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Accurate knowledge of physical properties and phase equilibria is crucial for the conceptual and detailed design, simulation and 

optimization of industrial processes.  The unprecedented increase of computing power over the last decades and the development of 

new theoretical and computational methods and algorithms allow us today to calculate and model phenomena at the microscopic 

(molecular) level and predict macroscopic properties of complex chemical and physical systems. Research work in the Molecular 

Thermodynamics and Simulation Laboratory of TAMUQ focuses on the development and implementation of novel hierarchical 

methods and algorithms for the computer modelling and calculation of complex fluid properties at the molecular, mesoscopic and 

macroscopic levels.  In this presentation, recent projects related primarily to sub-surface applications will be discussed.   

One of the greatest global challenges today is the control of the CO2 concentration in the atmosphere. It has been widely advocated that 

CO2 storage in geological formations provides a realistic and efficient technology for this.  In such an environment, CO2 is found in 

mixture with other compounds, most notably H2O and salts.  In this work, a broad range of thermodynamic (such as density, vapor 

pressure and activity coefficients) and transport properties (such as diffusion coefficient, viscosity and interfacial tension) are predicted 

using Monte Carlo (MC) and Molecular Dynamics (MD) simulations in various statistical ensembles. Different two-body atomistic force 

fields for CO2, H2O and NaCl are used.  Calculations reveal that different force fields are more accurate than others for different 

properties. However, none of them is able to predict accurately the entire spectrum of properties.  Polarizable force fields will be shown 

to exhibit improved accuracy, but with a higher computational cost.  

A second project refers to the prediction of the three-phase coexistence line of gas hydrates, which is important for flow assurance in the 

oil & gas industry and for gas separation processes.  For this purpose, we use the direct phase coexistence method.  Very long MD 

simulations at the μs scale are carried out in the isothermal – isobaric ensemble and the coexistence temperature (T3) is calculated at 

different pressures, up to 1,000 bar for methane and up to 5,000 bar for carbon dioxide hydrates.  In addition, the gas solubility in H2O 

at T3 is predicted.  In all cases, MD predictions are in excellent agreement with experimental data.   

 
 
 

 

 

Dr. Economou’s research work focuses on the development and implementation of novel 

hierarchical methods and algorithms for the computer modelling and calculation of 

complex fluids and advanced material properties at the molecular, mesoscopic and 

macroscopic levels.  Through this work, quantitative links are established between 

chemical constitution, processing conditions, and physical (thermal, mechanical, 

rheological, transport, interfacial, optical, dielectric) properties, which are critical for the 

optimal design of industrial processes and also govern the end-use performance of 

commercial products.  
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