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Abstract
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Project Title: Parameterization of the phase-field crystal method using elastic
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The phase-field crystal (PFC) method is an atomistic model with promising capability to model
complex behaviors of materials. The appeal of the PFC method lies in its ability to describe
crystalline-structure-related phenomena ranging from atomic to micron length scales, while
operating under time scales that are relevant to the phenomena. Due to its phenomenological
origin, however, the PFC model needs to be parameterized with known material properties for
quantitative modeling. For consistent parameterization, the predicted material properties have to
be calculated in such a way that consistent comparisons can be made with the reference values. In
this work, we investigate the procedures to calculate isothermal bulk modulus of a solid phase in
the PFC literature and find that the procedures to calculate the bulk modulus result in the quantities
(referred to as the PFC bulk moduli) that are not consistent with the standard definition. Therefore,
we propose alternative procedures to calculate the bulk modulus that is consistent with the
standard definition (referred to as the TE bulk modulus). The numerical comparison of the PFC and
TE bulk moduli shows that the TE and PFC bulk moduli are significantly different. This indicates
that the TE and PFC bulk moduli cannot be used interchangeably and one must use the TE bulk
moduli in order to make consistent comparison with values from experiments and other models.
Furthermore, we derive the relationships among the TE and PFC bulk moduli to quantify
differences among different types of bulk moduli in terms of thermodynamic quantities. The fact
that the PFC and TE bulk moduli can be related in a meaningful way also highlights the application

of the recently-proposed thermodynamic formulation for the PFC method.
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