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The electronic energies and structures of ILs and IL--CO, complex in the gas phase were
calculated by full optimization without any geometrical constraints with Gaussian 09 software
package! using the density functional theory and the B3LYP hybrid exchange-correlation
functional®? with the 6-31+G(d,p) basis set.* All stationary point species were verified by

calculating their vibrational frequencies.>*

For [RMIm][TCM], geometric optimization was conducted as follows: the imidazolium
group of the 1-alkyl-3-methylimidazolium cation was found to have a planar aromatic structure
in its energy minimum. A methyl group was added to one of the N atoms to produce
methylimidazolium and was optimized. The binding of an ethyl group to the other N atom
resulted in a stable [EMIm] cation structure. Optimized [BMIm] and [HMIm] cations were
obtained using a similar procedure. A [TCM] anion was then added mainly at four different
positions, including the top and bottom of the planar imidazolium cation and vertically as well

as horizontally to the planar structure of imidazolium, and these structures were optimized.

For [EMIm][TCM]---CO,, eight initial configurations were constructed for geometric
optimization. In each of the configurations, the CO, molecule was placed at a different location
between the cation and anion of the IL, horizontally and vertically for the plane made by the
cation and anion of the IL. The formation of these complexes is diffusion controlled with no

activation energy.

The B3LYP structures of [BMIm][TCM]---CO, and [HMIm][TCM]---CO, were obtained



using a similar method, and an optimized structure was obtained with CO, in a position similar
to the position of CO, in [EMim][TCM]. For all complexes, the oxygen atoms of the CO,
molecule are bent outward to reduce the repulsive interaction with the electronegative N of

C(CN)s-

The complexation energy (AE,) is defined as the difference between the energy of the
[RMIm][TCM]---CO, adduct and the sum of the energies of the separate [RMIm][TCM] and
CO, species in the gas phase. Although calculations with the basis set superposition error
correction by the Boys-Bernardi counterpoise method” would provide results that are more
consistent with the experimental data,® for computational efficiency we considered only the
uncorrected complexation energy between the molecules because our objective here was to see

the trend in this system.

Reference

1. M.J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman,
G. Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li,
H. P. Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M.
Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao,
H. Nakai, T. Vreven, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J.
Heyd, E. Brothers, K. N. Kudin, V. N. Staroverov, T. Keith, R. Kobayashi, J. Normand,
K. Raghavachari, A. Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J.
M. Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R.
Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W.
Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth, P. Salvador, J. J.

Dannenberg, S. Dapprich, A. D. Daniels, O. Farkas, J. B. Foresman, J. V. Ortiz, J.



Cioslowski, and D. J. Fox, Gaussian 09, Revision C.01, Gaussian, Inc., Wallingford CT,
2010.

A. D. Becke, Density-functional thermochemistry. Chem. Phys. 98 (1993) 5648-5652.
C.Lee W. Yang, R. G. Parr, Development of the Colle-Salvetti correlation-energy formula
into a functional of the electron density. Phys. Rev. B. 37 (1988)785-789.

W. J. Hehre, L. Radom, P. R. Schleyer, J. Pople, Ab initio Molecular Orbital Theory.
Wiley books, (1986) 576.

J. A. Pople, R. Krishnan, H. B. Schlegel, J. S. Binkley, Derivative studies in hartree-fock
and meller-plesset theories. Int. J. Quantum Chem. 13 (1979) 225-241.

J. A. Pople, H. B. Schlegel, R. Krishnan, D. J. Defrees, J. S. Binkley, M.J. Frisch, R. A.
Whiteside, R. F. Hout, W. J. Hehre, Molecular orbital studies of vibrational frequencies.
Int. J. Quantum Chem. 15 (1981) 269-278.

C. Deverell, R.E. Morgan, J. H. Strange, Studies of chemical exchange by nuclear
magnetic relaxtion in the rotating frame. Mol. Phys. 18 (1970) 553-559.

J. A. Steckel, Ab Initio Calculations of the Interaction between CO, and the Acetate Ion.

J. Phys. Chem. A. 116 (2012) 11643-11650.



