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Electronic and Magnetic Properties of Ti1−xMxO2−δ (M=Co and Fe)
Thin Films Grown by Sol-gel Method
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Electronic and magnetic properties of Ti1−xMxO2−δ (M=Co and Fe) thin films grown by sol-gel method have
been investigated. Anatase and rutile Ti1−xCoxO2−δ films were successfully grown on Al2O3 (0001) substrates and
exhibited p-type electrical conductivity while the undoped films n-type conductivity. Room temperature vibrat-
ing sample magnetometry measurements on the anatase and rutile Ti1−xCoxO2−δ films with same x (=4.8 at.%)
showed quite similar magnetic hysteresis curves with the saturation magnetic moment of ~4 µB per Co ion
despite their differences in structural and electronic properties. Such giant magnetic moment is attributable to
the unquenched orbital moment of the Co2+ ions substituting the octahedral Ti4+ sites. Similar ferromagnetic
behavior was observed for Ti1−xFexO2−δ films that are highly resistive compared to the Co doped samples. Satu-
ration magnetic moment was found to decrease for higher x, i.e., ~2 and ~1.5 µB per Fe ion for x=2.4 and
5.8 at.%, respectively. Conversion electron Mössbauer spectroscopy measurements predicted the coexistence of
Fe2+ and Fe3+ ions at the octahedral sites of Ti1−xFexO2−δ.
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1. Introduction

Semiconducting oxides have been under considerable
attention recently due to room temperature ferromagnetic
properties achieved by doping 3d transition metal elements.
These ferromagnetic oxides have been found to exhibit
higher Curie temperatures (TC) compared to those obtained
from existing non-oxide semiconductors such as GaAs.

Since the first discovery of ferromagnetism at room
temperature in Co doped anatase TiO2 [1], numerous ex-
perimental and theoretical investigations have been per-
formed on structural, electronic, and magnetic properties
of it along with other transition metal doped TiO2.
Recently, Fe and V doped TiO2 has also been found to
exhibit similar magnetic properties as in Co doped TiO2

[2, 3].
Despite the remarkable attention on such magnetic oxides,

the results reported by different research groups have

frequently been controversial on the origin of the exhibited
ferromagnetic properties. Such transition metal doped
semiconductors become true diluted magnetic semicon-
ductor (DMS) if the observed magnetization is induced
from the interaction of the magnetic dopant with itinerant
carriers.

In the present work, structural, electronic, and magnetic
properties of TiO2−δ thin films doped by Co and Fe have
been investigated by X-ray diffraction (XRD), vibrating
sample magnetometry (VSM), conversion electron Mössbauer
spectroscopy (CEMS), and Hall effect measurements.
Large magnetic moments were observed from the present
Co and Fe doped rutile and anatase TiO2−δ films. The
origin of their ferromagnetic properties is discussed.

2. Experimental

Anatase and rutile TiO2 thin films were deposited on
Al2O3 (0001) substrates by a sol-gel method employing
spin-coating process. The precursor solution was prepared*Tel: (02) 447-2694, E-mail: kjkim@konkuk.ac.kr




