ARTICLE IN PRESS

Journal of Magnetism and Magnetic Materials 272–276 (2004) e1565–e1566

Coexistence of ferromagnetic and paramagnetic phases in
Ti0:995 57Fe0:005 O2
Hi Min Lee, Sam Jin Kim, In-Bo Shim, Chul Sung Kim*
Department of Physics, Kookmin University, Songbuk-gu, Seoul 136-702, South Korea

Abstract
Ti0:995 57 Fe0:005 O2 compounds were fabricated using the chemical solution method. Room temperature magnetic
hysteresis curve showed an obvious ferromagnetic behavior and the magnetic moment per Fe atom under the applied
.
ﬁeld of 1 T was estimated to be about 0.067 mB. Mossbauer
spectra of Ti0:995 57 Fe0:005 O2 showed that the ferromagnetic
and the paramagnetic phases coexisted in all temperature ranges (14–300 K). The observed small magnetic moment was
fundamentally attributable to paramagnetic phase as well as ferromagnetic phase.
r 2003 Elsevier B.V. All rights reserved.
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Diluted magnetic semiconductors (DMS) are materials
in which a host semiconductor is doped with magnetic
impurities, generally atoms of transition metals such as
manganese, iron, cobalt or chromium. There are considerable current interests in these materials because they
appear to have great potential for use in spin-polarized
electronics (spintronics) or in non-volatile computer
memory [1,2]. Especially, oxide-diluted magnetic semiconductors with room temperature ferromagnetism have
been extensively studied [3–5] and the origin of ferromagnetism in semiconductors—may be intrinsic properties or due to metal clusters—remains an issue of debate
[6,7]. Therefore, very careful studies are required to
examine the existence of possible metal clusters in the
sample. In this study, we have investigated magnetic
behavior of TiO2 with a minute amount of Fe and the
separated contributions of the ferromagnetic (FM) and
the paramagnetic (PM) phases to the magnetization.
Ti0:995 57 Fe0:005 O2 compound was fabricated using the
chemical solution method. Weighed amounts of titanium butoxide Ti[OCH(CH3)2]4 were dissolved in mixed
solvent [acetic acid:2methoxyethanol=1:3]. For doping
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.
Fe to facilitate Mossbauer
measurements, iron isotope
was dissolved in a diluted HNO3 ﬁrst and then the
proper amount of 57Fe was added into the titanium
solution. All reactions were carried out under dry
nitrogen in a glove box. The solution was reﬂuxed at
80 C for 48 h to allow the gel formation and then dried
at 200 C in a dry oven for 24 h. The dried powder was
grounded and annealed at 550 C for 2 h.
The crystal structure of Ti0:995 57 Fe0:005 O2 was examined
by X-ray diffractometer with CuKa radiation and neutron
dffractometer at Korea Atomic Energy Research Institute
Reactor HANARO HRPD (high resolution powder
(
diffractometer, l ¼ 1:8348 A).
In Fig. 1(a), we have
presented the observed and calculated peak proﬁle, and
Bragg position of a typical X-ray diffraction patterns for
Ti0:995 57 Fe0:005 O2 : The crystal structure of the sample at
room temperature is determined to be tetragonal structure
( and
of I41/amd with its lattice constants a0 ¼ 3:7867 A
( by Rietveld reﬁnement. The Bragg factor
c0 ¼ 9:5153 A
RB and RF were 2.20 and 2.17%, respectively. Fig. 1(b)
shows the result of neutron diffraction reﬁnement for
Ti0:995 57 Fe0:005 O2 at same temperature. The determined
Bragg factor RB and RF were 4.12 and 3.96%, respectively. The X-ray and neutron diffraction patterns for the
sample showed a pure anatase single phase, without any
segregation of Fe into particulates.
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