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# 1 Lag.95510.0sMnO3 RFIFE ik A HAL 2% 1

Table 1. Thermal-treatment conditions of the three samples with the nominal composition Lag.g5Srg.05 MnO3.

Bt LI T HL

AEER A FEAIRAS /P BRI (K) /#A KL ER I 8] (h)

Ay 2 A /1073/10 etk /1273710
Agy 3 A /1073/10 Btk /1273710 Wik /1273/10
As 4 Wik /873/5 Wik /1073/10 etk /1273/10 Wik /1273/10

3 B RAE
3.1 HRHRAREHRIE

FH faf 2= M0 99 &L & 7] A2 77 1 X'pert Pro 8 X
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Fig. 1. XRD patterns for the samples Lag.g955rp.05 MnOs.

#2 Lag.o5Sro.0sMnO3 FFHE i XRD i# ) Rietveld
WAEER, aflc ZHEBEL o BRBEER, dgo £
Mn—O §#&

Table 2. Rietveld fitted results of the XRD patterns
for the Lag.955r0.05MnO3 samples. a and ¢ are the
lattice parameters, v is the cell volume, and dgg is
Mn—O bond length.

B a/A c/A v/A3 dgo/A
Ay 5.5268 13.337 352.80 1.9644
Ao 5.5272 13.348 353.14 1.9656
As 5.5289 13.345 353.28 1.9675

FAHESERA 254, 23 (A1 BE N R3c. FIH X Pert High-
Score Plus #AFFAFE A B XRD %, 75 214 5 1 5
MHEH a, o, mER, AETFE5BNEEE T
EHIEE S dgo, I TR 2. WTUEH =M S
By B, IR A R TR ) dRRL
172, KIL=AE I RO AR AR KT 100 nm.

3.2 HmAYRLMRIE

P 26 1 B 1B vh 2w A2 7 1 A B e ) B

F 4 (PPMS) & 1 FE i IRETE. FF 5 IR A th 22
FIAE 10 K R P14 w1 2 Frs. AT 75 21 4
1 JE IR Te ANAE 10 K IR T 1V RN AL 560
os~ VI T HEHE prexp~ FFTIT o He FIF R WAL
WAL oy, FIT RS, ATLLEH, WA BIA;, BRI
FEM 94 KB IE] 142 K, “FHIEA 5 T 1 RERE
1.85 up JIHEIMINE] 3.22 pup. HITFE S 1 f AL 1
SRR W AR, TATARE S A2 A 2
HTMALNFE.

# 3  Lag.g5Sr0.05MnO3 R FIFE K R BT T fifE

10 K A Lo i A4k om o8~ Tl or FHF0 A1 He, Mexp

R og THEHEEE 9 T RGE

Table 3. The Curie temperature T, of the

Lao.g5510.05MnO3 samples, and specific saturation

magnetization og, the coercivity H. and the rema-

nence oy of the Lag.955rg.05MnO3 samples measured

at 10 K. prexp is the magnetic moments per formula of

the samples at 10 K.

B T os Mexp  poHc or

/K /Am?kg™'  /up  /mT  /Am®kg™!
Ay 94 43.26 1.85 2.65 10.44
Ao 120 61.57 2.64 8.24 4.72
As 142 75.16 3.22 7.81 4.39

027501-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

43 2 )  Acta Phys. Sin. Vol. 65, No. 2 (2016) 027501

35 100
(a) (b)
30k 80 Aj
As 60 | As
25 Ay
= A3 - 40f
¥ 20f 2 20}
Ei Ay E o0
<M =
S o —20f
—40 +
54 —60 |
ol —80
1 1 1 1 1 L L —100 Il Il L L
0 50 100 150 200 250 300 —2 -1 0 1 2
T/K woH /K

K2 (a)#£ 50 mT B4 FAEMINLLHALSRE o BRI EE T AR, (b) £ 10 KB FRE S e Il £
Fig. 2. (a) Dependences on temperature T of the specific magnetizations o for the samples with a 50 mT
applied magnetic field; (b) the magnetic hysteresis loops for the samples measured at 10 K.
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Fig. 3. Normalized O 1s photoelectron spectra for the Lag.g5Sr0.05 MnO3 samples (a) and O 1s photoelectron
spectra with fitting results for the samples (b)—(d).
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%, M 4 (b) AT 43 LayOs A B T I F L&t
N —1.54, N5 3] La K- P& 0 8 2.31. Al
P LagOs 1 La K- & 4 2. 31 1E AR Ay, Ag
A At La BP0 & 4. 78 Sr3d Y6 HL 7% 1
AR IBR A0 DAAR ) TR0 PR, FRATTIA A St B
TEHA+20.

#4  Lag.955r0.05MnO3 RAIFE MK Ols S it T L&

5 R AT RRIE R O2—, M H gL O, AR 4

Rt 3 OChem (K IH ML H I, Vao IREBAH T

BB S

Table 4. Fitting results for O 1s photoelectron spec-

tra for the Lag.955rg.0s MnO3 samples. The lower BE

(binding energy) peak is assigned to O2~ ions, the

middle BE peak is assigned to O~ ions, and the higher

BE peak is assigned to OChe™  chemically adsorbed

oxygen on the surface. V,o represents the average

valence of the oxygen anions.

R 147 eV FRTE eV

WETAR /% Valo

Aq 529.35 1.57 47.14 —1.55
531.17 1.80 39.11
532.60 2.15 13.75

Ao 529.40 1.67 50.73 —1.61
531.30 1.85 32.00
532.70 2.29 17.27

As 529.38 1.71 56.48 —1.66
531.26 1.76 28.70
532.69 2.30 14.82

1T AE M 2p ' 73 AR ME X 73 SRR T
B, FATH O, La M Sr #)-F B4k & v 55 Mn ()

FEAEN. FFEIAL, Ay AT A Mn P30 &

W4y 519 2.36, 2.54 F12.69, W# 5 frx. A0, X
FEAS 3 1 Mn (1) 24k & i A1 Cohen 221 1155 HY 11
BaTiOs 1 Ti Itk &1 (2.89) #BHH BAK T 3 .

(a) Ay
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L Ay
2 —— Lay0O3
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=
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Y
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ZEARE eV
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=]
=]
o)
-
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~
Y
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4 (a) Lag.o5Sr0.05MnO3 & FI K i Al Lap O3 H La
3ds5 /2 JEHLT#; (b) LagOs 11 O 1s i RIHA-E LR

Fig. 4. (a) La 3d,,5photoelectron spectra for the sam-
ples Lag.955r0.05sMnO3 and LazOs; (b) O 1s photo-
electron spectra for the sample LagO3 with fitting re-

sults.

#5 Lag.o55r0.0sMnOs RFIFE G Mn & 53L&
M Varm 1 TR SR, Va10s Vair, 1 Vag #& H XPS 43 #T1
32111 O, La Rl Sr & T AL A

Table 5. Average valences, Vv of Mn cations calcu-

lated using V10, Vair, and Vg measured using XPS.

SEAE O
FE

Valo ValL Vals Vaim
Aq —1.55 2.31 2 2.36
Ao —1.61 2.31 2 2.54
As —1.66 2.31 2 2.69

4 R TR a1 2 B AR B e it i

2 4% Cohen [22 A1 Dupin 25 23 i #38 LA K& |
WL, AT EEMS R 1) R
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Fig. 5. Schematic diagrams of the hopping process of
itinerant electrons along O2~-Mn2*-02—-Mn3+-0O1—
bonds when the magnetic moment directions of the
Mn?t cations are assumed to be antiparallel to those
of Mn3* (a)—(e), and schematic diagrams the itinerant
electrons can not hop along 02~ -Mn2t-O2—-Mn3+-
O!~ bonds if the magnetic moment directions of the

Mn?2t cations are assumed to be parallel to those of
Mn3+ (f) [46],
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Table 6. The cation contents, m3 and ms, for Mn3+

and Mn2t, and average valences, Vain’, of Mn cations,

calculated using prexp.-

Ff it exp/HB ms mao Vaim’
Aq 1.853 0.7614 0.2386 2.761
Ao 2.638 0.8487 0.1513 2.849
As 3.220 0.9133 0.0867 2.913
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Abstract

In traditional views, the magnetic ordering of oxides may be explained using magnetic superexchange (SE) or double
exchange (DE) interaction models. Both models are based on an assumption that the valences of all oxygen ions be
—2. For example, both La and Mn in LaMnOs3; are assumed to be trivalent, in which antiferromagnetic spin structure is
explained using the SE interaction between Mn3t cations mediated by oxygen anions. In Laj_;Sr;MnQOsg, there exists
a part of Mn*" cations with the content ratio of Mn**/Mn®* being 2/(1 — z), in which spin structure and electronic
transport properties are explained by DE interaction. However, there is a part of monovalent oxygen ions existing in
oxides. Cohen [Nature 358 136] has calculated the densities of states for valence electrons in the perovskite oxide BaTiO3
using density functional theory. Results indicate that the average valence of Ba is +2, being the same as that in the
traditional one, but the average valences of Ti and O are +2.89 and —1.63 respectively, agreeing with the results obtained
using ionicity investigation [Rev. Mod. Phys. 42 317] and X-ray photoelectron spectra (XPS) analysis, but different
from the conventional results +4 and —2. In this paper, three samples with the nominal composition Lag.955r0.0s MnOs3
are prepared by different thermal-treatments. Likewise, there are only Mn?* and Mn3* cations, but no Mn*" cations
in Lag.g55r0.0s MnO3, a result obtained by XPS analysis, and the average valence of Mn in Lag.95510.0sMnO3 samples
increases with increaseing thermal-treatment. Although the crystal structures of the samples are the same, the magnetic
moments per formula are obviously different. This magnetic structure cannot be explained using the conventional SE
and DE interaction models. Using the O 2p itinerant electron model for spinel ferrites proposed recently by our group,
we can explain this magnetic structure. The variation trend of the average valences of Mn cations calculated using the
magnetic moments per formula of the samples at 10 K, is in accordance with the experiment results of XPS. The O 2p
itinerant electron model is based on an assumption that there is a part of monovalent oxygen ions in the oxides, which

is the fundamental difference from SE and DE interaction models.

Keywords: perovskite manganite, crystal structure, magnetic property, X-ray photoelectron spectra
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