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Introduction
MnO2 a promising green material has attracted considerable 

interests in virtue of its low cost, high environmental compatibility 
and wide structural diversity combined with unique physical and 
chemical properties [1-4]. Transition-metal oxides have been shown 
to be excellent electrode active materials due to their chemical 
stability, variable valence etc. Important applications of nano-sized 
MnO2 include preparation of cathode materials of alkaline batteries 
[5], electrochemical capacitors [6], smart windows [7], the active 
layer for gas sensors [8] and photocatalyst [9]. In accomplishing the 
synthesis and manipulation of the nanostructured nickel oxide, a 
variety of strategies have been employed, such as evaporation [10], 
sputtering [11], electrodeposition [12], thermal decomposition [13] 
and sol-gel techniques [14]. Thermal decomposition method has some 
advantages such as simple process, low cost and easiness to obtain 
high purity products hence it is quite promising and facile route for 
industrial applications. Many reports have concerned the synthesis 
of NiO nanocrystals, including NiO nanorings [15], nanosheets [16], 
nanoribbons [17] and nanoclusters [18]. MnO2 nanoparticles were 
synthesized by different methods including co-precipitation [19], 
microemulsion [20], sol-gel [21], sonochemical [22], hydrothermal 
[23] and electrochemical methods [24]. MnO2 was the most unusual 
one in terms of its structural properties at ambient pressure, which 
are largely determined by the strong tendency for linear coordination 
of O-Mn-O chain geometry [25]. The structure of MnO2 is built up of 
planar O- Mn-O zigzag chains lying in the ac-plane. The band gap of 
the MnO2 structures at room temperature was measured to be 2.19 eV 
from the photoconductivity, and n-type electrical conductivity has been 
reported [26-28]. In this manuscript, the production method of MnO2 
nanostructures is reported. One-dimensional (1-D) nanostructures 
of MnO2 nanocomposites were prepared by solid-state thermal 
decomposition of the as-produced Mn(CH3COO)2 nanostructures. 
The utilized method has many advantages since it is a controllable, 
free solvent, template less, and economical method. The produced 
nanostructures were characterized by SEM, TEM, XRD, AFM, PL, and 
TGA.

Experimental Section
Materials and characterization

All the chemical reagents used in our experiments were of 
analytical grade and were used as received without further purification. 
X-ray diffraction (XRD) patterns were recorded by a Philips-X’Pert 
Pro, X-ray diffractometer using Ni-filtered Cu Kα radiation at scan 
range of 10<2θ<80 in Tehran university -IRAN. Scanning electron 
microscopy (SEM) images were obtained on LEO-1455VP equipped 
with an energy dispersive X-ray spectroscopy. Transmission electron 
microscope (TEM) images were obtained on a Philips EM208S 
transmission electron microscope with an accelerating voltage of 100 
kV. Images were obtained on Electronic Nano Laboratory Technical 
University of Tehran-IRAN. Based on the information obtained Figure 
1 from Taguchi method, Time, Temperature and surfactant all three 
cases showed a significant influence on the BET parameters, because 
the signal to noise (SN) varies with the level changes, all of parameter 
have influence on the size, pore diameter, pore volume and surface area 
parameter.

Synthesis of Mn(OAc)2 nanostructures

In this work, Manganese(II) acetate powders was used as the starting 
reagent. Mn(OAc)2 as precursors was prepared in a vertical quartz pipe 
set in vacuum condition. Each experiment was carried out by loading 
0.56 g of Manganese (II) acetate powder, then powder transferred to 
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the external pipe of the set. Then, the system was vacuumed by a pump. 
Water entered the inner pipe from one side and exited from the other 
side. Water was circulated in the system in order to solidify the product 
vapors. The sample was heated at 200°C for 120 min. After the heating 
process, the powder at the external part of the inner pipe was collected. 
The system was allowed to cool to room temperature naturally, and 
the obtained precipitations were collected. The as-synthesized powders 
were characterized by SEM.

Synthesis of MnO2 nanostructures

At first 0.5 g of the as-obtained Mn(OAc)2 nanostructure was loaded 
into a silicon boat, then powders heated in air at 220°C, 240°C, 260°C 
for 120 min. After the heating process, the system was cool to room 
temperature naturally, and the obtained precipitation was collected. 
The as-synthesized powders were characterized and optimization by 
SEM, TEM, XRD, and Pl (Table 1).

Results and Discussion
In recent years, there has been major interest in the amplification 

of new compounds and the new method for the synthesis of materials 
[29]. Using the new method for preparation of nanomaterials can open 
new ways to control the shape and size distribution of nanostructures. 
In this work, Mn(OAc)2 was applied as, manganese precursor due to 
its high thermal stability and less reactivity toward nucleophilic agents 
than other organometallic precursors. The XRD pattern of MnO2 
nanostructures obtained from solid-state thermal decomposition at 
220°C is shown in Figure 2. All reflection peaks of the XRD pattern for 
MnO2 nanoparticles are indexed well to orthorhombic phase with cell 
parameters corresponding to a=3.3110 Ǻ and b=5.5260 Ǻ. Based on 
XRD data, the crystallite diameter (Dc) of MnO2 nanoparticles can be 

calculated using the Scherer equation [30]:

Dc=Kλ/βcosθ 		  (Scherer equation)

where β is the breadth of the observed diffraction line at its half 
intensity maximum, K is the so-called shape factor, which usually 
takes a value of about 0.9, and λ is the wavelength of X-ray source 
used in XRD. In the present research, the effect of the thermal 
decomposition temperature on the morphology of MnO2 nanoparticles 
was investigated by SEM. SEM images of samples 1-3 were prepared 
at 220, 240 and 260°C, and called as samples a, band c, respectively. 
Figure 3a-3c illustrates SEM images of the MnO2 sublimated within 
the range of 220-260°C. The morphology of all samples is particle-like; 
however, by increasing the reaction temperature from 220 to 260°C, 
the particle size of the products increased. To further investigate 
the details of morphology, we took TEM image from the optimized 
sample. To prepare the TEM sample, first, the powder was dispersed in 
highly pure ethanol via ultrasonic equipment for 15 min. TEM image 
from the optimized sample of MnO2 nanocomposite is shown in Figure 
4. The MnO2 nanocomposite consists of separated nanostructures that 
this image according to SEM image of samples, MnO2 nanocomposites 
are separated structures. Due to the activation of the surface of 
nanoparticles, some areas have been cracked. Microscopic images 
confirm XRD pattern for MnO2 nanoparticles.

Figure 5 shows an FT-IR spectrum of MnO2 nanocomposites 
synthesized at 260°C for 120 min after thermal decomposition. As 
shown in Figure 5, the vibration peaks corresponding to the spinel 
structure are identified at about 567, 876 and 1011 cm-1. A weak peak 
centered at 1219 cm-1 can be attributed to stretching vibration of the 
Mn-O band of MnO2 and a strong peak centered at 3244 cm-1 can be 
attributed to stretching vibration of the H-O band of H2O molecules 
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Figure 1: Data of surfactant, time and temperature on BET parameter with Taguchi technique.

Sample Surfactant Time 
(min)

Temperature Size 
(nm)

BET
Pore diameter 

(Å)
Surface area 

(m2/g)
Pore volume 

(cm3/g)
1 SDS 60 200 54 10.6 1618 0.3741
2 CTAB 60 210 63 10.2 1864 0.3911
3 SDS 120 220 67 11.6 1927 0.4011
4 CTAB 120 230 66 12.2 2040 0.4030

Table 1: Reaction conditions for MnO2 nanostructures. 
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Figure 2: XRD patterns of MnO2 nanostructures sublimated at 220°C for 120 min.

Figure 3: SEM images of the MnO2 nanostructures sublimated at (a) 220 (b) 240 (c) 260°C.

Figure 4: TEM image of the MnO2 nanostructures synthesized sublimated at 220°C for 120 min.
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that was absorbed on the surface of the nanoparticle [30]. Room 
temperature PL spectrum of MnO2 nanocomposites obtained from 
sample excited at 383 nm was presented in Figure 6, The emission 
spectrum shows a blue shift (2.6 eV, 460 nm), compared to that of 
the bulk MnO2 nanocomposites. Such a large blue shift of excitonic 
absorption band can be attributed to the small crystallite size of the 
samples.

Conclusions
In this work, MnO2 nanostructures have been successfully 

synthesized through a solid-state thermal decomposition method. We 
investigated the influence of the thermal decomposition temperature 
on the morphology of MnO2 nanostructures. The characteristics 
of products were determined by using XRD, SEM, TEM, IR and PL 

analysis. The XRD results indicated that pure MnO2 nanostructures 
without any impurities could be obtained after thermal decomposition 
at 200°C for 2 h. SEM images indicated that by increasing thermal 
decomposition temperature, distribution size of MnO2 nanostructures 
increased and morphology of this structures are uniforms.
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