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Fig. 1. Neutron diffraction patterns of CoAlysFe;s0, at 295 and
400 K. Tick marks indicate the nuclear (upper) and magnetic (lower)
reflections.
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Fig. 2. Neutron diffraction patterns of CoAlysFe;sOs at 500 and
610 K. Tick marks indicate the nuclear (upper) and magnetic (lower)
reflections at 500 K, while the only nuclear reflection is shown at
610 K.

Table 1. Results of refinement parameters of neutron diffraction on
CoAly sFe, sO4 [Fd3m; Fe(8a), Fe, Co, Al (16d), O(32e; (i, 1, u))].

295K 400K 500 K 610K
a/A 83251(3) 83301(3) 83386(3) 8.3480(3)
u(0) 074193)  0.74203)  0.74203)  0.7420(3)
Fe(AY 15 -229 -1.96 -151
Fe(B)/ 1 3.81 3.50 27
" Co(B) 1t 2.66 2.11 1.71
Ry (%) 2.19 336 3.56 330
Re (%) 3.15 2.62 2.68 431
Ry (%) 3.62 3.95 530

X|9] xte} A} ] FFol] 9%k Bragg 91X B ZAZA]9)
ofsle] A€ A717148S] Bragg AXE UHERIAT o2
25 tistd JAS Tl AFE A W F A
B ap, AESA u, AFEE UERE Bragg A Ry,
Re, A71714% A2} Ry, B 7} 0]22] 2] E9HEE
Table [0 YFERHATH

Fig. 19 29E3 9 FddaolA Bizo| 3] 42 2z}
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ol=7t FHE EH5S HoFT At Fig 29 610K 7
T A delo|BR2 AxEle] o3t A Mozt E
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S+ & 4 AUtk Fig. 1 & Fig 28] 2HEYS B A 2
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T AR o)z A=t IS B2 S Ut uebA
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F5AE-S Bl e AR sME

7 I B4 A aEd A 1tEe 219 7igold
o] gl J¥AR] A |FEE A3 er HFHA 71A
BE doflltt. oA sl Z42e] ol E Fe¥*(A), Fe¥(B),
3l Co™(BYel tiek sl 9 27| BeHES 2453t

Table F& &J2] %042 CoAlysFe, s00l &3+ AAjol2
o] 27l 299 E (magnetic moment)E HERJI AT
CoAlgsFe, sO0 TIEF 295 Ke FA4x131d Hedw) 24+
Z= YPAY 29l A ITRE Aol Ado] wlE
HGE EAAGA =25 olF= ALE HEATE Table |
9] AzellA B0 295 Kol 27| BLUEZEE Fe''(A)
(-2.29 1), Fe*'(B)(3.81 pp) B Co™(B)(2.66 )= A=A
o Fe'(B) 2 Co(B) 7% A7) gho] ARl 44}
H7] oF= Aol &(free ionyatell SAKE FE 7AW ARk 9]
Fe*'(A)S) A% 1 gho) Aoz wo) 2a® -2.29 149
&g 2= Z2¥E Holx o
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Fig. 3. Mossbauer spectra of the CoAlysFe sO, at various tem-
peratures.

Za)H] AL 53642 kOeS} 508+ 2 kOeo) 31T B 2Bl
o Egadey] Bog Aol 42 KHH o &9 o
g 2o AR, 7RSSR ER], o3 Aol A B F
NEAQ 250 e ZEE Table 1ol VEhAITH o714
A o]e] Ashdelo] st =ojstd T 2t
42KellMe] H o]0l thelh o|[iddA| olFAE A, BAE
2z §=0.26, 0.37 mm/sgke UERITE AxlEl9] o] dFA]
olgx7} 1] 2R o= AxkEle] FRER A=t BAEY
A} 77] @l AR FErt. o] ke FHEHEE 3t

Table IL. Mossbauer parameters for CoAlysFe, sO4. H,s is magnetic hyperfine field, AEq is the quadrupole splitting and 6 is the isomer shift

relative to metallic iron in unit of mm/s at various temperatures.

T (K) Hi{A) (kOe) AEy(A) (mm/s) S(A) (mmys) Hy(B) (kOc) AEy(B) (mm/s) 3(B) (mm/s)

42 508 -0.01 0.26 536 0.00 0.37

77 504 -0.01 025 532 0.00 035
180 485 0.00 022 509 0.00 0.29
295 434 0.00 0.18 467 0.00 0.17
400 375 0.00 0.24 423 0.00 023
550 293 -0.01 0.20 356 0.00 0.17

+2 +0.01 +0.01 +2 +0.01 +0.01
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Fig. 4. Reduced magnetic hyperfine fields H{TYHu(0) for
tetrahedral (A) and octahedral (B) sites for CoAlysFe;sO4 as a
function of reduced temperature 7/7y. The solid line represents the
calculated reduced magnetization.
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Neutron Diffraction and Mdssbauer Studies of Superexchange Interaction
on Al Substituted Co-ferrite
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Department of Physics, College of Liberal Art and Science, Yonsei University, Wonju 220-710, Korea
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Al substituted CoAlysFe;sO4 has been studied with x-ray and neutron diffraction, Mdssbauer spectroscopy and magnetization
measurements. CoAlysFe, sO; revealed a cubic spinel structure of ferrimagnetic long range ordering at room temperature, with
magnetic moments of Fe*(A)—2.29 ug), Fe¥*(B)(3.81 1), Co?(B) (2.66 up), respectively, The temperature dependence of the
magnetic hyperfine field in 3’Fe nuclei at the tetrahedral (A) and octahedral (B) sites was analyzed based on the Néel theory of

" magnetism. In the sample of CoAlysFe,sO;, the intersublattice A-B interaction and intrasublattice A-A superexchange interaction
were antiferromagnetic with strengths of Jyp=-193+02 kg and Jy o= -21.6 £ 0.2 kg, respectively, while the intrasublattice B-B
superexchange interaction was found to be ferromagnetic with a strength of Js=3.8 £ 0.2 kg.

Keywords : Mdssbauer spectroscopy, superexchange interaction, neutron diffraction, Al substituted Co-ferrite



