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Polycrystalline samples of the composition Ni1-xLi0.5xFe2+0.5xO4  

(where x=0.0, 0.25, 0.5, and 0.75) were prepared by the standard ceramic 

method. The dielectric constant, ′, and AC electrical conductivity, ′, were 

determined at different temperature and frequencies. The values of the 

dielectric constant are abnormally high and approaches around 1011. The 

dielectric constant decreases with increase of the frequency. The multiple 

hopping conduction mechanism is used to explain the conduction mechanism in 

theses materials. The results show that the conductivity of these materials is 

very sensitive to the temperature. 

 

1. Introduction 

Spinel ferrites have vast application from microwave to radio 

frequencies; it is of great importance from both the fundamental and the applied 

research points of view [1.2]. The characteristic physical properties of the 

spinel ferrites, as electrical conductivity, Dielectric constant, thermoelectric 

power, magnetic property arises from the ability of these compounds to 

distribute the cations amongst the available tetrahedral A- and octahedral B- 

sites [3.4]. The factors related to the ionic charge and radius, crystal and ligand 

fields, and anion polarization play an important role in the site preference of 

cation. 

 

Lithium ferrites are very attractive for microwave applications instead of 

garnets and other spinel ferrites [5]. Mitra et al. [6] had prepared bulk Li 

substituted Ni–Zn ferrites and obtained ferrites with improved microstructure 

and magnetic properties.  El Nimr et al. [7] had prepared nano particles of 

Li0.1(Ni1-xZnx)0.8Fe2.1O4 and studied their particle size distribution, DC 

conductivity and magnetic permeability. Several studies [8–11] have been 

reported on the effect of additions of divalent, trivalent and tetravalent ions on 

the electrical conductivity and dielectric properties of lithium ferrites. P. V. 

Reddy and T. S. Rao [12] studied the transport properties of Li-Ni mixed 
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ferrite. They found that the charge carrier concentration and the charge carrier 

concentration decrease with the temperature. J. Jing, et. al., [13] prepared a 

series of LiNi0.5LaxFe2-xO4 by thermolysising of oxalate precursors and studied 

their crystal structure and magnetic properties. The cation distribution of these 

samples shows that Li ion prefers to occupy the octahedral site. P. G. Kharabe, 

et. al., [14] prepared a series of Li0.5Ni0.75−x/2Cdx/2Fe2O4 and studied their crystal 

structure and magnetic properties as well as their dielectric properties.  
 

In this work we present an investigation on the dielectric properties and 

the conduction mechanism of Ni1-xLi0.5xFe2+0.5xO4, where x = 0.0, 0.25, 0.5,  

and 0.75.  
 

2. Experimental Methods 

The samples were prepared by the standard ceramic method [14], where 

high pure NiO, Fe2O3, and Li2CO3 were mixed together in a proper ratio in 

order to prepare a series of Ni1-xLi0.5xFe2+0.5xO4, where x = 0.0, 0.25, 0.5, and 

0.75. After grounding, the mixtures were presintered at 900 °C for 6 hours in 

porcelain crucibles using an electric muffle furnace, and left to cool to room 

temperature. The mixtures were ground again for 6 hours to get a fine powder. 

The powder is, then, pressed in die to get disc-shaped samples of diameter 1.3 

cm under pressure 10 bar. The discs are sintered at 1150 °C for 6 hours and left 

to cool to room temperature. Finally, the samples were polished to obtain two 

smooth uniform parallel plates surfaces. Contacts on the sample surface were 

made by silver paste for electrical measurements. The crystal structure of the 

sample was confirmed to be a single phase cubic spinel using x-ray 

difrractometer (not shown). AC electrical conductivity and the dielectric 

properties of each sample were determined by using LCR meter (type- HIOKI 

3532-50) in the frequency range 100 Hz –5 MHz and in the temperature range 

from room temperature up to around 700K.  

 

3. Results and dissections 

3.1 Dielectric Properties 

The variation of the dielectric constant ′with the frequency at different 

selected temperatures is shown in Fig. (1) as log-log scale for  

Ni1-xLi0.5xFe2+0.5xO4. It is shown that the values of the dielectric constant are 

abnormally high; it is around 106 or more at room temperature and approaches 

1011 at high temperature. The value of the dielectric constant depends on the 

frequency and temperatures. The behavior of the dielectric constant with the 

frequency is normal, i.e., ε' decreases with increasing frequency. As the 

temperature increases, the dielectric constant increases. The results show also 

that the dielectric constant exhibits a week dependence on the composition. 
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Same behavior was reported for other ferrites [15]. The behavior of the 

dielectric constant can be explained on the bases of the relaxation theory in 

solids. It is well known that the complex dielectric constant ( "j'*  ) of 

the medium vary with the angular frequency (=2f) according to the following 

equation [16]. 

 

   
 


 


j1

)(
* o                                           (1) 

 

where τ is the relaxation time, εo is the static field dielectric constant, and ε∞ is 

the high-frequency (optical) dielectric constant of the material. The real and 

imaginary parts of the complex dielectric constant ε', ε'' respectively can be 

expressed as  
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Equation (2) gives an explanation to the decrease of the dielectric 

constant with increasing frequency. From the other hand, the behavior of 

dielectric constant with the frequency can be explained on the fact that the 

hopping of the charge carriers can not follow the frequency of the external 

applied electric field beyond a certain frequency value [17]. ε'' represents the 

dielectric loss through the material.  
 

Figure (2) depicts the variation of the dielectric constant with the 

temperature at different selected frequencies (102, 103, 104, 105, 106, 5106 Hz) 

for all samples. It is shown that, the dielectric constant, ε', increases with 

increasing temperature. This behavior may be attributed to the existence of 

strong correlation between conduction mechanism and dielectric polarization in 

ferrite [18, 19]. As the temperature increases the number of charge carriers 

increases, resulting in an enhanced build-up of space charge polarization and 

hence an increase in the dielectric properties. 
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Fig. (1 a:b): The variation of dielectric constant, ′, with the frequency, f (Hz), at 

different selected temperatures for   Ni1-xLi0.5xFe2+0.5xO4  samples with 

(x=0.0 & x.=0.25). 
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Fig. (1. c:d): The variation of dielectric constant, ′, with the frequency, f (Hz), at 

different selected temperatures for Ni1-xLi0.5xFe2+0.5xO4 samples with 

(x=0.5 & x.=0.75) 
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Fig. (2.a : b): The variation of the dielectric constant, ′, with temperature, T(K), at 

different selected frequencies for Ni1-xLi0.5xFe2+0.5xO4  samples with 

(x=0.0 & x.=0.25). 
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Fig. (2 c : d): The variation of the dielectric constant, ′, with temperature, T(K), at 

different selected frequencies for  Ni1-xLi0.5xFe2+0.5xO4 samples with 

(x=0.5 & x.=0.75) 
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The dielectric loss tangent, tanδ measures directly the phase difference due to 

loss of energy within the sample at a particular frequency [20]; tan is given by 
 

'

"
tan




                                                (4) 

 

Figure (3) illustrates the variation of dielectric loss tangent tanδ with the 

frequency at different selected temperatures for all prepared samples. It is 

shown that the dielectric loss tangent exhibits a peaking feature with the 

frequency, where the peaks are shifted towards higher frequencies with 

increasing temperature. The peaking behavior of tan with the frequency can be 

explained on the basis of the previous assumption [18, 19] that a strong 

correlation exists between the conduction mechanism and the dielectric 

polarization of ferrite. The peaks in tan curves are observed when the hopping 

frequency of charge carriers coincides with that of the external electric field 

[17]. The shift of the peaks of tan to higher frequencies with increasing 

temperature is due to the increase of the natural hopping frequency of the 

charge carriers with increasing temperature. In this case. 
 

ωτ = 2                                  (5) 
 

i.e.   = 1 turn, where τ is the relaxation time of the hopping process and ω is 

the angular frequency of the external field (ω = 2πfmax) [21]. The relaxation 

time τ can be written as [22]  

 
)kT/(E

o
De                         (6) 

 

where τo is the relaxation time at infinity high temperature, ED is the activation 

energy for dielectric relaxation, and k is Boltzmann constant. Fig. (4) shows the 

logarithmic representation of the relaxation time τ versus 103/T for the samples 

with x =0.0, 0.25, and 0.75. Each sample exhibits a straight line with slope 

equal to ED/k. Table (1) lists the values of the dielectric activation energy  

ED. The activation energy of the dielectric relaxation ED lies between  

0.36 to 0.47 eV. 
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Fig. (3 a : b): The variation of the tan with the frequency, f (Hz), at different 

selected temperatures for  Ni1-xLi0.5xFe2+0.5xO4   samples with (x=0.0 & 

x.=0.25). 
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Fig. (3 c : d): The variation of the tan with the frequency, f (Hz), at different 

selected temperatures for  Ni1-xLi0.5xFe2+0.5xO4   samples with (x=0.5 & 

x.=0.75). 
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Fig. (4): The variation of ln with the temperature (103/T) for   Ni1-

xLi0.5xFe2+0.5xO4 samples with (x=0.0, x=0.25 & x.=0.75). 

 

Table (1): The dielectric activation energy ED for Ni1-xLi0.5xFe2+0.5xO4. 

X 0.0 0.25 0.75 

ED (eV) 0.36 0.47 0.4 

 

3.2. AC Electrical Conductivity  

AC electrical conductivity,  was measured as a function of both 

temperature and frequency for Ni1-xLi0.5xFe2+0.5xO4 (x= 0.0, 0.25, 0.5, and 0.75). 

The temperature ranges from 300K to 700K, while the frequency ranges from  

100 Hz to 5M Hz. Fig. (5) depicts the variation of AC electrical conductivity, 

as ln', with the temperature as 103/T, at different selected frequencies (100 

Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz and 5 MHz) for all samples. It is shown 

that AC electrical conductivity exhibits a semiconducting behavior with the 

temperature, i.e., the measured AC conductivity, σ′, increases with increasing 

temperature for all samples. This can be attributed to the increase of the drift 

mobility () of charge carriers.  

 

Figure (6) shows the variation of the measured AC electrical 

conductivity, m-1), with the frequency, f (Hz), as log-log scale at 

different selected temperatures. The results show that  increases with 

frequency for all samples below nearly 450 K. At temperature higher than  

550 K,  seems to be frequency independent. This behavior was reported for 
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other ferrites [23, 24]. The dispersion of AC electrical conductivity of 

polycrystalline ferrite can be explained on the basis of Maxwell-Wagner model 

[25, 26] and Koops phenomenological theory [27], where ferrite is imagined to 

act as a multiculsters structure in which the ferrite samples are characterized by 

a microstructure consisting of conductive grains (with conductivity  

1; dielectric constant 1; and diameter d1) separated by resistive fine grains 

(with 2; 2; and d2). Therefore the highly conductive grains have high values of 

permittivity, while the fine grains are less conductive with less permittivity. 

The impedance of such capacitor-like structure can be represented as [28]. 
 

Z-1 = R-1 + JC                                (7) 


where  is the angular frequency (2f ), R and C are the parallel equivalent 

resistance and capacitance of the material, respectively. According to Eq. (7), it 

is shown that the inverse impedance of the multigrains condenser of ferrite 

material rises with frequency. On the other hand, as the temperature increases 

so many clusters sites could be formed through which electron hopping may 

occur. Depending on the dimensions of the cluster, the electron may hop many 

times during the effective half period of the external field signal. According to 

the multiple hopping conduction mechanism, the AC electric conductivity can 

be written as [29] 
nSTT  ),('  

 

where the temperature parameter n depends on the composition and the 

frequency.  The logarithmic representation of this equation is shown in Fig. (7) 

at the given frequencies 100 Hz, 1kHz, 10 kHz, 100kHz, 1 MHz and 5 MHz. 

The temperature parameter n was determined from the slopes of the lines and 

listed in Table (2) at different frequencies. The values of n are always greater 

than unity and decreases with increasing frequency. The multiple hopping may 

weakens the frequency dependence but simultaneously may strengthing the 

temperature dependence, so a multiple hopping mechanism becomes more 

effective at low frequency and high temperatures. These results are in a good 

agreement with the previously published results for BaNi2-xMgxFe16O27 ferrites 

[23]. 
 

Table (2): Variation of the temperature parameter n with the composition at 

different selected frequencies. 
 

x 
n      

100 Hz 1kHz 10kHz 100kHz 1MHz 5MHz 

0.0 11.85 10.94 9.78 8.69 7.9 7.12 

0.25 12.07 11.7 11.03 10.36 9.9 9.4 

0.5 8.42 8.4 8.399 8.08 7.35 7.09 

0.75 11.42 10.97 10.15 9.64 9.24 8.56 
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Fig. (5 a – b): The temperature dependence of AC electrical conductivity, ', at 

different constant frequencies for Ni1-xLi0.5xFe2+0.5xO4 samples with 

(x=0.0 & x.=0.25). 
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Fig. (5 c – d): The temperature dependence of AC electrical conductivity, ', at 

different constant frequencies for   Ni1-xLi0.5xFe2+0.5xO4    samples with 

(x=0.5 & x.=0.75). 
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Fig. (6 c – d): AC electrical conductivity as a function of frequency at different constant 

temperature for Ni1-xLi0.5xFe2+0.5xO4   samples with (x=0.0 & x.=0.25). 



S. M. Attia and T. M. Meaz 

 

336 

10
2

10
3

10
4

10
5

10
6

10
7

10
-1

10
0

10
1

10
2

X=0.5


' 
(

-1
.m

-1
)

8
7

 

f (Hz)

1

2

3

4
5
6

1: T=350K,    2: T=400K,   3: T=450K

4: T=500K,    5: T=550K,   6: T=600K

7: T=650K,    8: T=700K

10
2

10
3

10
4

10
5

10
6

10
7

10
-2

10
-1

10
0

10
1

X=0.75


' 

(
-1

.m
-1

)

9
8
7

 

f (Hz)

1

2

3

4
5

6

1: T=300K,    2: T=350K,   3: T=400K

4: T=450K,    5: T=500K,   6: T=550K

7: T=600K,    8: T=650K,   9: T=700K

 
Fig. (6 c – d): AC electrical conductivity as a function of frequency at different constant 

temperature for   Ni1-xLi0.5xFe2+0.5xO4  samples with (x=0.5 & x.=0.75). 
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Fig. (7 c – d): Logarithmic representation of the temperature dependence of AC 

conductivity at different frequencies for Ni1-xLi0.5xFe2+0.5xO4  

samples with (x=0.5 & x.=0.75).. 

 



S. M. Attia and T. M. Meaz 

 

338 

5.8 5.9 6.0 6.1 6.2 6.3 6.4

-1

0

1

2

3 X=0.5

 

ln
(

')

ln(T)

6
5

4

1-3

1: f= 100Hz

2: f= 1kHz

3: f=10kHz

4:f=100kHz

5: f=1MHz

6: f=6MHz

5.8 6.0 6.2

-4

-3

-2

-1

0

1

2

2
3

X=0.75

 

ln
(

')

ln(T)

6

5
4

1

1: f= 100Hz

2: f= 1kHz

3: f=10kHz

4:f=100kHz

5: f=1MHz

6: f=6MHz

 
Fig. (7 c – d): Logarithmic representation of the temperature dependence of AC 

conductivity at different frequencies for Ni1-xLi0.5xFe2+0.5xO4   

samples with (x=0.5 & x.=0.75).. 
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4. Conclusion  

Four samples owing the series Ni1-xLi0.5xFe2+0.5xO4 were prepared by the 

ceramic method. AC electrical conductivity and the dielectric constant were 

measured at different temperatures and frequencies. The results show that, the 

values of the dielectric constant are abnormally very high (106 – 108) at room 

temperature. AC electrical conductivity shows semiconducting behavior with 

the temperature. The multiple hopping conduction mechanism seems to be the 

most favorable conduction mechanism in these samples.  
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