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Abstract
Amorphous MnO2 are synthesized using KMnO4, butanol, and propylene glycol in an aqueous
solution by using the precipitation method, under ambient conditions. The structure, molecular vibrations,
surface morphological and optical properties of MnO2 powders are studied using XRD, FTIR, SEM and
UV-vis spectroscopy. From the XRD patterns, it is clear that both butanol and propylene glycol assisted
MnO2 particles are amorphous in nature. While the strong peak is noticed at 1384 cm-1 in the FTIR
spectra, which is due to the characteristic peak of MnO2. SEM photographs show spherical shapes of
MnO2 particles, and the average size of a particle is about 200 nm for butanol assisted samples and is
around 500 nm for propylene glycol assisted samples. Butanol assisted MnO2 particles exhibit higher
optical absorption in the visible region than propylene glycol. However, the estimated optical band gap of
both the samples is found around 2.33 eV.
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Introduction
Nanostructured transition metal oxides, which exhibit pseudocapacitance behavior, are considered
to be excellent materials in terms of achieving high specific capacitance in hybrid supercapacitors.
Manganese oxides are currently under extensive investigations because of their physical and chemical
properties and wide technological applications, such as catalysts, electrode materials, sensor, ionexchanging materials, energy transformation, molecular adsorption, magnetic materials, electro chromic
materials, molecular sieves etc. Amorphous MnO2 has been considered to be the most attractive electrode
material for electrochemical capacitors due to its abundance, environmental friendliness, low cost, and
favorable pseudocapacitive characteristics, more than noble metal oxides and other transition metal oxide
systems [1,2]. Previously various approaches have been made to fabricate manganese dioxide, such as the
drop-feeding method [1], ultrasonic method [2], hydrothermal method [3-5], precipitation method [6-9],
solvothermal method [10] and microwave assisted hydrothermal method [11-13], using single precursor
KMnO4 with various acids such as HNO3, H2SO4 and HCl and alcohols such as ethanol, methanol,
pentanol, isopropanol, ethylene glycol and glycerol as reducing agents. It is understood that, from the
above techniques, MnO2 nanoparticles are formed, and are always amorphous in nature, when single
precursor KMnO4 is used with either acid or alcohols. After observing related work at a national and
international level, there are no reports to be found to prepare MnO2 particles using single precursor
KMnO4 with butanol and propylene glycol alcohols by the precipitation method. Hence, the objective of
the work is to prepare MnO2 by the precipitation method, using single precursor KMnO4, with butanol
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and propylene glycol alcohol as reducing agents. It is well known that the precipitation method is simple
and low cost among the above experimental methods.
Materials and methods
In a typical synthesis, 0.5 g of KMnO4 was dissolved in 30 ml de-ionized water, and 10 ml of
butanol was added instantly, drop by drop, into the solution at room temperature. Within a few minutes,
the mixture solution formed brown precipitate that indicated that the nucleation and crystallisation
process had started in the solution. Finally, the precipitate was filtered using whatman filter paper, washed
with ethanol and de-ionized water several times, and dried at room temperature. Similarly, 10 ml of
propylene glycol was added drop by drop into 0.5 g of KMnO4 solution (30 ml). Instantly, brown
precipitate was formed. The obtained precipitate was properly washed and dried as per that of the butanol
assisted sample.
The structural, molecular vibrations, surface morphological and optical properties of the MnO2
powders were characterized by using XRD (X-Ray Diffraction), FTIR (Fourier Transform Infrared
Spectroscopy), a SEM (scanning electron microscope) and UV-vis spectroscopy. The XRD measurements
were performed by a PANalytical XPERT PRO diffractometer, with the Cu Kα monochromatic radiation
source (λ = 1.5406Å) in the range of 2θ = 10° - 80°. Molecular vibration characteristics of the MnO2
particles were carried out using Perkin Elmer FTIR spectrometer (Model RX-I) in the wavelength range
of 4000 - 400 cm-1. SEM micrographs were recorded for the above samples using JEOL SEM model,
JEM -5610 LV with an accelerating voltage of 20 kV, at high vacuum (HV) mode and Secondary
Electron Image (SEI). The SEI showed the fine surface clearly. Optical absorption characteristics of the
MnO2 particles were recorded using a JASCO UVIDEC - 650 UV-Vis spectrophotometer.
Results and discussion
Figure 1 shows the X-ray diffractographs of both butanol and propylene glycol assisted MnO2. In
both the XRD patterns, MnO2 particles exhibit broad reflections around 2θ = 37°, 56° and 65°, which are
due to a poorly crystalline nature (JCPDS no. 44-0141). The formation of poor-crystalline particles is due
to either butanol or propylene glycol reacting with KMnO4, yielding MnO2 particles instantly. Therefore,
the particles have a short-range crystallographic structure. The observed results are well in agreement
with earlier reports [6,10,14]. The amorphous phase of MnO2 is believed to be a good electrode material
for pseudocapacitors [15]. However, an additional peak is found at 2θ = 44.2° in the propylene glycol
assisted pattern, due to the presence of Mn3O4 (JCPDS no. 13-0162); perhaps the product is formed
during the washing of the MnO2 particles with ethanol. The result is also in good agreement with the
earlier report by Han et al. [1] and Wang et al. [9].
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Figure 1 XRD pattern of MnO2 particles.

Figure 2 FTIR spectra of MnO2 particles.
The FTIR Spectra of both butanol and propylene glycol assisted MnO2 particles are shown in
Figure 2. In the FTIR spectra of the butanol assisted sample, a band appears at 1635 cm-1 and a sharp
peak is seen at 1384 cm-1, which is due to interaction of Mn with OH, O, H+ and K+. The water
molecules, or cations, are intercalated into the MnO2 interlayer, or tunnels are introduced during the
synthesis to build the structures. The peak at 1280 cm-1 shows a higher wavelength shift due to a strong
bonded nature when compared to the earlier literature [11]. The authors have obtained the characteristic
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peak of MnO2 at 1280 cm-1. Also, a weak band is observed at 528 cm-1, which is attributed to Mn-O
vibrations of MnO2 [16], and some humps are detected around 720 cm-1, 668 cm-1 and 420 cm-1 (which
are shown in the insert of Figure 2), due to the bending vibrations of either birnessite-type MnO2 or αMnO2 [11] that may be formed as by product during synthesis. Also, two broad bands at 619 cm-1and 475
cm-1 are seen in the spectrum, which is due to Mn–O stretching vibrations [17]. Similar results are true in
the propylene glycol assisted sample. However, the peak at 1384 cm-1 is less intense when compared to
the butanol assisted sample.
In order to determine the particle size, crystal habit, and morphology, SEM imaging is used. Figure
3 shows SEM images of MnO2 particles. The butanol assisted samples are very small in size, smaller than
the propylene glycol assisted samples, spherical, with agglomeration free particles dispersed evenly on
the surface of both images. The average sizes of the MnO2 particles are found around 200 nm and 500nm
for butanol and propylene glycol assisted samples respectively.
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Figure 3 SEM images of MnO2 particles prepared by using (a) butanol and (b) propylene glycol.
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Figure 4 UV-VIS absorption spectrum of MnO2 particles.
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Figure 5 Plot of (αhν)2 Vs hν.
UV-vis absorption spectra of MnO2 particles are shown in Figure 4. The butanol assisted MnO2
particles have higher optical absorption in the visible region than the propylene glycol assisted samples.
The maximum optical absorption is found around 460 nm for butanol and is 425 nm for propylene glycol.
The observed maximum observation value gradually decreased in the visible region. This result is in good
agreement with the earlier report by Dang et al. [18].
To determine the optical band gap, the following dependence of α on photon energy was used (αhν)
α (hν-Eg)n where Eg is band gap; α is absorption coefficient; n is an index that can assume values of (1/2,
2), depending on the nature of electronic transitions. For the direct allowed transitions, n has a value of
1/2, while for indirect allowed transitions n = 2. The optical band gaps for direct transitions are evaluated
from the plot of (αhν)2 Vs (hν) (Figure 5). The plot for direct transitions shows a straight line, and yields
a value in the range 2.33 eV. The observed result is fits well with the earlier reports of thin MnO2 films
prepared by Asogwa [19] and Sakai et al. [20].
Using organic reducing agents allows one to follow the reaction experimentally. This simple
reaction takes advantage of one of the oldest known synthetic organic reactions-the use of KMnO4 to
oxidize unsaturated and functionalized organic molecules. In accordance with what is known about
permanganate oxidations in organic chemistry, soon after addition of the organic reductant, the purple
color of permanganate gives way to the green color of the one-electron reduced manganate ion (MnO42-).
The manganate ion is unstable in moderately alkaline solutions and is quickly disproportionate, leading to
the precipitation of brown, amorphous, MnO2 and additional MnO4-. In solutions of alcohols (butanol and
propylene glycol), permanganate is easily reduced to form amorphous MnO2 phase, and acetone is
oxidized. The reaction occurs within a few minutes on the bench top at room temperature. The formation
of MnO2 is given as below as equation [21].
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Conclusions
The following results are drawn from the experimental studies. From the XRD patterns, both
butanol and propylene glycol assisted MnO2 particles are found to be amorphous in nature. The FTIR
result confirmed the presence of a characteristic peak of MnO2 in both samples at 1384 cm-1 , and has a
strong bonded structure. In the SEM analysis, MnO2 particles are spherical shape and the average particle
size is found around 200 nm and 500 nm for butanol and propylene glycol assisted samples respectively.
The maximum optical absorption is found to be around 460 nm for butanol and is 425 nm for propylene
glycol, and thereafter the observed maximum absorption value is gradually decreased in the visible
region. Butanol assisted MnO2 particles show higher optical absorption characteristics in the visible
region than propylene glycol assisted samples. The band gap energy of the samples is around 2.33 eV for
both samples. From the above results, it is concluded that the single precursor KMnO4, with alcohol
assisted samples, can produce amorphous MnO2 particles. Therefore, the material is to be used as an
electrode material for electrochemical capacitors.
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