€AF=E> Joumnal of The Korean Magnetics Society, Volume 14, Number 2, April 2004

Brownmillerite Cai.,SrFeO.5(x=0, 0.3, 0.5, 0.7, 1.0)]
Z2XEN gl XPIH YR 2s A7

=Y -

%Fg

Tk Apdzstnel 2, TakA) P Abes, 573-701

HEN
SRitel AlA=pett el Evldla), AeA] AR A8 861-1, 136-702

(20043 49 19 ¥R 20049 49 189 HEZTAHE k2

Brownmillerite®d 4}8}E Ca, SrFeO,s(x = 0, 0.3, 0.5, 0.7, 1.0)2] Z2H8HH = 27|78 AAS dolrr] A8l x-43d 74
w5} Mossbaver EHHE o] 85It WA AA 24 AT (precurson)E TS & AAav Z2g" BTl ExEigtez
A AR 2} AAE EA AFREE AT Rietveld EES A3 x4 B4 A, AES] AR FIRE Pomn
(x=0, 0.3), Iemm(x=0.5,0.7, 1.0)¢] orthorhombic T-%Z 7}, Sr&} o] £/ vl AP 25 S715150). Néel
L5 (Ty) °l3lolre] Mossbauer AHEB-L Aol AAIglo] HAM] 1:10 G712 1240] ASEU. B4 2 ol52 39
A Aet ApEA] A2]e] Fe ool 71918M ZZF —0.3 mm/s9) 0.4 mm/s AEL] A7|4554 € e 2t o= Jehirh
Ty oPdolAe] Mossbaver ~HER2 2440 TAIZle] 1.6 mm/s AT Wras=2 BE 38 Zie o]FHeE Uit Ty
2 sr9) o) Sl Wl 760 KellA 710 K7HA| T ZABIITE T 3884 84 vle 2499 #Agle] A9 1112
YERITE Debye2™ #4723 Feol2o] AFRAIREIAN B ZAudH 2= s gkt

ZH[0{ : Brownmillerite, Mossbauer 88}, Sol2 29 HELT0E

LM &

dukE o= ABO; FHS 23S e HEIIE F
2 n|3}8FkE A (non-stoichiometric) 458 L2 Zi=
o2 Z deA St} A9l mEpMe ool iAo
2 & ABPHHIIE 2 2ol ¥Rl (vacancy)’t E
A QA Hlga |z 3t delr HELTRIENNN f 5
E49) 218 Jde S o] risgH onf &
e 0 ARTxe) APAes fdth i WAt
A QA AR Aeolle A0 HETlES Mk
2R HFLTWIEZF EAE &2 F=(superstructure)s 4
3] ofRAl FAE Yo 7EE ABOs 8 B Aoz
X9 o) W @-1y12] BOy, A Zuit}t BO, AFAA
Zo| WEEEY n o] o A ABOs;, 28 A9 A,B,Os
5ol 2 & Aok oA AB,0s TRE PRI HEST}
o|E F2OA (0k0) HHvIT} 010> WEOE F 7o) Ak
& QIR AREEA ARAEE FHOE She APHA A
glo} FHA zele] Fo] MR vehA HedH olE
Brownmillerite -2}l $HCH2).

A4 Brownmillerite TZo = AH4 9] Wizle] wjFol] Ak

Sl

*Tel: (063) 469-4562, E-mail: shyoon@kunsan.ac.kr

AR} APRA| F2] Fe ¢APT B o (shifyydlal, ¥
o)9] o] ¥kgdl| e} WA} APHAL] So] bES W
& AZATZ 712AA k. o)o) e}t GeAEE o
A A HFLTPIES ARVSFE oL WE W,
a=A2a,, b=4a,, c=2a, <] orthorhombic TZE ZA| Hc}.
AU O 2 Brownmillerite 7% 38 G& WA
M T Néel 255 21 glor o] st Apltxe
Brownmillerite 7% E&& tjoket AU ZEAZ 7}
A slkar ik 444 31 A3l 8l CaFeO, 52
FIEEO] PemnlZ Fe* spind & B o Ty
< TBOKAES Aoz dHA Utk "HH SrFe0,59] A5
FRFE Iemmol™ T2 715K FXol 1000 K o)4dellA
cubic TEZO| T B o}t HAEe A= deiA 3l
TH4]. 3FATE EA7EA] Brownmillerite 7-22] SrFe0,s2+
CaFeO,5° gl A= &3] Fag=]o] kol nis] ols
o] EAC] i3t ATe ALl FolE £ QUi HT
Nemudry S[5F Ca;,SrFe0,59] 2713184 4lspkg-
TE 53] x=0.5 24 miscibility gapo] SAHZTL
F3) Fds 18A9 Azt dEvia gEiFlth 2 Al
4= Brownmillerite 7% Ca,SrFeO,sE x2] A g<e)
TYS AR el 1 A Y ApH BEAAE A

Faigich.

i R

x =2

- 76 —



< A7=F-> Brownmillerite Ca,Sr,FeO,s5(x=0, 0.3,0.5,0.7, 1.0) & 2434 L z7}4 ... - $48 - 459 - 284 -77-

IL A% 4y

(141)

8 -
Age] ALESH AZE £4H 3322 (solid-state g Blg 585 g x=0
1 s - S L (IR He | 8§ 8
Sinteﬁnglg«i Z‘H(j ?:]’*3’5}93‘:]' “lo"}\\j_ al_xerFeOsz,yﬁ]Oﬂ 3H ‘:"‘A ?1, ~ S’;I ' €8 =
X

Fele 2449 A1A (precursonyE THE7] S8 2=l
CaC0;, SICO;. B3 Fe,0; TS ZA Famlz £33 x=023

2 900C oA 6A7F calcination AT} o] ThA] vl )

B 70} Qekmopo s k=T 2] F 1200°CoIA 3T =

28] WHE Gxjzfaint. iAo R o] AHE AAS) E

A3 k2T EA7AREY Po<10® am)stolA 227 8 x=0.5

1050 °CollA] A8 *elslact. i/ | NS | L\ N\ ST Y ~
W39 Age AYTEES Uohiy) dajo] x5 B [

& AABKATE Mossbaver ZHERLS 7195k IR £ x=07

otk

ER715 oleted A ArHI¥ 2= Rhodium 4 ML
o] 27115 mCie] YCoZ A-eAtejolA ALESEITt

x=1.0
L. 23 % =2 |
——A__AA_A—}AM_»-_——AI\———AM—_AQ_
i t t | | ! § i [ | | H
Ca;.Sr,Fe0,5(x =0,0.3,0.5,0.7, 1.0 th3t XRD 2382 20 25 30 35 40 45 50 55 60 65 70 75 80
i ol EHErS Fig. 10 JERSH of= oln ¥ 20 (Degrees)

Orthorhombic Brownmillerite 730l i3k A& 34} Fig. 1. XRD patterns for CaySt,FeO, 5 (x=0, 0.3, 0.5, 0.7, 1.0).
g[6, 71 2 LRIg}. Bo} Adgh Alge] AR o]

#9] AFAY. 2= 55 Polrr] sle] GSAS 4 %2 Pseudo-Voigt & F5(GSASA AFHE CW AF
ZEIW8ES o]83sle] BAETE BTl Fe g s o8t B3 Sr/Ca YARENE A= ofuldl AA
Pemn(x =0, 0.3), Iemm(x=05,0.7, 1.0)°E 3} Aka]=2] T FEAEHA] ¢ 4kl {5 (occupancyys A8 &t

>~

Table 1. Structural parameters, bonding lengths, and bonding angles for Ca;_(Sr,FeO, s at room temperature (space group : Pcmn for x =0, 0.3,
and Icmm for x = 0.5, 0.7, 1.0)

X 0 0.3 0.5 0.7 1.0

Lattice a 5.5994 5.6069 5.6211 5.6505 5.6721
Pararpeters b 14.7687 14.7817 15.0244 15.3593 15.6012

(A) c 54275 5.4295 54564 5.5002 5.5341

1.920X2 1.869X2

Fe(B).O 20222 2.058%2 1.968X4 1.976X4 1.989%4
12121;115 2.075X2 2.144X2 2.128X2 2.180X2 2.157X2
@A) 1.805%2 1.880X2 1.848X2 1.791X2 1.899X2

Fe(A)-O 1.947 1.941 1.965 2.05 1.930

1.863 1.769 1.842 1.905 1.875

87.0 879 87.7 88.2 88.2

O-Fe(B)-O 88.4 81.7
286 370 88.7 88.4 89.2
123.2 124.8 127.7 137.8 136.5
Bond angles

o OO 1072 1036 1123 1032 1102

104.3 101.1 102.2 111.6 102.5

Fe(A)-O-Fe(A) 126.8 139.7 135.2 129.5 126.0

Fe(A)-O-Fe(B) 140.8 140.6 144.3 138.1 132.0

Fe(B)-O-Fe(B) 163.1 1732 168.5 161.9 150.4
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Table 11. Measured XRD pattern for CaFeO, s
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Fig. 2. Observed (:-*), calculated (=), and difference curves in the

XRD profile for CaFeO;s.
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Fig. 3. Observed (---), calculated (=), and difference curves in the
XRD profile for CagsSr sFeO, .
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Fig. 4. Observed (---), calculated (=), and difference curves in the
XRD profile for SrFe0, 5.
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Fig. 5. Mossbauer spectra of Ca,_Sr,FeO,5 (x =0, 0.3, 0.5, 0.7, 1.0)
at 80 K (Outer subspectra corresponds to the octahedral site).
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Fig. 6. Mossbauer spectra of Cag;Sr3FeO, s at various temperatures
ranging from 80 K to Néel temperature.
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Table III. Mossbauer parameters at 80 K and 300 K for Ca,Sr,FeO,5 (x =0, 0.3, 0.5, 0.7, 1.0). (A: tetrahedral site, B: octahedral site; Hyy :

hyperfine fields, AE, : quadrupole splitting, J: isomer shift)

80 K 300 K I
X sie (1532) (r?lIEn?s) (mli/s) Iw/ls (1532) (nAni?s) (mlils) I/l ®
o h @ SO W
s o oo Boow o wm W
s h o m oo oo B o o om
o B o ok w w
T m o moow ol




—80—
600
—e— Octahedral site
@ 500 IR P —O— Tetrahedral site
O \\
= 400 ™~
ke) N pe! .
£ 300 T .
300 .
® \D\EL N
£ NN
E 200 - tk\
% N
T 100 - t\
0 L ! !
0 200 400 600 800

Temperature (K)

Fig. 7. Magnetic hyperfine fields for the octahedral and the tetrahedral
sites in Cag751rg3Fe0, 5 as a function of temperature. The solid lines
represent the Brilliouin curves for S=5/2.
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Crystallographic and magnetic properties for Brownmillerite-type oxides Ca,.SrFeO,s (x =0, 0.3, 0.5, 0.7, 1.0) were investigated
using x-ray diffraction (XRD) and Mossbauer spectroscopy. Polycrystalline samples were prepared by conventional solid-state reaction
method. Information on exact crystalline structures, lattice parameters, bond lengths and bond angles were obtained by refining their
XRD profiles using a Rietveld method. The crystal structures were found to be all orthorhombic with space group Pcmn (x = 0, 0.3)
and Icmm (x = 0.5, 0.7, 1.0) The lattice parameters increased monotonically with increasing Sr concentration. Both the tetrahedral and
the octahedral sites were considerably distorted and elongated along b-axis. While bond lengths and bond angles O-Fe-O tend to
increase minutely with the increase of Sr content, bond angles Fe-O-Fe decreased accordingly. The Mossbauer spectra showed two
sets of sharp sextets originating from ferric ions occupying the tetrahedral and the octahedral sites under the magnetic transition
temperature Ty. Regardless of the compositions x, the electric quadrupole splittings were —0.3 mm/s and 0.4 mmy/s for the octahedral
and the tetrahedral site, respectively. Above Ty, the Mossbauer spectra showed the paramagnetic doublets whose electric quadrupole
splittings were about 1.6 mmy/s, irrespective of compositions x. Ty was found to decrease monotonically with the increase of Sr
concentration. Ratios of absorption area for the two sites were almost 1:1 up to as high as 0.95T for all x. The result of the Debye
temperature indicated that the inter-atomic binding force for the Fe atoms in the tetrahedral site was stronger than that for the
octahedral site.
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