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Abstract

Part I Possibility of superconductivity in intercalation compound related to MgB,

We investigate the electronic structure of MgB, and intercalation compounds, MgBX
(X=Li, Be, C) with fully relaxed crystal structure by using the density functional theory. The
compounds, MgBLi and MgBBe could be similar two-band superconductors to MgB,, since
the Fermi surface crosses ¢ and m bands. Our results indicate that changing the lattice
constants, hole or electron doping, and stacking of B-X effect the energy levels of the cand &
bands in MgBX compounds.

Part II Ab initio study of the magnetic interactions in the spin-ladder compound
SrCu,0O3

We investigate the magnetic interactions in the two-dimensional spin-ladder plane of
SrCu,03 using an ab initio molecular orbital method. The compound SrCu,0; is composed of
the two- dimensional spin-ladder planes of the Cu-O bonds, and there are interactions of the
leg (J) and rung (J,) to the ladder structure among spins on the Cu atoms. We know that
SrCu,0s is an anti-ferromagnetic substance, since the J values have negative. We, thus, aim to
determine the reasonable values of J,and J, for the ladder structure from the ab initio MO
calculations. We use the alternant MO (AMO) for one-dimensional Cu;O and Cu30,, and |
two-dimensional CusOs cluster models to obtain the accurate electronic states of the
anti-ferromagnetic compound. Furthermore, we will discuss anisotropies of J values from the
results.
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Fig.2 Crystal structure of (a)A-A stacking (b)A-B
stacking.

Boh e FiEEFig3,4,5 & D . MgBC @ Fermi i Mg D s /8> K& B—C &
D Ny FEEHN->TEY, MgB,DX 5720 — a0 RD 2 N0 NIREEE 22 570

2 7LC° —ji“C\ MgBLi & .MgBBC Table 1 Calculated lattice constants and total energy.
% Fermi @S o /Sy K& -8y _Compound Stackigfashion* a(A) ¢ (R) Total energy (eV)
. i . MgB2 303 347
REZRBEE>TEY MgB, DX D Mee AA 282 361 39.07
7 NASA — 3, — A-B 281 3469 -39.05
&2 8y FROBEREEZTY MgBBe AA 344 302 25.24
FREMEDS H D T L R hoT-,2 AB 344 298 25.32
o e S\ Yo MgBLi AA 386 274 -19.59
NN RBIDNRY FEEIZR DR AB 385 285 -19.74

K& LT B-X #& @ stacking D * We calculated tote] energy of MgBX in A-A stacking using a 1X 1% 1 supercell
BRBE Z 605, Fig2 IR T B-X #58 O stacking DETFiE MgBX D8 REE#EIZ K
SREETEXTEY  FFIZ stacking S A-BRI L7252 & T, n /3 23K & < Fermi
BOEFIZTND Z &Moo Tz, Table 1 £ X=Be, Li TiX A-B B stacking DI
IVPERNVF—EIIEETH B7- MgBLi & MgBBe 132 /N2 RFRID S REEEITA
DRFTWVNEEZLNS,
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Fig.3 Band structure of MbBC
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Fig.4 Band structure of MbBBe
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Fig. 4 Spin alignment and expectation value

Table.1 Spin density

Model State ‘Site number
Cul | Cu2 Cu3 Cud

Cu,0 (eg) “HS 700 100 |
LS —097  —097

Cu,O (rung) “HS - 1.00 1.00

N LS —087 —o097

Cu,0, HS 0.91 0.91 0.91 0.91
LSl 098  —0.98 098  —0.98
LS2 094 094 —go4 —0.94
L83 . 09 —096 —0.96 0.96
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Table. 2 Effective Exchange iniegrals

Model I (meV) _dimev) 371y
UHf  UMP2 UHF UMP2 UHF UMP2
Cu20 " -8.82 -43 41 -10.59 -45.88 1.20 - 1.06
CudQ4 Methodl. ~-16.35 -22.19 -15.98 -31.90 0.98 1.44
Method2 | -11.67 -5.04 -15.98 -31.90 1.37 6.33
Method3 -16.35 22.1% -11.30 -14.75 0.69 0.66
obsd , —150+50 . —79%25 0.5
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CBEDD 2 AV REFIVIC K BIBCEREOTESZAN, F-FRESFHNEETREREEZRE
EL, ZO8EEEERBVT, BERBEBEICE S\ FEERTT> %, MgBC O Fermi Fid Mg O s /3
REBCHAD ANV EZEY>TED, MgB, D& 3% o —n /Y FD 2NV FIRREE R SIEM o T2,
MgBLi & MgBBe i3 Fermi EA' 0 /3> F& n/NY FEEY > THD, MgB, D& 374 2\ FRIOBERER
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DEAMLEBMTE '

LUEASRS CEHREAEIC & o THRESME ORISR OB RIEOHN 2 5 MgBLi & MgBBe B3
WAPE L LT DT BN RRM L, FC StCu,0; DRI DFMERT> T LA TE R, U EDHREN SEE
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