and boiling water test are measured as 99.39 ± 0.23%, 99.38 ±
0.32%, 99.32 ± 0.25%, 99.27 ± 0.42%. There is no great change compared with the original 99.47
±0.35%.
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The average oil-water separation efficiency of carbon tetrachloride for 2CF3-UiO-66@SP
after stress, abrasion and boiling water test are measured as 98.68 ± 0.44%, 98.75 ± 0.33%, 98.24
± 0.22%. There is no great change compared with the original 98.96 ± 0.52%.

Figure S66. PXRD profiles of (a) 2CF3-UiO-66@CT and (b) 2CF3-UiO-66@SP after mechanical
stability test and boiling water stability test.

Figure S67. The oil-water separation efficiency of (a) 2CF3-UiO-66@CT and (b)
2CF3-UiO-66@SP after mechanical stability test and boiling water stability test.

Table S10. Weight changes of different materials after mechanical tests and boiling water

2CF3-UiO-66@CT cotton 2CF3-UiO-66@SP sponge

Stress 0 0 0 0

Stretch 0.52% 0.55% - -

Abrasion 2.85% 2.77% 5.76% 0

Boiling water 5.53% 3.92% 4.78% 5.43%
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S7.4. 2CF3-UiO-66@CT cycle test method.

The 2CF3-UiO-66@CT composites separated by oil and water can recover some of the
adsorbed oil compounds by mechanical extrusion, rinse and dry with ethanol and recycle them
again.

Figure S68. PXRD profiles of 2CF3-UiO-66@CT after filtering carbon tetrachloride for different
cycles

Figure S69. The separation efficiency of 2CF3-UiO-66@CT after filtering carbon tetrachloride
for different cycles
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Figure S70. SEM image (top left) and element distribution of 2CF3-UiO-66@CT after Ten cycles
(top right) and EDX.

Table S11. The element content of 2CF3-UiO-66@CT before and after ten cycles of water–oil
separation.

Element
Elemental (wt %)
before adsorption

Elemental (wt %)
after adsorption

C 47.45 54.79

O 31.51 19.19

F 16.43 17.05

Zr 4.61 8.96
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Table S12. Oil-water separation properties of hydrophobic MOF complex fibers

MOF complexes's name WCA (°) Separation Efficiency (%) References

Ti-MOFs/cotton fibers 154.7 98.5 13

SH-UiO-66@CFs 163 95 14

SHMOF- polypropylene 160 95-99 15

ZIF-8/cotton fabrics 155 98.6 16

cotton/ZIF-8@PDMS 151.36 98 17

ZIF-8@Kevlar 152.2 98 18

SMCF 168.4 \ 19

PZCF 142.8 \ 20

2CF3-UiO-66@CT 164.7 99.4 This work

Table S13. Comparative adsorption capacities of various MOF complex sponges for oil
adsorption.

MOF complexes's name WCA (°) Adsorption Capacity (g/g) References

Si@PBA@PDA@MS 163.5 53.4-97.5 21

FPUF@MOF-LDH@HTMS 153 42-73 22

PDMS/CuTPA/PU 157 10-33 23

FPUF/BN@MOF-LDH @APTES 121 18-33 24

ZIF-8/RGO/PU 125 15-35 25

Fe3O4 @GO@OTS/ PU 155 15-52 26

MIL-53 (Al)/PDMS/ polyurethane sponge 128.13 12-50.5 27

PU-Cu (BDC)-NGPs 154 43.5-132 28

Dy-MOF@PU 152.62 14-49 29

Ti3C2Tx/ZIF-8 Functional PU sponge 135 48-91 30

C-F-Ce@PU 153.4 15-45 31

2CF3-UiO-66@SP 162.03 64-142 This work
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