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Abstract; Magnetic moment and-specific heat of La,,Ca;{MnO, after heat treatment in oxygen and argon
were studied. It is found that the sample after oxygen treatment has higher magnetic moment and specific
heat than that after argon treatment. The difference of specific heat between the samples after oxygen treat-
ment and after argon treatment has linear relationship with 7%?. The heat treatment in oxygen and argon
would induce the change of oxygen density which effect the magnetic moment and specific heat. For EPIR
effect, the increase of ferromagnetic regions induced by oxygen motion driven by electric pulses would in-
crease the magnetic moment and specific heat, and the different of specific heat between low resistance state
and high resistance state has linear relationship with 7%>. According to oxygen motion driven by electric pul-
ses model, the low resistance state has higher oxygen density than high resistance state. It implies that the
increase of magnetic moment and specific heat with resistance decreasing may arise from the oxygen motion
driven by electric pulses for EPIR effect.

Key words: magnetic moment; specific heat; EPIR; La, ,Ca, ;MnO,

EIUAER, DEWGRH A B La, A MnO; (A = Ca,  TE[] R, (42 52 F BE (A DR W B8 IAAIR 5 1 22 i ot — 1>
Ba, St) (IBFSE B T B NAMEARBM T Z " . 18V 20ns BRFE MY G 1a) ik ofr st , 74 58 e BELAE P 2 210 4)
SRR S AL MR A e i TR AR SR B iR R L AR R K o AR A 2R A T E A
€117 2000 4F 36 [E Texas #F RIS HISMEPOBIF I, ELORZR B B TE kb 25 B85 AT LLGRFE, 1k
KB, N B E ASB R R R R A BB Rk As R BURARZ D R BK o S 4 R BHL AT 372 46 (EPIR) 2%
A AL B R GERE N — 1> 18V 20ns BRTERY . XAl E I T ALK ob S E0AY R BEE AR T % A R

Wi EHE: 2008-04-10, WEIMESFRHEA: 2008-06-04
EEWA: EXKBRPAES(50672116) 5 B 5= HARDIFE L 1T (863 ) (2006 AA037308 )
EERA: RT7HE(1978-) 5 1+, E-mail: eagleforeverwu@ 126. com BMERR A : [EV 4, B985, E-mail: cld@ mail. sic. ac. cn



84 VI e

524 %

Pl HE S I EL IR RO R DUBCR AR 2570, il
JERT— A 2 B R R IR B AREAE A 2R I 2K
ST AAMTA AR K %87 SR T 7E BRI BF 55 7 T
X R L AR I SCRON LB B0 S8 — R A.
H IS PR s — A IZ O 2 4 A 4R
P i i) R P S5 R A 5 55— Ao UL DA A 2 e B B
S A AR A AL S |2 1Y, SR P i B 1l T
PR AN IS 5] TR I L T 32 G R b 0 48 J
KRS 2™, folf v BH 2 AP S, B0 R Bk vl I8 1
A 4 T UL £ 2548, Fy BEL 52 v BHLAS. X5 8K 5k
SEACYITARBE B AT T 25 SR R WY, EPIR &40 S b1 R
RIATEAFAE S R A ik b | A2 48 s i 8%, o)
P4 U EE R4k, 5 B Jy ¥ DX A 5 R R 1Y
A, HIX AP AR R 22 5 R T A4 R4 R R L
PR AR A AR I, E T AER
Jikoiis S R MRS AE EPIR R0 e 31 1 S (14 1
M ABH TSR R E ALY | B PUIE R AR RS
Z A i A AT LA SR i A% 5 R SR Tk
AR AL+ 23 B/, — LR 2 T 4 B 52 56 IE 4 Ik ]
EPIR 045 o bk i & 1S e A 020 A
TAEXT 2/ La, 4Ca, ;MnO, (LCMO) S 7E S A
AARFI IR K G B REFE AN L IRGHEAT TS, R BA
[F] IR S 1 0 A e P Ak 5 el v ik 5 2 19
A A L R A2 A AR ] 336 GH EPTR R Y
Py BALR HAT —E A SRR

1 KIETTIE

La, 4Cay ; MnO; 3 1A H Pl 7 VS 0 i i 4, LA
La(CH,CO0), - 2H,;0 (99.9% ) . Ca ( CH,CO0.), -
H,0 (99.99% ) #I'Mn(CH,CO0), - 4H,0 (99:999% )
R JEURE, 3B Al T PR I D VR R S T TR B
FRESFNES FR A 70 WS T < B BErp IR 5 R 2
60°C ALt 2h 5 M LCMO i B 4475 W, H5-1 WPR T AE
100°C R Sh 7647 )5 218 T 2 800°C R i 28h , 1% 41
JEBHE T LCMO A #5314 28 ik v 5 55 - B 25 15 2
AR AR . X PR AT SR R A A 4 SRR B Ry
FARH. XTSI 22 db AR A TE 900°C , AU EEE | AUUR
N4 ShB K. @GR PPMS . RO PPt R
I FHRRS Ry 2% .

2 ERERSR

B 1 g2 B R B JUE Y Lag o Ca, , MnO;
Al e 0. O1T SMINEE & , WEAE -5 il R (Y 5C AR il 4k )
PIE , 2 %0TR KOa, B a0 e 5L T i =
210K, M2 i R KOG, i B R 2 130K 24

SR KR BN T EGR KR IRE. DGR K5
FAIGHE (10K fgiis [R12E (LI 2) T LR, 25 AR K
S it PR R R R T S AR K R o ) T R
S SR S RE R FIREHE 208 0. 086A « m’/g,
AT IE G RE S IR 2 4 0. 075A + m*/g.
SR AR R KE R I A W B G I 4. &
ARG MR R B I, AR I S 2
Mn**/Mn** FERFNZS U B2 30, e IR T . &8
TR FE A3 A A5 X — XSS AE IR IR T R BR g AS
AR RREZS L TR B TR AR AL 7 A B e IX
BB S H R IR AN R 1 DX, T R R
PRV A . R A DX Sl ) 48 OB & 5 BObE L 1
ViERi by N 2% GRS G = % S s e 2N = 9 A = N )
T S 2 Mt/ Mn? SRR AN ES Ok D LR
FERFAR, M4 R RERE Ik /).

& 302 S A0 AR KOG BE S G E i
TR SE R 2 2 B KGR I LI L 2 R R
B KOG R B9 B B 3 KL X F Lag o Cay , MnO4 #

7

6_

5 F

- )

T T
<—<«<<<<<<<j
pooo 6 0.0.0.0.0-0 o.o.o.ooMJ

Tp[) 4 - —v—Inargon
F;E —o—In oxygen
T3 v
=

N

0 b I L
0 50 100 150 200 250
T/K
1 Lag,Ca, MnO, £ SRR SIREXER
Fig. 1 Temperature dependences of magnetic moment for
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Fig.3  Low-temperature specific heat for La, , Ca, , MnO; after
heat treatment in oxygen and argon

The lines are the best fits to the data as listed in Table 1
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Table 1 Fitting results of the low-temperature specific
heat of La, ,Ca, , MnOQ, after heat treatment in
oxygen and argon

In oxygen In argon
y/mJ - mol ' - K77 0 0
B/mJ - mol ™ - K™* 0.22 0.21
8/mJ + mol - K~ 3.7 1.1
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Fig.4 AC, vs T plot for Lay ,Ca, , MnOj, after heat treatment in
oxygen where the specific heat of heat treatment in argon is subtrac-

ted

e AR DTk G | B2 Y.
HAE B W LAAS B AR
6, = [12m'pR/(58) 1" (3)
Horp R AR, p =5 2o i EFA
B Al AR O 353K (4R UIR ) Hil 359K (G
B ) X R LART AR A A

Lag o Cag MnO; FAOBHEARIE T S 214 H0 e gk g 4t
AR AR, H— Ay Heda R P 2 o TR Ty
G e e £l i P 3 O O o e = R W K R = B =
MR FLEXHETHERPABFSELER
160 2R KE K R B X IR 4
T AR B TIORE B R 3 — XA 28 Ok B, 28 X
R RE AR A A5 3 — X H PR T 9 B i A e AR
RRREAS w1 A X R 1 OB 2 S BOR R
T R RSP XOT L A DT AR K.

TE AT B 5% ':F'Z%f)rﬂ, La, , Ca, , MnO, A B f
JREURI L PG R Dk a5 2 1 H BEL B/ N T EG K. 3 — 2503
BT Uk BT LA bt F, L BR 285 1) 722 Ak 3 R 5T Bk i 1 X
A R EOREAERT e A ) DTk K AR AR k. AR Z2 B BESE
SERAA , ko g 4B T IR RS AR EPIR &40 o
AEF SRR /R L IE A ko 808 T AL K
T 1 — 2R e PEBR AT RS, 3 B0 1k B 1Y
i, H BEAL AR S ARBEAS. R ml Bk b AR 1 N — 4T
Jr PR k% , B Ve B D/, H BELEE A Dy e B
A [RlEs, ki A i) AR I B R R kA B B e
AR EA W 00 S0 SRR AR v 48U 1Mk B Y 1
M ARG T 3% A8 Bk 4 JR AR, i T4 1k
JEE AR Ak RS 1 B s IX 38802 P R v A S A7 A 1 k1
P DX, JE R R A A e DX . Akt P DXy 4 K
0ol 2 LG S RN AR %) LU AT DT R K. (H T4
BB ALY i L B BE U RN RS 2 1) A R A



86 VI e

$24 %

HAERIA SR T 5 R AL+, —
LR E A SER ISR IE ] EPTR 2500 5 LK b i 4
1 5 B Tl AR AT O A S TR B I mT LT 4R
BT UL AL AOR. 7R IR KL T A 2 AR
B, H TSR T BE A O o A R R R L A
AR, HARRS Tl B AL S B0 LU 22 5 177 Uk 1
KA, EPIR B0 A i A L AR R LR 25 10 22 1k
F—2 I, 1B KSR R IR T EPIR 8500 5 H ik
AR AR TR A K

3 &

FEMIRI 2% PF B X Lay 4 Cag  MnO5 4 Jj1] 28 S8 AN
TR, I IR O A B R R e L R4 T
JE. R, TR K B REFE A AR H 22 R K
J I REFE AN FE G R, FL & 0 Fe s 5 177 ik vk
KEAEMEIFM T M2 A THH R A, e
51 RS T AL R T U R K T L
BEFERELAAI GG, HLHL A2 Y T2 R G R X —
45 EPIR B0, m k3 S50 BHAS PG [R] s 5 |k
ARG AN EEAR I AZ A S AR ). DRI 3B K S 8 ] 26
B 1 EPIR 005 Rk igs & B T IE A K.

S 3k

[1] von Helmolt R, Wecker J, Holzapfel B, et al. \Phys. Rev. Lett,
1993,71(14) . 2331-2333.

[2] Jin S, Tiefel T H, McCormack ‘M, et al.
(5157) : 413415.

[3] Coey J M D, Viret M, von Molndar S. Adv. Phys.~, 1999 ,-48(2) :
167-293.

[4] FHEAF, ESOR RO, MR, 2004, 54(8) ; 3815-3821.

[5] Kim I, Dho J, Lee S. Phys. Rev, B, 2000, 62(9) : 5674-5677.

Science, 1994, 264

(6]

(7]

[8]

(9]

[15]

[16]

[17]
[18]

[19]

[21]
(227
[23]
[24]

[25]

[26]

Lee JC, You DG, LeSY, et al. J. Appl. Phys, 2002, 91(1):
221-224.

Liu S Q, Wu N J, Lgnatiev A. Appl. Phys. Lett. , 2000, 76(19) :
2749-2751.

GuR Y, Wang Z D, Ting C S. Phys. Rev. B, 2003, 70(15):
1531014.

Ma L P, Pyo S, Ouyang J Y, et al. Appl. Phys. Lett. , 2003, 82
(9): 1419-1421.

Lai Y S, Tu C H, Kwong D L. Appl. Phys. Leit. , 2005, 87(12) .
122101-3.

Shi D X, Ba D C, Pang S J, et al. Chin. Phys. , 2001, 10(11) .
990-994.

ZEREN YR AE S PR 2006 ,55(5) $2328-2332.

] 2, B2 LX) 2007 ,56 (3) 1 1637-1642.

Aoyama K, Waku K, Asanuma A, et al. Appl. Phys. Lett. , 2004,
85(7): 1208-1211-

Odagawa A, Sate H; Inoue 1 H, et al. Phys. Rev. B, 2004, 70
(22): 2244034.

T A, BROLA(WANG Qun, et al). JTEHUARZEAR (Jour-
nal-of Inorganic Materials) , 2004, 19(5) . 1087-1092.

Back'1 G; Lee M S, Seo S, et al. IEDM, 2004 :587-590.
Ghivelder L, Abrego Castillo I, N Alford McN, et al. J. Magn.
Magn. Mater. , 1998, 189(3) . 274-282.

Wu Z H, Wang Q, Yu W D, et al. J. Phys. D: Appl. Phys. ,
2008, 41(11).; 115001-1-3.

Zhang ] C,Cao.S X, Cao G X, et al. Phys. Rev. B, 2005, 72
(5).: 054410-1-6.

Ahn K H, Lookman T, Bishop A R. Nature, 2004, 428 (6981 ) .
401-403.

Nagaev E L. Phys. Leit. A, 1996, 218(3-6) : 367-372.

Tulina N A, Sirotkin V V. Physica C, 2004, 400(34) . 105-110.
Szot K, Speier W, Bihlmayer G, et al. Nature Materials, 2006, 5
(4):312-320.

Baikalov A, Wang Y Q, Lorenz B, et al. Appl. Phys. Lett. , 2003,
83(5) . 957-959.

Nian Y B, Strozier], Wu N J, et al. Phys. Rev. Lett. , 2007, 98
(14) ; 146403-14.



