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Abstract: MgFe2O4 (MF) nanoparticles synthesized through hydrothermal method. The structural, optical, 

morphological, and magnetization of MgFe2O4 nanoparticles were carried by XRD, UV-VIS, FT-IR, PL, 

FE-SEM with EDX, and VSM techniques, respectively. It is confirmed that the prepared sample has a cubic 

structure in nature through XRD. The crystallite size is determined by Debye-Scherrer formula. The Optical 

properties are such as UV- Visible FT-IR, and PL was estimated by an energy band gap, the formation of 

the ferrite have been phase confirmed and the studies reveal that the excitation wavelength is at 425 nm of 

MgFe2O4 nanoparticles. The presence of peaks of respective elements (Mg, Fe, and O) in the EDX spectrum 

showed the formation of MgFe2O4 nanoparticles. The magnetic properties were estimated by VSM.  
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1. INTRODUCTION 

The spinel ferrites with a common formula of MFe2O4, (M: Fe, Mn, Co, Ni, Cu, Zn, etc.) are a large 

group of this family, where M2+ and Fe3+ are the divalent and trivalent cations occupying tetrahedral (A) and 

octahedral (B) interstitial positions of the face centre cubic lattice formed by O2− ions which have attracted 

attention due to their excellent magnetic and electrical properties alongside their semiconducting properties 

[1-3]. Beside by way of the spinel ferrites, an MFe2O4 nanoparticle finds extensive applications in magnetic 

based diagnosis and treatment devices [4]. Magnesium ferrite (MgFe2O4) nanoparticles as an interesting 

member of these materials have remarkable features such as excellent chemical stability, high coercivity, 

strong anisotropy, and great saturation magnetization [5]. Curie temperature is one of the important 

parameters for every ferrite in scintillating to its intrinsic property that could with precision control by the 

preferential preparation conditions, etc. The opportunity behaviors to synthesize MgFe2O4 nanoparticles are 

many such as the electrospinning [6], auto-combustion method [7], co-precipitation route [8], micro-

emulsion technique [9], ball milling [10], and sol-gel [11]. In addition, thermolysis [12], wet chemical co-

precipitation technique [13], self-propagating and microemulsion [14, 15], are also used. In this paper, we 

report the structural, morphological, optical and magnetic properties of MgFe2O4 nanoparticles by using 

hydrothermal method. 
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2. MATERIALS AND EXPERIMENTAL METHODS 

For the synthesis of MgFe2O4 nanoparticles, we selected the starting materials as Mg (NO3)2·6H2O (99.8% 

purity, Sigma-Aldrich), and Fe(NO3)3·9H2O (99.9% purity, Sigma-Aldrich). The sodium hydroxide (NaOH) 

pellets and its aqueous solution were also used to work as the solvent, in the hydrothermal reaction. In addition, 

purified water in the ratio of 1:4 (mixed precursors (gm): distilled water (ml)) is applied to the precursors and 

the resultant solution is placed on a magnetic stirrer. In the mean time, the NaOH aqueous solution was added 

drop by drop to the nitrate solution. As a result of the stirring of solution for 2 h, the white and delicious 

solution was obtained. This solution was further shifted to Teflon-linked bowl of 500 ml capacity and kept in a 

stainless steel autoclave. Afterwards, the screws of the autoclave were made tight to avoid the detonation of 

solution at the time of hydrothermal reaction. Then the autoclave was kept in a programmable hot air oven. In 

the oven, the hydrothermal reaction was performed at 160°C/8 h. After completion of reaction, the oven was 

cooled down to room temperature. In next step, the sample was removed from the Teflon-linked bowl and then 

cleaned for 10–12 times until the pH reaches 7. Later on, the powder sample was dried at 60 °C for 2 h in the 

hot air oven. The dried MgFe2O4 nanopowder was grinded in agate mortar for 15 min to achieve the 

homogeneous powder particles. Finally, MgFe2O4 (MF) nanoparticle samples characterized by XRD, FE-SEM 

with EDX, UV-VIS, FT-IR, PL and VSM techniques for structural, morphology, optical, Photoluminousnes, 

and magnetization properties of MgFe2O4 nanoparticles. 

3. RESULTS 

3.1.STRUCTURAL PROPERTIES 

The XRD pattern of MgFe2O4 (MF) nanoparticles was synthesized via the hydrothermal method are 

shown in Fig.1. All the observed different peaks corresponding to planes (111), (220), (311), (400), (420), 

(511), (440), (620), (533), and (444) were confirmed pattern in cubic spinal structure JCPDS card No. 89-3084. 

The MgFe2O4 crystallite size (D) is calculated using the Debye-Scherrer formula by sharp Bragg reflection 

corresponding to the highest intense peak (311) about 36.6 nm. The obtained data indicated that the lattice 

constants a = b =c were 8.3712 Å and in the unit cell volume (V = a3 for spinel cubic unit cell) value is 586.63 

Å3. Herein, we can understand the variation of lattice constant based on the Shannon ionic radii data [16], and 

probable cation distribution. Shannon ionic radii data showed the ionic radii of different cations of MgFe2O4 

such as Mg+2: 0.72 Å, Fe+3: 0.039 Å, and O-2: 0.068 Å. The evaluation of x-ray density is done by using 

equation [**] ρx = 8MW/NV, where MW is molecular weight, N is Avogadro number (6.023x 1023), and V is 

Unit cell volume of magnesium ferrite nanoparticles  for calculate the x-ray density value is 4.531 g/cm3. 

Finally, the surface area (S) for all the samples was found using the formula: S = 6000/(D*ρx), where the 

symbols have their usual meaning. The ‘S’ was 36.184 m2/g for MgFe2O4 nanoparticles [17]. The MgFe2O4 

nanoparticles were determined dislocation density (ρ), Atomic Packing Factor and Specific Surface area to 

volume ratio were obtained values listed in the Table.1. 

Table.1. Data on the XRD structural and physical parameters of MgFe2O4 nanoparticles 

Data on XRD analysis of MF nanoparticles 
1. Lattice parameter (a=b=c)  8.3712 A⁰  

2.  MW 199.993 g/mol 

3.  Crystallite Size (D)  36.6 nm  

4.  Atomic Packing Factor  0.1243 

5.  Volume (V) 586.63 (A⁰)3 

6.  Dislocation density (ρ)  7.465E+14 

7.  X-Ray density (ρx)  4.531 g/cm3  

8. Surface Area (S)  36.184 m2/g  

9.  S/V  0.0617 
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Fig.1. XRD pattern of MgFe2O4 nanoparticles 

 

3.2.OPTICAL PROPERTIES 

Using the diffuse reflectance spectra (inset of Fig.2) of MgFe2O4 nanoparticles, the optical band-gap 

(Eg) was found for MgFe2O4 nanoparticles. For this, the (αhυ)n versus hυ plots (where ‘α’ is absorptivity, and 

‘hυ’ is the photon energy) were tense by consider n = 2. Since, n = 2 is allowed for direct transition of charge 

carriers between the two energy bands [16]. We noticed from (αhυ)2 versus hυ plots that the Eg value was 1.09 

eV for MgFe2O4 nanoparticles. The Eg value was determined by extrapolating the linear portion of the plots 

(Fig.2) towards the photon energy axis wherein, exactly, the absorptivity identical to zero [16]. In reference 

[19], it was found that for different Zn-contents ranging from 0.1 – 0.9, the Eg was varied from 0.935 – 1.524 

eV. However, in this work, the numerical value of Eg was ~ 1.1 eV due to the presence of MgFe2O4 

nanoparticles. Therefore, these wide band gap compositions can be expected for optoelectronic and sensor 

device applications [17, 18]. 

FT-IR spectra of MgFe2O4 nanoparticles at room temperature are shown in Fig.3. Two major absorption 

bands were observed in the range of 430-580 cm-1 confirming the formation of spinel ferrites; a high frequency 

band (υa = 580 cm-1) caused by the stretching vibrations of the tetrahedral metal –oxygen bond a low frequency 

(υb= 430 cm-1) due to the metal – oxygen vibrations in octahedral sites. [20].  
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Fig.2. Optical band gap determination of MgFe2O4 nanoparticles 

 

 

 

 
                      Fig.3. FT-IR Spectra of MgFe2O4 nanoparticles 

 

The Fig.4 shows PL spectra of MgFe2O4 nanoparticles at room temperature. The emission peaks were 

noticed in the visible range of 380 nm to 560 nm, having a maximum near 425 nm. The MgFe2O4 nanoparticles 

exhibited intense and broad blue emission between 380 nm to 499 nm with peak PL intensity at 425 nm. The 

emission between 499 nm to 560 nm is related to a weak green emission. Such electronic emission may be due 

to the radioactive defects at grain boundaries [20, 21] and the oxygen vacancies within the crystal structure [22]. 
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Fig.4. PL Spectra of MgFe2O4 nanoparticles 

3.3. MORPHOLOGICAL PROPERTIES 

Field Emission scanning electron microscopy (FE-SEM) was carried on the way to observe morphology 

of the synthesized product. Fig. 5 shows the observed FE-SEM images clearly revealed that the magnetic ferrite 

particles are formed with some agglomeration at nanoscale. The particles have homogenous distribution. 

Agglomeration was also observed as small particles aggregated in order to achieve lower free energy state. 

Fig.6 shows the energy dispersive spectrum (EDS) for MgFe2O4 nanopowder and Table 2 gives quantitative 

estimation of elements obtained directly from spectrum through its atomic and weight percentages values. The 

results were confirmed the presence of required elements in the prepared composition with almost all the peaks 

associated with elements such as those of Mg, Fe, O, thereby suggesting the formation of MgFe2O4 

nanoparticles [18]. 

 

 
 

Fig.4. FE-SEM image of MgFe2O4 nanoparticles 
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Fig.5. EDX of MgFe2O4 nanoparticles 

 

Table.2. Atomic Percentage of MgFe2O4 nanoparticles 

 

Composition Atomic percentage (At %) 

Mg Fe O 

Mg Fe2O4 15.96 31.46 52.58 

 

3.4. MAGNETIC PROPERTIES 

The hysteresis or loop is used to determine the behavior of ferromagnetic materials when placed in the 

magnetic field. Fig.7 displays the room temperature hysteresis loop for MgFe2O4 nanoparticles are prepared 

by hydrothermal method, which indicates the soft magnetic nature of the synthesized particles. The values 

of the saturation magnetization (MS), coercivity (HC), retaintivity (MR) and MR /MS ratio were obtained 

from this curve as 48.40 emu/g, 169.25 Oe, 14.47emu/g and 0.2989 respectively as shown in Table.3. [23]. 

Table.3. Data on the Magnetic parameters of MgFe2O4 nanoparticles 

Compositio
n  

MS 
(emu/g)  

MR  
(emu/g)  

HC (Oe)  MR/MS ratio  

MgFe2O4  48.4 14.47 169.25 0.2989 
 

 

 
Fig.5.M-H loop of MgFe2O4 nanoparticles 
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CONCLUSION 

 

Hydrothermal method in compare to further synthesis methods of nanoparticles preparation has many 

advantages, for examples: easy, accessible, and low-cost. In this work, we have prepared the MgFe2O4 

nanoparticles synthesized through hydrothermal method. X-ray analysis confirmed the formation of a cubic 

spinel structure. FTIR result confirmed the ferrite phase formation. FE-SEM images illustrate that the 

magnetic ferrite particles are formed with various agglomeration at nanoscale. The EDX results confirm the 

presence of the required elements in the prepared composition. The optical energy band gap of 1.09 eV, 

preserve is providing the applications in sensor and optoelectronic devices. The room temperature M-H loop 

of the sample tends to be ferromagnetic in nature. The values of the saturation magnetization (MS), 

coercivity (HC), retaintivity (MR) and MR /MS ratio were obtained from this curve as 48.40 emu/g, 169.25 

Oe, 14.47emu/g and 0.2989 respectively. 
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