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Figure 1 XRD profiles of La;3Nd;;Ba;sMnO;s; and La;;3Ndy;3-
Ca;sMnO; sintered at 1200°C. La;;Nd,;Ba;;sMnO; sintered for 48

h(curve 1), 96 h(curve 2), 144 h(curve 3) and La;;sNd,;;Ca;sMnO;
sintered for 144 h(curve 4).
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Figure 2 Magnetization curves of La;3Nd,;;Ba;;sMnO; measured at
10 K.

1 SQUID | & La,;sNd,;sBa;;sMnO; £ i (K45 it
(024 144 h) (P A ith 28 (G AL 5 B (M- B (T) K R),
iR 3. O T £ nT e Hb R e HGH E S  B
RUEARZSAE B, WS FE o HUn 7 13 Oe HITH55
Widg. F B ks, W B A WA Er B 1
58, AINAMG 7 B BRI PR (T = ~4.2 K), )it
1HE 637 (13 Oe), AR e FHild i & (B g )
M St LEREAG TR, R T R IR RERE ), B B kL
A5 0 il (Paramagnetism, PM)AH (344235 5 4 ~250 K),
33 1774 HI 1 2k (Zero Field Cooling, ZFC). 5%
ZFC Z )5, YERFANMEInA722(13 Oe), FRAGI B4k 4L



R P it ORI

20114 414 HTMH
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s FM P, £ ZFCH, s T FFF, MK, 3
TN I 2 [ Bt (Antiferromagnetism, AFM)H DT
Bk, BRIAEA FC AR MARIEL X i R BL(RH J5 5 18), T
DLHERR 2 FM DTk, (ERF RIS T = Tokb, MIA 3] —
BRAH M. BEJG M JFEE T FE, RILHE FM RHAE. T;
i AFM-FM AR [, R85 —Re i s T = Te
I, M ORTE N BERNR D, R IR0 45 8 17 28 o =
W BEEAR. Tc 9 FM-PM %8RS, TMifE FC ik,
MIBRER A R, M AE TACT Tea, BIRBEERIE K,
IR M, RIGBEE T 1TSS LT X
A7 FM A Pt R I B RVRRAE. M G218 B —
BLAERF R T 5 IARIRAR PR, fEMARIEX, B TR
B, M A7k NS, LR B A S A7 ARM PEH].
FC [ /E BARELE BEIAT AN T ZFC AARBL) 2
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T - T T T T
PLLLTTT T FM -
4 .ououu..“"“.
..!u.‘... 4
34 H=130e N\ -
o T.=246 K T
g o
k3 24 ...“.“".u" .
= 4 00® Lol
a'...
14 .
//AFM Te
0 ¥ T ¥ T L T ¥ T x T
0 50 100 150 200 250
T(K)
E 3 La1,3Nd1/3Bal/3MnO3 #%E 13 Oe ﬁ%ﬁ&iﬁ?ﬂ‘]
Hhhil b 2
Figure 3 Thermomagnetic curves of La,;;Nd;;3Ba;sMnO; measured
at 13 Oe.
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Kittel-Kasuya-Yosida)/F F] (R 8 56 8 i 45 5 B 7 7=
A IR AT e FDPO, P A YR v A e i3, 113
H e S ELHES T R 45, B BEUKAE TS A 3 W) %) 7 W
PERDTRR N . FEBE S B AR I B, 2 T
< Te ISy, it i sk 55 37 AS A2 DA s B 45 60 1 T 1R R
af, FUZMCE R TS, #ERahink, dRas R aE
AT, MR R DL ARMAT . T = TP,
HNE 5 B Bl 0 S R4 R A O 25 G 3% 7 1) TR TG R
SO T ERES R A A, B 5 AN —BUW T 1A,
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SRAN G SA AR HE 3455, AR 2 A2 L ve IR s kA
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BTN R, 3 WX IS AR R A A IR R BREAE F X
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HILBEAE SR B0, Te (E @K B H% 20 B 1 i 1) G
J7 MR RIS, 3 5lAE 10, 20 F1 40 kOe
Tk 37 T La,sNd;sBa;sMnO; £ il (58 &5 I8 7] 24
144 h)[{) ZFC, 45 R WK 4. K 4 (1) M-T th&kiE sz, b
HAMEEIA W BE N, T A SE W ARIE T M #8)). 1E 40 kOe
WRRRSATER T, BIERGIMG R, MBI 5%
A VERREMEAT N, T Te FEA FAE 250 K B AAR (8K
br b Te W8 Thm, S ompgiz s AT fLAE 5 i
). XU 3 T ZFC 7EH AR T T AT M A sk
& AFM 1ER 51 1.
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Figure 4 ZFC curves of La;;3Nd,;;Ba;;sMnO; measured at different
fields. Ty moves toward lower temperature and disappears at 40 kOe.
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i x 153 0.08, LaysCaysMn_Fe, Otk i A3
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B2 4 TR R ih 2k, BoR FM FFIE, 1A
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WhAr IR (WIE 5(b)). IXARH 5 & A2 Bkl M (Parasitic
Ferromagnetism)FL % 2. S 2k (LI 3)& W, ¥
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NIGREARZS . Pl 2 AE T B B2 Te W28 R B,
Ui bR R 2 R K, AT N S, X
HEBR T SR RST AN 0 25 AR M A i 2 Dk (9 T
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(1) 2 A R A2 2 it B P ATY SR A7 AE AN T 5 1) i A
WAF AR 3 F . N5 T2 A2 /N N R85 S A7 o s
AR NI BE A T2 BT T % R 45 460 T A & 252 1T A4 0] ik
GERL. AR AR T UK IR R 3 A8 e ) 4% 3 R
PERE A A). A T PHATHEF VR R, AR &=
B B AN B4 2 it A I 7. TR ER AR ok R A
TEASS 10 Ak e ARk AR, DT 32 30 B 3L B 1 2 AR
XFE, fEm THp fa B DL B — el X, bk
WIBRAEE R MG T, AERSAIERT T, ik
IR B30 20 MR P R > TR P 5 B AR kg . TR
[i] A S 8. T2 AR B AN 1T g SE IRy 56 AR 3 A 40 AT

10d®) ! e

10 -05 00 0.5 1.0
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(a) H=[-10, 10] kOe i Fil M 55 (b) H=[~1, 1] kOe Vi [l {11 UK
Figure S M-H curves of La;sNd;3Ba;sMnO; measured at room temperature. (a) H = [-10, 10] kOe; (b) H = [-1, 1] kOe.
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IR A Ry A R R A A T R SR
Arulraj % N80 Shimura 25 A% 5I7E La,_sMnO;
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WELUR, Mn &7 2300 0] DAl RS 78k 1, 9l
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(0.83<x<0.9) R RPN E S [-M—1 Wizt %
BRI O =0 =0 ity 34r, Hp O N LA
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Figure 7 p-T curves of La;3sNd,;3Ba;sMnOs. (a) T = [4.2, 350] K (with Tys-H curve), (b) T = [4.2, 100]. The sintering time is 144 h.
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Figure 8 Fitting and experimental p-T curves of La,;3Nd;;;Ba;;sMnOs. H = 0 kOe (a); 5 kOe (b); 10 kOe (c) and 60 kOe (d).
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Table 1 Fitting of resistivity at low temperature

H (kOe) 1 (x10" Q-m) 2 (Q-m) 3 (x107'0 Q-m) s (x107° Q-m)
0 3.10 2.23 3.47 1.52
5 2.55 1.86 2.87 1.45
10 2.37 1.54 2.70 1.32
60 1.70 1.22 0.98 0.79
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Double metal-insulator transitions and low-temperature
resistivity minimum in La;;;Nd;;3;Ba;3MnO; manganite

LU Qing, ZHENG YuanPing, XIANG Hui & LI GuoQing"

School of Physical Science and Technology, Southwest University, Chongqing 400715, China

La,;sNd;;3Ba;;3sMnOj; polycrystalline bulk samples in single phase form with colossal magnetoresistant effect were
synthesized in air atmosphere by the conventional solid phase reaction process for ceramic, and their fundamental
magnetoelectronic properties were discussed. X-ray diffraction pattern shows that the manganite substituted with two
kinds of rare earth element has a cubic perovskite structure, instead of a rhombohedral. The temperature dependence
curve of magnetization reveals the existence of spin ice due to the competition of ferromagnetism and
antiferromagnetism in the manganite containing ions of Mn** and Mn**. The melting point of spin ice shifts toward
low temperature with the increase of applied field. At H = 40 kOe, the phenomenon of spin freezing disappears. At
room temperature, above the Currie temperature (~250 K), the hysterisis loop shows the behavior of parasitic
ferromagnetism likely contributed by the fluctuation of lattice distortion. Double metal to insulator transitions, both
strongly field dependent, were observed in the temperature dependence curve of resistivity. The resistivity peak near
the Currie temperature is oriented from the intrinsic contribution of La,3Nd;;;Ba;;sMnQOj; crystal, while the other peak
at ~190 K sensitive to both applied field and sintering time is likely to be related to the tunneling of spin-polarized
electrons at grain boundaries. An anomalous minimum of electrical resistivity at ~40 K reveals the existence of local
magnetic disorders. By a simulation with the traditional least square method, we believe that the anomalous minimum
fits the Kondo theory for diluted magnetic alloy.

manganite, double metal-insulator transitions, spin freezing, Kondo-like effect, parasitic ferromagnetism
PACS: 75.47.Gk, 75.50.Lk, 71.30.+h, 75.30.Mb, 72.25.Mk
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