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Dielectric properties of Mn doped ZnO
nanostructures

S. Ajin Sundar, N. Joseph John

Abstract— Zinc oxide and Mn doped zinc oxide nanoparticles
were synthesized by wet chemical technique using zinc acetate
dehydrate as a precursor. Highly stable pure and 0.2, 0.4, 0.6,
0.8, 1.0 and 5.0 weight percentage Mn doped ZnO nanoparticles
have been prepared at room temperature. The detailed
structural properties were examined using X-ray diffraction
pattern (XRD) which revealed that the synthesized nano
particles are well crystalline and possessing wurtzite hexagonal
phase. The dielectric studies were carried out. The present study
indicates that the polarization mechanism in the nano particles
considered is mainly contributed by space charge polarization.
It can be understood that the space charge contribution plays an
important role in the charge transport and polarizability in all
the systems considered in the present study. The dielectric
constant, dielectric loss, AC conductivity and DC conductivity
increases with increase in temperature.

Index Terms— AC conductivity, DC conductivity, dielectric
constant, dielectric loss, Nanoparticles, X-ray techniques.

I. INTRODUCTION

Zinc oxide (ZnO) is a wide band gap semiconductor with
wurtzite structure. The physical and chemical properties of
nano scale particles are different when compared with the
bulk materials. Nano powders contolled to nanocrystalline
size can show atom like behavior which results from higher
surface energy. It is due to the large surface area and wider
band gap between the conduction and valence band [1]. Itis
an n-type direct band gap group I1I-VI semiconductor
material, has received a great deal of attention for its use in
various fields . Due to its high optoelectronic efficiencies
relative to the indirect band gap group IV crystals, its wide
band gap (3.37 eV), high exciton binding energy (E60 meV),
and high dielectric constant, ZnO is considered as an
important material for variety of applications in the visible
and near ultraviolet regions [2, 3]. Nanometer-size zinc oxide
has many new exciting properties and wide technological
applications such as photocatalysis, chemical remediation,
photoinitiation of polymerization reactions, quantum dot
devices, solar energy conversion, biochemical sensors,
chemical electrode, cosmetics, and pigments [4-13].
Furthermore, ZnO nanoparticles also have good
biocompatibility to human cells [14] and their antibacterial
and antifungal activities have been already demonstrated [15,
16]. ZnO has exhibited various kinds of nanostructures
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including nanoneedles, nanobelts, nanoflowers, nanorods,
nanobows, nanonails, nanoparticles, and nanowires [17].

There are several solution based routes are available for the
preparation of ZnO nanoparticles such as solvothermal,
hydrothermal, sol-gel, micro-emulsion, vapour phase
..transport process, precipitation, RF magnetron sputtering,
etc.In the present work,an attempt has been made to synthesis
ZnO and Mn-doped ZnO nanoparticles by wet chemical
method. Zinc oxide due to its versatility and
multifunctionality creates attention in the research field
related to its applications. A wide number of synthesis
techniques also been developed by which ZnO can be grown
in different nanoscale forms and thereby different novel
nanostructures can be fabricated with different shapes ranging
from nanowires to nanobelts and even nanosprings. Many fine
optical devices can be fabricated based on the free-exciton
binding energy in ZnO that is 60 meV because large exciton
binding energy makes ZnO eligible to persist at room
temperature and higher too. Since ZnO crystals and thin films
exhibit second- and third-order non-linear optical behaviour,
it can be used for non-linear optical devices. Third-order
non-linear response has recently been observed in ZnO nano
crystalline films which make it suitable for integrated
non-linear optical devices. Generally, the advantage of tuning
the physical property of these oxides like zinc oxide becomes
the root cause for the synthesis of smart application device.
The electrical, optical, magnetic, and chemical properties can
be very well tuned by making permutation and combination of
the two basic structural characteristics they possess these
cations with mixed valence states, and anions with
deficiencies(vacancies). Thus, making them suitable for
several application fields such as semiconductor,
superconductor, ferroelectrics, and magnetic. DSSCs is an
optoelectronics device that converts light to electrical energy
via charge separation in sensitizer dyes absorbed on a wide
band gap semiconductor, which is different to conventional
cells. One important difference between conventional and dry
sensitized solar cell is that they are epitomized by silicon p-n
junction solar cells. The demand for zinc oxide based
dye-sensitized solar cell is due to its low fabrication cost.

Il. MATERIALS AND METHODS

Analytical reagent (AR) grade samples of Zinc acetate
dehydrate, Sodium hydroxide, and sodium dodecyl sulphate
(purchased from Merck, India) along with double distilled
water were used for the synthesis of pure ZnO. Manganese
chloride (MnCly) in seven different weight percentages viz
0.0,0.2,0.4,0.6, 0.8,1.0 and 5.0 were dissolved in double
distilled water under vigorous stirring till the solution
becomes homogeneous. Then zinc acetate dehydrate was
added to the solution under stirring, along with it NaOH and
Sodium Dodecyl Sulphate were added till pH value reaches
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12 and the solution was kept for drying in a hot air oven and
heated at 160 °C for overnight. The material was taken and
grinded using a mortar and pestle and thus obtained powder
was washed several times using ethanol and deionized water.
The purpose of washing the product with ethnol was to
remove the unwanted salt and impurities. The product was
dried at 60°C for two days and obtained product was kept
for calcinations at 500°C for four hours.

The crystal structure and phase impurity were analysed
using XRD measurements with standard X-ray
diffractometer (XPERT-PRO, wavelength 0.154nm). The
average crystallite size was determined from XRD peaks
using Scherer’s formula.The composition of the samples
was determined by energy dispersive X-ray spectroscopy
using scanning microscope.

The prepared nanocrystals were palletized using a
hydraulic press (with a pressure of about 5 tons) and used for
the AC electrical measurements. The flat surfaces of the
cylindrical pellets were coated with good quality graphite to
obtain a good conductive surface layer. Using a traveling
microscope the dimensions of the pellets were measured.
The capacitance (Cc ) and the dielectric loss factor (tan J)
were measured using the conventional parallel plate
capacitor method [18-25] using an LCR meter (APLAB
4912) for all the samples with two frequencies 100 Hz and
1 kHz at various temperatures ranging from 30 - 150°C. The
observations were made while cooling the sample. The
temperature was controlled to an accuracy of £ 1°C. Air
capacitance (C,) was also measured for the thickness equal
to that of the pellet. The area of the pellet in contact with the
electrode is same as that of the electrode. The air
capacitance was measured only at room temperature
because the variation of air capacitance with temperature
was found to be negligible. The dielectric constant of the
pellet sample was calculated using the relation,

& =C./C,

The AC electrical conductivity (o,c) was calculated using the
relation,

Gac = €0 & O tan d.

Here, &, is the permittivity of free space (8.85 x 10-12 C* N
m?) and o is the angular frequency (o= 2xf, where f is the
frequency).

I1l. RESULTS AND DISCUSSION

Figure 1 shows the representative XRD pattern of ZnO
nanoparticles before and after Mn doping. The eight major
peaks were seen at 31.7, 34.6, 36.2, 47.6, 56.5, 62.9, 68.0 and
69.8 which can be assigned to diffraction from (100), (002),
(101), (102), (110), (103), (112) and (201) planes
respectively. The sharp intense peaks of ZnO confirm the
good crystalline nature of ZnO and diffraction peak can be
indented to a hexagonal wurtize structured zinc oxide. All
these data are in agreement with JCPDS files. There is no
indication of any secondary phase or clusters confirming that
the samples are only one single phase.
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Fig: 1 XRD Spectra for [a] ZnO, [b] 0.2 wt % Mn-ZnO, [c]
0.4 wt% Mn-ZnO, [d] 0.6 wt% Mn-ZnO, [e] 0.8 wit%
Mn-ZnO, [f] 1.0 wt% Mn-Zn0O, [g] 5.0 wt% Mn-ZnO.

The XRD result also indicate that Mn ions systematically
substituted for the Zn ions in the sample without changing the
wurtizite structure. The most intense diffraction peak (101) is
clearly evident with a slight shift into low angular scale where
as the corresponding intensity decreases compared with
undoped ZnO. Furthermore the intensity of the diffraction
peaks decreases and the width broadens due to the formation
of smaller grain diameter as a result of an increase disorder of
Mn doping. The average crystalline size obtained from XRD
studies were given in Table 1.

Table 1. XRD Average crystallite size.

Sample Average
crystallite size(nm)
Zinc Oxide 40.587
0.2 wt % Mn-ZnO 36.119
0.4 wt % Mn-ZnO 48.510
0.6 wt % Mn-ZnO 57.028
0.8 wt % Mn-ZnO 48.961
1.0 wt % Mn-ZnO 33.182
5.0 wt % Mn-ZnO 43.877

The dielectric parameters viz. g, tan 6 and o, and oy
observed are shown in Figures 2-5. All the parameters
increase with increase in temperature. The dielectric constant
is attributed to four types of polarization which are space
charge, dipolar, ionic and electronic [26].

6.4

Pure ZnO
—®— ZnO + 0.2 wt% Mn
ZnO + 0.4 wt% Mn
—w%— ZnO + 0.6 wt% Mn
ZnO + 0.8 wt% Mn

5.6 4

—4— ZnO + 1 wt% Mn
—»— ZnO + 5 wt% Mn

4.8 4

4.0 4

3.2

T T T
20 40 60 80 100 120 140 160

Temperature

WWW.ijeas.org



International Journal of Engineering and Applied Sciences (IJEAS)

7.5+

7.04

6.5 o

6.0 4

5.5

5.0 4

4.5+

4.0

3.5+

3.04

Pure ZnO
—8—7n0 + 0.2 wt% Mn
ZnO + 0.4 wt% Mn
—w%—ZnO + 0.6 wt% Mn
ZnO + 0.8 wt% Mn
—<4—ZnO + 1 wt% Mn
—»—ZnO + 5 wt% Mn

Fig 2: Variation of dielectric constant with temperature (a)

T T T T T T
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Temperature

at 100 Hz (b) 1KHz

0.45

0.40 4

0.35 4

0.30

0.25 4

0.20

0.154

0.10 4

0.05 4

0.00

Pure ZnO
—e—7Zn0 + 0.2 wt% Mn
ZnO + 0.4 wt% Mn
—%—Zn0 + 0.6 wt% Mn
ZnO + 0.8 wt% Mn
—<4—2Zn0O + 1 wt% Mn
—»—2Zn0O + 5 wt% Mn

0.35

T T T T T T
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Temperature

0.30

0.25 4

0.20 4

0.15 o

0.10 4

0.05

Pure ZnO
——ZnO + 0.2 wt% Mn

ZnO + 0.4 wt% Mn
—w%— ZnO + 0.6 wt% Mn

ZnO + 0.8 wt% Mn
—4—ZnO + 1 wt% Mn
—»— ZnO + 5 wt% Mn

20 30 40 50 60 70 BO 90 100 110 120 130 140 150 160

Temperature

Fig 3: Variation of dielectric loss with temperature (a) at
100 Hz (b) 1KHz
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Fig 4: Variation of AC conductivity with temperature (a) at
100 Hz (b) 1KHz
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Fig 5: Variation of DC conductivity with temperature

At lower frequencies at which all four types of
polarizations contribute, the rapid increase in dielectric
constant is mainly due to space charge and dielectric
polarizations, which are strongly  temperature
dependent[26,27].

In the case of space charge polarization which is due to the
accumulation of charges at the grain boundary, an increase in
polarization results as more and more charges accumulate at
the grain boundary with the increase in temperature. Beyond a
certain temperature, the charges acquire adequate thermal
energy to overcome the resistive barrier at the grain boundary
and conduction takes place resulting in decreasing of
polarization. This interfacial polarization occurs up to
frequency at 1 kHz with possibly some contribution from the
dipolar polarization also as the temperature increases. The
grain size observed for the two systems considered in the
present study are less than 58 nm. So it can be understood that
the polarization mechanism is mainly contributed by the space
charge polarization. Nanoparticles lie between the infinite
solid state and molecules. The electrical resistivity of
nanocrystalline material is higher than that of both
conventional coarse grained polycrystalline materials alloys.
The magnitude of electrical resistivity and hence the
conductivity in composites can be changed by altering the size
of the electrically conducting component. The o, Vvalues
observed in the present study are very small. When the grain
size is smaller than the electron mean free path, grain
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boundary scattering dominates and hence electrical resistivity
is increased. Thus the space charge contribution plays an
important role in the charge transport process and
polarizability in the case of all the systems considered in the
present study.

IV. CONCLUSION

Pure ZnO and the transition metal manganese doped at
various weight percentage were successfully synthesized by
using zinc acetate dihydrate as a precursor using wet chemical
technique. The prepared nanoparticles were characterized by
XRD. The XRD measurement suggests that Mn atoms
substitute Zn sites without changing the hexagonal wurtize
structure. The dielectric parameters increase with increase in
temperature. The results obtained indicate that the space
charge contribution plays an important role in the charge
transport process and polarizability.
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