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Experimental Section

1. Raw materials

Scandium nitrate hydrate (Sc(NO3)3·xH2O, 99%), chromic chloride hexahydrate (CrCl3·6H2O, 99%) 

and biphenyl dicarboxylic acid (BPDC-H2, 98%) were purchased from Shanghai Aladdin Biochemical 

Technology Co., Ltd. N, N-dimethylformamide (DMF, 99%), acetone (CH3COCH3, 99%) and 

hydrochloric acid (HCl, 36%) provided by Sinopharm Chemical Reagent Co., Ltd. The above reagents 

were used directly without further purification. 

2. Fitting of pure component isotherms

The single-component CO2, N2O and C2H2 and adsorption isotherms of MIL-126(Sc) and MIL-

126(Cr/Sc) were fitted using the dual-site Langmuir-Freundlich (DSLF) model, and R2 was greater than 

0.9999.
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Where 𝑞 is the equilibrium adsorbed amount of an adsorbent (mmol/g); 𝑞1 and 𝑞2 are the saturation 

uptakes of site 1 and site 2 (mmol/g); b1 and b2 are the affinity coefficients of site 1 and site 2 (1/bar); 𝑛1 

and 𝑛2 are the corresponding deviations from an ideal homogeneous surface.

3. Qst calculation

The Qst of MIL-126(Sc) and MIL-126(Cr/Sc) with CO2, N2O and C2H2 were calculated using the 

C2H2 and CO2 single-component adsorption isotherms at 273 K and 298 K via the Clausius-Clapeyron 

equation.
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In the above equation, P represents the pressure, the unit is bar, T is the temperature in K, and R is the 

gas constant (8.314).
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Supporting Table and Figures

Fig. S1 Rietveld-refined XRD pattern of MIL-126(Sc) (Rwp = 4.73%, Rp = 3.56%, GOF = 1.06, a =b=21.91Å, c = 36.35 
Å, α = β = 90°, γ =90°). The black circles and red lines represent experimental data and calculated values, respectively.
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Fig. S2 Change of metal ratio (n/ntotal %) in MIL-126 for different exchange times under standard conditions. The 
exchange time is 3 h for one exchange process. Obviously, the exchange ratio of Cr(Ⅲ) increased rapidly in the first 3 
times and then showed no obvious change.

Fig. S3 PXRD (a), N2 adsorption-desorption isotherms at 77 K (b) and pore size distribution (c) of MIL-126(Sc) and the 
modified materials.



Electronic Supplementary Material (ESI) for Inorganic Chemistry Frontiers.
This journal is © the Partner Organisations 2020

S6

Fig. S4 (a) CO2 adsorption-desorption isotherms at 298 K of MIL-126(Sc) and the modified materials. (b) CO2 
adsorption recycles of MIL-126(Cr/Sc) at 298 K and 1 bar. Note: MIL-126(Cr0.61Sc0.39) is marked as MIL-126(Cr/Sc) 
for clarity in this work.

Fig. S5 (a) N2O adsorption-desorption isotherms at 298 K of MIL-126(Sc) and the modified materials. (b) N2O 
adsorption recycles of MIL-126(Cr/Sc) at 298 K and 1 bar. 

Fig. S6 (a) C2H2 adsorption-desorption isotherms at 298 K of MIL-126(Sc) and the modified materials. (b) C2H2 
adsorption recycles of MIL-126(Cr/Sc) at 298 K and 1 bar. 
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Fig. S7 DSLF fit of CO2 adsorption isotherms in MIL-126(Sc) and MIL-126(Cr/Sc). 

Fig. S8 DSLF fit of N2O adsorption isotherms in MIL-126(Sc) and MIL-126(Cr/Sc).
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Fig. S9 DSLF fit of C2H2 adsorption isotherms in MIL-126(Sc) and MIL-126(Cr/Sc). 
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Fig. S10 Elemental mapping images and element analysis for MIL-126(Sc) and MIL-126(Cr/Sc) by EDX.

Fig. S11 Local XPS spectra of MIL-126(Sc) and MIL-126(Cr/Sc): Sc 2p and Cr 2p spectra.
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Fig. S12 FTIR spectra of MIL-126(Sc) and MIL-126(Cr/Sc).
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Fig. S13 Formation energy of CrnSc3-n (n = 1,2,3). The formation energy value was determined by DFT calculation based 
on the formula: ΔE = E0(CrnSc3-n) + n*ESc_atom - n*ECr_atom - E0(Cr0Sc3).

Fig. S14 The DFT-calculated adsorption configurations of CO2 on the open metal sites in MIL-126 with different Cr 
content using a cluster model (Cr: light purple; Sc: cyan; C: grey; O: red).
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Table S1. DSLF fit parameters for CO2 in MIL-126(Cr/Sc) and MIL-126(Sc).

Adsorbents T. T.[a] q1 b1 n1 q2 b2 n2

MIL-126(Cr/Sc) 273 1.76E1 1.98E1 1.61 3.01E3 3.16E-2 1.12

MIL-126(Cr/Sc) 298 2.71E2 2.42E-1 0.91 1.75E1 1.35E1 1.30

MIL-126(Sc) 273 2.26E2 0.39E-1 0.94 4.72E0 1.58E1 0.91

MIL-126(Sc) 298 1.20E1 0.39E-1 0.81 6.79E0 5.37E0 1.04

Table S2. DSLF fit parameters for N2O in MIL-126(Cr/Sc) and MIL-126(Sc).

Adsorbents Gas q1 b1 n1 q2 b2 n2

MIL-126(Cr/Sc) 273 2.15E1 9.55E0 1.93 2.56E5 4.15E-4 1.08

MIL-126(Cr/Sc) 298 2.02E1 8.93E0 1.59 4.54E2 1.49E-1 0.95

MIL-126(Sc) 273 1.16E1 1.08E1 0.94 2.01E2 5.63E-1 0.87

MIL-126(Sc) 298 1.55E2 4.42E-1 0.85 7.48E0 7.74E0 0.97

Table S3. DSLF fit parameters for C2H2 in MIL-126(Cr/Sc) and MIL-126(Sc).

Adsorbents Gas q1 b1 n1 q2 b2 n2

MIL-126(Cr/Sc) 273 3.82E4 1.66E-3 2.70 1.55E3 1.00E-2 0.80

MIL-126(Cr/Sc) 298 2.07E1 5.59E0 1.71 1.31E5 5.37E-4 1.05

MIL-126(Sc) 273 9.94E1 1.22E0 1.30 1.75E2 6.40E-1 0.70

MIL-126(Sc) 298 4.14E0 8.94E0 1.13 6.16E2 1.14E-1 1.07

[a]: “T. T.” stands for test temperature, the unit is “K”.
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Table S4. Summary of the adsorption uptake (298 K, 1bar), selectivity and heat of adsorption data for top-performing 
C2H2-selective materials.

Adsorbents C2H2(cm3g−1) Qst (kJmol−1) a Ref.

MOF-OH 68 17 1

MOF-NH2 60 16 1

ATC-Cu 112 79 2

FeNi-M'MOF 96 27 3

JCM-1 75 37 4

DICRO-4-Ni-i 43 37 5

HOF-3a 47 19 6

CuI@UiO-66-(COOH)2 51 74 7

ZJU-74a 86 45 8

Zn2(bpy)(btec) 55 29 9

NKMOF-1-Ni 61 60 10

UTSA-74a 107.4 31 11

FJU-36a 56 33 12

SIFSIX-21-Ni 91 38 13

MUF-17 67 49 14

Zn-MOF-74 122b 31 10

CAU-10 90 27 15

UTSA-300a 69 57 16

Cu@FAU 79.5 50 17

1a 79.5 28.2 18

FJU-90a 180 25 19

MIL-126(Cr/Sc) 88 37 This work

[a] Qst at Zero Coverage for C2H2. [b] obtained at 295 K.
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Table S5. Comparison of thermal stability of Cr-based tricyclic MOFs.

Adsorbents BET (m2g-1) Thermal stability (℃) Ref.

MIL-126(Cr/Sc) 1354 450 This work

Cr-SXU-1 4036 420 20

TYUT-96Cr 632 375 21

PCN-333(Cr) 2548 300 22

PCN-426(Cr) 3155 300 23

MIL-100(Cr) 1950 300 21

MIL-101(Cr)-NDC 2100 300 24

MIL-101(Cr) 4100 275 25
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Table S6. Summary of some top-performing MOFs for CO2 adsorption at 1 bar or 1 atm as noted.

Sample
SA BET

(cm3/g)

CO2 uptake 

(cm3/g) 273 K

CO2 uptake 

(cm3/g) 298 K

Qst

(kJ/mol) Ref.

ZJU-12 2316 237 131 28 26

CPM-231 1140 232 152 20 27

Mg-MOF-74 1495 229 180 47 28

Cu(TDPTA) 1938 227 131 42 29

MFM-188 2568 216 121 21 30

Cu-tpbtm 3160 217 119 26 31

CPM-200-Fe/Mg 1459 208 127 34 32

NOTT-125 2471 204 93 25 33

SIFSIX-1-Cu 1468 183 118 27 34

CPM-733-dps 1883 238 124 27 35

CPM-733 1328 171 87 24 35

ZSM-5 420 / 33 / 36

13X 488 / 38 / 37

AC / / 49 / 38

UIO-66 1525 / 40 25 39

MOF-5 2304 / 47 34 40

MIL-100(Cr) 2153 / 52 / 41

MIL-126(Cr/Sc) 1354 109 69 40 This work
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Table S7. Summary of some top-performing MOFs for N2O adsorption at 1 bar or 1 atm as noted.

Sample
SA BET

(cm3/g)

N2O uptake 

(cm3/g) 273 K

N2O uptake 

(cm3/g) 298 K

Qst

(kJ/mol) Ref.

MOF-5 839 / 20.40 / 42

Ni-MOF 447 77 63.00 26 43

ZIF-7 312 / 56.01 / 44

UIO-66 1390 / 96.60 / 45

ZIF-8 1630 / 31.10 / 45

HKUST-1 1850 / 87.60 / 45

MIL-100Cr 2118 184.5 129.40 80 45

ELM-11 621 100.8 89.60 32 46

ELM-12 706 78.4 67.20 36 46

MIL-53Al 1519 56 60.48 25 46

MIL-100Fe-300 2227 140 105.27 37 47

MIL-126(Cr/Sc) 1354 125 77 31 This work

Table S8. Adsorption energies of MIL-126(Sc) and MIL-126(Cr/Sc) for the selected gas molecules.

Adsorption energy (eV)

Gas molecules MIL-126(Sc) MIL-126(Cr/Sc)

CO2 -0.31 -0.37

C2H2 -0.37 -0.58

N2O -0.28 -0.39
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Table S9. Theoretical calculated concentration of unsaturated metal sites

Chemical[a] Composition Relative Molecular 
Mass

Unsaturated metal Sites[b] 
(mmol/g)

MIL-126(Sc) 48 Sc3O[BPDC]3X 913.14 2.19

MIL-126(Cr/Sc) Cr1.83Sc1.17O[BPDC]3X 925.95 2.16  

[a]: Coordination water molecule and water in pores were ignored. [b]: Concentration of unsaturated metal sites was 
calculated based on the relative molecular mass and the percentage of unsaturated metal sites values reported in previous 
work. X=OH- or Cl-, here, Cl- was used for the calculation of the relative molecular mass.
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