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Abstract*
Properties of a material are fundamentally determined by its structure, and hence sharp changes in its structure
marking a structural phase transition have remarkable impact on its behavior. Symmetry breaking at such a phase
transition typically is a cause for emergence of technologically important functional properties. For example, use
of a ferroelectric in sensors, speakers or in memories is possible due to piezoelectricity and switchable dipole
moments it exhibits as a consequence of broken inversion symmetry. For development of advanced functional
materials, it is thus highly desirable to have material-specific theory of structural phase transitions, which often
involve many symmetry breaking structural fields and processes that occur at many time and length scales. We
first present an account [1] of how the principles of coarse-graining in time and spatial domains can be used to
develop realistic, material-specific models from first-principles quantum theoretical description of a material.
Starting with accurate picture of chemical bonding in terms of electronic motion in a materials, these facilitate
bridging of descriptions of a materials at multiple scales and capturing its temperature and pressure dependent
structural phase transitions through statistical mechanical analysis with Monte Carlo (MC) and Molecular
Dynamics (MD) simulations. We illustrate it with application to ferroelectric perovskite oxides and highlight (a) the
insights obtained into microscopic mechanism of ferroelectricity, and (b) the errors or limitations that arise of the
approximations used in density functional theory (DFT) [2]. We present generalization of this scheme of multi-scale
modelling to challenging problems of Neel transition [3] with a giant magneto-elastic effect in multiferroic YMnO3

and martensitic phase transformation [4] in NiTi shape memory alloys which have applications in actuator devices.
* Work done by Arpita Pal and Pawan Kumar, partly in collaboration with groups of John Perdew and Michael L Klein.
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