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Py e Fs HLIREE LA A A7 AR 30 L 1) BEAH G
TR XSO P A LT A5 S R SR A A
X, AR SO ST B 4 SCRRAIRAE (19— 2L A5G
TSI R, IRIG I AW ST A SR TAE, &
Jrg 5 IS Tl Pk A

2 M TR B A S BE
21 O2p ZERMA—MEBFHLRHR

FERLG R BHE N 0 B LA R 5 b, 1%
W AN R A B A SRR B e, sk
HL 58208 8 NHL T (222p°) WY TC 245, SR
SR TEE ALY P AEAE O 2p 259X, RIAEAE fi—
WA T (2822p%), Ho L BIRE A4 REAS [ Il A AR K 22
W, AT ik 30% B . BEEH AR TR T o
Wi B8 B 1 1 G 8 S 4 A RN XS 48 A A
Bt
211 %xTF 0 2p ZRGEBH T

1988 4, Niicker 55 10 4 JH 1 5C T 1 T 41 8}
YBayCuzOy , T HLFRERE KT (clectron energy
loss spectroscopy, EELS) W5, & BLAE 2% K AEY
b HL A B LA B Y O 2p &5 REE, JFHL
O 2p 257 A B B a3 i y ARk,
FRLGA A IR Ak 5 ) i /2 O 2p 257X

JufE DUR R A W R -BE R R,
(100) T Y LaAlOg 3 A il 4 T 58k 0 46 1L
WA R Lay ,Sr,MnO; (0 < z < 0.7). FEdh )G
FEZ55H 700 C B K 1 he @ st X SFR TS T,
RBTARE AR ELAT BA ABO, 854k 454, i
T RE A B R IR AR R 1R 2,
WK 1(a) Fs. &R Urushibara 55 12
W B AR AE G La, ,Sr,MnO5(0 < z < 0.4) B} 15
NS5 R AL K 1(b) 4 La, ,Sr,MnO; (z =
0, 0.3, 0.5) FESL A LaAlO; FEH 9 O K 1,
TREEGE, BRI O 40 SR i K S 7
HXF TR BB AR EEBE. FTLAE 2 3 ST IERE &
7E 529 eV [ A — MR IEIE, 11 LaAlOy &
A XA XA B B R A S TR AEAE O
2p 2525, VLI La, ,Sr,MnO, ZRFIKE 5B S
T O 2p 257 GE AU p AL S

Mizoroki 4 13 il 4& T 2 ke La, ,Sr,MnO;
(z = 0.1, 0.2, 0.3, 04, 0.5), F FI R e 30 5 5

SEHUERT, X4 Sr 48R 0.1 F1 0.2 I, $B2Rry =
AL HEA O 2p 4. Grenier 25 M I O K i1
X BFHERATHT, 78 Las St sMnO; HMEEE] 2p HLfif
A P A2 AL, BIFEAE 8 23 707 F“4 25 70" MO -
T 9 38 5 A2 4k Tbrahim %5 (91 14 T PE % BB A1
¥ Pry_,Sr,MnO; (z = 0, 0.3), HF5¢ T #HRHK X 5t
MGG AR 715, B EPRAEAE O 2p &5
7, HOH R EBE SrB gk iRy 5 g 4 Ok
Papavassiliou 5 1 L8 7 # #} La; ,Ca,MnOj, s
R R 5 RS X LW s, K TE O
2p BUE FIET A et A r s ok
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Fig. 1. La; ,Sr,MnOj; reported by Ju et al.'l: (a) Curves of
the resistivity p versus the test temperature T; (b) electron

energy loss spectra.
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Dupin 45 1 B8 T — S840y X SOt
T i (X-ray photoelectron spectroscopy, XPS),
P — WA EEAY I O 1s ik rp i BLAE
527.7—530.6 eV L Fl N Y TSI XTI T O% B 11y
JEHLF, 7E 531.1—532.0 eV i [ P A i e Xt i
O BTG T SRR 1k 2= W FfF 4 (O°) X
I BRI HY B AE 531.1—533.5 eV GBI, flA 2
iy

L)
A
r A
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< //// ////
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(O 02-

[ 2 Dupin %07 2111 O 1s RAGI R A FIN AR E
Fig. 2. A binding energy scale for valence state of oxygen at

the O 1s peaks, proposed by Dupin et al. [17].

Cohen & 1819 F1] H] %5 B2 1z oK P8 (density
functional theory, DFT) %5 T BaTiOs I it H
TAEE, MRS Ba, Ti f1 O B9 F¥1LE
#4332 2.00, 2.89 F1-1.63. XA THH 45 45 2
T XPS SRR, ST — S b XPS,
45 BaTiOy, —%A L% CaO, MnO, CoO, ZnO,
NiO, CuO KA FE i B, —4~ SrTiO5 £ i fil— A~

SrTiO; B iy 7R FE 0 2Y,) 45 2] BaTiO, ¥ K |

SrTiO; Z /i Al SrTiO, B b A i 48 2 1Y 11
M N-1.55, -1.62 F1-1.76, 55 Cohen B4
R-1.63 23T, BLAk, ZB—F LY &4k
B s A R BHES 150 —HUESRE (1) MUK
s, B 0 4 1 & m e BilbE Vo 1Y
5N (115 WA N I = BN P o = W o R e i
(8.08 eV) /NFFHE T 15 M B RE, T LU T
B PH B 15358 A s A AE AN )RR FE A TR

2.2 EEHNMEBEFEHHAR

SEYR R, AF 3d i 4R Fe Al Co M H H i
TR 4 IR SRR R, — 3843 4s TR A
3d HUE, 28R T 3d L ARG 3d HL R
BT I REAT 1 AL B4 R RE A IRl ), 4
i 3d 1 4s # A BUK T A s 1Y 75 S

1995 4F, FEE ¥ # Chen %5 22 758 5 BL25 4%
PE R4 TR N 5070 AR Fe £l Co 4 )& Wi

5, TSI TR Y Ly g WROBCG 1 XS 2R 1K
ii% (X-ray absorption spectra, XAS) Fl X H£k[HE —
% (X-ray magnetic circular dichroism, XMCD).
Chen %5 19 70 B 265 Hh I AMEAS T E (5 B 1) Fe
Fl Co 18 B¢ i SF- 25 B3 A I 19 B T8 R 53 A
1.98up M 1.55up, I8 @ 45 5 %1 K 0.086up Fl
0.153up. I8 W4 43 5 R F T w6 6 1) 4.3%
9.9%, Uk BB REAE I DTERAR /N 2) e drid
XHF Fe A1 Co 1) 3d HLFF39%0H , RAH T #gTT
B 6.61 f1 75122 Bl 2 F A MR F
3d HLTFECH 6 A1 7, UEEAYEM A HhRTFIE 48 1
R, —E 5 4s T HEA 3d B, AR T 3d
L.

2007 4, £l [ 2 4 Jauch F1 Reehuis! {ii A
316.5 keV ) v 5T £k, 1€ 295 K Fll& T a-Fe #
i PO G FEE AR DR 3 e X A R R A
Br, IWHFE a-Fe AN T AIENA 3d74s!, A
S H H Fe 1Y 3d%4s%

2015 4F, Hij+2#3# Pacchioni 55 26 fff 5% T Wt
BHFE Cu(111) 180 _EAY Fe BT FUINA RG24
. fE— A E S R R TS s T
(111) H A Cu i, SRS, FIH BT SR AR IR A 78
% Fe. TEZE 4, Cu B A MIEE N 3.5 K, LI
THAE Fe T2 MHE Cu(111) 1 _E, MAFFES
Cu Fe R 1 Fm A AR . 55 4 RE 5 1Y B2 i 0%
A PR AR, LR AL Fe J2 MR,
HHERERESWAMET, EEREEE
XAS Fl XMCD W == #5162 7 &5
FE S, Fe 097 35 Y5 FI7E 0.007—0.145 #1)2 (ML)
Z ], Hor ML 3 OB~ Cu SRR (111) T -
H—A Fe 57 A8 55t T 0.007 ML HFE
i, XA T Fe i W7 Cu(111) T AY9K
SRS XASEARE T =25 K Mg B =
6.8 T & Fikfr. Wik XF XAS Al XMCD 28645
BB oM, 15BN FHE Cu(111) 18 _EHRSE Fe Ji
¥ 3d IRFE)ZM 3d Z57XEK, hy = 3.03, HrHL 251
AR 3d74s'. AHXTF A H Y Fe 7, #HY5T4H —
A s P HEAT 3d BB . XTI AE Cu(111)
[/ Fe i+ A7, biE A& PR 5 H B
R, SRR TR 1 I R R TR, AR
A Fe JiF BT 1Y 0.66up 18 /N2 54> Fe Ji+ B 1
0.2up. T A BETE A~ 34 I F #E 6 AE 5 4
Fe JfFHN 2.4up, S NMPAEEE Fe 191
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SR G 2.22up B R, F BB RE S A e
W HAE N 8.3%.

3 B a A R R A T

ARG A PR A Sy A AT AR A B fit
T, RGP AL A i R AR
LRI 1) A R B B EE B L, X Ty I
C A —Leosil, (AR m A 1321 Z A L.

3.1 O 2p BENAEGEBSMGEKRT EHE
SR R A

FE T Niicker 55 [0 14 52 55 25 5L DL KR 7 /)
i — LS B 25 R FE S M A R I, 4
Z 8 F| O 2p 25 SXIRZ . 1998 4F 5 1 i 27) iy 2%
(ERE Y ) —BAEN A HEARRE ISR
R ALY, 45— Hubbard #i% =47 JF
KpemRIAA, HPa s 175 O 2p 27U
Y RE T I

XFEERE 5 ALY La, ,St,MnO; (0 < z <
0.4), LG REA 73S XU AEH (DE) £ 8Y
FUEE sC - AE ] (SE) Bl i B Hrb Sr & i M 0 3
0.4 Ak F v F s 1 B AR AL, DR T
ABE AT A, 7E =M AP0 Mn 572 1]
BRIE A Mn 3d FL 2 H A H A8 O 1) SR T 12
SR T 134 f 8 F 0 2R 33 45 S g 445 2R (10101
Alexandrov 55 P82 §8 | AL GE W RERN A& DE ALY
XSG AR ih 58, 1 RE S04 HLE A L ZR B
R G AE A b B I B T Y p &S XA
& d B i — 92 e AFT DE B8E) O
2p 25 B AR Tl B A R0 5 S A 1Y
SR

3.2 WARREERER

BT IR ALY 0 4 B R R R 1Y) S g A P
HTFEAE R, S RE GERR G 7 A i e — L BRI 1
ARG A Ty IR BT E B A RIE, 41 T — O T4
WG 1) O 2p KIiFHL - (itinerant electron
model for magnetic oxides, IEQ) 5#Y [6:3031]  —A~
il e Ja - Y R 5 R B 3RO R N & B
Ay W B 7 (itinerant electron model for
magnetic metals, TEM) %1 632 DL —AN 56 Ffifg
R AL W) 4 T8 WA T RE R Y A S L 1 X

(WEP) 71653
3.2.1 IEO ##

1) @k A ALY b R AEAE O (2s22p°) B F
1 O (2s22p°) B+, O BT WHMEF 722 Aot
JZE5, O B F AN 72 )2 E—1> 2p &K
O By 71 2p LT A — & LR LI & 7 N A
BRAERNERIE O B FAMNZFUER 2p 25/ L, il
i, S FAEBRAE I AR P B e s R AL,

2) B TR OF B WANZPUBAEFE A e
W AH S PR 2p L, 38— O B+ 8l [l Y
PRS- 53 CPARETE iids , TERE A ki
HL 19 e 7 T AR TR, (EE A 1 A kst e
L1 [ e el AR . (91N 2e iy G5 A0 Bk AR R
T AR 57 P T AR A B BH S 43 il Ak T (A)
[B] Ffnf&. 7ERAF g rha& i i 1% [ TE T )
AHIA], fHZ (A) A1 [B] - fbs ke i 19 ey
A .

3) TE[F—FdbAsrh, o T i 7 AE BR T i
A BER T I RREAE, AN R F e
] (FL 455 J 3 L K Ui L 1) 0 o 200 08 < L R
(Hund) & W, Ak, 76 R —F @At a2 mA
3d HESEE T 3d FTEHE (ng) FIRR#E ng = 5
(BREMIHH R ng < 4), WENTRERT1THES;
WER—ABHE T ng = 5, A—ABHE T ng < 4,
WIEATTHIRERE SOFATHE .

N TEO 5 B AU AL 5 10 8 28 0 AR AR
FHREHL BESE T 22 R AR A 4l ) B0 F4m K
W2 g 189314600 G S AL ) B REAT P Tn) L, A 45
N S GERERIME LSS & PR R Y Cr B2k A
BRI REA ) 8 B39 CrFe O, I L H L1 40
G35 1O, Ti 844 B0 i A R A8 LB IR fn s 8k
T AR 1420 SR 25 44 B AR ) Lay St MnOs 1)
WEHERE Sr 524 AP0 R G ZR 146 S5 B8 [

3.2.2 IEM #&#

1) BF o SHERAT T as R, AN FE 3d it
BT (B Cufl Zn 4b) 4565 48 g fE r,
H1 52 31 8] H - A HE R 1 B AR, D
T-H RIS 4s BT HEA 3d B3, AE i 3d BT,
A 4s BLFVEN E LT

2) AbF K BEL ML Y 3d HL T —E JLR
FE 41T SR A AN Z B0 1) & AR BRAE, T B I A
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¥, HARM 3d TR T

3) 4 Jm 1 L B AR BE A ph A 1S 0 T D
/N LIRS RS2 ) Ak Y 55 SR 3
SR, ANZALAT B FANZHUE R R SR, BT LLA Hi
1Y E BEXS PR A DRk, 7E R LR DL TR K
i T ERIT R T FIEAHSCIRIT, 24 il B Rl s HL i
JEm, HLERIT LA HGH /)N i BEBRAR, 3830 1
BRIT X L 3R 1Y DR AR

N IEM #8 f# 8¢ T Fe, Ni, Co, Cug: /& [
PLK NiCu &4 1 H B A S REHE 1 OC AR
3.2.3 WEP #&#&

1) R FTE— D A5 2 v i iz 3l
FUBEDT M ANAZ, o T ARSI T AR A2 08 o4
T, 5 —a LR T 3(a), (b), (c) BT
ENIE/NS

(a) (b)
(c)

K3 AR ES FHMEH - HUE B (a) ST X R (D),
(c) 330 L -7 B IRT 1

Fig. 3. Hlustrations of (a) a Weiss electron pair and (b) and
(c) itinerant electrons in the outer orbits of adjacent ionsl3.

2) MW T FE 3(a) FPRASHT, BT H )
PIFL T [ BERGHSCFAT. T iR ANZ BUE A RE ]
AN A T AR R A S LT, B AR TS REAE M
fea i 1 ' e e v G = A i M R e el
J¥HE, AT ) b T 5 REFIHE T BE #Y J P15 25,
HA W 5 04~ £ 18] BE A5 i, B A AT HL )
(WEP). AHF5/NHIN WEP [ RE R REER R
WEAT P RE ORI

3) MM TAE TR 3(b) B IRZS I, A
B 1 A BERERE T, 255 K LE B A, sS4
Je HL T ERETT Tl PR AN, I HX RS AP
HLF A AERETERE R BE; Y — DB T ANEPEA
AT, HARSBI s FANEE R A — 1T, B
AT 3(c) AARZS I, Hh Rl o1 i) DLBRIE 247

s+ I, J9fF BARFE ABETT mAAE. & 3(b) Fil ()
JIE 7 I R G AR A A8 L P R

TR AT R T AR RGP AR R A Y
FEDT AR FEARAR SRR, AN A BEJy AN, AN
Ae & A5 3(b) FiRsc el &l 3(c) FiniERiE.

LSRN IEO, IEM F WEP B8 7] DUy
f1+4 Co, Fe, Ni, NiCu 54, Fe;0, A1 La, ,Sr,MnO4
LA R TR) B4 e B 3 (7901,

3.3 HEEHBMBETFENSERERNNE

EX 3

331 ARLTFERLMFH L —NABT,
FH R 0 B R AUE

PEAL BRI B A AN S e/ FHAR TR op | s R
PR TR E B TR R TN R, B 2522pS
SR ey NS T B FE R R = e S S N it
B, 4N, TEFSERE S5 ALY La, ,Sr,MnOs
Y Sr & 0B, BT Mn B8 Mo, 1A
SRE S Y B RE PR IR T M3+ Mn3+ 851+ [a] (1 4
ZHAEH; M52% Sr i, B Mo, 3F H Mo+ 5
W5 Sr & o M, AHTE Mo+ Al Mo [ 4775
WA E ], TR A 12,

ST TR PSR S E5 R, Ay R A7
TES MR — I T, HoP A M i e nHE
R FAL G LS B, BEBA /BH 77 i He a3 R
M. B, —AAbes A s B S0 i 4
XN T — S8 AR O EE. X2 TR T 1Y 5E
= . PUHL B RES M 33.67 A1 51.2 eV, BIME7E 4
T, LA SR LA 0L X
HIESER ] IEO HAIN TS5k 4 4540 4% E AL
Lay_,St,MnOq #EA 7 RIRRHIfEREAN R AL GAsiA 10):
M Sr E i o /N 0.15 BF, AR S Y Rk g TR
Mn?+5 Mn?+ 5 F 0] (19 SR RERR G, FF & R B
o A3 N K, 2T Mot /Mo 3 F & &
Btz BRSNS K, 24 0.15 < 2 < 0.40 I, T A
Mn Bk Mo+ 81, B SRR Bl 2 035 i s
N, VR Mg [B) S A A &, JF LA
SRR NP
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800
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VN, Ep/eV
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K4 S e T s BT R R BE By M A T
1s L TR HL B RE Vi Bl T 50 IV Y 28 f 15259

Fig. 4. Dependences on the atom number (N) of the bind-
ing energy (E,) of 1 s electron in a crystal and the ioniza-

tion energy (Vy) of 1 s electron in an free atom!°2%.,

027501-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 69, No. 2 (2020) 027501

Viy B R C R IE R A i EF B Re A bk
L 25 R AR

FIF XPS i a5 2 AR 3. Ley 5504
BT Sc 2 Fe @M IS, FIHIX L4 E 1)
Wi A fE DR RES LA R 24 12 eV BITE . BF
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AALP M T ESORBE R DL T 4 12 eV
ALY (1 5)55. B 5 38 1T LA 21— 47 8 A
45 7E ZnO Fl ZnFe,0, 11, Zn 3d M FHE 4
TRTEPKBER LI T 29 8.2—11.5 eV JuHIN, X &K
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e F80 =L . XA B TS SR 25 SR
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NN LS R 1 0 % 8 2= R = A 2l 6 5 S e
i L Ry A R ST A B

Zn 3d

| ZnFe Oy

MnFe;Oy

CaO

I/arb. units

Fermi
level

E,/eV

5 CaO, ZnO, MnFe,0,, ZnFe,0, FJHH oL TF-ii 5]

Fig. 5. Valence band photoelectron spectra of samples CaO,
ZnO, MnFe,O, and ZnFe,0,.
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Abstract

The conventional magnetic ordering models, exchange interaction, super-exchange (SE) interaction and
double exchange (DE) interaction models relating to the valence electron structure in the materials, were
proposed about in or before the 1950's, the time when there was little experimental evidence. Since the 1970's,
more and more experimental results for the valence electron states have been reported. These experimental
results suggested that the conventional magnetic ordering models need improving. i) Many experimental results,
including the electron energy-loss spectra (EELS), X-ray absorption spectra (XAS), and X-ray photoelectron
spectra (XPS), indicate that there are O anions in addition to O? anions in oxides, and that the percentage of
O anions may reach 30% or more. This suggests that the SE model and DE model both need to improving, in
which all oxygen anions are assumed to be O?  anions. ii) Several experimental results, including gamma
radiation diffraction, XAS and magnetic circular dichroism spectra (XMCD), suggest that part of 4s electrons
enter into 3d orbits and transit into the 3d electrons in the process of forming metals from free atoms. The
effect of the orbital magnetic moment on the magnetic moment of a bulk metal is far smaller than the spin
magnetic moments. These provide the evidence of exploring the relation between magnetic moment and
electrical resistivity of the magnetic metal. iii) Using density function theory (DFT) to fit physical properties
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yields plenty of results for many materials, but there exist serious difficulties for magnetic materials. This is due
to magnetic ordering energy is included in the exchange correlation energy, which has been find no
phenomenological expression so far, and has to be fitted using various models in DFT calculation. These
investigations provide an opportunity to improve magnetic ordering models. Therefore, our group proposed
three models of magnetic ordering in typical magnetic materials, they including an O 2p itinerant electron
model for magnetic oxides (IEO model), a new itinerant electron model for magnetic metal (IEM model), and a
Weiss electron pair (WEP) model for the origin of magnetic ordering energy. Replacing the SE model and DE
model with the IEO model, the magnetic structures of Co, Ni, Cu doped spinel ferrites as well as Cr and Ti
doped spinel ferrites can be explained. The dependence of the magnetic moment on the Sr content in perovskite
manganites La; ,Sr MnO; can also be explained, for which there have been many ongoing disputes about the
cation distributions. With the IEM model, we can explain qualitatively the relation of the magnetic moment
with the resitivity for each of Fe, Co, Ni, Cu metals, and fit the curves of the resistivity of NiCu alloy versus
test temperature and the Cu doped level. With the WEP model, we can explain why Fe, Co, Ni metal, NiCu
alloys, Fe;O, and Lag;Sr;3sMnO; oxides have different Curie temperature values. The new itinerant electron
model is different from the classical model in the following three elementary characteristics. First, the s
electrons in free 3d transition metal atoms are divided into two parts when they form a metal or alloy. One part
of these s electrons enter into the d orbits and change into the d electrons. and the other part of those electrons
are the free electrons which are no longer called the s electrons. Second, only the d electrons occupying the
outer orbit of an ion core in a metal or alloy may form itinerant electrons with a certain probability, while the
remaining d electrons are local electrons. Third, whether in a magnetic metal or in a magnetic oxide, the
transition of the itinerant electrons is the spin-dependent transition below the Curie temperature, and the
transition probability decreases with test temperature increasing. The transition of the itinerant electrons turns
into the spin-independent transition when the temperature is above the Curie temperature. In this paper, first,
we introduce several typical experimental results of the valence electron states. Then, we present the new
magnetic ordering models proposed by our group and analyze the elementary differences between the new

models and the conventional models. Finally, we point out the challenge to the future work.

Keywords: magnetic order model, magnetic oxide, magnetic metal and alloy, photoelectron spectra
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