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[ Abstract] We propose an approach to perform the global search for low-lying crystal
structures and their phase-transition pathways from first principles, by combining the artificial
force induced reaction (AFIR) method and the periodic boundary conditions (PBCs). The
AFIR method has been applied extensively to molecular systems to elucidate the mechanism
of chemical reactions such as homogeneous catalysis. The present PBC/AFIR approach found
about 80 local minima and 124 transition states for the carbon crystal described by four
carbon atoms in the unit-cell (Cs/unit-cell). This global phase-transition network is shown in
Fig.1. Nodes and edges correspond to crystal structures and phase-transition pathways,
respectively. Colors of nodes and edges correspond to the energy of the structures. This
network includes graphite, diamond, lonsdaleite (hexagonal diamond) and their
phase-transition pathways. Even though such a small system, the network is complicated.
Furthermore, network of Cg/unit-cell will be discussed.
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Fig. 1. Global Phase-transition Route Map of Carbon Crystal (C4/unit-cell)
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