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Fig. 1. (a) Refined x-ray diffraction patterns and (b) refined neutron
diffraction patterns of Tiges® FegosQ, at room temperature. Open
circle represents the observed patterns; continuous lines represent
calculated and difference (obs-cal) patterns. Tick marks correspond to
the position of the allowed Bragg reflections.
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Fig. 2. Variation of lattice parameters for Ti. Fe,O; at room
temperature.

Table L Results of refinement parameters of x-ray diffraction on Ti;
SFe, O, at room temperature. {I4,/amd : Fe, Ti(4a: 0, 344, 1/8), O(8e:
0, /4, u)

“Fe Contents  ay (A) c (A) u (A) Ry (%)
x=00 37858 95170 (3.0828 2.78
x = 0.005 37867 95153 0.0824 221
x =001 3.7875 95163 0.0824 1.77
x=0.03 3.7888 9.5114 0.0826 1.57
x =005 3.7901 9.5072 0.0836 172
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Fig. 3. M-H loops of Tiy>"FeO; at room femperature.
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Fig. 4. Mossbauer spectra of Tigags™ FepgosO- at various temperatures.
Separation of the ferromagnetic phase (sextet) and the paramagnetic
phase (doublet) of the sample was characterized,
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Fig. 5. Mdssbauer spectra of Tiy Fe, O (a) at 295 K and (b) at 14 K.

Separation of the ferromagnetic phase (sextet) and the paramagnetic
phase (doublet) for the samples.

3+222}718}3) 2] Volume 13, Number 6, December 2003

001 °ol3}2 X3E ABEL BF IEA FHE(T7}
ARt} Fe 25 UE RYFT A3, x=001 Kot
X3gFo] We AL TFer Ti,Fe0, B2 ¢Hx e
A BEIE Z|delEE Ako] o]u] aEFAM Y HE] &
= A 2xdle= AL HodFEa ot Figure 5(b)= S'Fe
9] gek] wWE 14 KA Ti,,Fe,0,9] Mossbauer 2~
EYS B9Fy 9ok 2804 x=0.0025 AR A oF
70 %) AP A oF 30 %] ARl BAl EAIgS
HeFEal Qo). ol AdeellMe] e Kt ZAde] A
FHog Z7Ieke vy Fr} X33go] UE AIRER v}
A2 257} 24 wet JAE BApde] S1EE B
A3 QUh Aol 232 dlEe vl WIS v
S 7T JE x=0.03 ABE 14 KoA o e7fe] 39
F5AS 7R E RAOE Hol 14 K B} 18 254
1 Ede Fe] 257t EAES & 5 ok ARE x=
0.05 A189 A$ 14KolH 22} 23 W2 vl 39
9 B 7HAEL de AeE Hol o] 2RoME 2
AP EAEE BRI 4 Q). ke AEEel tigh
g2 A g A dell digt o] EA ofFA
(8), A7) AFEFAL EEAAE), 2P A7V H,y), 1=aL
AP G Aol tigh ARl WA EADHIE 52
HAALHE o)l gsle] A8, 1 B4 Z2AE Table I
o VERARITE T3 14 K&} 295 KolA A 859 TFeo]
3ol w2 AA) AHEH gk el Aol &
A HlE-& Fig. 6] YERASITE olw) BE Ti\ 'Fe,0, AR
o i3k o]AAA) olFX UL §=02~3.7 mm/s HE A
5o S Ze o= ulFolHol, o] AlFEA TFe
25 3+ AEY) o2 EAlghE & 4 ot ol=igt AH
E ol vSM A% A} viwsle] E o, YFert 2t
STV W g AP vlea) A IEHE 3 2

Wi

~ 80

T 2 60

[

& & sl

29 [

EE 40 -

= 50 30r fat14K
L E 20t

g ¢ ~
8| = 10r

S @ at RT
m:s 0F

0.00 002 004 006 0.08

Concentration of > Fe

Fig. 6. Relative ratio of ferromagnetic phase for Ti;"Fe®0, determined
by Mossbauer technique.
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Table IL. Results of Mossbauer spectra for Ti;,>'Fe,O, at room temperature. Magnetic hyperfine field (H),), quadrupole splitting (AEy), isomer

shifts (8) and absorption area (A)

sextet (ferromagnetic phase)
X

doublet (paramagnetic phase)

H;r (kOe) AE, (mm/s) 6 (mm/s) A (%) AE; (mm/s) 6 (mmy/s) A (%)
0.0025 51591 -0.346 0314 59.0 1.158 0.295 41.0
0.005 512.73 0.020 0.316 51.5 0.962 0.267 48.5
0.01 508.00 ~0.052 0.394 258 1.123 0232 74.2
0.03 - - - - 1.029 0.213 100
0.05 - - - - 1.050 0215 100
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Crystal Structure and Mossbauer Studies of >’Fe Doped TiO,
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Ti;"Fe,0, (0.0<x<0.07) compounds were fabricated using the sol-gel method, and the crystal structure and magnetic properties
were investigated as a function of doped *"Fe concentration. X-ray diffraction patterns showed a pure anatase single phase, without any
segregation of Fe into particulate. With varying *’Fe concentration, we could observe unusual magnetic phenomena in these materials.
Doping “’Fe into the TiO, nonmagnetic semiconductor formed magnetic properties, but the gradual increase of *’Fe concentration
decreased rapidly the ferromagnetic properties rather than enhanced the ferromagnetic properties. Obvious ferromagnetic behavior was
shown for the samples with x <0.01, while paramagnetic behavior was shown for the sample with x =0.03. These phenomena could
be verified using Mdssbauer measurement. Separation of the ferromagnetic phase (sextet) and the paramagnetic phase (doublet) of the
samples with different “’Fe concentration was characterized. Samples with x <0.01 have sextet and doublet simultaneously, but
samples with x =0.03 have only doublet at room temperature. This indicates that the sample x<0.01 have the ferromagnetic phase at
room temperature. This result corresponded with the M-H loops referenced above and reveals an interesting feature that there is a
critical limit of >’Fe concentration (0.01<x<0.03) to get ferromagnetic properties at room temperature. Also, the observed small
magnetic moment per Fe atom of x <0.01 samples was fundamentally attributable to the paramagnetic phase as well as the
ferromagnetic phase.

Key words : Diluted magnetic semiconductor, TiO,, M&ssbauer spectroscopy, sol-gel method, ferromagnetic, Anatase



