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ABSTRACT

The magnetic properties and crystal structure of  the NiFez-xGaxOs
(0<x<1) have been studied by Mossbauer spectroscopy and X-ray
diffractometry.

The samples(0<x<1) have been prepared by the ceramic sintering method
and were showed to be single phase spinel type by X-ray diffractometry.
The lattice constant has been found by extrapolation using the
Nelson-Riley function and its value is minutely changed with the addition
of Ga because ion radius of Fe is almost the same as that of Ga.
Mossbauer spectra of NiFez-xGaxOs have been taken at both room and
liquid nitrogen temperature.

The Mossbauer 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 NiFes-xGax0s (0<x<1)
decrease with the addition of Ga

The cation distribution for x=0 is determined as [(Fei-xGa] *
[(NiFei-xGax) 204 with the help of absorption areas.

We have confirmed that Ga ion exists in the same ratio in octahedral sites
and tetrahedral sites.

The magnetic property of NiFez-xGaxOs is minutely changed with the

addition of Ga and NiFez-xGaxOs shows ferrimagnetism.



I.A &

AAME 2A FEAMG ARE AYAZ YESF AL T2 Fer0: & A7
o AAY A}E AHAYEE ferrited} T}, o] ferriter FYFR iz}
spinel ferrite$} hexagonal ferrite?] F1 822 B HF¥ o}

¥ A7 WA spinel ferrited) ¥ MFe:0:2 E¥H® ME Fe”,
Ni'%, Mn", Co™% Cu Mg™ Zn% Cd'? 59 +27} F& o] o], spinel ferrite
el tetrahedral site (A-site) $} octahedral site (B-site)7} F&%c} (Sawatzky
% 1969, Verwey $ Heilmann 1947, Verwey % 1947). ¢8| ¥ spinel & ¥
inverse spinel#} normal spinelZ F#¥t}.
inverse spinel® ferrited] WHAMT] FEAFE 1679 FeloleZF 8
tetrahedral site (A-site) o EAstsl, Yoix] 89 Feol&z Mo ol
B ¥ octahedral site (B-site)o] ¥°le 72§ T3z V3 AL ERAAE
@}, wbde] normal spinel® 16789) Fe'®o] & 2% octahedral site (B site)el
Fole 728 T3d VA AL A S Ao AR ferrites 7 site
of flxe ol FH X oet AUH, VY R DH EAo] s}
Al vepdcl Mol Cd%t Zn'%t 3% <Fol&9l Z %ol normal spinel2A 4
A& ww, 299 Z$olE inverse spinel 24 EZAAAE W

olst L ¥FFe +2 F& ol FAH ferriteSo) W 7|¥H EAA
T ®el o]Fo A ( Jarocki F 1969, Kirsch ¥ 1974, Komatsu $ Soga
1980, Robert $} James 1967, van der Woude ¥ 1968,). #7129 normals}
inverse ferrite® ¥ A|2Q spineld] A7} %ol &e] ¥ o] Y ATFE
AxNWA HIAe EYY ferrited H¥ AT (Chappert 9 Frankel 1967,
Daniels ¢} Rosencwaig 1970, Dickof ¥ 1980, Dege % 1981, Hauet % 1987,
Jacobs 1960, Srivastava 5 1986, Stadnik $} Zarek 1984)$} tj¥o] Fe o] &
Al v A o] o] HAIR ferrited] A ¥ A7V Wi AW 3 U



( Efthimiadis & 1992, Haneda % 1980, Haneda % 1987, Lee % 1990,
Osborne ¥ 1984).

Kulshreshtha (Kulshreshtha ¥ 1986)x NiFeAlO4l4] cation distribution
3} spin canting®] @3 BT}, Maxwell (Maxwell F 1953)&
NiFez-1AkO4 (0<t<2) ferriteel t®] F7}e] @& unit celle] YAz 723
v A& JAHARL, Al oJ&o] HA octahedral site2 ©]F3td total
magnetizationg &A1 B3 wp Q. o]E9 AT oW
tetrahedral site Weol &As& Al'Y/Fee) wlgo] 0.25404 0.538 A Eeolo Alst
Z& ula}A] o] o] Fe WAl 2% spinel ferrited] 73§ w4 o] o] F9 F
74A wido] 2] &3+ spin cantingo] Yol 39l

gy & dFeAe FdA £ZAA4E 99 inverse spinel 7T E e
NiFe20s ferritee]l H]xtA o] Gad M7l Gag ¥ 5 #H3le] o8
NiFez-xGaxOs (0<x<1)¢] 714 Fx9} Ao W3}E Bzl 3.

o] Mossbauer spectrum® 77K$F 300KelA &4 3o Ga3e = xo &
Isomer shift (I.S.), Quadrupole splitting (Q.S), Magnetic hyperfine splitting
(H) R FAFFAE (D)9 Gad ¥5 984T =24 #4849
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1. Mossbauer effect

s

3!

AF2E LAY FEAI GG RG At EwE ¥4
o] ¥ Aejaolo N y A& HEHAY F4dte A+ HM(recoil)E LA .
Yo EEeANA vt A2 Mol HEHE r A9 AYAEho, ¥ H

HESE Pedt ohd, Pp = N2 o2 49 =Yeix e 4 2%

o] molz} ¥

fr__1 hoy

olc}. olj o] EEAe NN nitdefatele] AHE Ejet 1 oA BETHH
ol3te] Ey= Er +hw o7l d&e] y A9 ez hw=E) —Ez € 2| Ho]
Az e} Ep tF AA €t = Ao YAt Ed Y3} FEH r Aol 34
F457 g8l e AiAs (E) +E )L r Aol QA s ojof et wfebA ¥eof
A BEEE rAY YA (E, —Ex )& & F79 ¥ THFF7E Aol
#7] H8A B8Y Avx (E; +Ep )id 2E; wd %Fed. 2 sl
Wzl Epe 7 A e AdAZrd ad FPEF7 doiviA ged. o}

A AfUAYe] At IREFTE VN & A
LAYl IMel P&l Ae Afole A AM7L HUTTFE 437



QEol moocR & 4§ o] HHAUR] (Ep)S AAZ FAS] =¥l r A

ol #& F5d & ok ol VAL Mossbauer effectzl el (Bhide 1973,
Gunther 1971, Méssbauer 1969, Ok 1983).

22 32 Mossbauer A& o] 4 AYel AGY¢ YF22 & HYAR7} o
source®] #3717t A3 EEA ] Fo] waA P YFo|ok el

2. Isomer shift.

JHAM oL WAYel Mol ohd FTVT MAE 23 57 WE) WHss)
4o} AMA W] EAGE WV CoulombAEZEe] AWt o5 WHE s
Ao &3 sAAste] EHEe d A FA7} shifdoh B 4E
22 AR A rBAA FAAH QA Ve

Ve = Zefr @)

olct. AMe] NE WY R, WAFE Zew I Zest w7 RY Tl ZdHA &
Eso] 9tz spg 3 Yo FAdHs} = FAA AP L

r = R, V = %
r> R, NN = —Zfi
r ¢ R, 9y, = % {% - —%—(—R’—)Z) (3)

ojcl. ¥ uige] ¥ AH (r=2R)MAe) FAH7A HPH L Vps}t L e e
o, 223 ¥ F99 sAA YEE o} HA Y ozl E49 shift JEE A
2ol o3 &3 Fo] +¥ 4 Ao (Jackson 1975, Werthein 1964).



JF = fAVpdV
R
= [ - vng eav

R
= [To (Mn1= o) 4 Aar

= —2 1 pZeR (4)

°l Bd. 9714 sUA WHYE phAe) sHRS) HEYE | w(0) | 2 2d
p =-e | ¥(Q)]|°®
st o] siv], Wty AAINH FEF L] g dx] 99 o]%x] JE=

AE = —gnzé" | #(0) | 2 R? 5)

7h 89 29 2-1 (@) 2 e} g dubgez € RE Wxpue] Ao
W2 d2ez EEHLNE R, Y9 RyE HA 83 sourceR &
Y &= r A9 AUAE E2 #8 EE4H iz

E, = Eo+—25LZe2| ¥ (0) | 2R

o], vt geld e ofxE

Eo =25 28| U (0) | *RE,



olc}. sources]A e} oz 4 Ege=

JEs = (En — E)s =E, + 25—”Ze2|ws(o)|2(Ri, - Ry (6)

olch. olst & JuA o]FL FEMAME sAANE Yolvhed F4Me oy
3 299 o)EAE

4Es = (Ba = B =Eo + L2000 1(RL — R @)

o] k. ANAH [ ¥H0) |2 4 [¥A0)|2 & sourcedt FEMoAHS Az

BELEUFE dehdd 292 6)AF (NN BeFS0] sourceo]s] E=
AN ZFE AU E Aol FEHE r A dUAE F&EME vht e ol 4
TEAHE HolAsled LY ofuxste] Apolst (Gutlich 1975) L BE o
Aol & HAH Folok FoMolM FHFS dolubnd o] Aole] e isomer
shiftet ¥} (Gonser 1975). ()44 (6)4& A isomer shift zt-&

IS. = 4E, — 4E

=2E 2R — R (1w A0 12 ~ | ¥(0)]) ®)

7t Aok, 2822 Mossbauer effect AY A source® el Wag r A oy
A Doppler 4212 B 38 F9 29 2-1 (b) MY isomer shift}I o] =g
ZA A F9 {471 vepded.
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Fig. 2-1 Origin of nuclear energy levels and isomer shift.
(a) Shift of energy levels.
(b) Mbéssbauer spectrum of isomer shift.



3. Quadrupole splitting.

Isomer shift& =23l FANAH B § A5 v|FHALZ Ql3lo gt
AR ANAFIA RAEE ZALL Yo AT ANAFIA REE o F
d ANYEY AFF 4 A8, ol AFFA A5F 4 (quardrupole
interaction)& ez F99 AFI3A £49 (quardrupole splitting)E 7] Al

Aeh. G714 YA} Zeo) ARYEE o(HE AT o olge] BE g A
el % AAY] RS WH) & 1 o2 A% FAYNH FuAE e
&3 o] XU
E=fp6%43ﬁ (9)
7t Bk o974 UHE 7=0, & Yol Taylor 342 A3
Wﬁ=wm+§1@1>n+l§(4ﬂi)nn (10)

ar; 2 5 ar;ar;

olBE (1004 (DA A

E= ZeV(0)+>3( )fp<r>rdr

artar))fp(r)r ridr+ - (11)

b Aeh 4714 AA H& Wxe) Wast BE ¥ FAo 2 Age F9)
AREN 9% Coulomb AWANZH A4ol Ehslel §4 % Y| A74 43

Ast Ao AEAEE JGeplAY, ¥o) AHEES dYolxz AVH I
RAEE 2z ¢97] Wl zero7t Wk MA ¥ r=0e14 AV A 7] &7



a; oy 99 AB3A BAEQA 0 (rdy A 4E4EE YehiE 3
2g 948 gew ixjdg -2V _gom = 22V

ojct. wdetM A7 A 71 &) 2418 hA WAAoln] MAYL e
i ( )f o (N dr

3 2 3 2
=20 [ = +E 2D [orar a2

o] ®c}. 9714 Poisson WAA & o] £3d

‘2_331 (-2 = 4re| ¥(0)|? (13)
o] k. (1A & (12)4)f g3
LREE o0 2 - 5 ar
+ %—nel ) | fp(r)rza'r (14)

22 R¥dd. (14949 A ¥ Y AFIFA AES AR 43R4
EAH A & o AHs ¥ Felo e Aste) AL L FAHY) @ B
o} isomer shifte] #Fg«}.

2 2
= (LY )o = Vi ("a—y‘{)a =v, &,
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EARZ, old x,y,29 W] EHE BRF |V, | 2|V,,|2]|V,,|° 5

=% 4A3%d. 4713 718719 v AAE JehlE vy siAES 0 & A9

#9 g = LU g3 pae 0% 1409 2E A

A7 V.. = V,y, = V., 4 A%l A7%e 71877t 3gHeln

7 = 0olB2 A4FIa AEFE x| JE &

_ 1%V 7
AE_ZE( ayiz)afp(rlz_ 3)d7'

i=]

= +vi.fo(n 32 - Aar (15)

8 3ol YD 2W YRS T & A7NFASE mE o] 43d

[o() (32 = Py = 2o (AE=LUID)

3P —II+1) (16)

2 EA® Qt It me ovx 9 Wgse ANAFIARNEC

(164 ¢ 154 AU & 45322 45dedux JE &
- 1 2 (Bm’—II+1)
4B = 4 Vee €Q (Byp—yiyy )

2
- 1 V.. &0 ( 3m —I§1+12}

4 12i-1) an
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=¥ %state'ﬂ quadrupole splittingolq AF3ap 432t 4e iz &=

JE = zl-eZV,ZQ

°] %5}. Vxx * Vyy * sz °"]' 73-?-

Vxx — (nz_l)Vus} Vy_y — ___lﬂ sz

A BAYAN 43I BEAEL

2‘/zz 2. % 2
E, = eTQ(H_g_)z (Bm’—KI+1)

GI-1) (18)

2 &4 2.

o714 Fe 9] first excited state: I = %‘ = 7Y 4E e °] 4 &

Be ol B (m= =L =3)E 209 AUA EAZ 2ANUG

o] ¥ &4 izl 2t 4E, 7} quadrupole splittingol® (19)4) 3} o] el y

5 2479
4 AR ole 29 2-24A vehd st 3o,

2 2 1
4E, - eV“Q(1+—3L)2 (19)
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Fig. 2-2 (a) I= 3 level splitting into sublevel by electrical

2

quadrupole interaction.
(b) Mdssbauer spectrum of quadrupole splitting.
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4. Magnetic hyperfine splitting.

2 uE AT A9 AVAIA ZANEE ] XIvjdsE A2 I}
1209 2 vz Zejel] dste] 27]e)F It RAEE( Kittel 1984 ) 7}2)
o, ¥e] 27]0]F3IFA BAE L& WY Al EAE AN Hebel 4
s3] ojste] #eo] A& $AAA Zeeman E}E FoRch olwe] B3t
4 Hamiltonian& ©}-&2] 2.2 slu,

Hn = uy -H= —gy un 1 -H (20)
ojc}, 714 gy Landé ¥+dAA|Z 4 y2 ¥e] magnetono]c}.

we2tM (20049 AE) o8 Yol I AYAEHE (27 +1) M) FEH
2 yyoixln]
Em] = — EgNnH ,,Hm; ( -1 <m1( + 1) (21)

o} el HYHAd. *TFeo H$E 2 P I¥ 23 F Y

(= % g = 0.1808 )= 249 2EHAE JdHz EE

(I= 32 | g=-0.108)¢ 449 3202 e} olde) Qa7

& am =0, 1% BFHE m— FTALe] Aolst Abrdu Ay I
FRAE DEE 4 AT Aolst 9 ek

_14_
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Fig. 2-3 Zeeman splitting of Méssbauer resonance.
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5. X-ray 33

¥gol A< XAdo] AW YA Al 4 (AL sinle el IR
Wxe) A d, Bragg & 6 & WFA 7= Bragg Y A1 = 2dsin 6 &} cubic
TZ AF AAA (b, & DF A2 A5 o, 23 HAWE A do) BA
QDAE 3o R1EA (224 & BFeE AN E FEd)

2, 42
;12— - Wtk +D) +a*§ + £ 21)
2 -2 2
sin °@ — sin’§d _ 2
(B+K+P) s 4d* 22)

2
G7NH s = W+E+E o) ﬁ & X-rayHAAZF e} peakel oA

€ 44old.
cubic #&¥ Bragg & 6] Jelhvb X-ray 3 A peakel W szte] wdel
G2t &t do] #5¥ 4 QA
simple cubic ® s=1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 12, 12, -
body-centered cubic : s=2, 4, 6, 8, 10, 12, 14, 16, --
face-centered cubic : s=3, 4, 8, 11, 12, 16, -
X-ray3 A A LSl JAUTY AY do] A€ BraggdH < vl &3

) A7d=—cot6z16 (23)

2 99, 39eAE H2Z #HY AL cotd—0 & 90° o]ojoF T},
debd o%tel 90° 2 7RSS dYeAE Fohalnh. A4S ar

_ A 2 2+
a=—5d— (K +k £) (24)

- 16 -



o] BAE olFo FxAA (6=

1 cos’ o cos’ o

olct.  Nergie HAAAS a(6)9 LS 12 &2 FFo] 4=90° 7} HE
A, & Nelson-Riley #43to] 0°] Sl Hel a(4)& FAASE A,

_17_



m. A 3

1. A& )2

€ A7 A4¥ AEE Y# ShinyoAtd Fe:0s (99%)9 v]= AldichAe)
Gaz03 (99.99%), d& HanawaAl®) NiOE A}43}o NiFe:xGaxOs ferrite® wt
B A89 ZAME NiFerGaxOs 1M xE 014 171x] 0.2704 2.2 wi3}A]
Zev, 4 Agg digital WY& A4 107°g7Ax] A% Fgaodd. Yy
A gL AL o] §3te] AN 283 Eyrstdon, Tyl F o] FoxE
% ecthylalcohol$ M7betdch. Alefo] 2438 Egtd F 49 Notg 2d 3=
A7 ethylalcohold MA A} o|fA EHY AEEL boats] Ho} siliconitF
LEME A4 muffle furnaceWl sl A F71 29712 24AA. z1z}e] ARE
< 1200TeA 2447 ANY R N7 BEF A gAAEE o] £ty
IF HEF powder 42 NiFer xGaxOs4 ferrite® WHE G (Y 3-1).

2. A% g R A

AzY 4 Az FATFEY P8 &A% A o] £ XHYE o)
1.5418A<] CuKa olch. XA 29Ey YYAE N2 208 10° ~ 90° ¥
ol EFAsdon, 344 WINES AHFE 20mA, 7+ AL 30kVelx
scan speedv ¥9 0.042 39}

A o) M 2] Mossbauer 2HEYP L dewarle] FA2¥ AR holdero] M
HolXo] N2 A MM 2AANIF AFAXE A48 10 TorrAR W74
W F AMALE FU%S 48999 (29 3-2).
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SAMPLE
NiO, Fe:03, Ga203

WEIGHING |
| J

ETHYLALCOHOL |

DRYING |

L MIXIING

[ SINTERING

L X-RAY TEST

'LM()SS. EFFECT TEST

Fig. 3-1 Blockdiagram of the experimental procedure.
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EX A9 Mossbauer 2HEH S FH27] fel 299 N2E ndFE
olel Al BAH FYZ E TYE AR holderZ o] 43 TAANNFE &439
<}.

Moéssbauer 28 EYH & FA Y sourcedt detectorrtole] A& 120mm=z
fA1#432 Doppler&E+s *10mm/sec 7} 5 5% =A<,

_J. L-N2 r

TO VACUUM 4—=

HEATER

Lo

Be FOIL —P %"’/

~—— SAMPLE
HOLDER

Fig. 3-2 Schematic illustration of the dewar.
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€ dFe] A-8¥ Mossbauer spectrometer (9] AustinAle] S-6008)= S
7H&EY 224 Motorola 6800 AFEZ Aoj=n], F4H dataE L HHelo) ¢
Yol 24EY fittingst £HY & AEE 320 o] AYAA HYEE
ag 3-33 .

=" A Motorola 6800 FFE spectrometer?l4 }2+& 6MHz9) flyback mode
o A7H AEr7t AYFERANKIE SHEER TEAFA Yob. G234 drive
motor®] AFAE] Y Co” yAWAA $EHE= 7AE Dopplerizol ¢
e JE * V/ICEr=rge oYz shift& ZASZ o] 7148 74 ovixrs F
T Feolvizish dx Y FHFSEIE doldd. £H Doppler A& A&
rAL FFME FAT F 1850V ZAYE HoJFE FEVHAM AYAH Azz
Hixict. A1&ZE  Pre-Amplifier (scp-400A)%} Linear Amplifiere]l s ZEg
¥ Linear Gate (LG-200A)°1A 14.4keVel #dgE ofuxlgt E}AA
Motorola 6800 €l ¢} channeld] H$3le X2 A42 4L, oln A%
¥ 7-A4¥9& Dupontdt MF2Z 6um F79 rhodiumel electrodepositAl 3
10mCi Co*"$1 ¥ 0]}

AYTERA S7HEE 51 9% 7 A sourced] Dopplerdse $E3%
A& At AdA FHESAY A AT =R NY 2 sA .
1714 %4 He-Ne 7|M #HolAolq Y& Y& Fije] ZejFoz T4y FA
¥¥7] (beam splitter)dl] o8 £ o] 2tz I AL (stationary mirror)® 7
-Afo] B2 o]FAL (moving mirror)2 WYY F uwbalslo] oA FARY
718 T3] 45° WYY Aol 2o FHEVZ A€ € M7 FH
22 @A Aot o)RAE AP ARET $A39 Motorola 6800 FElo] 3
A7} Doppler $58& 734 €.
¥ dFoNM AE4¥ $E3P A& J. G. Cosgrovest R. L. Collinsel o8 =2
AYE7 898 v o (CosgroveF 1971).

_21_



a
LASER E}- EM.T :b SAMPLE DETECTOR

e/
SPECTROMETER
M6800 |
L1 sca L] awp L
COMPUTER S.CA. FRE.AMP.
CONVERTER —{ COMPUTER }+— PRINTER

Fig. 3-3 Blockdiagram of Mossbauer Apparatus.
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V. 23 3 =9

1. X-ray 3#HA.

NiFez-xGax0:8] XA A2 EYJE 244 3AY 43 29 4-13 g
B, o]A22 HE RE NEE WAYYTFZE FE spinel GUAT Jehe A
€ g ol 3ol FAY XA HAAHEYE EX1NA B upsh o
ASTM card$} vl2#o] x3to]l @& NiFer«Gax0:8] A< #A% A3 x7} 09
ANad vehd XA 3" A9EYL (111), (220), (311), (222), (400), (422),
(511), (440), (531), (820), (533), (622), (444), (642)H | 2] & peako]™, x=12]
Age XA " 29EYE (111, (220), (311), (222), (400), (422), (511),
(440), (820), (533), (622), (444), (642)H ] )% peakZH x3to] Z7}3te) wia}
W3t e A4l 2R AAAeE XA HH2YEPo R By FPohw 29,
d, h, k, 1 g&t& °]| 83 Nelson-Rileys] $J4#42 cos?@ = 0 o] 5|58 &
Ao AT A 4AY4 e 85214 ~8.529A2 FojH ).

13 4-114 Z+ A A peaks] 1zl 207} xgtel Zvhitel o2} W@ W2}
7b slde 22 Re Ga'lol&e] spinel ferriteo] Wl FZRINE Yoy A
d&E ¢ 4+ U

23 4-29] vepd uist o] xgtel 4@ AARS HE HAAsPow A
AR A3 x3gtol FUhitel w2} & WE Holxl 94T ARS ¢ 4 Ut o8}
Zol Gas] #FEstel =& A4S @3sl gde AL Feold Ayl
A-sitest B-siteel WAl® Gaol&e] o] &w(0.67A)°] Fe'lo]&s] o] 2wt
0.62A)7 2 Aol7} U&< & Yehu2 e AL & 4 9.
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(311}

X =0.0
{220)
[ (400) (511 §440]
UL el |
J I —— | (@208622) (644
N, i i (531)‘l }444)‘

‘*4 -V.JW ..v‘k/\,..'v \otl i o

<" ‘\
X=0.6
SNl
e T o J\w., ,,_.“L,‘"v:\w\-ﬂh‘w\w
X=0.8

SN
\_L_j ) JL"L‘..“-“_."L‘L_UL@K

L ‘U\._J i Luuwx

20 40 60

Fig. 4-1 The X-ray diffraction patterns of NlFez-xGaxO.s

( x=0, 0.2, 0.4, 0.6, 0.8, 1.0 ) at 300K
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Table 1. a) Data of NiFez2-xGaxQ4 for X-ray diffractometry

(x=0, 0.2, 0.4)
NiFez04 NiFer.sGao 204 NiFer.¢Gao. 404
26 |d(A) | I/Io| bkl | 26 |d(A) |I/Io| hkl | 28 |d(A) |1/Is | hkl
18.415/4.8141) 11.5/(111)]18.425/4.8115/ 8.4|(111)|18.420|4.8128| 8.4/(111)
30.280(2.9493| 34.4/(220){30.280 2.9493| 33.4|(220)|30.300|2.9474; 35.0|(220)
35.670|2.5150100.0/ (311)|35. 695/ 2. 5133{100. 0| (311)|35. 745( 2. 5099/ 100. 0| (311)
37.275/2.4104| 10.1|(222)|37.375/2.4041| 9.5 (222)(37.325/2.4072] 10.9|(222)
43.365|2.0849| 23.8|(400)|43.435|2.0817| 22.6|(400)|43.365|2.0849| 19.6|(400)
53.845|1.7012| 7.4[(422)/53.915(1.6992| 7.2|(422)|53.880|1.7002| 7.7((422)
57.345|1.6055| 20.5 (511)57.405|1.6039| 21.3|(511)|57.520|1.6010| 22.4|(511)
63.055|1.4731| 28.8(440)|63.000 1.4743 28.6 (440)|63.185/1.4704, 27.1|(440)
66.365/1.4074| 0.6|(531)(66.525/1,4044| 0.5/(531)(66.625|1.4026 0.3|(531)
71.605/1.3168| 1.9/(820)!71.530/1.3180] 1.9((820)|71.640(1.3162| 2.2|(820)
74.560(1.2717| 5.4|(533)|74.6351.2706| 5.3[(533)74.595(1.2712| 4.4|(533)
75.540(1.2576) 2.3[(622)|75.730(1.2550{ 2.1|(622)|75.630|1.2564| 2.5|(622)
79.540|1.2041| 2.6|(444)(79.625/1.2031| 1.5((444)(79.690(1.2023| 1.6|(444)
87.475/1.1142| 1.8((642)(87.505/1.1139] 2.0|(642)/87.620,1.1127| 2.1|(642)
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Table 1. b) Data of NiFe:-xGaxO4 for X-ray diffractometry

(x=0.6, 0.8, 1.0)
NiFe;.4Gao, 604 NiFe;,2Gao. 804 NiFeGa0,

26 |d(A)|I/Io| hkl | 26 |d(A)|1/Io | bkl | 26 |d(A)|1/1¢]| hkl
18.390(4.8206 10.3((111)|18.435/4.8089| 9.4/(111)|18.435/4.8089 8.2|(111)
30.335/2.9441) 36.6|(220)|30.375|2.9403| 35.2|(220)30.370|2.9408] 32.5|(220)
35.760 2. 5089/100. 0| (311)| 35. 790| 2. 5069(100. 0| (311) | 35. 820 2. 5049(100. 0| (311)
37.355|2.4054] 9.4((222))37.480(2.3976| 7.8|(222)[37.495|2.3967| 8.1](222)
43.500/2.0788/ 18.5/(400)43.560/2.0760| 15.9|(400)|43.570|2.0756| 15.5|(400)
54.015/1.6963| 8.2|(422))54.040(1.6956] 7.6((422)|54.090|1.6941| 8.1|(422)
57.510]1.6012| 21.9/(511)|57.540|1.6005| 20.3|(511)|57.670|1.5972] 21.4|(511)
63.220| 1. 4697 28.0|(440)|63.185|1.4704| 25.8((440)|63.2401.4692| 22.9|(440)
71.605/1.3168) 2.1|(820)(71.805/1.3136| 2.0/(820)|71.795/1.3137| 2.1](820)
74.6751.2701| 4.4((533)|74.800|1.2682| 4.2|(533)|74.875|1.2672| 4.2|(533)
75.9101.2524| 1.8/(622)|75.775/1.2543| 1.6[(622)]75.925(1.2522 2.1|(622)
79.775/1.2012] 1.6|(444)79.985/1.1986 1.0|(444)/80.000(1.1984| 1.2|(444)
87.685/1.1121) 2.2|(642)|87.815/1.1107| 2.1|(642)|87.815/1.1107] 1.8|(642)
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Fig. 4-2 The lattice constant of NiFez-xGaxO4 as a function of x.
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2.2 A o] & Mdissbauer 24 EY

NiFez2-xGax0y4 ferrite?] xztel o1& 77Ks$}t 300Kl A 2] Mossbauer 2¥ EY
€ 39 4-37% 29 4-4°) B wuis} 3o} AdA 77KA9 x7F 0.0904 0.4742] 9
Al 2.9] Mossbauer 29 EJ L 39 4-3MY I FeAe EFR¥e] o] £
¥ %9 magnetic hyperfine splitting®] 2% 3% FFA422 Jdepdd. XA
A 2HEYo)A #HUY vl o] x=0% A& NiFe:0:2] A A< spinel
F2 8 el slen tetrahedral site$} octahedral sitec] &3} Feo]-&ol
o 2HEYe] FId AL ¢ 4 A TG x7} 0.6404 FH F9 F54
ko] E@go]l AAWA x=0.6914 x=1.07x%= etx] ¥AHE magnetic
hyperfine splittingel 2J¥ 9 {449 ZAANFH Jdepdo. Feol&o 2% 279
sextete x3te] W@3le] FAQlo] TN Jehn dx] AHEY RFEV} R
¥AE Bolx ek 300KAHE 77K A8} rfA7kA 2 x7t F7hiel e 24
EY AE7 Fade A4S Rolx s oL VAL Mossbauer 29 EYH 9
FYESEA o] Feold oeof v tcdes A4z} T Ax] ¥,
NiFe:-xGaxO+& 2t sited] 4o §& Fo]& £Xo] & T2 FY3HY
[FeixGax] * [NiFei-«Gax] ® O4 7} €t} Mossbauer 289 EH 2] FJF5H
A o] Feol29] oofl vl AAS st 2} siteod] ¥ FHFFHUA
& ALY A3} 55 o] EXe 4@ FRAL X2 B uis} A o] A
#2 He] Gaol& A-sited} B-sitedl A FAR AEEE BolA ¢ x3hol
7 el etz site® A9 FFIA AAHL ALFE & F Aok A x3gt
o] Z7hstl wtet vebd 77Kt 300KelA 8] Mossbauer 29 EY L F&HFo|
EXANGH 45 3Ko] Feol&o] A-sitest B-siteE IF Az ¥o] o2} F
siteed ¥ FUE peak’t AS dehde A2z H44E 4 Sl =3 H[AA o]
29 Gaol&o] Feol& WAl x#=o] e}l superparamagnetic clustering
A3} domain wall oscillation E7} vepa] g 2L o] EA3E AL
Alo] &9] A 49} o] o= ¥ site® AE A ¢g2dAM VA AT 3¢

_28-



rs
<

ro
T

ABSORPTION (%)
T

ro

F o N .. A" =0 1 | L~ I o TR
4

3 L

9

’ e

13 ! ! ! I ! . ! . ! . .

RTINS BT WY SRS )y 2 [} 520N
VELOCITY ( mm/sec)

Fig. 4-3 The Mossbauer spectra of NiFez-xGax0s ( x=0, 0.2, 0.4,
0.6, 0.8, 1.0 ) at 77K.
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Fig. 4-4 The Modssbauer spectra of NiFez-xGa O ( x=0, 0.2, 0.4,
0.6, 0.8,1.0 ) at 300K.
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T At (Ko 1992).

Table 2. Ionic distribution and absorption area ratio of NiFes xGaxOs

. 2 z A %vgﬁ:?ﬂsl
0.0 | [Fei-xGax] [NiFe;-Gax) 04 1
0.2 | [Feo.91Ga0.00]"[NiFeo.sGa0.111%04 1.034
0.4 | [Feo.sGao.1]*[NiFeo.7Gao.31"0s 1.286
0.6 [Feo. nGao.29]*[NiFeo, esGao. 31 ] 204 1.029
0.8 | [Feo.e1Gao.39] " [NiFeo.s9Gao. 41104 1.034
1.0 | [Feo.sGao.s11 [NiFeo,51Ga0.49]°04 0.98

3. Au]d & Mossbauer Parameter

Mossbauer 29 Ege] FHES WAL Feol&2 oo wlaPces A4E 2
2 8] magnetic hyperfine splittingel]l J¥ FHFSA & JellE  Mossbauer
2HEYL 7 sited] ¥ FHEFSL @MY wE 2oty Aizged
Mossbauer ¥ EY & 3 FE|2 A48 A4 71 & §4E Lorentzian 434
< A&

AFEE 3 isomer shiftgt, quadrupole splitting3t, magnetic hyperfine
splittingZt ¥ line width3t& X3 viepd wups} zhel
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1) isomer shift

77Kl A &A% Mossbauer 29 EHSZ Be] xgte] Wilo] o1& jsomer
shiftgt& X3. a)e viebd uist o] -0.146~0.033 mm/sec Atolel E A 3o
sitee] BAIle]l x3to] F7F¥e] 2} isomer shiftzte]l F2EL ¢ 4 U=z,
B-site gto] A-site B} Ade A¢ ¢ £ Ad (29 4-5).

300KelA #AY Mossbauer 2HEYCZTRE x3to] & 2 siteo] A9
isomer shiftzt& X3. b)ell 2 uis} 3Fo] -0.194mm/secIH -0.060mm/secA}
ol EA e x3te] Frtel o} e AYE AR TTKAM S o)
B-sitee] % gte] A-sited] ¥ PR ¢ ade AL ¢ £ dd (29
4-6). isomer shiftgte] -0.146~0.033mm/sec A A& NiFe:-xGax0s7} THAY
A BAY9& € 4 U2 NiFerxGaxOs Wl EA3= Fer Fe™ Adde ¢ 4
Uk, WBH 22 FeolZo] uAtAol L3 AP AL F2 4s AR EAl
o] YAYAM AANYEst F7139 isomer shift7} Ha e FHAPA B2
A& 3d AA7t Fela gt22 ol Yl AR 4s AR} FeBoZ Eoj2)
¥ isomer shift7} FE¥dcie A4} I AL ¢ 4 Atk octahedral
site ¢ isomer shiftgte] tetrahedral site IR} ERL octahedral site?)
Fe-O Uxte] A7}l tetrahedral sitde ZiA]Rc} A7l wFold. &
octahedral site?] Fe-O Uz A{As}t A7) W&o 2o 2p Axpe] o
Fe o] 9] sBa WX g 7loj o] 2B Z gctahedral site?) Fe o] o) ¢
% | $4(0) | %] tetrahedral site e} Zch. @atA octahedral site °fA19)

isomer shift Zt°o] tetrahedral site 2.c} 34 ¥},
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Table 3. a) The Mbdossbauer parameters of NiFe2-xGaxOs at 77K

Sample site 1.S. Q.s. H.S. T
o | Eoie | Som ||
MFauso 0 0 | ot | oz | assron | 019
WP 0| D | oo | oen | seros | V36
e ama] i | S0 om s |,
ramer o | owome
e | o | o o

Table 3. b) The Modssbauer parameters of NiFe:-xGaxOs at 300K

Sample site I1.S. Q.S. H.S. r

, B-site | -0.106 | 0.397 | 511.637
NiFeOs 11 aJSite | 1~0,198 0.248 | 478,912 | 1%

, B-site | -0.060 | 0.236 | 503.138
NiFer.s6ao20e) o ive | 0,158 0.161 475.498 | 0194

, B-site | -0.122 0.243 | 488.236
NiFereba0.0 ) ite | -0.162 0.192 | 462.070 | 2%

. B-site | -0.154 0.227 | 496. 464
NiFer.Gao.0u| \ (ite | -0.184 0.175 440,139 | 0230

B-site -0.187 0.191 434. 007

NiFerzGao0u| \ (it | -0.194 0.167 | 4od.277 | %273
1
. B-site ‘
NiFeGa04 A-site )
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Fig. 4-5 The isomer shift of NiFe2-xGaxOs4 as a function of x
at 77K.
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Fig. 4-6 The isomer shift of NiFez-xGaxOs as a function of X
at 300K.
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2. quadrupole splitting

NiFez-xGax04®] quadrupole splitting 3t 29 4-73} 4-844 & nls} o)
TTKAA x3kol 715t} e} 4 sitee] @A) Fade AYL Bolv} T3¢
H3te 9l 300KlME  whdsiA]eld}, tetrahedral sites]A quadrupole
splitting®] 2] peak’} WA H = 2L tetrahedral site®) point symmetry”}
dyelriets Aate] v Yol YL A9 Jehdo. webA tetrahedral sited)
quadrupole splittinge @ol& Watele] ¢ FYAo] PFolxlAY chemical
disorder £ H3I}E X9 udF Ao fU3le] Q& A2 Y=n] oY AR
X o] vy A o] tetrahedral sites] et vheld B o}u2} tetrahedral site®] %
o] & EYHMI A+ octahedral site?] ol &eo] WAt YA E W 1 f
Qo] e HeE M7y

APH 22 quadrupole splitting 32 H71% 7179 48& aA Lo,
spinel #X | X ] A7 A 7]&7] = 429 HolE (oxygen parameter) uzts} o
2o} v €} (Daniels?} Rosencwaig 1970, Hudson®} Whitfield 1967).

&3 Y ferriteld quadrupole splitting 3t9) W3l wil F7hehd A7)
2 71&71e Aayde LS Eagd Yo (Patil® Kulkarni 1979). 28y
NiFe2-xGaxOs ferrite#] 2] quadrupole splitting & x°o} W& T3 &ML
Bola] ¢}7] W& ugtel o sHo] ¥rl5en] oY YAL Ni-Cd EHY
ferritee’l 4 ¥AY v} o} (Eissa ¥ 1977).
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Fig. 4-7 The quadrupole splitting of NiFez-xGaxOs4 as a function
of x at 77K.
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Fig. 4-8 The quadrupole splitting of NiFe2-xGax04 as a function
of x at 300K.
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3) magnetic hyperfine splitting

77K}X magnetic hyperfine splittingZt-& 1% 4-9¢} 219 4-10°14 & u}
S 3ol xzgtol Fulel wa Fad, 300KAH = v} @712 A4S Hol3 Q).
¥% octahedral site®) magnetic hyperfine splittingZte]l tetrahedral site?)
magnetic hyperfine splitting gt2cd 2% ¢ 4 9.
°| 943l tetrahedral site®] magnetic hyperfine splittinggte] e A&
tetrahedral site®] 3 Aol  AA tetrahedral siteo)A 9] spin delocation
AE7 2 22 4ADd. 2o} D3] Fed o] 29 FHAJAA 9§ Rolz}
@A A7 E o2 $9 )L magnetization®) Ao ¥ EFs} me s olo} &
At & APl APt 2.

YA 22 ferrited] A71H 4AL F& Fol2o FH site LXo| oz}
37l @Rk, Neel ferrite?] ¥ sited ZF al4o] o] EAstE 7 Soi 5
site] EA e o] &2 ¥ 7] spino] collineardtA WA o] A-Ast B-BAre]
FEl G EAYE Fedn HAd (Neel 1948). Tl Yaferst Kittele
HIZ o] &9 XY EHY ferrite®) Ao canting @] ojr} AN F
27 w@dz B3¢ w Sld (Yafets} Kittel 1952).  tetrahedral siteS}
octahedral site ¥ 22| EFofx w4 <Fole] wlgo] s e AL
non-collinear spin FZ7} sbgdtct. I dFAs}e] 9 du gpin canting®]
spinel €234 M 9] tetrahedral site®} octahedral site & o] = ¥x}a] o 4]ul 7}
T o] ohe} F Fol siteF oAl ¥ RelAE BE F o siteZFOME £
Al EAe Aol s A22 3T . canted spin structure®) A
B #<27] H8HE DC magnetization®] &3o] o] Fojxje} hxut & Ayl
Ae A9 RHAdn &x uxy ojo] Fsbgel BB YO T collinear

spin structure X ¢} canted spin structure® e RS2 Yzb o
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Fig. 4-9 The magnetic hyperfine field of NiFez-xGaxO« as a
function of x at 77K.
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Fig. 4-10 The magnetic hyperfine field of NiFes-xGaxOs as a
function of x at 300K.
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4) line width

NiFez-xGax048] 3985 A E T RE FHF S U g Fgtoln,

1% 4-113 29 4-129) 22 wie} 3ol 77Ket 300KNMe HEZLE  x3hol
Z7Hel 2} F7h8c) Mossbauer A9 EYP ] FHFS NEL T o) ool &
T FAMY $I5 AA Ao v gL Ay fLa
A& W3t AAe SHAT 1,9 Mossbauer EH W] Lamor MAA
we] BAZAM 9L (Vander Wouderst Dekker 1965). 17F teel ®ls) A
3 & 7% magnetic hyperfine splittinge] ¥ ZWF4 4L Jehyn] HZTe
Fedold. x7t Fhel w2}t AZFol HAH Frlashe AL r ot A Pas
€ R2Z 848 & v oA ERRYMAMN HE3E tetrahedral sites}
octahedral site 2%°] chemical disorder’} EA3l= 3§ ¥ sited] e Feo)
€ FH9 o] Ee] MZ o& ion configrationd 27l Hol tetrahedral site
octahedral site Z¥elM FPAY W73 Fulsl Y=o ole] & Iy =
71sk i, B3, QRS A g2} Jehdes Aol dPH AB F site
o AR AE Feold FH o] 5o o YWY AR T 2y 7|
A VP22 Yo,
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Fig. 4-11 The line width of NiFe2-«GaxOs as a function of x
at 77K.
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Fig. 4-12 The line width of NiFez-xGaxOs as a function of x
at 300K.
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V.Zd &

€ dFedMe XM HH2HEJ}  Mossbauer HAYS o] &34
NiFez-xGaxOs ferritedls] ¢ 72 R 2714 Y& =Astadc. XA {4 2
HEJE ASTM cards} Hlmste] FZ2E AP P A u]q BAIglel spinel
T8 dd A%E sHA, ARREE x3to] F7HEo) w2 Aol E Holx] o}
¥& dgkeh. ol AL Fe o] &x2] 4l A-sites} B-siteo] tjx]¥ Gaol &9] o] &
W7ol Feel&2] o] w7 & atols} 98-S vehlz gl

EAule] @& Mossbauer 28 EYL A-site 9 B-sited] 28 peakr} =3
Hol vebskn xgtel Frltel gtet Fe o] 29 ool Feo}ba peake] 57t 2y
T & ¢ A9 NiFerxGaxOs ferrited ) A7 1ML L Gasl $5o] wap =7
WAl 4 ERAYE Jehde @ 4 Ad ojReT BY & oo XA
& AR A3t Ga ©] &L octahedral site $ tetrahedral siteol AHel e v g
E EAG o= ¥ site® AT G o2 $AHYL. £ xge] Zvbo
@& isomer shiftzgte 723 -0.146mm/sec~0.033mm/sec®] W9 o] = &
€ A22H Fet Fe 4eldg st} Isomer shiftztel A tetrahedral sites] Al
9 Z(-0.198mm/sec ~0.085mm/sec)°] octahedral sites]A 2] (-0.146mm/sec
~0.033mm/sec) L} #& AL Fe-0¥A A¥ A7} octahedral site] 2§72
7} 27] o Eo|r}.
quadrupole splitting gt-& xte} Frtel we} b Bas=sk Ao Wsis g
4, magnetic hyperfine splitting & Ga®l ¥XE7} 2713 ofa} 7} 43}
canted spin 7+ & &},

NiFez xGaxOs ferrited o] FHEFSF HFL x3to] Zrhgtel o} 2713
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