
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Molecular simulation studies of adsorption and diffusion : phenomena of gases
in porous materials

Liu, B.

Publication date
2008

Link to publication

Citation for published version (APA):
Liu, B. (2008). Molecular simulation studies of adsorption and diffusion : phenomena of gases
in porous materials. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/molecular-simulation-studies-of-adsorption-and-diffusion--phenomena-of-gases-in-porous-materials(5519071f-c6f5-433a-b62c-73c6c29d3f3b).html


Summary

121

Summary

This thesis describes a simulation study of adsorption and diffusion phenomena of gases in 
porous materials, i.e. zeolites and metal-organic frameworks (MOFs).  

Zeolites are microporous materials that are found in a wide range of applications, such 
as efficient heterogeneous catalysts and adsorbents in the petrochemical industry. In these 
petrochemical applications the adsorption of hydrocarbons in zeolite pores plays an important 
role. Therefore, it is of great importance to explore the adsorption behavior of hydrocarbons in 
different zeolites from both scientific and practical points of view.  

      MOFs are a relatively new family of hybrid porous materials that are formed by the 
coordination of metal ions with organic linkers. These materials feature opportunities for 
functionality and structure by a rational combination of different metal ions with different 
organic linkers. These materials have various promising applications in, for example, gas 
storage, separation, or catalysis, etc. According to the structural characteristics, they can be 
categorized into two types: those with non-interpenetrated frameworks and those with 
interpenetrated ones. In the latter additional small pores and adsorption sites are formed by the 
interpenetration of frameworks, leading to MOFs with multi-pores of different sizes that may 
exhibit different gas adsorption, diffusion, and separation properties. In this work we 
investigate the effect of interpenetration on the adsorption and diffusion behaviors of gases/gas 
mixtures in interpenetrated MOFs.  

Evaluation of a Force Field for Describing the Adsorption Behavior of 

Alkanes in Various Pure Silica Zeolites 

Because force fields play an important role in molecular simulations, in chapter 2 we test the 
applicability of a united-atom force field developed by Dubbeldam et al. to various pure silica 
zeolites. Our results show that the united-atom force field of Dubbeldam et al. developed for 
MFI-type zeolites is applicable to other pure silica zeolites, such as FER-, MWW-, MTW-, 
CFI-, and LTA-type zeolites. It may be concluded that this united-atom force field is a general 
force field applicable to most pure silica zeolites.  
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Development of a New Force Field for Alkenes in Zeolites 

In chapter 3 a new united-atom force field is developed which accurately describes the 
adsorption properties of linear alkenes in zeolites. With this force field, we perform a 
comparative study on the adsorption behavior of ethene and propene in four pure-silica small 
pore eight-membered ring zeolites, CHA, DDR, ITE, and IHW, since they have been
recognized as promising candidates for the separation of alkene from olefin/paraffin mixtures 
in the petrochemical industry. The differences in adsorption capacities and of the shapes of the 
adsorption isotherms for the four zeolites are elucidated and related to their structures with the 
microscopic information obtained. 

Adsorption of Alkanes in Na-MOR Zeolites 

In chapter 4 the adsorption behavior of linear alkanes in Na-MOR zeolites are studied in detail. 
We first validate a force field developed for Na-FAU zeolites by Calero et al. to Na-MOR 
zeolites; based on the validated force field we further study the relationship between sodium 
cations and the adsorption behavior of butane in MOR-type zeolites, and finally, the 
adsorption behavior of larger alkanes such as C5-C7 is investigated to understand the 
influences of the location and density of cations on the adsorption. 

Understanding Aluminium Location and Non-framework Ions Effects on 

Alkane Adsorption in Aluminosilicates 

The structure of zeolites is composed of silicon and aluminium oxide tetrahedra and 
charge-balancing ions. The presence of cations or protons influences the adsorption properties 
of the zeolites. As the positions and stability of cations or protons in the zeolites are strongly 
related to their Al distributions, it is therefore important to identify the aluminium site 
locations. In chapter 5, firstly, we identify the most likely positions of aluminium in TON, 
FER, and MOR zeolites. Then with the determined structures, the effects of non-framework 
ions on the adsorption behaviors of alkanes in these zeolites are studied systematically and the 
relations of the macroscopic adsorption behaviors of alkanes to their microscopic structures 
are elucidated. Our results show that by matching the simulation data with the available 
experimental values the most likely position of aluminium in zeolites could be identified. The
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aluminium distributions in zeolites strongly affect the positions and stability of cations or 
protons, which in turn influence the adsorption behavior of alkanes.  

Hydrogen Diffusion in Interpenetrated Metal-Organic Frameworks 

In chapter 6 a combined molecular dynamics simulation and dynamically corrected transition 
state theory (dcTST) study is performed to investigate the effect of interpenetration (catenation) 
on hydrogen diffusion in MOFs. The results on 10 isoreticular MOFs (IRMOFs) with and 
without interpenetration show that catenation can reduce the hydrogen diffusivity by a factor 
of 2 to 3 at room temperature. For the interpenetrated IRMOFs with multi-pores of different 
sizes, free volume can serve as a measure for hydrogen diffusivity: the bigger the free volume, 
the larger the hydrogen diffusivity. In addition, the present work shows that dcTST can 
directly reveal the influence of the MOF structure on hydrogen diffusivity, which is a powerful 
tool to provide a better understanding of the relationship between gas diffusivity and MOF 
structure.

Separation of Methane and Hydrogen Mixtures in Interpenetrated 

Metal-Organic Frameworks  

In chapter 7 we perform a systematic molecular simulation study to investigate the effect of 
interpenetration on gas mixture separation in MOFs. Our results show that the adsorption 
selectivity of CH4/H2 mixtures is greatly enhanced in the interpenetrated IRMOFs compared 
with their non-interpenetrated counterparts. This enhancement is due to the formation of 
additional small pores and adsorption sites by the interpenetration of frameworks. Furthermore, 
this work shows that the pressure dependency behavior of adsorption selectivity, the 
composition dependency behavior of adsorption selectivity, and the occupying situation of H2

and CH4 molecules in the non-interpenetrated IRMOFs and their interpenetrated counterparts 
are much different. In addition, the present work shows that the ideal adsorbed solution theory 
(IAST) gives a good prediction of CH4/H2 mixture adsorption in interpenetrated MOFs with 
complex structures, on the basis of the pure component data in these structures. Based on the 
results obtained in this work, it can be concluded that the creation of interpenetrated 
frameworks is a promising strategy to develop MOFs with high separation performance. 
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