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Experimental Methods 

Materials and Physical Measurements. All chemicals are directly purchased from innochem with 

no further purification. The data of X-ray powder diffraction were collected on a Bruker AXSD8 

Discover powder diffractometer at 40 kV/40 mA for Cu Kα (λ = 1.5406 Å) at room temperature in 

the range of 5-50 °(2θ) with a scan speed of 0.1 °per step. Thermogravimetric analysis (TG) was 

performed by a TGA Q500 thermal analysis system. All TGA experiments were performed under a 

N2 atmosphere from 40-800°C at a rate of 5°C /min. The gas sorption isotherms were collected on 

ASAP2020 PLUS (anti-corrosion version). Ultrahigh-purity-grade (>99.999%) N2, CO2, and SO2 

gases were used in this adsorption measurement. To maintain the experimental temperatures liquid 

nitrogen (77 K) and temperature-programmed water bath (273 and 298 K) were used respectively. 

Synthesis of ECUT-123. Co(NO3)2·6H2O (0.1 mmol, 29.1 mg), uranyl nitrate (0.1 mmol, 50 mg) 

and 2-methyl-2H-imidazole-4,5-dicarboxylic acid (0.1 mmol, 19 mg) were dissolved in a mixture of 

1 mL H2O and 4 mL N,N′-dimethylformamide in the presence of concentrated nitric acid (0.1 mL). 

The solution was moved into a 25 mL Teflon-lined stainless steel vessel and heated at 120 °C for 3 

days. Then it is cooled down to room temperature. Pink crystals were filtered and washed with 10 

mL ethanol and 10 mL deionized water. The yield was 81% based on Co(II). Element analysis (%): 

calc. C/24.88, N/10.27, H/2.67; exp. C/24.56, N/10.19, H/2.74.  

Degassing ECUT-123. 100 mg MOF crystals were soaked in methanol for 3d and fresh methanol 

was added every 8 h. After decanting the methanol extract, the sample was dried at room 

temperature overnight, then further degassed using ASAP2020 PLUS for 24 h at 150°C.

Chemical and water stability test. 100 MOF crystals were soaked in corresponding solution such 

as water or pH=2 or pH=12 solution for one week. Then, the resulted samples were characterized 

by PXRD and N2 adsorption. Note that before N2 adsorption, the activation process should be 

carried out. 

X-ray Crystallography. X-ray diffraction data of ECUT-123 was collected at room temperature on 

a Bruker Appex II CCD diffractometer using graphite monochromated MoKα radiation (λ=0.71073 

Å). The data reduction included a correction for Lorentz and polarization effects, with an applied 

multi-scan absorption correction (SADABS). The crystal structure was solved and refined using the 

SHELXTL program suite. Direct methods yielded all non-hydrogen atoms, which were refined with 

anisotropic thermal parameters. All hydrogen atom positions were calculated geometrically and 

were riding on their respective atoms. The SQUEEZE subroutine of the PLATON software suite 

was used to remove the scattering from the highly disordered guest molecules. CCDC 2103848 

contains the supplementary crystallographic data of ECUT-123. These data can be obtained free of 

charge from the Cambridge Crystallographic Data Centre via 



www.ccdc.cam.ac.uk/data_request/cif.

Figure S1. A comparison of PXRD results among the simulated data from single crystal data, 

as-synthesized samples, and the samples under different conditions. 

http://www.ccdc.cam.ac.uk/data_request/cif


Figure S2. The TG plots of the as-synthesized samples and the CH3OH-exchanged samples.



Figure S3. The pore size distribution of ECUT-123.
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Figure S4. The SO2, CO2, and N2 adsorption isotherms at 298 K and 273 K.



Figure S5. The calculated adsorption heat enthalpy of SO2, CO2 and N2.
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Figure S6. The SO2, CO2, and N2 adsorption isotherm at low pressure.





Figure S7. The calculation of Henry’s constant.

Figure S8. The repeating breakthrough tests for ECUT-123.



Figure S9. The repeating breakthrough tests for ECUT-123.
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Figure S10. A comparison of the SO2 adsorption for the as-synthesized samples and samples after 

all breakthrough tests. 



Table S1. A crystallographic summary of ECUT-123.

Compound ECUT-123

Crystal system Tetragonal

Space group P43212

Unit cell dimensions a=20.5147(7) Å                                           

b=20.5147(7) Å                                           

c=25.5520(17) Å   

Volume 10753.6(9) Å 3

Z, Calculated density 8,  1.685 mg/m3

F(000) 5020

Completeness to theta = 25.00     99.9 %

R indices (all data)              R1=0.0954, wR2=0.2358

Absolute structure parameter      0.2(3)

CCDC number 2103848



Table S2. A comparison of SO2 adsorption between reported materials and ECUT-123.

MOF tpyes SO2 adsorption capacity 

(1 bar, 298 K), mmol/g

SO2/CO2 

selectivity

References

SIFSIX-2-Cu-i 11.0 87.1 1

Ni(bdc)(ted)0.5 9.97 - 2

MFM-300(In) 8.28 50 3

MFM-202a 10.2 - 4

NOTT-300 (Al) 7.1 - 5

MFM-170 17.5 28 6

MOF-5 Less than 0.016 - 7

IRMOF-3 0.094 - 7

MOF-74 3.03 - 7

MOF-199 0.5 - 7

P(TMGA-co-MBA) 4.0 - 8

Activated Carbon 3.3 - 9

Cage-U-Co-MOF 3.62 80.7 10

ECUT-111 11.56 25.2 11

ECUT-100 4.95 26.9 12

ECUT-123 3.45 32.1 This work

“-” denotes the data cannot be obtained from corresponding reference.
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