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1 Supplementary Methods

1.1 Materials and reagents

Aminopropyl terminated polydimethylsiloxane (PDMS, Mn = 5,000 Da, 99%; containing average 66 dimethyl siloxane
units) was supplied by Beijing InnoChem Science & Technology Co., Ltd. (China). Cyclodextrins (a-CD, B-CD, y-CD, >98%)),
glycidyl methacrylate (GMA, 97%, MEHQ stabilized), fluorescein-4-isothiocyanate (FITC, 99%), polyvinylpyrrolidone (PVP,
Mw = 10,000 Da), bovine serum albumin (BSA, >96%), sodium dodecyl sulfate (SDS, >98%), sodium alginate (SA, AR),
fulvic acid (FA, >90%), sodium hypochlorite solution (AR, 6-14% active chlorine basis) and oxalic acid (AR) were obtained
from Shanghai Aladdin Biochemical Technology Co., Ltd. (China). Polyethersulfone (PES, Ultrason® 6020 P, Mw = 29,000
Da) was procured from BASF SE (Germany) and vacuum-dried at 70°C for 24 h before use. Pluronic® F127 was sourced
from Sigma-Aldrich (Germany). Cyclohexane (AR), hexadecane (AR), and dimethylformamide (DMF, AR) were purchased
from Shanghai Macklin Biochemical Co., Ltd. (China). Sodium hydroxide (NaOH, AR), hydrochloric acid (HCI, AR), and
sodium chloride (NaCl, AR) were acquired from Tianjin Guangfu Technology Development Co., Ltd. and Kemiou Chemical
Reagent Co., Ltd. (China). Lyophilized yeast powder was acquired from Shanxi HuaTai Biotechnology Co., Ltd. (China).
Ultrapure water (18.2 MQ-cm) was generated using an Elix® Essential 5 water purification system (Merck Millipore, USA).
All chemicals were used as received without further purification.

1.2 Characterization
1.2.1 Nuclear magnetic resonance spectroscopy (NMR)

Liquid-state "H NMR Spectra were performed on a Bruker DRX 500 Spectrometer (Germany), operating at a 600 MHz
at 30°C. Prior to analysis, the samples were dried in a hot air oven at 80°C for 24 hours, and subsequently dissolved in DMSO-
do.

1.2.2 Field emission scanning electron microscopy (FESEM)

The surface morphologies of the membranes were observed using a ZEISS Sigma500 FESEM (Germany) at an
accelerating voltage of 10 kV. Samples were freeze-dried and coated with a thin layer of platinum via sputtering prior to
imaging.

1.2.3 Fluorescence microscopy

Fluorescence characterization was performed using a Shanghai Caikon FCK-50C fluorescence microscope (China),
equipped with a 100W mercury lamp UV source and operated in reflective fluorescence mode. The aperture and field
diaphragms were kept fixed across multiple measurement sets.

1.2.4 X-ray photoelectron spectroscopy (XPS)
The surface chemical compositions of the membranes were quantitatively analyzed using a Thermo Scientific ESCALAB

250 XPS (USA) with Monochromated Mg Ka 150 W as the radiation source. The photoelectron take-off angle was set at 90°.
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Calibration was performed using reference materials, including PES, PDMS, and CD, to adjust the sensitivity factors for the
detected elements (C, O, Si, and S), ensuring accuracy in the quantitative analysis.
1.2.5 Contact angle

Contact angle measurements on the membrane surface were performed by a Jinshengxin QSPJ-360 contact angle
goniometer (China) at 25°C. Prior to measurement, the membrane surfaces were freeze-dried. The advancing contact angle
(6.) and receding contact angle (6,) were measured by adding or removing approximately 5 uL of liquid from pre-formed 15
puL water droplets using a microsyringe. The surface free energy (y) was calculated based on the three-liquid Lifshitz-van der
Waals acid-base model.
vi =vi" + 2y (1
vL(L+cos8) = 2y v +\vivs + v 2)

where 0 is the Young’s contact angle, i denotes either the solid (S) or the liquid (L) phase, and y”, y;* and y;~ (mJ/m?) are the

Lifshitz-van der Waals, acid and base components, respectively. Two polar liquids (water and glycerol) and one apolar liquid
(diiodomethane) were selected as test liquids.
1.2.6 Surface pore size measurement

Surface pore size distribution was measured using a Shengian POROLIQ 1000 liquid-liquid displacement pore size
analyzer (China). The membrane was first fully wetted with water, which acted as the wetting phase. Subsequently, n-butanol
was used to displace the water, and the pore size distribution was determined based on the displacement pressure required.

Measurements were performed at room temperature.



2 Supplementary Figures and Tables

Supplementary Fig. 1 Molecular dynamics simulation of (a) unassembled a-CD/PDMS in water, (b) assembled a-
CD/PDMS in water, (¢) unassembled a-CD/PDMS in ethanol, (d) assembled a-CD/PDMS in ethanol, (¢) unassembled a-

CD/PDMS in DMF, and (f) assembled a-CD/PDMS in DMF.




Supplementary Fig. 2 Molecular dynamics simulation of (a) unassembled -CD/PDMS in water, (b) assembled [3-

CD/PDMS in water, (c) unassembled 3-CD/PDMS in ethanol, (d) assembled -CD/PDMS in ethanol, (¢) unassembled [3-

CD/PDMS in DMF, and (f) assembled B-CD/PDMS in DMF.




Supplementary Fig. 3 Molecular dynamics simulation of (a) unassembled y-CD/PDMS in water, (b) assembled y-CD/PDMS

in water, (¢) unassembled y-CD/PDMS in ethanol, (d) assembled y-CD/PDMS in ethanol, (e) unassembled y-CD/PDMS in

DMF, and (f) assembled y-CD/PDMS in DMF.




Supplementary Table 1 System Gibbs free energy changes (AG) before and after the formation of CD/PDMS PPR?

System Gibbs free energy in different solvent environment (kcal/mol)

System energy

Water Ethanol DMF

Gunassembled a-CD/PDMS -1794.348 -1461.613 3041.476
Gunassembled p-CD/PDMS -1740.327 -1412.627 3096.61
Gunassembled y-CD/PDMS -1677.861 -1368.187 3173.466
Gassembled a-CD/PDMS -1795.602 -1463.062 3037.176
Gassembled B-CD/PDMS -1751.975 -1438.951 3075.396
Gassembled y-CD/PDMS -1693.745 -1399.813 3137.223
AGy.cD/PDMS assembly -1.254 -1.449 43
AGg-cD/PDMS assembly -11.648 -26.324 -21.214
AGy-cD/PDMS assembly -15.884 -31.626 -36.243

2 The system included three components: CD, PDMS, and solvent (water, DMF, or ethanol).
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Supplementary Fig. 4 "TH NMR Spectrum of B-CD/PDMS PPRs, recorded in DMSO-ds at 600 MHz. & 5.70 (d, 7H, CH of B-
CD), 4.75 (t, 7H, CsH of B-CD), 3.63 (m, 21H, CsH and C¢H of B-CD), 3.36 (s, H of water), 3.33 (m, 7H, C;H of B-CD,
partially obscured by water peak), 3.30 (t, 7H, C4sH of B-CD, partially obscured by water peak), 2.81 (d, methyl proton of
DMF), 2.57 (m, methyl proton of dimethyl formamide, DMSQO), 0.00 (m, 6H, methyl H of PDMS units). Actual rcp.ppms was
determined from the intensity ratio of peaks at 5.70 ppm (C{H of B-CD) and 0.00 ppm (methyl proton of PDMS). Panels (a)

to (d) represent the spectra at actual rcpppms of 0.133, 0.273, 0.406, and 0.529, respectively.
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Supplementary Fig. 5 "H NMR Spectrum of y-CD/PDMS PPRs, recorded in DMSO-ds at 600 MHz. & 5.83 (d, 8H, C1H of y-
CD), 4.77 (t, 8H, C3H of y-CD), 3.67 (m, 24H, CsH and CsH of y-CD), 3.46 (s, H of water), 3.42 (m, 8H, C,H of y-CD,
partially obscured by water peak), 3.39 (t, 8H, C4H of y-CD, partially obscured by water peak), 2.57 (m, methyl proton of
DMSO), 0.0 (m, 6H, methyl H of PDMS units). Actual rcp.poms was determined from the intensity ratio of peaks at 5.83 ppm
(CiH of y-CD) and 0.00 ppm (methyl proton of PDMS). Panels (a) to (e) represent the spectra at actual rcp:poms of 0.131,

0.270, 0.397, 0.533 and 0.674, respectively.



Supplementary Table 2 Yield and actual rcp.ppms of CD/PDMS PPRs.

CD type CD additive amount (mg) PDMS additive amount (mg) Yield(%)? Actual repppms
B 590 263.3 58.5 0.133
B 590 122.5 55.9 0.273
B 590 80.6 52.3 0.406
B 590 58.4 48.8 0.529
Y 1842 751.7 83.3 0.131
Y 1842 349.2 82.4 0.270
Y 1842 229.7 81.7 0.397
Y 1842 170.4 79.7 0.533
Y 1842 133.7 77.0 0.674

2 The yield calculated based on the quantity of CD introduced into the PPRs, discounting trace residual solvents.
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Supplementary Table 3 Designation of resultant membranes.

Serial number CD type ICD:PDMS Membrane name

0 / 0 PDMS@M

1 B 0.13 B-CD/PDMS@M-0.13
2 B 0.27 B-CD/PDMS@M-0.27
3 B 0.40 B-CD/PDMS@M-0.40
4 B 0.53 B-CD/PDMS@M-0.53
5 Y 0.13 v-CD/PDMS@M-0.13
6 Y 0.27 v-CD/PDMS@M-0.27
7 Y 0.40 v-CD/PDMS@M-0.40
8 Y 0.53 v-CD/PDMS@M-0.53
9 Y 0.67 v-CD/PDMS@M-0.67
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Supplementary Fig. 6 Fluorescence images of y-CD/PDMS@M surfaces after grafting y-CD/PDMS PPR onto membrane

surface for (a) 1 h, (b) 2 h, (c) 4 h, (d) 6 h, (¢) 8 h and (f) 16 h and capping with FITC for 2 h.
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Supplementary Fig. 7 Surface SEM images of (a) PDMS@M, (b) B-CD/PDMS@M-0.13, (c) B-CD/PDMS@M-0.27, (d) B-
CD/PDMS@M-0.40, (e) B-CD/PDMS@M-0.53, (f) y-CD/PDMS@M-0.13, (g) y-CD/PDMS@M-0.27, (h) y-

CD/PDMS@M-0.40, (i) y-CD/PDMS@M-0.53 and (j) y-CD/PDMS@M-0.67.
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Supplementary Fig. 8 Cross-sectional SEM images of (a) BM, (b) PDMS@M, (c) B-CD/PDMS@M-0.13, (d) B-

CD/PDMS@M-0.27, () B-CD/PDMS@M-0.40, (f) B-CD/PDMS@M-0.53, (g) v-CD/PDMS@M-0.13, (h) y-

CD/PDMS@M-0.27, (i) y-CD/PDMS@M-0.40, (j) y-CD/PDMS@M-0.53, (k) y-CD/PDMS@M-0.67.
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Supplementary Table 4 Elemental composition of f-CD/PDMS@M surface?

Elemental composition (wt%)

I'CD:PDMS
C (0] Si S

51.53 22.78 18.04 7.65
0

51.69 22.81 17.80 7.70

55.02 30.73 6.68 7.57
0.13

55.48 30.21 6.31 8.00

54.12 35.97 3.58 6.33
0.27

54.38 34.44 4.44 6.74

54.14 36.52 3.17 6.17
0.4

53.99 36.55 3.31 6.15

53.79 37.95 2.64 5.63
0.53

54.43 36.53 2.76 6.28

2 The elemental composition of the membrane surface was determined by integral analysis of the XPS full spectrum. Each

membrane sample was tested twice starting from its preparation phase.
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Supplementary Table 5 Elemental composition of the y-CD/PDMS@M surface?

Elemental composition (wt%)

I'CD:PDMS
C (0] Si S
51.53 22.78 18.04 7.65
0

51.69 22.81 17.80 7.70

55.32 31.62 5.36 7.70
0.13

55.27 31.19 5.77 7.77

54.24 34.29 4.70 6.77
0.27

54.73 35.22 3.30 6.75

55.59 34.52 2.59 7.30
0.4

55.26 34.86 2.80 7.08

54.10 37.30 2.23 6.37
0.53

54.68 36.72 2.18 6.42

53.05 39.90 1.98 5.07
0.67

52.96 39.98 2.00 5.06

2 The elemental composition of the membrane surface was determined by integral analysis of the XPS full spectrum. Each

membrane sample was tested twice starting from its preparation phase.
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Supplementary Table 6 Molecular coverage of B-CD/PDMS@M surface?

Molecular coverage (wt%)

TCD:PDMS
PES PGMA PDMS B-CD
51.98 3.02 45.00 0.00
0
52.41 3.17 44 .42 0.00
52.08 3.63 16.75 27.54
0.13
55.11 3.23 15.84 25.82
43.53 2.30 8.97 45.20
0.27
46.36 2.47 11.13 40.04
42.42 2.56 7.94 47.08
04
42.28 2.28 8.29 47.15
38.53 2.54 6.67 52.26
0.53
43.19 2.68 6.92 47.21

2 The molecular coverage on the membrane surface was approximated by combining the elemental composition of the

membrane surface with that of the molecules themselves.
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Supplementary Table 7 Molecular coverage of the y-CD/PDMS@M surface?

Molecular coverage (wt%)

I'CD:PDMS
PES PGMA PDMS v-CD
51.98 3.02 45.00 0.00
0

52.41 3.17 44.42 0.00

53.04 291 13.45 30.60
0.13

53.51 2.90 14.48 29.11

46.56 2.17 11.78 39.49
0.27

46.46 2.47 8.28 42.79

50.31 2.61 6.51 40.57
0.4

48.77 2.54 7.03 41.66

41.32 1.86 5.98 50.84
0.53

44,18 2.44 5.47 4791

34.80 1.88 4.95 58.37
0.67

34.29 2.46 5.01 58.24

2 The molecular coverage on the membrane surface was approximated by combining the elemental composition of the

membrane surface with that of the molecules themselves.

18



Supplementary Table 8 Surface energy calculation of f-CD/PDMS@M*

Test 1 Test 2 Test 3 Standard
ICD:PDMS Average
Rs RsP RgP Rsg RP RsP Rg RsP RsP deviation
0 31.2 273 3.9 31.3 27.4 39 30.5 26.6 39 31.00 0.36
0.13 32.5 27.4 5.1 32.3 273 5 32 26.9 5.1 32.27 0.21
0.27 34.6 28.2 6.4 33.7 27.1 6.6 33.1 26.7 6.4 33.80 0.62
0.4 36.9 27.6 93 35.9 27 8.9 35.7 26.7 9 36.17 0.52
0.53 39.4 27.1 12.3 39.1 26.7 12.4 39.8 27.4 12.4 39.43 0.29

2 The units of surface energy and its components in the table are all mJ/m?
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Supplementary Table 9 Surface energy calculation of y-CD/PDMS@M?*

Test 1 Test 2 Test 3 Standard
ICD:PDMS Average
Rs RsP Rs’ Rs RsP Rs? Rs RsP Rs? deviation
0 31.2 27.3 3.9 31.3 27.4 3.9 30.5 26.6 3.9 31.00 0.36
0.13 322 26.7 5.5 32.2 26.8 5.4 33 27.7 53 32.47 0.38
0.27 33.7 26.3 7.4 33.9 26.7 7.2 34.7 27.4 7.3 34.10 0.43
0.4 36.2 26.7 9.5 36.9 27.2 9.7 36.8 27.2 9.6 36.63 0.31
0.53 40.9 27.3 13.6 40.3 27.1 13.2 41 27.8 13.2 40.73 0.31
0.67 49.4 27.8 21.6 49.9 27.5 22.4 50.3 27.6 22.7 49.87 0.37

2 The units of surface energy and its components in the table are all mJ/m?.
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Supplementary Table 10 Surface energy calculation of BM?

Test 1 Test 2 Test 3 Standard
Average
Rs RsP RsP Rsg RP RsP Rg RsP RsP deviation
39.3 37.3 2 37.4 35.2 2.2 37.1 35 2.1 37.93 0.97

2 The units of surface energy and its components in the table are all mJ/m?
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Supplementary Fig. 9 Pore size distribution of (a) BM, (b) PDMS@M, (c¢) p-CD/PDMS@M-0.13,

(d) B-CD/PDMS@M-0.27, (e) B-CD/PDMS@M-0.40, (f) B-CD/PDMS@M-0.53, (g) 7v-

CD/PDMS@M-0.13, (h) y-CD/PDMS@M-0.27, (i) y-CD/PDMS@M-0.40, (j) y-CD/PDMS@M-

0.53, (k) y-CD/PDMS@M-0.67, measured via liquid-liquid displacement method.
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Supplementary Table 11 Comparison of reported hydrophilic-LSE heterogeneous membrane performances

Fouling duration,

Variation of antifouling

Membrane Cleaning methods,
Report | Hydrophilic LSE stirring speed (rpm), performance at different
permeability Model foulants flux recovery rate
date substances substances flux decline rate tangential flow or different
(Lm~h'bar!) (FRR)
(FDR) microdomains
Vacuum pump Deionized water
FDR of 40% and FRR of 70% at
2011! PEGMA HFMB 75 oil/water 60 min, 300, 3.4% surface washing,
the stirring speed of 0 rpm
emulsion 100%
BSA adsorption of 4.08 pug/cm?
Deionized water of P14-Li-2-Si—~COOH-2.0 and
20132 PEG Siloxane 166.7 BSA 3h, /, 73% surface washing, 2.34 pg/cm? of P14-Li-2-Si—
84.9 COOH-PEG-2 at the stirring
speed of 0 rpm
Deionized water
Oil/water
20133 PSPP PHFBM 60 60 min, 200, 0.8% surface washing, /
emulsion

99.9%
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Deionized water

BSA adsorption of 1 pg/cm? at

20144 PEO PDMS 93 BSA 60 min, 200, 19.1% surface washing, the stirring speed of 200 rpm and
100% 18 pg/cm? at 0 rppm
Deionized water FDR o0f 42.3% and FRR of
Oil/water
20153 PEGMA PHFBM 90 60 min, 300, 10.6% backwashing, 93.5% at the stirring speed of 0
emulsion
99.4% rpm
Deionized water
Oil/water
2016° PA HFBM 22 24 h, 400, 9.2% surface washing, /
emulsion
96.2%
Deionized water
Oil/water
20167 PEGMA PTFOA 90 60 min, 200, 18.8% surface washing, /
emulsion
99.8%
Sulfonic
acid groups | Perfluorinated Deionized water BSA adsorption of 5 pg/cm? at
Oil/water
20188 of PFSA groups of 269.2 60 min, 300, 17.4% surface washing, the stirring speed of 150 rpm and
emulsion
and SiO» PFSA 99.8% 15 pg/cm? at 0 rpm
NPs
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Deionized water

BSA adsorption of 162.03 pg/cm?

Oil/water of PVDF/PEG and 1.41 pg/cm?
2018° PEGMA PHFBM 90 60 min, 200, 6.3% surface washing,
emulsion of PVDF/PHFBM-PEGMA at the
99.7%
stirring speed of 150 rpm
BSA adsorption of 12 pg/cm? of
Deionized water
Oil/water HPAN-PEI and 3 pg/cm? of
201910 PEI PFOS 220.3 24 h, 300, 8.3% surface washing,
emulsion HPAN-PEI-PFOS at the stirring
99.8%
speed of 300 rpm
Vacuum pump Deionized water BSA adsorption of 2 pg/cm? at
2020 PEI-GO PFSA 406.7 oil/water 60 min, 300, 8.6% surface washing, the stirring speed of 150 rpm and
emulsion 98.6% 19 pg/ecm? at 0 rpm
Vacuum pump Ethanol/water
202012 TA PHFBM 660 oil/water 12h,/,0 washing /
emulsion 100%
Deionized water Bacterial coverage of 1 % at the
20203 | PMEDSAH PTFEMA 3 SA 6h,/, 55% surface washing, stirring speed of 100 rpm and

74%

3% at 0 rpm
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Deionized water

2021 PEGMA TFEMA 340.46 BSA 60 min, /, 31.91% surface washing,
91.49%
Deionized water
Pump oil/water
20221 PA PFOC 28.5 8h,/,9.5% surface washing,
emulsion
97.9%
Discontinuous
PVDF-
silicon-island
CTFE
structure Soybean Alkaline solution
membrane
202216 constructed 140 oil/water 3h,/,19.6% agitation cleaning,
modified
by SiO2 emulsion 99.3%
by itaconic
nanoparticles
acid
and PDMS
Deionized water
202417 PEGMA PHFBM 325 BSA 2h, /, 58% surface washing,

92.8%




Deionized water
202418 TEOA POTS 6.6 BSA 4h, /,28.47% surface washing,

99.06%

PEGMA: Poly(polyethylene glycol methacrylate); PHFBM: Polyhexafl uorobutyl methacrylate; PEG: Polyethylene glycol; PSPP: Poly[3-(Methacryloylamino)propyl]-
dimethyl(3-sulfopropyl)ammonium hydroxide; PEO: Poly(ethylene oxide); PDMS: Polydimethylsiloxane; HFBM: 2,2,3.4.4 4-hexauorobutyl methacrylate; TFOA:
3,3,4,4,5,5,6,6,7,7,8,8,8-trideca-fluorooctyl acrylate; PFSA: Perfluorosulfonic acid; PEI: Polyethylenimine; TA: Tannic acid; PMEDSAH: Poly[2-(methacryloyloxy)ethyl-
dimethyl-(3-sulfopropyl) ammonium hydroxide]; PTFEMA: Poly(2,2,2-trifluoroethyl methacrylate); TFEMA: Trifluoroethyl methacrylate; PHFB: Poly(hexafluorobutyl

methacrylate); TEOA: Triethanolamine; POTS: Perfluorooctyltrimethoxysilane.
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Supplementary Table 12 Comparison of reported hydrophilic membrane performances

Fouling duration,

Report Hydrophilic substances - Membrane permeability Cleaning methods, flux
Model foulants stirring speed (rpm),
date zwitterionic copolymer (Lm?h'bar) recovery rate (FRR)
flux decline rate (FDR)
Deionized water
2007% PEO-g- PAN 159 BSA 24 h, 500, 35%
backwashing, 100%
6.5 h, cross-flow Deionized water surface
2017% MPC 4.74 Real textile wastewater
filtration, 11% washing, 100%
High concentration mixture of 6.5 h, cross-flow Deionized water surface
2017% MPC 4.74
EfOM components filtration, 8% washing, 100%
Deionized water surface
2017% SBMA 5.83 BSA 24 h,/, 13%
washing, 99%
12 h, cross-flow Deionized water surface
2018% PAES-co-SBAES 2.5 BSA
filtration, 10% washing, 94%
P(TFEMA-OEGMA- Deionized water surface
20207 3.1 BSA 40 h, /, 18%

AHPMA)

washing, 99%
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Deionized water
2021% DMAPAPS 364 HA 30 min, /, 46%
backwashing, 98.1%
Deionized water surface
202325 MPC/QDMA 2554 BSA 30 min, /, 65%
washing, ~100%
Deionized water surface
202426 SBMA 1000 BSA 2h,/,60%
washing, 88%
Deionized water surface
202427 MDSA-PEGDA hydrogel 246 BSA 3h,/,33.3%
washing, 80%
Deionized water surface
202528 P(4VP-co-MPC) 150 BSA 30 min, /, 23.1%
washing, 95.3%

SBMA: Sulfobetaine methacrylate; MPC: 2-methacryloyloxyethyl phosphorylcholine; PAES-co-SBAES: Poly(arylene ether sulfone-co-sulfobetaine arylene ether sulfone);
P(TFEMA-OEGMA-AHPMA): poly(trifluoroethyl methacrylate-co-oligo-(ethylene glycol) methyl ether methacrylate-co-(3-azide-2-hydroxypropyl methacrylate)) ;
DMAPAPS : Sulfonated 3-Dimethylaminopropylamine; MPC/QDMA: Methacryloyloxyethyl phosphorylcholine/ 2-(methacryloyloxyethyl)trimethylammonium iodide;
MDSA: [2-(Methacryloyloxy) ethyl] dimethyl-(3-sulfopropyl) ammonium hydroxide; PEGDA: Poly (ethylene glycol) diacrylate P(4VP-co-MPC): Poly(4-vinylpyridine-co-

methylacryloxyethyl phosphocholine).
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Supplementary Fig. 11 Variations in membrane flux of CD/PDMS@Ms and Synder Filtration MQ membrane with feeds of
untreated Songhua River in 72-hour cross-flow ultrafiltration, the baseline flux refers to the stabilized membrane flux after
30 minutes of operation. The rcpppms of B-CD/PDMS@M and y-CD/PDMS@M were 0.40 and 0.27, respectively.
Experiments were conducted at 20 °C with a transmembrane pressure of 1.0bar and a tangential flow velocity of

approximately 0.12 m/s when the membrane flux was 500 L-m=2-h'!.
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Supplementary Fig. 12 SEM image of probe loaded with BSA-modified SiO, microspheres.
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Supplementary Fig. 13 Graphical loading routes of CD/PDMS PPRs on base membrane.
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