Effects of the environment upon the properties of Ca cation. A DFT study.
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Adsorption properties of the cations in zeolites dramatically differ from those of the oxides of the same elements. To explain this effect FTIR spectra of CO adsorbed on CaO exposed to different gaseous acids has been carried out [1]. It was shown that transformation of the surrounding O2- ions into carbonate, sulfite or sulfate ions results in the blue shift of C-O stretching band of molecules bound to Ca2+ cation, approaching the value characteristic of Ca zeolites. In the zeolites adsorption of two or even three CO molecules at the same cation is possible. In the spectra of CO adsorbed on Ni-USY zeolites such mono-, di-, and tricarbonyls exhibit one, two or three well resolved bands which shift in a certain way on 13C substitution [2]. However, for CO adsorbed on CaY zeolite [3] adsorption of two molecules on the same cation, manifested in a shift of CO band with coverage, does not lead to its splitting in two maxima as expected for the dicarbonyl. Band assignment in the spectra of adsorbed 12CO-13CO mixtures faced some difficulties, in particular, at elevated temperatures when the spectra reveal linkage isomerism - a part of molecules become bound via O atom. 

For better understanding the experimental results we have carried out a DFT calculation of CO molecules interacting with Ca cation in clusters modelling either a fragment of zeolite framework or the oxide, pure and modified by CO3-ions, as well as with the free Ca2+. The calculated values of harmonic frequencies were multiplied by scaling coefficients different for C- or O- bonded molecules. Besides the frequencies, the intensity of C-O band was calculated

Analysis of the obtained results demonstrates a good agreement with the experimental data. With the increasing size of anions around Ca2+ ion, CO frequency increases. It is even higher for the zeolite and the highest value was obtained for CO complex with a free Ca2+ cation, not available in the experiment. 

In accordance with [4], the increase of CO stretching frequency is accompanied by intensity decrease of the corresponding absorption band.

For the Ca dicarbonyl complex in zeolite, as compared with Ni dicarbonyl, due to weaker interaction between the molecules, splitting of CO band is small and the second band of CO vibration coincides with that of monocarboonyl.

Unlike CaO, where strong field of O2- anions prevents the formation of O-bonded complexes, for larger anions linkage isomerism becomes possible, and the higher are the frequencies of C-bonded complexes, the greater is the low-frequency shift of the O- bonded CO. 
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