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EXPERIMENTAL SECTION 

Synthesis of Amine-Functionalized Magnesium Ferrite Nanoparticles (MgFe2O4–NH2 NPs). 

MgFe2O4–NH2 NPs having ~90 nm diameters were synthesized by following our previous 

report.1,2  Generally, a mixture of 15 mmol of CH3COONa and 10.0 mL of ethylene glycol was 

heated to 100 oC for 15 min.  Subsequently, a solution containing 1 mmol of Mg(NO3)2·6H2O, 

2 mmol of Fe(NO3)3·9H2O, and 5.0 mL of ethylene glycol was added into the heated mixture.  The 

composite solution was continuously refluxed for 30 min followed by injection of 3.5 mL of 

ethanolamine.  After heating the solution at 200 oC for 12 h, the mixture was allowed to cool to 

room temperature.  The product was separated using an external magnet and washed with 

deionized water for several times and then ethanol.  The black powder was dried at 70 oC overnight. 
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Figure S1. (left) Digital photos and (right) UV-Vis spectra of (a) MB, (b) RhB, (c) NR, (d) IC, (e) 
CR, and (f) MO in single-component solution systems of dyes before and after adsorption at pH 
3–11.
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Figure S1. (cont.) (left) Digital photos and (right) UV-Vis spectra of (a) MB, (b) RhB, (c) NR, (d) 
IC, (e) CR, and (f) MO in single-component solution systems of dyes before and after adsorption 
at pH 3–11.
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Figure S2. Chemical structures of (a) NR and (b) MO. 
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Figure S3. The relative removal efficiencies of dyes in cationic/cationic and cationic/neutral 
binary dye solutions at pH ~7.
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Figure S4. Effect of initial concentration of CR solution on the removal of CR by APTES-
modified MgFe2O4@SiO2 NPs at pH ~6. 
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Computational Simulations of the Dipole Moments and Nitrogen Atomic Charges of IC and 
CR Dyes 

All computational calculations were performed using the Gaussian09 quantum chemical package3 

and visualized using Gaussview. The geometry optimizations in vacuum for IC and CR were 

performed by using the density functional theory (DFT) hybrid functional B3LYP with 6-31G(d,p) 

basis set.4,5 The total energy, highest occupied molecular orbital (HOMO) energies, lowest 

unoccupied molecular orbital (LUMO) energies, dipole moment (µ) of the molecular system were 

calculated by using the same level of theory as the ground-state properties. The electronic 

structures were investigated according to natural bond orbitals (NBO) analysis. Chemical hardness 

(h) was estimated from the HOMO and LUMO frontier molecular orbitals following the equation 

below: 

h  =   ELUMO - EHOMO 

where EHOMO and ELUMO is the HOMO and LUMO energies. 

 
Figure S5. The highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular 
orbital (LUMO) density of (a) IC and (b) CR molecules. 

Table S1. Quantum Chemical Descriptors of IC and CR Dyes 

Dye EHOMO (eV) ELUMO (eV) h (eV) µ (Debye) 

IC   –0.0265    0.0548 0.0812    0.0012 

CR   –0.0450    0.0358 0.0807    20.021 
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Table S2. Distribution of NBO Charges within Nitrogen-
Containing Functional Groups Involved in Hydrogen Bonding 
in CR and IC from DFT Calculations 

Dye: functional group Atomic charge of N atom 

IC: pyrrole N -0.5850  

 -0.5850 

CR: amine N -0.8446 

 -0.8437 

CR: azo N -0.2342 

 -0.2183 

 -0.2343 

 -0.2179 
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