Scientific report
. Purpose of the visit
My research focuses on the development of molecular simulation techniques to study the interactions of a variety of molecules (water, aromatic molecules and alcohols) with porous materials ( zeolites and Metal Organic Frameworks). The aim of my work is to develop those new simulation techniques and force fields that are required to understand the molecular behavior inside the materials. These systems are of direct industrial relevance. As an example, I study the effect of residual water in hydrocarbon separations using zeolites as molecular sieves, and I use molecular simulations to help developing new and more efficient materials for catalysis, molecular sieving, and gas storage.

Currently I am working on several projects related to the adsorption and molecular sieving in zeolites and Metal Organic Frameworks (MOFs):

1. Comparison of different approaches and simulation methods to properly describe the adsorption and diffusion of water in zeolites (silicalite and LTA).
2. Separation of water/alcohol mixtures in the pure siliceous zeolite DDR.

3. Adsorption of water in the Metal Organic Framework Cu-BTC and its possible application in the separation of mixtures containing molecules with different dipole moment.

4. Adsorption of xylene in the Metal Organic Framework MIL-47 and the possible application to the separation of its different isomers.

5. Adsorption of benzene in zeolites and separation of benzene/thiophene mixtures using different zeolites.

State of the art simulation techniques are applied to study the properties of interest mentioned above, in particular: (1) Simulations in the Gibbs ensemble are used to calculate the vapor-liquid equilibrium curve (VLE) of a given system. This is a crucial step for the development of new force fields for guest-host systems. (2) Grand-Canonical Monte Carlo (GCMC) simulations in combination with the Configurational-Bias Monte Carlo (CBMC) technique are used to study the adsorption of complex guest molecules in the porous host materials. (3) Transport of guest molecules in these systems are studied using Molecular Dynamics. For slow diffusing compounds, we use special rare-event techniques (dynamically correct transition state theory).

The purpose of my stay in Delft University under the supervision of Dr. Vlugt was centered on the adsorption of water/alcohol mixtures. The department of Process&Energy at Delft University has a large interest (aquí pondria has a large experience in/ o bien is interested on) the separation of water/alcohols mixtures, one process that is of great relevance in industry. Some preliminary experiments have already been performed using the pure siliceous zeolite DDR in this department, although detailed information about the adsorption and diffusion processes is scarce and a good microscopic description of them is necessary. During my stay, my aim was developing new methods and force fields that allow the correct description of this system and to investigate whether the permeation of water/alcohol mixtures in DDR is controlled by adsorption of diffusion. I will apply this knowledge to other types of zeolites in the search of process optimization. Having a close contact with this research team permitted me a direct comparison of my simulation results with their experiments, counting at the same time with the wide knowledge of Dr. Thijs Vlugt on molecular simulation.

. Description of the work carried out during the visit

During my stay in Delft University I tested different force fields available from the literature to check if they were suitable for the study of water and methanol mixtures in the zeolite DDR. I tried to fit the potential parameters to give a quantitative description of the pure component experimental isotherms. Fitting the Lennard-Jones parameters to reproduce the correct interaction between the molecules and the zeolite resulted into a very slow process. I also tried to simulate a flexible framework, as water is very sensitive to the precise location of the atoms of the zeolite, but the simulation time needed to equilibrate the system was unaffordable. Finally I decided to use the available force field that are able to described qualitatively the experimental adsorption isotherms of pure water, methanol, and ethanol. Afterwards, I computed the isotherms for mixtures of water and alcohols, also reproducing the qualitative trend of the experimental data. 
A further step was taken to explain the high selectivity of these structures, which was not explained observing the adsorption behavior of the system. Using the force field selected previously, self-diffusion and transport diffusion coefficients were calculated from the Mean Square Displacement and the Onsager formulation respectively, obtaining a satisfactory explanation of the phenomena that takes place in the structure. Finally, heats of adsorption for the different adsorbed molecules were calculated and compared with the experiment.
. Description of the main results obtained

The experimental pure component and mixture isotherms were reproduced qualitatively using a simple force field. As it has been shown previously, the adsorption of water in hydrophobic zeolites is largely improved in the presence of alcohols. The reason is that the alcohols act as adsorption centers for water, as water links to the alcohol molecules with hydrogen bonds to form clusters. One difference with other zeolites such as MFI is that the adsorption of alcohol in the mixture with water does not decrease, but remains unaffected.
The analysis of the mixture isotherms did not explain the high separation factors of water in the presence of ethanol, as ethanol was the preferentially adsorbed component in the mixture. The explanation is that the diffusivity of water is two orders of magnitude larger than the diffusivity of ethanol, which lays in the limit measurable with Molecular Dynamic methods. In addition, the diffusivity of water was unaffected by the presence of ethanol, but the diffusivity of ethanol decreased in the presence of water. A similar phenomenon takes place in the mixture of water and methanol, although in this case the differences in diffusivities of the two molecules is not so big and the separation not so efficient.
. Future collaboration with host institution
I plan to keep active collaboration with Dr. Vlugt, as he is an expert in molecular simulation methods. For example, he has experience in studying the adsorption of benzene in zeolites, which is directly related with one of my current projects, the study on separation of aromatic molecules in zeolites.
One member of the experimental group I have been working with in TU Delft finishes his contract in December 2008, so a future collaboration with him in this institution is no longer possible. Nonetheless, I am in contact with professor Kaptijn, who is currently working on the adsorption of molecules in different Metal-Organic Frameworks, and there are interesting opportunities to begin some type of collaboration.
. Projected publications/articles resulting or to result from your grant

We are currently writing an article with the title: “Adsorption of water, methanol and ethanol on all-silica DD3R: experiments and simulation”, which gathers all the results obtained during my stay in TU Delft on water/alcohols separation. This article will be sent to an international journal for its publication.
