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ABSTRACT

The high energy demand for population growth leads to the development of indusiries worldwide, especially
coal-fired power plants, which are one of the main causes of the emission of toxic gases. The entire globe is
witnessing the potential influence of climatic change and global warming due to man-made emissions of
various gases such as CO2; SO2, and NO2 which remain on an upward trend. To mitigate the foxic gas
emission, adsorption and utilizing the adsorbed toxic gases as a value-added chemical is one of the cheaply
available technigues, and it is identified as a convenient technology for industrial plants. Metal Organic
Frameworks (MOFs) are found to be the predominant porous material for the toxic gas adsorption and
utilization due to their versatile properties.

The ultimate goal of this thesis is to develop new porous materials using molecular modelling techniques for
the adsorption of toxic gases such as CO2, SO2, and NO2 and utilizing them into value-added chemicals such
as cyclic carbonates, sulphites, and nitrates, tespectively, using computational simulations. Density Functional
Theory (DFT) and the Grand Canonical Monte Carlo (GCMC) simulations are the crucial methodologies for
the toxic gas adsorption and Climbing Tmage Nudged Elastic Band (CI-NEB) method is utilized to identify the
transition state of the catalytic fixation mechanism.
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