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S1. Materials 

Reagents and solvents were used as received from: Alfa-Aesar: Zinc nitrate hexahydrate (98%), 

Nickel nitrate hexahydrate (97%), Cobalt nitrate tetrahydrate (97%), Copper nitrate dihydrate 

(98%), 9,10-Dibromoanthracene (99%+), Dichloromethane (99.5%), Methanol (99.9%), DMF 

(99%) Ethyl acetate (99%), Ether (99%); Acros Organics: n-Butyllithium (1.6 M in hexane), Sodium 

hydroxide (99%); Ambeed: Potassium permanganate (99%), 1,4-Diazabicyclo[2,2,2]octane (97%), 

1,4-Benzenedicarboxylic acid (98%), 1,4-Naphthalenedicarboxylic acid (98%); VWR: Hydrochloric 

acid (36.5%-38%); PraxAir: N2 (99.99%), CO2 (99.9%) 

 

S2. Ligand Characterization 

 

 

Figure S1. 1H-500hz-DMSO NMR of 9,10-anthracenedicarboxylic acid (H2adc). 
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S3. Single Crystal Data 

 

Figure S2. Optical image of cuboid shaped single crystals of Zn2(adc)2(dabco). 

Table S1.  Crystal data and structure refinement parameters for Zn2(adc)2(dabco) CCDC 

number:  2360909 

Empirical formula  C19 H14 N O4 Zn 

Formula weight  385.68 

Temperature  100(2) K 

Wavelength  0.7288 Å 

Crystal system  Tetragonal 

Space group  I4/mcm 

Unit cell dimensions 
a = 15.3499(10) Å   = 90°. 

b = 15.3499(10) Å   = 90°. 

c = 19.0385(19) Å     = 90° 

Volume 4485.8(7) Å3 

Z 8 

Density (calculated) 1.142 Mg/m3 

Absorption coefficient 1.189 mm-1 

F(000) 1576 

Final R indices [I>2sigma(I)] R1 = 0.0284, wR2 = 0.0857 

R indices (all data) R1 = 0.0331, wR2 = 0.0887 
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S4. Powder X-Ray Diffraction (PXRD) Patterns 

Powder X-ray diffraction (PXRD) analyses were performed using a Rigaku Ultima-IV-

diffractometer at room temperature under Cu Kα radiation (λ = 1.5406 Å). Data were collected 

at room temperature in a 2θ range of 3-40°, with the operating power set to 40 kV/44 mA. The 

scan rate was 2°/min, with a step size of 0.2°.    

 
 

 

Figure S3. PXRD patterns of the as-made M2(adc)2(dabco) (M = Zn, Cu, Ni, Co, Mg, Ca). 
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S5. Thermogravimetric Analysis (TGA) 

Thermogravimetric analysis (TGA) was completed via a TA Instruments Q5000 under constant 

N2 flow (20 mL/min). Approximately 3 mg of MOFs samples were placed into a platinum pan, 

which was then heated from 30-600 °C at a rate of 10 °C/min. The weight loss from MOFs were 

monitored over the temperature increase. 

  

 

Figure S4. TG profiles of M2(adc)2(dabco) (M = Zn, Ni, Mg, Ca). 
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S6. Gas Adsorption Measurements 

Dynamic adsorption isotherms of CO2 in the binary mixtures of CO2/N2 under humidity (RH = 50%) 

were collected on a gravimetric adsorption analyzer TGA Q50 (TA Instruments). The bubbler 

containing the water-run ultrahigh purity N2 as the carrier gas to adjust humidity. The partial 

pressure of CO2 and humidity of H2O were adjusted by controlling the ratios of pure CO2 and N2 

gas, and humidified N2 gas. Gas mixtures of CO2/N2 (15/85) under 50% RH was generated by 15% 

of dry CO2, 35% of dry N2 and 50% of fully water saturated N2 flow. Gas mixture of CO2/N2 (50/50) 

under 50% RH was generated by 50% of dry CO2 50% of fully water saturated N2 flow. 

Approximately 20 mg of exchanged samples was activated under a constant N2 flow at 393 K for 

60 mins. Adsorbed amounts were monitored continuously by weight changes in the sample 

throughout the measurements. 

 

 

Figure S5. a) Single component CO2 adsorption isotherms of M2(adc)2(dabco) (M = Zn, Cu, Co, Ni, 

Ca, Mg) at 298 K; b) Single component water vapor adsorption isotherms for compounds 1-3 at 

298 K. 

 

  



8 

 

S7. In-situ FT-IR Study 

 

Figure S6. IR spectra of adsorbed H2O in activated compound 1 sample. H2O was loaded at around 

11 Torr and 24 °C. 

 

 

Figure S7. IR spectra of CO2 loaded compound 1 with pre-adsorbed H2O. 
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S8. Theoretical Calculation 

 

 

Figure S8. Two low energy binding pockets for H2O in compound 1. The relative energies (in 

kJ/mol) are given in the figure. 

 

 

Figure S9. a) CO2  optimum binding locations in compound 3; b) CO2 guest interaction with 

compound 3. 
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Figure S10. Low energy configurations for two H2O molecules in compound 1. Relative energies 

are given in kJ/mol. 

 

 

Figure S11. Water-water interactions in compound 1. Induced charge density of one water vs 

compound 1 with preloaded water. The iso-value is the same as in Figure S8 [0.0005 e.Å-3]. 
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Figure S12. Induced charge density of CO2 against preloaded H2O (a), and charge density induced 

by H2O against preloaded CO2 (b). A noticeable synergistic effect between co-adsorbed species is 

visible; 

 

 

Figure S13. Example of diffusion pathway with various energy barriers for (a) H2O and (b) CO2 

along their diffusion pathways. 
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S9. Adsorption Selectivity Calculations Based on IAST 

Ideal adsorbed solution theory (IAST) selectivity calculation is a general method to evaluate the 

selectivity of binary mixtures from pure component adsorption isotherms. 

𝑆 =
𝑋𝐴 𝑋𝐵⁄

𝑌𝐴 𝑌𝐵⁄
 

S represents the selectivity of component A relative to B. XA and XB are the molar fractions of the 

components A and B in the adsorption phase, respectively. YA and YB are molar fractions of 

components A and B in the gas phase, respectively. The dual site Langmuir-Freundlich (DSLF) 

isotherm model was adopted to fit the adsorption isotherms of CO2 and N2 on the compound 1, 

which is described as follow: 

q = q1
𝑏1𝑝𝑐

1 + 𝑏1𝑝𝑐
+ 𝑞2

𝑏2𝑝𝑡

1 + 𝑏2𝑝𝑡
 

Where 𝑝 is the equilibrium pressure of the gas phase and adsorbed phase, q1 and q2 are the 

saturated capacity of site a and b; b1 and b2 are the affinity coefficients of site a and b; c and t 

are the Freundlich exponent for the heterogeneity from an ideal homogeneous surface of site a 

and b, respectively. 

 

Figure S14. IAST selectivity plot for the binary CO2/N2 (15/85) mixture at 298K. 
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S10. Multiple Adsorption (Recyclability) Measurements, Long-term Stability and Error Margin 

Calculations   

The stability and recyclability of the compound 1 have been demonstrated by six consecutive 

heat-swing adsorption with consistent uptake capacities. For each cycle, the uptake amounts of 

CO2 at 303 K (CO2/N2 = 15/85) are 1.387 mmol/g, 1.380 mmol/g, 1.365 mmol/g, 1.376 mmol/g, 

1.382 mmol/g, and 1.383 mmol/g, respectively. Based on this data set, we have calculated and 

obtained the following parameters: Mean = 1.378833, Standard Deviation = 0.007679, 

Uncertainty = 0.003135, Margin of error = 0.006144347.1 

  

Figure S15. The CO2 adsorption–desorption recyclability test results for compound 1. Six 

consecutive adsorption cycles were carried out with a gas feeding ratio CO2 : N2 = 15 : 85 (v : v) at 

303 K.  
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Figure S16. PXRD patten of compound 1 collected after being exposed in open-air for 1.5 month 

compared with those of the as-made and simulated patterns.   
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Table S2.  Comparison of Ni2(adc)2(dabco) with commercially viable and widely studied 

prototype MOF sorbents for CO2 adsorption under dry and humid conditions 

Name CO2 Uptake at 
1 bar, 298K 

(Dry) (mmol/g) 

CO2 Uptake 
under humidity 

(mmol/g) 

Qst (kJ/mol) Activation 
Temp. (°C) 

Liand Cost 
($/g) 

Stability in 
water 

Ni2(adc)2(dabco) 3.03 
2.7 (CO2/N2 = 

50/50, 50% RH, 
303K) 

25.2 100 ~25 Stable  

CALF-202, 3 3.8 
~1 (CO2/N2 = 

20/80, 50% RH, 
298K) 

39 100 ~4.5 Stable 

ZIF-84 0.85 NA 26 200 ~0.5 Stable 

UiO-665 2.88 
0.9 (CO2/N2 = 

20/80, 40% RH, 
303K) 

25 150 ~0.1 Stable 

Mg-MOF-746 8.6 
1.5 (CO2/N2 = 

15/75, 75% RH, 
298K) 

47 120 ~37 Unstable 

NbOFFIVE-Ni7 2.2 
0.42 (pure CO2, 
74%RH, 298K) 

54 150 ~11 Stable 

SIFSIX-3-Cu8 2.58 
0.32 (pure CO2, 
74%RH, 298K) 

54 150 ~15 Stable 
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