L AF=F> Journal of The Korean Magnetics Society, Volume 8, Number 2, April 1998

Perovskite Gd,—xSrxFeOs-, (x =0.0, 0.5)2]
Mossbauer S+

P ZIEA
sk g2lelal, A& 136-702

N
Hgdgta Adzstdist geletat, o4k 570-749

S

@2 £A74,

A1-¢ 136-791

(199843 3¢ 4 &, 19983 49 10 A FrAH R whg)

Perovskite Gd,-xSrxFeOs_y (x=0.0, 0.5) A 8¢ A

B34 9 4714 488 Xray 3145 Mdsshaver 33

W 2 VSM & o] &-3lo 1738 ct 44 -2+ ZF orthorhombic T&& 7FAv] GdysSrosFeOs-y & Az 4

+ a,=553 A, by=5608 A, Co=7.724 A °|%th. Gdi-xSrxFeO;-y (x=0.0, 0.5) ¢ Mdssbauer 432 42 K

2E) 60 K €5 oJdol4) 4+alagla Nebl &5 % GdFeO; = 690 K 2 GdosSrosFeOs-y = 515K 2 74 35l

t}, GdFeO; A1 8.9] o] & Atef& Fe™ & of 4 919w Brillouin 437 S=5/2 & ulZ3)n] B4 )& o}
*

et 32 glch. Mdssbauer spectrum= Mohr ¢

shol AL ke,

I.M &

194511 Von Hippel ol ol 3348 2+ #AF27)
ol® 729 BaTiO; [1]7} 34 s19l= 19503 Jonker
9} Van Santen[2]ell 2isll =4 o) F27lel & Aol
FAEHFA AAH, 2A7)A dF7) s 43 5 o

gt Al #FF CaTio; o frAhst ZAT2E 2w
perovskite 3F3HE F o] &4 Balo Aula].e ABX;

d|

7t H=dl Azte|o 3| E &, Bxlejo] Fed 14 4]l
orthoferrite RFeO; (R=Y, La, Ce, Pr, Nd, Sm,
Eu, Gd, Tb, Dy, Yb, Lu) [3]2] +=¥& pbnmo]] 4
7R 2] RFeQ3 %$]~} monoclinic pseudo cell Wol] A}r}k
AAlg HEe 3 A& FH = zig-zag2 B E8)
Row R o]-2o] 45 u|Eqlo] ztelzlr}, of7]4 R
zZt2]oll Laol %% 7% Neél €5 Ty=740 K o]
ol¥r} o] Hlzge] &2 Th, Dy S| A &% A% Tw
=647 K, T3=645 K & 7[x™ |22 o] 2 b4 & %
£ LuFeO; & o @& Tv=623 K& z-ert [4-5]. &
AFol) A<= Neél 57} vlaa Fom] A4 P24 4la

Aol o} 8ll GdosSrosFeOs-y Algx Fe’ ¢} Fe'" o]2o] 32

Trdxie] s aeiilo] ofgh vt A Al 7]<13k weak-fer-
romagnetic 2] Z}4-& ®.o]+= orthorhombic 44 F+z&E
2= GdFeO; [6-10]9) cubic +25 Z++= SrFe0; & 1
(lulgz 48 A2 s A2dF Xrayz A% +2F
T+ 8k Mossbauer #3343 VSM (vibrating sample
magnetometer) Aol o8] #7]2 AL A=dsiazt

ek,
0. & & A &

Age] FAHLE +x 9.9 % o149 Gd,0s, SrCO; 9+
(FeNO3)3- 9H,0 & A4l szl i Az A7)
2 Bakd whicolla 83 74 800 ¢ oA 2413 o
AHelF AL ZA 2 ofa] wleollA] £3F 1200 €
oAlA 4417k, E ohA] mhxold E3F 1350 T oll4] 48 4]
7k £73gie), o9} o] A2 28 F 3 ton/cm? 9
oz 287 gtE3dlo] pellet-2 st o] & t}4)
1350 ¢ o4l £7 % quenching sl A4 vl
4 E3lo] Az A5 AzA MR Fed Fe



383 ubgol ghAz|ok shed] ol £AF A5 A
Wal} gla 2ol whgslAl ebe-g Haldkd o4 2k

7AARATF2E gAsl7] $5te CuKe A& A8k
Philips A X' Pert (PW1827) X-A1 34 7]-5 o} 83} X
-A A =E 3slglen], scanning 455 wiE 025 =
2 A3 slof Ball5-5 F7H4137ich Mssbaver 2% E e
£ A7) Srke g Mossbaver 2371 [11]2 3t

gow 41912 Dupont 3|4} Al&E2] Rh 24l S0l
Aleae]e) 3 mCi o YCo Tl A4S AHEElglc) A8

2

T FAAN AT sl A AgHE 0mgor
shod A 0.005 1A 274 19129 Bedhs abwloll 2ol
ALgatgdeh A2 A Y= APD AR CS-202 displex
Zlx) e} DMX-20 Mossbauer vacuum shroud 5- o8-8}
1 25 =232 9 silicon diode & AHEslgion] 2 ¢
A= 40,05 Kol 28 432 Austin Science A} VF-
1000 furnace & o] &3l A& 72 A8 =510 torr
olAke] AFEE §-A51¢ict VSM & Lake Shore 73005
o]-2-3le] 77 KollA] 28 750 K Alo]e] 2= ofdolA] o]
27173 10 kOe Q17}sled 27| wgull 28 24 53ich

M

—

ke
HI

. &3

ol-o} z7)e} BAHE FHe = tolerance factor-& T8

Intensity (Arbitary Units)

L o

am

0z

{112} 1020) m

(seeadep) 0T

32

(025)

=
)
= =3
o n

[E1F)

X

Fig. 1. X-ray diffraction patterns of GdosSrosFeOs-y
(x=0.0, 0.5).
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Fig. 2. Mdssbauer spectra of GdFeO; at low temperature,



€9 F=5> Perovskite Gd;—xSrFeOs-y (x=0.0, 0.5) 2] Mdssbauer a7 — olede} - 7144

ABSORPTION(%)

VELOCITY (mms)

Fig. 3. Mdéssbauer spectra of GdFeO3; near the Neél
temperature.

- A 2o — 69 —

Az 297} o] #AAE b4 vk Mohrd £4 0 23|
GdosSresFeOs-y oM y 348 0.112 74 stget,

GdFeO; 2] Mdssbauer spectrum-2 13 K 28] 800
K 7tz ofe] £xoll4 Hstgeow 2 ZF g AEL
Fig. 2, 304 ®oiF 3 9low GdosSrosFeOs-y 9
Mbssbauer spectrum-2 13 K 3e] 42712 izl x
oA Hstglom 2 F 3o AEL Fig, 4, 514
BoFm glet,

Neél &% o]d}oll 4] Mosshauer spectrum-2 GdFeO;
o] 732 dota g 6709 T F54E el o] Fe
-site 7} Ak el Aol A gt site 2 EAFE &4 5
At} GdosSrosFeOs—y o 35 42K o= 6719 &
W F4Ale] 4set o8 EAE 210K RH = o3 &
4K 52 Fobol 170¢] double line o] Zste] L7}
A vl o] F7hsl super-paramagnetic o HAME
23 4 YAk 4set o] 6lined] FHFFAL Gd®F o
2o Sr¥t o] o] A HmA AR DA SA 0
o} six-fold coordinated site Q1 4t4 2] octahedral site
{(On) 7} #olA five-fold coordinated site 7} A 1A
=73 ol82 Fe® o]-2 tlAloll Fe't o|-2&2] low-
spin (* T1g) 7} high spin (*Eg, °Tsg) o] A Ee] A4A
vhsite 2 ¥ 4 ok A~ e Zoke] double line ©]
Fe'" 9| high spinoll 9§ Ao & 4 gich [14] o
23 A~ E] S A3 24317 95t 6 A&

Table 1. Magnetic hyperfine field Hzy, quadrupole splitting A Eq, isomer shift é and valence

state for Gd,-xSrxFeO3-y

(x=0.0, 0.5). & is relative to iron metal.

(1, 3, 4:octahedral site, 2 : five-fold coordinated site)

T(K) X Component Hpys (kOe) | AE, (mm/s) | 6 (mm/s) valence

13 |00 1 558 0.07 0.35 Fe®t (HS)
1 554 0.02 0.35 Fe**

13 | 0.5 2 510 0.04 0.35 Fe®*
3 490 —0.02 0.07 Fe't (LS)
4 261 0.01 —0.02 Fe't (HS)

205 | 0.0 1 506 0.01 0.25 Fe™ (HS)
1 500 0.02 0.24 Fe’t

295 | 0.5 2 286 0.03 0.23 Fe¥*
3 143 0.02 —0.24 Fe't (LS)
4 - 0.06 —0.07 Fe'" (HS)
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Fig. 5. Mosshauer spectra of Gdy;SrisFeOs-y near
the room temperature.
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Fig. 6. Counts measured for 10 s at zero Doppler vel-
ocity as a function of temperature for GdFeQ;.
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Fig. 7. Counts measured for 10 s at zero Doppler velocity
as a function of temperature for GdosSrosFeOs-y.
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Fig. 8. Reduced magnetic hyperfine field Hyy (T) /Huy
(0) against reduced temperature T/ Ty for GdFeOs;.
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Fig. 9. Natural logarithm of the absorption area, F, vs
T? for the spectra of GdFeQs.
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Fig. 11. Temperature dependence of the magnetic
moment under an applied field of 10 kOe for GdFeO.
The solid cicles are average normalized magnetic
hyperfine fields taken from Md&sshauer spectra.

Fig. 11, 12 & GdFeO; & Gdy5SrosFeOs-y ol 9
324210 kOe 2 74lE wl 2ol wE =7 =9l
Ezrel wahs vepd Aol Yo zAE A&
Mossbauer 7 7bol] ubE zu)A] =}7} 22 2 314]7)
Zrolar AL &7 Bl E Zholeh GdysSro;FeOs-y
9] 7% Fe'* o] 2ol 93 Fe!m —0%—Fe*t zmsl 4
F2t83 Fe*™ —Q—Fe' o zm3l 43 ztgo] Zx)
ghe}, =gl Gd* Apelol SrPt ool&o) HslulmlAg Aba
gai A7) o] 2| A 5le] five-fold coordinated site 2}

[=A

g2} 7]4k3] z] Volume 8, Number 2, April 1998

s

M (emu)

.
200 300 400 500
T(X)

Fig. 12. Temperature dependence of the magnetic mo-
ment under an applied field of 10 kOe for GdsSro5FeOs-y.
The solid cicles are average normalized magnetic hyperfine
fields taken from Mossbauer spectra,

w9 zig-
| Arebr] A
2ot e

zag w4 € Folx i obgh »olxv 43
5)of 9bgab4d o) spin jedL vheboed N

745 stel &4 olglet [16-18]

T4 site 7} W74 5]l=d] o]z A
A g0
eél

AL 2

BT E @ ot Alsk 5 T (97-07-02-04-
0L-5)ol Slal) 4-a £|%00f o]ol] Al E8juiet,
I

[1] F. S. Galasso,
ganic Solids” Pergamon Press, Oxford (1970).

[2]1 G. H. Jonker and J. H. Van Santen, Physica,
16, 337(1970).

[3] G. H. Jonker and J. H. Van Santen, Physica,
19, 120(1953).

[41 S. Geller, J. Chem, Phys., 24, 1236(1956).

[5] D. L. Wood, J. P. Remeka and E. D. Kolb, J.
Appl. Phys., 41, 5315(1970).

[6] E D. Kolb, D. L. Wood and R. A. Laudze, ]J.
Appl. Phys., 38, 1362(1968).

[ 7] P. K. Gallagher, J. B. MacChesney and D. N. E.
Buchanan J. Chem. Phys., 41, 2429(1964).

“Structure and Properties of Inor-



&A= Perovskite Gd-xSrxFeO;-y (x=0.0, 0.5) 2] Mdssbaver 1+ — o3 - A4 - 4A4H - 294

[8] E. Fournes, Y. Potin, J. C. Grenier, G.
Demazeau, and M. Pouchard Solid State
Com. 62, 239(1987).

[9] M. Eibsch tz, G. Grodetsky, S. Shtrikman
and D. Trev, J. Appl. Phys., 35, 1071(1964).

[10] D. Treve J. Apply. Phys., 36, 10331 (1965).

(111 C. S. Kim, H. M. Ko, M. Y. Ha and J. Y.
Park, IEEE Trans. on Mag. 27, 5456 (1991).

[12] J. B. Shannon, Acta Crystallogr. A, 32, 751
(1976).

[13] K. Liu, X. W. Wu, Phys. Rev B. 54, 3007
(1996).

[14] C. S. Kim, Y. R. Um, S. I. Park, S. H. Ji, J.
Y. Park, S. J. Lee and C. H. Yo, IEEE Trans.
on Mag. 30, 4918 (1994).

[15] H. N. Ok, K. S. Baek, E. C. Kim and C. S.
Kim, Phys. Rev. B, 48, 3212 (1993).

[16] Donhang Liu, Xiyao and L. E. Cross J. Apply.
Phys., 71, 5115(1992).

[17] C. H. Yo, E. S. Lee and M. S. Pyon, J. Solid
State Chem. 73, 411(1983).

[18] E. Garci -Gona alez, M. Parras, J. M. Gona
alez-calbet and M. Vallet-Reg J. Solid State
Chem. 125, 125(1996).

Mossbauer Studies of Perovskite Gd,-xSrxFeO,-y (x=10.0, 0.5)

Young Rang Uhm and Chul Sung Kim
Department of Physics, Kookmin University, Seoul 136-702

Jung Chul Sur
Department of Physics, Wonkwang University, Igsan 570-749

Young-Jei Oh
KIST, Seoul 136-791

(Received 4 March 1998, in final form 10 April 1998)

Crystallographic and magnetic properties of perovskite Gd;-xSrxFeQOs-y (x=0.0, 0.5) substituted g2t
having larger ionic radius than Gd*" at GdFeO; have been studied by x-ray diffraction, Md&ssbauer spec-
troscopy, and VSM. The crystal structures are found to be orthorhombic with the lattice parameters : a,=
553 A, by=5608 A, co=7.724 A for GdysSrosFeOs-y. Gd-xSrxFeOs-y, (x=0.0, 0.5) have been
investigated over temperature range from 4.2 to 690 K using the Mdssbauer technique. The Neél tempera-
ture of Gd;-xSrxFeO;-, system is 690 K with x value of 0.0 and 515 K with x value of 0.5. Analysis of
Moéssbauer spectra and Mohr’s salt analysis for Gd,-xSrxFeO3-y demonstrated the existence of the mixed
valence states of iron and the coordination state of Fe* and Fe'* jons. The Corresponding hyperfine
parameters for GdFeQ3 are compatible with S=5/2 Fe’t in octahedral coordination.



