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S1. Computational Details

The Density Functional Theory (DFT) calculations are performed using the Vienna Ab Initio 

Simulation Package (VASP), version 6.3.0.1 Because of the success of the Perdew−Burke−Ernzerhof 

(PBE)2 Generalized Gradient Approximation (GGA) in describing the electronic structure of SIFSIX-

3-Cu,3-7 we employ the PBE exchange correlation functional along with the projector augmented 

wave (PAW) pseudopotentials.8 The PAW parameters are extracted from the VASP POTCAR library 

for N (s2p3), C (s2p2), H, Cu_pv (d10 p1), F (s2p5), Si (s2p2), and O (s2p4). Periodic boundary condition 

is applied to the unit cell of SIFSIX-3-Cu9 in all directions, and spin polarization (a doublet ground 

spin state) is considered.4 To include long-range dispersion effects on the calculations, the DFT-D3 

van der Waals corrections with Becke-Jonson damping are applied.10,11 To decrease the 

computational errors, the “accurate” precision mode is used. The convergence limit of the self-

consistent electronic structure calculations is set to 10-5 eV. The partial electron occupancies of each 

orbital are treated with 0.03 eV Gaussian smearing.

According to our calibration results reported in Table S1, a Monkhorst-Pack grid of 4 × 4 × 4 (Γ-

point only) is used to sample the Brillouin zone, and a kinetic energy cutoff of 500 eV is used in 

expansion of the Kohn-Sham wave functions. During the optimization of the geometries, only the 

atomic coordinates are modified until the force on each atom is less than 0.05 eV Å-1. Our additional 

calculations on optimization of the unit cell’s shape and volume (see Table S2) show that the selected 

computational parameters can reproduce the experimental unit cell with less than 0.6% error.     

To evaluate the adsorption of CO2 and H2O onto the SIFSIX-3-Cu structure, the adsorbate molecules 

are placed at random positions, and the structure and electronic energy are relaxed. To calculate the 

energy of the isolated gas molecules (the SIFSIX-3-Cu systems), Gaussian smearing is increased to 

0.10 eV. In all calculations, the system size is set equal to the unit cell dimensions (a = b = 6.9186 

Å, c = 7.9061 Å)9. 
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Table S1. Effect of various parameters on optimization of the electronic energy (E) and geometry of 

SIFSIX-3-Cu.* 

Ecut (eV) ISIF KPOINTS E (eV) CPU time (s)
500 2 111 -142.7136741 8913.337
500 2 222 -142.7986283 10187.529
500 2 223 -142.7987461 9080.726
500 2 333 -142.8105576 10089.657
500 2 444 -142.8101817 11054.34
450 2 444 -142.8132342 10738.166
550 2 444 -142.8162111 10876.07
500 3 444 -142.8288571 12072.502
500 4 444 -142.8103208 11355.394

* Ecut: Cut-off energy; ISIF=2: only the atomic positions are optimized; ISIF=3: the atomic positions, 

cell shape, and cell volume are optimized; ISIF=4: the atomic positions and cell shapes are optimized; 

KPOINTS: the Bloch vectors (k points) used to sample the Brillouin zone; and 111 represents a 1 × 

1 × 1 sampling space.

Table S2. Comparison of the calculated and experimental cell parameters. 9*  

a, b c MEA (%)
Exp. 6.9186 7.9061 -
ISIF = 3 6.8632 (0.36) 7.8777 (0.58) 0.58
ISIF = 4 6.9129 (0.08) 7.9191 (0.16) 0.12

* The values in parentheses are the absolute errors (%) relative to the experimental parameters; and 

MEA stands for the mean absolute error. ISIF=3: the atomic positions, cell shape, and cell volume 

are optimized; and ISIF=4: the atomic positions and cell shapes are optimized. 
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S2. Results and Discussion

The adsorption modes and energies obtained from DFT simulations are presented in Figure S1. As 
shown, water adsorbs onto SIFSIX-3-Cu in five different configurations with varying adsorption 
energies. CO2 can be adsorbed in just one adsorption mode.  

Ead: -83.4 kJ mol-1

Ead:-81.4 kJ mol-1

Ead: -79.7 kJ mol-1
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Ead: -105.3 kJ mol-1

Ead: -106.9 kJ mol-1

Ead: -67.9 kJ mol-1

  

Figure S1. The H2O and CO2/SIFSIX-3-Cu adsorption modes and energies (0 K). The unit cell is 
duplicated (2 × 2 × 2) to show the binding modes more precisely.  
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Consistent with the DFT results, the distribution of the CO2 and H2O molecules in SIFSIX-3-Cu 
obtained from MD simulations at two different molar ratios and room conditions (Figures S2 and S3) 
demonstrate the preference of H2O adsorption and the diverse adsorption modes of H2O. 

(a)

(b)

Figure S2. (a) Initial state and (b) final state of MD results for adsorption and distribution onto 
SIFSIX-3-Cu for a gas mixture with the H2O:CO2= 60:30 molar ratio, at 298 K and 1 atm.
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(a)

(b)

Figure S3. (a) Initial state and (b) final state of MD results for adsorption and distribution onto 
SIFSIX-3-Cu for a gas mixture with the H2O:CO2= 80:10 molar ratio, at 298 K and 1 atm.

Figure S4 represents the movement of the mass transfer zone along the adsorption tower through a 
simple schematic manner. As H2O has a high tendency to adsorb on SIFSIX-3-Cu, CO2 molecules 
are unable to be adsorbed in the H2O mass transfer zone. Consequently, CO2 molecules are adsorbed 
after the mass transfer zone of H2O.   
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Figure S4. The evolution of H2O-saturated mass transfer zone along the height of adsorption 
packed bed column. 12 
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