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Fig. 1. Magnetic domains of the garnet bubble
film [1:21.
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AH, B
kTc = HngSug, (1)

Horp Ho AR 758, BURME T pg = 9.271 x
1072 erg/Oe (1 erg/Oe = 1072 J/T). X} T &
J& Fe, JEBIEE T = 1043 K, 4 FHHANE T
(WG T AN gSpup=2.22up B, AT 5 H,, =
6.994 x 10° Oe (1 Oe = 79.5775 A /m).

X T A5 BT 45 1) A B A ) Lag s Cag 2 MnOsg,
Lag.75Cag.25MnOg M Lag 70Sr0.30MnOs, 4 (1) 2\
W) gS S TR TP REFE pops, PIIHEL
H X SEAE S 7 T3 0 E Hy,. VFELSE BRSO
FEATH IS4 F 3£ 1 (1 emu/cm3= 10° A/m).
XFF Nk EOR B2 5 IR UE, 2415 19 200 &
PRI R, RSN K 300 DR 0k 1 P P BEBIE 7 2 ) X
X ] fE I 2 4 SR S T 70 HE DUIDUAS SR B 1Pk i 1)
FEJF R Z —. BT AR XA [ @R AT 70 B

# 1 Lag.gCag.2MnOs3, Lag.75Cao.25 MnOs3, Lag.70Sr0.30-
MnOs 14 82k 5 B To ~F38 50 T A S50 A pobs-
PATEAL SRS Mo A9 13958 Hn

Table 1. Curie Temperature T, average molecular mag-
netic moment fiops, saturation magnetization My and

the molecular field intensity Hmy of Lag.gCag.aMnOs,
Lag.75Cag.25MnO3s, Lag.70Sr9.30MnO3 and metal iron.

Mk Tc/K  pobs/uB  Ms/emu-cm™3  Hy/10% Oe

Ca0.204 198 3.76 603.01 7.84
Ca0.251] 240 3.13 506.37 11.41
sr0.3041 369 3.50 560.98 15.70

Fe 3] 1043 2.22 1740.0 69.94
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T2 240, HF B AN [B] AL, FrA M = Fe,
Co, Ni, Cullf, J-FI48EA> 73 1 I L 92 50 15 70
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HIREAE S pp. MM = Crivf, SERPIAEZI N2 us,
REC*T G4 up M =2 —. WE 2R, 12
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Fig. 2. Dependences on the number of 3d electrons of
the experimental molecular magnetic moment, pops,
and divalent M?2T ion magnetic moment, Moy, for
MFe04 ferrites with (A)[B]20O4 spinel structure.
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Table 2. Crystal structure, average molecular magnetic

moments pohs and Curie temperature T of several metals

and oxides.

Material Crystal tobs/#B Tc/K Reference
structure

Fe BCC 222 1043 [26]
Co HCP 172 1404  [26]
Ni FCC 062 631 [26]
MnFesO4 Spinel 4.6 570 [26]
FeFeo Oy Spinel 4.2 860 [26]
CoFez0y4 Spinel 3.3 793 [26]
NiFe2 Oy Spinel 2.3 863 [26]
CuFes Oy Spinel 1.3 766 [26]
Lag.gCag.2MnO3 perovskite  3.76 198 [4]
Lag.75Cag.25MnOg perovskite  3.13 240 [5]
Lag.g5Sr0.15MnQO3 perovskite 4.2 238 8]
Lag.7Srg.sMnO3  perovskite 3.5 369 8]
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IR AR R DU Y, H A R 3 F - R A
FHAR S A E 5008 R ERE, IX PP ERIT 98 52 21 55
THMEGEX T B e M BRG] Bk, FRAT
P& T A ES &R r B BT, BRI
& JE o8 B L 8 B AR IR T
A RS & F - ARy e

R % Shannon (2] X 45 2 B F L 2 I 7T, B
FIIA ML — 0, HA MR B 2%
). IX U HH B SR AR 2 d R BT AN F T ERE
AIERfREN R — BT A BT R k2. K35
HT LRSI S a8 E 2, r3 RIE
2t — 3t RSB T L SRR R
0.09—0.19 A Z ], WX/ F K, 76 Bk
B TR O 2p 8 B TR B o L AR
FEAR B9 BH BH 257 (A1 BRIE, 302 R 1 4 v e L 7
TEAAI I 4R & 7[RI BRIE, # R A Al Ab.

*#3  JURBHE TERMECN 6 M=, =MERCEE
2, S R ARE 2 — B [40]

Table 3. Divalent and trivalent effective radii, rzf'f ,
7“2;, and their difference rszfr - r(‘:’;fr of several cations

with coordination number 6 [47].

Element rsf'}'/ A eff/ A 'erJ'f' — reff/ A
Cr 0.80 0.615 0.185
Mn 0.83 0.645 0.185
Fe 0.78 0.645 0.135
Co 0.745 0.61 0.135
Ni 0.69 0.6 0.09
Ag 0.94 0.75 0.19

VE: ERAECN 6 I 02~ B FIA RE RN 1.40 A 1451,
Note: Effective radius of O2~ with coordination num-
ber 6 is 1.40 A [7].

BT ANE AR P RIS A
JeT5 AN, d T AR AT B 1 B iR AN R FUIE A+ 1%
i, K3l H — ML T E 3 (a)—(c) BT
FPIRAS. 1) AW e 74 T K 3 (a) FPIRESH, B1
(1] (R 5 LT E e AE ST 4T (B9 WEP), 7 2

FEWR 51 BE, TR A7 AE A HE e g, AT AT Ak -1
SIREANHE e BE AR B P74, A E T A 1)
PEAA iy, XA DL, LT ASRELE P T RS 4
2) AP T AT K 3 (b) FracREE, PR T/ H
JREREFE VAT, 2 5 R A HAH A e, S He iy J o
H T R PR AL, I HLIX AR P A B 7 AL AE
LR A7 EREVEHE R fE; 3) M DN ETANEHE
APAET, HASKHEFANEHERE 1
T, HAT 1 3 (o) RPIRAS I, 22008 5 Ly s 7~ w]
PABRAE 24 M 5 b, JF HARKR AR DT 1/ A, X
LR FEREVERDRE o i BT B BE DT 1 DR AN AR
HUIR IR, QR B BT AN, sASRER A 3 (b) i
AN A B 3 () B 8. JRATTIE L 3 (b) AN
K 3 (c) Frn IERIE GERR i fL 1 1 BRI

B3 AR FANEHETFHER (a) WEP #l (b), (c) &
TR E
Fig. 3. Illustration of (a) WEP and (b), (c) itinerant

electron between outer orbits of the adjacent ions.

2.2 JIFAEBMHEINTS TIREERE

L Fe A, FR 4% SCHik [3], Fe tARLIL SR E M,
N1740 Gs (1 Gs = 107* T). MR 1, 0T
W E Hy, N 6.994 x 106 Oe, M4 137 1 e 2 %
(1 erg/cm® = 10~ J/m3) /] LATFE AT

w = Hy My = 6.994 x 10° x 1740
=1.217 x 10" erg/cm?. (2)
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e B AL LT G, G H02.86 A, AN
M 2/ Fe Ji7, P38 Fe [ 1107 T3
REEA
wo = wa® = 1.217 x 10'° x (2.86 x 1078)3

= 2.847 x 10713 erg = 0.1777 eV, (3)
(S0 e O R AR @il RS R e R &3
X T RIS A RE (2910 eV) Hi, XAMEZ A H
E/‘J. Xﬂ?%ﬁ(ﬁf%*@%ﬁﬁ%%LaogCaOQMnOg,,

Lag.75Cag.2sMnO3 1 Lag.70Sr0.30MnO3, I HI 3 1
HIZE, R EH S TN E S L w. T
- 35 4565 Mn & 18] 1) 73 1 3 e B wo, TN TE
BB TE&— 2 Mn BT LaggCagoMnOz Fl
Lag.75Cag.25MnOz NIEZ Zi#, F4>F A 44
7T, wo = wv/2; Lag.70Sr0.30MnO3z A 22 [ 14 4
K, BAGMRE 6 T, wo = wo/30 Hdto
o JARAA. THESE RS TR 4.

%4 Lag.gCap.2MnO3, Lag.75Cag.25 MnOs, Lag.70Srg.30MnO3 N4 J ik vh AR X R B 1 TR B 23 T3 B8 wo BALAR
KINSH, Fob kT RRTEE BIRE To JeM#GE, Z ZENFME T IFH, o Flm 53502 &AM E, d 2k

BRE, Ms A Hyy 23 53 RV AN S AR 5 S A A1 S0 o3 9

Table 4. Weiss molecular field energy, wo, per pair magnetic ions, and relative parameters of Lag gCap 2MnOs,

Lag.75Cag.25MnO3s, Lag.70Sr0.30MnO3 and metal iron, where kT is thermal energy at Curie Temperature T¢, Z

is the molecule number per crystal cell, v and m are the volume and mass of a crystal cell, d is the density, Ms and

Hy, are the saturation magnetization and Weiss molecular field intensity.

Bk kTc/eV Z v/A3

m/g-mole”! d/g-cm~3

My Hy w

wo/eV  wo /KT,
Jemu-cm™3  /10° Oe /108 erg-cm™3 o/ o/kTe

Ca0.2041  0.0171 4 232.63315 K 222.078 6.3769
Ca0.259]  0.0207 4 231.21553x  217.137 6.2830
Sr0.30[4  0.0317 6 349.76715 k = 226.458 6.4991

Fel3) 00900 2 2330400 55845 7.9875

603.01 7.84 4.728 0.0344 2.01
506.37 11.41 5.778 0.0417 2.01
560.98 15.70 8.807 0.0641 2.02
1740.0 69.94 121.7 0.1777 1.97

MFEAF S| — N AEHEABER: X T Lag.s-
Cag.oMnOg, Lag.75Cag.25MnOgs, Lag.79Srg.30MnOs3
M4 & Fe, RAE LA, #itk e 7 EAR,
HAF X i B T R M T R S T B
FH N A RE (KTc) W ECAE 20 ) 4 2.01, 2.01, 2.02 1
1.97, X 4 AN e dn. S FRAT5C T X J LA
ME> It BT R TR & S .

2.3 EEREMITAAEEKIIR

Hibble 2 M #F 58 7 1F 28 45 ¥4 #) Lag.sCag.o-
MnOg FF & i 4% 5 £ B8 I 1 A8 Ak, T AT £ 5
HHY = AN A B B 5 W Mo—O & 7B B dy,
da, dg Bl FE A AE B, &5 RaniE 4 fros. AT LA
BRI, B RR T dy, do A —/N K 1)
T2, 10 ds HIAR AR /N, BE B AT Mn 35 7 1
FEVE ds db 7 FHES), WEP B E#REVE I ) B0
dy, do e, 1K JE —AMER T R BRI . iR
FE 230 I 120 0K 3 B BLIR FE BT, WEP [ i
VR 7 i, 53 Mn—O B 1 1] B o 5 k.

Rk, AT dy, do (R BEHDI 2R, TR
Bk AR L S A P RETE 5%, M 120 K 3175 K
ARy, do B R R S D) 262 BT WEP 1)
RO S IR AN 3 == BN | o P e o fr
TE175 K dy, do B EE 5 V1A 2 Adons N
0.00147 F10.00167 A. Radaelli £ Pl A 57 7 1E5 45

HibbleZs4] "
0.1946 |- LaggCagoMnOg //
g A
£ /‘
= ds "
5 o044
o T °.
<] /*‘l
8 7‘/‘ b )
<|3 0.1936 |- T 198 K
5 dy
=
0.1934 | 7
0 50 100 150 200 250 300 350

T/K
K4 (MTIRE) IELZL 1 Lag.sCao.2MnO3z FdhH
Mn—O B3 du, da, da B2 ()
Fig. 4. (color online) Dependences on temperature of
the distances between Mn and O, d;, da, ds, for or-
thorhombic Lag.gCag.2MnOgs sample (4],
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FJ ] Lag.75Cag.os MnOs £ ity f 4% 5 B0 BE 15 B 1
Ak, M T AT S = AN B R L A b
Mn—O B T A1 FE d1, do, ds B iR B2 A2 A 1 0,
gE BN 5 fr . Hibble 28 B9 7 25 1H 4 45 14
Lag.7Sr0.3MnOg F 5 1 i b 15 A0 B8 T P i A8 1, 3L
dy 5dy %, dy Al ds B E R oR T B 6, H
JE B N 369 KL 51 4 28000, a5 H Cats
72 0.25 F1Sr 528 0.3 # i 7 BT WEP 1) & g 74
G RE ) Mn—O A BE AR & Adons, F T35, AT
W Cats240.2, Cat82%0.25 Al Sr 52 0.3 iX =AM
i ) Adops (AR R K. XA A 3ANBE i 1 L
TR IR T, 43 58 198, 240 1369 K.

0.1942F  RadaelliZb)
Lag.75Ca0.25MnO3

g
£ 0.1940}
=
& ds Tc 240 K
3 0.1938}
"g :’ -'.‘-/."‘-
8
C‘J 0.1934}
g 0.1932}
0.1930 1 1 1 1 1 1
0 50 100 150 200 250 300

T/K
5 (MTIRE) IERZLHIY Lag. 75 Cag.25 MnO3 Ff i
Mn—O B FI15E dv, do, ds FEIEERIAE L, 5]
Fig. 5. (color online) Dependences on temperature of
the distances between Mn and O, di, d2, d3, for or-
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Fig. 7. Illustration of repelling force between electron

spins for the adjacent ions.
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Abstract

In 1907, Weiss proposed that there is a molecular field to explain the magnetic ordering of magnetic materials.
However, it has not been clarified where the molecular field comes from so far. In recent decades, the magnetic ordering
of metals and alloys were explained by using the direct exchange interaction of between electrons on neighboring atoms,
while magnetic ordering of oxides were explained by using the super exchange interaction and double exchange interaction
models. The intrinsic relation between those exchange interactions has not been well explained. This resulted in the
fact that there are many puzzles for magnetic ordering of the magnetic materials. For example, what role the Cr cations
play in spinel ferrite CrFe2Oy4; why the calculated molecular magnetic moment (3.85 pg) for Lag.s5Sr0.15MnO3 by using
double exchange interaction model is lower than its experimental value (4.20 up); whether there is a relation between the
average atom magnetic moment and their electrical resistivity for each of Fe, Co and Ni metals. These several puzzles
have been explained recently by our group through using an O 2p itinerant electron model for magnetic oxides and a
new itinerant electron model for magnetic metals. In this paper, a model for the molecular field origin is proposed.
There are three states for the electrons rotating with high speed at the outer orbits of two adjacent ions of magnetic
oxides or metals and alloys. 1) There is a probability with which form the electron pairs with opposite spin directions
and a certain life time, named Weiss electron pairs (WEP); the static magnetic attraction energy between two electrons
of WEP is the elementary origin of Weiss molecular field. 2) There is a probability with which two electrons with the
same spin direction exchange mutually. 3) If there are two electrons at the outer orbit of an ion, then for its adjacent
ion whose orbit has only one electron, the excess electron will itinerates between the ions. Furthermore, the energy
equation of WEP, equilibrium distance, reo, and maximum distance, rem, between electrons of WEP are derived. The
probability with which WEP forms in each of several perovskite manganites is investigated. For perovskite manganites
Lao.sCap.2MnOs, Lag.75Cag.25MnOs, Lag.70Sr0.30MnOs, the crystal cell constants increase linearly with temperature
when the temperature is much lower than the Curie temperature, T, while they show a rapid increase nonlinearly
near Tc. We then calculate the difference in Mn—O bond length at Tc between the linear and the nonlinear variation,
Adops. Obviously, when the distance between the two electrons of WEP, r., is larger than the rem, WEP and the
magnetic ordering energy both disappear. Assuming Adobs = Tem — Te0, the probabilities with which WEP appears
in Lag.sCap.2MnQOs, Lag.75Ca 25 MnOgs, Lag 70Sro.30MnQOs3, are calculated to be 0.07%, 0.31% and 3.13%, respectively.

These results indicate that the WEP model for the magnetic ordering energy is qualitatively reasonable.

Keywords: magnetic order model, magnetic oxides, magnetic metals and alloys
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