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Abstract 
CO2 is the most prominent greenhouse gas emitted by 

industrial activities, being the dominant source of global 

warming effect. Huge amount of efforts have been made 

to investigate new types of materials for CO2 capture and 

sequestration. Metal-Organic Materials (MOMs) are a 

recently emerged class of materials with high specific 

surface area, tunable structure and pore functionality[1] 

considered as promising candidates for gas 

capture/storage. In this research the adsorption process 

of CO2 in a square grid MOM called [Zn(pyz)2SiF6] 

(SIFSIX-3-Zn)[2] is studied by molecular simulation 

using Monte Carlo(MC), Molecular Dynamics(MD) and 

ab initio simulation.  
 

1. Introduction 
MOMs with highly modular and tunable structure are 

being increasingly studied because of their promising 

properties for gas storage and selective capture. In this 

research the adsorption characteristics of CO2 molecule 

in SIFSIX-3-Zn structure (Fig. 1) as a square grid MOM 

has been investigated by means of molecular simulation. 

Adsorption isotherms, saturation capacity, isosteric heat 

of adsorption, adsorption site location and potential well 

were studied.  

 

Figure 1.SIFSIX-3-Zn unit-cell, white: H, blue: N, 

cyan: F, gray: C, purple: Zn, yellow: Si. 

 

2. Methods 

Electrostatic partial charges were fitted on the centre 

of atoms in various fragments representing all different 

environments around atoms in SIFSIX-3-Zn structure by 

QEq method. Universal Force Field (UFF) were 

employed to explain van der Waals interaction 

parameters between sorbate molecule and sorbent 

structure. Grand Canonical Monte Carlo (GCMC) 

simulations were performed by adsorption module in 

commercial package of Materials Studio software. All 

GCMC calculations were done by configurationa bias 

algorithm in which CO2 has an extra degree of freedom 

as bending angle potential. Also, MD calculation were 

done by GULP simulation package. 
 

3. Results 
The simulated adsorption isotherms at room 

temperature and 298 K is depicted in Figure 2 which is 

in good agreement with experimental results. Type I 

adsorption isotherm shows high affinity of this MOM 

against CO2. As it can be seen, the MOM saturates at 

pressures lower than 0.2 atm.    
 

 
Figure 2. Simulated and experimental adsorption 

isotherms at 298 K and 273 K. 
 

Also, MD simulations were done with CO2 molecules in 

a 3×3×3 cell of SIFSIX-3-Zn. It was revealed that all 

sorbate molecules are located vertically among 

equatorial fluorine atoms whilst oxygen atoms are 

directed as far as possible from negatively charged 

fluorine atoms.  
 

4. Conclusion 
The simulation approach with UFF force field in 

conjunction with configurational bias Monte Carlo 

algorithm shows good agreement with experimental 

results. Also, SIFSIX-3-Zn shows one of the highest 

capture abilities towards CO2 among available MOMs. 
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