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A Study on the Magnetic Properties of the NiFez-xGaxO4
by Méssbauer Spectroscopy '

Soon Hee Kim, Jeong Dae Ko and Sung-Rak Hong

ABSTRACT

The magnetic properties and crystal structure of the NiFe;,Ga,O, (0<x<1) have been
studied by Mdssbauer spectroscopy and X-ray diffractometry. The Méssbauer spectra show
a superposition of two sextets and their intensity decrease with the addition of Ga. The
Mossbauer parameters such as isomer shift, quadrupole splitting and magnetic hyperfine
splitting for the samples of the NiFe;,GaO, (0<x<]) decrease with the addition of Ga.
The cation distribution for x=0 is determined as (Fe;.Ga)* (NiFe;»Ga,)®?0, with the help
of peak intensities. We have confirmed that Ga ion exists in the same ratio in octahedral
sites and tetrahedral sites. The magnetic property of NiFe,,Ga,0, is minutely changed

with the addition of Ga and NiFe;.Ga,O, shows ferrimagnetism.

1. A—] = AN 88 ferritee} g}, o) ferrite= ZAYPFR
o uia} spinel ferrite®} hexagonal ferrite®)

A s Z2A S5 AR AIAE o FAFLR ERich
£ 512 F2 Fe 0,8 A7kl YHAR 43E ¥ TS 43 spinel ferrites] Habe



52 X B
MFe, 0,2 H#¥sm M Fe, Ni*, Mn®?
Co®, Cu™ Mg Zn%, 59 +27} 249
20|, spinel ferrites]] tetrahedral site (A-

site) ¢} octahedral site (B-site) 7} =%t} 19
o]2{gt spinelZ= inverse spinel® normal
spinel& J-F-¥c},

inverse spineld ferrite®] M Eol Zz)3}
+ 16709] Fe''o]2% §7/l+ tetrahedral site
(A-site) o] 2x3l, =] 8rje] Feol23
Me] ofe]22 =% octahedral site (B-site) sl
Fols 72§ wWily Ar|H AaAe E7aie
wc}, dhol| normal spineld 16712] Fe'*olg
BF octahedral site (B site) ol ¥ol= 72§
W3le] 247)H AR A wo) Yubzjoz
ferrites= 7} siteol] $x]sl= ofol29) £F e} *
Xl we} 2714, H71H R GF SAo] chFst
Al vehdeh. Mo} Cd*u Zn7t 34 ¢ol]
7 $-oll== normal spinel24] AFx}4)S ajo, 19
o A%l FRAE
t}.

ol¢} 2 FIFFH +271 B ooz 74
2 ferriteSoll gt 7|24 EAAFE gol o]F
o3 gt} o 2719 normals} inverse ferrite 2.
FE] A|ztgl spinel®] 77} Fojeo} ¥ Ax)
ol it ATF AAHA HIolle EYY ferrite
o]l gt AT2heis) TIEo] Fe o] o4l w)apy
o] o] tx|¥ ferrite] AJalell 3t 77} &t
3 AT ek ran

Kulshreshtha+<ys;; NiFeAlQ,94 cation
distribution} spin cantingel] #I3}ed H2E}9d
A, Maxwell2) NiFe, AlLO, (0<t<2) ferrite
ol to] F7lell @& unit cello] A¥Hoz 7hasl
t AE vaslgen, Al o]&e] Hal octa-

L A |
hedral site2 o]-F3}od total magnetizationg

inverse spinel Z4]

\_

ZEANTT B vl ek o] 9] A7 28}
H tetrahedral site Well Zajsh= Al"/Fes)
Hl-§o] 0.259141 0.538 AHxeld Als} ke u)zt
A o]2o] Fe 4l s spinel ferriteq) #<
u)zpy o] 9] o} F2hH widel] 2l&sh= spin
cantinge] <dojdcixn 3lgich

aed] £ dTellde Aol 742148 oy
inverse spinel +2§ 2zk= NiFe,O, ferritedl
ulakyg 0] 24l Gad 7l Gas) 5= sl
@& NiFe;.Ga, 0, (0<x<1) 9] z71A Tz} 4
Aol wsls ¥wa slgch

ool Méssbauer spectrum-g& 77K 2} 300K ol
] &Asld Ga™e F % xo wZ [somer shift
(.S.).
netic hyperfine splitting (Hy) % ZTHESAME
(INel Ga’e s q&4e =4 A8l

Quadrupole splitting (Q.S), Mag-

0. Ay

& A7l AHE-¥ A1 B Y& ShinyoA2] Fe,0y
(99. 99%) 2} o)= AldichAe] Ga;0; (99.99%), <«
¥ Hanawa+le] NiOE AM-3lod NiFe,..Ga,0,
ferrite§ ohe%c}, AlF5e] ZAW)E= NiFe,,Ga,0,
oAlM x& 014 17}A] 0.270H 08 wgfajz]om,
7+ Aekg digital Y& AHgsiel 107g7) F&
8) Wasldich. WA ARSL shapple ol f
sted A7 343] Eisiolon, Eifol & o)
o]A =& ethylalcoholE #H7}sldct Ao &

3] ¢ ¥ W AYS A AzAA
ethylalcohol§ #|A3ldc}. <134 Egs AR

E2 boatel] wo} siliconitE WIME AL
muffle furnaceWolld] E7|897]12 2427t
2}2be] A RES 1200CeH 4 2427 dxe)sidn



x &

H 2 R % 53

M7t BdF A GAAbEE o)gEle TE
2% powder Ael9) NiFe;.Ga,O, ferrites
sy 108

Azd 2 A8 AYFEY FHol§ FA 3]
Hsl o] 83 XAU-L o] 1.5418A 2l CuKai
otk XA 2dEY YW= UL 2608
100 ~ 90 594 Fyslden, 24 el
E9] HF+= 20mA, 7H: ML 30kVe): scan
speedt ¥ 0.042 3}gich

#) 2ol 42] Mossbauer AMEZL 422 ) o]
Zoll A|BE oA T4 dewarld) Fel23 ANE
holders] ZAHAIZF ZATHE ALl 10°
Torr7}2] wiZ7] X120 ¥ AMAUALE Fqlale 23
L4

Y oA 9 Méssbaver AHES 23
87] sl o) ABE w)dFole] oA HA
TE E A& holdero] ZAYAAH 2354}

Mossbauver AHMEZS 2yyuy source &}
detectorA}o]o] A& 120mmZ $Rsigx
Doppler$=+ +10mm/sec 7} 5|28 z3sq
c}.

2 el AL8-% Mossbauer spectrometers
s7Hs=3.2 24 Motorola 6800 HEE1=2 Ao}
=, 248 datase PEE UPs)e] A¥E
o fitting?} 24Y £+ U=F sl

=12 Motorola 6800 2=k spectrometereoi} 4]
2= 6MHz9) flyback mode?) H7)q 4137}
AYTERAE S7HEE 252714 "ok gal
4] drive motor®] 2E-x}&o) Rilsl Co¥’ rAdd
ol 4] W45 r4d2 Doppler&stel] &3l AE
= v/ce; BF9 oLi=] shift§ AT o] 7}z}
® rA A=zt e FooluiA) U
+9E77 doldeh. =8 Doppler o2&
T TS FPAE T} & 1850V mAgte

HolE 7&71A 7Y NE2 v AsE
Pre-Amplifier2} Linear Amplifiers] oj3] &=
¥ ¥ Linear GateollA] 14.4keVeil #ic}s)= o
vl #3147 Motorola 68007 FEE)e]
channelel] H-$-3h= 49 A2 235} o
o AMg-%F r-A9- DupontA} MESE fum 5
#A2] rhodiumeil electrodepositA]2! 10mCi Co®
FHY2oIr).

AYTEYA] BrMEE £5d 93 rA
source®| Doppler&se 4524342 § AMg3}
o AtdHe] FHEFAL Aol Y AL TR
A &Asck o7)4 Bl He-Ne 7|4 =
oMol A & Y2 Frle ZelFe LAY 5B
AEY71el o3 Eelse) 77 2YA e} r-44
o] Fag o]FALE AYY T ukalse] o)
FAEEIIE Fosld 45 B AL 2o
FAE7Z SJAEE R A7) 27153 wa
A "ok olRE YAHY ABEY A
Motorola 6800%FEjell +H A7 Doppler £%
F T3

& AvellA AR SE2AAAE ] G,
Cosgroveg} R. L. Collinsell 92 o2 Aexs}
g w3

O Az 9 =9

NiFe;,Ga.0:8] XA 3HAHEYL ALy
S A3} Fig. 13} 7on, o)eg Mg ¥
< AEE WAYSTE2E e spinel WA
Hehhs A dsich ols} o] Ay XA 3§
HLHMEZE table 1oll4] Bal vle} o] ASTM
card 2} W)edle] xgho @& NiFe;,Ga.0,9) Ahe
g A3 x7b 020 ABel debhd XA A



54 o

%

~"Ede (111, (2200, (311, (222),

(400), (422), (511), (440). (531). (820),
(533), (622), (444). (642) el &3} peako]
2, x=19 A8 XA 34 2¥Eey= (11D,
(220). (311), (222). (400). (422), (511),
(440), (820), (533), (622), (444), (642)™

ol ©% peakZH xgtol F7iael we} Wbt

2o sl = Azee XA ALY
Ezjog BE| gohd 20, d, h, k, 1 g& &
sle] Nelson-Riley®] 9JARE cos’d = 0 o]
SEE Faxpeges A A% A 32
8.521A ~ B8.529A% Fojzlch

Fig. 1ol 2+ 3144 peak) $1x] 267} xgtol
Z71gol wel Hde W) gdoke AeE FE
Gao]&o)] spinel ferriteol] Wr}E FZWIE
do7)A] @es ¢ & U

Fig. 2¢ll viehd whe} zbo] xgtell w& Az
2 W3S Moo A A xgkel 571
ol wie} 2 HEE Bolx ¥ Us
ojth. ole} o] Ga9] Fawizle wWE AT
o) W7} gchs AL Feol AR|tiAl A-site
s} B-siteo) 9215 Ga'o] &9} o227 (0.674)
o] Feo]&9] o] 2ub4(0.62A) % & xtoj7h ¢l
se & ez dchke AE & & ok

NiFe;.GaO, ferrite® xgel @& 77K}
300K 412] Méssbaver ~# =32 Fig. 334
Fig. 4o 39 wpe} zch AA 77K Lo} x7}
0.0014 0.4712)9] A|22] Mossbauer ~HEF
& Fig. 343 39 549 FX¥Ee]l F3ol
Balsl e magnetic hyperfine splittingel
o3 3o Ao dehdoh XAl 3H AHE
o] &aIg vle} o] x=02 AE NiFeO,
9] MY spinel FEE ez ey
tetrahedral site®} octahedral siteel] Zxj&}=

° A
ao'r‘

£

(220)

Ul

20

40 60 80
Fig.1. The X-ray diffraction patterns of
NiFez.,Ga,C).

(x=0, 0.2, 0.4, 0.6, 0.8,
300K

1.0) at



E B H B2 R R 55

Table 1(b). Data of NiFe,xGaxQ, for X-ray diffractometry

(x=0.6, 0.8, 1.0)
NiFe,; .Gag O, NiFe, ;Gag 0, NiFeGaO,
2w | da) | o, hkl ¥ | da) | wn hkl 6 | d4) | 1, hkl

18390 | 48206 | 103 | (111) | 18435 | 48089 | 9.4 | (1) | 184% | 4889 | 82 (111)
30.335 | 2.9441 | 366 | (220) | 30.375 | 29403 | 352 | (2200 | 30.370 | 29408 | 325 | (220) |
35.760 | 2.5089 | 100.0 | (311) | 35.79 | 2.5069 | 100.0 | (1) | 35.820 | 2.509 | 100.0 | G11)

| 37.355 | 2406 | 9.4 | (222 | 37480 | 23976 | 7.8 | @2 | 3.4% | 2367 | 81 (222)

43500 [ 2.0788 | 185 | (400) | 43.560 | 2.0760 | 15.9 | (00) | 43.570 | 205 | 155 | (@00)

[ 54.005 | 1.6%63 | 82 | (22) | 54040 | 1696 | 7.6 | 62) | 5409 | Lesk | 81 | )
5.510 | 16012 | 2.9 | (1) | 67540 | 16005 [ 20.3 | (511) | 57.670 | L5972 | 214 | B11)

 63.220 | L4697 | 280 | (440) | 63.185 | 14704 | 25.8 | (440) | 63.240 | 1.46%2 | 229 | (440) |
71605 | 13168 | 21 | (820) | 7.805 | 13136 | 20 | (8200 | 7L.7% | 13137 | 21 | (820)
4675 | L2701 | 44 | (53) | 74800 | 12682 | 42 | (533) | 7485 | L2672 | 42 | (533)
5.910 ) 1.2524 | 18 | (622) | 75775 | 12543 | 16 | (622 | 595 | L2522 | 21 | (622)
79775 | 12012 | 1.6 | (444) | 79.985 | 11986 | 1.0 | (444) | 80.000 | 11984 | 1.2 | (449)

87.685 | 11120 | 22 | (642 | &85 | LU07 | 21 | 642 | .85 | 1107 | L8 (642)

Table 1(a). Data of NiFe,xGaxQ, for X-ray diffractometry

(x=0, 0.2, 0.4
NiFe,O, NiFe, sGag ;0, NiFe, §Gag 0,

20 [ da) | 1, | ® | da) | o | o 2w [daa) | i | m
18.415 | 4841 | L5 | (1) | 18425 | 4815 | &4 | (L) | 18.420 | 48128 | 84 | (il
0.80 | 2993 | 34 | (200 [ 30260 | 20493 | 334 | o0 | 30.30 | 207 | B0 | @0
35.670 | 25150 | 100.0 | (311) | 3.695 | 25133 | 100.0 | (1) | 35745 | 25099 | 100.0 | Gi1)

[ 35.670 [ 24100 | 10.1 | (222 | 37.375 | 2 4041 9.5 | (222) | 37.3%5 | 24072 | 109 | (22

43365 | 20849 | 238 | (00) | 43.435 | 2.0817 | 72.6 | (00) | 43.35 | 20849 | 196 | w00
53.845 | L7012 | 7.4 | (422) | 53915 | 16992 | 7.2 | (422) | 53.880 | L7002 | 7.7 | 422
57.345 | 1.6055 | 20.5 | (511) | 57.405 | 1.6039 | 21.3 | (511) | 57.520 | 1.6010 | 224 | (511)
63.055 | 14731 | 28.8 | (40) | 63.000 | 14743 | 28.6 | (440) | 63.185 | L4704 | 27.1 | (440)

(66,365 | 14074 | 0.6 | (31) | 66.525 | 14044 | 05 | (31) | 6.6 | L4z | 03 (531)
71605 | 13168 | 1.9 | (80) | 7.530 | L3180 | 19 | (@20) | 7L640 | L3162 | 22 | &0

| 7450 | L2717 | 5.4 | (33) | 7463 | 12106 | 53 | (633 | 45% | Loz | 44 | G3)
7550 | 12576 | 23 | (62) | 75.730 | 1250 | 2.1 | 62) | %5.630 | L2564 | 25 | Gz2)
79.540 | 12041 | 2.6 | (444 | 79.625 | 1.2031 | 515 | (444) | 79.6%0 | 1.2023 | L6 | (449)
8.475 | L1142 | 18 | (642) | 87.505 | L1139 | 20 | (642 | 87.620 | L1127 | 21 | (642)
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Fig. 2. The lattice constant of NiFe,..Ga,0,

as a function of x.
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1. 0| (Feo sGag 1) ' (NiFeq 5iGaa ) 'O, 0.98
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B-site | -0.154 | 0.227 |496.464
NiFey. Gaa. 604 A-ste | -0184 1 Q175 [440.13 L2

B-ste | -0.187 | 0.191 {434.007
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