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Objectives : CO, is one of the greenhouse gases that cause the global warming. Alkanolamine aqueous solutions
are frequently used as a chemical absorption solvent for post combustion capture process. The reaction of CO, and
MEA (monoethanolamine) was studied by theoretical analysis to describe the effect of neighboring molecules.

Methods : The reaction of CO, absorption in MEA aqueous solution was investigated using DFT (density functional
theory) method. The 14 reaction models were designed according to the arrangement of reactant and neighboring
molecules.

Results and Discussion : The structures of reactant, TS (transition state) and product were analyzed in perspective
of the geometry, thermodynamics and kinetics. The neighboring molecules stabilized the structures of reactant complex
due to increasing intermolecular interaction (hydrogen bond) between reactants and these molecules. The structures
of reactant complex were change to the arrangement that MEA can easily react with CO,. However, the neighboring
molecules would slightly affect the reaction pathway of the structures of TS and product. The activation energy and
TS structure were differed according to the type of hydrogen atom transfer, not the effect of neighboring molecules.
The neighboring molecules seems to work slightly in the aspect of chemical kinetics of the reaction between CO,
and MEA in aqueous solution.

Keywords : Carbon dioxide, MEA(monoethanolamine) aqueous solution, Neighboring molecules, computational
chemistry, Activation energy
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Fig. 1. Energy diagram of three calculation models.
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Fig. 2. Arrangement of the reactant and neighboring molecules
in each model. White, gray, blue and red spheres denote
hydrogen, carbon, nitrogen and oxygen atoms, respectively.
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Table 1. 14 models according to arrangement of the reactant and neighboring molecules.

Reaction model

‘ @ [MEA+CO,]
I ® [MEA+CO,+H,0] H,O
I © [MEA+CO,+MEA] MEA
@ [MEA+CO,+H,0+H,0] H,O H,O
®© [MEA+CO,+H,0+MEA] H,O MEA
v [MEA+CO,+H,0+MEA+MEA] H,O MEA MEA
[MEA+CO,+H,0+H,0+MEA] H,O H,O MEA
[MEA+CO,+H,0+H,0+H,0] H,O H,O H,O
[MEA+CO,+MEA+MEA] MEA MEA
® [MEA+CO,+MEA+H,0] MEA H,O
v [MEA+CO,+MEA+H,0+MEA] MEA H,O MEA
[MEA+CO,+MEA+MEA+MEA] MEA MEA MEA
© [MEA+CO+MEA+H,0+H,0] MEA H,O H,O
® [MEA+CO+MEA+H,0+H,0+MEA] MEA H,O H,O MEA
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Fig. 3. Calculated structures of reactant complex of six models.
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Table 2. Binding energy, activation energy and reaction energy of 14 models (in kcal/mol).
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