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PROTONATION-DEPROTONATION OF THE FREE-BASE PORPHIN MOLECULES EMBEDDED IN SILICATE GEL MATRICES
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Interactions between a silicate gel matrix and organic impurity molecules may essentially change the physical and chemical properties of impurity centres. The understanding of the nature of these interactions, of the mechanisms of various reactions both in pores and on the surface of the silicate skeleton as well as the possibility to control these processes are necessary for targeted chemical synthesis of doped sol-gel materials with redesigned properties.

In this work we have carried out a detailed investigation of the influence of the nature of silicate inorganic TEOS and hybrid organic-inorganic VTEOS gel matrices, the chemical composition of the initial reaction sol-gel mixture and the gel matrix drying process on the spectral properties of the free-base porphin (H2P) molecules embed​ded in the nanodimension pores.

It has been established that, as the solid TEOS gel matrix is being formed, the visible four-band absorption spectrum of H2P is transformed into single-band spectrum. On the contrary, in solid hybrid VTEOS gel matrix no spectral changes are observed. Based on the totality of the experimental data obtained a conclusion is drawn that the neutral H2P molecules interact with the surface of the TEOS pores by means of the formation of hydrogen bonds between the central nitrogen atoms and the hydrogen atoms of the surface silanole groups. As a result, the centre of the H2P molecules is protonated, i.e. the dicationic form appears
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to which the transformed absorption spectrum belongs. Evidently, in the case of VTEOS gel matrics the surface vinyl groups are not capable of protonating the H2P molecules. Subsequent prolonged drying process of doped TEOS matrices leads to the reverse process of H4P2+ deprotonations of, the result of which is the formation of the monocationic species H3P+ with the corresponding absorption spectrum.

The fluorescence and absorption spectra of all protonated forms of H2P have been studied in detail at 300 and 77 K. At 4.2 K the fluorescence line-narrowing spectrum of H4P2+ in the TEOS gel matrix has been obtained. The causes of the changes in the frequencies and activity of the H4P2+ vibrations in the excited S1 state are discussed. It has been inferred that the structural rearrangement (increase in non-planarity) of the dication takes place in the S1 state.
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