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Abstract A new method is proposed for the calculation of the unrelaxed surface energy of spinel ferrite. The surface energy
calculation consists of (1) setting the central and computational domains in the semi-infinite real lattice, having a specific
surface, and having an infinite real lattice; (2) calculation of the lattice energies produced by the associated portion of each ion
in the relative domain; and (3) dividing the difference between the semi-infinite lattice energy and the infinite lattice energy
on the exposed surface area in the central domain. The surface energy was found to converge with a slight expansion of the
domain in the real lattice. This method is superior to any other so far reported due to its simple concept and reduced computing
burden. The unrelaxed surface energies of the (100), (110), and (111) of ZnFe,O, and Fe;O4 were evaluated by using in the
semi-infinite real lattices containing only one surface. For the normal spinel ZnFe,O,, the(100), which consisted of tetrahedral
coordinated Zn>" was electrostatically the most stable surface. But, for the inverses pinel Fe;0,, the(111), which consisted of
tetrahedral coordinated Fe**and octahedral coordinated Fe*" was electrostatically the most stable surface.
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Surface energy = (Cohesive energy of finite crystal)
—(# of atoms) x [(Cohesive energy/atom) of infinite

crystal] 2 (1)
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A (finite crystal)©] Zt= ofr X]Q‘r 2355 H7)0 AR
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Inter-ionic potential(eV): Uy = (q:)(q;)/r;j+ Ajexp(—ry/pij) —
City © (i#])
Lattice energy(eV/molecule): E; = 1/2%i z%;gUj 2] (2)

A71A q, q= SHA, = ol2ARle] AR, Ay, pis
CiE Table 1] YEPd ©F7] 91X RA] 44 99
AT TAHYY, 99 Be sAHIIES 2Fsk= ALY
olth, H|UXA] Ege wHe Aoz FUlehes ©9l
w2 o Aol (cohesive energy)E, TG 54
FHo] 2% WREs AHo| 2= ARNUA] Bl semiinfinite
o 75k A7]e] AAo] zh= AANAA Ep e A
olF TS o] TAHYFY 0] =EE WA OE U

o] Alkstiet”

surface energY(eV/Az): ES = (EL,semi-inﬂnite - EL,inﬁnite) X
(molecules/unit cell) x (unit cells/surface area) 21 (3)

mgddAe 58S Hlsk] A% 2
Fig. 19 LFERNQITE. HHE =
Ho] kEHE JHE AgAe,
I(a, b)), ZAGLNA A ARAANA ] FA Fig.
I@a, b)), 4Gl ZolFig 1(c)E WA T3

Table 1. Short range potential parameters used in the lattice energy
calculation.”

Tons(Sites) Aj(eV) pii(A) Cii(eV/A%
0¥ (Oxy.)~0* 22764.3 0.1490 27.88
Zn* (Tet.)~O* 488.1 0.3639 -
Fe*"(Tet.)~O* 976.6 0.3300 -
Fe*'(Oct.)~0* 694.3 0.3399 -

Fe* (Oct.)~0* 1102.4 0.3300 -

*Oxy.: oxygen, Tet.: tetrahedral site, Oct.: octahedral site
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Fig. 1. Various lattice models for the surface energy calculation.
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Table 2. Crystallographic data transformed from cubic system to
the tetragonal and hexagonal system.

(a) normal spinel, ZnFe,O,

Crystal systems Sites X y z
. | 4a(Tet.) 0 0 0
etragonal
for (110)eusie 8d(Oct.) 0 1/4 5/8
16h(Oxy.) 0 0.2304 0.3848
6¢(Tet.) 0 0 1/8
. | 3b(Oct.) 0 0 172
exagona
for (111 )i 9¢e(Oct.) 12 0 0
6¢(0xy.) 0 0 0.2598
18h(Oxy.) 0.4869 —0.4869 0.2533

*attice parameters: tetragonal a = 5.9685/c = 8.4408 A, hexagonal
a=15.9685/c=14.620 A

(b) inverse spinel, Fe;04

Crystal systems Sites X y z
| 4a(Tet.) 0 0 0
Tetragona
for (110)uusc 8d(Oct.) 0 1/4 5/8
16h(Oxy.) 0 0.2410 0.3795
6¢(Tet.) 0 0 1/8
| 3b(Oct.) 0 0 172
Hexagonal
for (111 )i 9¢(Oct.) 12 0 0
6¢(Oxy.) 0 0 0.2545
18h(Oxy.) 0.4940  -0.4940  0.2515

*lattice parameters : tetragonal a=5.9338/c =8.3917 A, hexagonal
a=5.9338/c=14.535 A
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Fig. 2. Low-index surfaces of normal spinel ZnFe,O,.
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Fig. 3. Low-index surfaces of inverse spinel Fe;Oj.
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o] ¥R = FA4 FHoITh

3.2 EHoHX[e +F

AAELN 2 ALFS It SHGGS v A
23998l ZnFe,0,°] ®HA7|9F ALE (100) A ¥
o] FHAUAE Table 391 HERIATE F419d <)
o|2 199147}, FAG oM AXGY Alole] AR}
AE 199472 Ae0e o, SHFGe] Fo] 4
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Table 3. Unrelaxed surface energies of (100) A surface of ZnFe,O,
calculated from various domains.

Table 4. Unrelaxed surface energies calculated for the various
surface of spinel ferrites.

Model Central domins Boundary  Surface
domains . thickness  energies
(Fig. 1) Width(cells)  Depth(cells) (cells) (eV/AY)

a-1 1 1 1 0.2825
a-2 2 1 1 0.2818
a-3 3 1 1 0.2815
a-4 4 1 1 0.2814
b-1 1 1 2 0.2814
b-2 2 1 2 0.2814
b-3 3 1 2 0.2814
b-4 4 1 2 0.2814
a-1 1 1 1 0.2825
c-2 1 2 1 0.2822
c-3 1 3 1 0.2813
c-4 1 4 1 0.2804

*from central domain to boundary of computational domain
**finite lattice energy calculation model : Fig. 1 finite

g Zz} BARQle] THAUA 7} T 28y

SAg ol At °§°%‘ Atele] AR} FAS 199 HA=

AR, $49H9) ol F7M7IH, HHg A4

ZL9] AAbA 2% Aafe] ko) 7L/\o]_oq FHo
A

YAI7E 7H4Ekd #t] Ebert 5 274 #glo|E
o] FHeluA *LOM FHE 71502 o}oaoL}m) U
ﬂ‘?oﬂ/ﬂ 1O = AR AA =

ZAlgd o] 7lolE 1Y

FHdsle] THFS 8502 3
Aol A 75%—‘%]73X} (5a% 54 %
o ol g 3EHo]
s lﬁx}fﬂ(l xlbxlc)cem«l =
A& AA(Fig. 1(b-1))3t4, d2 AL=rez gw
el ZHANUAE A& F AeH, AR} of
AAR A Agtete] NEE Zhekstt).

Ebert 5 A29d (100) A EHo ZFHANUAS
0.9642 eV/Azii B Ed,' FAdURE AAs7]
Q3 slablUAE FalA] slab o] 2F Apo]€] ol
A2 F H ANENOH, 2 5 1o Eq. 4= Eg=1/
2Zq Vis—siab T 1/2Zquz s bulk = THE]OJ"F @'E} Eﬂ%O]
717k QAAO|S] AR HA] ALt GiFo] 2 T
7] YRR E A kAL, A TE A2 ud
I Jxaud BF ke AA| Aujdy|glo| o] ARA
419w} e 83883 AR Btk 22U Fang 5&
A 2udel MgALO,2] (100) A ¥ 2] Hloj¢h T
UA7} 0.2496 eV/A%(4.00 I/mH)CE (100)°] 714 ¢y &t
g Byglom P Ebert 50] Hg AR R} 2}
At MgALO= 20dl FHERo|Eg) thE o]0z

o
N

Surface energies(eV/A%)

Surfaces Sites Normal Inverse
ZnFe;0y spinel ) FesOq spinel 19
(100) A tet. 02814 09642 04910 13248
B %% 12602 30763 13205  2.8449
OXy.
C et 0.4910 -
p % 0.9953 ;
OXY.
tet.,
(110) A oct, 11389 29082 1.1674  3.2060
OXy.
oct.,
B 09559 23796 09313  2.1037
OXy.
(111) A oct. 14669  3.5826 1.1988  2.5646
B oxy. 1.0475 24438 09987  2.5256
C fctt 0.6007 12034 04189 13758
D oxy. 1.0473 24438 09985  2.5256

*semi-infinite lattice: (1 X 1 X 1)eent(5 X 5 x 3)eom., infinite lattice:
(I x 1% Deent(5 % 5 X 5)eom,

dElo] JAAR AApF7E 7] el EHUA 7
ALl fAblor & Zlojth & AFoMe 7‘**34%"
ZnFe,0,2] (100) AXWHe] FHAUA|7F 2 F/F7F J&E
Ebert 59 Hao wla] 2QLor}, 0.2814eV/A’2 =2
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FAgdS ALGS Yol 3 FEHol =ZH(1,x 1yx
Lo)eene 2 PR LM (Fig. 1(b-1)), 73+ AA A= ALt
4 5(5,% 55X 5)eoms A D AE(1ux IpX 1)een B 24
3 thFig. 19] infinite). (100) AlArelE LA A <)
(100)7F 2|2 o] &F Ao, g AIQ] (110) ALt
= AL (010), ABAL (111) AtellE 387
Al (001)0] o] &=t 73k AAAAe] Azl |A=
ZnFe,0,7} 189.04 eV/molecule, Fe;0,7} 190.98 eV/mole-
cule©] 33t}

Ebert 5-& H|o|¢t THAURA] Hro|a] ALz} o
2od BE AR 4u)9] o]0 A (100) A £
Aol 7H Oﬂhﬂﬂﬂ ol Arr|Hoz ey, aka
48] 9] Fol7 6ul 9] Folo= FAE (111) C EH
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o] HlxA QHgsiH, JAudeX= (100) A EHH
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