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Experimental: 

Syntheis of CuBTC: The synthesis of CuBTC was performed as previously 

described.1 In short, an exact amount of H3BTC (2.0 mmol) and copper (II) nitrate trihydrate 

(3.65 mmol) was dissolved in 24 mL of a 1:1 (wt./wt.) mixture of H2O and CH3CH2OH, and 

magnetically stirred for 10 min. The resulting mixtures were loaded into a Teflon autoclave 

that was sealed and placed in a microwave oven (Mars-5, CEM, maximum power: 1200 W) 

to exploit the advantage of fast synthesis under microwave irradiations.2 After heating for 1.0 

h at 140 oC, the autoclave was allowed to cool to room temperature and the products were 

collected via centrifugation. The products were washed with a water/ethanol mixture to 

remove any unreacted trimesic acid and dried overnight at 100 oC.  

Syntheis of UiO-66: The synthesis of the MOF, UiO-66, was carried out 

solvothermally under conventional electric heating following a previous report3 with a few 

modifications. The detailed procedure for the synthesis of the MOF is as follows: ZrCl4 

(1.129 g), TPA (1.626 g), HCl (1.009 g) and DMF (27.04 g) were mixed in a molar ratio of 

1:2:2:76. The mixture was then transferred to a 100 mL Teflon-lined autoclave and heated in 

an electric oven for 24 h at 180 °C. After the synthesis, the solid product was filtered, washed, 

and purified by mixing with DMF and heating at 150 °C for 5 h. For 1 g of MOF, 50 mL of 

DMF was used in the purification process. The purified MOF was then filtered and dried in a 

vacuum oven at 150 °C for 12 h to remove the remaining DMF. 

Synthesis of MIL-101: MIL-101 was synthesized from Cr(NO3)3·9H2O, TPA and 

deionized water similar to a reported method.4 The reactants composition was 1.0 

Cr(NO3)3·6H2O : 1.0 TPA : 300 H2O. The precursor of 30 g was loaded in a Teflon-lined 

autoclave and put in a preheated electric oven at 210 oC for 8 h. After the reaction, the 

autoclave was cooled to room temperature and solid green-colored products were recovered 
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by filtration. After synthesis, the MOF was purified in three steps.5 In the first step, 1.0 g 

MIL-101 was added to 300 mL water and stirred magnetically for 5 h at 70 oC. Then the 

MOF was filtered and dried overnight in a drying oven. In the second step, the dried MOF 

was added to 250 mL ethanol; stirred magnetically at 60 oC for 3 h and then filtered. In the 

third step, the dried MOF from the second step was added to 150 mL 30 mM NH4F solution 

and stirred for 10 h at 60 oC. After that, it was filtered and washed at least five times with hot 

water and then dried in a drying oven again. Finally, the purified MIL-101 was dehydrated at 

150 oC overnight and stored in a desiccator. 

 

Adsorption experiments: All the adsorption capacities (mg/g) were calculated from 

the difference between final and initial concentrations of an adsorbate by using following 

equation: 
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Where, 

qt = adsorbed amount in time t (mg/g) 

Ci = initial concentration of the adsorbate (mg/ml) 

Cf= final concentration after adsorption (mg/ml) 

V = volume of the solution subjected to a single adsorption (ml) 

m = mass of the adsorbent taken during a single adsorption (g) 

Calculation of maximum adsorption capacity (Q0): The maximum adsorption 

capacity (Qo) was calculated using the Langmuir adsorption isotherm. The adsorption 

isotherms for different adsorbents were plotted according to the Langmuir equation6,7 
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Where,  

Ce : the equilibrium concentration of the adsorbate (mg/L)  

qe : the amount adsorbed at equilibrium (mg/g)  

Qo : the Langmuir constant (maximum adsorption capacity, mg/g) 

b : the Langmuir constant (L/mg) 

Therefore, the maximum adsorption capacity, Qo, could be obtained from the reciprocal of 

the slope of a plot of Ce/qe against Ce. 

Adsorption kinetics: Kinetics of BT or DBT adsorption has been interpreted by the 

pseudo-second-order non-linear kinetic model8,9 which is expressed by the following 

equation. 

                                                 

 

Where,  

qe (mg/g): amount adsorbed at equilibrium;  

qt (mg/g): amount adsorbed at time t;  

t (h): adsorption time;  

k2 (g/mg/h): the pseudo-second-order rate constant. 

A trial-and-error procedure8 was adapted to measure the pseudo-second order kinetic 

parameters in the case of non-linear method by using the solver add-in with Microsoft's 

spreadsheet, Microsoft Excel. 

Separation factor: The separation factor (RL) was calculated using the following 

equation that describes the adsorption process:10-12 
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RL: separation factor 

b: the Langmuir constant (L/mg) 

Co: initial concentration of adsorbate (mg/L)  

 

Adsorbent regeneration: The used adsorbents were reactivated for further utilization 

following the two consecutive procedure. Firstly, the used adsorbet was soaked into n-octane 

solvent and allowed to stirr 12 h at room temperature. While, the solvent was exchanged 

three times with fresh n-octane to wash out the adsorbed BT or QUI from the adsorbent. In 

next step, the solid adsorbent was filtered and dried at 100 oC for 12 h. Then the dried 

adsorbent was heated at 230 oC under evacuation to evaporate the remaining adsorbed 

materials. 
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Table S1. Physiochemical properties of virgin and Sc(OTf)3-supported MOFs.  

 SBET,  

m2/g 

Pore volume (total),  

cm3/g 

S, wt% [a] Sc, wt%[a] 

CuBTC 1427 0.70 0.0 0.0 

CuBTC(1%Sc) 1340 0.68   

CuBTC(2%Sc) 1239 0.63 0.51 0.25 

CuBTC(5%Sc) 1218 0.62   

CuBTC(7.5%Sc) 1187 0.61   

CuBTC(10%Sc) 1131 0.57   

MIL-101 2902 1.62   

MIL-101(1%Sc) 2730 1.53   

MIL-101(5%Sc) 2396 1.21   

MIL-101(10%Sc) 1579 0.79   

[a]
 Based on energy dispersive spectroscopic (EDS) analysis 
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Table S2. Increament% of maximum adsorption capacity (Qo) for BT with MOFs having 

various active components at similar adsorption condition. 

Adsorbents Qo increased % Reference 

Sc(OTf)3/CuBTC 64.7 This work 

CuCl2/MIL-47 34.2 [13] 

Cu2O/MIL-100-Fe 14.1 [14] 

Ionic liquid/MIL-101 70.6 [15] 

Phosphotungstic acid/CuBTC 26.3 [16] 

Cu-pyrazine/MIL-100-Fe 12.3 [17] 
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Figure S1. XRD patterns of (a) virgin and Sc(OTf)3-supported CuBTCs; and (b) virgin and 

Sc(OTf)3-supported MIL-101s.  
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Figure S2. N2 adsorption isotherms of (a) virgin and Sc(OTf)3-supported CuBTCs; and (b) 

virgin and Sc(OTf)3-supported MIL-101s.  
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Figure S3. Langmuir plots of the adsorption of DBT over CuBTC and CuBTC(2%Sc).  
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Figure S4. RL values of the two adsorbents in different initial concentrations of (a) BT; (b) 

DBT.  
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Figure S5. Adsorption of QUI with virgin and Sc(OTf)3-supported adsorbents. The initial 

QUI concentration in n-octane solvent was 1000 ppm and the adsorption time was 12 h.  
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Figure S6. (a) Adsorption isotherms and (b) Langmuir plots and (c) effect of initial QUI 

concentrations on the separation factor RL for the adsorption of QUI over MIL-101 and MIL-

101(5%Sc). 
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