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Na T AHA b EFHEN D WERNT, W EMECBE, SRERAES e Y, BRI AT 5 T
FEBRSLESR, ~T AR LI 0 HERIENFTRE TH D, ITHEITHHIEM TH /) 72848 (Ry, Rh, Re, Os, Ir
R EEGTEANa T A A NI OTIEN A TH D, AR TIE, 2l CEE 720 2 AV iz sko rRgtE
FRHTD, Blitn 7204 MRIEICIR D, IR RER e T AL A MR R OT o F2m
TANA MTEREY T, F—FERTENFHICESE, 20X XU v VEAMNER) FIZBIT 2L EMH
SRR E R EEL D TRIE ORI EWE DR ERERR 1T 1,

1965 4E{Z P. W. Anderson (Z 5 ¥ . FUDRIFRMEDHE S - &)E. WhiE, “BmE BN SRR —T — A XL DIFE
TEFTREMEDS 7 £V T LA NANIOs HEDSTER—F — A Z L & L THE SN, T LWIBRICIEE REE > TV 5,
Zl7e Ni DEER TR EE X, GRBIRAT 7 A A F LaaNLO7 IZNERBEHREA X3~ & X2 IV THUL R
M2 D ARG 2 L BRRIRTT L7z, T ORER, TRICK L Tl NERMEE AT X o THERE S X DSiEH S,
LRI SRR~ T DR RNE 572, Ni 3d ORWVETHRE L IR EL Xy OBMRICE > T7 = /LI HD T
AT 4 U TWAEL, A TV A CRBAERAEEE N AL S Z L EH LT LT,

Ni (k¥ Tl 3d BT OIRVFHBEN SRR EREE OEJR TH A 7295, Ni 3d DEUEDE /LY 2 L0 igk L,
LR A FRHSE AR TS, TUF o T A A b MgCNi; [IZER L, BRES TSR 5 AR bE
G AR L, TOME, TP 2 A9 5408 MgCNi 12, mNEMRESEIMCE Y, BEEEH 7+
E— Ry R8N D Z & THORFRERII., A—F — X X )VHEEHRER T 2 L 2B TR Lz, R—TF—72
WEEA T OLENORERED 7 —a VHAEERANARHE I > Tl S D720, R—F — XA X LOEBIT
Wb THREEE SN TE 72, AR RIIKREESN TH o 72, CNig/NFERD C & Ni DILFEEA LA E BT %
ZET, T AR LI E ) TOENT, N— T — SR AR A VERIE 2 HIR TP 5 Z & T, A—T
— A BN LZENT DT LR LT,

JNHREEREZA X5 & Xo'IZ K 2955075 LiaSIND.O7 2 %RIZ, Nb % Ta [ZEHT 5 & sHihEIR—F BN
B A S5 2 & & R ERREREER R D DB TR L7z, (BFREGHITIC L o T, LibSINb,O7 123317 5 Ta
B, b U < ITRFFEMFE I O T 2000, BT HH O Nb 4d — O 2p O n & &b S8, HENELE
LT DHEREEZB SN Lz, £72, St & Ca lCEWHRT D &, \HEREERE SR S, shahEE N2 ek L.,
WFHEBAR-EFEREBOIREN LT 2 L 2Pl Lz, BEUREGRBRRNC LV LLSINDO; TidnA 7Y »
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,
Ba; X =P, As, Sb, B))D #2003\ IREHRE A2 H L, & ESOFRAEENE, (LFEROEACHEER R CH -
2=, BEsE Lz, TR, NEREEEERCLY, ~—T Vo 7T 23X —NEd L, 2B E el
T O A R L7z, T2, MaXN OFZEECNEEREEEEAIRIEN N TV A7 7 7 X —IZ XD TE 5 2
LNV R TN 054005235eV THDL I &, ET - FAANEENZENE0.16 225 1.17, 0.09 75 1.39
THHI &, Mgkl M (M'=Ca, St, Ba)RDETHEEN pp & dp HHEERHICE > TEKT 2 Z 2L L
T AR EAE D MgsPN RO SHPN ICEB W CTHEB N KX v v 7RENZEI 235 KTV 1.74eV T, £ OIERINLR
DS GaAs e N CdTe ICVEEI L, ke « FREDIERIT - FIER~OJE A ATRENE 2 Biin T3 L7,

PLEDOFERIZESNT, (DA =T — 2 EEI IR R OSEM BT T BEMHuEOMRIZ L 5T
HLAELHZ L, QFBAEE (- X VB OMREER) ORI L 6T ML T AT 7 7 X =N S OB\ E
HWEHEEZGTHEEICH D &, B) IR — T T—EREIR e 724 McbEns &, T v
FRaTANA N TIEHEBEEFICE > T —T NN TRT v VRS A 720, NHEIEREREZ A L7
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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