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Abstract

Magnetic and electronic properties of Fe-doped anatase TiO2�

vibrating-sample magnetometry (VSM), conversion electron Mös
ents revealed that the anatase Ti1�xFexO2�d films exhibit fer

ectra revealed that Fe2+ and Fe3+ ions coexist, substitu

2�d films exhibited p-type character but the observed room

ntration.
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uction

the first discovery of ferromagnetism at room
ure in Co-doped anatase TiO2 [1], numerous
ntal and theoretical investigations have been
d on magnetic properties and the related structur-
electronic properties of transition-metal-doped
cently, V-, Cr-, Fe-, and Ni-doped TiO2 have
n found to exhibit ferromagnetism at room
ure [2–5]. However, the magnetic origin of the
perature ferromagnetism in these oxides has not
rly understood at the moment.
present work, magnetic and electronic properties
ed TiO2�d thin films doped by Fe have been
ted by X-ray diffraction (XRD), vibrating sample
etry (VSM), conversion electron Mössbauer

opy (CEMS), and Hall effect measurements.
agnetic moment was observed by VSM at room
ure from the present anatase Ti1�xFexO2�d films.
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hin films grown by a sol–gel method have been investigated by

uer spectroscopy (CEMS), and Hall effect measurements. VSM

romagnetic behavior at room temperature for a certain range of x.

ting the octahedral Ti4+ sites. By appropriate Fe doping, the

-temperature ferromagnetism turned out to be independent of the
CEMS measurements also revealed the presence of
ferromagnetism in the films. The origin of the observed
ferromagnetic properties is discussed.

2. Experimental

Anatase Ti1�xFexO2�d thin films were deposited on
Al2O3(0 0 0 1) substrates by a sol–gel method employing
spin-coating process. The precursor solution was prepared
by dissolving Ti[O(CH2)3CH3]4 and Fe(NO3)3 � 9H2O
together into 2-methoxyethanol. The substrates were
spin-coated by the precursor solution with 3000 rpm for
20 s to make precursor films that were then pre-heated in
the air at 300 1C for 5min in order to remove the organic
substance. This process was repeated for increasing the film
thickness. After the spin-coating process, the precursor
films were annealed at 600 1C for 4 h in an evacuated
chamber with a pressure of about 10�3 Torr. Such oxygen-
deficient annealing has been proven to be efficient for
creating oxygen vacancies, leading to an increase of the
electrical conductivity of the films.
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