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Fig S1: Schematics of the filtration system used in the study; a) dead-end filtration mode and

b) crossflow filtration mode.
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Fig S2: Photograph of ECM/filter stack and their placement in the ECM cell.
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Fig S3: Photograph of the crossflow filtration system
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Fig S4: XPS spectrum of LIG filter with no PVA coating
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Table S1: Elemental composition of the composite membranes as per XPS data

BE FWHM Atomic Error  Mass Error
[eV] [eV] RSF conc. [%] [%] conc. [%]  [%]
Cls 284.00 5.26 0.28 70.8 1.52 63.5 2.02
LIG Ols 530.00 3.99 0.78 27.9 1.39 33.4 1.64
Filter S2p 163.00 6.63 0.67 1.3 0.86 3.1 2.02
BE FWHM Atomic Error  Mass Error
[eV] [eV] RSF conc. [%] [%] conc. [%]  [%]
LIG- Cls 283.00 4.05 0.28 75.7 0.73 70.4 0.78
PVA Ols 529.00 3.10 0.78 21.8 0.50 27.0 0.59
2%  Nls 397.00 3.22 0.48 24 0.72 2.6 0.78
BE FWHM Atomic Error  Mass Error
[eV] [eV] RSF conc. [%] [%] conc. [%]  [%]
LIG- Cls 282.00 4.06 0.28 77.2 0.73 72.0 0.78
PVA Ols 530.00 3.16 0.78 20.9 0.47 26.0 0.55
3%  Nls 397.00 2.86 0.48 1.9 0.73 2.0 0.80
BE FWHM Atomic Error  Mass Error
[eV] [eV] RSF conc. [%] [%] conc. [%]  [%]
LIG- Cls 282.00 4.07 0.28 75.9 0.62 70.6 0.66
PVA Ols 529.00 3.02 0.78 20.9 0.44 25.9 0.52
4%  Nls 397.00 3.93 0.48 33 0.57 3.6 0.62
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Fig S5: a) FTIR spectrum of LIG and LIG-PVA 4%; Contact angle of LIG filter with no PVA

coating.

sS4



Fig S6: SEM images at 500X magnification (inset 2500X magnification) of: a) LIG; b) LIG-
PVA2; ¢) LIG-PVA3; d) LIG-PVA4

Fig S7: SEM images of LIG-PVA4 at a) 100X; b) 1000X and 5000X magnifications

Text S1

The electrochemical characterization of LIG-PVA composites was also done using cyclic
voltammetry (CV), chronoamperometry (CA), and electrochemical impedance spectroscopy
(EIS). The CV and CA responses decreased, and the charge transfer resistance increased with

an increase in the level of PVA coating (Fig S8). The CV curve area is used to get the surface
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charge density (CD)'?(Fig S8a). The charge density of LIG-PVA composites was calculated
tobe 1.33, 1, and 0.66 x 10* uC.cm? for LIG-PVA2, LIG-PVA3, and LIG-PV A4, respectively.
The CA plots also showed a similar trend of decrease in CD with the increase in the level of
PVA coating (Fig S8b). The EIS data were used to obtain the Nyquist plot to see the effect of
PVA coating on the charge transfer resistance of the composites (Fig S8c). From the Nyquist
plot, it is observed that with the increase in the level of PVA coating, the semicircular arc is
increasing, with LIG-PVA2 showing the lowest semicircular arc, indicating the lower charge
transfer resistance. The stability of the LIG-PVA2 composite was also tested for 50 CV cycles
and showed only ~10% decrease in the CV response, indicating good stability of the ECMs

over the long-run (Fig S8d).
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Fig S8: Electrochemical characterization of LIG-PVA composite ECMs. a) Cyclic
voltammograms from -1.5 V to 1.5 V at 0.1 V.s! scan rate; b) chronoamperograms at 1.5 V;
¢) Nyquist plot for 1000 kHz—0.1 Hz frequency range with 10 mV rms amplitude and d) Cyclic
voltammograms of LIG-PVA2 UF ECM for 50 cycles from -1.5 V to 1.5 V at 0.1 V.s! scan
rate. All tests were done with three-electrode system with 0.05 M Na,SO, as the background

electrolyte. CD = current density.
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Fig S9: Rejection performance of LIG-PVA composite ECMs with different molecules
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Fig S10: a) Total filtration resistance (Ry,) for ECMs including resistance from membrane

R, reversible R, and irreversible fouling resistance (R;;); b) contribution of Ry,,, R;, and R;; in

total resistance.
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Fig S11: Comparison of UV and HPLC data for CIP removal at different voltages
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Fig S12: Comparison of UV and HPLC data for CIP removal at 2.5V and different pH values.

S8



@mPS100_UV PS250 UV PS500_UV
mPS100_HPLC mPS250 HPLC mPS500 HPLC

CIP Removal (%) _
&8 8 38 8

N
o

15 30 60 Feed_60
Time (min)

Fig S13: Comparison of UV and HPLC data for CIP removal at 2.5V with different persulfate

concentrations
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Fig S14: Long-run CIP removal performance of LIG ECM filtration at 2.5 V applied voltage.

S9



Table S2: Recent AOP-based removal studies of Ciprofloxacin

AOQP type or catalysts used Time Experimental conditions CIP conc. CIP removal Ref.
(%)
Co(NO;3),*6H,0 + PMS ~30 min reactions carried out in 250 mL beakers with CIP 20 mg.L"! 96.5 5
(20 mg.L-!, 100 ml) and PMS (0.04 g), initiated
by adding 10 mg of catalyst into the CIP solution.
HNO; + H,0, ~24h In 250 mL glass beaker 0.4 g.L'! of BC or HNO; 10 mg.L"! 93 6
modified-BC added into 50 mL of 10 mg.L-! CIP
solutions at 25 °C, amount of 30% H,0O, added (0,
1.0, 3.0 and 5.0 mmol/L), at pH 7).
Thiourea, Bi(NOj3);°5 H,0, ~75 min 100 mg photocatalysts and 100 mL CIP (5 mg.L- 5 mg.L! >95 7
and Na,WO,4*2H,0 + Xe 1 solution added to a 250 mL quartz reactor
lamp power: 500 W
Photo-Fenton: H,0, + Fe* ~90 min Two 15 W germicidal lamps with maximum 0.2 mg.L™! 80-95 8
emission at 254 nm as radiation source. Iron
citrate complex prepared in situ resulting in a
concentration of 10 uM. H,0O, was added to
obtain a concentration of 500 uM in the effluent.
Adsorption-Photo-Fenton. ~ 30 min Certain amount of catalyst was spiked into 100 20 mg.L-! 30-89 ?

mL of CIP solution (20 mg.L!) and stirred

vigorously. H,O, was added into above
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H,0,/(Fe**/Fe3")/Current

H,0,/(Fe"Fe!l LDH/CF)/Curr

ent

Medium-Pressure

Ultraviolet/Peracetic Acid

Photo Fenton

~90-150 min

90 min

~50 min

150 min

suspension and simultaneously, the visible light
source (300 W Xe lamp equipped with a UV-
cutoff filter (A>420 nm)) was applied

125 mL of 200 mg.L"! CIP solution containing
0.05 M Na,S0Oy, electrolyzed at current intensity
of 18 mA.cm 2 at pH 3. 4.0 cm x 5.0 cm RuO,/Ti
mesh electrodes used. In anodic oxidation (AO)
process, the anode and cathode were both 4.0 cm
x 5.0 cm RuO,/Ti mesh, while a 4.0 cm x 5.0 cm
ACF felt was attached to one of RuO,/Ti mesh
electrodes to act as cathode in EF process.

830 mL reactor with Fe''Fe!! LDH/CF as a
cathode and dimensionally stable anode (DSA,
Ti/RuO,—IrO,, 11 x 6 cm2) as an anode. Na,SOy4
was used as electrolyte, 500 mL 0.2 mM CIP
solution containing 50 mM Na,SOj,.

UV apparatus equipped with a 2.8 kW MPUV
lamp at scheduled time intervals, the water sample
was withdrawn from the petri dish and was
quenched with sodium thiosulfate .

3x36 L modules, water flow (58 L. min!) directly

200
mg.L™!

~66

mg.L™!

2 mg.L!

~0.001

~90

88

70-95

>95%

12

13
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Nanometric MnOOH + PMS

Plasma Fenton system

CuS/ZnO nanosheets/ H,O,

system

Hydrodynamic cavitation

with P-doped TiO, catalysts

360 min

30 min

60 min

120 min

from one module to another and finally to a 100 L
tank. Effluent was mixed with 10 mg L™! humic
acid. H,O, was added, and after another 15 min,
Fe SO, was added

PMS solution continuously added to the reaction
vessel using a peristaltic pump at 0.12 mL min!.
Parameters used pH (3, 7, and 10), MnOOH
dosage (0.5, 1.0, and 2.0gL"), and PMS
concentration (1, 2, and 4 g.L") were evaluated.
DBD plasma was optimally generated at an
applied power and airflow of 100 W and 20
L.min"!; operational frequency was ~ 22 kHz.
aqueous contaminant solution of 50 mL used,
addition of 30 mg (0.6 g L") of CS/ZO NSs and
50 uL (10 mM) of H,O, to start the reaction.
Initial pollutant 10 ppm, initial H,O, 10 mM,
catalyst 0.6 g. L', and initial anions 20 mM.
Batch experiments using 5 L of CIP,
photocatalytic experiments done with catalyst
dose of 0.5 g L', pH value 3-11. Three different
CIP concentrations (5, 10, 15 mg L"), and P/Ti

mg.L!

50 mg.L!

10 mg.L-!

10 mg.L!

5-15
mg.L!

>80-95

>92%

>99%

~91%

14

15

16

17
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UV/chlorine

novel FeS,/biochar catalyst-

based Fenton system

Zn-MOF + PMS

Present Study (ECM and
Fenton incorporated ECM)

10 min

20 min

60 min

15-60 min

molar ratios of 0.02, 0.04, 0.06.

CIP (50 uM) removal by UV/chlorine was
triggered with 100 mL samples, certain volume of
NacClO stock solution

FeS,/BC and H,O, were put into CIP solution.
Concentrations of CIP, FeS,/BC and H,0, were
30mg L', 1.5 g L-!, and 5 mM, respectively.

0.1 mM PMS was added into the reaction solution
that contain 10 mg.L-! of CIP. Reaction started
after 0.4 g-L~! of ZIF-65/PAN added

Applied voltage 2.5V, permeate flow rate ~100
LMH

~16.5
mg.L!

30 mg.L!

10 mg.L-!

10 mg.L,
0.5 mg.L-!

>73%

~97%

~89%

>70-90%

18

19

20

This
study
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Fig S15: SEM-EDS spectrum of LIG-PVA composite pre and post-filtration.

Table S3: EDS elemental composition of LIG-PVA composite pre and post filtration

LIG-PVA Element Weight % Atomic %
C 87.0 90.0
Pre-reaction O 12.9 10.0
Fe 0.2 0.0
C 56.3 69.8
Post-reaction O 28.0 26.1
Fe 15.7 4.2
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Fig S16: a) Total Fe concentration and b) Fe>*/Total Fe with time in crossflow filtration with
10 mg.L! CIP, PS100, Fel0, and 2.5V. ¢) Fe*/Total Fe in dead-end filtration mode with 10
mg.L-! CIP, PS100, Fel0, and 2.5V d) Fe?*'/Total Fe in dead-end filtration mode with ferric

chloride only at 2.5V.
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Fig S17: a) Raman and b) XPS spectra of LIG-PVA after filtration.

S15



+PS100+0V PS100+Fe10+0V

+PS100+2.5V +PS100+Fe10+2.5V
0 1 I I
0 20 40 60
Time (min)

Fig S18: Persulfate concentration with filtration time
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Fig S19: TOC removal by the ECM filtration system. CIP = 10 mg.L"'; PS100, Fel0, 2.5V.
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Fig S20: CIP removal in presence of scavengers at pH7, 2.5V and PS100
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Fig S21: CIP removal in presence of scavengers at pH7, 2.5V, PS100 and Fel0
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Table S4: Composition of synthetic municipal wastewater used in the study?!=24

Component Concentration (mg.L-")
Glucose 400+ 10
NaHCO; 24+5
K,;HPO, 18+5

NH,4CI 60+5
MgS0,.7H,0 72 +3
CaCl,.2H,0 40+3

Table S5: m/z values and the structure of degradation products of CIP

SI. No. m/z Structure
1 332 O O
ﬁN N
HN . A
2 306 O O
HN N
HoN A
|
ﬁN N
HN. A
4 263 O O
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