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ABSTRACT. EHMACC and EHPC programs written in VAX version to calculate the tight-binding
extended Hiickel method is converted into the micro-soft fortran available to PC, The band calculation
of LaNiQO; unit cell and extended (2X2X1) cell with perovskite structure is made by the PC/386 and
PC/486. The calculation is also made for the DOS and the COOP. It is supposed that the electronic
property of LaNiQ; is semiconductor along to the = H, H— N, and N—I'(2D) direction with band
gap about 0.35 eV, while metal property in T — P and P — N(3D) direction. The oxygen atom property
in LaNiQs is more effectively affected by oxygen atom position than defect of nickel atom.
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Fig. 1. (@) Unit cell of LaNiO;, and (b) Its the first
Brillouin zone.

Table 1. The symmetry types for a few points in the
first Brillouin zone of the hee LaNiQ, in this calcula-
tion

k Symmetry type

©, 0, 0) r
(nfax1, 0, 0) H
(n/2aX1, 1, 1) P
n/2a)0, 1, 1) N

B3 dgsirle oido) 53, vidAs 4
=348 4143k EHT-type AALE: Po|F&olnt
By AlEe] A7) QAE QYA A dA
stAl dedsia) Rake A7) A

LaNiO, <9lAl28 A DOS, 42932 p-
DOS, Y447} 4-DOS % A& 4-DOSE 247 Fig.
37 49 =A|3}qich

Fig.39] 7 oA Fd¢] eld DOSE Fig. 42}
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Fig. 2. The band structure near the fermi level of the LaNiQ; unit cell along the symmetry direction, (a) ' = H

—-N—=Tand (®) F>P—>N.
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Fig. 3. The total DOS of LaNiO, unit cell,
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Fig. 4. The projection of (a) p-DOS of oxygen, (b)
d-DOS of nickel, and (c) 2-DOS of lanthanum in La-
NiQ; unit cell.
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Fig. 5. The COOP of (a) Ni-0O, (b) La-0O, and (¢) Ni-La
in LaNiO; unit cell.

Fig. 6. The model of extended (2X2X1) structure
of LaNiO;. The number 1 is surface oxygen, the num-
ber 2 is inner oxygen and the filled circle is defected
surface nickel.
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Fig. 7. The individual p-DOS of (a) inner oxygen in perfect structure, (b) inner oxygen in defective structure,

and (¢) surface oxygen in perfect structure.
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Fig. 8. The total »-DOS of (a) inner oxygen in perfect structure, (b) inner oxygen in defective structure, and ©

surface oxygen in perfect structure.
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Table 2. The electron density of inner and surface oxygen in perfect LaNiO,

Inner oxygen Surface oxygen
Electron 2s 2px 2py 2pz 2s 2px 2py 2pz
Density 1971 1.943 1943 1.783 1.977 1969 1815 1972
total p-electron density: 5.669 total p-electron density: 5.756
Net charge —1.640 -1.733

Table 3. The hinding energy shift of O 1s electron
in LaNiO, (V)

Experimental
1 1
Binding energy 529.2 5312
Binding energy shift 00 20
Theoretical
Inner Surface
Binding energy —0531 1488
Binding energy shift 0.000 2019

@A p.5} p, DOS7} 2R3 Qe 2 ehs AR
LAk Ze)ch Wiy-o; W 4hadze] p-H
AU 27t 56699 57562 Ede] 9Ag 4kn
A7 o S ANLUEE Ze Ao gelbyr)
= A2 R HAHO 1s) ez} o] &
Pzl AW g Be Aabsle o AE
Table 3¢l Jehide). LaNiO@o| A M2 g 5
ZFe) AxAr} 24T vl AP o
A3 AA4E Ak

b, LaNiQyoll A Aba1=e 2 ${ o)) d3-S
wto} chg AAE Zte ALYAER EANY 4 9l
Aoz A7} 28 3454889 Hee d4a
Q28] AJale] gke) Aol 71l BaE v}
Qe A map, PCL-o 2 HARP T22gL o
£38}e perovskited T2} o} Al 2AA
ofol- 2 Aol W Ak} AL o)EY T o)
Eeg ez A

APPENDIX

VAX/VMS version 2272249 IBM-PC/386 ve-
rsion2322| gk Whangbo $70} %442 VAX
/VMS version®] Extended-Huckel Molecular Cry-

stal and Properties Package(QCPE No. 571) =8
I8¢ 20804 lineo & A% 1 1.1 MB memory &
x| shedl vhgat o] A ¥Rz PARIc

EHMACC(Extended Huckel Molecular and Cry-
stal Calculation)v %2} 2R 9 A2 ohvix]
o} o AxgF AUAF At 1 AAE oS
A e A4 $8l binary fileE Aol o] =
27298e PCE2 2 AL o opent ] JA
U binary file 5 ¥W-& ¥-¥-& 443k EHPC
{Extended Hiickel Property Calculation) =2 73
& EHMACCeA A43ted A% binary files
22 2 %€ Fermi level, DOS, IDOS, PDOS, COOP
3 A A= E A4t vkz|=te g EHPP
(Extended Hckel Property Plot}= DOS ¥ COOPE
plotter & o} M3l A8k 22 2le|r} 5, EH-
MACCs} EHPCE #4t¥l A3 SL binary fileol
35t o} o1l LVP16 plotter(HP type)S |
£33t 1Y& A3 4], PColl A ©) plot-
ter®] 7o) AL 2 Brl5E 2R o] EHPP=
PC version® 2 H3slx| dste}. ufepd & A4
AHE RE 2YE Lotus TRIYPHE o] L33
FAElged o] e g TA|Fs ASele
o U 23dE 29 £ U2 Ak A
o2 fysjof gr} 0|2 £E PCE A3k
7349 2713 A¥ela, o)edt ke F54R
d 33 B2 A=) A ARe 28 2 Hle)
A #AHE o] A el slsd 2ol d 5
Ut

EHMACC=} EHPC & PC/386°) #}4-€ 4 2 &%
11709 file2 ¥e|ste] w3ty ony, o[ A MY
22 29¢ 08/27 3lell 4] MS-Fortran version 5.0%
2.2 compilationste] APHd L 9HEe] A4
ct.
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Table 4. Extended Hiickel parameters used in this calculations

& H, % H, Sar H; Cy Lo %3
La® 2.14 —~767 208 -501 378 -821  0.7766 138 04586
Ni® 210 —-780 210 —-370 575 —-990 0568 200 06292
o 2275  —3230 2275  —14.80

“Coefficients of double zeta expansion.

2 Akl A A% bee LaNiQ; DA E Hol=
3861 A®ojvj, A3+ EHT #alv|ele Table 490
FEZ313ch

B A7 1900 AR gE Gk A
o} 19 E B8y 723 9976 Y
(BSRI-94-3421)2.8 s8=|glom, o]+ 745 X
ok
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