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Ab initio simulations of alloys: from nanomaterials to Earth’s
core
We will review recent developments in the ﬁeld of ab initio electronic structure theory and its application for studies of complex materials at extreme conditions. Basic
ideas behind state-of-the-art techniques for ﬁrst-principles theoretical simulations of the
phase stabilities and properties of intermetallic alloys at ultrahigh pressure and temperature will be outlined. We will concentrate on methods that allow for an eﬃcient
treatment of disorder eﬀects [1], and illustrate their predictive power with examples.
Firstly, the ability of the theory to deal with nanosystems will be illustrated with an
example of the self-consistent determination of segregation proﬁles in ultra-thin alloy
ﬁlms. In particular, we discuss the double-segregation eﬀect in AgxPd1-x/ Ru(0001)
thin-ﬁlm nanostructures [2]. Secondly, we reveal the origin of the anomalous, 400%
increase of the piezoelectric coeﬃcient in ScxAl1-xN alloys. Quantum mechanical calculations show that the eﬀect is intrinsic. It comes from a strong change in the response
of the internal atomic coordinates to strain and pronounced softening of C33 elastic
constant. The underlying mechanism is the ﬂattening of the energy landscape due
to a competition between the parent wurtzite and the so far experimentally unknown
hexagonal phases of the alloy. Our observation provides a route for the design of materials with high piezoelectric response [3]. Finally, we show applications of the theory
in studies of the crystal structure and composition of the Earths core. At temperature
of 5000-6000 K and pressure of 350 GPa three close-packed phases of Fe, hcp, bcc, and
fcc, are very close in energy to each other, but alloying Fe with Ni favors the stabilization of the bcc phase, actually observed in experiments at extreme conditions [4].
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