Carboxymethyl-imidazolium O-vanillin Schiff base grafted into NH2-tagged MIL-101 (Cr) for effective removal of cupric ions from aqueous effluents
Moustafa A. Rizk a, Rana Yahya b, Raiedhah A. Alsaiari a,*, Mabkhoot A. Alsaiari a, Ahmed Shahat c, Reda F. M. Elshaarawy,c,d,*
a Department of Chemistry, Faculty of Science and Arts at Sharurah, Najran University, Sharurah 68342, Saudi Arabia. 
b University of Jeddah, College of Science, Department of Chemistry, Jeddah, Saudi Arabia. E-mail: Ryahiya@uj.edu.sa
c   Department of Chemistry, Faculty of Science, Suez University, 43533 Suez, Egypt. 
d  Institut für Anorganische Chemie und Strukturchemie, Heinrich-Heine Universität Düsseldorf, Düsseldorf, Germany. 

* Corresponding authors 
Email: reda.elshaarawy@suezuniv.edu.eg; raalsayari@nu.edu.sa


1. Chemicals
Chemicals were utilized just as they were provided, include 2-aminophthalic acid (NH2-H2BDC), O-vanillin (Sigma-aldrich Co., Germany), ZnCl2, , Cr(NO3)3·9H2O and CuCl2.2H2O  (Merk KGaA Co., Germany). 
2. Characterization 
Melting points were measured using a BÜCHI melting point B-540 apparatus; all melting points were measured in open glass capillaries and are uncorrected. FT-IR spectra were recorded on a BRUKER Tensor-37 FTIR spectrophotometer in the range of 400–4000 cm–1 as KBr disc with 2 cm–1 resolution. For signal intensities the following abbreviations were used: br (broad), sh (sharp), w (weak), m (medium), s (strong), vs (very strong).NMR-spectra were obtained with a BrukerAvance DRX200 (200 MHz for 1H) or BrukerAvanceDRX500 (125MHz for 13C) spectrometer with calibration to the residual proton solvent signal in DMSO-d6 (1H NMR: 2.52 ppm, 13C NMR: 39.5 ppm), CDCl3 (1H NMR: 7.26 ppm, 13C NMR: 77.16 ppm) against TMS (δ = 0.00 ppm) for 1H and 13C. Multiplicities of the signals were specified ass (singlet), d (doublet), t (triplet), q (quartet) or m (multiplet). The mass spectra of the synthesized compounds were acquired in the linear mode for positive ions on UHR-QTOF maXis 4G (BrukerDaltonics) and Bruker Ultraflex MALDI-TOF instrument equipped with a 337 nm nitrogen laser pulsing at a repetition rate of 10 Hz. The 2+ charge assignment of ions in ESI-MS was confirmed by the m/z = 0.5 difference between the isotope peaks (x, x+1, x+2). Peaks with chlorine showed the isotope ratio 35/37Cl = 75.8:24.2. For the mass spectral assignment: Peaks are based on 12C with 12.0000 Da and 35Cl with 34.968 Da. The XRD powder forms have been plotted on an Fe-filtered PAN analytical X'PERT PRO instrument CuK radiation (λ=1.5406 Å) 2θ from 5 to 50° and a temporal scanning of 0.3 second. UV-Visible spectra have been noted by using (HACH LANGE DR5000) UV-Vis spectrophotometry instrument. N2 adsorption and desorption behaviors have been measured at liquid nitrogen's boiling point (-196°C) on ASAP 2020 (Micrometrics, USA). The sample was prepared by subject to vacuum (5×10−3 torr) at 200oC in order to ensure a clean surface. The Brunauer-Emmett-Teller (BET) was measured using Brunauer-Emmett-Teller (BET) surface area and Barrett-Joyner-Halenda (BJH) pore volumes were measured. Scanning electron microscope (SEM) was carried on JEOL-JSM-6510 LV.

1.1. Synthesis of H2N-MIL-101(Cr)
[bookmark: _GoBack]A mild solvothermal process was used to prepare NH2-MIL-101(Cr) [1]. Slowly add 3.2 g of Cr(NO3)3·9H2O and 1.44 g of 2-aminoterephthalic acid to a 60 mL H2O solution with 0.8 g NaOH. After stirring at room temperature for 30 minutes, the mixture was transferred into a 100 mL Teflon-lined stainless-steel autoclave and kept at 150 ◦C for 12 hours. The mixture, following natural cooling, was collected by centrifugation at 7000 rpm for 2 min. The green powder was rinsed multiple times with water, DMF, and methanol, then dried overnight at 100 ◦C. Next, we obtained the activated NH2-MIL-101(Cr).














Table S1: Linear and non-linear mathematical formula for the adsorption isotherms and kinetic models used in this work (Experimental conditions: MILSB dose = 1.0 mg/mL, pH = 6, contact time = 45 min, T = 303 K) 
	Model
	Linear formula
	Non-linear formula

	Langmuir isotherm a
	
	

	Freundlich isotherm b
	
	

	Sips isotherm c
	
	

	Pseudo-1st-order kinetic d
	
	

	Pseudo-2nd-order kinetic d
	
	

	Intraparticle diffusion kineticd
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[bookmark: _ENREF_1][1] X. Li, Y. Pi, Q. Xia, Z. Li, J. Xiao, TiO2 encapsulated in Salicylaldehyde-NH2-MIL-101 (Cr) for enhanced visible light-driven photodegradation of MB, Applied Catalysis B: Environmental 191 (2016) 192-201.
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  a  q e   and  q max   are the amounts (mg/g) of the adsorbed   phosphate   ions per unit mass of membrane at equilibrium and to form amonolayer of  phosphate   ions on the  membrane surface,   respectively,  C e is the  residual phosphate ions  (mg/L) at equilibrium, and b is Langmuir coefficient (L/mg).      b  K f   and n are Freundlich adsorption coefficients .     c  K s  and n s   are Sips adsorption coefficients .   d   q t   and  q e   are the adsorption capacities (mg   g − 1 ) of the MPM at at time t (min) and equilibrium , respectively;  k 1   (min − 1 ),  k 2   (g mg − 1   min − 1 ), and  k id   (mg g − 1   min ‑ 0.5 )  are the adsorption rate constants for the Lagergren pseudo - 1 st - order, pseudo - 2 nd - order, and intraparticle diffusion kinetic models; C   (mg g − 1 ) is the  thickness of the boundary layer.    


