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Abstract 
In the present work Mn3O4 nanoparticles (NPs) with spinel structure were synthesized successfully 

via combustion route with MnIII(acac)3 as precursor in two different temperatures. The morphology of 

the synthesized Mn3O4 were investigated by field emission scanning electron microscope (FESEM) and 

structural analysis was studied by powder X-ray diffraction (PXRD) technique that it indicated that the 

Mn3O4 nanoparticles with space group of l41/amd Structural analysis was performed by fullprof 

program employing profile matching with constant scale factors. The lattice parameters for both samples 

were found a = b = 5.7621 Å and c= 9.4696 Å, α = β = γ = 90°. In addition, the size of the Mn3O4 

nanoparticles obtained from the Transmission Electron Microscopy (TEM) that the average is 20 nm. 

Magnetic property of synthesized Mn3O4 was done by Vibration Sampling Magnetometer (VSM) that 

confirm the paramagnetic behavior. The optical properties of the obtained materials were investigated 

by Furrier-Transform Infrared spectroscopy (FTIR) and Ultraviolet-Visible spectrum (UV-Vis). The 

thermal stability was determined by Thermo Gravimetric Analysis (TGA).  
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1. INRODUCTION 

Investigation on Nanomaterials has 

been interested by researchers because of 

their interesting properties compared with 

their corresponding bulk structure. Mn3O4 

is one of the most stable oxides of 

manganese. It is a magnetic transition 

metal, and is known as an effective and 

inexpensive catalyst in various oxidation 

and reduction reactions. It has normal 

spinel structure were the oxide ions are 

cubic closed packed and the Mn(II) 

occupies the tetrahedral sites and Mn(III) 

occupies the octahedral sites. The structure 

is distorted due to a Jahn-Teller effect [1, 

2]. Mn3O4 has paramagnetic behavior at 

room temperature and it is ferromagnetic 

under 41-43 K [3]. They have tremendous 

potential in a large number of applications, 

such as catalysis [4-8], electrode materials, 

[9, 10] and magnetic storage devices [11]. 

Nano-sized Mn3O4 is also used as main 

sources of ferrite materials [12] and widely 

used as the active material of electrodes in 

many alkaline rechargeable batteries, 

especially in the lithiation of Li–Mn–O 

electrode materials for rechargeable 

lithium batteries [13, 14] and It can be 

used as the precursor of catalysts [15]. 

Various methods have been recorded for 

the preparation of nanocrystalline Mn3O4 

powders such as chemical bath deposition 

[16], solvothermal [17, 18], co-

precipitation [19], microwave irradiation 

[20], and surfactant-assisted methods [21]. 

The present study reports combustion 

method for synthesis of Mn3O4, which is 

considered as a simple and efficient 

method among them. The powder able to 

combust organic compounds in the 

temperature range of 100–500 °C, and can 

be used for the selective reduction of 

nitrobenzene [22, 23]. In this paper, we 

have prepared Mn3O4 nanocrystals by 

using some simple combustion methods 

(Figure 1.) using a complex without fuel. 

We have also used an oven and 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjL0c7aocXJAhUGVRQKHffVBr4QFggtMAI&url=https%3A%2F%2Fsmartech.gatech.edu%2Fbitstream%2Fhandle%2F1853%2F50122%2Fsabo_daniel_e_201212_phd.pdf&usg=AFQjCNH-_MoWXGYPncpOSx01JaVsCTr74g&sig2=2ok0CKTUwYi5oC9jIQd5-Q
http://en.wikipedia.org/wiki/Jahn-Teller
http://en.wikipedia.org/wiki/Paramagnetic
http://en.wikipedia.org/wiki/Ferrimagnetic
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characterized the prepared samples by 

carrying out X-ray diffraction, scanning 

electron microscopy, energy dispersive X-

ray spectroscopy and electrochemical 

measurements. To the best of our 

knowledge, there is no report on the 

synthesis of Mn3O4 by this method. 

 

 
Figure 1. Mn3O4 nanoparticles synthesis 

process. 

 

2. EXPERIMENTAL  

2.1. General Remark 

All chemicals were of analytical grade, 

obtained from commercial sources, and 

used without further purifications. Phase 

identifications were performed on a 

powder X-ray diffractometer D5000 

(Siemens AG, Munich, Germany) using 

CuKα source. The morphologies of the 

obtained materials were examined with a 

field emission scanning electron 

microscope (Hitachi FE-SEM model S-

4160. Mn3O4 particles were dispersed in 

water and cast onto a copper grid to study 

the sizes and morphology of the particles 

by TEM (Transmission Electron 

Microscopy) using a Philips-CM300-150 

KV microscope. FTIR spectra were 

recorded on FT-IR SHIMADZU. UV-Vis 

studies were done by UV-1650PC 

SHIMADZU. Magnetic property studies 

were recorded by Vibration Sampling 

Magnetometer (Model 7400 VSM). The 

sample was measured from -10 kOe to +60 

kOe at room temperature. 

2.2. Synthesis of Complexes 

[Mn
III

(acac)3]:  

First of all 0.52 g of manganese (II) 

chloride tetra hydrate and 1.4 g of sodium 

acetate were dissolved in 20 mL of 

distilled water. A solution of 0.11 g of 

potassium permanganate in 6 mL of 

distilled water was prepared. The obtained 

solution was stirred until KMnO4 was 

being dissolved. Then KMnO4 solution had 

been added drop wise for 10-15 minutes to 

the reaction mixture. It was stirred for 

further 10 minutes and then a solution of 

1.4 g of sodium acetate was added drop-

wise in 5 mL of distilled water. While 

stirring, the resulted dark mixture was 

heated in a water bath at 60
 ˚
C to 70 ˚C for 

15
 
minutes. A black color product was 

filtered and washed by approximately 10 

mL of cold distilled water. It was vacuum 

dried for 15 minutes. Yield of reaction was 

85%.  

 2.3. Synthesis of Mn3O4 Nanoparticles  
To investigate the effects of temperature 

on the size of the nanoparticles, it is used 

two different conditions of temperature to 

produce nanoparticles. For synthesizing 

first sample (S1) certain amounts of the 

Mn
III

(acac)3 was transferred into a 

crucible. Then the crucible was transferred 

into a preheated oven at 600 °C and was 

annealed for 3 h and after the reaction was 

completed, the crucible was cooled to the 

room temperature normally. In the next 

step the reaction product was calcinated at 

1000 °C for 3h, then cooled normally to 25 

°C. 

For synthesizing second sample (S2) 

certain amounts of Mn
III

(acac)3 added into 

a crucible, then it was transferred into a 

preheated oven at 1000 °C and was 

calcined directly at this temperature for 3 

h. At the end, the final product was cooled 

to the room temperature normally. Finally 

the red colored powders was obtained.  

3. RESULTS AND DISCUSSION 

3.1. FT-IR Analysis 

FT-IR analysis was performed to 

investigate the surface characteristics of 
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the prepared samples and the precursor 

spectra which are presented in figure 2. 

The vibrations of ions in the crystal lattice 

are usually observed in the range of 400 ∼ 

1000 cm
−1

 in FT-IR analysis. In the region 

from 400 to about 500 cm
-1

, two 

absorption peaks were observed at 424 and 

530 cm
-1

 which may be associated with the 

coupling of the Mn-O stretching modes of  

tetrahedral and octahedral sites, as 

expected from a normal spinel structure. 

Actually the vibration frequency located at 

530 cm
−1

 can be corresponded to the 

distortion vibration Mn-O in an octahedral 

environment. The strong peak at 632 cm
−1

 

is characteristic of hausmannite with a 

spinel structure, corresponding to the Mn-

O stretching vibration of divalent 

manganese ions in the tetrahedral 

coordination. 

 

 
Figure 2. FT-IR spectra of the synthesized Mn3O4 nanoparticles and Mn

III
(acac)3 as 

precursor. 
 

3.2. UV–Vis Spectra  

The UV–Vis spectra of the synthesized 

materials of Mn3O4 (S1, S2) are given in 

Figure 3. The bands at 222, 280 and 370 

nm are attributed to the allowed O
-2

→Mn
+2

 

(the two former) and O
-2

→Mn
+3

 (the latter) 

charge transfer transitions, respectively.  

This spectrum is typical of the 

hausmannite phase.  
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Figure3. UV-Vis electronic absorption of 

S1 and S2 where S1(a) and S2(c) are UV-Vis 

absorption spectra; and S1(b) ad S2(d) are 

the (αhν)
2
 versus hν plots. 

 

3.3. XRD Analysis 

Crystal phases of the as-synthesized 

materials were analyzed by using powder 

X-ray diffraction (PXRD) technique. 

Figures 4a and 4b show PXRD pattern of 

as-prepared Mn3O4 nanoparticles as data 

points. The results of structural analysis 

performed throughout the FullProf 

program by employing profile matching 

analysis (full line) with constant scale 

factors are also included. Red bars are the 

observed intensities while the black ones 

are the calculated data. The blue one is the 

difference: Yobs-Ycalc. The XRD patterns 

showed that the synthesized nanomaterials 

were crystallized in a tetragonal crystal 

structure, with space group of l41/amd 

(JCPDS 24-0734). The lattice parameters 

were found as a = b = 5.7621 Å, c = 

9.4696 Å with α = β = γ = 90° For all the 

prepared samples, diffraction peaks located 

at 17.95, 28.94, 31.02, 36.136, 38.004, 

44.43, 50.72 , 58.53 and 59.84 °, which 

can be perfectly attributed to peaks with 

the following miller indices: (101), (112), 

(103), (211), (004), (220), (105), (321), 

and (224) crystallographic planes of the 

tetragonal Mn3O4. Table 1 shows the cell 

parameter refinement data for S1 and S2. It 

was found that by changing the reaction 

conditions, the volume of the unit cell was 

increased. So there is a contraction in the 

unit cell with increasing temperature 

concentration for the synthesis of Mn3O4. 

 

3.4. Microstructural Studies 

For analyzing the morphology of the 

synthesized materials it was used FESEM 

and TEM. Figure 5 shows FESEM image 

of S1 (a, b) and S2 (c, d). also it shows that 

the synthesized nanomaterial had sphere-

like morphology and the diameter size of 

the synthesized nanomaterials were in the 

range of about 20-40 nm. It seems that the 

lower temperature, cause to smaller 

particle size.  

Also for precious investigation of the size 

and morphology of obtained material S1 

and S2 are used TEM image in various 

magnification in Figure 6 (a-d). 

It shows the particle size is about 20 nm 

also, a strong agglomeration and high 

transparency under TEM is obvious for S1. 

This image emphasis the square and 

hexagonal sheet like morphology. 
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Figure 4a. PXRD patterns of S1. 

 
Figure 4b. PXRD patterns of S2. 

 

Table 1. Cell parameters of samples S1 and S2 and tabulated values for Mn3O4. SD is the standard 

deviations. 
Sample a (SD) b (SD) c (SD) Volume (SD) 

Standard sample 

 (JCPDS 24-

0734) 

5.7621 5.7621 9.4696 314.408 

S1 5.7545(0.0066) 5.7545 (0.000) 9.4601(0013) 313.27(0.363) 

S2 5.7617 (0.0086) 5.7617 (0.000) 9.4658 (0.0017) 314.24 (0.471) 
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Figure 5. FESEM images of S1 and S2. 

 

 

 
Figure 6. TEM images (a-d) and particle size distribution profile of S1. 

 

3.5. Magnetic Measurements 

The magnetic hysteresis loops of 

synthesized Mn3O4 were investigated in a 

magnetic field range of -10 kOe to +60 

kOe which is shown in Figure 7. It is 

observed that magnetization increases 

almost linearly with enhance of field that it 

is paramagnetic-like behavior, and does 
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not saturate even at the maximal applied 

field with the linear one in Figure 7 [24]. 

 

 
Figure 7. Room temperature magnetic 

hysteresis loop of S1 at a scan rate of 10 

mV s
−1

. 

 
3.6. Thermal Analysis 

Thermal stability of the final powder has 

been analyzed using TGA are presented in 

Figure 8 for S1 and S2. Calcined powder 

shows no weight loss, as all organic 

residues have been removed, that reveals 

the stability of obtained Mn3O4 

nanoparticles.  

 

4. CONCLUSIONS  

In summary, nanostructured crystalline 

Mn3O4 was synthesized by a novel 

condition method. FESEM studies showed 

that the obtained nanomaterials had  

 
Figure 8. TGA thermograms of final 

powder after calcination of dried gel 

precursor. 

 

sphere-like structure. Also, SEM images 

showed that the synthesized nanomaterials 

were in different morphology that was 

dependent to the synthesis procedure. It is 

clear that reaction temperature is a main 

factor on the synthesized nanomaterial’s 

morphologies. Cell parameter refinements, 

the magnetic measurement and thermal 

stability of the synthesized nanomaterials 

was investigated. The FTIR spectrum show 

the stretching and bending frequencies of 

the molecular group in the sample have 

been studied.  
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