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ABSTRACT

In the present work, the self-assembly of Co?*" and Fe** doped SnO, nanoparticles (Co and Fe = 5 mol% each) into nanorods by
co-doping of Ce** (4 mol%) ions is studied. The nanorods are prepared by a chemical route using polyvinyl alcohol as
surfactant with the composition Sngg;C0g05Ceq.040, (SCC54) and SnggiFeq o5Ce.040, (SFC54). The X-ray diffraction (XRD),
transmission electron microscopy (TEM), magnetic and electrical measurements are used to characterize these nanorods. The
XRD pattern show the tetragonal rutile and polycrystalline nature of SnO, nanorods which is also confirmed by TEM. The
TEM images exhibit that the diameter of SCC54 nanorods lie in the range of 15-20 nm, length~100-200 nm whereas for SFC54
specimen, diameter ~5-15 nm and length ~50-100 nm. In our previous work, we fabricated Co and Fe (3 and 5 mol% each)
doped SnO, nanoparticles which exhibited high ferromagnetism. It is observed that on Ce** co-doping, nanoparticles assembled
themselves into rod like structures and the values of saturation magnetization and dielectric properties have further enhanced.
Thus the nature and the concentration of dopants are found to play crucial role in tuning the morphology, magnetic and
electrical properties of nanostructures. The values of saturated magnetization (Ms) are 1.14 and 0.14 emu/g and coercive field
are 112 and 42 Oe, in SCC54 and SFC54 specimen, respectively, at room temperature. The variation in dielectric behavior is
attributed due to the interface polarization. However, in lower frequency regime, the decreasing trend of dielectric permittivity
with increasing frequency is explained by the Maxwell-Wagner theory and Koops” model, whereas, in higher frequency region,
the resonant behavior is observed due to nano size effect. Copyright © 2012 VBRI Press.
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Introduction

Ferromagnetism of diluted magnetic semiconductors
(DMSs) produced is significantly increased due to their
potential technological applications in the field of
spintronics, nanoelectronics, nanophotonics,
magnetoelectronics, and microwave devices [1-4]. In
search of these type of materials with high ferromagnetic
Curie temperatures along with precise controllable spin
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properties, wide band gap oxide based DMSs such as TiO»,
Zn0O, Sn0,, and HfO, doped with transition metal (TM)
ions (Co, Mn, Ni, Fe, Cr, etc.) have attracted considerable
attention resulting from large sp-d exchange interaction
between the magnetic ions and the band electrons.

Among these oxides, SnO, is an important n-type
semiconductor with wide energy gap material (Eg= 3.62 eV
at 300 K) and presents special properties, such as
transparency or remarkable chemical and thermal
stabilities, with direct applications for photodetectors,
catalysts for oxidation and hydrogenation, solar cells,
semiconducting gas sensors, liquid crystal displays,
protective coatings, etc. [5]. Many works reported
ferromagnetic properties of TM-doped SnO, thin films and
nanoparticles. Ogale et al. [6] reported room-temperature
ferromagnetism in pulsed laser deposited SnO,: Co (5 and
27%) thin films. More recently, Fitzgerald et al. [7] found
ferromagnetism in Co-doped SnO, thin films for Co
contents ranging from 0.1 to 15%. On the other hand
ferromagnetism in SnggsFeo0s0, ceramic with magnetic
moment of 0.95 uB/Fe, about 85% of the iron being in a
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magnetically ordered high-spin Fe** and Curie temperature
of about 360 K were reported by Fitzgerald et al. [8] On
the other hand, Punnoose et al. [9] reported a paramagnetic
behavior in chemically synthesized powder sample
Sno.gsF€0.0s02 prepared above 6000 C and Adhikari et al.
[10] observed an antiferromagnetic behavior of 5% Fe-
doped SnO, nanoparticles synthesized by a chemical co-
precipitation method. Overall, the origin of ferromagnetism
in TM doped SnO, system is controversial and more
detailed investigations are required.

Nano metric size has great influence on the
performance of several material systems and may affect
various physical properties not only the host
semiconductors but also of the DMS materials derived
from them. For example, when the crystallite size of some
of the DMS materials is reduced to below 30 nm, they are
found to exhibit better ferromagnetic properties when
compared with those having microcrystalline particles
(>100 nm). Apart from this, nanocrystalline oxide DMS
materials may be exploited for a variety of applications
such as spintronics devices, biomedical applications,
magnetic storage devices, ferrofluids, etc. Therefore, it is
important to study the influence of nano metric size on
various physical properties of oxide based diluted magnetic
semiconductors. Among the oxide based DMS materials,
SnO2 exhibits remarkable behavior because of native
oxygen vacancies, high carrier density and transparency,
and high chemical and thermal stabilities.

A few studies [5,8,10] on nanocrystalline Co and Fe-
doped SnO, powders with conflicting results especially on
the existence of room temperature ferromagnetism were
reported. In view of this, it is clear that applying
appropriate growth conditions would be a crucial factor in
order to obtain the room temperature ferromagnetism.
Moreover, many research works have been reported on
dielectric properties of transition metal doped SnO,
nanostructures. The conduction mechanism in SnO2 has
been thoroughly studied by Ogawa et al. [11] using Hall
measurements. Several methods used by researchers to
prepare SnO2 DMS are chemical co-precipitation,
conventional ~mixed oxide, sol-gel, hydrothermal
processing etc [12]. Therefore, effort has been made by the
authors in the present investigation to test whether the
room temperature ferromagnetism is possible with

Co and Fe-doped and Ce co-doped SnO, nanorods.
Moreover, the structural, microstructural and electrical
properties and the co-doping of Ce®* ions in the fabrication
of nanorods have also been studied.

Experimental

SCC54 and SFC54 nanorods were prepared by a chemical
route using PVA as surfactant. The precursor solutions
were prepared from stannic chloride pentahydrate
(SnCl4.5H,0), ferric chloride (FeCls), cobalt chloride
(CoCl,.6H,0) and cerium chloride (CeCl3.7H,O) The
detailed experimental procedure is presented elsewhere
[13].The crystalline structure was analyzed by X-ray
diffraction (XRD) wusing X-Pert PRO system and
microstructure by transmission electron microscopes
(TEM) of Hitachi H-7500. The magnetic measurements
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were performed at room temperature using a vibrating
sample magnetometer (VSM-735), and the electrical
measurements were performed at room temperature using
an impedance analyzer (4200 semiconductor character unit,
CVU module). For electrical measurements, the annealed
powder was pressed into pellets of thickness ~ 0.5 mm by
cold isotatic pressing method with a pressure of 5 bar for 5
min and then sintered.

Results and discussion

Fig. 1 shows the XRD patterns of SCC54 and SFC54
nanorods annealed at 700 °C/2h. All the diffraction peaks
can be well indexed to the tetragonal rutile structure of
parent SnO2, which belong to the space group of P4,/mnm
and shows that on doping with Co, Fe and co-doping with
Ce, a similar pattern is observed, without any extra
diffraction peaks from Co, Fe, Ce or other impurities.

The surface morphology by TEM images of SCC54
and SFC54 nanorods is illustrated in Fig. 2. It shows the
crystalline and nano behavior of each specimen. The
diameter of the SCC54 nanorods lies in the range of 15-20
nm and length of 150-200 nm whereas SFC54 consist of
two morphologies, nanospheres and nanorods (average
grains size 11 nm); nanorods of diameter is 5-15 nm and
length 50-100 nm. A proposed growth mechanism of
cerium co-doped SnO, nanorods can be explained in terms
of chemical reactions and crystal growth. From the
crystallization point of view, the synthesis of an oxide
during an aqueous solution reaction is expected to
experience nucleation-growth process [5].
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Fig 1. XRD pattern SCC54 and SFC54 nanorods.
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Fig. 3 shows the room temperature ferromagnetism of
both SCC54 and SFC54 specimens. The values of saturated
magnetization (Ms) are 1.14 and 0.14 emu/g and coercive
field are 112 and 42 Oe, respectively, observed in SCC54
and SFC54 specimens.The inset of Fig. 3 shows the
variation of dielectric constant (¢) and loss (tand) with
frequency at room temperature. The & decreases rapidly in
lower frequency regime because of space charge

contribution. However, in frequency range from 100 kHz -
7 MHz in SCC54 and from 100 kHz - 9 MHz in SFC54,
shows dispersionless dielectric response. A rapid change in
¢ at higher frequency occurs due to resonance effect. At
1MHz, the values of ¢ are 39 and 28, respectively, for
SCC54 and SFC54 specimens.

Fig. 2. TEM images.

As shown in Fig. 3, the observed dielectric behaviour is
frequency dependent which can also be explained on the
basis of Maxwell-Wagner model [3]. According to this
model, a dielectric medium is assumed to be made of well
conducting grains which are separated by poorly conducting
(or resistive) grain boundaries. Under the application of
external electric field, the charge carriers can easily migrate
into the grains but are accumulated on the grain boundaries.
This process can produce large polarization and high
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dielectric constant. The small conductivity of grain
boundary contributes to the high value of dielectric constant
at low frequency. The higher value of dielectric constant
can also be explained on the basis of interfacial/space
charge polarization due to inhomogeneous dielectric
structure. The inhomogeneity present in the system may be
due to porosity or grain structure. The polarization
decreases with the increase in frequency and then reaches a
constant value which is due to the fact that beyond a certain
frequency of external field the hopping between different
metal ions (Sn**, Co?* or Fe** and Ce®*") cannot follow the
alternating field. It has also been observed that the value of
dielectric constant has been increased with the
incorporation of dopants [13]. It may be due to the high
dielectric polarizability of cobalt and iron ions and very
high polarizability of cerium ions as compared to tin.
Hence, as the dopant concentration increases more tin ions
will be substituted by the dopant ions and thereby,
increasing the dielectric polarization, which in turn
increases the dielectric constant.
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Fig. 3. M-H hysteresis and inset shows dielectric constant and loss
variation with frequency.

Loss tangent or loss factor (tand) represents the energy
dissipation in the dielectric system. The loss factor of
SCC54 and SFC54 nanostructures decreases in the
frequency range up to 10 kHz (Fig. 3 inset) and it increases
at the frequencies above 10 kHz, and reaches the maximum
values at a frequency of 10 MHz. According to Koops’
model [4], the decrease of the tand is explained by the fact
that at lower frequencies, where the resistivity is high and
the grain boundary effect is dominant, thus more energy is
required for the exchange of electrons between the metal
ions and dopant ions located at grain boundaries, i.e. energy
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loss (tand) is high whereas, at high frequencies, the
resistivity is comparatively lower and grains themselves
play a dominant role, thus very small amount of energy is
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