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Fig. 1. X-ray diffraction patterns of NiygZng;sCuFe,,0,
(x=0.0, 0.1) at room temperature.
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Fig. 2. Mossbauer spectra of NiggZng;sCuq, Fe, 0, at
low temperature. The dash line indicates the A site.
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Fig. 3. Mossbaver spectra of NijeZng3sCuq,Fe, ,0, at
high temperature. The dash line indicates the A site.



-120-

puterol] 2]&)| Al 02 whFo] AAMES 0,=8.390
AL Agt) oghe Cud Fed A@sta] dgtaw)
Nig 6sZ155Fe,0.2] AAM ;3L 0,=8.384 A B} Eko
2 Uepdon o] B 212} Fe” o]2o] Cu” o]0
2 x3kglog o] eubA Fe” (067 Al HlsA Cu”
070 A)2) o) 2ubo| r| =] WF o2 AP & gk

Niy¢sZng35Cug  Fe, 40,2] Mossbauer A#EHL 12
K24 705 K7HA] ] LxellA] Hstglom 2 F
HEA Q] AES Fig. 2, 30l Vb it Nedl 2 o]
sl 6] TRFrAdol, Nedl Lol
Dhel FEgAlo] 247} hebtet. o5 AMEYE
B2517] 9)3te] computerE &3] 67) e 2709
Lorentzian 412 | AAlFH 22 fitting A Z =4l 6784
of $13) 2 WEFA AERgo] 2olA) 452t
ek 4] ok o) A 4w Al[g]

1

E,=06+AE, +E(3g1+go)#1v H
1

E,=8-AE, +5(81+go)l»11v H

1

Ey=06-AE, +E(go_g1) uy H a
1

E,=6-4E, _5(80—81).“1«/ H

1
E5=6_AEQ—E(g1+gO)uNH

1
Es=06+AE, —‘2‘(3gl+go)ﬂzv H

& A8t o714 S o)A A o) Exe) T, g%t
gre TFed] vitAlelol 14.4 Kev £919] g 21zke) 2
712 2z} vhepdich. 3t HE ek Bt 2047
713 27 AR} AEg= A7 e
o) 27)% vehle Fo2s

AE, = %equ [3 cos?60— 1 +1sin?6cos(29)] @)

9} o] EAELh o7)4] 02} o= AR &7 A
o] AFEel] AT 2R HE Wk SRR
Ztolw eqot mi= A71A7|&7 XS] HoFA] 9} v
A QIS 22t veldch. Q€ “Fe| 14.4 Kev &9
2] A7|AEFAL mpmlEe|ct

9 A1 NigesZngssCuy;Fe; 0,2 o] 2EEE ¥
Ni o] 22 A2 (B A2} 15 A58t Zn o] 2+
bR ARl [A Alel}E A3 ge}11]. =3 Abd El-Ad
2} Olofa 5-2] Al 2Jspd[12,13] Cu o] 2] 2™

g2 2}7]3}t3]A] Volume 8, Number 3, June 1998

Aol Elvkm B st gloh wpelbi] o] R ZE
tha3} o] &7} 9lot.

(ZngssFeqgs)* [NiggsCugFe 550, 3)

A A)E YHeHe BE Fe ol2ES el
(nearest-neighbor) AlA0] 253} B Xl&]elx] A}7] 2l
EEZ 717 120 #1914 (next-nearest-neighbor) ¢Fo)
2(Ni, Fe 12]3 Cu)ol] &3] £ % 1z, B A}
2} RE Fe o] 252 6709] 214 (nearest-neighbor) Ak
Aol 2531 A AHe]9] 67)) X}2)A (next-nearest-neighbor)
24, HExFA ofol-&(Fe, Zn)2 2 Eei¥o] glo}. 22
o] Arshed 5-¢] Ni, ZnFe,0,, (0<x<1)2] Mdssbauer
Aol A [14] B-E3FpA]& o]-8-3le] Mossbauer 2~
EFE A A 1 setd} wiAMd o] 22 Zno] Ftell w2}
BAelE 6 set vPro] $4ske] A8 e st
Z 2 wslsln, =3 Dooling®} Cook®] d-7ollii=
[15] Gaussian g5 o]-§-3}o] Z-2ubyol & A+
AE weFgr}). 23 Ling 59 A7l =[6]
NigsxZn,y:Co,Fe,0,, (x=0-0.03)2] 7% Az}2] 1 sets}
BRI & 3 set2 EA5te] R walgdc). 1831 Amere
Coy6Zny ,CuFe, 0, (0<x<1)9] Mossbauer &30l A]
[16] A, BA}2] 742} 1 set2 B3l Axle]e] w]s)
Aoz Qe AF-g 7kl B Ale]e] A e A
5 fich. 2eja Cwrt F7HEE B Alele) A%
o] 71wk A zele] AFL A9 Wb} §lox
Bl ¢le) I 7AREL B A9 TFe o) 2E
o] 7}*|= Mossbauer AH EZo] A 22| o= A3
2 A 7IXA "Hoh=A& BeEot 9 H. N Ok9)
1ol A =[17) CuFe,,Cr;;0,8] 7% =7} F7Ftell
e} B ztele] Cr o] 23 A A=lE AAF=
Fe ©0]-22] Mossbauer AHEF o] Bl HES 7lAl
ohar Bgkor), AR NigesZngssCuyiFe ;0,4 735 B
Z2)e] BE Fe o] 2591l A A=|E AA|3h= Fes}

Table 1. The number of ways N(n) and the probability P
(n) for n(Zn) ions and (6-n).

n N(n) P(n)

0 1 0.075
1 6 0.244
2 15 0.328
3 20 0.235
4 15 0.095
S 6 0.020
6 1 0.001
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Table IL. Mossbauer parameters for Nig¢sZngssCugy Fe 30y Hyy is the magnetic hyperfine field in unit of kOe, AE, the
quadrupole splitting, and & the isomer shift relative to metallic iron at room temperature in unit of mm/s.

T(K) Mossbauer site
parameters B, B, B, B, mean A

Hy 550 538 516 514 501 521 527
12 AE, 0.13 0.04 -0.02 0.09 -0.03 0.03 0.02
) 0.37 0.46 0.31 0.38 0.21 0.35 0.28
Hy, 549 533 512 500 484 514 522
77 AE, 0.04 0.07 0.04 -0.01 0.02 0.03 0.00
) 0.41 0.36 0.28 0.32 0.28 0.33 0.27
Hy 493 485 451 426 394 451 471
295 AE, 0.15 —-0.02 0.01 —-0.01 0.03 0.01 0.01
8 0.20 0.24 0.19 0.24 0.25 0.22 0.17
Hy 461 449 415 384 343 412 434
400 AE, 0.25 -0.03 -0.02 0.00 —-0.02 0.03 0.01
) 0.13 0.14 0.16 0.13 0.17 0.15 0.10
Hy, 406 391 340 305 257 341 373
500 AE, -0.04 0.03 0.02 -0.01 0.02 0.01 0.00
S 0.08 0.04 0.06 0.09 0.10 0.07 0.05
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Nig ¢sZng35Cuo,Fe, 60, has been studied with Mossbauer spectroscopy and X-ray diffraction. The crystal structure is
found to be a cubic spinel with the lattice constant a,=8.390 A. Mossbauer spectra of Niyes7Zn,35Cuq,Fe, 50, has been
taken at various temperatures ranging from 12 K to 705 K. The isomer shift indicates that iron ions are ferric at
tetrahedral [A] and octahedral sites [B], respectively. The Neél temperture is determined to be 7,=705 K. As the
temperature increases toward Ty a systematic line broadening effect in the Mossbauer spectrum is observed and
interpreted to originate from different temperature dependencies of the magnetic hyperfine fields at various iron sites.
The quadrupole splitting just on 7y is 0.41 mm/s whereas the quadrupole shift below Ty vanishes. This implies that the
orientation of the magnetic hyperfine field with respect to be principal axes of the electric field gradient is random.



