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SUMMARY

The phase transitions of Pb(YbieTae)Os has been investigated by measuring dielectric
properties, E-P hysteresis loops, X-ray diffraction patterns (XRD) and its transmission electron
microscopy (TEM) images. PYT is a highly ordered complex perovskite oxide, which shows two
successive phase transitions. The first one is ferroelectric transition with frequency dispersion
near 186°C and the other is the first order phase transition which undergoes from a paraelectric
to antiferroelectric at 310°C. Below the second phase transition temperature the ferroelectric
phase has been identified by the presence of E-P hysteresis loop. XRD diffraction lines due to
Pb-antiparallel shift, TEM spots, however, indicated the antiferroelectric phase below the first
transition temperature continue to exist below the second transition as well.

Neutron diffraction measurements on the LaiSripCoOs were carried out over a range of
temperature from 50K to room temperature. It was found that the magnetic transition occurred

between 50K and 250K. Based on the X-ray and neutron diffraction results, the space group of

present oxide system could be determined to be R 3c. The magnetic structure determination of
the LaSr»Co0s at 50K was accomplished by using low temperature neutron diffraction. Using

the magnetic subgroup C2/c, magnetic structures of compounds were investigated.
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1-6).
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B-site o] 5 7l o]Ate] €4 E 1A= complex perovskite AFPFEELE 1 FRLU}
BHo]l o] F A M ANz 2 JuS won, fAd] MUEs E2
£ 71x|= 7 $(long range ordering), ¥HI¥ o2 wiZf-d EA4L Zte Zo= oy
= alct

PYT 2] Z--oll:= XRD 8] & WEE EUA| e ot =28d F
o] 7} WAE A5 hysteresis loop & 7| & uwf 4204 RiZ}

24 Jlos AgHt ARAANE At

whebA] Lo tigt AL $t3A}F micro structure o] JHs¥F TEM B 439519
=3

Fig. 1-7 < [0 0 1].8 AgtA]ol #Es|(SADP, selected area diffraction
pattern)o|t},

Fundamental spot & o}&jof [1 1 0], W3O & extra spot &°o] A Fof gt}

(00 0)n 3} (11 0)y Alo]ofl 7 78] 3 AHE0] 8 SE3taL d=d], 7|&o] &= Pb
o]-&2] urwsl wigo] 23k 3/8[1 1 0], modulation o] ZF3}A A Hof A& &
4= Qlth

ol# gt Z+ modulation E&] feleo] thgt BME A &3 perovskite WZ-FAAA
PZ & B3 HZol golsith

Sawaguchi o] 23] HAIS model & Pb ion & wiH3 wWelof ] orthorhombic
symmetry(Pbmn)& 7Zf= superlattice %} monoclinic distortion & 2t HAZLE
(001), Hollal & Aoz Argojre FRE 8 formula unit 22 FAHH

V2a,x\2a,x2a, & AXFEE o FoiA ck

Pb ion &2 HbE sl M Q= %53/’2}9_1 cubic <1 1 0> WIS 22| & ulake whepa o

AHeom Wl Hrh

Cochran 3} Zia ol wh2w Pz ] wkzh-gAAte] LZE Zone-center mode [q=(27z/a)
I'is], 3 mode [q=(27x/a)(1/4 1/4 0)], M-point mode [q=(2x/a)(1/2 1/2 0)],

X-point mode [q=(2z/a)(0 0 1/2)], P-point mode [q=(2z/a)(1/4 1/4 1/2)],

R-point mode [q=(27z/a)(1/2 1/2 1/2 ) : I'»lEE 8=l SlTh

o] 71| A] 15 mode = dielectric maximum ZH oA & FIEE @] © 7]= pode 9]

B 3 mode= Pb ion & (114411 11)e siaes Wel A7m, M-point mode
9] softening & [0 0 1] 3r& ulg} perovskite oxygen octahedra E£2] in-phase
rotation & 24o#AA [1 0 0] 2} [01 0] W3 uwfe}l unit cell & doubling Al =
2 1/2(1 1 0) reflection & €27, TN AALE Adold uf Exlste
Z2batoll Yeldth

25 mode = [0 0 1] w3k whel oxygen octahedra §¢| anti-phase rotation S o
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o7, o]& Qg cog-wheel-like rotation off 2] [1 0 0]z} [0 1 0] W3O g
o] o] dojupmE 1/2(1 1 1) reflection & L271T}H8].

First-order reflection & 3}L}2] soft mode 2] condensation o 2J%F distortion 3}
AAAQl HFHo] 9l oL}, second-order reflection &< first-order reflection &9
second-order harmonics ©] AL} ¥ 2]2] second-order harmonics o 7]Q1& 4= it}
uleld 2]2] modulation & P-type, X-type, M-type reflection &< {qxn} HEeje
modulated wave vector 5& 7}A]+& second order harmonics & ¥ 4 Qlicl
q=(27x/a)(1/4 1/4 0) wave vector FE}E 7}X|+= normal mode & soft mode =
23 qr, qu, Qx S q=(27x/a)(1/4 174 0) FeJ&E 712 F wave vector &
PP E Lepd 4 gdrh

2} o] wave vector & 7IA]E reflection ¢ ZEE Al 71X reflection &&
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Fig. 1-8. Results of Rietveld refinement in room temperature Pb{Yb;,sTa;,2)0z data
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Fig. 2-2. Tilting patterns of the 0% ions of perovskite structure[12]
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._22._



@ Co3rorCo*

-----

La*' or St* 0.25 0.25 0.25

Co®" or Co" 0.0 0.0 0.0
0* X 0.0 0.25

Table. 2-1. Fractional atomic positions for the Rietveld analysis
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Fig. 2-4. Rietveld refinements result of room temperature Laj,Sri/2Co03 neutron

profile

‘Fra

: 1 Position | - Lattice
Rwo Re | Re Ry - RB s -

| Parameter

AA)

: _Crystal
Structure

584 | 463 | 3.83 1 4.70 | 3.71 0.48140| 0.0 0.25 5.41795 rhombo

Table. 2-2. The results of Rietveld refinements for Laj/Sry,2Co0s
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2. Rietveld Hol ¢J8} A& neutron data 3|4
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Fig, 2-5, Temperature depehdence of magnetization at 50 Oe of La;,Sr;,2Co0s.
Solid and open symbols represent field cooled(FC) and zero field cooled
(ZFC)magnetization, respectively.

Solid curves are drawn to guide the eye[14].
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Fig. 2-6. Neutron diffraction patterns with temperature in Laj,sSri.0Co03
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Fig. 2-8b. Results of Rietveld refinement with magnetic subgroup
in HOK Lal/ZSm/gCoO3 data,

- 30 -



Fig.

5 Hs0
Q0 1 B
tsco-§0k pri 1050 Isco-nag prf
0 - vate
-
o
) E
FES E
o 4
" - — N L
L
-
Tt
8 MR ] 7 280 22 L8 289 W2
(a) (d)
G 600 F-—
aan Iszo-80K prt N 550 1sco-rag prf
iy s 1 L
—  Yeale 500 [
500 —  YnbreVoale ”
Sragy_yasttion tien
g a0 f' .
10 400 - P
i R SN
i 350 | PR .
O ' ) ‘( 300 __,_,_,// - e L.
e RS (S VOO S ) A o :
) ! . . . 250
" l 200 |
1 150
Jie [Z8 i =N a4 054 65 659 862 819 843 [ 649 652 855 658 061 464

(i s s - ] a0 [~—v

R © 1szo-S0k pri 1 a0 L Isco-nag pre
i _ Vcilc

TR
da 4

- 4

-

w e e . o

T T 230

D - 4

1o 4 196 F

Lt + 15

H i a N2 . 937 934 KA 93 917 Ny bR 42 al T EeE)

(c) (f)

2-9. (a)~(c) represent results of Rietveld refinement without subgroup

(d) ~(f) represent results of Rietveld refinement with subgroup.

_.,31_



o] # 8} magnetic moment Z}O ZH-BE| magnetic unit cell & oA £ Q&g
refine ©ZHE Uo]Zl moment Zt3} compound &] magnetic atom &9¢] Zt& o] &
moment ZY& W] W3O B 7ls3Sich,

Table., 2-4 of Co & Z} spin state o] o}& 0] A ¢l magnetic moment ZFE AlAMS}H
Vel g, o170 case 1 3 case 2 i LaisSriCo0s refine QZHE o
moment Zf 2.334 up 3} 2 xjo]E RHolBE F 92 spin state & A JA|Z &
T},

83 ZFC, & field & 7}8}A] 93l cooling BH= 7 %o high-spin Co® o] &0]
low-spin Co™ ©.& transition ¥y wieta] field & 7F8PH A cooling Sl FC ZH-F
2] Mrc &F Mzge Zkol xlolE uehdria FUZEAE B3 ¢ 4 dded, £ AEs
field & 7}8}#] 931 cooling 3}ed neutron FAEZAHE 319l7] wi=oll low-spin co™
ol&o] ¢rE3}l Hojgle AelE ojaEm o]o] uwlebd Co™ high spin W& YT
case 3 & B A]A®2] spin configuration L 2= Z{ISHA] 4SS ¢ 4 Qrh

E8E LaCo0; of Sr o] 50% X #|E= 2AAWA7Ix] X$|apo] ool ulzl Co-0
overlapping ©] Z7}3}=u], Co-0 overlapping ol ule}l spin Eo] vhdH & Fol7| ¢
3] low spin state Zt= Zo] oUx|H o2 tAG7| wj&ol case 4 GA] A &Hc)
w}2lA] LapoSry,2Co03 &) magnetic unit cell & high spin Co* ¢} low spin Co™ 7}
2ol x| & low spin CoV &} &x|5M= case 5 ¢} %2 spin configurationg& 7Hd Z&
2 o AlE| i o]& Fig. 2-10 of Uehfglr.

3120l ol tldd| spin state 2] Z3ol whel unit cell & oA%t AXEAN FU
A8l 4= 9l Rietveld analysis & E3)] F¥Es3t co® @} Co' 2] occupancy &} °l&
o] magnetic moment 18]l spin Ho] o|F& canting angle & TFH |4 magnetic
moment &] configuration & ZAAslo} & Zlojth

L

o, r

M,

¥ Q@

_32_



SSfo.sCoO;%,: Igdat‘af
Rw;; 7.08
_ Rimag ‘ 23.4
L ©s ( 2.334

Table. 2-3. Results of Rietveld refinement with magnetic subgroup

Mégnet\

\ o SR 2 moment |
Case 1 Co* HS + Co" HS 45
Case 2 Co™ LS + Co"' LS 05
Case 3 . Co” HS + Co" LS 25
Case 4 Co” LS + Co* HS 25

Co”' mixed low and high spin
Case 5 4 25
+ Co'' LS

Table. 2-4. Effective spin only moment of Co ion for Laj2Sr;2Co0s in g3
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Fig. 2-10, The magnetic unit cell of LaySri2CoQ3
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