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ABSTRACT
In this work, the effect of concentration of cetyltrimethylammonium bromide
(CTAB) in the synthesis of manganese oxide (Mn2O3) nanostructures has been
investigated adopting the hydrothermal route. The products were characterized by
XRD, infrared spectroscopy (FTIR) and scanning electron microscopy (SEM). XRD
confirming the formation of Mn2O3 shows an intense diffraction peak at 36° with
lattice plane (2 0 3). The IR spectra shows characteristic peaks at 489, 612 cm-1
corresponding to O-Mn-O bonds. With the increase in CTAB amounts from 20 mg
to100 mg, the morphology changes from spherical to rod-like. Change in morphology
could presumably lead to change in properties and make Mn2O3 nanostructures ideal
candidates for photocatalytic, supercapacitor, battery and fuel cell applications.
Keywords: CTAB; Morphology; Manganese oxides; Nanostructures; Optical behavior.

1. INTRODUCTION
Transition metal oxide nanoparticles epitomize an industrially important class of
nanomaterials because of their unique physio-chemical properties. It is the morphology of the
particles that plays a vital role in deciding the application for which it is suitable. Particularly, the
one-dimensional nanoparticles have immense technological applications owing to their excellent
electrochemical properties, cost effectiveness, easy preparation techniques and environmental
benign nature1-3. Tuning of morphology requires the use of surfactants. Surfactants are known to
have a hydrophilic head and a hydrophobic tail. They can easily assemble into well-defined
structures and accordingly provide the template for the synthesis of the nanomaterial. Of the various
synthetic routes, the hydrothermal route using surfactants is the most promising as it can effectively
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control the phase and morphology of the nanoparticles. Also, it can generate highly crystalline, pure
nanoparticles with low aggregation and narrow size distribution4. Recently, manganese oxides are
being considered for numerous applications. This is because manganese has the ability to form
bonds with oxygen in multiple valence states. Both solvothermal and hydrothermal routes are being
employed nowadays for the synthesis of manganese oxides even without the use of templates and
surfactants5. However, there are several parameters as temperature and aging time that can influence
the growth of nanoparticles in the solution those had been adopted as the synthesis route6. Hence,
the controlled synthesis of manganese oxide nanoparticles with favorable surface morphology, good
crystallinity, phase structure and high reproducibility still remains a great challenge.
This paper reports the controlled synthesis of Mn2O3 nanoparticles via a mild hydrothermal
route with the use of CTAB surfactant. Mn2O3 is a typical p-type semiconductor that has implicit
applications in solar cells, sensors, lithium ion batteries and cathodic electrocatalysts7-10. The effects
of change in CTAB concentration on the evolution of phase and structural morphology of Mn2O3
nanoparticles were investigated. Also, the effects of CTAB on photoluminescence properties of the
nanoparticles were investigated.
2. MATERIALS AND METHODS
2.1 Materials for synthesis
Anal grade chemicals were used as received commercially without further
purification. Manganese acetate tetrahydrate, sodium hydroxide (NaOH) pellets were obtained
from Merck, Germany. Cetyltrimethylammonium bromide (CTAB) was obtained from Loba
Chemie. Doubly distilled water was used in all experiments.
2.2 Sample preparation
In a typical procedure to synthesize Manganese oxide nanoparticles (Mn2O3), 0.01
mole (approximately 2.456 g) of manganese acetate tetrahydrate was dissolved in 30mL
distilled de-ionized water. After stirring for about 30 minutes, an aqueous solution of NaOH
prepared by dissolving 0.02 mole (approximately 0.799 g) of NaOH pellets in 20 ml distilled
de-ionized water was added drop wise. The two were reacted each other to produce a
precipitation of Mn(OH)2.. An aqueous micelle solution of CTAB (20 mg in 30 mL distilled
de-ionized water) was also added to the mixed solution under magnetic stirring at 80ºC. The
reaction was continued till the volume of the slurry decreased appreciably. The colour of the
residue was brownish at this stage at the end of that. Then the solution was put into a Teflon
lined stainless steel autoclave which was maintained at an average of 180 0C for 12 hours, and
then it allowed to naturally cool down to room temperature. The resulting brownish precipitate
was obtained after it filtered which was washed subsequently for several times with double
distilled de-ionized water and absolute ethanol and after that it was dried in air at 65 0C for 3
hours. To obtain a recognizable change which has been visibly observed in the morphology of
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the structure, the same experiment was repeated with the variation of the concentration of
CTAB such as 50mg and 100 mg and ultimately the required nanorods were observed after
confirming it from scanning electron micrograph (SEM). The aforesaid experiment was also
repeated without the addition of CTAB to obtain normal Mn2O3 for the purposes of
comparison.
2.3 Sample characterization
The as-synthesized product was characterized by an X’Pert PRO PANalytical X-ray
diffractometer (XRD) using CuKα radiation (wavelength λ= 0.15418 nm) at an accelerating
voltage and applied current of 30 kV and 20 mA, respectively to identify the resultant phase
and crystal structure of the synthesized powder. The data was collected with a step of 0.02° in
the range of 2θ from 10° to 80°. The chemical identity of the product was determined by
comparing the experimental X-ray powder patterns to standards compiled by the Joint
Committee on Powder Diffraction and Standards (JCPDS). UV-vis absorption spectra were
obtained with a UV 3600 spectrophotometer in the range from 200 to 800 nm. Identification
of functional groups in the sample was studied with a FT-IR spectrophotometer Perkin Elmer
(Spectrum one L120-000A). Photoluminescence (PL) emission spectrum was obtained by
employing an excitation wavelength of 280 nm using PTI QM 40 spectrophotometer.
Morphology, elemental analysis of the synthesized nanomaterial was investigated by a SEM
device coupled with EDX (Energy dispersive X-ray spectroscopy).
3. RESULTS AND DISCUSSION
3.1 XRD and EDS
The diffraction pattern of all the samples (Fig.1) well coincided with the tetragonal
manganese oxide corresponding to the diffraction planes (111), (202), (221), (203), (213),
(204), (105), (510) and (305) supported by JCPDS card no. 06-0540. The nano powder
exhibited brownish hue and the crystallite size was calculated from the peak widths using the
Scherer equation (1)11

D

K
Cos

(1)

where K is a dimensionless shape factor that varies with the actual shape of the crystallite, λ is
the X-ray wavelength λ= 1.5418 Å, β is the line broadening at half the maximum intensity
(FWHM) and θ is Bragg’s angle. It was observed that the crystallite size decreases with the
increase of CTAB concentration in the order of 34, 27, 25 and 13 nm, respectively for the
amount of CTAB being employed varying from 0, 20, 50, 100 mg, respectively.
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Figure1. XRD of synthesized Mn2O3 with the variation of the concentration of CTAB (a) 0 mg, (b) 20 mg, (c)
50 mg and (d) 100 mg.

Energy dispersive X ray spectroscopy (EDS) analysis of the synthesized Mn2O3
without the addition of CTAB (Fig.2), obtained from different peak areas of the sample shows
the presence of Manganese at 6 KeV and Oxygen in the range of 0-1 KeV 12. Furthermore,
neither N nor C signals were detected in the EDS spectrum which means that the product is
pure and free of any surfactant or impurity. The composition data (at % and wt %) of Mn2O3
is given in table1.
Table 1: EDS: composition data
Element
Oxygen (O)
Manganese (Mn)

Weight %
10.21
89.79

Atomic %
28.07
71.93

Figure 2. EDS spectra of Mn2O3 without CTAB indicating elemental composition.
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3.2 Morphology
The morphology of Mn2O3 nanoparticles was investigated at a magnification of 200
nm using SEM (Fig.3). The SEM images of Mn2O3 without the addition of CTAB (Figure 3a)
were spherical agglomerates. However, as addition of 20 mg of CTAB in the preparation the
morphological pattern showed a clear picture of spherical nanoparticles as depicted from
Figure 3a. With further addition of CTAB (50 mg) (Figure 3c) the diameter of the nanospheres
was seen to increase. Finally, when the amount of CTAB was 100 mg, beautiful rod-like
nanostructures (Figure 3d) were visible. This could be attributed to the linear arrangement of
the nanospheres to form rod-like structures. The particle size is seen to vary from 1µm to 200
nm. There arises a discrepancy in the particle sizes as measured by XRD and SEM which
implies that the particles must have coalesced. This tends to reduce the benefits of large
interfacial area between the particles13.

Figure 3. SEM image of Mn2O3 at 200 nm magnification 59.99 K X with CTAB variation (a) 0 mg, (b) 20 mg,
(c) 50 mg and (d) 100 mg.

3.3 UV-vis spectra
Light absorbing properties are crucial in interpreting the behavior of the nanoparticles.
Figure 4 shows the UV-vis absorption spectra of Mn2O3 without CTAB with a sharp peak at
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276 nm. The peak appeared red shifted to 300, 305, 313 nm, respectively with the variation of
amount of CTAB from 20, 50 and 100 mg. The optical band gap was calculated using the Tauc
relation (2) from the absorption spectrum14.

h

C (h

Eg ) n

(2)

where C is a constant, α is molar extinction coefficient, Eg is the band gap energy of the
material and n determines the type of transition. When n=1/2, Eg will denote the direct allowed
band gap. The value of Eg was estimated from the intercept of the linear portion of (αhν)2
versus hν plot on the hν axis as in Figure 4 (inset). The values of band gap were found to
decrease with the increase in CTAB amounts. The values were estimated as 3.86, 3.84, 3.7 and
3.57 eV for the different proportionate of the amount of CTAB from 0, 20, 50 and 100 mg,
respectively. These values predict semiconducting nature of the samples. However the values
are lower than those reported by other researchers15. This lowering may be caused by structural
distortion associated with the lower order due to oxygen deficiency in the samples15. Thus,
band gap values can be tuned effectively by varying the amount of CTAB.

Figure 4. UV-visible spectra of Mn2O3 with the variation of amount of CTAB (a) 0 mg, (b) 20 mg, (c) 50 mg
and (d) 100 mg (inset) Tauc plot indicating band gap.

3.4 FTIR
The FT-IR spectra of Mn2O3 prepared with different amounts of CTAB has been
illustrated in Fig.5. On examining the spectra obtained after spectral scanning, and focusing
on the frequently used portion between 400 and 4000 cm-1, the bands emerging in relation to
stretching collision of O-Mn-O were observed at 489 and 612 cm-1 16. The band at 1111 cm-1
corresponds to Mn-OH bending vibration. The peak at 1622 cm-1 symbolizes the bending
collision of adsorbed water. The broad band centered at 3400 cm-1 signifies the stretching
collision of H-O-H bonds and hydroxyl absorption12. There is no significant peak has been
noticed due to the introduction of CTAB in the preparation with varying their concentration.
However, absorption intensity has been changed because of morphological variation of
structures of the prepared nanostructures influenced by CTAB concentration. The absorption
intensity increases monotonically with the increase of concentration of CTAB in the
preparation. So, the presence of CTAB in the preparation solution has produced an efficient
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electrostatic interaction in the structures which allowed more absorption of radiation based on
their characteristic frequency of the prepared Mn2O3 nanostructures. Except that it also
influence the respectic dangling bond in the prepared system significantly.

Figure 5. FT-IR spectra of Mn2O3 with CTAB variation (a) 0 mg, (b) 20 mg, (c) 50 mg and (d) 100 mg.

3.5 PL spectra
The room temperature PL emission spectrum was recorded by employing an excitation
wavelength of 280 nm (Figure 6).The spectrum showed peaks at 408 nm and 432 nm. The
emission intensity of Mn2O3 without CTAB was found to be high. Intensity at first increased
with the addition of 20 mg CTAB but further increase (50 mg, 100 mg) caused emission
quenching. The emission in the visible region of the electromagnetic spectrum may be ascribed
to oxygen vacancies and intrinsic defects. These results are red shifted in comparison to those
reported by Pandey et al for nanorods17. This implied that with the use of requisite amount of
CTAB, the electron hole pairs could be efficiently separated and inhibited from recombining
so it significantly contribute to the electrostatic interaction as a whole and at the same time the
respective dangling bond influenced significantly which we already mentioned in the
observation of FTIR spectra. This in turn predicts efficient photocatalysis.

Figure 6. PLspectra of Mn2O3 with CTAB variation (a) 0 mg, (b) 20 mg, (c) 50 mg and (d) 100 mg.
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4. CONCLUSIONS
In the present study, we have successfully synthesized Mn2O3 nanostructures with
varied morphology simply by changing the amounts of CTAB in the reaction mixture. X- ray
diffraction studies confirmed that the synthesized Mn2O3 were single phase tetragonal structure
with grain size varying from 13-34 nm. Change in morphology of the nanostructures was
observed with increasing amounts of CTAB but interestingly there was no change in phase.
Also, as the amount of CTAB reached 100 mg, nanorods were visible. The UV-vis spectra
show maximum absorbance in the UV region of the electromagnetic spectrum for all the
samples. Also, extension into the visible range is noted which makes the samples suitable for
making solar cells and transparent electrodes. The band gap studies were also consistent with
the UV-vis results. The PL spectra demonstrated emission intensity quenching for Mn2O3
synthesized with highest amount of CTAB. This is particularly suitable for application as
photocatalysts. Thus Mn2O3 can serve as excellent candidates for photocatalytic and
supercapacitor devices.
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