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Abstract: Nanoparticles of Mn0.7Zn0.3Fe2O4 were synthesized using normal combustion method. Nanoparticles were 
characterized using conventional tools like X-Ray Diffraction (XRD) for structural confirmation. Sample was irradiated 
with gamma radiation (200 Gy).  Particle size was estimated from XRD data for both as prepared as well as irradiated 
sample. Mössbauer investigations were carried out at room temperature and the spectra were fitted with a doublet 
attributed to superparamagnetic nature and six magnetic sextets. The broader sextet is due to tetrahedral A–site and the 
other four are due to octahedral B–site. Isomer shift values are consistent with Fe3+ high spin state for all sites for both as 
prepared as well as for irradiated sample. 

Keywords: Nanoparticles, X-Ray Diffraction, Infrared spectroscopy, Transmission electron micrograph, Mössbauer 
spectroscopy. 

 

 

1 Introduction  

Mn–Zn ferrites are the materials having wide range of 
technological applications in electronic industries as well as 
in the field of medical advancement and provide an 
opportunity to understand theoretically the interactions at 
nano-scale [1] The general formula of these materials is 
(A)[B2]O4, where the metallic cations in +2 state occupy 
the tetrahedral-A sites and the metallic cations in +3 occupy 
the octahedral-B site. In Mn-Zn Ferrite Zn is known to 
shows a strong affinity towards tetrahedral site where as 
Mn along with Fe occupies both tetrahedral and octahedral 
sites This unique cation distribution in mixed ferrites like 
Mn-Zn Ferrite governs various structural, magnetic as well 
as electrical properties of the material [2,3].  
 

It is also reported that exposure to external factors such as 
high pressure, high temperature and high energy radiation/ 
particle beams can alter the properties of ferrite material. 
Especially high energy radiations such as gamma rays are 
known to produce drastic changes in structural, magnetic 
and electrical properties of Mn-Zn ferrite nanoparticles [4-
8]. In present work we present results of X-ray diffraction 
XRD and Mössbauer investigations performed on as 
prepared and irradiated Mn0.8Zn0.2Fe2O4 nanoparticles 
prepared using combustion synthesis. 

 
 

2 Experimental  

2.1 Material Preparation 

Nanopowders of Mn0.7Zn0.3Fe2O4 sample was synthesized 
using combustion synthesis. Metal nitrates and acetates 
were used as raw materials with Nitrilotriacetic acid as a 
complexing agent and Glycene as fuel for the preparation 
of sample [9-12]. The method has several advantages. 
Being simple it is cost effective, energy efficient and 
consumes less time.   

2.2 Characterization 

XRD patterns of Mn0.7Zn0.3Fe2O4 nanoferrites (as prepared 
and gamma irradiated) were obtained on Reghaku X-ray 
diffractometer (CuKa radiation, λ=1.5418Å). The Rietveld 
refined XRD data obtained on the sample was used for, 
particle size estimation using Sherrer’s equation. 
Mössbauer spectra at room temperature were recorded 
using a Mössbauer spectrometer operated in constant 
acceleration mode (triangular wave) in transmission 
geometry. The source employed was Co-57 in Rh matrix of 
strength 50 mCi. The calibration of the velocity scale was 
done by using an enriched a-57Fe metal foil using a value 
of 331 kOe for the effective nuclear hyperfine field (Heff) at 
room temperature. The recorded MS were fitted using the 
WinNormos fit program. The line width of calibration 
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spectra is 0.23mms-1. The results of isomer shift are relative 
to a-Fe metal foil. 

2.3 Sample Irradiation with Gamma Rays. 
 Nanoparticles of Mn0.7Zn0.3Fe2O4 ferrite sample was 
exposed to gamma radiation (200 Gy). The gamma 
radiation of wavelengths λ1= 0.0106 Ǻ with energy E1= 
1.17Mev and λ2= 0.009 Ǻ with energy E2= 1.33Mev 
obtained from 60Co source were used to irradiate 
nanoparticle ferrite samples.  
 
3 Results and Discussion 

3.1 X-Ray Diffraction 

The Rietveld refined X-Ray diffraction patterns of as 
prepared and gamma irradiated Mn0.7Zn0.3Fe2O4 
nanoferrites are shown in Figure 1 and 2, respectively. The 
Rietveld analysis of XRD patterns confirms the single-
phase formation of samples in the cubic spinal crystal 
structure under the space group Fd3m.  

 

Fig.1: Rietvield analysis of as prepared Mn0.7Zn0.3Fe2O4 
sample. 
 Lattice constant value was determined from Rietveld 
refinement of the XRD pattern by using FULLPROF. 
Lattice constant value was found to be 8.407(2) Ǻ for as 
prepared sample and 8.394(4) Ǻ for gamma irradiated 
sample. This decrease can be attributed to various reasons 
such as the lattice vacancies generated after irradiation [13], 
also be due to irradiation produced the compressive strain 
and the broadening of peaks along with the reduction in 
peak intensity [14-18].   

The average particle size determined using Scherer’s 
formula (Eq.1) was found to be 23 nm and 18 nm for as 
prepared and gamma irradiated Mn0.7Zn0.3Fe2O4 ferrite 
nanoparticles, respectively. Sherrer’s equation is given by 

𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒	𝑆𝑖𝑧𝑒	′𝑡′ = ..01
23456

     (1) 

 

Fig. 2: Rietvield refined XRD patterns of gamma irradiated 
Mn0.7Zn0.3Fe2O4 nano ferrites. 
 
Where λ is the wavelength of X-rays, β is full width at half 
maxima of X-ray diffraction peaks, θ is the angle of Bragg 
diffraction. 
 

3.2 Mössbauer Spectroscopy  
 

In order to identify the exact oxidation state and local 
environment of Fe as well as the magnetic state and cation 
distribution in both as prepared as well as in irradiated 
sample at room temperature, we have carried out a 
Mössbauer study. Mössbauer spectrum of as prepared and 
gamma irradiated Mn0.7Zn0.3Fe2O4 was recorded at 300K in 
the velocity range of -11.5 to 11.5 mm/s and is shown in 
Figure 3. 
Mössbauer spectra were fitted by a WinNormos fit program 
assuming Lorentzian line shapes where in open circles are 
the experimental data and the solid lines are the fitted data.   

Mössbauer spectra wer fitted with a doublet and six sextets 
(Zeeman patterns). The analysis results of Mössbauer 
spectra in form of Mössbauer parameters are given in Table 
1. The low isomer shift values for sextet B for as prepared 
and irradiated samples are attributed to tetrahedral site with 
high spin Fe in +3 states. Isomer shift values for remaining 
five magnetic sextets are also consistent with existence of 
high spin Fe3+ in octahedral sites [19,20]. The relatively 
splitting values for doublets (0.612 and 0.501 mm/s) in both 
the samples (as prepared and gamma irradiated) indicate 
comparatively higher asymmetry. 
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larger d for octahedral sites corresponds to lower s-electron 
density at the Fe nucleus and hence may indicate a larger 
internuclear separation. Consistently high Quadruple Non-
zero quadrupole splitting can be attributed to chemical 
disorder. As a result an electric field gradient (EFG) of 
varying magnitudes, directions, sign and symmetry is 
produced which results in a distribution in the quadrupole 
shift. The line width values of both spectra are found to 
have values that are 3 times higher from the instrumental 
line width. These higher values of line width (broad line) 
indicate the nano size particles of Mn0.7Zn0.3Fe2O4 sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

[21]. On the basis of Mössbauer results, the cations 
distribution is found and is presented in Table 2. 

It is observed that concentration of Fe in Octahedral site 
has increased from 73.2 percent to 75.28 percent after 
gamma irradiation. This transfer of Fe on shows great 
affinity towards octahedral site and this tendency is seen at 
greater extent in irradiation sample. Transfer of Fe on 
octahedral site is compensated transfer of Mn from 
octahedral site to tetrahedral site where as Zn in +2 state 
shows affinity towards tetrahedral site in both as prepared 
and irradiated sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.3: Mössbauer spectra of as prepared and gamma irradiated Mn0.7Zn0.3Fe2O4 ferrite nanoparticles recorded at room 
temperature (300K). 

 

Table1: The hyperfine field values (Hhf), isomer shift (δ), quadrupole splitting (Δ), line width (Γ), relative area (RA) 
of tetrahedral and octahedral sites of Fe3+ ions for Mn0.7Zn0.3Fe2O4 ferrite nanoparticles derived from Mössbauer 
spectra recorded at room temperature. 
Mn0.7Zn0.3Fe2O4 Iron site 

 
Isomer shift 

(δ) 
mm/s 

Quadrupole 
splitting (∆) 

mm/s 

Hyperfine 
field (Hhf) 
    Tesla 

Relative 
area, (RA) 

(%) 

line width 
(Γ) mm/s 

As prepared Doublet (S. P.) 
Sextet (A) (Octa) 
Sextet (B)(Tetra) 
Sextet (C) (Octa) 
Sextet (D) (Octa) 
Sextet (E) (Octa) 
Sextet (F)(Octa) 

0.294+0.011 
0.338+0.085 
0.298+0.012 
0.282+0.036 
0.373+0.038 
0.320+0.025 
0.317+0.011 

0.612+0.021 
-0.039+0.002 
-0.307+0.007 
0.046+0.021 
0.046+0.006 
-0.099+0.019 
0.007+0.001 

- 
44.69+0.85 
38.18+0.87 
49.17+0.98 
47.93+1.12 
41.58+1.03 
46.45+0.68 

1.41 
39.60 
26.80 
5.01 
9.92 
2.46 
14.80 

0.510+0.001 
0.616+0.011 
0.666+0.016 
0.364+0.107 
0.434+0.056 
0.363+0.011 
0.791+0.112 

Gamma Irradiated 
(200Gy) 

Doublet (S. P.) 
Sextet (A) (Octa) 
Sextet (B)(Tetra) 
Sextet (C) (Octa) 
Sextet (D) (Octa) 
Sextet (E) (Octa) 
Sextet (F) (Octa) 

0.294+0.020 
0.336+0.019 
0.309+0.010 
0.309+0.017 
0.607+0.125 
0.353+0.018 
0.308+0.145 

0.501+0.021 
-0.018+0.019 
0.038+0.068 
0.029+0.016 
-0.790+0.198 
0.031+0.036 
0.027+0.002 

- 
44.49+0.11 
36.64+1.33 
48.81+0.01 
47.63+0.69 
41.87+0.37 
46.29+0.25 

1.43 
22.84 
24.72 
15.50 
4.75 
12.36 
18.40 

0.432+0.038 
0.511+0.203 
0.753+0.121 
0.335+0.221 
0.751+0.112 
0.815+0.238 
0.498+0.111 

 
 



                                                                                                                                         P. P. Naik et al.: Mossbauer Study of … 

 
 
© 2019 NSP 
Natural Sciences Publishing Cor. 
 

130 
 
 
 
 
 
 
 
 
 
4 Conclusions 
 

Nanoparticles of Mn0.7Zn0.3Fe2O4 were synthesized using 
combustion synthesis. As prepared samples were 
characterized and gamma irradiated with a radiation dose of 
200Gy. Both as prepared and gamma irradiated samples 
investigated with Mössbauer spectroscopy to study the 
effect of high energy radiation on structural parameters, 
cationic distribution and also identify the exact state of Fe 
in both tetrahedral site and octahedral site before and after 
gamma irradiation. Reduction of lattice constant and 
decrease in particle size were observed as the direct 
consequences of gamma exposure. Low values of Isomer 
shift and non-zero quadruple splitting for both as prepared 
as well as gamma radiated samples are evident for the 
preferred existence of Fe in +3 oxidation state. High 
Quadruple splitting values for doublets in both the samples 
(as prepared and gamma irradiated) indicate comparatively 
higher asymmetry. Due to preferred +3 oxidation state, Fe 
shows great affinity towards octahedral site and this 
tendency is seen at greater extent in irradiation sample. 
Transfer of Fe on octahedral site is compensated by transfer 
of Mn from octahedral site to tetrahedral site where as Zn 
in +2 state shows affinity towards tetrahedral site in both as 
prepared and irradiated sample.  

References 

[1] C. Upadhyay, H.C. Verma, C. Ratha, K.K. Sahub, S. Anand, 
R.P. Das, N.C. Mishra, Mössbauer studies of nanosize 
Mn1−xZnxFe2O4, Journal of Alloys and Compounds., 326 
94–97, 2001. 

[2] S. A. El-Badry, Influence of Processing Parameters on the 
Magnetic Properties of Mn-Zn Ferrites,Journal of Minerals 
& Materials Characterization & Engineering., 10(5), 397-
407, 2011. 

[3]S. J. Shukla, K. M. Jadhav. And G.K. Bichile, Study of Bulk 
Magnetic properties of Mixed spinel MgCrxFe2-xO4, Indian 
J. Pure Phys., 39, 226, 2001. 

[4] Pranav P. Naik, R. B. Tangsali, B. Sonaye, S. Sugur, Gamma 
Radiation Stimulated Unwavering Structural and Magnetic 
Refinement in MnxZn1-x Fe2O4 Nanoparticles Advanced 
Science Letters., 22,752-758, 2016. 

[5] Pranav P. Naik, R. B. Tangsali, B. Sonaye and S. Sugur, 
Sustained Augmentation in Electrical Properties of 

 

 

 

 

 

 

 

 

 

MnxZn1-xFe2O4 Nanoparticles Provoked by High 
EnergyGamma Radiation, J. Nano. Adv. Mat., 3(1), 1-7, 
2015.  

[6] Pranav P. Naik, R. B. Tangsali, B. Sonaye, S. Sugur, Radiation 
induced structural and magnetic transformations in nano- 
particle MnxZn(1-x)Fe2O4 ferrites Journal of Magnetism 
and Magnetic Materials., 385, 377–385, 2015. 

[7]P. P. Naik, R. B. Tangsali, S. S. Meena, Pramod Bhatt, B. 
Sonaye, S. Sugur, Gamma radiation roused lattice 
contraction effects investigated by Mossbauer spectroscopy 
in nanoparticle Mn–Zn ferrite  Radiation Physics and 
Chemistry, September.,147–152, 2014. 

[8] P. P. Naik, R. B. Tangsali, B. Sonaye, and S. Sugur, 
Enrichment of magnetic alignment stimulated by γ-radiation 
in core-shell type nanoparticle Mn-Zn ferrite AIP Conf. 
Proc., 1512, 354, 2013.  

[9] Pranav P. Naik, R. B. Tangsali, S. S. Meena, Influence of rare 
earth (Nd+3) doping on structural and magnetic properties 
of nanocrystalline manganese-zinc ferriteMaterials 
Chemistry and Physics., 191 215-224, 2017. 

[10] M. Deepak Kumara, A. D’souzaa, M. Chatima, V. Naik, 
Pranav P. Naik, R. B. Tangsali, Effect of Rare-Earth Doping 
on Magnetic and Electrical Transport Properties of 
Nanoparticle Mn–Zn Ferrite Advanced Science Letters., 22, 
773-779, 2016. 

[11]Nidhi Tendulkara, Suvarna Patila, Vibhav Kuncalienkar, 
Pranav P. Naik, Mandakini Kundaikar, Satish Keluskar, 
Study of Structural and Magnetic Properties of 
Mn0.8Zn0.2Fe2O4 Nanoparticles  Advanced Engineering 
Technology and Application., 5(1), 19-22, 2016. 

[12] R B Tangsali, S H Keluskar, G K Naik, J S Budkuley, Effect 
of sintering conditions on magnetic properties of 
nanoparticle MneZn ferrite synthesized with nitrilotriacetate 
precursor methodInt. J. Nanoscience., 3(4-5) 589-597, 2004. 

[13] A. Tawfik, I. M. Hamada, O. M. Hemeda, Effect of Laser 
irradiation on the structure and electromechanical properties 
of Co–Zn ferrite Journal of Magnetism and Magnetic 
Materials., 250, 77-82, 2002. 

[14] A. Dogra, M. Singh, R. Kumar, Mossbauer  studies of 
190MeV Af ion  irradiated NiMn0.05TixMgxFe1.95-2xO4 
ferrite. Nucl. Instrum. Meth. B., 207 296, 2003. 

[15]B. Angadi, V.M. Jali, M.T. Lagare, N.S. Kini, A.M. Umarji, 
R. Kumar, S.K. Arora, D. Kanjilal, 50MeV Li3+ irradiation 
effects on the thermal expansion of Ca1-
xSrxZr4P6O24,Nucl. Instrum. Meth. B., 187, 87, 2002. 

Table 2: Cation distribution estimated from Mössbauer spectroscopy study for as prepared and gamma irradiated 
Mn0.7Zn0.3Fe2O4 ferrite nanoparticles. [( )A: tetrahedral site, [ ]B:octahedral site.] 

 
Mn0.7Zn0.3Fe2O4 A-site 

(%) of Fe ions 
B-site 

(%) of Fe 
ions 

Cation distribution 

As prepared 26.8 73.2 (Fe0.54Mn0.26Zn0.3)A[Mn0.44Fe1.46]BO4 
Gamma Irradiated 

(200Gy) 
24.72 75.28 (Fe0.49Mn0.31Zn0.3)A[Mn0.39Fe1.51]BO4 

 
 



 J. Rad. Nucl. Appl. 4, No. 2, 127-131 (2019) / http://www.naturalspublishing.com/Journals.asp 
 

 
© 2019NSP 
Natural Sciences Publishing Cor. 

 

131 
[16] A. Deepthy, K.S.R.K. Rao, H.L. Bhat, R. Kumar, K Asokan, 

Gray track formation in KTiOPO4 by swift ion irradiation, 
.J. Appl. Phys., 89, 6560, 2001. 

[17] S.B. Ogale, K. Ghosh, J.Y. Gu, R. Shreekal, S.R. Shinde, M. 
Downes, M. Rajeshwari, R.P. Sharma, R.L. Greene, T. 
Venkatesan, R. Ramesh, R. Bathe, S.I. Patil, R. Kumar, S.K. 
Arora, G.K. Mehta, Influence of 90MeV oxygen ion 
induced disorder on the magneto transport in epitaxial 
La0.7Ca0.3MnO3 thin films,  J. Appl. Phys., 84, 6255, 
1998. 

[18] R. Bathe, S.K. Date, S.R. Shinde, L.V. Saraf, S.B. Ogale, S.I. 
Patil, R. Kumar, S.K. Arora, G.K. Mehta, 90MeV 16O ion 
irradiation effects on transport and magnetization in 
epitaxial thin films of La0.75Ca0.25MnO3 ,J. Appl. Phys., 
83, 7174, 1998. 

[19] D. Dobson, J. Linnet, M. Rahman, Mossbauer studies of the 
charge transfer process in the system ZnxFe3-xO4.  J. Phys. 
Chem. Sol., 31, 2727, 1971. 

[20] D.E. Dickson, F.J. Berry, Mössbauer Spectroscopy, 
Cambridge University Press, London., 22, 1986. 

[21]K. Vasundhara, S. N. Achary, S. K Deshpande, P. D. Babu, S. 
S. Meena. Size dependent magnetic and dielectric properties 
of nano CoFe2O4 prepared by a salt assisted gel-combustion 
methodJ. Appl. Phys., 113, 194101, 2013.  

 

 

 

 

 

 

 

 

 

 

 


