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Abstract: In this paper properties of magnesium doped copper ferrite are evaluated and it is often 

that suitable for microwave absorption application. Soft MgxCu1-xFe2O4 ferrite nanoparticles were 
synthesized by using simple chemical co-precipitation technique at 900C. The structural details and 
characterization is portrayed by utilizing powder XRD, FTIR, HRTEM, EPR and VSM procedures. 
XRD examples affirmed the single-stage cubic spinel structure of nanoparticles with no additional 
stage and crystalline size lies in the range 8-20 nm. It was observed that the lattice parameter 
diminishes with expanding cation substitution of Mg2+. EPR spectra of the considerable number of 
tests show a ferromagnetic single broad resonance signal shifts to the higher field on increasing Mg 
ions concentration. 
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1.  Introduction  
Properties of nanomaterials largely depend on 

crystallite size, nature of dopant, doping concentration and 
distribution of dopant ions. Different routes sol-gel, co-
precipitation, solid state reaction method etc. have been 
followed to synthesize magnetic nanoparticles as it has an 
important role in deciding the properties of ferrites1–5). 
Ferrite magnetic nanoparticles due to their good 
microwave absorption property are used to create 
invisibility of the air vehicles to the radar signals which is 
known as stealth technology which aims to make an air 
and ground vehicles invisible to radar. 

For microwave absorption property dielectric 
composites may possibly comprise mixed ferrites to 
augment the magnetic and dielectric properties of a 
material. In CuFe2O4 a highly magnetic ferrite, Cu2+ ions 
occupy B sites and hence, have completely inverse spinel 
structure6) and in MgFe2O4, Mg2+ ions preferably occupy 
B sites, leads to the formation of partially inverse spinel 
structure7). MgFe2O4 have been a material of great interest 
in the field of Ferro fluids, transformers, humidity and gas 
sensing, catalysis etc. due to low dielectric losses and high 
resistivity8). Kavita verma et al. reported the effect of Mg 
ion doping in Cu ferrite materials which have high 
dielectric properties9). Novel Mg doped Zn-Li spinel 
ferrites of various compositions have been prepared by 
sol-gel auto combustion technique10). The dielectric 
properties of Poly crystalline spinel ferrite Ni1-xMgxFe2O4 
(x= 0, 0.1, 0.3, 0.5, 0.7) nanoparticles has been 
synthesized by the co-precipitation method in11). Ni1-

xAxFe2O4 (A =Zn, Mg and x =0.0, 0.5) has been prepared 
by chemical co-precipitation method with a motivation to 
seek the role of nonmagnetic Zn and Mg doping on 
structural and dielectric properties of NiFe2O4 has been 
studied in 12). The samples of AxCo1-xFe2O4 (A = Zn, Mg 
and x = 0.0, 0.5) were successfully prepared by chemical 
co-precipitation method in 13). 

Recently, intrinsic properties of copper ferrites have 
been enhanced by using doping effect by various 
researchers. Substitution of various metal ions like Zn2+, 
Co2+, Nd3+, Yb3+, La3+, Sm3+ and Gd3+ etc. has been 
studied to investigate the effect on structural magnetic and 
electrical properties of copper ferrites, La2NiMnO6 based 
Perovskite solar cells, photovoltaic performance 
investigation of Cs3Bi2I9 based, low-temperature 
synthesis of potassium triniobate (KNB3O8), and 

Ba0.62K0.38)14–21). But still, the 
authors did not acknowledge the synthesis of Mg2+ ion 
doped copper ferrite so far. In the present work, to modify 
electrical and magnetic property of copper ferrites, doping 
effect of Mg2+ ion of copper ferrites has been studied for 
microwave absorption application. It has been found after 
the synthesized the material that material has excellent 
structural properties, High-Saturation magnetization, 
good dielectric properties variation with frequency, 
microwave absorption property, which often advantage 
performance over their structure. 

In this work, Mg doped CuFe2O4 have been synthesized 
using co-precipitation method. Detailed structural studies 
have been investigated using XRD, FTIR, HRTEM, VSM 
and EPR. Variation in magnetic properties with 
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replacement of Cu2+ ions with Mg2+ ions is inspected 
using VSM.  

Main focus of this study is to explore the dielectric 
properties with increase in doping of Mg2+ ions and to use 
them for microwave absorption application. 
Unfortunately, there is currently not much of an 
exhaustive study that provides information on the optical 
and magnetic properties of nanostructures of MgxCu1-

xFe2O4 doped with Mg2+. Furthermore, there has been no 
previous publication on a thorough investigation of the 
structural, morphological, optical, and magnetic 
characteristics of Mg2+-doped Cu1-xFe2O4 nanostructures 
that has been generated using the co-precipitation process. 
In this study, the precipitation approach has been used to 
synthesize a range of MgxCu1-xFe2O4 (x = 0.1, 0.2, 0.3, 0.4, 
and 0.5) nanoferrites. A study has been conducted to 
examine the influence of adding magnesium ions on the 
structural, optical, and magnetic characteristics of Cu1-

xFe2O4 nanoparticles. The study provided novel optical 
characteristics of MgxCu1-xFe2O4 nanoferrites. 

This paper is organized as follow: Discuses the brief 
introduction in section 1. Experimental synthesis of the 
Mg-Cu ferrites nanoparticles is detailed in Section 2. 
Characterization of the material by different methods and 
results are discussed in Section 3. Finally, the conclusion 
is summarized in Section 4 followed by references and 
Acknowledgements.   

2. Experimental 
Facile substance co-precipitation strategy is used to 

produce Mg2+ particle doped Mg-Cu ferrites 
nanoparticles with composition MgxCu1-xFe2O4 

. High immaculateness AR grade Merck 
synthetic salts of  Mg(NO3)2.6H2O, Cu(NO3)2.6H2O and 
Fe(NO3)3.9H2O were utilized as beginning materials for 
the production.  

Step A:- The homogeneous solutions of these salts were 
blended in stoichiometric proportion.  

Step B:- 25 % Ammonia solution was drop shrewd to 
keep pH consistency 9.0 of solution mixture.  

Step C:- To avert particles agglomeration the individual 
particles during precipitation are surfactant using Oleic 
acid.  

The arrangement of ferrite nanoparticles happens in 
two-advance procedure:  

1. Co-precipitation step: 
Metal salts have been changed over into hydroxides (at 

900C)  
xMg2+ + (1-x)Cu2+ + 2Fe3+ + 8OH- 
 xMg(OH)2.(1-x)Cu(OH)2.2Fe(OH)3           (1) 

2. Ferritization step: 
Hydroxides converted into Nano ferrites.  
xMg(OH)2 .(1-x) Cu(OH)2 .2Fe(OH)-

3 

 MgxCu1-xFe2O4+4H2O                      (2) 
The precipitated particles were cleaned 4-5 times with 

double distilled water for washout salt deposits and other 
contaminations and then dried at 900C to get the powder. 
3. Characterizartion of Material 

This section contains synthesized materials which are 
characterized by XRD, FTIR, HRTEM, EPR and VSM. 
The dielectric property of this material is also discussed in 
the section. 

A. XRD Pattern  
To diagnose the phase of a crystal at room temperature 

XRD patterns for the desired compositions i.e. . MgxCu1-

xFe2O4 (x= 0.1- 0.5) have been taken using model ‘Rigaku 
Make Powder’22) operating at a wavelength of 1.5406 Å. 
Figure 1 shows pure crystalline nature of the compositions 
with no additional peak. The crystalline size obtained 
from Debye’s relation and the calculated structural factors 
are given in Table I and all samples are single-phase cubic 
spinel structure. The variation of lattice parameters and 
crystallite size is shown in Fig. 2. It can be seen that the 
lattice parameter values go on diminishing with increasing 
Mg2+ ions at ease in the copper ferrite particles, as smaller 
radii (0.66 Å) magnesium ions are substituting larger radii 
(0.82 Å) copper ions. Crystalline size is found to be in the 
range 7-14 nm and the variation in crystallite size can be 
attributed to the synergistic effect during annealing. The 
strain induced in the ferrite nanoparticles as the 
imperfections in the material emanate with doping and can 
be evaluated from W-H relation23) given by:    = + 4 tan                        (3) 

 

Fig.1. XRD Patterns of synthesized MgxCu1-xFe2O4  
samples ( x= 0.1, 0.2, 0.3, 0.4 and 0.5)  
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Fig. 2. Variation of lattice parameter and crystallite  
size with Mg2+ ion concentration 

Table I: Various structural parameters of MgxCu1-xFe2O4 

 (x= 0.1, 0.2, 0.3, 0.4, 0.5) samples. 

Samp

le 

D 

(nm) 

d (Å) a(Å) rA(Å) rB(Å) LA(Å

) 

LB(Å) 

x=0.1 10.9

5 

2.52

3 

8.37

0 

0.49

00 

0.77

25 

3.62

4 

2.959 

x=0.2 7.38 2.51

6 

8.34

5 

0.48

46 

0.76

63 

3.61

3 

2.950 

x=0.3 10.4

1 

2.52

5 

8.37

6 

0.49

13 

0.77

40 

3.62

7 

2.961 

x=0.4 16.0

4 

2.52

8 

8.38

7 

0.49

36 

0.77

67 

3.63

1 

2.965 

x=0.5 
17.0

3 

2.52

6 

8.37

8 

0.49

17 

0.77

45 

3.62

7 

2.962 

B. FTIR Pattern 
Infra-red spectra of the compositions were recorded 

with FTIR ‘NICOLET 5700’ spectrometer. Fourier 
transform infrared spectra of the prepared composition in 
the 400 – 4000 cm-1 region are outlined in Fig. 3.  

The larger frequency band lies in 550-565 cm-1 region 

shows the Mt – O stretching vibes at tetrahedral locus.  
Fig.3. FTIR Spectra of MgxCu1-xFe2O4   

samples( x= 0.1, 0.2, 0.3, 0.4 and 0.5) 

The other band of low frequency lies in 405-420 cm-1 
region shows the Mo – O stretching vibes at octahedral 
locus. The gap in the positions of two bands arise due to 
variation in M-O width at A and B sites24). These 
absorption bands manifest the crystalline spinel network 
of prepared compositions. With rise in magnesium ion 
content Mt – O band shift towards the larger wave number. 
This shift in wave number signifies that the tetrahedral 
complexes are also being preferred by Mg ions. Hence 
magnesium ions reside at both tetrahedron and octahedron 
complexes as reported by25)

Fig. 4. HR-TEM images and histogram of MgxCu1-xFe2O4 (x = 0.1, 0.3 and 0.5) nanoparticles
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C. High-Resolution Transmission Electron Microscopy 
Pattern 

Structural micrographs of the samples were taken using 
‘Tecnai G20’ HRTEM microscope. To check the particle 
size and morphology HR-TEM images of manufactured 
MgxCu1-xFe2O4 nanoparticles have been shown in Fig. 4. 
Most of the particles are appearing to be spherical in 
nature with some agglomeration in magnetic 
nanoparticles. Average partcle size has been calculated by  
measuring the length of 30-50 nanoparticles randomly and 
found to be 12.6, 16.8 and 18.1 nm for samples with x = 
0.1, 0.3 and 0.5 respectively. It is obsreved that particle 
size is reducing with increase in doping concentration of 
Mg content, since, ionic radius of Mg2+ ions (0.66 Å) is 
smaller that Cu2+ ions (0.73 Å). 

D. Vibrating Sample Magnetometer 
Magnetic parameters were estimated from vibrating 

sample magnetometer (VSM) recorded hysteresis loops at 
room temperature in  -10 KOe to +10 KOe magnetic 
field range. Figure 5 shows change in magnetization on 
varying the applied magnetic field. It can be seen from 
figure that magnetization is not saturated decreases with 
increase in Mg content from 0.1 to 0.5. Maximum 
magnetization varies from 22.22 emu/gm for x = 0.1 to 
15.65 emu/gm for x = 0.5. Magnetization decreases due to 
cation distribution of Cu and Mg cations [Fe3+]T [Cu1-

x
2+Mgx

2+Fe3+]O4 . 
 
The value of squareness, anisotropy constant and 

magnetic moment of the particles were calculated 11) by 
using formulas are given below;  

 K = .                                    (4) S =                                      (5) = ×                                 (6) 

where M , M  , Hc and MW are the retentivity, maximum 
magnetization, coercivity and molecular weight of 
composition (in gm) respectively and magnetic factor is 
5585  
 

Table 2: Magnetic measurement of MgxCu1-xFe2O4  
(x= 0.1, 0.2, 0.3, 0.4, 0.5) samples 

Samp
le 

Ms 

(emu/g
m) 

Hc 
(Oe) 

Mr 
(emu/g
m) 

(S) 

Anisotro

py 
constan

t (K) 

Bohr    
magnet
on      
(μB) 

x=0.1 22.22 
0.03
2 

1.406 
0.06
3 

0.740 0.9361 

x=0.2 21.18 
0.00
9 

0.323 
0.01
5 

0.202 0.8774 

x=0.3 20.48
0.03
2

0.918
0.04
4

0.687 0.8339

x=0.4 17.66 
0.03
5 

1.097 
0.06
2 

0.643 0.7067 

x=0.5 15.65
0.10
7 

2.332 

0.06
3-
0.14
9

1.752 0.6153

 

Fig. 5. Magnetization curve of MgxCu1-xFe2O4  
samples ( x= 0.1, 0.2, 0.3, 0.4 and 0.5) 

 
A continuous decrease maximum magnetization value 

values in with Mg content can also be attributed to its non-
magnetic behaviour. Furthermore, Mg2+ ions are smaller 
than that of Cu2+ ions, hence, has high surface to volume 
ratio which tend to increase the canted spins on the surface. 
These canted spins work as dead layers that do not 
contribute to magnetization. Therefore, a decrease in 
magnetization is observed with Mg content. Values of 
coercive field and retentively are almost found to be 
increased with Mg contribution. 

E. Electron paramagnetic Resonance Pattern 
Electron paramagnetic Resonance (EPR) spectroscopic 

exploration of ferrites throws light on their magnetic 
properties behavior at high frequency. EPR spectra of 
MgxCu1-xFe2O4 (x = 0.1, 0.2, 0.3, 0.4, 0.5) samples 
recorded on M/S Bruker Biospin A300 X-band EPR 
Spectrometer at 9.85 GHz microwave frequency and 100 
kHz modulation frequency are broad resonance signal 
arising from the spin and electromagnetic waves 
interaction shown in Fig 6. EPR parameters like peak-to-
peak line width ( Hpp), half peak width ( H1/2), g-value, 
spin concentration (spin/g) and spin-spin relaxation time 
constant ( 2) (sec.) are derived by considering Lorentzian 
distribution using the following relations and  listed in 
Table 3.  g value =                            (7) H / = 3 H                            (8) = /                              (9)
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where h: Planck’s Constant, B: Bohr Magneton, : 
Microwave Frequency, Hr: Resonance Magnetic Field, g: 
g-value, H1/2: Half Peak-to-Peak Line width Hpp value 
of these broad resonance signals varies with Mg2+ ions 
concentration in the range from 650 G to 875 G.  

 

Fig. 6.  EPR spectra of MgxCu1-xFe2O4 samples  
with different Mg2+ ion concentration recorded  

at room temperature. 
 
First increase and then decrease in peak -to- peak line 

width on increasing Mg concentration is attributed to the 
change in crystalline field effect and reduction in magneto 
crystalline anisotropy 26). The narrow resonance line width 
exhibits better magnetic field homogeneity among ferrite 
nanoparticles27). 
 

Table 3: EPR Measurement of MgxCu1-xFe2O4  

samples with different Mg2+ ion concentration

Samp
le 

HR  
(G) 

PP  
(G) 

g-value 
Ns  
(spin/g) 

Spin-Spin 
Relaxation 
time 
Constant 
(sec) 

x=0.1 3233.78 
567.0

4 
2.1376 4.56×1015 5.42×10-15 

x=0.2 3333.05 
850.5

4 
2.0739 5.42×1015 3.72×10-15 

x=0.3 3352.60 
749.0

3 
2.0618 1.71×1016 4.25×10-16 

x=0.4 3442.84 
676.8

4 
2.0078 4.48×1015 4.83×10-15 

x=0.5 3475.14 
625.8

0 
1.9891 1.98×1015 5.27×10-15 

 
In doped ferrites, the dipolar-dipolar and super-

exchange interactions play vital role which broadens and 

narrows down the resonance signal respectively28). It 
means Mg doping weakens super-exchange interaction in 
x = 0.2 case and then improves on further increasing Mg 
concentration in samples. In super-exchange interactions, 
the moments of A site ions align anti parallel or parallel to 
B site ions to increase or reduce the internal field 
respectively29). The resonance field (Hr) value shifts to 
higher magnetic field on increasing Mg content. Hr value 
of first derivative EPR signal depends upon the anisotropy, 
porosity, non-uniform demagnetization, maximum 
magnetization and internal field parameters26). In the 
present case substitution of non-magnetic Mg2+ at Cu2+ 
ions site reduces the internal field and shift resonance to 
higher magnetic field with increasing Mg content to fulfill 
resonance condition i.e. h  = g Hr. g- value decreases 
from 2.1376 to 1.9891 on increasing Mg content because 

per Equation (8) and also due to low magneto-crystalline 
anisotropy. The spin concentration of these samples is 
calculated by the comparison method where DPPH has 
been used as standard reference material. The spin-spin 
relaxation time constant are calculated by using equations 
(8-9). These derived EPR parameters are also supported 
by the inferences drawn from magnetic studies made by 
VSM in the present series of Mg doped samples. 

F. Dielectric Properties 
Dielectric behaviors of the composition has been 

studies using Impedance Analyzer. The variation in 
dielectric constant with frequency for all the samples are 
outlined in Fig.7. At low frequencies, the value of 
dielectric constant goes on decreasing with increasing 
frequency while it becomes independent at larger 
frequencies. This behavior is explained in terms of 
“Maxwell – Wagner” model 30). Accordingly, ferrites 
structure presumed to consist of largely conducting modes 
(grains) embedded in insulating mold (grain boundaries) 
31). In low frequency zone these boundaries are highly 
active and with increase in frequency the conducting 
grains play their role results in decrease in the dielectric 
constant. This can be interpreted in terms of polarized 
space charge that occurred because of highly conducting 
grains present between insulating boundaries. The 
exchange of Fe3+ ions and Fe2+ ions, results displacement 
along the applied field contribute in polarization. Hence 
dielectric constant becomes high at small frequency.  

The graph between dielectric loss and frequency for 
synthesized samples are shown in Fig. 8. It is seen that, 
the value of loss goes on decreasing with rise in frequency 
often certain range of frequency. If the hopping frequency 
of electron at B-site is larger than the applied field 
frequency, the electrons will trail the field with maximum 
loss. At large frequencies hopped electrons among ferric 
and ferrous ions not retain pace with field applied causing 
a reduction in contribution of polarized space charge as a 
result of which reduction in dielectric loss is observed. At 
small frequencies dielectric loss possess large value 
because of the larger resistivity of the boundaries that 
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requires high energy to exchange electrons among ferric 
and ferrous ions.  

The dielectric lose factor is represented as:     tan =                 (10) 

OR tan = ,,,       

and   ,, = , tan                               (11) 
Is the phase different between applied field and induced 

current. 

Fig.7. Variation of dielectric constant with frequency  
of MgxCu1-xFe2O4 samples 

 
The AC conductivity of the synthesized samples with 

frequency is outlined in Fig. 9. It can be analyzed that at 
low frequencies the overall conductivity remains almost 
constant, rises slowly at intermediate region and get 
scattered at large frequencies. It is a fact that with rise in 
frequency, the conductivity of the compositions increases 
and explained with hopping model. At low  

Fig. 8. Variation of dielectric loss with frequency  
of MgxCu1-xFe2O4 samples 

 

frequency large resistance of the boundaries is highly 
effective and hence a plateau is obtained. At larger 
frequency the conductivity rises because of grain impact 
and of increase in hopping of carriers among ferric and 
ferrous ions at octahedron complex. The conductivity falls 
on adding Mg2+ ions because its oxidation state is stable 
and hence do not take part in conduction. Moreover, these 
ions inhibit the conduction among Fe3+ and Fe2+ ions by 

preferably residing at octahedron complex. 
Fig. 9. Variation of ac conductivity with frequency  

of MgxCu1-xFe2O4 samples 
 

4.  Conclusion:

The magnesium ions doped copper nanomaterials have 
been prepared successfully using chemical co-
precipitation approach to study the impact of magnesium 
substitution in altering the structural, optical, and 
magnetic properties of copper ferrites. X-ray diffraction 
patterns confirm the crystalline nature of the prepared 
materials. The size obtained using Debye relation raises 
from 10 to 20 nm. FTIR curves shows that the Mg ions get 
incorporated in the copper ferrite sample. TEM patterns 
provide the nanocrystalline nature of the sample and the 
nanoparticles form sphere and get clustered as a result of 
magnetic interactions. On substituting magnesium ions, 
the increase in magnetic factors such as Ms, Hc, S, K and 
Mr is observed. The  decrease in dielectric factors such 
as dielectric loss, dielectric constant and AC conductivity 
is seen with rise in magnesium ion content which are 
suitable in microwave absorption applications. The 
produced nanoparticles have modified and adjustable 
magnetic characteristics, which may have significant 
applications. The features of doping of Mg2+ ion can be 
further explored by varying the constituted parameter of 
ferrites. 
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Appendix 
Equipment used for characterized the material. 

 X-ray diffraction pattern were recorded using 
‘Rigaku Make Powder’ X-ray diffractometer. 

 Infra-red spectra of the compositions were 
recorded With FTIR ‘NICOLET 5700’ 
spectrometer. 

 Structural micrographs of the samples were 
taken using ‘Tecnai G20’ HRTEM microscope. 

 VSM- Model ADE-EV was used to explore 
magnetic properties. 

 EPR spectrum was recorded on Bruker Biospin 
Make, Model A300. 

 The dielectric measurements were recorded by 
using HP4284A LCR meter attached with a 
lakeshore 340 temperature controller 
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