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Crystalline manganese dioxide (MnO3) was prepared by microwave assisted solution method using so-
dium hydroxide as an agent. Electric conductivity, electric modulus and dielectric properties of MnOz na-
noparticles were analyzed by AC Impedance spectroscopy in the frequency range 1 to 8 MHz and tempera-
ture range in-between 273 K to 423 K. Conductivity of MnOz increases with increasing frequency. Temper-
ature dependence of the nanoparticle conductivity was found to obey the Arrhenius plot, activation energy
is — 0.088 eV. The maximum conductivity is found to be 311.79 S/cm at a particular temperature of 298 K.
The conformed non-Debye type behavior in the MnO: materials is analyzed through modulus analysis and
dielectric spectra. The modulus and dielectric spectra confirmed the relaxation process. Dielectric constant
and dielectric loss were found from the dielectric spectral analysis. The dielectric constant was constant at
high frequency region and varied at low frequency region. The dielectric constant is found to be — 1211 at a
particular temperature of 298 K in very low frequency region. The dielectric loss also was constant at high
frequencies in all temperature conditions and varied at low frequency region. Structure of MnO2 nanopar-
ticles has been analyzed by powder X-ray diffraction method. The powder XRD results revealed that the
prepared nanoparticles sample was crystalline with a tetragonal phase. Average crystallite size is found to

be around 20 nm using Scherrer formula.
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1. INTRODUCTION

Nanoparticles are measured and developed as 1 to
100 nm in size. In nanometer scale, particle size de-
creases and the surface area increases. As a result, the
electromagnetic, thermal, mechanical and optical prop-
erties of nanoparticles have been modified. In last years,
manganese dioxide (MnOz) nanoparticles research has
increased their characteristic chemical, physical proper-
ties and broad applications [1-3]. MnO2 are known as
very important semiconductors which have been studied
in the past years due to technical and electrical im-
portance. MnOz is a semiconductor oxide material hav-
ing very nice band gap of 1.33 eV at normal room tem-
perature. Due to the chemical and physical properties,
MnO: has many applications. Manganese dioxides act
as cathode materials for secondary batteries, and due to
their catalysis and ion exchange reaction nature, they
are used in magnetic resonance imaging (MRI). Na-
nosize particles and crystal morphology play many im-
portant roles in these applications, which has driven
researchers to focus on the MnO2 nanoparticles in re-
cent years. The conductivity of MnOz nanoparticles is in
good agreement with the properties of other materials
[4-6]. MnO: takes place in different types of oxidation
states, structural, and chemical forms. Distinctive prop-
erties and applications of manganese dioxide, the prep-
aration of nanoparticles are investigated in order to
study their structure, morphology and size under the
control [7, 8]. Many effective approaches and methods
have been used to synthesize MnO2 nanomaterials by
hydrothermal technique [9-12], sol-gel preparation
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method [13], wet chemical route method [14], micro-
wave-assisted solution method [15], pulsed laser deposi-
tion technique [16] and precursor methods. The micro-
wave-assisted solution technique is a simple prepara-
tion method that makes it easy to control the particle
size. A good and perfect crystal will be widely distribut-
ed in all directions; therefore, many crystals are not
perfect due to their finite size. This type of deviation
from good size crystal leads to a broadening of the XRD
peaks. The main properties explained from peaks height
and width studies are the crystal size and lattice pa-
rameters. The crystal size of the nanoparticle is not the
same as the particle size due to the formation of poly-
crystallites. Out of many applications, potential applica-
tions of good crystalline and semiconductor metal oxide
materials are in good devices like as electrodes and bat-
teries. Metal oxide crystals are difficult to prepare at
low cost. MnOz nanoparticles in a crystalline form have
become nanomaterials for some electronic (in future)
devices due to their high dielectric responses. AC im-
pedance spectroscopy technique has been widely used in
few years, being a powerful tool for the study of the con-
ductivity, electric modulus and dielectric studies.

2. MATERIALS AND METHODS
2.1 Materials

Manganese (II) sulphate (MnSO4, AR grade), man-
ganese oxalate (MnCz04, AR grade) and sodium hydrox-
ide (NaOH, AR grade) were used to prepare the nano-
particles. De-ionized water was used in this study.
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2.2 Preparation of Manganese Dioxide
Nanoparticles

The MnSO4 and MnC204 salts were used to prepare
MnO2 nanoparticles using microwave-assisted solution
technique. For instance, MnSOs and MnC20: were
mixed with continuous stirring at a constant tempera-
ture of 40 °C at 60 min. During this process, sodium hy-
droxide solution was added to make the pH value 12.
Stirring was continued for 60 min at a temperature of
40 °C. Then the stirring solution was kept in a micro-
wave oven at a temperature of 30 °C for about 30 min
and kept for 120 min for cooling. Synthesized brown pre-
cipitate was washed and filtered with de-ionized ethanol
and water. Brown colored precipitates were dried for
72 h at normal temperature. The resultant powder was
pressed into a pellet of 1 cm diameter and thickness of
0.448 mm using a hydraulic press for 10 min.

2.3 Instrumentation

It was found that in AC impedance spectroscopic
studies, a computer controlled Zahner zennium IMG6
meter was used within frequency range 10 pHz to
8 MHz at different temperatures. The powder XRD was
characterized using XPERT-PRO spectroscopy using
CuKal (41=0.15nm) radiation. The prepared sample
was scattered in the angle range of 26 (10°-80°).

3. RESULTS AND DISCUSSION
3.1 AC Conductivity Spectra

The AC impedance spectroscopy method is a good
technique for analyzing the electrical properties in the
prepared nanomaterials. These measurements are sep-
arate individual contributions from various bulk mate-
rials and interfacial polarization taking place in the
electrolyte, when stimulated by some external sinusoi-
dal voltage. Fig. 1 shows the frequency dependent con-
ductivity of manganese dioxide (MnOz2) as a function of
different constant temperatures in a frequency range
between 1 to 8 MHz. Conductivity (ouc) was measured
using the relation: ocuc = coerwtand, where e is the rela-
tive permittivity and o (o = 27f) is the angular frequen-
cy. The conductivity arises due to hopping conduction
mechanism [17]. Generally, frequency dependent con-
ductivity can be expressed as o(w) = B(T)ws™D; here, the
first term is temperature dependent and the power of
angular frequency will give information about hopping
mechanism correlation. Conductivity of MnO2 nanopar-
ticles was calculated (temperature independent) in the
temperature range from 298 K to 423 K.

From Fig. 1, conductivity increases exponentially
with increasing frequency above 2.5 MHz. At very low
frequencies, conductivity is non-varying at all operating
temperatures, and it is varying at high operating tem-
peratures. Fig. 2 shows the temperature dependence of
conductivity between 298 K and 423 K. In this temper-
ature range, electrical conductivity increases with de-
creasing temperature and agrees with the Arrhenius
model: ouc = ovexp(— Ea/kT), where ov is a constant, & is
the Boltzmann constant. The conductivity (cuc) of the
prepared samples was investigated at different tem-
peratures and is shown in Fig. 2. Fig. 2 illustrates the
dependence between logou.T vs 1000/7 [18]. It was evi-
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dent from the graph that, the conductivity increases
with the decrease of operating temperatures. The lines
of linear fit of the graph logouc vs 1000/T obey the Ar-
rhenius relationship ouc = ovexp(— Ea/kT). Therefore,
the sample exhibits the temperature range of investiga-
tion in conductivity behavior. The slopes of the above
line plots (Eq = — (slope)-k x 1000) have been found and
estimated in activation energy [18]. The value of acti-
vation energy is — 0.088 eV at a particular frequency of
5.5 MHz for MnOsz nanoparticle.
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Fig. 1 — Conductivity spectra of manganese dioxide at different
temperatures
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Fig. 2 — Arrhenius plot of manganese dioxide at different tem-
peratures

3.2 Impedance Spectra

The pure MnO:z nanoparticles were characterized
using impedance spectroscopy. An impedance bridge
(Zahner IM6) was used to measure the impedance in
the frequency range of 1 to 8 MHz and the values are
used for parallel RC circuit. The Cole-Cole plots depict
the imaginary part of the impedance (Z") versus the
real part of the impedance (Z'). The electrical meas-
urement was carried out at various temperatures.
Fig. 3 shows the impedance spectra (Cole-Cole plot) of
MnO:2 nanoparticles samples at various temperatures.
The electrical properties of the materials were investi-
gated using impedance analysis. Complex impedance is
givenas Z'=Z'—jZ"

z -1,
o°C
where @ is the angular frequency, j is the imaginary
root of — 1, C is the capacitance of the sample, Z" is the
imaginary part of the impedance, Z' is the real part of
the impedance, and D is the loss tangent.
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Fig. 3 — Cole-Cole plot of manganese dioxide nanoparticles at 298 K (a), 348 K (b), 398 K (c), 423 K (d)

The plots show that there is an inclined straight line
in the low-frequency region at low temperatures of 298 K
and 348 K. A single peak in the low-frequency region,
which gives the information about the effect of blocking
electrodes [20] followed by a partly semicircular arc, is in
the high-frequency region. The real impedance axis lies
above the center of the semicircle [19]. With increasing
temperature, this stretch becomes normal and then it
folds inward at temperatures side. This is due to the con-
tribution of spatial charges and it is clearly observed in
Fig. 3. A typical impedance spectrum of MnOz from 298 K
to 423 K is also shown. Semicircles are partially observed
on the high-frequency side, this is the response of the
electrode (Bowen et al. 1999). Fig. 3 shows impedance
spectra of MnOz at 398 K and 423 K. The low-frequency
semicircle is due to the grain interior region and it is as-
sociated with that of the grain boundary area [20].

3.3 Modulus Spectra

In modulus representation, the total modulus prop-
erties are highlighted when its interfacial effects pre-
serve to be abolished. So, complex modulus formations
work to interrogate the reaction process present in the
prepared MnO:2 nanoparticles. Real modulus (M) and
imaginary modulus (M") of the complex modulus (M*)
have been estimated for this technique. Fig. 4a shows
the variation of M' versus logarithmic @ with various
temperatures. M' value starts from zero at low fre-
quency, confirming the presence of a nice electrode na-
ture and M' values increased at higher frequencies
[20], the frequency dispersion is observable at different
surrounding temperatures (Fig. 4a). Variation of M"
versus logarithmic @ with various temperatures is pre-
sented in Fig. 4b. M" value starts from zero at low fre-
quencies and M" values decreased at higher frequen-
cies, the frequency dispersion is observable at different
surrounding temperatures (Fig. 4b).

3.4 Dielectric Spectra

Analysis of dielectric spectra can be found using an-
gular frequency versus ¢ and &". The real part of die-
lectric &' (dielectric constant) and the imaginary part of
dielectric £” (dielectric loss) have been calculated using
the formula of £ =¢' + i-¢". Fig. 5a, b show that, the &'
and &" decrease with increasing frequency, even though
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Fig. 4a — Logarithm of omega versus real part of the modulus of
manganese dioxide nanoparticles at six different temperatures
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Fig. 4a — Logarithm of omega versus imaginary part of the
modulus of manganese dioxide nanoparticles at six different
temperatures

temperature decreases. Koop’s concept and Maxwell-
Wagner model (homogeneous double structure) [21] are
used to give information about the dielectric properties
of the semiconductor.

Conducting boundary is separated by poor conduct-
ing boundary and it is measured to be more successful
at very high frequencies, while boundary is more suc-
cessful at low frequencies from double structure model
[22]. The dielectric constant decreases with decreasing
temperature and logarithmic angular frequency. The
dielectric loss also decreases with decreasing tempera-
ture and logarithmic angular frequency. MnO2 nano-
particle has observed the dipolar relaxation from loss
tangent as a function of temperature at different fre-
quencies. Fig. 6 shows the dielectric relaxation peak for

03011-3



S.C. VELLA DURAI, E. KUMAR ET AL.

0 423K+ 42~
398K
-2000000 -

-4000000 -
-6000000
= 373K"

-8000000 -

-10000000

323K

348K* /
-12000000 - g4

1 2 3 4 5 6

log o (rad per sec)

Fig. 5a — Logarithm of omega versus dielectric constant &' of
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Fig. 5b — Logarithm of omega versus dielectric loss £” of man-
ganese dioxide nanoparticles at different temperatures

MnO: nanoparticles at a frequency of 0, 1, 2, 3, 4 and
5 kHz. The temperature increase shows that the fre-
quencies increase the relaxation peak shift toward the
high temperature region. It is clear that the relaxation
temperature may be caused by the moment of the chain
dipole segment shown in Fig. 6.

3.5 XRD Spectra

XRD spectra for MnO2 nanoparticles are shown in
Fig. 7. All the observed peaks have been found as the
(MnO:2 nanoparticle) tetragonal structure. Fig. 7 shows
that, the diffraction peaks are very sharp at low Bragg
angles, indicating the crystalline behavior. In Fig. 7, a
very sharp diffraction peak with maximum height is
seen at an angle of 28° and is followed by small sharp
peaks. The crystalline size of the MnOz was calculated
by the full width at half maximum method using
Scherrer equation. The mean crystalline size is around
20 nm [23]. The peaks at 28°, 36°, 39°, 46°, 56°, 60°, 68°
and 77° correspond to the Miller indices of (310), (400),
(330), (321), (431), (521), (202) and (402), respectively,
and represent the tetragonal structure of MnOsz. The
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4. CONCLUSIONS

The manganese dioxide nanoparticles have been
successfully prepared by microwave-assisted solution
method. Maximum conductivity has been observed for
manganese dioxide at 298 K. The activation energy was
calculated using the Arrhenius plot. MnO2 nanoparti-
cles have electrode material behavior; it was confirmed
by impedance analysis and modulus spectra. The die-
lectric constants are high at higher temperature region
and dielectric loss is also high at higher temperature
region. The modulus spectra studies confirm the non-
Debye behavior in the nanomaterials. The crystalline
size and lattice parameters have been estimated by
powder XRD technique.
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JocaigmeHHa eJIEKTPUYHUX TA CTPYKTYPHHUX BJIACTUBOCTEI HAHOYACTHUHOK
JiOKCHIY MapraHIilio
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Kpucramuamit miokeua mapranimo (MnOsz) rorysaam MeTos0oM PO3YMHEHHS B MIKPOXBHUJILOBI Iedi 3
BHUKOPUCTAHHIM T1IPOKCUAY HATPIIO SK areHTa. EjIeKTpOIpoBinHICTh, €IEKTPUYHNN MOIYJIb Ta JleIeKT-
puuHi Biaactusocti HaHoYacTHOK MnQO2 Gysu mpoaHasi3oBaHl METOZOM IMITETaHCHOI CIIEKTPOCKOIIII B JTi-
amasoni yactoT Big 1 go 8 MI' ta miamasowni Temmepatyp Big 273 mo 423 K. ITposinaicts MnO2 3pocrae 3i
30L/IBIIEHHSIM YaCTOTU. ByJi0o BCTAHOBJIEHO, 1[0 TEMIIEPATYPHA 3aJIEKHICTH IIPOBIIHOCTI HAHOYACTHHOK
migKopseThesa miarpami AppeHiyca, eHepria akTuBalii craHoButh — 0,088 eB. MakcumasibHa IIpOBIAHICTE
BUsABJAEThCA piBHOWO 311,79 CM/ecMm mpu koHKpeTHINM Temmeparypi 298 K. Bigmosigua He mebaeBchbka mo-
Beminka y marepiasax MnQO:z aHam3yeTses 3a JOMOMOIOK0 aHAJNI3Y MOIYJIB Ta JIeJIEKTPUYHUX CIIEKTPIB.
Moy mbHMiA 1 JieJIeKTPUYHAN CIIEKTPH IIITBEPANIIN IIpoliec pesrakcarrii. JliesekTpudaHa KoHCTaHTa Ta [Ii-
€JIEKTPUYHI BTPATH OyJIM BUSABJICH] JI€JIEKTPUYHUM CIEKTPAILHUM aHai3oM. JlieleKTpuyHa KOHCTaHTA
OyJIa MOCTIMHOI0 B 00JI1aCTI BUCOKHX YACTOT 1 BaplioBasIacsa B 00J1acTi HU3bKUX 4acToT. JlieslekrpraHa KoH-
cTaHTa BUSBHJIACS piBHOIO — 1211 mpu meBHii Temmepartypi 298 K B obiacti gysre Huspkumx dacror. [lie-
JIEKTPUYHI BTPATH TAKOK OyJIM IOCTIHHUMY IIPX BUCOKUX YACTOTAX B OyIb-SIKUX TEMIIEPATYPHUX yMOBaX 1
3MIHIOBaINCH B 00siacTi Hu3bKuX dactoT. CTpyrrypy HanouactrmHOk MnOsp mpoanasridyBasmm METOIOM IIO-
POIITKOBOI PEHTreHIBChKOI mudpakirii. Peaysibraty TopoIkoBoi peHTreHorpadii moxkasasim, 1o IiaroToB-
JIEHWH 3pa30K HAHOYACTMHOK OYB KPHCTAJIIYHUM 3 TETPAroHaJILHOI (asow. 3a dgopmysioo leppepa ce-
PeIHIA po3Mip KPHUCTAITIB CTAHOBUATH 0JIM3BK0 20 HM.

Knrouosi cnosa: Hamouacruaru, Mikpoxsuibosa miu, Temmeparypa, Imneganc, Yacrora.
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