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ABSTRACT
As best of our knowledge this is the first time to obtain MnO2 nanostructures
with different morphologies without any use of surfactants, templates or
acidic conditions. Three different crystal shapes(cross, sheet, and star) of
nanostructure pure phase of γ -MnO2 have been successfully synthesized by
hydrothermal method at same conditions of temperature ( 160ºC) , time of
reaction( 12 h) and the same mole ratio between the oxidizing agent NaClO3
and the Mn+2 precursor (2:1), the only difference was using different Mn+2
precursor (MnSO4.H2O, MnCl2.4H2O and Mn(OAc)2 .4H2O) separately, the
prepared samples had been characterized by using field emission scanning
electron microscopy (FE-SEM), x-ray diffraction analysis(XRD) FT-IR
spectroscopy, Raman spectroscopy, and Brunauer-Emmett-Teller (BET)
surface area analysis. The sample with the highest value of surface area was
the sample prepared from MnSO4.H2O (9.163 m2/g ) which had a star
likeshape. Also the values of De Wolff and micro-twinning defects have been
calculated.
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INTRODUCTION
In the resent years manganese dioxide has attracted great
interest in both scientific and industrial fields due to its
special physical and chemical properties, these properties
made it an important material in many applications, such
as rechargeable batteries and supercapacitors (1-5) ,
biosensors(6,7) , and catalysis(8-10 ). This verity in MnO2
functionality is because it exists in different
crystallographic polymorphs, such as α, β, γ, δ, λ and ε.
These polymorphs differ in the way that the octahedral
MnO6 units are connected together by sharing edges or
corners of each other which leads to different tunnel
structures and sizes or may form a layered structure in
the case of δ-MnO2 (11-14 ). γ -MnO2 is extensively used as a
cathode material in alkaline batteries as well as in lithium
batteries due to its remarkable structure, high
electrochemical activity, low cost, natural abundance and
environmental safety. γ -MnO2 has a complicated
structure as shown in Figure (1) which can be considered
as a random intergrowth of various amounts of pyrolusite
phase (1x1) within a ramsdelite phase (1x2) as the model
first described by DeWolff (15) .
Over the last years MnO2 nanostructures with different
morphologies and crystallographic forms have been
prepared widely and successfully by using different
preparation methods, such as co-precipitation(16,17), sol-
gel(18,19), electrodeposition(20,21) and hydrothermal
method. Among these different methods, hydrothermal is
the most widely used to prepare highly pure
nanostructures with easy ability to control phase and
morphology (22, 23, 24). From experiments accomplished by
other researches, MnO2 with different morphologies had
been prepared but either with the addition of surfactant
(25) or by adding concentrated acid (26, 27, 28). This work is
aimed to obtain MnO2 nanostructures with different
morphologies without any use of surfactants, templates
or acidic conditions.

Figure 1: γ-MnO2 structure .
MATERIALS AND METHODS
All chemicals were used without further purification

Synthesis procedure:
Nanostructured γ -MnO2 were synthesized by the
reaction between NaClO3 ( 2 m.mole) as an oxidizing
agent and (1m.mole ) of Mn+2 sources from three
different salts ( MnSO4.H2O, MnCl2.4H2O and
Mn(OAc)2.4H2O) each salt separately. After taking weight
of the starting materials they were dissolved in distilled
water and magnetically stirred till the solution became
clear, then transferred into 100 ml Teflon liner and
hydrothermally treated at 160º C for 12 hours, after that
it has been left to cool down naturally. Then the dark
brown precipitate of γ -MnO2 was collected and washed
several times with distilled water and ethanol and then it
was dried at 60ºC for 12 hours.

Characterization:
To determine the phase of the prepared γ -MnO2 samples
X-ray powder diffraction (XRD) patterns of all prepared
material have been measured on a Shimadzu ( XRD 6000)
x-ray diffractometer with Cu Kα radiation (λ=1.54056A° ).
The size and morphology have been examined with field
emission scanning electron microscopy (FESEM Hitachi s-
4160).FTIR spectroscopic analysis was done using
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Shimadzu (FT-IR 8400S). Surface area of the prepared
samples was done with N2 adsorption at 77.35K.

RESULTS AND DISCUSSION
The reaction between the oxidizing agent NaClO3 and the
Mn+2 precursors in the three experiments had been done
in the same conditions of temperature (160º C), reaction
time (12 h) and with the same mole ratio of the starting
materials (2:1). From the FE-SEM images shown in Figure
(2) the morphologies of the prepared samples are
completely different, when MnSO4.H2O was used the

morphology was six branched crystal or a star like shape
with dimensions of (diameter ~140 nm near the center of
the star shape and around 55-70nm near the tips, and
with variable lengths about 1.5-8 μm), when MnCl2.4H2O
was used the morphology was very thin hexagonal sheets
with thickness about ( 9-13 nm) and length about 500nm,
while when Mn(OAc)2.4H2O was used four branched or a
cross like shapes were obtained with dimensions of
(diameter about 110nm near the center and it becomes
thinner near the tips about 50 nm , and the length
between 3 to 5 μm).

Fig(2 ): FE-SEM images of (a,b,c) γ -MnO2 using Mn(OAc)2.4H2O as a precursor,(c,d,f) γ -MnO2 using MnCl2.4H2O as a
precursor, and (g,h,i) γ -MnO2 using MnSO4.H2O as a precursor in different magnifications.

The XRD pattern of all samples as it is illustrated in
Figure ( 3 ) showed peaks which indicates that all
prepared MnO2 samples are pure gamma phase with no
peaks for any other phase, which is an evidence that the
mole ratio between the oxidizing agent (ClO3-1) and Mn+2

precursor at 160 ºC is the driving force of gamma MnO2

formation and the negative part of the Mn+2 salts may be
the reason of the different morphologies, the peaks are
sharp and clear which means that all samples have good
crystallite nature.
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Fig(3 ) shows the XRD patterns of :(A) γ -MnO2 prepared from MnCl2.4H2O as a precursor,(B) γ -MnO2 from MnSO4.H2O as a
precursor, and (C) γ -MnO2Mn(OAc)2.4H2O as a precursor
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The x- ray diffraction analysis can reveal the phase of the
crystal structures, it also gives an indication of the purity
and the crystalline nature of the materials. All the
diffraction peaks can be clearly indexed to pure phase of
orthorhombic γ -MnO2 and the peaks are with a good
agreement with the standard reported data( JCPDS card
No. 14-644, with lattice parameters a= 6.36Aº , b=10.15
Aº and c=4.09 Aº), and the diffraction peaks of the three
samples are slightly different that is due to the difference
in the values of the fraction of the pyrolusite within γ -
MnO2 which is expressed in literatures by (Pr) or De Wolff
disorder, also there is another type of disorders which is
microtwinning defect from the twinning of(002) and(061)
planes , these values can be evaluated from the XRD

patterns of γ -MnO2 using the models described by
Chabre and Pannetier (29) as shown in the following
equations:
Tw= 100 – 25.20 ( Δ2θ) (1)

where (Δ2θ is the splitting between(002) and(061)
Pr = 0.602.δ (DW) – 0.198 δ2(DW) + 0.026 δ3(DW)
(2)
δ (DW)= 2θ (110) – δ(Tw) – 21.808 ( in degrees)
(3)
δ(Tw) = - 0.0054 Tw – 8.9x10-5 Tw2 ( in degrees)
(4)
Where δ (DW) is the shift of (110) due to microtwinning,
and δ(Tw) is the theoretical shift of line (110) . And the
values of Pr and Tw are listed in table (1):

Table (1) : calculated values of Pr and Tw for the three prepared γ -MnO2 .

Tw(%)PrPrecursorsample
24%0.428MnCl2.4H2OA
20%0.471MnSO4.H2OB
14%0.612Mn(OAc)2.4H2OC

When the XRD patterns of γ -MnO2 are compared with
the typical XRD peaks of the ramsdellite, some differences
can be observed of the ( 110) reflection of 2θ ( 22º) which
can be shifted to higher angles if there is higher amounts
of pyrolusite phase intergrowth , the values of these
angles for the prepared samples for γ -MnO2 from
MnCl2.4H2O precursor 2θ for (110) reflection was 22.62º
which was lower than the other samples which both had
values of 22.86º. Also the larger the splitting between
reflections (110) and (130) , the smaller the amount of Pr
(30). It is important to evaluate the amount of Pr because it
can have great influence on the reactivity of γ -MnO2. γ -
MnO2 samples with larger values of Pr have more planner
oxygen atoms in there structures which are incompletely
coordinated giving them more ability to react with
protons and drawing the electron density from the
surface oxygen atoms and this will decrease the ability of
γ -MnO2 to adsorb divalent ions (such as Zn+2, Cd+2, Pb+2
and other ions), hence changing the surface properties of

γ -MnO2 structures(31,32) . From table (1) sample A showed
the lowest value of Pr and highest value of microtwinning.
The Brunauer-Emmett-Teller (BET) surface area analysis
was done to determine the surface area of the samples by
first degassing the samples at (200 ºC) for two hours , and
the analysis showed that the samples had surface area of
( 4.047 m2/g ,8.97 m2/g ,and 9.163 m2/g ) for sample
prepared using MnCl2.4H2O, Mn(OAc)2.4H2O, MnSO4.H2O
respectively .The FT-IR spectra of the three samples in
Fig (5) shows several absorption bands, the absorption
around 3400 cm-1 is usually attributed to the (-OH)
stretching vibration mode (33). The absorption at about
1620 cm-1 is due to the(-OH) bending vibration mode
which are combined with Mn atoms, this band is a
characteristic absorption band of the water of
crystallization in the γ -MnO2 phase, also the γ -MnO2

shows bands around (515-600) cm-1 which is attributed
to the Mn-O vibrations in the [MnO6] octahedral
structures(34,35).
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Figure (4 ): XRD pattern of the three samples showing the splitting between (221)/(240) and (002)/(061) planes.
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Fig (5 ) : FT-IR spectra of (a) γ -MnO2 using Mn(OAc)2.4H2O as a precursor (b) γ -MnO2 using MnCl2.4H2O as a precursor ,and
(c) γ -MnO2 using MnSO4.H2O as a precursor.
Raman scattering spectroscopy is a useful and an
important technique to determine the different phases of
manganese dioxide as well as the structural defects in γ -
MnO2 phase. Fig (6) shows Raman scattering spectra for
the three prepared samples, and it clearly shows that the
three samples have the same pattern ,the peaks in the
region between (500-700cm-1) are characteristic for γ -

MnO2 ( 36), the peaks at 576 and 658cm-1 are attributed
to stretching mode of Mn-O bond in the [MnO6]
octahedral units (22) . If the peak at 658cm-1 is more
intense that is an indication for more Pr ( or more
pyrolusite intergrowth ) in the samples (37), from Fig. (6)
sample (C) shows more intense peaks at this wave
number. Which is consistent with the XRD results.
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Fig (6): Raman scattering spectra of γ -MnO2 (A) prepared from MnCl2.4H2O (B) prepared fromMnSO4.H2O and (C) prepared
fromMn(OAc)2.4H2O.
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CONCLUSIONS
Three different crystal shapes of γ -MnO2 nanostructures
have been hydrothermally prepared using three different
Mn+2 precursors but with the same conditions of
temperature, time of reaction and mole ratio, the
different morphologies obtained in this work is probably
due to the negative part of the three Mn+2 salts
(Mn(OAc)2.4H2O , MnCl2.4H2O ,and MnSO4.H2O) used to
prepare γ -MnO2. The sample with the highest value of
surface area was sample B prepared from MnSO4.H2O
(9.163 m2/g ) which had a star like. The values of De
Wolff pyrolusite and microtwinning defects was (Pr
=0.428 ,Tw=24% for sample A), (Pr =0.471 ,Tw=20% for
sample B) and(Pr =0. 0.612 ,Tw=14% for sample C)
sample A showed the highest value for micro-twinning
and lowest value of pyrolusite.
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