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1. Materials 

All the solvents and chemicals were purchased from commercial vendors and were used as delivered. 

p-tert-butyl-calix[4]arene (95%), N,N-dimethylformamide (DMF, 99.8%), nitric acid (HNO3, 65 wt%), 

hydrochloric acid (HCl, 37 wt%), ethanol (EtOH, 99.5%), terephthalic acid (H2BDC, 98%) were obtained 

from Sigma-Aldrich. Cr(NO3)3·9H2O (99%), maleic acid (MA, 99.99%), 4-tert-butylphenol (99%), and 

formaldehyde (37 wt%) were purchased from Merck (Darmstadt, Germany).  

2. Instruments and Methods 

Powder X-ray diffraction patterns (PXRD) were recorded on a Bruker D2 Phaser powder 

diffractometer equipped with a flat silicon low-background sample holder using Cu-Kα radiation (λ = 

1.5418 Å, 30 kV, 10 Ma, ambient temperature). All samples were measured over the 2θ range of 2-50° 

with a scan speed of 2° min−1 at room temperature. Simulated patterns of MIL-101 were calculated using 

the CCDC Mercury 3.7 program using the respective single crystal data (CCDC ref. code OCUNAC, 

CSD-605510). 

Fourier-transform infrared spectra (FT-IR) were recorded using a Bruker Tensor 37 instrument using 

in attenuated total reflection (ATR) mode in the range of 600-4000 cm−1. 

Elemental analyses regarding C, H, N, and S were carried out on an Elementar Vario EL III analyzer.  

Thermogravimetric analysis (TGA) was carried out using a Netzsch TG 209 F3 Tarsus in the range 

of 30°C to 950°C with a heating rate of 10 K min-1 using an N2 carrier gas. 

Nitrogen sorption measurements at 77 K were carried out using a Micrometrics ASAP 2020 gas 

sorption analyzer. Before the measurement, the samples were evacuated and activated at 433 K in a 

vacuum for 24 hours. The Brunauer-Emmett-Teller (BET) surface areas were calculated in the P/Po range 
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of 0.05-0.2 using the ASAP 2020 v3.05 software. Total pore volumes were calculated from nitrogen 

adsorption isotherms at P/P0 = 0.9. The pore size distributions were obtained using Nonlocal Density 

Functional Theory (NLDFT) calculations, using the model of nitrogen on carbon and slit pores. 

CO2, N2, and CH4 adsorption isotherms for MIL-101 and the derived composite materials were 

recorded using a Quantachrome Autosorb IQ MP automatic adsorption analyzer and measured at 293 K 

and 273 K (ice/deionized water bath). The neat SCA sample was not analyzed due to very low porosity. 

All gases were of ultrapure grades (99.999%) supplied by Air Liquide Germany and used as received. 

SEM images of samples were recorded with a Jeol JSM-6510LV QSEM Advanced electron 

microscope with a LaB6 cathode at 20 keV. The samples were prepared for SEM microscopy by coating 

them with gold using a JEOL JFC 1200 fine-coater. 

The 1H NMR were performed at an AVANCE III Bruker Biospin spectrometer, operating at 300 

MHz. 

The products obtained from the catalytic reaction were separated and identified by GC-MSD and 

GC-QTOF. 

The composites were prepared using a digital orbital Shaker and centrifuged by a SR1X3 centrifuge 

instrument. 

 

Virial analysis for heat of adsorption for CO2 

To calculate the isosteric heat of adsorption (Qst) for CO2 isotherm data the fitting of the data by the virial 

equation of state at 273 K and 293 K was used:  

ln(𝑃) = ln(𝑛) +  
1

𝑇
∑ 𝑎𝑖𝑛

𝑖 +  ∑ 𝑏𝑗𝑛𝑗

𝑚

𝑗=0

𝑚

𝑖=0

      
 

(1) 

where P is the pressure in kPa, n is the total amount adsorbed in mmol g-1, T is the temperature in K 

(273K or 293K), ai and bi are the fitted virial coefficients, and n represent quantity adsorbed. 

With the established virial coefficents, the Qst is calculated from equation (eq. 2), where R is the universal 

gas constant. 

𝑄𝑠𝑡 = −R  ∑ 𝑎𝑖𝑛𝑖 

𝑚

𝑖=0

 
 

(2) 
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IAST calculations 

The gas adsorption selectivity in a mixture of two gases (i.e. CO2/N2) was calculated according to the 

ideal adsorption solution theory (IAST) using SIPS (eq. 3) fitted gas adsorption isotherm data for pure 

gases. 3P sim software (3P Instruments, Germany, version 1.1.0.7) was used to calculate the maximal 

loadings of each gas depending on the given molar ratio. 

𝑞𝑒𝑞 =  𝑞𝑚𝑎𝑥 ⋅
(𝐾1 ⋅𝑝)𝑡

1+(𝐾1⋅𝑝)𝑡𝑡
+   (3) 

IAST selectivities S of binary gas mixtures were calculated using equation 4,  

𝑆 =  
𝑥1/𝑥2

𝑦1/𝑦2
      (4) 

where xi represents the absorbed gas amount and yi the mole fraction of each adsorptive. 

 

3. Synthesis 

3.1. Synthesis of SCA 

The SCA was synthesized based on the method reported by Tauran et al1. 2.0 g of p-tert-butyl-

calix[4]arene was slowly added to 20 mL of concentrated sulfuric acid and heated overnight at 80 °C. 

After cooling, the dark mixture was added to 100 mL of cold diethyl ether and the formed solid was 

filtered. Then the solid was washed in 100 mL of cold acetone and then filtered and dried at 60 °C in a 

vacuum oven to yield (1.1 g, 95%) 12,32,52,72-tetrahydroxy-1,3,5,7(1,3)-tetrabenzenacyclooctaphane-

15,35,55,75-tetrasulfonic acid (SCA, Scheme S1). 

 

Scheme S1. Preparation of the SCA molecule. 

1H-NMR: 3.97 ppm (8H, CH2, s) and 7.51 ppm (8H, Ar, s).  

FT-IR: 3420, 2950, 2890, 1700, 1653, 1462, 1225, 1041, and 634 cm-1.  

Elemental analysis data for SCA, calculated for C28H24O16S4: C 45.16%, H 3.42%, S 17.22%; found 

C 44.12%, H 3.25%, S 16.76%.   
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3.2. Synthesis of MIL-101(Cr) (MIL-101) 

Chromium(III) nitrate nonahydrate (Cr(NO3)3·9H2O; 3.84 g, 9.6 mmol), benzene-1,4-dicarboxylic 

acid (H2BDC; 1.62 g, 9.8 mmol) were stirred in 50 mL of H2O, followed by the addition of concentrated 

nitric acid (HNO3, 65% aq; 0.45 mL, 9.8 mmol) and further stirring for another few minutes. The 

homogenous mixture was transferred to a PTFE/Teflon liner of an autoclave. The closed autoclave was 

heated at 200 °C for 15 h and cooled to room temperature. The solid was isolated by centrifugation. The 

supernatant liquid phase was discarded and the isolated solid was purified by repeated treatment with 

DMF and ethanol and subsequent isolation by centrifugation. First, it was shacked slowly in 45 mL of 

DMF for three hours at room temperature, then in 45 ml of DMF for 16 h, followed by shaking in 45 ml 

of ethanol for three hours, and finally in 50 mL of ethanol for 24 h. The isolated washed solid was dried 

for one day in air at room temperature, homogenized by minimal careful grinding and activated in two 

steps: first for 6 hours at 60 °C (~20 Torr), and finally activated at 150 °C (10-2 Torr) for 20 hours. The 

activated material was stored under nitrogen atmosphere. Yield 2.43 g (65 % with respect to chromium)2. 

 

For the synthesis of the SCA@MIL-101-w composites see Section 3.3 in the main text. 

3.3. Catalytic activity of SCA@MIL-101-30 

The SCA@MIL-101-30 was synthesized as mentioned in the manuscript and washed with excess 

amount of deionized water and ethanol (Figures S27 and S28). Finally, the SCA@MIL-101-30 were 

activated at 150 °C under vacuum overnight (~20 Torr) before using as a catalyst. To assess the catalytic 

activity, the reactions were performed in a thick-walled vials thermostat which was treated with 20 mg 

of the activated SCA@MIL-101-30, a mixture of carboxylic acid and alcohol (substrates, Table 3) at 

120 °C in a homemade aluminum block (Figure S29) for 4 h. After the completion of the reaction and to 

obtain the conversion yield, the mixture was analyzed with a GC/MS instrument, without any prior 

processing. The reusability of the SCA@MIL-101-30 catalyst was studied after washing the catalyst with 

excess amount of water and ethanol and pre-dried at 60 °C and activated at 150 °C overnight at ~20 Torr.  

 

To assess the acidity strength of the prepared composite, in a typical procedure 25 mg of the 

composite was suspended in 1 mL of saturated NaCl aqueous solution and the mixture was then stirred 

at room temperature for about 10 h. The filtrate pH value was measured with a pH-meter. The obtained 

pH value was <1.0 which indicated that the composite material has a relatively high acidity to use as a 

Brønsted acid for esterification reaction.3 
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3.4. 1H NMR-based determination of the SCA content in SCA@MIL-101 

To prove the successful synthesis of SCA@MIL-101(Cr) composites, the SCA content was 

established in the centrifugate by 1H NMR spectroscopy using maleic acid (MA) as an internal standard 

(see Section 3.4a) and an isolated and activated sample with determined weight was subjected to 

decomposition (“digestion”) (Section 3.4b).  

 

a) Analysis of supernatant SCA solution: 

The actually adsorbed amounts of SCA were measured by determining the amount of the latter 

remaining in the supernatant after the adsorption (Table S1). The determination was carried out by 

quantitative 1H NMR using maleic acid (10 mg) as an internal standard which was added. The adsorbed 

amount was determined by subtraction of the amount left in the supernatant from the initial amount 

added. The obtained data essentially represents an adsorption isotherm of SCA by MIL-101 at room 

temperature, with high-excess values asymptotically nearing the maximum capacity. The 1H NMR 

spectrum of SCA shows two peaks at δ = 4.0 and 7.5 ppm, which are attributed to the bridging methylene- 

and aromatic protons, respectively (Fig. S1).4 The 1H NMR spectra of the supernatant of the composites 

are shown in Fig. S2 to Fig. S4, with the maximum amount of incorporated SCA reached, as expected, 

for the highest initial amounts used (30 mg of SCA and 10 mg of MIL-101 (Table S1)); while the 

incremental increase of the loading was very small at the last step of excess increase, hence, it was 

assumed that it is a good estimate of the adsorptive capacity and no larger excesses were checked. 

Table S1. Determination of the SCA content in the SCA@MIL-101 composites using 1H NMR of the 

supernatant samples with maleic acid as an internal standard. 

Sample IMA ISCA 
MMIL 

(mg) 

Incorporated 

SCA (mg) 

Incorporated 

SCA (wt. %) 

SCA@MIL-101-5 1.00 0.15 10 3.72 27 

SCA@MIL-101-10 1.00 0.25 10 5.99 37 

SCA@MIL-101-25 1.00 0.39 10 9.89 50 

SCA@MIL-101-30 1.00 0.41 10 10.29 50 

IMA: relative integral of the MA proton peak in the 1H NMR spectrum, ISCA: relative integral of the SCA 

aromatic proton peak in the 1H NMR spectrum. SCA (wt. %): the SCA weight percent in the SCA@MIL-

101 composites, obtained from the 1H NMR calculation. 
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Figure S1. 1H NMR spectrum of SCA in D2O (300 MHz). 

 
Figure S2. 1H NMR spectrum of the supernatant solution after adsorptive loading of SCA@MIL-101-5 

in D2O (300 MHz). Maleic acid, MA (10 mg) was used as an internal standard. 
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Figure S3. 1H NMR spectrum of the supernatant solution after adsorptive loading of SCA@MIL-101-

10 in D2O (300 MHz). Maleic acid, MA (10 mg) was used as an internal standard. 

 
Figure S4. 1H NMR spectrum of the supernatant solution after adsorptive loading of SCA@MIL-101-

30 in D2O (300 MHz). Maleic acid, MA (10 mg) was used as an internal standard. 
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b) Digestion analysis of SCA@MIL-101-30: 

The employed digestion method (using basic conditions), according to our knowledge, is the best 

one for a MIL-101 material, which is known for its high kinetic inertness.5 15 mg of the SCA@MIL-

101-30 composite was digested (i.e., the composite was decomposed, with the organic part being 

solubilized with a formation of a voluminous chromium hydroxide residue) in 0.5 mL of 2 mol/L of 

NaOH solution over 24 hours, including 30 min of sonication at the initial stage, to ensure complete 

digestion. Then, 2.0 mL of H2O was added and the slurry was shaken for additional two days. The 

Cr(OH)3 precipitate was removed by filtration through a plastic membrane (0.2 μm pore) to give a clear 

solution containing BDC2– and SCA in deprotonated form under the alkaline conditions4. The solution 

was acidified by 1 mol/L HCl solution to pH = 3.0 with the formation of a H2BDC precipitate, while the 

SCA remained in the solution due to sufficient solubility (5 g L-1 in water). The whole mixture was dried 

under a mild dynamic vacuum, first at 60 °C for 12 hours followed by drying at 90 °C for 6 hours. The 

residual powder was dispersed in 1.2 mL of D2O and two drops of 40 wt% NaOD were added to give a 

clear solution for 1H NMR analysis. The NaOD/D2O solution was suitable for direct 1H NMR 

quantification without water signal suppression, and contained the deprotonated SCA and BDC2– species 

for relative ratio determination (Fig. S5). For the most SCA-rich composite, the SCA@MIL-101-30, 48 

w% SCA content was established, which is held as a reasonably precise approximate of the maximal 

possible adsorptive capacity. 
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Figure S5. 1H NMR spectrum of digested SCA@MIL-101-30 in D2O/NaOD (300 MHz). The BDC2- 

ligand was used as an internal standard to calculate the SCA content in the composite. 

 

Table S2 lists the SCA content in SCA@MIL-101-30 based on the two NMR analyses.  

Table S2. Comparison of SCA content for SCA@MIL-101-30. 

Analysis 
Molar ratio, x for 

SCAx@MIL-101 a) 

SCA weight 

content, % 
Comment 

NMR (digestion) 0.89 48 
after the composite’s 

digestion 

NMR 

(supernatant) 
0.96 50 

analysis of supernatant 

after adsorptive loading 
a) The MIL-101 host formula in the (SCA)x@MIL-101 composite is assumed to be 

[Cr3O(H2O)2(BDC)3], i.e., with two terminal water molecule ligands (~5% weight difference 

compared to the dehydrated formula). Even though the samples for the analysis were activated, 

the terminal ligands are still accounted for the calculation; the latter is equivalent to accounting a 

partial rehydration during the transfer from vessel to vessel as well as minor residual impurities 

in the pores of the framework. 
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The CHNS elemental analysis provided an alternative estimation of the SCA content in the 

SCA@MIL-101 composites (Table S3). The differences between experimental and calculated values can 

be due to the possibility of water adsorption by composites. 

Table S3. CHNS-based compositions of SCA@MIL-101. 

Sample %C %H %N %S Theoretical %S 

MIL-101 41.32 2.56 1.04 0.12 0 

SCA@MIL-101-5 38.85 2.72 0.27 1.62 3.77 

SCA@MIL-101-10 39.47 2.78 0.31 3.05 4.78 

SCA@MIL-101-30 40.21 2.84 0.33 5.35 5.88 

 

 

3.5. SCA desorption tests on SCA@MIL-101 composite 

To assess the desorption (“leaching”) of the SCA from the composite SCA@MIL-101-30 with the 

highest loading, 5 mg of the latter was dispersed in 1 mL of D2O and heated at 60 °C overnight. After a 

final sonication for two minutes, the solution was filtered using a membrane filter (0.2 μm pore) to give 

a clear solution. The SCA content was determined by 1H NMR analysis using maleic acid as an internal 

standard. 
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4. Figures 

 

 

Figure S6. 1H NMR spectrum of washed SCA@MIL-101-30 with D2O (300 MHz). Maleic acid, MA 

(10 mg) was used as an internal standard. 
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Figure S7. Representative SEM images of a) MIL-101, b) SCA@MIL-101-5, c) SCA@MIL-101-10, d) 

SCA@MIL-101-30 (scale bar: 1 μm (left) and 5 μm (right)). 
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Figure S8. Representative MAPP images of a) MIL-101, b) SCA@MIL-101-5, c) SCA@MIL-101-10, 

d) SCA@MIL-101-30. 
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Figure S9. a) N2 sorption isotherms at 77 K, and b) cumulative pore volume of SCA supramolecular 

cage. Filled and empty symbols represent adsorption and desorption, respectively. 

 

Figure S10. Cumulative pore volume of MIL-101 and all composites. 
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Figure S11. CO2 sorption isotherms of a) SCA@MIL-101-5, b) SCA@MIL-101-10, c) SCA@MIL-101-

30, and d) MIL-101 measured up to 1 bar at 273 K and 293 K, respectively. Filled and empty symbols 

represent adsorption and desorption, respectively. 



17 

 

Figure S12. CO2 and N2 sorption isotherms of a) SCA@MIL-101-5, b) SCA@MIL-101-10, c) 

SCA@MIL-101-30, and d) MIL-101 measured up to 1 bar at 273 K. Filled and empty symbols represent 

adsorption and desorption, respectively. 
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Figure S13. CO2 and N2 sorption isotherms of a) SCA@MIL-101-5, b) SCA@MIL-101-10, c) 

SCA@MIL-101-30, and d) MIL-101 measured up to 1 bar at 293 K. Filled and empty symbols represent 

adsorption and desorption, respectively. 
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Figure S14. CO2 adsorption isotherms of MIL-101 and SCA@MIL-101-30 up to 20 bar at 293 K. 
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Figure S15. Virial analysis of the CO2 sorption data for MIL-101. a0 = -4463.92427, a1 = -155.06748, a2 

= 6345.26677, a3 = -10828.707, a4 = 9514.43327, b0 = 19.70111, b1 = -5.29558. n= 0.01 was chosen as 

the lowest common data point. 

 
Figure S16. Virial analysis of the CO2 sorption data for SCA@MIL-101-5. a0 = -2879.39973, a1 = -

947.03918, a2 = 4452.18956, a3 = -6939.79129, a4 = 5500.13207, b0 = 13.38185, b1 = -0.66197. n= 0.01 

was chosen as the lowest common data point. 
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Figure S17. Virial analysis of the CO2 sorption data for SCA@MIL-101-10. a0 = -3236.82556, a1 = -

877.58407, a2 = 3115.3435, a3 = -4092.3733, a4 = 2729.94979, b0 = 14.52192, b1 = -0.20453. n= 0.01 

was chosen as the lowest common data point. 

 
Figure S18. Virial analysis of the CO2 sorption data for SCA@MIL-101-30. a0 = -3910.28402, a1 = -

406.03218, a2 = 2076.16222, a3 = -2255.55125, a4 = 1232.40056, b0 = 16.05004, b1 = 0.39804. n= 0.01 

was chosen as the lowest common data point. 
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a) b) 

Figure S19. a) CO2/N2 selectivity as a function of molar CO2 fraction of MIL-101, SCA@MIL-101-5, 

SCA@MIL-101-10, and SCA@MIL-101-30 calculated by IAST technique at 293 K and 1 bar. The 

strong increase in selectivity above a molar CO2 fraction of 0.8 (N2 0.2) is caused by the adsorbed 

nitrogen amount getting closer to zero at low partial pressure. b) CO2/N2 selectivity as a function of 

absolute pressure for a 15:85 v:v CO2/N2 gas mixture. 

 

 

Figure S20. CH4 sorption isotherms of a) MIL-101 and b) SCA@MIL-101-30, measured up to 1 bar at 

273 K and 293K, respectively. Filled and empty symbols represent adsorption and desorption, 

respectively. 
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Figure S21. Virial analysis of the CH4 sorption data for MIL-101. a0 = -1657.73565, a1 = -7808.29252, 

a2 = 79182.87917, a3 = -364264.67131, a4 = 874976.63155, b0 = 11.50705, b1 = -0.52851. n= 0.001 was 

chosen as the lowest common data point. 

 
Figure S22. Virial analysis of the CH4 sorption data for SCA@MIL-101-30. a0 = -2453.62671, a1 = -

10503.98429, a2 = 83598.98868, a3 = -280365.16151, a4 = 483066.76908, b0 = 14.68825, b1 = -2.23107. 

n= 0.001 was chosen as the lowest common data point. 
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Figure S23. CH4 and N2 sorption isotherms of a) MIL-101 and b) SCA@MIL-101-30, measured up to 1 

bar at 273 K, respectively. Filled and empty symbols represent adsorption and desorption, respectively. 

 

 

Figure S24. CH4/N2 selectivity of MIL-101 and SCA@MIL-101-30 calculated by IAST for a gas 

mixture of CH4/N2 at 273 K and 293 K at 1 bar. 
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Figure S25. CO2 and CH4 sorption isotherms of a) MIL-101 and b) SCA@MIL-101-30, measured up to 

1 bar at 273 K, respectively. Filled and empty symbols represent adsorption and desorption, respectively. 

 

 

Figure S26. CO2/CH4 selectivity of MIL-101 and SCA@MIL-101-30 calculated by IAST for a gas 

mixture of CO2/CH4 at 273 K and 293 K at 1 bar. 
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Figure S27. FT-IR spectra of SCA, MIL-101 and SCA@MIL-101-30. 

 
Figure S28. PXRD patterns of SCA, MIL-101, and SCA@MIL-101-30. 
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Figure S29. Aluminum block for catalytic simultaneous esterification reactions. 
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5. Tables S4 to S6 

 

Table S4 CO2 uptake for MIL-101 and SCA@MIL-101 composites at 273 K and 293 K. 

Sample mmol/g Wt% a) T (K) 

MIL-101 

 

 

1.9 

2.9 

8 

11 

293 

273 

SCA@MIL-101-5 

 

 

2.2 

3.2 

9 

12 

293 

273 

SCA@MIL-101-10 

 

 

2.4 

3.7 

9.5 

14 

293 

273 

SCA@MIL-101-30 

 

 

2.6 

4.6 

10 

17 

293 

273 

a) Wt% was calculated from the uptake X in mmol according to: 

X  0.044 g/mmol = Y [g] and  

Y / (Y + 1)  100% = Wt% 
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Table S5 CO2, N2 and CH4 uptakes at 1 bar, selectivities, isosteric heats of adsorptions and BET surface 

areas of SCA, MIL-101, and SCA@MIL-101-w (w = 5, 10, 30) composites. 

sample 
BET 

(m2 g-1) 

Total pore 

volume 

(cm3 g-1) 

CO2 

uptake 

(cm3 g-1) 

N2  

uptake 

(cm3 g-1) 

CH4 

uptake 

(cm3 g-1) 

T (K) 

Selectivity 

CO2/N2 

(15:85) 

at 1 bar 

Selectivity 

CO2/CH4 

(25:75) 

at 1 bar 

Selectivity 

CH4/N2 

(15:85) 

at 1 bar 

Qst
0
 for 

CH4 

kJ mol-1 

Qst
0

 for 

CO2 

kJ mol-1 

SCA 41 0.079          

MIL-101 2658 a) 0.996 42.46 8.2 15.8 293 4 3 1 22 48 

   65.8 17.6 24.1 273 5 4 1   

            

SCA@MIL

-101-5 2156 0.790 49.44 5.2 --- 293 8 --- ---  33 

   71.0 11.5 --- 273 9.5 --- ---   

            

SCA@MIL

-101-10 1497 b) 0.650 53.06 4.8 --- 293 10 --- ---  37 

   83.8 12.6 --- 273 9 --- ---   

            

SCA@MIL

-101-30 1073 c) 0.519 57.5 4.5 19.7 293 11 4 4 31 42 

   102.9 17.4 34.2 273 9 ~6 2   

            

a) C constant: 63.2, R2: 0.999145, b) C constant: 150.8, R2: 0.999891, c) C constant: 128.8, R2: 0.999857. 
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Table S6 Lower-pressure CO2 adsorption capacities for MIL-101 and selected functional composites at 

273-319 K. 

Common name a) 
BET surface 

area (m2 g-1) 

CO2 

capacity 

(Wt %) b) 

Pressure (bar) 
Temperature 

(K) 
Reference 

MWCNT@MIL-101 --- 0.33 1 298 6 

MWCNT@MIL-101 1243 5.93 10 298 7 

1.3 wt.% RHA-MIL-

101(Cr) 
3333 4.66 1 298 8 

MAX-MIL 2670 7.20 10 300 9 

2 wt.% MWCNT/MIL-

101 
3146 15.40 1 298 10 

MIL-101 3745 13.20 1 298 10 

NH2–Cr–MIL-101 1675 12.32 1 298 11 

TAEA@MIL-101 1279 9.63 1 298 12 

ED@MIL-101 1585 8.49 1 298 12 

TEDA@MIL-101 1807 7.26 1 298 12 

MIL-101 3483 7.08 1 298 12 

MIL-101 1870 9.25 1 298 13 

MIL-101/PPD 1007 7.48 1 298 14 

DMEDA-MIL-101 1018 7.03 1 298 15 

MIL-101 2132 5.94 1 298 15 

MIL-101 2674 4.20 1 319 16 

MIL-101 2658 7.1 1 293 This work 

SCA@MIL-101-5 2156 8.1 1 293 This work 

SCA@MIL-101-10 1497 8.6 1 293 This work 

SCA@MIL-101-30 1073 9.5 1 293 This work 

MIL-101 2658 10 1 273 This work 

SCA@MIL-101-5 2156 12 1 273 This work 

SCA@MIL-101-10 1497 14 1 273 This work 
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MWCNT: Multi-walleded carbon nanotubes, RHA: Silica-rich rice husk ash, MAX: Activated carbon powder, TEPA: 

Tetraethylenepentamine; TAEA: Tris(2-aminoethyl) amine, ED: Ethylenediamine, TEDA: Triethylenediamine, PPD: 

Phenylenediamine, DMEDA: N,N’-dimethylethylenediamine. 

b) Calculated based on the given uptake capacity in corresponding references. 
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