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EXPERIMENTAL PROCEDURES 

Materials:  

All solvents and reagents were commercially available and used without further purification. All experiments were 

performed at ambient temperature and Milli-Q water was utilized. Linker (L) (Scheme 1) was synthesized utilizing 

previous reported protocol.1 Arsenic and selenium salts are toxic in nature and proper protective gear (masks, 

gloves) is always to be used. 

Synthesis of iMOF-3C: 

Solvothermal reaction of linker L (8.86 mg, 0.02 mmol) and NiSO4
.xH2O (8.42 mg, 0.03 mmol) in a solvent combination 

of DMF:water (2:1) was performed in a teflon lined vessel and heated at 130 C for 48 h and then was cooled down to 

ambient temperature over 12 h. Hexagonal shaped crystals were separated from mother liquor by filtration and washed 

with DMF, water to remove any unreacted precursors followed by drying in air. Yield 8.8 mg; % yield with respect to 

linker 62%.   Elemental Analysis:  Calc. - C/H- 15.31 ; C/N- 3.30 ; C/S - 10.11 ; Found C/H- 15.18; C/N- 3.23; C/S- 10.1 

For capture studies, the pristine MOF was exchanged with MeOH for 24h and thereafter activated in vacuum and was 

utilized as it is for capture experiments. 

Stability studies of iMOF-3C: 

For PXRD, FT-IR studies 30 mg of iMOF-3C was exposed 30 ml of different pH solution conditions including pH = 4, pH 

= 7, pH = 9 and pH =10 for 12 h and 10 days respectively. The solid samples were filtered and were used for 

measurements. For ICP spectroscopic analysis: 2 mg compound was exposed to 2 ml solution of various pH conditions 

including pH = 4, pH = 7, pH = 9 and pH =10. After 12 h and 10 days, dispersed solutions were centrifuged and solution 

was taken out and Ni(II) content was analyzed by ICP spectroscopy which would correspond to any decomposition. 

Uptake of oxoanions of Se(IV)/Se(VI)/As(V) 

All sorption experiments of iMOF-3C for oxoanions of Se(IV)/Se(VI)/As(V) were performed at room temperature. 

Aqueous solutions of oxoanions (50 ppm-1000 ppm) of Se(VI)/ Se(IV)/As(V) were prepared by dissolving their 

corresponding salts Na2SeO3, Na2SeO4, Na2HAsO4.7H2O in milli-Q water. The uptake studies were performed by batch 

experiments wherein 2 mg of iMOF-3C was dispersed in 2 ml (V/m = 1000 mL/g) aqueous solution of oxoanions of 

Se(VI)/Se(IV)/As(V) and the mixture was stirred in vortex to ensure maximum contact. After 24 h, the solutions were 

centrifuged and solutions were diluted further with 2-3% HNO3 acid solution for ICP spectroscopic analysis. The ICP 

measurements were performed three times. 

The adsorption capacity was determined by the following formula2: Q = (Co - Cf )  V/m where Co and Cf are the initial 

and final concentration of elements in solution, V is the volume of solution and m is the mass of sorbent material. The 

sorption isotherm was fitted using Langmuir isotherm model3 with the following equation: 



(1) Langmuir adsorption Model: Mathematical equation: qe =qm (KLCe/(1+ KLCe) wherein qe represents equilibrium 

sorption capacity in mg/g, qm represents theoretical maximum sorption capacity with monolayer coverage, KL represents 

langmuir constant (L/mg), Ce represents the equilibrium concentration.  

Sorption kinetics of iMOF-3C towards oxoanions of Se(IV)/Se(VI)/As(V) 

Sorption kinetics experiments was performed by exposing 5 mg of iMOF-3C to 5 ml of 10 ppm aqueous solution of 

oxoanions of Se(IV)/Se(VI)/As(V). The solutions were stirred on vortex to ensure sufficient contact time. At specific 

intervals ranging from 10 min to 1800 min, suspensions were centrifuged for 2 mins at 7800 rpm and were diluted with 

2-3% HNO3 acid solution for further analysis by ICP spectroscopy. 

The kinetics data was fitted with different kinetic model3 using the following equations: 

(1) Pseudo first order kinetic model: 

ln(qe−qt) = ln qe − k1t. 

(2) Pseudo Second order kinetic model:  

t/qt = 1/K2qe
2 + t/qe 

wherein qe is the amount adsorbed by sorbent after equilibration, qt is the amount adsorbed by sorbent at time t, K1 

(min-1) and K2 (g/mg min-1) is the equilibrium rate constants of pseudo first order and second order rate constant. 

Low concentration (1 ppm) kinetic experiments were performed by exposing 6 mg of iMOF-3C to 6 ml aqueous solution 

of Se(IV)/Se(VI)/As(V) respectively. The solutions were stirred on vortex to ensure sufficient contact time and at specific 

time intervals ranging from 2 min-180 min, and 24 h. Further, the suspensions were centrifuged for 2 min at 7800 rpm. 

The solution was taken out and were analyzed further using ICP spectroscopy.   

The % removal was calculated by the following equation: 100 %  (Co - Cf)/ Co. The distribution coefficient (Kd) was 

calculated based on the following equation3 [{(Co - Cf) / Cf)  V}/m].  

Low concentration kinetics of iMOF-3C towards mixture of oxoanions of Se(IV)/Se(VI)/As(V)  

Stock solution was prepared with effective concentration of Se(IV)/Se(VI)/As(V) 1 ppm and 10 ppm each. 6 mg of 

iMOF-3C was exposed to 6 ml aqueous solution containing mixture of Se(IV)/Se(VI)/As(V). The solutions were stirred 

on vortex to ensure sufficient contact time and after 24 h, the suspensions were centrifuged for 2 min at 7800 rpm. The 

solution was taken out and were analyzed further using ICP spectroscopy.  

 



Competing ion studies of iMOF-3C towards capture of oxoanions of Se(IV)/Se(VI)/As(V) in presence of Cl–, NO3
–, 

SO4
2–, CO3

2– 

Competing ion experiments was performed by exposing 2 mg of iMOF-3C to 2 ml solution containing 1 ml of 20 ppm 

aqueous solution of oxoanions of Se(IV)/Se(VI)/As(V) and 1 ml 20 ppm solution of Cl–, NO3
–, SO4

2–, CO3
2– with an 

effective concentration  10 ppm. The solutions were stirred on vortex to ensure sufficient contact time and after 24 h, 

suspensions were centrifuged for 2 min at 7800 rpm and were diluted with 2-3% HNO3 acid solution for further analysis 

by ICP spectroscopy. 

For higher concentrations of competing ion, 2 mg of iMOF-3C was exposed to 1 ml of 10 ppm solution of respective 

aqueous solution of Se(IV)/Se(VI)/As(V) and 1 ml aqueous solution of SO4
2–, CO3

2– at higher concentration  ratios of 

100 ppm ,1000 ppm and 10000 ppm. After 24 h, the solutions were centrifuged and were diluted with 2-3% HNO3 acid 

solution for further analysis by ICP spectroscopy. 

Real-time stability test for oxoanion of Se(IV), Se(VI) and As(V) 

The solid samples exposed to various pH conditions for 10 days were further tested for their capability to capture 

oxoanions of Se(IV), Se(VI) and As(V). For this 2mg of exposed samples as well as pristine samples were exposed to 2 

ml of toxic oxoanion solution containing mixture of Se(IV), Se(VI) and As(V) at two different concentrations of 1000 ppb 

and 10 ppm each. The solutions were stirred on vortex for 24 h to ensure sufficient contact time and after 24 h, 

suspensions were centrifuged for 2 min at 7800 rpm and solution was further analysis by ICP spectroscopy. The uptake 

performance of iMOF-3C was compared against pristine samples under the same conditions. 

Uptake towards oxoanions of Se(IV), Se(VI) and As(V) in real-time conditions 

For real-time analysis, Mutha river water (From Pune, India) was spiked with 1000 ppb of Se(IV)/Se(VI)/As(V) each. 6 

mg of iMOF-3C to 6 ml of this spiked solution. The solutions were stirred on vortex for 24 h to ensure sufficient contact 

time and after 24 h, suspensions were centrifuged for 2 min at 7800 rpm and solution was further analysis by ICP 

spectroscopy.  

Physical Measurements 

Powder X-ray diffraction patterns were recorded on Bruker D8 Advanced X-Ray diffractometer using Cu Kα radiation 

(λ= 1.5406 Å) in 5° to 40° 2θ range with a scan speed of 1.2° min-1. The IR Spectra were acquired by using NICOLET 

6700 FT-IR spectrophotometer using KBr pellet in 400-4000 cm-1 range. Transmission electron microscopy (TEM) 

images and high resolution TEM (HRTEM) images are captured by using a UHR FEG-TEM, JEOL JEM 2200FS field 

emission transmission electron microscope operated at 200 kV. The SEM images & EDX data were obtained using FEI 

Quanta 3D dual beam ESEM. Thermogravimetric analysis profiles were recorded on Perkin-Elmer STA6000, TGA 

analyzer under N2 atmosphere with heating rate of 10 °C/min. ICP-AAS analysis were performed on Thermo Scientific 

iCE 3000 Series. ICP-MS was performed on Quadrupole inductively coupled plasma mass spectrometry (Q‐ICP MS; 



Thermo Scientific iCAP Q) instrument. ICP-AES analysis was performed on ARCOS, Simultaneous ICP Spectrometer. 

Multi-element standards were purchased from in-organic ventures. X-ray Photoelectron Spectroscopy (XPS) studies 

were performed using K-Alpha+ model (Thermo Fischer Scientific, UK) with Al Kα source ( = 1486.7 eV). The XPS 

spectra were corrected considering carbon C1s spectrum as standard. The standard peak position of C1s was taken at 

284.6 eV and accordingly each element specific scans (short/high – resolution scans) were corrected. The data fitting 

was done using XPSPEAK41 software. During fitting Shirley background was considered and peak shape was 

optimized by appropriately adjusting Gaussian to Lorentzian ratio. 

X-ray Structural Studies: 

Single-crystal X-ray data of compound iMOF-3C was collected at 100 K on a Bruker D8 Venture Duo X-ray 

diffractometer equipped with Microfocus X-ray source (operated at 50 W; 50 kV/1 mA), graded multilayer optics for 

monochromatic Mo Kα radiation (λ = 0.71073 Å) focused X-ray beam and Photon 100 CMOS chip-based detector 

system. Crystal was mounted on nylon CryoLoops (Hampton Research) with Paraton-N (Hampton Research). The data 

integration and reduction were processed with SAINT soft-ware.4 A multi-scan absorption correction was applied to the 

collected reflections.5 The structure was solved by the direct method using SHELXTL6-7 and was refined on F2 by full-

matrix least-squares technique using the SHELXL-2014/78 program package within the WINGX9 programme. All non-

hydrogen atoms were refined anisotropically. All hydrogen atoms were located in successive difference Fourier maps 

and they were treated as riding atoms using SHELXL default parameters. The structures were examined using the 

Adsym subroutine of PLATON to assure that no additional symmetry could be applied to the models. The SQUEEZE 

option10 was used to eliminate the contribution of disordered guest molecules and sulphate anions.  

CCDC 1990643 (iMOF-3C) contains the supplementary crystallographic data for this paper. These data can be obtained 

free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

DFT calculations: 

Periodic geometric optimization and the static binding energies for each anion in iMOF-3C frameworks were calculated 

using density functional theory (DFT) as implemented in the software package VASP 5.4.4.11 It is well-known that 

standard DFT methods based on generalized gradient approximation do not fully account for the long-range dispersion 

interactions between the framework and the bound adsorbates. To accurately estimate static binding energies for each 

ani-on with the framework, we implemented dispersion corrections using DFT-D3 method12. Electron exchange and 

correlation were described using the generalized gradient approximation Perdew, Burke, and Ernzerhof (PBE)13 form 

and the projector-augmented wave potentials were used to treat core and valence electrons14. In all cases, we used a 

plane-wave kinetic energy cutoff of 800 eV and a Gamma-point mesh for sampling the Brillouin zone. The ionic 

coordinates were relaxed until the Hellman-Feynman ionic forces were less than 0.01 eV/Å. The lattice parameters were 

fixed at the experimental values.  

Electrostatic Potential Surface (ESP): 



Density functional theory (DFT) computations were performed using the Gaussian program15 to derive the ESP surface 

of iMOF-C3 cluster model. Based on the periodic DFT optimized structure of iMOF-C3, two different cluster models 

which contains one Ni2+ cation and six linkers were constructed. Each linker contains one imidazole ring and one 

benzene ring and the terminal sp3 carbon atom of each linker was saturated by H atoms. Geometry optimization of 

fragment were carried out in the liquid phase at (SMD)B3LYP-D3/SDD~6-31G(d) level. The SMD implicit solvent 

model16 with water as the solvent was used to include the solvation effects. The hybrid B3LYP exchange-correlation 

functional17-18 combined with the D3 version of Grimme’s dispersion19 were employed. The Stuttgart/Dresden relativistic 

effective core potential and the associated valence basis set (SDD) were applied for Ni20-21, while the 6-31G(d) basis 

sets were used for C, H, O, and N22. During optimizations, the Ni2+ cations, the N and C atoms of the imidazole rings, 

and the terminal sp3 carbons were fixed. The electrostatic potential (ESP) on the van der Waals (VDW) surfaces 

(isodensity = 0.001 a.u.) of iMOF-3C fragment was derived based on its ground state electron density. 

Simulated Annealing:  

The lowest energy configuration of each anions in the primitive cell of iMOF-C3 MOF structure was obtained from the 

classical simulated annealing technique using classical force field as implemented in sorption module in Materials 

Studio.23 The framework atoms are kept frozen during simulation. The interactions of gas-adsorbent and gas-gas were 

modeled as a combination of pairwise site-site Lennard-Jones (LJ) and Coulombic potentials. The LJ potential 

parameters of both the framework atoms and the adsorbates are adopted from the Universal force field (UFF).24 The 

charges for the framework atoms were as-signed based on the Qeq charges as implemented in Materials Studio 

package. DFT optimization was per-formed on each anion using Dmol3 23 module. The Becke exchange plus Lee-Yang-

Parr correlation functional and all-electron core potentials were used. The double-ξ numerical polarization (DNP) basis 

set was adopted, which is comparable to the 6-31G(d,p) Gaussian type basis set. The DNP basis set incorporates d-

type polarization into heavier atoms and p-type polarization into hydrogen atoms. Electrostatic potential charges were 

assigned to each anion based on the DFT optimised model. 

In the simulated annealing method, the temperature was lowered stepwise, allowing the gas molecule to reach a 

desirable configuration based on different moves such as rotation, translation and repositioning with pre-set probabilities 

of occurrence. This process of heating and cooling the system was repeated in several heating cycles to find the local 

minima. Forty heating cycles were performed where the maximum temperature and the final temperature were 105 K 

and 100 K, respectively. 

 

 

 

 



Binding Energies:  

The initial location of the anion in the primitive cell of iMOF-C3 was obtained from the classical simulated annealing 

technique as described above. Static binding energies (ΔE) at 0 K in vacuum were calculated using the following 

expression 

∆E= E(MOF+Anion) - E(MOF+) - EAnion 

where Ex refers, respectively, to the total energies of the MOF + Anion complex, the charged MOF+ alone, and the 

anion molecule respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

FigureS1: Schematic representation showing synthesis for iMOF-3C. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2: Photographs of parent framework viz. iMOF-3C, a) Bulk and b) single 

crystal under optical microscope. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3: ORTEP diagram of asymmetric unit of pristine MOF. 

 

 

 



 

 

Figure S4: Packing diagram showing two dimensional layered structure of iMOF-3C 

and a single net showing coordination of linker(L) with Ni(II) nodes.(H-atoms omitted 

for clarity). 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Figure S5: Coordination environment of the Ni(II) metal center.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S6: Packing diagram depicting one dimensional porous voids.(Disordered 

SO4
2- anions, hydrogen atoms and solvent have been omitted for clarity). 



 

 

 

 

 

 

 

 

 

 

 

Figure S7: Packing diagram showing aperture of the porous channels. (Disordered 

SO4
2- anions, hydrogen atoms and solvent have been omitted for clarity). The 

dimension of the voids excluding the Van der Walls radii is 6.6  4.89 Å2. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8: XPS fitting profile for sulphur (S 2p) in iMOF-3C. 

 



 

 

 

 

 

 

 

 

 

 

 

Figure S9: FT-IR spectra for pristine iMOF-3C showing peak corresponding to SO
2- 

anion. 

 

 

 

 

 

 

 

 

 

 



 

Figure S10: (a) PXRD spectra for simulated and pristine iMOF-3C. (b), (c): Zoomed 

view of the PXRD spectra.  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Figure S11: Thermogravimetric analysis for pristine iMOF-3C. 

 

 

 

Figure S12: FESEM, TEM, HRTEM (Lattice fringes) images for pristine iMOF-3C. 

 

 



 

 

 

Figure S13: Optical microscopy images of pristine iMOF-3C dipped in various 

media. 

 

 

 

Figure S14: FESEM images of pristine iMOF-3C post-treatment in various media for 

12 h (a) pH=7, pH=9, pH=10. 

 



 

 

 

 

 

 

 

 

 

 

 

Figure S15: PXRD spectra of pristine iMOF-3C post-treatment in various media for 

12 h. 

 

 

 

Figure S16: Optical microscopy images of pristine iMOF-3C dipped in aqueous 

solution of toxic oxo-anions viz. SeO3
2-, SeO4

2-, HAsO4
2-. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S17: PXRD spectra for simulated iMOF-3C, pristine and SeO3
2-, SeO4

2-, 

HAsO4
2-exchanged phases. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Figure S18: FESEM images for pristine MOF exposed to an aqueous solution of 

SeO3
2-, SeO4

2-, HAsO4
2-.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S19: EDX mapping profile and spectra for pristine MOF exposed to an 

aqueous solution of SeO3
2–.  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S20: EDX mapping profile and spectra for pristine MOF exposed to an 

aqueous solution of SeO4
2–..  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S21: EDX mapping profile and spectra for pristine MOF exposed to an 

aqueous solution of HAsO4
2–.  

 

 



Figure S22: Kinetic profiles of iMOF-3C towards of oxo-anion of Se(IV), Se(VI), 

As(V) at 1 ppm. (a) Concentration of Se(IV), Se(VI), As(V) as a function of time. (b) 

% removal plot as a function of time. 

 

 

 

 

Figure S23: Bar diagram depicting removal of mixture of oxo-anions of 

Se(IV)/Se(VI)/As(V) at (a) High concentration 10 ppm. (b) Low concentration 1000 

ppb. 

 

 

 



Figure S24: Kinetic profiles of iMOF-3C towards of oxo-anion of Se(IV) at 10 ppm. 

(a) Pseudo-second order fitting model. (b) Sorption capacity with respect to time.  

  

 

Figure S25: Kinetic profiles of iMOF-3C towards of oxo-anion of Se(VI) at 10 ppm. 

(a) Pseudo-second order fitting model. (b) Sorption capacity with respect to time. 

 

 



 

Figure S26: Kinetic profiles of iMOF-3C towards of oxo-anion of As(V) at 10 ppm. 

(a) Pseudo-second order fitting model. (b) Sorption capacity with respect to time. 

 

 

 

 

 

 

 

 

 

 



 

Figure S27: Comparative Kinetic profiles of iMOF-3C towards of oxo-anion of 

Se(VI), Se(IV), As(V) at 10 ppm. (a) Change in concentration of oxo-anions as a 

function of time. (b) Sorption capacity with respect to time. (c) % removal plot as a 

function of time. (d) Pseudo-second order fitting model.  

 

 

 

 

 

 



Figure S28: Zoomed View of Comparative Kinetic profiles of iMOF-3C towards of 

oxo-anion of Se(VI), Se(IV), As(V) at 10 ppm. (a) Change in concentration of oxo-

anions as a function of time. (b) Sorption capacity with respect to time (c) .% removal 

plot as a function of time. (d) Pseudo-second order fitting model.  

 

 

Figure S29: Kinetic profiles of iMOF-3C towards of oxo-anion of As(III). (a) 

Concentration of As(III) as a function of time. (b) Sorption capacity with respect to 

time. (c) % removal plot as a function of time (y-axis is divided by 100). 

 



 

 

Figure S30: Concentration dependent sorption profiles of iMOF-3C towards of oxo-

anion of Se(VI), Se(IV), As(V) and corresponding Langmuir linear fitting model. 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S31: Comparative uptake profiles for capture of oxo-anions viz. 

Se(IV)/Se(VI)/As(V) in presence of higher concentration of competing ions. 

 

 

 

 

 

 



Figure S32: (a) PXRD profiles for iMOF-3C dipped in various pH for 10 days and 

pristine phase (without treatment). (b), (c) Comparative uptake profiles for capture of 

oxo-anions of Se(IV)+Se(VI)+As(V) at different pH and concentrations (1000 ppb 

and 10 ppm each) by iMOF-3C with pristine phase (without treatment) 

 

 

 

 

 

 

 

 

Figure S33: Comparative uptake profiles for capture of oxo-anions viz. 

Se(IV)/Se(VI)/As(V) at different pH by iMOF-3C. 



 

 

 

 

 

 

 

 

 

 

Figure S34: Comparative PXRD spectra for pristine iMOF-3C dipped in River Water.  

 

 

 

 

 

 

 

 

 

 

 

Figure S35: FESEM spectra for pristine iMOF-3C dipped in River Water.  

 

 

 



 

 

 

 

 

 

 

 

 

 

Figure S36: Bar diagram depicting removal of mixture of oxo-anions of 

Se(IV)/Se(VI)/As(V) at 1000 ppb in river water. 

 

 

 

 

 

 

 

 

 

 

 

Figure S37: FT-IR spectra for pristine MOF exposed to an aqueous solution of oxo-

anions viz. SeO3
2-, SeO4

2-, HAsO4
2-.  

 

 

 



 

 

 

 

Figure S38: TEM images and TEM-EDS spectra for pristine MOF exposed to an 

aqueous solution of SeO3
2-. SeO4

2-, HAsO4
2- (1000ppm).  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Figure S39: XPS spectra for pristine MOF exposed to an aqueous solution of oxo-

anions viz. SeO3
2.  

 

 

 

 

 

 

 

 

 

 

 

Figure S40: XPS spectra for pristine MOF exposed to an aqueous solution of oxo-

anions viz. SeO4
2-.  

 

 



 

 

 

 

 

 

 

 

 

 

 

Figure S41: XPS spectra for pristine MOF exposed to an aqueous solution of oxo-

anions viz. HAsO4
2-.  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S42: Electrostatic Potential (ESP) diagram of two different part of framework 

in iMOF-3C.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S43: Optimized structures and corresponding zoomed view showing 

hydrogen bonding interactions of iMOF-3C with different anions and binding 

energies. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S44: Static binding energies for various anions in iMOF-3C framework 

calculated using density functional theory (DFT). 

 

 

 

 

 

 

 

 

 

 

 



 

Table S1: Comparison of unit-cell parameters for pristine iMOF-3C and 

corresponding anion exchanged products viz. iMOF-3C-SeO
2-, iMOF-3C-SeO

2-, 

iMOF-3C-HAsO
2-. 

 

 

 

Table S2: Concentration of Ni(II) ion in the supernatant of various media as recorded 

by ICP-MS. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3: Concentration of Ni(II) ion in the supernatant of iMOF-3C exposed to toxic 

oxo-anions of Se(IV)/Se(VI)/As(V)/As(III) as recorded by ICP-MS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S4: Sorption kinetics data for uptake of Se(IV) by iMOF-3C at low 

concentration. 

 

 

 

 

 

 

 

 

 

 



Table S5: Kinetics Sorption kinetics data for uptake of Se(VI) by iMOF-3C at low 

concentration. 

 

 

 

 

 

 

 

 

 

 



Table S6: Sorption kinetics data for uptake of As(V) by iMOF-3C at low 

concentration. 

 

 

 

 

 

 

 

 

 

 



Table S7: Uptake performance of iMOF-3C towards oxo-anion of Se(IV)+Se(VI), 

As(V) at 10ppm.  

 

 

Table S8: Listing kinetic fitting parameters as obtained by pseudo-second order 

fitting model for oxo-anions of Se(IV)/Se(VI)/As(V) by iMOF-3C.  

 

 

 

 

 

 

 

 

 

 

 

 



Table S9: Comparative analysis of static binding energies in iMOF-3C framework 

calculated using density functional theory (DFT) and hydration energy from literature 

values. 

 

 

 
Table S10: Comparison for state-of-the-art materials available for capture of Se(IV) 

oxo-anion.  

 
 

 

 

 

 

 

 



Table S11: Comparison for state-of-the-art materials available for capture of Se(VI) 

oxo-anion.  

 

Table S12: Comparison for state-of-the-art materials available for capture of As(V) 

oxo-anion. 

 

 

 



Table S13.  Crystal data and structure refinement for iMOF-3C 

 

Identification code  iMOF-3C (CCDC - 1990643) 

Empirical formula  C54 H42 N14 Ni 

Formula weight  945.72 

Temperature  150(2) K 

Wavelength  0.71073 Å 

Crystal system  Trigonal 

Space group  R- 3: H 

Unit cell dimensions a = 16.012(3) Å = 90°. 

 b = 16.012(3) Å = 90°. 

 c = 25.633(5) Å  = 120°. 

Volume 5691(2) Å3 

Z 3 

Density (calculated) 0.828 mg/m3 

Absorption coefficient 0.289 mm-1 

F(000) 1476 

Crystal size 0.13 x 0.12 x 0.10 mm3 

Theta range for data collection 2.384 to 28.368°. 

Index ranges -21<=h<=21, -21<=k<=21, -34<=l<=29 

Reflections collected 30467 

Independent reflections 3159 [R(int) = 0.123] 

Completeness to theta = 25.242° 99.9 %  

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3159 / 0 / 105 

Goodness-of-fit on F2 0.907 

Final R indices [I>2sigma(I)] R1 = 0.07, wR2 = 0.26 

Extinction coefficient n/a 

Largest diff. peak and hole 2.246 and -0.779 e.Å-3 
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