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Fig. 1. Possible spin states under the antiferromagnetic ordering.
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Fig. 2. Spin states of the ferromagnetic ordering. (b) and (c) are
forbidden by the exclusion principle.
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Fig. 3. Symmetry of a crystal and D vecror: (a) inversion symmetry,
(b) mirror symmetry with the mirror plane located at the center of two
ions, (c) mirror symmetry with the mirror plane which has two ions,
(d) two-fold rotational symmetry with the rotational axis which bisect
the line connecting two ions, (e) n-fold rotational symmetry with the
rotational axis on which two ions are placed.
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Fig. 4. Crystal structure of hematite a-Fe,O; (Reference [4]).

A5 2183 v)5 A 23 (Dzyaloshinskii-Moriya) 3348 — A7 - WH2d - AHE - 1A

-219-

AAA EEURIe] 2&E sPH D WE]Y] ), z RS 00]
ol D= x AN Heth ol D7 AB, S ISl 3
a3hs Lo

29 7K A FelA (a), ()2 A-TFE o-Fe,0,(8%A,
Hematite) 274 F-3ollA #1& 4= glv}. Fig. 404 2aiA)
o] HeA o] Ap7| o] Fe¥'d vhepitt. HHA] F2E
el 29} 39] shedlel] FAHFS FAlo] e AL &
ek wEbA 13t 4, 29) 3ol disixe D=o0ole. el
gvleto] Bz APAA (trigonal) T-220]7| % SkE=. 33| 5
o] 1, 2, 3, 48] A7] o] FFsH. webA 13} 4, 29}
3 olele] Aol A 3He Fell HA3 Wk p A
El7} A5 "

a-Fe,0:9} CrFye FFAAAZA AR 2HE(y,
paramagnetic susceptibility)e] € 2% (Néel temperature) <=
el M FHsH 718k, Fig. 59 AR FA1E T3
2= oFR A SRS SAEE JeiZeld ARSE
o] AfolmE 27 YolAmA 75K ZHIM CrF,
o] A gl ARIAL IHH8]. CrF® d =
80K Axe]m2 9] d &k TN A Zgo| F4
sHAl E7kske Aot oleigt dAR vlsHAl 233 DM
AzArg.0 7 Mdejo] rlgslv), oIS Arsly] $Igt o]
=49 IUEYRE v Zv)

H=J)(S,8)+ stjz DY (5,5,-5,5,)

i.f) J irf)
+ gugH- Zf% (28)
j

CrFy —m—
200 F

%)

[ory
n
=5

ey
=z
<

llx;,(mole/cm

50 F

o L L ' L ' L L

Q 50 100 150 200 250 300 350 400

T (°K)

Fig. 5. Paramagnetic susceptibility of CrF; as a function of tem-

perature. The y-axis is the inverse of the paramagnetic susceptibility

(Reference [8]).
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Superexchange Interaction and Anisotropic Superexchange
(Dzyaloshinskii-Moriya) Interaction
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The superexchange interaction is introduced to explain antiferromagnetic ordering in transition metal compounds such as
MnO and MnF;. The anisotropic superexchange (Dzyaloshinskii-Moriva: DM) interaction can be derived by incorporating

the spin-orbit interaction into the superexchange interaction. The anisotropic superexchange DM can account for the weak
ferromagnetism observed in transition metal compounds such as a-Fe.0;, MnCO,;, CrF,.

Kevwords : superexchange interaction, anisotropic superexchange interaction, DM interaction



