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ABSTRACT

A new method is proposed [or the oxide lalice energy calculation. It is comsisted of (1) setting a central
and a compulation domains in a real lattice, {2) calculation of inter-ionic potential producted by the associated
portion of each ion to the relative domain, and (3) swnming up the potential energies. Even with a slight
expanswon of the domain, the lattice energy converges to the published data. The method 1s superior than
any other reported due to the simple and clear concept and Lhe reduced computing.
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Fig. 1. Laltice energy calculation model for 2-dumen-
siomal rock sall structure.
®: 1on w central domam
QO 1on 1 computation domain
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Table 1. Short Range Potential Parameters Used in
the Lattice Energy Calculation™

Interactions Charges A o c Method
ey & @i

L0 1 2023 03472 eg”
Mg-0 2 1428.5 0.2945 eg.
Ba-O 2 12144 (3522 em.™™
Al 3 14744 (13004 em.
Ti-0 4 754.2 0.3879 em.
U-0 4 22468 0.3554 e.g
Feloct.)-0 2 694.1 03399 e,
Fe(tet.)-O Z 5994 0.3399 em.
Fe(oct.}-O 3 11024 0.3300 £mL.
Fef(tet.)-0 3 9766 03300 em.
Q-0 —2 227643 014%0 27.88 em.

*eg: electron gas methad
**am.: empirical method
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. Lattice models of the l-dimensional rock salt
siructure used for various lattice sum methods.
®:; center ion or 1om m central domain
©3: ionh in the computation domain
{2) direct method
{b) centroid method
(c) Evijen method
(d} Euler method
(e) this method
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Table 2, Madelung Constants of the 1-Dimensional Rock Salt Structure Calculated by Varwous Lattice Sum

Methods
Domains(cells) Computation methods
Computation Central Direct*, Ceniroid** Evjen** Euler*** This method
1 1 1.66667 1.33333 1.37500 1.39583
(120.23) 96.18) (99.19) (100.67)
4] 2 1.23333 1.40000 1.38616 1.38705
{38.97) (100.99) {99.99) (100.05)
9 3 1.49127 1.38016 1.38629 1.38645
(107.57) {99.56) (100.00) {100.01)
12 4 1.30642 1.38975 138629 1.38635
(94.24) (100.25) {100.00; (100.00)
Madelung const. of infmite 1-I) rock salt lattice is ZIn2(= 1.38629436).
( ): relative percentage to the Madelung consl. of infinite lattice
*central domain=computaliom demain
**one ion m central domain=1
**Table 1 in Ref[3]
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Table 3. Madelung Constants of 2-Dimensional Rock
Salt Structure

Central Distance from central domain to
domain the side of computation domainicells)
(cells} 0 1 2 3
1 0.80690 161692 161554  1.51554
CARY £2,1,3» 2,15 £2.1,7
4 1.18545 161628 161554  1.61554
@2z 224 226y 228
] 132267 161605 1.61554 161554
(233 235  237n 239
16 139358 161593 161554 1.61554
244y {248y (248 <2410

*(n, p, q>: expression of caleulated domains
n: dimension

p: cells in the side of central domain

q: cells in the side of computation domain

Table 4. Madelung Constants of 3-Dimensional Rock
Salt Structure

Central Distance from central domain to
domain the side of computation domain(cells)
(cells}) 0 1 9 2
1 0.66812 174810 174758 1.74756
31,1 {3,1,3> 315 {3,1,7>
8 113019 174784 174756 174756
€322y (324> {326 {328
27 L31739 174775  1.74756 1.74756
333y (335 {330 {339
64 141780 1.74770  1.74756 1.74756
Bddr 346 (348 8410

*n,p, 0 expression of calculated damains
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Table 5. Lattice Energies of BaQ (unit: eV/molecule)

Central Distance from central domain to
domain the side of computation domain(cells}
{cells) 0 1 9 3
1 —13.113 —33590 —233581 —33581
3,117 3,13 3,15) 3L
& —21.913 —33586 —33581 —33581
322y {324y (326> {328
27 —25459 —3358 —33581 —33.581
(333> {335 337" £3,3,9>
ad —27.3b8 —33583 —33581 —33581
G344y 846 (348 (3410

*{n, p, q: expression of calculated domains

Table 6, Lattice Energies of n-Fe;O; (unit: eV/mole-
cule)

Central Distance from central domain to
domain the side of compulation domain(cells)
{cells) 0 1 o 3
1 —03.338—152.092— 152.206 —152.307
Gl a1 B1s 84n
8 —107.312— 152,188 152.300 —152.315
322> 324> {326 {3.2,8>
27 —130.768—152.223— 152.307 —152.314
{333 335 33D €3.3.9;
64 —135.964—152.246— 152.314 —152.314
344> <346 {348 {34,103

*(n, p,q): expression of calculated domains
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Tahle 7. Calculaled and Observed Latltice Energies of Oxides (unit: eV/molecule)

Oxides Structures This method* Catlow®® Madelung Observed”
Li(2 Antifluorite —28.95 —29.598 —30.27 —30.07
MgC Rock salt —41.31 —41.29 —40.96 —40.79
Ba0 Rock salt —33.58 —33.14 —3251 —3241
ALO, Corundum —160.52 —160.50 —161.74 —160.86
Fey(Os Corundum —152.32 —150.85 —158.47 —163.11
T, Rutile —-112.45 —11245 —125.01 —126.01
U0, Fluorite —09.99 —100.38 - 109.65 —106.70
BaThO, Perovskite —14791 —154.5%* —158.20
Fe,O, Inverse spinel —190.87 —185%.64
BaFe,04y Magnetoplumbite —516.44

*ralculated domains ¢3,2,8), central domain & cells, computation domam 512 cells

*alectron gas method, Rel [7]
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