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Ko A 7 —GFERO L D i e TRy — T T RN T A LR R L,

— R T o F R T ABA MILE T, WEEAOR VRS E AT D, FEK MXN (M = Mg, Ca, Sr,
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Z b, GO)JNEEEEREIINY REy v 72 F KIS0 TIERnW L 2R LT,
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Based on first—principles lattice—dynamics calculations, we searched for the physical properties under
epitaxial strain and previously unreported materials in comparatively unexplored perovskites. As a result,
we theoretically predicted the followings: (i) the compressive-strain—induced metal-insulator transition
in LasNis07, (ii) the compressive—strain—induced polar—metal phase of MgCNis;, (iii) the phase transition
mechanism of Li;SrNby0;, and (iv) the ground-state structures for four previously unreported antiperovskite
semiconductors (MgsPN, SrsPN, BasPN, and MgsBiN) through a systematic study of MIN (#/ = Mg, Ca, Sr, Ba;
X =P, As, Sb, Bi).

In—plane compressive strain was found to induce breathing distortion Xy in LasNis0;, resulting in the
metal—to—insulator transition. It was elucidated that Fermi-surface nesting, which is triggered by the
coupling of strong electron correlation in Ni 3d and breathing distortion X,, gives rise to the
metal—insulator transition with the Peierls mechanism.

My calculations predicted that MgCNis; becomes a polar metal under compressive strain of —4.5% to —2. 8%,
which is generated by the softmode I' ;. The chemical bonding analyses have elucidated that the
strain—induced nonpolar—to—polar phase transition of MgCNi; is accompanied by enhanced hybridization
between C and Ni, and the creation of bonding states at a few eV below the Fermi level.

My theoretical study of Li,SrNby,0; has clarified that (1) the weak—ferroelectric phase transition
originates from the zone—boundary Y, softmode; (2) Ta substitution in Li»SrNby0; stabilizes the paraelectric
phase; (3) the Y, mode enhances the x-bonding states of Nb-0, indicating that the origin of the phase
transition is a second-order Jahn-Teller effect; and (4) Ca substitution in LisSrNbsO; enlarges the
octahedral rotational distortions and stabilizes the ferroelectric phase, indicating that the phase
transition is triggered by a hybrid improper ferroelectric mechanism.

My study of J4IN elucidated that (1) the octahedral rotational distortions in J4AN reduce their Madelung
energy and stabilize the system, the phenomenon of which is not common in conventional perovskites; (2)
the degrees of phase stability and octahedral-rotational-distortions amplitude can be described by the
tolerance factor; (3) their bandgaps are 0.54 to 2.35 eV; (4) their effective masses for electrons and
holes are 0.16 to 1.17 and 0.09 to 1.39, respectively; (5) the electronic structures of MgsAN and #5AN
(M= Ca, Sr, Ba) are respectively created by p—p and d-p interactions; (6) the previously unreported MgsPN
and SrsPN have direct bandgaps of 2.35 and 1.74 eV; and (7) their absorption coefficients are comparable
to those of GaAs and CdTe.
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