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The pressure-induced transformation of graphite into diamond, first reproduced in the laboratory in
1955, is now an industrial process with a global market worth $20 billions. In the graphite-diamond
transformation pressure is used as an external force to induce the sp2-sp3 hybridization change.
Extreme conditions of pressure and temperature such as those found in the interiors of planets can
nowadays be reproduced routinely in the lab and can be used to explore novel chemical changes in
carbon. Understanding such changes has far ranging implications in materials science, chemistry,
planetary sciences, and geophysics. In this context, atomistic simulations based on density-functional
theory play an important role [1]. I will present some recent updates on the phase diagram of carbon
at TPa pressure [2] and discuss the mechanical stability of diamond under hydrostatic and strongly
uniaxial compression [3]. I will also illustrate how extreme conditions affect the chemistry of carbon-
bearing compounds such as CO2 and CH4. Specifically, I will describe the pressure-induced collapse
of molecular CO2 into extended covalently-bonded polymorphs [4] and the solvation, ionization, and
full dissociation of methane in water under planetary conditions [5, 6].
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