
 
First Euro-Mediterranean Conference on Materials and Renewable Energies (EMCMRE-1) 21-25 November 2011  
 

TEMPLATING EFFECT OF ORGANIC LIGANDS ON THE STABILIZATION OF ZIFS AND ON 
THEIR ADSORPTION PROPERTIES FOR CO2  

B. Kerkeni1, A. Torrisi2 and C. Mellot-Draznieks3 
1Université de Carthage, Unité de Physico-Chimie Moléculaire, IPEST La Marsa, BP51 2070, Tunisia 

2Department of Chemistry, University College London, Gower Street, London WC1E 6BT, UK 
3Institut Français du Pétrole, 92852 Rueil-Malmaison Cedex, France 
 

E-mail : boutheina.kerkeni@obspm.fr 
 
Abstract: 
 

One of the technological problems that face society today is the environmentally friendly and economically 
favourable separation, capture and storage of gases. The use of nanoporous sorbents (e.g. zeolites) 
embedded in membranes to remove impurities and/or as a possible technology for CO2 capture has been 
proposed by various researchers. Such materials would be far less costly, as well as being chemically more 
benign than amine units. However some drawbacks of conventional zeolitic membranes are insufficient 
selectivity and flux, poor thermal cycling behavior and non-facile synthesis involving long calcinations. In this 
context, Metal Organic Frameworks (MOFs) [1] have been recently proposed in the field as potentially 
interesting materials for CO2 adsorption and separation purposes [2]. The rational construction of hybrid open-
frameworks, with controlled-size cavities and periodic intraframework organic functionality, is an ongoing 
synthetic challenge and is attracting exceptional scientific and technological interest. It already offers great 
potential for innovative applications pertaining to strategic gas (H2, CH4,

 CO2) processing [3,4,5,6]. 
  
More recently the synthesis of Zeolitic Imidazole Framework (ZIFs) has gained considerable attention, due to 
their spectacular nanoporous architecture. Using high-throughput synthesis techniques, ZIFs have been 
recently recognized as potentially interesting materials for CO2 capture and CO2/CH4 selective adsorption 
[7,8]. Rotation and substitution of imidazoles might have a major impact on sorption properties and 
thermodynamic stabilities of ZIFs structures. We have recently performed periodic boundary conditions DFT 
including vdW contributions and Monte Carlo simulations in order to study the ZIF-8 framework. We have 
investigated the effect of imidazole substitution on the rotational energy landscape.  A very exciting finding is 
the existence of a two-minima potential following the imidazole-methyl substituant rotation around the N-N axis 
which does not appear in the original ZIF (pure imidazole). Shoulders on the potential curves at 160°± 360° are 
due to the short distances (2.23 Å) between the Zn2+ ions and the two H atoms at the bottom of the imidazoles 
in the 4- and 6-membered rings. While shoulders at -70°±360° appear only in the case of the imidazole- methyl 
substituant and correspond to short distances (2.22 Å) between H atoms of the methyl groups and those at the 
bottom of the imidazole of the neighbor imidazole in 6-membered rings. Potential barriers at 60°±360° 
correspond to molecular overlap between the imidazoles’ methyl groups in 4-membered rings. While potential 
barriers at 230°±360° are a result of molecular ove rlap between the imidazoles’ bottom H atoms in 4-
membered rings, 
At the potential energy minima (i.e 0° for pure imi dazole, and (0°,100° for methyl substituant), we pe rformed 
DFT calculations of global relaxations of cell parameters, and geometries. We then compared the final cell 
volumes, and the resulting adsorption energies per unit formula (i.e per imidazole and per Zn atom). We found 
that the structure with methyl-imidazole substituant at 100° is the most stable, it might hence corres pond to a 
new polymorph that has not yet been identified identified experimentally (under publication [9]). 
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