Pressure-induced reactions in organic compounds
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Pressure-induced behavior of aromatic compounds has been a subject of intensive research because of their great importance in both fundamental and applied chemistry. At high pressure, organic compounds exhibit various structural phase transformations followed by pressure-induced irreversible chemical reactions. 
Pressure-induced oligomerization was reported on aromatic hydrocarbons represented by the simplest benzene with delocalized electrons in the π orbital (e.g., Shinozaki et al., 2013, 016; Yasuzuka et al., 2011). High pressure behavior of aromatic hydrocarbons is an important subject in planetary science. Stability of benzene and formation processes of polycyclic aromatic hydrocarbons (PAHs) in the planetary interior condition affects attentions because benzene and/or PAHs have been found in carbonaceous meteorites, Martian meteorites, and the atmospheres of giant planets and icy satellites. 

Organic compounds having –OH group undergo dehydration condensation at high pressure (e.g., Shinozaki et al., 2013). We have recently found that amino acid (L-alanine) polymerize by forming peptide bonds at high pressure and room temperature through pressure-induced dehydration condensation (Fujimoto et al., 2015). Polymerization of amino acid was also observed in an aqueous solution of amino acid in spite of the dehydration condensation. We observed pressure-induced oligomerization of amino acid in its aqueous solution at pressures higher than 5 GPa where ice VII is the stable form of ice. The obtained results suggest that pressure-induced freeze-concentration of amino acid into the grain boundaries of ice enhanced the pressure-induced reaction (Takahashi et al., 2017). The pressure-induced reactions in organic compounds will open new avenue on evolution of organic compounds toward life-related molecules. We will review our recent results in the talk.
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