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Abstract: Traditionally, the discovery of new, useful materials has proceeded by serendipity. Materials such as
the Nd2Fe14B permanent magnet, the piezoelectric PZT (used in diesel fuel injectors) and the Bi2Te3 high
performance thermoelectric have been known for decades, and were discovered in the laboratory with little
insight from theory. Recently, however, it has become possible to compute the relevant properties of useful
materials from first principles, and thereby to design and discover new materials for energy applications. In this
talk I will describe three recent findings in this field:
• The theoretical discovery [1], confirmed by pulsed magnetic field measurements at Los Alamos that the
actinide ferromagnet UMn2Ge2 possesses an enormous
magnetic anisotropy, measured at 20.7 MJ/m3;
• The identification [2] from theory of an alloy of PZT
(PbZr0.5Ti0.5O3) with BiZn0.5Ti0.5O3 as having some 20%
higher ferroelectric polarization than PZT, and thus a
potential for high piezoelectric performance; and
• The finding [3] that the silver chalcogenide A quasi-1D feature predicted to occur in the valence
semiconductor AgBiSe2 may exhibit high thermoelectric band of AgBiSe2. Analysis indicates the feature may
performance at room temperature if properly doped p- substantially enhance thermoelectric performance [3].
type, due principally to a quasi-1D valence band feature.
I close with an outlook for the field of “materials-by-design” and the role of theory in producing new materials.
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