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The exchange constants in spinel ferrites witate ions, including magnesium ferrite, lithium
ferrite, and manganese ferrite, were calculated using modified Becke’s three-parameter density
functional, where the percentage of Hartree—Fock exchange in total exchange was introduced as a
variable parametejw) to match the experimental results of exchange constants by controlling the
localization and delocalization of the electrons. Consistently, the scaling factor ofl thiiBals of

ferric ions was also introduced as a variable parameter From the calculation, the values of
parametersv and @« matching the experimental results &f; (nearest-neighbor exchange constant
between tetrahedral and octahedral sublatticgere concentrative, while those matching the
experimental results of,, (nearest-neighbor exchange constant inside tetrahedral sublattide

Jzg (nearest-neighbor exchange constant inside octahedral sublatdce dispersive. Observing

that J,g is dominant in most practical ferrimagnetic spinel ferrites and the current accuracy of the
measurements ofgg and Jy, May be insufficient to support more accurate conclusion, it is
suggested that there may be an empirical universal law of parameterd« for spinel ferrites with

S-state ions. €2005 American Institute of PhysidDOI: 10.1063/1.1850385

INTRODUCTION magnesium ferritg MgFe,0,) (Ref. 5 and lithium ferrite
(LigsFes0,) (Ref. 6 and compared to manganese ferrite

In previous researchyve calculated exchange constants (MnFe,0,).” TheseSstate spinel ferrites or their derivatives

in MnFe,O, using Becke’s three-parameter density func-(manganese zinc ferrite, for examphe important practical

tional. By varying the percentage of Hartree—Fd@EIF) ex-  microwave ferrite® due to their low microwave loss, which

change in the total exchangparametew) and scaling the s related to théS ground state of magnetic ions. The spin

Fe** 3d orbitals (parametera), we were able to match the configuration of these ferrites is collinear as expected by

experimental results af,g (nearest-neighbor exchange con- Néel's theory. Zinc ferritd ZnFe,0,), however, is carefully

stant between tetrahedral and octahedral sublatt@mespre-  avoided here, since the spin configuration is still unclear and

dict Jgg (nearest-neighbor exchange constant inside octahemder study.

dral sublattice in the accuracy of experimental results. we

were also able to predict the electronic structure and param-

eters of MnFgO, as by-products, especially the insulating APPROACH

state (band gap. A fundamental question, however, rose

since that researclvhether or not the parametersw0.35  aitler_London approach, where the exchange constants
and a~1.3are universa| although a computational study of \yere calculated by substituting spin configurations and cor-
nickel (Il) oxide (NiO) using similar density functional sug- egponding total energies into the Heisenberg model. In the
gested a close percentage of HF exchafig80%) in total  cicylation, each unit cell of spinel structure contained two
exchangé. In this article, we are going to answer this tetrahedralA) sites, four octahedrdB) sites, and eight oxy-
question in a narrowed context, spinel ferritésyith S-state gen sites. The calculations of Mgi@, assumed an inverse
Ions. spinel structure and three collinear spin configuratidiable

The spinel ferrites withS-state ions studied here are I(a)]. The calculations of ljgFe, O, assumed an ordered
inverse spinel structure and three collinear spin configura-
dElectronic: xzuo@yahoo.com tions[Table Kb)].

The exchange constants were calculated using the
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TABLE |. Spin configurations and total energies derived from Heisenberg 20
model.
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FIG. 1. Calculated exchange constants of MgBeas a function of param-

Designation A sites B sites Energy etersw anda. Curves(1), (2), and(3) representipa, Jag, andJgg calculated
T EacBuS 0SSty LD e Cuved 9, and© represent i e
Fl-1 1l 1 ~Er1-1=8IaSa 3600650 Ss + 1205555 o ’

FI-2 (IR Eris= -80S+ 120565 , ,
FI-5 i 11 —Ep5=8IaaSa + 1205550 S5~ Mg The calculatedg in MgFe,0, and Li sFe, 0, showed

similar dependence on parameterand « in MNFe,0,; Jag
became more negative asdecreased ow increasedFig. 1
The total energies were calculated using Becke’s threeand 2. This behavior can be attributed to the definitionof
parameter density functiot8iwith a variable percentage of and a. As w (the percentage of HF exchange in total ex-
HF exchange in total exchan@igarametew). The parameter changé¢ decreased, more local spin density approximation
w controlled the localization and delocalization of the elec-(LSDA) entered total exchange, which decreased effective
trons, which can be related to the exchange constantSoulomb repulsion{U) energy and increased hopping inte-
through its effects on hopping integrél) and effective on- gral (t). As a result, the superexchange interaction was en-
site Coulomb repulsion energy)). As the linear combina- hanced andl,g became more negative. Increasinghad
tion of atomic orbitals was used to construct the Bloch funcsimilar effects like decreasing, but directly operated on
tions, the parameter was consistently introduced to control wave functions of the magnetic ions.
the localization and delocalization on the wave-function side ~ With w=0.7 anda=1.3, the calculated,g in MgFe,0,
by scaling the F& 3d orbitals. The basis functions were matched the experimental res(fiable 1l). For Liy sFe, Oy,
optimized for MgO* LiF,*? and FgO,.™® matching the experimental result df led to w=0.6 and
The lattice constant also affects the calculated results of=1.3 (Table II). Although these optimal values were differ-
exchange constants, since modifying the lattice constant isnt from those (w~0.35 and «=1.3) deduced from
equivalent to scaling basis functions. We adopted an experinFe,O,, they were concentrated in a small parameter
mental lattice of LjsFe O, (a=8.33 A).* In addition, we space. This implies that there is at least a set of values of
extrapolated the lattice constant of 100% inverse M@ze parametersv and «, which could possibly be universal for
(a=8.370 A) from the dependence of the lattice constant onFe** only spinel ferrite.
cation distributiont® The obvious difference betweemn~0.35 and 0.6(or
0.7 seems to answer the fundamental question negatively.
However, sincew~0.35 was deduced from the calculated

The experimental results of exchange constants ofas in normalMnFe,0y, it might be underestimated. In nor-

MgFe,O, were calculated from the dependence of hyperfine

RESULTS

. .. . 20
field (measured by Mdssbauer spectjunon cation
distributiont® (Table ). Those of LjsFe, O, were calcu- 10 1 33— —38—3 3
lated from the curve of saturation magnetization and mag- 01 1_1_/_‘!,%
netic susceptibility as a function of temperatu(®-T . V i
17 . . . . . & -10 A
curve™' (Table Il). The major approximation in calculating b
these experimental results is mean field approximation. S -20
-30 1
TABLE Il. Comparison between experimental and calculated exchange con- 40 |
stants in MgFgO, and Li sFe, s0,.
-50 T T T T - - r .
Jns Jas Inn 02 03 04 05 06 07 08 09 1.0 1.1
w
MgFe,0, Exp. -22.5 -11.5 -7.0
w=0.7,«=1.3 -214 0.9 -2.9 FIG. 2. Calculated exchange constants qfsE, 0, as a function of pa-
LigsFe 504 Exp. -29.0 -10.0 -20 rametersw and «. Curves(1), (2), and (3) representlaa, Jag, and Jgg
w=0.6, «=1.3 -275 -15 -3.3 calculated witha=1.0, respectively. Curve@), (5), and(6) representina,

Jas, @ndJgg calculated witha=1.3, respectively.
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