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Figure S1(a-d) SEM images of OH-MoS2 nanosheet at various magnifications. 
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Figure S2 FTIR spectra of bulk MoS2 powder, polycarbonate support membrane and OH-MoS2 nanosheet dispersion coated over polycarbonate membrane.  
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Figure S3 Cross-sectional SEM images of (a) control PPA and OH-MoS2 PPA membrane. 
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Figure S4 2D and 3D AFM images of commercial XN 45 membrane. 
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Figure S5  Trends of normalized flux during 6 h fouling tests conducted under different divalent cation contents and NOM feed solutions for the commercial XN 45 membrane (a – d). 
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Figure S6 SEM images of fouled XN 45 membrane with (a) HA + 1 mM Ca2+ and (b) SA + 1 mM Ca2+
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Table S1 Comparison of the performance characteristics of prepared membranes with other 2D enabled TFN membranes.
	S.NO
	Nanosheet material
	Average size (s) and thickness (T) 
	Optimum concentration in (x) phase
	Pure water permeance of TFN membrane (L m-2 h-1 bar-1)
	Performance enhancement (%)
	Na2SO4 rejection (%)
	Ref

	
1
	
OH-MoS2
	
S = 60 – 90 nm
T = ~3.5 nm

	
0.010 wt% (A)
	
16.39
	
46.33
	
96.3
	
This work

	2
	O-MoS2
	S = 100 – 500 nm
T = 3.7 nm

	0.010 wt% (O)
	7.4
	147.62
	97.6
	(1)

	3
	O-MoS2
	S = 100 – 500 nm
T = 1.8 – 5 nm
	0.010 wt% (O)
	7.91
	154.34
	97.9
	(2)

	3
	S-MoS2
	T = 4 – 5 nm
	0.019 wt%  (A)
	6.78
	35.5
	98.8
	(3)

	4
	BN(NH2)
	S = 100-200 nm
T = 1.5 – 5nm
	0.004 wt% (A)
	13.88
	7.43
	68.93
	(4)

	6
	MAH-GO
	S = 400-800 nm
T = 1.3 nm
	0.006 wt% (A)
	8.22
	76.7
	97.6
	(5)

	7
	g-C3N4
	S = 300 – 400 nm
T = 1.4 – 1.6 nm
	0.010 wt% (A)
	10.2
	37.8
	92
	(6)



Table S2 Comparative performance of normalized flux and NOM removal of XN 45 and OH-MoS2 PPA membrane in the presence of detrimental levels of Ca2+ and Mg2+.
	Membrane ID
	NOM feed and concentration
	Normalized flux at the end of 6 h filtration tests
	DOC removal (%)

	
XN 45

	HA
	88.79
	83.64

	
	HA + 1 mM Ca2+
	80.38
	80.67

	
	HA + 1 mM Mg2+
	84.74
	81.52

	
	SA
	78.41
	91.06

	
	SA + 1 mM Ca2+
	69.74
	87.48

	
	SA + 1 mM Mg2+
	74.58
	89.79

	
OH-MoS2 PPA

	HA
	95.09
	89.26

	
	HA + 1 mM Ca2+
	90.52
	86.46

	
	HA + 1 mM Mg2+
	92.79
	88.16

	
	SA
	93.26
	93.46

	
	SA + 1 mM Ca2+
	86.58
	89.54

	
	SA + 1 mM Mg2+
	92.58
	90.71








	
Table S3 Zeta potential of humic acid and sodium alginate solution with different concentration of Ca2+ and Mg2+ measured at pH 7

	Concentration of cation (mM)

	HA Feed (8 mg L-1)
	SA Feed (8 mg L-1)

	0 mM Ca2+
	-31.48 ± 0.5 mV
	-40.5 ± 0.6 mV

	0.5 mM Ca2+
	-29.45 ± 0.4 mV
	-38.86 ± 0.8 mV

	1.0 mM Ca2+
	-26.49 ± 0.9 mV
	-32.49 ± 1.4 mV

	0.5 mM Mg2+
	-30.46 ± 1.1 mV
	-39.4 ± 0.9 mV

	1.0 mM Mg2+
	-28.46 ± 0.7 mV
	-37.5 ± 0.3 mV







Table S4 Relative flux recovery ratio of the membranes evaluated after water cleaning at the end of 6 h fouling experiments. 
	Membrane ID
	NOM and cation concentration
	Relative flux recovery ratio   
 Rre (%)

	Control PPA
	HA
	92.25

	OH-MoS2 PPA
	HA
	98.49

	Control PPA
	HA + 1 mM Ca2+
	81.54

	OH-MoS2 PPA
	HA + 1 mM Ca2+
	96.37

	Control PPA
	HA + 1 mM Mg2+
	88.46

	OH-MoS2 PPA
	HA + 1 mM Mg2+
	95.14

	Control PPA
	SA
	95.46

	OH-MoS2 PPA
	SA
	98.19

	Control PPA
	SA + 1 mM Ca2+
	80.46

	OH-MoS2 PPA
	SA + 1 mM Ca2+
	95.35

	Control PPA
	SA + 1 mM Mg2+
	85.46

	OH-MoS2 PPA
	SA + 1 mM Mg2+
	96.75



Table S5 Summary of studies evaluating impact of Ca2+ and Mg2+ on organic fouling performance of nanofiltration membranes 

	S.N0
	Feed water characteristics and membrane setup

	Inference from the study
	Ref.

	1
	NOM – Humic acid (8 mg L-1)
          – Sodium Alginate (8 mg L-1)
Cation – Ca2+ (0, 0.5 and 1.0 mM)
            – Mg2+ (0, 0.5 and 1.0 mM)

Membrane type: OH-MoS2 TFN membrane
Filtration pressure:  6 bar
System: Crossflow filtration (Sterlitech – CF042)
	· Presence of Ca2+ aggravated organic fouling through organic- Ca2+ complexation, reduction in membrane-foulant electrostatic repulsion and increasing foulant affinity for membrane surface. 
· Compared to Ca2+, Mg2+ caused less severe fouling. 
· Fouling by sodium alginate was more severe than humic acid.
· The irreversible fouling aggravated in the presence of cations.
· OH-MoS2 nanosheet modified membrane exhibited enhanced organic fouling resistance due to its engineered membrane surface properties.
 
	This study 

	2
	NOM – Sodium Alginate (200 mg L-1)
Cation – Ca2+ (0.5 mM)
           – Mg2+ (0.5 mM)

Membrane type: NF90
Filtration pressure:  8 bar
System: Crossflow filtration (Custom made)

	· Presence of Ca2+ aggravated organic fouling leading to dense gel layer formation reducing the normalized flux.
· Compared to Ca2+, Mg2+ caused less severe fouling
	(6)

	3
	
NOM – Humic acid (10 mg L-1)
          – Fulvic acid (10 mg L-1)
Cation – Ca2+ (2 mM)


Membrane type: TiO2 engineered NF membrane
Filtration pressure:  5 bar
System: Crossflow filtration (Custom made)

	· Membrane fouling is influenced by various factors such as feed water chemistry, membrane surface properties and the NF process parameters.
· HA and FA fouling in the presence of Ca2+ show increasing or decreasing trend depending upon the surface chemistry of membranes. 
· Contradictory results reported compared to the literature: hydrophilic membrane exhibited greater flux decline while hydrophobic membrane showed lower fouling.
· Complexation and bridging of NOM and membrane surface in the presence of cation promoted the deposition of foulants.  
	(7)

	4
	NOM – Sodium Alginate (50, 100, 150, 200 mg L-1)
Cation – Mg2+ (0, 1, 5, 10, 50 mM)


Membrane type: Commercial membrane
Filtration pressure:  2 bar
System: Crossflow filtration 
	· Presence of Mg2+ aggravated the fouling problems during filtration. 
· Thick and dense gel layer formation in the presence of Mg2+. 
· Mg2+ enhanced the crosslinking of alginate through its interaction with carboxylic and hydroxy groups and facilitated formation of large exopolymer structures causing intense membrane fouling. 
	(8)

	5
	
NOM – Sodium Alginate (1000 mg L-1)
Cation – Ca2+ (0, 0.5, 1, 1.5, 2, 2.5, 3, 4 and 6 mM)




Membrane type: Commercial PVDF membrane
Filtration pressure:  0.4  bar
System: Stirred cell dead end filtration 
	· Presence of Ca2+ in feed water significantly increased the fouling 
· The filtration resistance of the gel layer formed exhibited unimodal pattern with increasing content of Ca2+. 
· Initial calcium binding of alginate molecules was based on intermolecular interactions rather than intramolecular which is the key mechanism behind the changes in the micromorphology and specific filtration resistance of alginate gel with increase in Ca2+ content.  
	(9)

	6
	NOM – Humic acid (20 mg L-1)
Cation – Ca2+ (0, 2, 5 and 10 mM)
            – Mg2+ (0, 2, 5 and 10 mM)


Membrane type: Commercial DK membrane
Filtration pressure: 10  bar
System: Crossflow filtration (Custom made)

	· The results suggested contradictory behaviour with Mg2+ leading to severe flux decline and fouling compared to Ca2+.
· Mg2+ ions increased the hydrodynamic colloidal size of NOM causing dense membrane fouling compared to Ca2+ mainly attributed to the favourable specific charge and binding ability.  
	(10)

	7
	NOM – Sodium Alginate (1000 mg L-1)
Cation – Ca2+ (0, 1.5 and 6.0 mM)
          


Membrane type: TFN membrane
Filtration pressure:  0.4 bar
System: Stirred cell dead end filtration 
	· Remarkably high specific filtration resistance (SFR)of alginate gel complexing with 1.5 mM Ca2+ attributed to its impact on complexation of NOM and was explained according to thermodynamics of Flory-Huggins lattice theory. 
· At 6 mM Ca2+ the SFR reduced due to the effects of preferential intermolecular coordination and Flory-Huggins lattice theory. 

	(11)
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