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ABSTRACT The cooperative Jahn-Teller lattice distortion in the charge ordered (CO) state for
La;_,Ca,MnOj3 (0.50< z <0.85) was studied using the powder XRD and the internal friction. With
decreasing temperature from the high temperature to the charge ordering transition temperature T¢co,
the shear modulus softens conspicuously; nevertheless, when the temperature is cooled below T¢o,
dramatic stiffening of the shear modulus driven by the development of the cooperative Jahn-Teller
distortion was observed. The relative stiffening of the shear modulus AG/G varies with the Ca?*
concentration, and reaches the largest value at £=0.75. An internal friction peak appears at Tco,
its height decreases with increasing measuring frequency and its position is frequency independent,
showing a typical structural phase transition. The non-linear frequency dependence of the peak height
can be fitted using the equation Q71 /Q-} =a x f0.
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R A A FEASEENMUATE) NRAREFE. &
La,_;Ca,MnOs thF, % Ca’t BFBIEN 05<
z < 0.875 B}, A REMEB FTSHBEH. BEMEE
HES Bl AR Rk, SHMaFEFERENE
., RRAHEBRFE R SRS RASHIRE LT A.
B, HERFARE, BEREBMNAFHAERE Teo
waEix 4 A Too BHERERE B, Bk #
BT Too kbR ERABI Bl SR, BE BHE T
BHZEHIR, AR I O, I s
SHEAFA T Jahn-Teller By - EFREHEX 6. R
#W, La,_.Ca;MnO3 &% Tco B AMEHHEIAE z=5/8.
{8 Li 2 A [ @3f La;_,Ca,Mn03(0.5 < = <0.9)
ERERUS T RHEERANERI: Tco BERIHE
at (Bf 2=0.625) HEMAFSHARRRER; THEMfF
FRrSBRRENEER (B 2=0.75) H Tco AFRERS
# (781, Li SAHE— S, OHEFSHRERSAE
Jahn-Teller G#EERHINEENXR. BIVEFNE
K, z =0.75 8}, 51E Jahn-Teller AL & 52 FH%
HIH - ETHEERARR, HA1E Jahn-Teller S
IRSNERAE = = 0.75 BHEREMN Q2 B Qs BIHE,
XFRNERB A X SR EMMN CE- B C- B
A ), sxsPg e, La,_,Ca,MnO3(0.5 < z <0.9)
ERAMEE SR EE. RIEHTENEENSHEER
F#REIBAAY Jahn-Teller FIEEEABFYIRE. RIME
LAk, MR AERX La;—;Ca,MnO3(0.5 < z <0.9) &
REBMMAFASTAE Jahn-Teller FHEFAH /NS
T 2 YA BN PO REE R B RGTTT E40 Y 1R6E.

A TYEERER X SRGHHET Lai—.Ca;MnO3
EREBTEFS THEMIFE, 3/ Rietveld £i%#L
GExt X ST BRI T Feh, @i paRe
BMRTHHAFS THEME Jahn-Teller S5
K/NBREBE Ca?t BT BB LA.

1 XA

FHAETRERNET Lai_.Ca,MnO3 (050 <
r <0.85) RALHEHER. TR X HEMRHNHGWE
£ MXP 18AHF (MAC Science Co. Ltd., Japan) ¥
B X SR b#tT. R CuK, 8|5, mEsE
# 40 kV, TiEH A 100 mA. MEEKX % 30—300
K, 20 f975EN 15°—75°, H KM KN 0.02°, FifiEE
7 8.0°/min. {ERSANFEM VI BN BEL N
1 E#AT, RABEIRSE:, RIFELFH 0.10, 0.72,
1.00, 1.88 1 5.11 Hz, FHR#EZY 2.5 K /min.

2 LBRERRITR
B 1 44T Laj—.Ca,MnO3(2=0.50, 0.60, 0.65,

0.70, 0.75, 0.80, 0.85) He&7E 70 K BHEMAR X L4
5. WESFR LA S, FraHRe BT BRet

g
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Fig.1 Powder X-ray diffraction patterns at 70 K for
Laj_»Ca-MnO3 (0.50< = <0.85)

HILPFRAERERH, XRARLAARFHEME B
FEEAMFIENLET AR, RBEERSEFS TN
by & T B,

BFEE X SR EMZE, XA Rietica 45
gL B FEXT La; _,Ca,MnO;3 (0.50 < z < 0.85) £
70 K B8y 7 ARTH RS Rietveld 24 10, #l
EHHIRAZEREE Pnma. #%# La(Ca) #1 MnOg \H
s O BT 4c i, 24RH (x, 1/4, 2); Mn &
da fiI, 45K (1/2,0,0). EHBEAEETE O FEFL
8d fir, 4FH (z,y,2). ALMEILEH 5 METH 7 4
ARARE. XA RN Rietveld IS BRAMN RS
R, &€ 8%—11% Z[A]. B Eigeas, 8
3T 70 K 5¥89 Mn—O 8K (% 1).

MEFHRLLEH, 3F = <0.75 fFER, 3 X Mn—
O &, a—c VI LA 1 XHK, B 15/, mE#R4E
x=0.75 BHEE BB R/IME. X%, HE Ca’t iE
F# 8 = M 0.50 3ZE 0.75, Jahn-Teller & —
K MY z>075 8, a—c FHE LR 2 X Mn—O

#® 1 La;_,.Ca,MnO3 # 70 K i}y Mn—O &K

Table 1 Mn—O bond lengths (nm) in a—c plane (Mn—
Olp, Mn—O2p) and the plane perpendicu-
lar to a—c plane (Mn—Q,) at 70 K for
La;_.Ca,MnO3(0.5 < = <0.85)

(nm)

] (Mn—O0,)x2 (Mn—Olp)x2 (Mn—O2p)x2
0.50 0.19280 0.19301 0.19829
0.60 0.19051 0.19374 0.19556
0.65 0.19045 0.19617 0.19160
0.70 0.18956 0.19736 0.18906
0.75 0.18949 0.19859 0.18814
0.80 0.19593 0.18969 0.18747
0.85 0.19525 0.18749 0.18923
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2 (B Mn—Olp #1 Mn—O2p) HZEARK, HE/PMF
FEET a—c VHE LA Mn—0O, &K, XFH Mn—O, &
KMEBRTRE Qs #HAMEE Jahn-Teller gL
&% 1 F4 Mn—O0 BREER/ARX (1), HEH
70 K B Jahn-Teller A%5HAE T o,_o 'Y, 388 T
0,_r 5 Ca?t BTHBLE « XR, Wl 2 FixR.
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Fig.3 Temperature dependences of the shear modulus G
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and internal friction Q! measured with different

vibration frequencies f for Lag,25Cag.75 MnQO3

X

B 2 Laj—.CaMnO3 £ 70 K Kt Jahn—Teller &%
FHETF oj_1 B Ca?t BT B REMTLRRML
Fig.2 Jahn-Teller lattice distortion factor oj_1 at 70

K as a function of the Ca2t concentration = for
Lal_;,CazMnOs

o3 = \/%Z [(Mn — 0);—(Mn — o>]2 (1)

A, (Mn—O) £ Mn—O #FHyek, (Mn—O); 2
%14 Mn—O K. TLUEL, H#H Ca® BTHB#
B 2=0.50 FFahi i, & 1F Jahn-Teller d sy b8
BHIEIE, HAE 2=0.75 WX BIBKME; KI5, HBHE Ca?t
BETBRENE—HM, SEEERENRE/N, XFE

fE Jahn-Teller SiEBAREH Cat BT HLEMNAE

3% ] LA A TR E TR M MR R4 RAS Pk —
AEEE. '

3 44 T Lao.25Cap.7sMnO; HATEARFIR 3h4
Z f TRIESMUIAKE G Rk Q! MIRE T Ak
KEMLE NEFAUEY, &£ T > Tco B, HEREMN
BRFHE TR, AERLABENEKIL, IE Teo X3
B/ME; MERESZ TR, NEEESRMEL. TLE
H, BRI A K PaEIER AL B AR B AR R
AT AL, 15 P9 604 A 5 B 00 P 1] R A0 8 3 K T
B/, XFRPFE B FHELESD, Lao.25CaosMnO3
B HANENRE TSRO SMBRIT Y. BAMRER
FRTEa5R, MYEREMNEEHESSEENR
mRa ATl 12,
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B4 A Quax/QLl, HWE f LSRN

Fig.4 Internal friction Qmix/Q
measuring frequency f under different Ca2* con-

;iln as a function of the

centrations z for La;_Ca,MnO3 (The solid lines
to be fitted curves according to Eq.(2))

WM Qnl/Qmi, SHE f MR R
(B 4) £, BiiaFHREYNET Y SHREESNX
R, XFAESHME AT LGB TR TS

Qrix/Qmin = a x f7° (2)

R, o b HHHE. UEERMA 4 Fin. XFEEN
PIFER R ALAT B —Fh S AR A A He e R % e BR A HFAE
7, XSETEMEER X fEugsgr 1 -5 B#
b, UIZREE Tco UTHERIBENL, FLLRRRT
&1E Jahn-Teller SRBAHIZHLALE, UEREH
WAEENRB T ERHHFE T &F Jahn-Teller &
RRIBEAL ) /]
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Fig.5 Relative stiffening of the shear modulus AG/G
as a function of the Ca?t concentration x for
La;-.Ca:MnO3

WEE 3 UERATEHTEHRBNESER, (18 TH
F4&1E Jahn-Teller AL KTNSO EHRE
FIHEM LR AG/G(IE 5 fiR). s AG/G &
XH

Gmax - Gmin
Gmin

AG/G = — Gmax ~ Oreo

(3)

GTco

MHE 5 hATUEY, AG/G H Ca’t BTBikE
z AN, XH#H—ERAEEFTEFESTHEE
Jahn-Teller R#EWARE Ca’t BT BAEMNZILT
Ak W Ca2t BFBIEN 050< =z <0.75 B, &
{& Jahn-Teller SR AW A; 78 z=0.75 B, &4F
Jahn-Teller &AL FA; £ = >0.75 B, FHH
FREENNHEE Ca?t BT BABAMKTR/D. X—8&
¥ Jahn-Teller G#BFAHHE Ca’t BT BERENTL
FERH5ASCAHNEEY X SR EBINECR—HHN.
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EHE Lay_CaMnO3(0.50 < z <0.85) k%
B X SRS, WEMYIERE, ARTEmEFST
& 1E Jahn-Teller @#gwRA. FREMH, £ T < Tco
B, VIAKBREEBSHA TSR mREEL. HEN
HMEARENEE Ca’ BTEMENALTEL,
BAE 2=0.75 ML ARIBK. XKW, EHEFITHE
¥ Jahn-Teller Z#EWAREE Ca’t BTBAENTL
T2k, FFEE ©=0.75 HHEABKH RHEE. NN
T B E T B AT KT /D, T L S B ) B A 2R
ik, R BT
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