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The talk will present an overview of some applications of  the metadynamics-based algorithm for simulation of structural phase transitions in crystals1,2,3. The technique is based on the general metadynamics algorithm4 and uses the supercell matrix as collective variable driving the system from one crystal structure to another, following low free-energy pathways. By effectively introducing a mechanism allowing crossing of barriers it eliminates the need for substantial overpressurization and enables also simulation of complex reconstructive transitions with transformation pathways proceeding via several intermediate states. We will present several successful applications of the algorithm, including silica, silicon, carbon dioxide and carbon. In silica5 we performed an extensive study of a number of structural transformations and demonstrated that starting from α-quartz it is possible to find nearly all silica phases observed in the range of pressures from zero to several Mbar. We also studied complex transformations starting from α-cristobalite6. In silicon7 we applied metadynamics in combination with the neural-network representation of the DFT energy surface and found all experimentally known structures obtained upon pressurization up to pressure of 100 GPa. In CO2 we studied pressure-induced polymerization of molecular phases II and III into non-molecular phases with covalent network8 and found interesting transformation mechanisms as well as strong temperature effects. In carbon9 we studied transformations at extreme pressures (Tbar) and found strong kinetic effects in creation of post-diamond phases BC8 and SC. All results demonstrate substantially improved predictive power of the new method with respect to constant-pressure MD simulations.

References:

1 R. Martoňák, A. Laio, and M. Parrinello: Phys. Rev. Lett. 90, 075503 (2003)

2 R. Martoňák, D. Donadio, A. R. Oganov and M. Parrinello: Nature Materials 5, 623 (2006)

3 R. Martoňák, A. Laio, M. Bernasconi, C. Ceriani, P. Raiteri, F. Zipoli and M. Parrinello: 

  Zeitschrift für Kristallographie 220, 489 (2005)

4 A. Laio and M. Parrinello: Proc. Natl. Acad. Sci. U.S.A. 99, 12562 (2002)

5 R. Martoňák, D. Donadio, A. R. Oganov and M. Parrinello: Phys. Rev. B 76, 014120 (2007)

6 D. Donadio, R. Martoňák, P. Raiteri and M. Parrinello: Phys. Rev. Lett. 100, 165502 (2008)
7 J. Behler, R. Martoňák, D. Donadio and M. Parrinello: Phys. Rev. Lett. 100, 185501 (2008)
8 J. Sun, D. D. Klug, R. Martoňák, J. A. Montoya, Mal-Soon Lee, S. Scandolo and E. Tosatti, submitted.

9 J. Sun, D. D. Klug, R. Martoňák, submitted.

