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Supplementary Figures

Fig. S1. 1H NMR spectrum of 7,7’-OH-BINOL. 1H NMR (400 MHz, Methanol-d4) δ 7.73 (d, J = 
8.8 Hz, 1H), 7.67 (d, J = 8.8 Hz, 1H), 7.06 (d, J = 8.8 Hz, 1H), 6.82 (dd, J = 8.8, 2.4 Hz, 1H), 6.39 
(d, J = 2.4 Hz, 1H), 4.87 (s, 5H), 3.34 (s, 2H), 3.30 (p, J = 1.6 Hz, 3H), -0.00 (s, 1H).

As shown in Fig. S2, the freestanding PAR-BINOL nanofilm was fabricated at an 

aqueous–organic interfacial polymerization in bulk and transferred onto supports. 

Briefly, the aqueous solution was poured into a glass beaker. Then, the TMC solution 

in Isopar G was gently added into the above beaker and the reaction time was 2 min. 

After that, the two immiscible solutions were drained off to obtain the freestanding 

nanofilm. Upon rinsing with DI water, the nanofilm was transferred onto anodized 

aluminum oxide (AAO) support or silicon wafer for further characterizations.
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Fig. S2. Schematic illustration of the freestanding PAR-BINOL nanofilm fabricated at an aqueous–
organic interfacial polymerization in bulk and transferred onto supports. a) Silica wafer at the 
bottom of glass beaker. b, c) the formation of PAR-BINOL nanofilm at the interface between an 
aqueous phase containing 7,7'-OH-BINOL and an Isopar G phase containing TMC. d, e) The PAR-
BINOL nanofilm was deposited on the silica wafer by decreasing the interface. f, g) The PAR-
BINOL nanofilm was floated off onto a water surface and washed with DI water. h) Silica wafer or 
AAO touched the PAR-BINOL nanofilm at the water surface. i) The PAR-BINOL nanofilm with 
top surface upwards was air-dried for further characterization.

As shown in Fig. S3, as the monomer concentration of 7,7'-OH-BINOL was 

increased from 0.5 wt% to 1.0 wt%, the membrane rejection towards tetracycline (TC) 

increased from 90.3% to 98.2%, and the methanol permeability coefficient merely 

decreased from 10.3 L m-2 h-1 bar-1 to 9.2 L m-2 h-1 bar-1. Further increasing the 

monomer concentration to 2.0 wt%, the TC rejection increased slightly to 98.8%, but 

the methanol permeability coefficient decreased from 9.2 L m-2 h-1 bar-1 to 7.4 L m-2 h-1 

bar-1. Thus, we choose the monomer concentration of 1.0 wt% 7,7'-OH-BINOL to 

prepare the PAR-BINOL membrane. As revealed in Fig. S4 and Fig. S5, the surface 

roughness of these membranes varied little (the value of Ra is about 5 nm), and the 

thickness of these nanofilms increased from 13 nm to 28 nm with increasing monomer 

concentration. All of the prepared PAR-BINOL membranes were integral and 

continuous. The change in membrane performance may be due to the increase of 

membrane thickness with the increasing monomer concentration.1-3
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Fig. S3. Effect of the 7,7'-OH-BINOL concentration on the separation performances of the 
prepared PAR-BINOL membranes.

Fig. S4. 3D AFM images of the PAR-BINOL membranes prepared on the XP84 UF support when 
increasing the 7,7'-OH-BINOL monomer concentration from 0.5 wt% and 1.0 wt%, to 2.0 wt% 
during interfacial polymerization.
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Fig. S5. 2D/3D AFM images and height profiles of the freestanding PAR-BINOL nanofilms 
prepared using 2.0 wt% and 0.5 wt% 7,7'-OH-BINOL during interfacial polymerization.

As shown in Fig. S6, the 7'7-OH has more negative charge than 2,2'-OH, where, the 

charge of the oxygen atom reflects its nucleophilicity during the reaction process. This 

result means that the 7'7-OH is more vulnerable to attack by nucleophiles, indicating 

that 7'7-OH has higher reactivity than the 2,2'-OH part. Therefore, it suggests that the 

reaction of 7,7’-OH-BINOL and TMC occurs preferentially at the 7,7’-OH substitution 

position, followed by the 2,2’-OH substitution position. The proposed chemical 

structures of the PAR-BINOL network formed through the interfacial polymerization 

of 7,7'-OH-BINOL and TMC is shown in Fig. S7.

Fig. S6. Chemical structures and partial charges of (a) 7,7’-OH-BINOL, (b)TMC and (c) the dimer 
performed using the B3LYP method with 6-31+g(d, p) basis sets by Gaussian 09 code.4, 5,6 



6

Fig. S7. The proposed chemical structures of the PAR-BINOL network formed through the 
interfacial polymerization of 7,7'-OH-BINOL and TMC.

Fig. S8. Morphology, structures and separation performances of the XP84 UF support prepared via 
phase inversion. (a) Surface SEM image and (b) Cross-sectional SEM image and (c) 3×3 μm2 AFM 
image. (d) Pore size distribution, (e) methanol permeance and dye rejections of the XP84 UF support 
towards BBR, RDB, TC and CSG in methanol.
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Fig. S9. (a) Surface and (b) cross-sectional SEM images of the PAR-BINOL membrane formed on 
the XP84 UF support.

Fig. S10. The thickness of the PAR-BINOL nanofilm obtained by SEM, AFM and SE.

Fig. S11. The thermal gravimetric curve of the PAR-BINOL polymer solid.
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Fig. S12. The FTIR spectra of the PAR-BINOL polymer solid.
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Fig. S13. The deconvolution O1s peak obtained from the high-resolution XPS spectra of the PAR-
BINOL membrane.



9

Fig. S14. The dynamic water contact angles of the PAR-BINOL membrane and the XP84 UF 
support.

Fig. S15. Schematic representation of possible pore formation of stacked and cross-linked pores in 
the PAR-BINOL membrane.
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Fig. S16. Linear increase of methanol flux of the PAR-BINOL membrane with applied pressure. 

Fig. S17. Product of permeance and viscosity of solvent as a function of total Hansen 
solubility parameter for PAR-BINOL membrane.

As shown in Fig. S18, the methanol permeance remained at 8.7 L m-2 h-1 bar-1 and 

the RB rejection remained at about 99.9% during a 72 h test, indicating the long-term 

stable separation performance of the fabricated OSN membranes.
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Fig. S18. The long-term performance of the PAR-BINOL membrane using 50 ppm RB/methanol 
solution as feed. Measurements were conducted in a dead-end cell with a volume of 220 mL at 
23±0.5 °C. The stirring speed was set to 600 rpm to minimize the potential concentration 
polarization. The permeate was poured back into the dead-end cell per hour to ensure the stability 
of the feed concentration. 

As shown in Fig. S19, the DMF permeance remained at 6.6 L m-2 h-1 bar-1 and the 

RB rejection remained at ~95% during a 72 h test, indicating the super resistance of the 

fabricated OSN membranes to strong polar DMF.

Fig. S19. The long-term performance of the PAR-BINOL membrane using 50 ppm RB/DMF 
solution as feed. Measurements were conducted in a dead-end cell with a volume of 220 mL at 
23±0.5 °C. The stirring speed was set to 600 rpm to minimize the potential concentration 
polarization. The permeate was poured back into the dead-end cell per hour to ensure the stability 
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of the feed concentration.

Fig. S20. Photographs of solutions of feed (F) and permeate (P) containing different dye molecules 
in methanol after organic solvent nanofiltration. The visual images of membrane appearances before 
and after filtration experiments shown at the bottom of the photographs. The dyes dissolved in 
methanol include: Rhodamine B (RDB, Mw = 479 g mol-1), Tetracycline (TC, Mw = 444 g mol-1), 
Methyl orange (MO, Mw = 327 g mol-1) and Chrysoidine G (CSG, Mw = 249 g mol-1).
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Supplementary Tables

Table S1. Mechanical properties of PAR-BINOL membranes compared with other typical polymer 
membranes used in OSN.

Young’s modulus of the membrane 
（GPa）

Membranes Wrinkling method PFQNM 
Refs

PAR-BINOL - 7.6 This work

PAR-TTSBI 4.8 - 1

CMP 4.0-5.4 6.2-6.7

PA 0.4 0.6
2

PA 0.3-2.7 - 3

PIM-1 0.8 - 4

Table S2 Chemical compositions calculated based on the deconvolution O1s peak in the high-
resolution XPS spectra of the PAR-BINOL membrane.

O=C-OR (%) O=C-OR/COO- (%)  C-O (%) n(7,7′-OH-BINOL)/n(TMC) in 
PAR-BINOL layera

23.7 29.8 46.5 1.8

aThe n(7,7′-OH-BINOL)/n(TMC) in the PAR-BINOL layer was calculated by the following equation: 

, where k is the value of n(7,7′-OH-BINOL)/n(TMC), a, b and c represent the percentages of O=C-
𝑘 =

3
4

×
𝑎 + 𝑏

𝑐

OR, C-O and O=C-OR/COO, respectively. 
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Table S3. Properties of solvents used for nanofiltration tests.

Name
Molar volumea 

(cm3 mol-1) at 25 °C
Total Hansen Solubilitya 

parameter (MPa1/2) at 25 °C
Viscosityb (cP) at 25 

°C

Acetone 74.0 19.9 0.31

Acetonitrile 52.6 24.4 0.37

Methanol 40.7 29.6 0.54

THF 81.7 19.4 0.46

DMF 77.0 24.9 0.79

Ethanol 58.5 26.5 1.07

IPA 76.8 23.6 2.04

Toluene 106.8 18.2 0.56
a Taken from Hansen Solubility Parameters: A User's Handbook, 2nd Edition, Charles M. Hansen, CRC 
Press, Boca Raton, FL, 2007.
b Taken from CRC Handbook of Chemistry and Physics, 85th Edition, David R. Lide, ed., CRC Press, 
Boca Raton, FL, 2004.
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Table S4. Comparison of the solvent permeance of the PAR-BINOL membrane with the reported 
state-of-the-art OSN membranes in literature.

Permeance (L m-2 h-1 bar-1)
Support Nanofilm Name

Acetone MeOH THF Toluene
Ref.

XP84 polyarylate PAR-BINOL 28.7 9.2 9.0 0.7 This work
p-CMP - 22.5 - -
m-CMP - 16.4 - -
o-CMP - 21.0 - -

p-CMP-OH - 15.4 - -
p-CMP-OOC2 - 1.43 - -
p-CMP-OOC7 - 1.11 - -

PAN CMP

p-CMP-
OOC11

- 1.36 - -

7

PAR-BHPF 8.4 8.0 4.0 0.3
PAR-TTSBI 7.0 6.0 4.0 2.5
PAR-DHAQ 0.2 0.6 0.04 0.01

XP84 polyarylate

PAR-RES 0.4 0.6 0.04 0.04

8

β-CD-0.1 - 0.2 - -
β-CD-0.5 - 1.8 - -
β-CD-1.0 - 5.8 3,2 1.6
β-CD-1.5 - 6.1 - -

polyester

β-CD-2.0 - 9.6 - -

9

PAN

polyamide MPDTrip-20 26.5 8.7 7.1 - 10
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Table S5. Chemical structures, molecular weights and dimensional parameters of various dyes used 
in this work.

Dyes
MW

(g mol-1)
Chemical structure 3D molecular structure charge

Chrysoidine G
(CSG)

249

H2N NH2

N
N +

Methyl orange
（MO）

327 N
N

S

O

O
O-

N

-

Tetracycline
（TC）

444

O

NH2

O O
OH

OHOH

OH

OH

N

0

Rhodamine B
（RDB）

479

N+ON

O

HO

+

Brilliant Blue 
R（BBR）

826

S
O

O

O-

N

N+

S
O

O

O-

N
H

O
-

Rose bengal
（RB）

1018 O

O

O-O-O

I

I I

I
Cl

Cl

Cl
Cl

-
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Table S6. The detailed information about the reported membranes shown in Figure 5c.

Membrane 
type

Membrane material
Permeance 

(L m-2 h-1 bar-1)
Solute 

 MW (g mol-1)
Rejection 

(%)
Ref.

Polymeric 
ISA

Cross-linked PANI 1.4
Styrene oligomers 

/ 236
99 11

Polymeric 
ISA

Matrimid 5218 (MI) and
Polyphenylsulfone 

(PPSU)
5.0 Sudan II / 276.3 81.0 12

Polymeric 
ISA

Polyimide (PI) 3.1
Polystyrene

oligomers / 236
92.0 13

Polymeric 
ISA

Polybenzimidazole (PBI) 1.3 Polystyrene / 236 84.0 14

TFN MOF/PI 15.1 Polystyrene / 236 96.0 15

TFN GO/PA 8.9
Rhodamine B / 

479
98.0 16

TFC PA / PI 2.4
Styrene oligomers 

/ 236
100.0 17

TFC PA / CNT / AO 21.7
Rhodamine B / 

479
99.8 3

TFC PAR-TTSBI/PI 7.0 Crystal violet / 408 97.0 8

TFC PAR-BHPF/PI 8.4 Crystal violet / 408 98.7 8

TFC Polyamide–CD/PAN 24.6
Methyl orange / 

327
88.0 18

 TFC
Freestanding PA / 

Alumina
49.7

Naphthalene 
brown / 400

99.9 19

TFC PAR-BINOL/PI 28.7 Tetracycline / 444 98.2
This 
work
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