Efficient photo-adsorptive eradication of endocrine disrupting pesticides by chitosan co- decorated metal oxide bio-nanocomposite    
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S1. E factor calculation
E-factor = Kg (waste)/Kg (product)
Total amount of reactants: 6.45g (NiO) + 6.81g (ZnO) + 0.5g (Chitosan) + 4g (NaOH) = 17.76g 
Amount of final product (Chitosan-NiO@ZnO): 8.96g
Amount of waste: (17.76- 8.96) g = 8.8 g
E-Factor = Amount of waste/Amount of product = 8.8/8.96 = 0.98
S2. Statistical analysis
The kinetics study and statistical treatment of experimental data for the present application studies on removal of targeted pollutants by Chitosan- NiO@ZnO were performed empirically from asymptotical analysis by Sigma Plot Systat. Outcomes were in consistent with triplicate study. Microsoft excels program was employed for the calculation of standard deviation of the triplicates. Experimental significance was analyzed by comparing the results through beta coefficient (R2) and probability values (p-values). Fit equations were used for kinetics and adsorption data. 
S3.  Analytical techniques 
Synthesized materials were characterized with relevant techniques to understand their bonding, structure, size, and morphology. 
The crystalline structure of nanoparticles were performed by powder X-ray diffraction (PAN analytical instrument X-PRT PRO) having 1.5 Ǻ CuKa radiation between 10°-90° angle and 1°/min scan rate. Morphology, size, and shape of materials were analyzed using Field Emission Scanning Electron Microscope (FEI-Nova Nano SEM 450 microscope; Sydney) and Transmission Electron Microscope (Tecnai G2 20-S-TWIN; Netherland). Fourier Transform Infrared Spectroscopy (Agilent Cary 630 FTIR, Australia) was used to identify various functionalizations on the photocatalyst surface. Surface analysis (including pore width) was determined using Brunauer- Emmett- Teller (Nova touch LX2; USA), whereas surface charge and stability were calculated using Zeta-sizer (Malvern; United Kingdom). The UV spectrophotometer (Germany), X-ray photoelectron spectroscopy (ESCA+ Omicron Nano Technology; Sweden) and photoluminescence analysis (Perkin Elmer; USA) were used to calculate bandgap, elemental composition and oxidation state and capability of generation of photo-induced e-/h+ pairs, respectively.
S4. Details of Langmuir, Freundlich, Temkin, Sip and D-R isotherms used in present study
Adsorption data through Langmuir adsorption isotherms were calculated through graph of Ce/Xe v/s Ce of the solute. Which were calculated by fitting the adsorption data into the equation:

or

Xewas calculated through the equation:

Fruendlich Isotherm. 
A typical graph of Xe v/s Ce of the solute was a straight line.
and linear form is         
Where Ce is the equilibrium concentration of the pollutant solution; Xe is the amount of pollutant adsorbed per gram weight of adsorbent; Kf is the Freundlich adsorption constant (mg/g); n is adsorption intensity.
Temkin Isotherm:

Where B=RT/b constant related to heat of sorption (J/mol) obtained from the Temkin plot (qeVs lnCe); A (slope) = Temkin isotherm equilibrium binding constant (L/g); b (intercept) = Temkin isotherm constant; R =universal gas constant (8.314 J∙mol−1∙K−1) T = Temperature at 298, 308 and 318 K.
As Cevalues were very low, the lnCe values were coming out to be negative. Therefore, Temkin isotherm (Xe v/s lnCe) was not plotted for present study. 
Dubinin-Radushkevich (D-R) isotherm:


Where Xm is maximum adsorption capacity (mg/g) obtained from intercept; β (mol2/J2) is a activity coefficient constant related to sorption energy and obtained from slop; ε is Polanyi potential. D-R was plotted between lnXe Vs ε2
Sips Isotherm
It is plotted between 1/Xe ×10-2 (g/mg) and (1/Ce) ×10-8 L/mg; where (1/mg) and (mg/g) are the Sips equilibrium constant and maximum adsorption capacity values obtained from the slope and the intercept of the plot. The Sips isotherm equation is characterized by the dimensionless heterogeneity factor ‘n’ which can also be employed to describe the system’s heterogeneity when is between 0 and 1.



S5. Hypothetical role of plant extract
Various kinds of water soluble and insoluble biomolecules such as flavones, ketones, organic acids, aldehydes, quinines, proteins, terpenoids and amides are present in the extract (Shankar et al., 2004; Ghosh et al., 2020; Manik et al., 2020). Water soluble biomolecules oxidize NADH into NAD+ and releases electrons, which can be easily captured by metal ions and get metal ions being reduced (Ghosh et al., 2020; Bhuyan et al., 2015). After washing of these nanoparticles, the water- soluble part of the extract can be easily removed and the insoluble portion from micelles around the nanoparticles and removed after heating the nanoparticles. These micelles help to prevent the aggregation and nucleation of synthesized nanoparticles and get unbound on the muffled nanoparyicles (Elumalai et al., 2015) (Figure S1).    


[image: ]
Figure S1 Role of A.indica leaves extract for the synthesis and stabilization of metal nanoparticles.
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Figure S2 Calculated particle size of (a) NiO (b) ZnO (c) NiO@ZnO (d) Chitosan-NiO@ZnO
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Figure S3 UV-Vis reflectance spectra for band gap analysis of synthesized nanoparticles NiO, ZnO, NiO@ZnO and CS-NiO@ZnO 
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Figure S4 Reaction parameters (concentration of pollutants, catalyst dose and pH) for degradation of (i) MLT and (ii) γ-HCH respectively
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Figure S5 Zeta potential of synthesized nanoparticles (NiO, ZnO, NiO@ZnO and Chitosan NiO@ZnO)
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Figure S6 (a) Freundlich (b) Temkin (c) D-R model for adsorption of targeted drugs
Triplicate experiments (n=3) were evaluated for estimation of error bar 
Table S1: Physicochemical properties of targeted pesticides

	Drugs
	MLT
	γ-HCH

	Reaction kinetics
	K (h-1)
	t1/2 (h)
	R2
	p- values
	K (h-1)
	t1/2 (h)
	R2
	p- values

	Chitosan-NiO@ZnO
	1.45
	0.48
	0.96
	< 0.001
	1.34
	0.51
	0.97
	< 0.001

	NiO@ZnO
	1.08
	0.64
	0.96
	< 0.001
	0.93
	0.75
	0.96
	< 0.001

	ZnO
	0.56
	1.24
	0.95
	< 0.001
	0.44
	1.56
	0.93
	< 0.001

	NiO
	0.49
	1.41
	0.96
	< 0.001
	0.32
	2.16
	0.95
	< 0.001



Table S2: Rate constant (h-1) and half-life of pesticides at optimized conditions (concentration of pollutant, catalyst dose and pH)


	Pesticides
	Structure
	Molecular weight (g ml-1)
	Vapour pressure (m Pa)
	Log k ow
	Solubility (mg L-1)
	K oc
	Density (g L-1)
	t 1/2
	pka
	Surface tension

	Malathion
	[image: ]
	330.4
	5.3
	2.75
	145
	3093- 1800
	1.21
	1.65 days
	-6.8
	58.0

	Lindane
	[image: ]
	290.8
	4.4
	3.50
	10
	-
	1.88
	18 hours
	-
	72.1







Note: - Triplicate experiments (n=3) were evaluated for estimation of error bar (error =0.010 to 0.027).
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