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Abstract A series of doping (Lagsling2)»sCa;sMnOs (Ln represents La, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, and Er, respectively) nanometer
level crystals were prepared by using the sol —gel method with the same experiment conditions. It is shown that the average lattice
constant and tolerance factor varies monotonically with the increase of atomic number of doping elements for the series of samples, the
average lattice constant a is gradually decreased, the average lattice constant b is essentially unchanged, and the average lattice constant
¢ is slightly reduced in general; tolerance factor ¢ is gradually reduced in the range between 0.925 and 0.918, however with the
lanthanide contraction of samples, the system remains the perovskite structure. For samples with different doping elements, there is a big
discrepancy in the surface morphology and electric transport properties of samples; the distribution of each particle sizes is from 30nm to
800nm and the transition temperature is from 82K to 194K. At zero field, the transition temperature for the certum—team (La, Ce, Pr, Nd,
Sm, and Eu) doping samples does not exhibit a monotonic changes, while its behavior changes from metallic state to insulated state with
the increase of atomic number; and transition temperature for the yttrium—team (Gd, Dy, Ho, and Er) doping samples increases with the
increase of atomic number and is in accordance with the monotony of lanthanide contraction.

Keywords lanthanide contraction; sol-gel technique; nanocrystalline; equal doping

HoAs B 0. 2012-12-01;% = B #.2013-02-15
AemA . BR A FELM A (10874022)
HE WA FTT AR FF AT @ H A5 4R L5 M 4 BAL M 69 45 M) Fo BE R, B F43 46 hn_8369@163.com

Il 18



] jcmik

#4 S 2013,31(9)

#5218 XX (Papers)

0 3I&

A M i A5 B B S5 B A T O B I, e AT
TP BRI B NI, ABO, B E LY
RiLAMnO; 1 RA, RSB S45 M A £, B AR 18 1
R MR R TR A 7 B8 T2k, ATl A B
DL T2 A8 110 22 5 AR A 5 | S AH 4 2% 0] A9 AN DE G A B ek A ™
He ST VE O B9 AR A, X A AR Ak B2 22 T F (tolerance

factor)

t=(ratro)/ V2 (re+ro)

78 Al P T T SRR TE B ) RiLA MnO; 55 50745 14 1)
Wy 725 A% J32 JFAE S X b4 RL ) PR R AR SRR I S 1 X
Fasrpsro 7R A B F O i E Y B 245

FERS BR AT 254 B AL T, Lay.CaMnO; R B 25 1
T P BELASE i LR B AT, A AH X S 2 AR L R 2 =173
FEE B IR, i T T 5 B0 e 2 1Y D v BEL 0, B HE Al
T E T/ A A T I B AR 2SR T AR AR AR A
il B HEAT Y24 1k, AT 80T R 1 TAER2, iR 25
R Z i 5 T % T X Fl ABO, B AW A 1 5 T 1 458 2 A8 1k,
e 2 B 2R LT R X A 248 A 1Y (La,_Ln,) 5:CaysMnO; Al
(LaiIn,)2SrsMnO; U5 22 H + 85 5k 1 25 44 Ak 9 i iF 52
AR K B BB g A B HF 58 B A7 B T 1B 2245 fb A A {7 B
05 1 XAB Z4 78 Ak B A 52 36 2% AR T 6 B R i) 235 g
Wy RRR PR S B 8 8 ik 22 O AR B I [ 25 BN Uy i
RS I —BERE T 1 . R ZWFIE B e B 1 AN [F) 4 45 2 X B A
ORMEE R AN — T B BRI R, RO T — B TR
[F42 2% 5 DA 1) B 52 LU 35 22 i X A ek A6 A0 ] 5% 14 AS ) B 7
15 2% (0 B ) X O BIE AR A o AR SCRT LG O A B R R T e
(Laggling,)»:Ca;sMn0;  (Ln =La,Ce,Pr,Nd,Sm,Eu,Gd,Dy,Ho,
Er) Rk P x=0.2 BC LU (258 JF 7 DLRAE | FH ¥ I SRy 125
GINTIZ R GURE G WE ST A AR s R AR B T A A X R
i VAR 2R 85 R 2R L 35 1) 2 k) % Pl A S R B AR A

1 ERMEFEE

SR FH V8 JEE B 1 7 15 1) 4 (LansLing: ) 2CaisMnOs & 5B A€
PLAFHT 48 Ln 09 R #h 5L E ALY . CaCO; \MnCO; g 2 41, 47
15 1R (CoHgO, - H0) Jhy 46 45 51 il 45 i B VA VL, 1l 8 b A o 0 %
10 N9 RICE, ESE E AT BEA S 15 5 H ARk
A LAAS E ALY, U0 La(NOs)s Al LayOs, 5256 3 B 43 5l FH
Fofr 43 A7 8 JORHED 25 HH Y (Lagshings ) 2sCaisMnOs FE i 58 42— 2
A FE I A SRR R T2 A SCIR[12] 58 A AH W S B A
PRSI O27°C P TR LU Z=1, K45 I 6] 16h, JIr A KESh
58 A AR 09 S2 56 4544 R 153, Al Rigaku—D/max—yA % X
SR AT AN (Cu-Ka ) 53 BT AR i 14 25 K4 25 A6 AN AR 11 2 | 31
T 5 F R 1 B (AFM) WLEE , FH DU 51 28 7 i & 3 F il 2
RN AE S B R SIRE TR,

I l - . -
2 ERERSiHE

2.1 (Lagslnos)2sCaysMnOg 1 @ B X &t 2 67 51 5 #7

X T (Lagslngs )2sCaisMnO; & ZAF 5 64T T 20 #1 M 200~
90° 1 X 5t AT 4 (XRD) W & , i 48 5 4H [ 2% 14 F il 4% (1) P
T £ B 7 LaysCaysMnOs £ i S HoARUE PDF K B Xt e o€ . 76
ARSI SN 45 A L B AT S G AT, R L 4 R T
ASCES T R 8 T 1) 1) G 52 5 1B P, G Al 2 4 S B 5 i 5 AR
JCFE Ln (55 7 B0 n X 5 A1 565 W ) 20 A 384 fin oy 100 47
M AL, X T8 R 3 M TR Lo™ 5 R 1 P 800
B ST AL BB R Y Lo R La
T HEA SRR, R AR AR 5] RSP H R B AIGIT 2L
T Lo FRUT La™ B FAE M i 00 & . R XRD fi
PR W& IEE Ln 19 (LagsLng,)»:CaysMnO; B 5 - 1 5
HEE (a,b,c)HATIE G IFE I8 TR R P52
T ¢, 15 20 RIVBER T a,b 0,0 BEJEF 00 28k n & 1,
2 R, GEREM TE (Lagslng )»sCasMnO; 1k 22 h | Bl 5 2L
JEF Ln JEF IR BUR RGN, 73 ik 5 8 a S0 ka7
Yo R B b FEARR R A AR Ak, T TR AR R B ¢ SR
Mg S 7 2% W T 7E 0.925~0.918 22 [ i Wi /b {H 14

0.548
0.547 -
0.546 -
0.545 |

o (0544
0.543 L
0.542 1
05“56 3B o0 I’;Z 64 [4] ]

TR
B 1 (Lagslnos)2sCaydMnOs & & F 3 R 18 & 1
a.bBEREFFHMETL

Fig. 1 Lattice constant « and 6 of (LagsLnoz)2s CasMnO;,
changing with the atomic number
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Fig. 3 AFM images of (Layslny,).sCasMnO; samples (Ln represents La, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho,
and Er, respectively)
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Fig. 4 Temperature vs resistivity for (LaysLng,)xsCaysMnO4

(Ln represents La, Ce, Pr, Nd, Sm, and Eu)

SCIESCE & TECHROLOGY REVIER

A b A A AL, 0 A e i DX R A X, A
i P AR TG s 1 5 — fi s HL R SR A AL d e — e
WG o X R — R B WS I 5 1 — 20 1 BEIE K JE S2
£ R AR AT R AEZ 9 45 8 T AR 09 6 J - 4 2% R
AR RE R W R BELE 81 T 2,

% 2 (Lagslnoz)2sCaysMnOs R & A L8 FHY
THBEFFE HMENSTHRETRE
Table 2 Mean radius of A-site ions, magnetic moment and
transition temperature at zero field for (Lagglngz)2sCasMnOg

. Ln*& ¥ i Tty IE{E H

LR T Q)
La 106 0 194 39
Ce 103 2.40 116 47
Pr 101 3.60 126 117
Nd 99 3.62 82 150
Sm 9 1.54 94 282
Eu 95 3.61 9 77
Gd 93 8.0 66 154000
Dy 90 10.5 116 5.4
Ho 89 10.5 129 8.8
Er 88 9.5 152 11.4

S5EFEM IR (H )W Gd,Dy,Ho Er & T4 1
(LaggLing,) 3CaysMnO; # it B L B — IR B2 SC &R i 4k, FZ 204
) S5 25 F 54T 58 AR . T (LagsGdoa)sCasMnO; fY
WA 1 P, BEL (3 2) 32 DT 42 2 G AR ot 114 WA B, A 9K Ot e 1
R RELAR K AELATE A 3000 o 22 6 o/ 19 908 FB1 B ik i o AE 0 4k 2o
R ORRETE 2 |, CRAUIE 70 A MEAG I BESL T R-T XREL L
S D S A L 4 DRSS D AR R e T R W R
TAlZH 4% 2, W00 HI W SRR Y r s PERE 2 SN A
735 8 2P AR O 7 AR AR e I AR DR R N o DUIEL 5 45 s 1 S
RESIRA, GLA 4 SRR S0 4 B A G UR A R Bl )R
PR HG IS 0, X — A8k 5 1) B PR — 1 5 5 AR e Y
H—PEAAPM A s 5 Gd FE ah (B 2 90 s Fi PR AL, 48 Dy,
Ho, Er 3 /M il 0 0 {8 H, BELBif i~ ) 45 g 384 Jon i feb 2548 K, 7E
B ER A 55 48 B AR AL B WE 5 P 6T (LayLLin,) 55SrsMnO; 2 4L,
EYINIR SA B Z A Dy Ml Er 3582408 00 100 X544 80
JCHE FH WGP 251 1522 19 (Lai.Lin,)»SrisMnO; TAL & 91 1Y
Wzt Bk SR HAT 6T Dy, Th R Y 824 )5 A8} % i 2
B, T RZAE T, B THREEY, 5
L &P M 223k, H R A B AR = 1 2 i aE!,
X HLAT i R S HE TR AR 48 e A B O W
S FY R IS 2 2 B E AR R, 43 Mn—O—Mn
Az R Y i AE  Mn—O—DMn 58 A BE AT, R R A e IS .
B, A B A, 5T x=0.2 TR B2, s AR E T
¥ A TREBE 58 AR 5 245 e T G R ORI B TR AR
Wip AR 22 {153 it W 2 ) P 88 O K, AT RS IR AR . K BT
1 THE 3% 365 AT A8 04 A 7 R AT A8 I B it 5028 A T i R

21 I



] jcmik

g\ %8 X (Papers)

5 2013,31(9)

SCIEACE & TECHAOLOGY REVIER

Al E B A D AR IR T R B SE IR AR . AR A AR
WEET Er 22 1500 T AHAE XJ& PM AR B9/ Ml AL 75 FM A B
T~ W i i P o A B 2598 S8 B IR X AT RR A2 /N HE TS
FCALIN BT R A B o AR AR T A 3 R R U L FRLRHL LR

20

14 =

—=—Dy(66) - ] - G d(84)
12f  —s+—Ho(67) s {

—a—Er(68) fi
10F $ i

J N

8 |-

g o}
=
4 L
2t
0F
0 50 100 150 200 250 300
K

E5 EWRITHR(ZLANEE-REEXR
Fig. 5 Temperature vs resistivity for (Lagslng,)xsCaysMnO,
(Ln represents Gd, Dy, Ho, and Er)
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