LAT=E> Journal of the Korean Magnetics Society, Volume 16, Number 1, February 2006

El

[

H|XIE 0|2 Ga, In0O| X|&

Ll - ZHAT* -

2512 Alqldle| B|AHIR0 ETst o

?.

HEY

SHidigh, Eelsk, Mg AEF 861, 136-702

HLO
L=l =)

(200613 12 19¢

20063 29 5

2B BL_O_)

O w

FA4} FeCry M, S4(M=Ga, In; x=0.1, 0.3)°]] tid}] x-A 3)A7|(XRD), ZF AlE A3 SHINVSM), H2vhgo] B317)

[o]

=

ol-gslo] HIzlMG o]} XNFEHE AP AHTEE Rietveld E2IHE 0|85

7K 1F0] Fd3m[Fe, Ga, In(8a);

Cr, Ga, In(16d); S(32e) (u, u, Wl FH =7 22IE BRI BlIAM o2 Gaol X|EE A8 A%, Gaol X& 2

Hhy

T,

B AAPER7E 10007914 9.996 AoE sk

10092 A2 Z715HS 801515t vSM 23 A} Ga Ino] X3 B4-2 Neéel

o] A2k Alge] A5, o] A D= ARPEr7E 10.0290004

Kol =iy

s iy

23z 1800041 188 K, 1739114 160 K=

RsitE), oA AAPdre] wislel W Abeal el ek BEA) A2l @ A2} Zadh 45 Ale) wEe o)

oy

gl wie

A & 4= dAc} 4.2 K~300 K&

O FlLO
Tr_?—:}\_—:f

S A=
a3 5

FeCr, ,Ga,Sy(x=0.3)2] ZAZHe)7} 2o} 3 Ao} 7Ael| ule} nv=Ql Hst x5

= o

g fske 23t dARE &

s
T A

Q7] A Ak,

FR0| : Frohe 2, Boeleo] 2, A7) B4 Y

LM =

#31e 23] (Chalcogenide Spinel) B8 dubxog A
T 2 AB,S;U=Fe, Ni, Zn, Cu; B=Cr %) ©|9 B
Aol Cr o}2o] 4 Aol Fe o]2o] X&H FeCr,S:]
A5 Fdim 7FZ o]Fox Uk EFE FeCr,S,o 75
LaMnQ; FZAA yelds AW &A71A- 3 Colossal
Magnetoresistance : CMR)°] YR} ZASF Hugo] o]
Edol tigt A7t U3 olFARA L TH1]. A71AS
AIHMR)E MR 348 o] 85 384 uiitel] e 754e
W1 glom ofw 3] HEiR|A] ke ofe] d4t uliE
S840l 7S F AFHERE opufet APIARAAE Yo
T dRlel it AFEME e TS W1 Slok =3 &
3HE EdoXY T2 HERY e A7) A=A B
B9} AFAA|Y] Fe* o] 9] e 2=l 71 7]
£7(electric field gradient; EFGY2A] Argo] 7Fs35lc}2,
3]. olast 54L& Fe¥o] 7IAVIEVE SEE CEY EE
AElZ Q1Ele] T4 Jahn-Teller A¥E AE|ojr}4, 5].
S {3l EHA H2 dEslol F5-28A ol &~
A 2d29 B4 5 s 83 54o] Hasar gloke-
9]. = NaturedllA] J. Hemberger 52 CdCr,S.8 7% 7

A 2o, A EAdo] FAld Uehhe AT A

=
pLe

-
LA

*Tel: (02) 910-4352, E-mail: sikim@phys kookmin.ac kr

Qo] ZHA Fanlkgo] AHERS P43 AT Fe o]20] 217t 4 Aok B Aol A
o) & = ). o]AL B ol Gai} In o] 4 AHE]Q] Fe o]22] vt 2|0l A} BEES oA F)e A& &
AR} =3 Cr-se) BFARYE vlws] B AT, FeCro,GaSs(=0.3)2 FeCroJInS:(=037} 24z} 241, 243 A&,

FEgoR MY 5 ok o= 2

7] FNNAIE (magneto-capacitance) 37} &4 il B
Hol f3E 29d EHMT trlF HRZolE (muti-
ferroism)®] S-8-E4E 7138 Wkl QITH{10-12].

2 =Xe BlAM ol Gatt Ine] 2|3 #3831 21
o} A71A Edu) AR B4 ATkt

Al

Al Hidd

oH

II.

i

FeCr, M,S4(M=Ga, In; x=0.1, 0.3) AlFE ZF FojA
27 PR BEoHT. vEwe] A9F Fe, GrE AE
TR mhed] &1l e - 1R Al
2 Ins A9T vi=l ¥a 1 9o 854S
torr®] ZFox B9lst. 13} EAEellM g4
T2 o] FUIY A5E 719 Aol Fushs
7] 918} 0.4°C/min 9] £52 25 E M3 Z/AZoH
120 °CollA 5AIZE, 350 °CollA] 10A17E, 480 °CollA] 247130,
1000 °CollA] 72A17E f-A] &, W2 Alolle 3¢] 58 27
A8l 2l AR MY Eled 12} AAEF SE o)e} 7o)
L& AEEs gAY AIE st mREeolA FA g
T U7 WA peliete @ vFEO] AGH o] 1 B
gk 3 2x EXEE AT Ho] EAEHA By
AGE e 31 =9 dA JEAE T AFUERE A
7t FitEle Ag A AR ARTRE ERIsk]
el Cukal& ARESBIE Philipsit x4 3W7E 08319

L
fu



CKBTEE> BIA o)L Ga, In©) XBE 34 2999 Blzmbpo] £38 A7 - Enlle - AR

o, ¥l2mbgo] AMERL W98 FIETE Hauke
o] 37|22 FHalglen, 49& Dupont IAAIES] Rh &
g0l FAAZ) TCo FUAS ALEEIITE AR e TFe
o] We7} 0214 mglem®] HEE SIQPT A8 TS F
AZ A8 F7o) 19X FAZE 0.00594e] Be B2
ofmol] wola] ARR-SIHUTE. VSMES Lake Shore 73008 ©]
g3l 10k0ee] WY i ALE 2.

m. 23 ¢ =9

FeCro M S(M=Ga, In; x=0.1, 03) ¢} ARTZZ Fs}
7] 98l x4 3AVIS ARSI R B4 g dRTE
= 37t 18o] Fd3m[Fe, Ga, In(8a); Cr, Ga, In(16d); S
(32¢) (uw]e) P 23l T2 IR Fig. 17 2
£ Aeola 2kt Gazt o] AFE AlEo) it xA 3d
ot} o] HFHQ o 2ud Fxo] A=} U
ok, wo AUE Mg ARTER, Jol B, Af= 2
Lol& A& AAY) Y8k Rietveld B4Rl 28] HA

(b) x=0.3 ° obs

calc

1 Bragg_position
o ¢—— obs - calc

L2 T I T D A I e L

Intensity (Arb. units)

10 20 30 40 50 60 70 80
2 0 (degrees)

Fig. 1. Refined x-ray diffraction patterns of the FeCr,_(Ga,Sq (x=0.1
and 0.3) at room temperature.
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Fig, 2. Refined x-ray diffraction patterns of the FeCry ,In,S, (x=0.1
and 0.3) at room temperature.

Table L. Results of refinement parameters of x-ray diffraction on
FeCr,_x<M,S4 (M=Ga and In; x=0.1 and 0.3) [Fd3m: Fe, M (8a); Fe,
M, Cr (16d); S (32e (u, v, u))]. The determined lattice constant aq,
and anion parameter u are listed in Table 1.

FeCry_yGa,S4

FeCry In S,

X
0.1 0.3 0.1 0.3
as (A) 10.007 9.996 10.029 10.092
u (S) 0.740 0.741 0.7401 0.7401
dres (A) 2338 2322 2320 2358
dws (A) 2.407 2412 2423 2427
ders (A) 2407 2412 2423 2427
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Fig. 3. Temperature dependence of Bohr magnetic moment of
FeCro M,Sy (2) M=Ga (b) M=In, zero-field cooled (ZFC) curves
under 100 Oe external magnetic field.
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Fig. 4. Mossbauer spectra of FeCr, M,S, (M=Ga, In x=0.1, 0.3)
at room temperature. (a) FeCr ¢Gag,Ss, (b) FeCr ;GagsSs, (¢)
FCCI']'QII]O.]SA*, and (d) FeCr._7In0‘3S4‘
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Table II. Mossbauer parameters on FeCr, \M,S; (M=Ga, In; x=0.1, 0.3). The electric quadrupole splittings A, and isomer shift & are listed

Table II. The value of §is relative to that of metallic iron.

FeCr,_,Ga,S,4

FeCr,_,In,S,

x 0.1 0.3 0.1 0.3
A site B site A site B site A site B site A site B site
AEy (mm/s) 0.26 2.93 0.83 2.94 - - 0.56 2.36
S (mm/s) 0.53 0.66 0.50 0.65 0.60 0.60 045 0.86
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Fig. 5. Mossbauer spectra of FeCr,_ M,S; (M=Ga, In x=0.1, 0.3)
at 42 K. (a) FeCrl_gGa0,1S4, (b) FeCr]'7GaoA3S4, (C) FCCI']'QII’I()'ISZ;, and
(d) FeCry 7Ing3Sa.
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The Effect of Non Magnetic Ion Substitution for the FeCr, (M,S; (M=Ga, In)
by Mdssbauer Spectroscopy
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(Received 19 January 2006, in final form 5 February 2006)

The sulphur spinel FeCr, M, S4 (M=Ga, In) have been studied with Méssbauer spectroscopy, x-ray diffraction (XRD), and vibrating
sample magnetometer. The XRD patterns for samples FeCr,_M,S, (M=Ga, In; x=0.1, 0.3) reveal a single phase, which the Ga and In
ions are partially occupied to the tetrahedral (4) site. The Néel temperature for the Ga substituted samples increases from 180 to
188 K, with increase from x=0.1 to 0.3. While, it decreases from 173 to 160 K, for the In substituted samples of the x=0.1 and 0.3,
respectively. The Mossbauer spectra were collected from 4.2 K to room temperature. We have analyzed the Mdossbauer spectra using
eight Lorentzian lines fitting method for the FeCr,,InS; (x=0.1) at 4.2K, yielding the following results; H,~=146.0 kOe,
AE=1.88 mm/s, 6=36°, ¢=0°, =0.6, and R=1.9. The Ga ions enter into the both sites octahedral (B) and tetrahedral (4),
simultaneously the same amounts of Fe ions migrate from the A to the B site, this result is an agreement with XRD results, too. The
AE, of the A and B site in Mossbauer spectra of the samples FeCr,_Ga,S, (x=0.3) are 0.83 and 2.94 mm/s, respectively. While they
are 0.56 and 2.36 mm/s for the FeCr,_,In,S, (x=0.3). It is noticeable that the AE,, for the Ga doped samples are larger than that of the
corresponding In doped samples, in spite of the larger ionic radius for In ions. The bond lengths of Cr-S, for the Ga and In doped
samples (x=0.3) are found to be 2.41 and 2.43 A, respectively. We interpret that the larger covalence effect from the smaller bond
length induces a large asymmetric charge distribution. Finally, it gives a large quadrupole interaction.

Key worlds : chalcogenide spinel, Mdssbauer spectroscopy, electric quadrupole interaction



