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Mn doped ZnO nano-crystallites were synthesized by state of the art sol-gel derived autocombustion technique. As-burnt powder was investigated with different characterization
techniques to explore the properties of Mn doped ZnO dilute magnetic semiconductor. Xray diffraction measurements indicate that Mn doped ZnO retain wurtzite type hexagonal
crystal structure like ZnO. Compositional and morphological studies were carried out by
energy dispersive X-ray analysis and scanning electron microscopy, respectively. Temperature dependent resistivity of the sample exhibited the semiconducting behavior of the DMS
material. Room temperature magnetic properties determined by vibrating sample magnetometer, revealed the presence of ferromagnetic and diamagnetic contributions in Mn doped
ZnO.
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sol-gel derived Zn1−x Mnx O samples sintered in nitrogen
atmosphere at 900 ◦ C [11]. Sharma et al. investigated
room temperature ferromagnetism in low temperature
processed bulk and thin films of Mn-doped ZnO [12].
Recently, Chen et al. have studied the effect of sintering temperature on the magnetic properties of Mndoped ZnO [13]. Sharma et al. observed ferromagnetic
interaction in the samples sintered below 700 ◦ C in Ar
atmosphere and found that ferromagnetic behavior disappeared when samples were sintered in air [14].
Room temperature ferromagnetism in DMS materials has immense significance from the application point
of view. It is observed that magnetic behavior in
Mn doped ZnO is strongly dependent on the modes
of preparation conditions. The sol-gel derived autocombustion technique is a simple, fast, and reliable
method with many other unique synthesis advantages.
During the reaction, gel is prepared and subsequently,
an auto-combustive self-propagation reaction ensures
crystallization and oxide formation, producing the required phases in a short period of time [3, 15].
In this work, nanocrystallites of Mn doped ZnO have
been synthesized using sol-gel derived auto combustion
technique. This method is believed to be fruitfully
flexible in achieving a homogeneous single-phase material. Structural, morphological, electrical, and magnetic
properties of the sol-gel synthesized DMS material have
been explored.

I. INTRODUCTION

Partial substitution of magnetic ions in non magnetic semiconductors produce diluted magnetic semiconductors (DMSs) [1, 2]. ZnO is a direct bandgap (Eg =3.37 eV) semiconductor with a wurtzite type
hexagonal crystal structure. ZnO-based transition metals doped DMS materials have successfully been synthesized by some research groups [3, 4]. Ferromagnetic
properties of Mn doped ZnO in bulk and thin film forms
have recently been investigated [5, 6]. Zn1−x Mnx O
(x=0.1 and 0.3) thin films grown on Al2 O3 substrates
by laser molecular beam epitaxy (MBE) have been reported to show a Tc value in the 30–40 K range [7],
whereas films of similar compositions have also been reported to exhibit spin-glass behavior with a strong antiferromagnetic exchange coupling by Fukumura et al.
[8]. Kim et al. observed Curie temperature TC ≈39 K
in Zn0.8 Mn0.2 O films synthesized by sol gel method [9].
Similarly, interesting results have also been reported on
bulk samples. For example, Han et al. reported a ferrimagnetic phase transition in the case of Zn0.95 Mn0.05 O
sample processed at 1170 K attributed to the presence
of the impurity spinel phase (Mn, Zn) Mn2 O4 in the system [10]. Similar results were obtained by Li et al. in
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FIG. 2 EDX spectrum of Zn0.95 Mn0.05 O.
FIG. 1 XRD spectrum of Zn0.95 Mn0.05 O.

II. EXPERIMENTS

For the preparation of Zn0.95 Mn0.05 O, appropriate
molar ratios of Zn nitrate (Zn(NO3 )2 ·6H2 O), Mn nitrate (Mn(NO3 )2 ·6H2 O), and citric acid (C6 H8 O7 ) were
dissolved in 100 mL distilled water. All the chemicals
had contents of analytical grade purity. Metal nitrates
(MN) to citric acid (CA), with a molar ratio of 1:1,
were taken. Initial pH of the solution was observed between 2.5 and 3.5, which was kept at 7 by adding proper
amount of liquid ammonia NH3 . The solution was dried
at 150 ◦ C under constant stirring to obtain xerogel. The
temperature was increased to 250 ◦ C after attaining the
xerogel and this gel was converted into powder by a self
combustive exothermic reaction.
The resulting as-synthesized powder was characterized by X-ray diffraction (XRD) using a Panalytical
X’Pert Pro multipurpose diffractometer (MPD) for the
crystallographic measurements. The X-ray diffractometer was operated at 40 kV and 40 mA with Cu Kα
radiation (λ=1.540598 Å). Energy dispersive X-ray
(EDX) analysis has been carried out by an S-3700N (Hitachi, Japan) and scanning electron microscopy (SEM)
for compositional and micro-structural studies, respectively. JEOL SEM has been used in its secondary electron image (SEI) mode operated at 5 kV to avoid any
charging effect on the surface. Some amount of the powder was pelletized to measure the temperature dependent resistivity measurements for electrical properties.
The magnetic properties of the powder sample were performed by vibrating sample magnetometry (VSM) by
Lakeshore-7404.

III. RESULTS AND DISCUSSION

There is usually no disturbance in the wurtzite type
hexagonal structure of ZnO, when it is doped with small
amounts of impurity elements [16]. The XRD pattern
(Fig.1) also shows that Mn substitution does not disturb the hexagonal wurtzite type crystal structure of
DOI:10.1088/1674-0068/23/04/469-472

the host ZnO. Mn doping into ZnO matrix is evident
from the peak broadening to a considerable extent. In
general, the sample was observed to have a pure single phase characteristic wurtzite type hexagonal structure of the ZnO based diluted magnetic semiconductor.
The lattice parameters a and c of the rather complex
wurtzite structure were determined using “CELL”. The
calculated values of a and c were 3.2471 and 5.2011 Å,
respectively. The estimated crystallite size was calculated by considering the most intense diffraction peak
(101) in the pattern using well known Scherrer formula
[3],
Dhkl =

kλ
∆θcosθ

(1)

where θ is Bragg’s angle in degree, Dhkl denotes the
average crystallite diameter, k is a constant (k=0.94),
λ depicts the wavelength of 0.154 nm of the Cu Kα
radiation and ∆θ the half maximum line width in radians. The crystallite size of the sample was evaluated
approximately as 37 nm.
EDX analysis performed for the composition confirmation showed that the stoichiometric amounts of Zn,
Mn, and O elements were present in the as-synthesized
Zn0.95 Mn0.05 O sample, as shown in Fig.2. The EDX
pattern confirmed the incorporation of Mn in the ZnO
structure and the percentage was very nearly equal to
the nominal value of Mn in ZnO. This revealed the
phase purity of the sample, however, traces of small
percentage of carbon were also observed and can be attributed to the sample stub.
JEOL SEM was used to study the morphology of the
powder sample. Figure 3 shows the SEM micrograph of
the ZnMnO sample. One can see a good proportion of
the grains having small grain size. Whereas, very large
agglomerates are also present that can be collimated up
to a lesser extent. The grains have well-defined shapes
and edges. The SEM image usually gives the grain size
while the XRD measurements provide an estimate of the
size of crystallites. It is very difficult to correlate both
the results exactly because the crystallite size is hard to
deduce from the SEM image. High quality crystallinity
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FIG. 3 SEM micrograph of Zn0.95 Mn0.05 O.
FIG. 5 Field dependent magnetization of Zn0.95 Mn0.05 O.

FIG. 4 Temperature-dependent DC electrical resistivity of
Zn0.95 Mn0.05 O.

and uniformity may not be seen from the SEM image,
however phase purity of the sample can be deduced from
the compositional analysis carried out by EDX analysis.
The temperature-dependent DC electrical resistivity of
the Zn0.95 Mn0.05 O sample was evaluated by using a two
point probe set up. Temperature-dependent volume resistance Rv of the sample was measured and the corresponding values of resistivity were calculated using the
relation [17],
ρv =

Rv A
L

(2)

where, ρv is volume resistivity, Rv is the measured volume resistance, A is the total area of the sample and L is
the thickness of the pellet. The values of temperaturedependent DC electrical resistivity evaluated for the
sample is shown in Fig.4. The overall trend observed in
the sample was that the value of DC electrical resistivity decreased with the increase of temperature, confirming the semiconductor behavior of the prepared diluted
magnetic semiconductor.
Magnetic hysteresis (M-H) loop of the sample was
obtained up to magnetic field range ±15 kOe at room
temperature as the result is depicted in Fig.5, indicating
ferromagnetic behavior. Origin of magnetism in DMS
materials has remained in controversy since long. According to RKKY theory, the ferromagnetic behavior
in DMS material arises as a result of the exchange interaction between local spin-polarized electrons (such
DOI:10.1088/1674-0068/23/04/469-472

as the electrons of Mn2+ ) and conductive electrons [14,
18]. The saturation magnetization obtained from M-H
curve was observed as 11×10−4 emu/g. Sharma et al.
reported that the lower values of saturation magnetization might be due to the smaller sizes of crystallites in
the samples [14]. Kim et. al. reported very high coercivity values of ZnMnO [9]. Similar behavior can be
seen in our results. Magnetic behavior of the same material might be rather different when it was investigated
in powder, bulk or thin film forms. This effect arises due
to the dependence of magnetic behavior on the structural arrangement. When the material is investigated
in powder form, the surface of every particle behaves
independently and is influenced strongly by the other
neighboring particles. Consequently, the disturbance in
magnetic interactions can be observed due to this surface and inter-particle boundary connections. The parent ZnO material contains diamagnetic behavior and
Mn only partially substitutes the ZnO sites in case
of DMS materials, therefore, Mn doped ZnO indicates
magnetic behavior with ferromagnetic and diamagnetic
contributions at room temperature. The diamagnetic
contributions were observed in the sample, especially
at higher applied fields, and also be attributed by the
sample holder [19] and parent ZnO material. These
diamagnetic contributions cause the decrease in magnetization in our sample in the field range of 5–15 kOe,
revealing the field opposing behavior.

IV. CONCLUSION

Sol-gel synthesized Zn0.95 Mn0.05 O sample was characterized by XRD, EDX, SEM, temperature dependent
resistivity, and VSM for the study of structural, compositional, morphological, electrical and magnetic properties, respectively. XRD pattern of Zn0.95 Mn0.05 O with
broadened peaks due to Mn substitution indicates the
wurtzite type hexagonal structure like ZnO. No second
or impurity phase was detected. EDX analysis confirmed the compositional purity of the elements contained in the sample. Phase pure morphology of the
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sample was demonstrated by the SEM micrographs.
Characteristic semiconducting behavior of the sample
was revealed by the temperature dependent resistivity
measurements. Net influx of diamagnetic and ferromagnetic contributions was observed. In general, room
temperature ferromagnetic behavior was successfully
achieved in sol-gel synthesized Mn doped ZnO material.
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