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Synthesis

Mg2(dobpdc) was synthesized according to the literature with a slightly modified procedure.1 Into a 32 mL 

Pyrex cell, H4dobpdc (263.14 mg, 0.959 mmol, 1 eq), MgBr2∙6H2O (841.11 mg, 2.878 mmol, 3 eq), and 12 

mL of solvent (DMF:EtOH = 1:1 (v:v)) were loaded and sonicated until clear solution obtained. The Pyrex 

cell was sealed with a PTFE cap and the solution was irradiated in a microwave reactor (CEM Discover) for 

20 min at 403 K. After the solution was cooled to room temperature, the MOF solid was collected with 

filtration and wash with excess DMF and methanol. The collected MOF solid was immersed in DMF and 

heated at 333 K overnight. The washed MOF solid was collected via filtration and re-immersed in methanol 

to exchange solvent for 3 days. In each day, the supernatant was decanted and fresh methanol was added. 

Elemental analysis (%) calculated for [Mg2(dobpdc)(MeOH)1.5(H2O)0.5]2.1H2O: C 44.78, H 4.66; found: C 

44.66, H 4.29. Before gas sorption, Mg2(dobpdc) was activated under high vacuum at 523 K for 24 h. Yield 

= 284.3 mg (93% ).



Figure S1. (a) The structure of Mg2(dobpdc) MOF material as viewed down the c-axis. (b) View of structure 

of Mg2(dobpdc) complex with one dimensional hexagonal channels. (c-d) View of the Mg nodes, hydrogen 

atoms are omitted for clarity. Color code: carbon (light gray); oxygen (red); magnesium (magenta).



Powder X-ray diffraction Experiments

Figure S2. Powder X-ray diffraction patterns of Mg2(dobpdc) simulated (red line) and after solvent 

exchange (black line).



IR spectroscopy Experiments were recorded with the attenuated total reflectance (ATR) module by using 

a Nicolet iS10 FTIR spectrometer.

Figure S3. IR spectra of Mg2(dobpdc) (a) IR spectra of Mg2(dobpdc) and H4dobpdc. (b) The black and blue 

lines represent as-made and solvent-exchanged. (c) IR peaks related to the coordination between ligand 

and metal in Mg2(dobpdc).



Thermogravimetric analysis 

Thermogravimetric analyses (TGA) were performed with a ramp rate of 2 °C min-1 up to 900 °C in an N2 

(99.999%) flow using a TA instruments Discovery TGA.

Figure S4. Thermogravimetric analysis of solvent-exchanged Mg2(dobpdc) (left panel). Differentiated 

thermogravimetric analysis data (right panel).



Gas sorption measurements

Figure S5. N2 isotherm of the pristine Mg2(dobpdc) MOF material at 77 K. The closed circle represents 

adsorption, and the open circle represents desorption.



Pore size distribution of Mg2(dobpdc)

Figure S6. DFT pore size distribution and NLDFT fitting of Mg2(dobpdc). The pore size distribution was 

analyzed with N2-cylindrical pore-oxide surface model.

Determination of Lewis Acidic sites by CO Infrared Spectroscopy

Carbon monoxide (CO) is a commonly used to probe molecule for Lewis acidity.2 A Lewis acid 

interaction with the carbon electron lone pair of CO leads to a withdraw of electron density from 

the antibonding σ orbital, resulting in an IR peak shifting to higher energies compared to the CO 

gas phase.3

DRIFTS experiments were performed using an environmentally controlled PIKE DRIFTS cell with ZnSe 

windows coupled to a Thermo Scientific Nicolet iS50 spectrometer with a MCT/A detector. Absorbance 

spectra were obtained by collecting 64 scans at a 4 cm−1 resolution. A sample of 0.020 g was pre-treated 



in situ under a He flow at 523.15 K for 4 h. After this treatment, the sample was cooled to room 

temperature and then, a flow of carbon monoxide (CO: 30 mL min-1; 5 % of CO diluted in He) was passed 

through the sample. Figure S7a shows the spectra of CO adsorption (298 K) measured at different times 

of CO sorption (min) on an activated sample of Mg2(dobpdc).

From a qualitative point of view, the ν(CO) band at   ̴2207-2170 cm-1 highlight the formation of CO species 

bonded to coordinatively unsaturated metal sites (CUS). The location of this band depends on the metal 

centre in MOF structure. In the M-MIL-100 family (M = Al, Fe, and Cr) the wavenumber of CO probe 

molecule is observed at 2195-2184 cm-1;4 2192-2173 cm-1;5 and 2215-2180 cm-1,6 respectively. While in 

the case of MIL-101(Cr)-4F(1%) this band was observed at 2191 cm-1.7 In our case, after only 1 min of CO 

exposure, we observe a band at 2181 cm-1 with a shoulder near 2178 cm-1 and 2173 cm-1 (Figure S7b, 

purple spectra). With the introduction of large amounts of CO, i e. more exposure time, the ν(CO) band is 

shifted first to 2179 cm-1 (Figure S7b, blue spectra), and then to 2178 cm-1 with a shoulder near 2173 cm-1 

(Figure S7b, green spectra). In line with the previously observed cation-dependent vibrational band,8 this 

band is attributed to CO interacting with the Lewis Mg2+ sites, corroborating that the Mg2+ are accessible 

open metal sites. This low frequency band should correspond to the more stable CO: Mg2+ species, as the 

early observed in MIL-100(Fe) material.5 Additionally, the intensity of ν(CO) increases over time two-fold 

from 1 minute to 5 minutes of CO exposure. In addition to the bands discussed above, it is possible to 

observe bands at 2160-2115 cm-1 which corresponds to physisorbed species of CO, see Figure S7c. 

Therefore, we should conclude that the preferential bonding sites in Mg2(dobpdc) MOF is the Mg2+ CUS 

which pave the ways towards their uses for a preferential adsorption of SO2.



Figure S7. In situ DRIFTS spectroscopy spectra of CO adsorbed at different times over activated 

Mg2(dobpdc) at 298 K, a) in the region between n 2300 and 1800 cm-1. b) in the region between n 

2188 and 2168 cm-1. c) in the region between n 2170 and 2100 cm-1.

Sulfur dioxide capacities of reported adsorbents

Table S1. List of SO2 capacities of reported adsorbents.

SO2 capacity [mmol g-1]Material
at 0.1 bar at 1 bar

Pore Volume 
[cm3 g-1]

Packing Density 
[g cm3]

Reference

*FMOF-2 2.2 9

MFM-305 6 7 0.37 1.2 10

MFM-300(Al) 7.1 0.38 1.21 11

MIL-160 5.5 7.2a 0.46 1.0 12

*MIL-101(Cr)-NH2 ̴2.2b 7.3a 1.34 0.35 13

MFM-300(In) 7.5 8.28 0.42 1.26 14

MFM-300(Sc) 8 9.4 0.58 1.04 15

Ni(bdc)(ted)0.5 4.5 9.97 0.67 0.96 16

MOF-808 ̴2.0b 9.99 0.696 0.919 17

MFM-202a 3 10.2 0.95 0.69 18



MOF-808-His 5.2 10.36 0.5223 1.26 19

MIL-125(Ti)-NH2
a 7.9 10.8 0.65 1.06 12

SIFSIX-1-Cu 8.7 11 0.68 1.04 20

ECUT-111 6.4 11.6 0.63 1.18 21

Fe-soc-MOF 6.5 11.7 0.8 0.94 22

NU-1000 2.6 12.2 1.196 0.65 23

MFM-601 4.13 12.3 1.5 0.53 24

*HKUST-1a 10.1 13.8 0.612 1.44 25

MOF-808 3.6 14.6a 0.749 1.24 26

MIL-100(Al) 2.5 16.3 0.824 1.27 26

*MIL-101(Cr)-NH2
a 4.1 16.7 1.162 0.92 27

*CB6@MIL-101-Cl 2 17.0 1.0 1.08 26

*MIL-101(Al)-NH2 3.6 17.3 1.001 1.11 26

*MFM-170 7 17.5 0.88 1.27 12

*MIL-101(Cr)-4F(1%) 4.9 18.4 1.19 0.99 7

*MOF-177 1.3 25.7a 1.51 1.09 12

*Mg2(dobpdc) 7.4 19.5 1.29 0.97 This work

*Mg-MOF-74 ̴6.2b 8.6 0.78 0.71 28

*Mg-MOF-74 1.6c 0.78 0.02 29

Mg-gallate 6.7 7.61 0.2 2.46 30

MgO 2.49d 31
* Presence of open metal sites in the MOF. a Measured at 293 K. b Estimated from isotherm. C Breakthrough 
SO2 capacity (SO2 concentration = 375 ppm). d Breakthrough SO2 capacity (SO2 concentration = 50,000 
ppm).



Computational details

Force Field Parameterization

The interactions between unlike force field centers were treated by means of the Lorentz-Berthelot 

combination rule. The remainder of the interaction, i.e., SO2 – Mg(CUS) interactions were modeled with 

Morse potential. The decomposed energy terms along the approaching path offers a clear picture of the 

strength of the SO2 – Mg (CUS) interactions. At this stage, the corresponding Morse potential parameters 

for the S(SO2) – Mg(CUS) and O(SO2) – Mg(CUS) pair wise interactions were determined with The General 

Utility Lattice Program (GULP32) by minimizing the difference between the DFT interaction energies and 

the force field derived energies along the approaching path. However, on the contrary to the SO2 binding 

distance with dobpdc4− ligand’s bridging aryloxide μ-O atoms and connected C(sp3) atoms deduced from 

the DFT equilibrium geometry (see Figure S8), corresponding LJ- sigma parameters deduced from the 

combination of UFF and SO2 force field tend to overestimate the repulsion term quite significantly. 

Thereby, we have re-fitted the LJ sigma parameters for these two specific cross-interactions O(SO2)–

O(aryloxide) and S(SO2)– C(OC) as depicted in Figure S9. The DFT interaction energies and decomposed 

energy terms along the approaching path used in the fitting process are presented in Figure S9. The 

optimized Morse parameters for the pair wise interactions for the S–Mg (CUS) and O–Mg (CUS) are given 

in Table S4 and the remaining parameters are given S5.



  

Figure S8. DFT optimized equilibrium configuration of SO2–Mg2(dobpdc) depicting dominant close 

contacts of SO2 molecule with the framework atoms. O* and C* represent bridging aryloxide μ-O and 

connected C(sp3) atoms of the dobpdc4− ligand, respectively.

Figure S9. comparison of the DFT (rev-vdW-DF2) calculated binding energy curve of SO2–Mg2(dobpdc) 

framework interaction and the corresponding total interaction energies obtained from the fitted force 

field parameters.



Table S2. Intermolecular LJ-potential parameters for the SO2 molecule taken from Sokolic et al.33

Pseudo atom type σ  [Å] ε/kB [K] q [e]

S(SO2)  3.615  145.98 +0.470

O(SO2)  3.005    57.50 -0.235

Table S3. LJ Potential parameters for the Mg2(dobpdc) framework atoms.34

Atom type σ [Å] ε/kB [K]

H 2.571 22.142

C 3.431 52.839

O 3.118 30.194

Table S4. DFT derived Morse potential parameters for the SO2-Mg(CUS) interaction.

Pseudo atom pairs De [K] a in [Å-1] ro in [Å]

S(SO2)–Mg2+ 1403.5789 2.1369 3.5163

O(SO2)–Mg2+ 1623.0321 2.0230 2.1927

Table S5. DFT derived LJ potential parameters for the SO2- Mg2(dobpdc) framework atoms.

Pseudo atom pairs σ  [Å] ε/kB [K]

S(SO2)– C1*  2.607   87.826

O(SO2)–O1*  2.524   41.667

*selected C and O atoms of the framework as indicated in Figure S8, for which LJ sigma parameters for 

the MOF-SO2 cross interactions were re-fitted.

Accessible surface area and pore volume calculation

The theoretical accessible surface areas (Sacc), pore volume of the geometric topology of the 

Mg2(dobpdc) were calculated using zeo++ software.35 A nitrogen sized (3.64 Å) probe molecule was used 

to calculate the accessible surface area. For the atoms of the MOF framework, default definition of the 



atomic radii as recorded in the software was used. The free pore volume (Vpore) of the frameworks was 

calculated using the same geometric method but with a probe molecule of 0 Å.

 

Figure S10. Intermolecular radial pair distribution functions of Mg2(dobpdc) MOF surface atoms and 

adsorbed SO2 molecules calculated at P = 0.10 bar (a-b), and guest SO2 molecules with the same kind (c) 

calculated at P = 0.50 bar. C1 and C2 represent the carbons connected to aryloxide, and the C-H carbons 

of the dobpdc4− ligand, respectively as depicted in Figure S8.

Figure S11. GCMC calculated adsorption enthalpies for SO2 adsorption in Mg2(dobpdc) MOF pore 

system.



Experimental Heat of Adsorption of SO2

Additional 298 K and 308 K SO2 adsorption isotherms were measured to estimate the heat of adsorption 

(Figure S12). A DSLF equation was used to fit the adsorption isotherms at low surface coverage, to 

estimate the heat of adsorption at zero coverage (Figure S13). The heat of adsorption at zero coverage 

was estimated in -29.86 kJ mol-1.

Figure S12. SO2 adsorption isotherms of Mg2(dobpdc) at 298, 308 and 318 K and up to 0.45 bar.



Figure S13. Dual site Langmuir Freundlich model (DSLF) fit of SO2 isotherms in Mg2(dobpdc) at (a) 298 K, 

(b) 308 K, and (c) 318 K.

SO2 cycling experiments

The SO2 cycling experiment was carried out using a Dynamic Gravimetric Gas/Vapour Sorption Analyser, 

DVS vacuum (Surface Measurement Systems Ltd). Mg2(dobpdc) sample was degassed in vacuum vacuum 

(1 x 10-6 Torr) at 250 °C for 24 h. After cooling to 25°C, the first SO2 isotherm was measured from 0.0007 

to 100% P/P0 of SO2 gas, followed by the desorption isotherm. The same sample was then activated at 

identical conditions and adsorption-desorption SO2 isotherm was measured. From the third isotherm, the 



sample was activated only under vacuum (1 x 10-6 Torr) for 6 h, and the corresponding adsorption and 

desorption isotherms were measured until completing 50 cycles.

Figure S14. Powder X-ray diffraction patterns of Mg2(dobpdc) after SO2 adsorption experiments: as-

synthesised (black line); after ads-des isotherm of SO2 (red line); after 50 SO2 adsorption cycles (blue line); 

and after wet SO2 sorption (green line), the decrement of intensity on first peak is due to the presence of 

water molecules inside the pore.



Figure S15. Ten adsorption–desorption cycles for SO2 in Mg2(dobpdc) at 298 K up to 1 bar (plotted 

every 5 cycles). The sample was activated at 250°C during 24 h under vacuum the two first cycles, 

from the third cycle the sample was active were under dynamic vacuum at 298 K between cycles, 

and no loss of uptake capacity was observed. Dashed lines represent the desorption isotherm.

Wet SO2 exposure experiment

The system adapted from previously reported.7 The system contains two principal parts: SO2 gas generator 

(A) dropping funnel with H2SO4 conc. [1] connected to a Schlenk flask with Na2SO3 (s) under stirring [2]; 

and the saturation chamber (B), constructed from a round flask with distilled water [3], connected to a 

sintered glass filter adapter [4] and to a vacuum line [5]. First, 150 mg of the Mg2(dobpdc) sample was 

activated in a sand bath at 250 °C under vacuum for 24 h, quickly placed on the glass adapter (powder 

bed of   1.5 mm) and the system was evacuated with a vacuum line. Next, SO2 gas was generated by 

dripping concentrated sulfuric acid over Na2SO3, which passed through the sample continuously for 24 

hours. The relative humidity of 60% was considered with and hygrometer inside the laboratory at the time 

of carrying out the experiment (not inside the home-designed setup). At this point, the relative humidity 



inside the homemade device was not adequately controlled, as is the case in the experiment elegantly 

reported by C. Janiak et al. in 2021.25

Figure S16. Homemade system for wet SO2 adsorption experiments.



Figure S17. IR spectra of the pristine Mg2(dobpdc) MOF material before and after exposure to dry and 

humid SO2 gas. (a) IR broad peak related to the presence of H2O in the framework after the SO2/H2O 

exposure (green spectra). (b) IR peaks related to the coordination between ligand and metal in 

Mg2(dobpdc).



Figure S18. N2 isotherms of the pristine Mg2(dobpdc) MOF material before and after exposure to dry and 

humid SO2 gas.

IAST Selectivity 

Calculation of IAST selectivity

The IAST selectivities for SO2/N2 and SO2/CO2 at 298 K were calculated according to the ideal adsorbed 

solution theory (IAST).36 To evaluate the sorption performance of Mg2(dobpdc) for the separation of a 

binary mixed system, single-component isotherms were fitted to a Dual Site Langmuir Freundlich model 

(DSLF):

𝑛(𝑃) =  
𝑎1(𝑏1𝑃)

𝐶1

1 + (𝑏1𝑃)
𝐶1

+  
𝑎2(𝑏2𝑃)

𝐶2

1 + (𝑏2𝑃)
𝐶2



where n is the gas adsorbed in mmol g-1, P is the pressure in kPa, a is the maximal loading in mmol g-1, b 

is the affinity constant in kPa-c, and c is the heterogeneity exponent.

The adsorption selectivity for the binary mixture is defined as: 

𝑆𝑖,𝑗 =

𝑥𝑖

𝑦𝑖
𝑥𝑗

𝑦𝑗

where x is the mole fraction of components in the adsorbed phase and y is the gas mole fraction of 

components. 

Figure S19. CO2 and N2 isotherms of Mg2(dobpdc) at 298 K, 308 K, and 318 K. The close and open circles 

represent adsorption and desorption, respectively.



Figure S20. Dual site Langmuir Freundlich model (DSLF) fit of (a) SO2 and (b) CO2 isotherms at 298 K.

Table S6. Summary of Dual site Langmuir Freundlich model (DSLF) fit parameters.

Parameter SO2 CO2

R2 0.999524 0.999999
a

1 4.90346 11.9638
b

1 0.00219618 0.000100994
c

1 24.0065 0.986268
a

2 33.9159 5.34744
b

2 0.000379652 0.0413379
c

2 0.408879 0.899732



Figure S21. Comparison of SO2, CO2, and N2 capacities at 298 K. It is worth noting that the SO2 uptake in 

Mg2(dobpdc) was higher at 298 K in the entire pressure range compared to those of the other gases.

Figure S22. IAST selectivity of SO2/CO2 in an equimolar condition at 298 K.



Plots of Experimental Heat of Adsorption of CO2 and N2

Figure S23. Dual site Langmuir Freundlich model (DSLF) fit of CO2 isotherms at 298 K (a), 308 K (b), and 
318 K (c).



Figure S24. Dual site Langmuir Freundlich model (DSLF) fit of N2 isotherms at 298 K (a), 308 K (b), and 
318 K (c).

Fluorescence Spectroscopy

For the fluorescence experiments were carried in an Edinburgh Instruments FS5 Spectrofluorometer, 

coupled with the SC-10 solid-state sample holder.

For the emission experiments the solid samples were slightly ground in an agate mortar to homogenize 

the microcrystals. They were later packed into the quartz sample holders and positioned in the 

instrument. The activated samples were packed right after being taken out of the activation process and 

were left inside the fluorometer sample holder to measure over time, the last spectrum was analyzed 96 



h later. Measurements were carried using an excitation wavelength of ex= 320 nm, with an additional 

330 nm high pass on the detector side to remove any remanent light from the excitation source. The 

measurements were collected with a step size of 1 nm, a dwell time of 0.50 s and two runs for every scan. 

The excitation bandwidth was set at 0.50 nm and the emission bandwidth for the detector at 3.00 nm.

Figure S25. Normalised emission spectra of Mg2(dobpdc) after exposure to different conditions.
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