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Abstract 

The core-shell of nanoferrites showed quite different properties rather than the 

nanoferrites counterpart. The nanocomposites of NiFe2O4@MgFe2O4 (NiF@MgF) and 

ZnFe2O4@MgFe2O4 (ZnF@MgF) are chemically stable and showed very good dielectric and 

magnetic properties. In this investigation, the temperature-dependent dielectric constant, 

dielectric loss, and ac-electrical conductivity were measured up to 650 K under different 

alternating electric field frequencies from 100 Hz to 8 MHz. The obtained data revealed that the 

mutual effect between the core and the shell samples increases the space charge polarization. 

Also, the samples showed the semiconducting-metallic behavior which varies between SP, CBH, 

and QMT models according to the temperatures and the frequencies. Furthermore, the 

magnetization M(T) was studied of all samples using the Faraday balance method in the 

temperature range 300-500K. The experimental results of M(T) exhibit good magnetic properties 

of the core-shell samples, particularly the sample ZnF@MgF. The novelty in this work is an 

unexpected behavior of ZnF@MgF which possesses magnetization higher than the pure ferrite 

phase (MgFe2O4), and Curie temperature (TCm) higher than the room temperature. So, the sample 

ZnF@MgF is a ferrimagnetic substance. Besides, the effective magnetic moment (Eff) and the 

Curie-Weiss constant () for all samples were obtained from the magnetic susceptibility (T) 

protocols. 

Keywords: NiFe2O4@MgFe2O4, ZnFe2O4@MgFe2O4, Core-Shell, dielectric 

properties, magnetic susceptibility,  

1. Introduction 

In the past few decades, the nanocomposites materials made by combining between two 

different structures such as ferroelectric and ferromagnetic substances, have drawn much 

attention because of their scientific and technological interest. The nanocomposites have been 

rapidly developed for their excellent nanoparticles effect above room temperature, which ensures 

large potential applications in multifunctional devices, transducer, actuators, and sensors. Several 
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types of nanocomposites materials in different stacking geometries such as particulate, columnar 

structures, multilayers, and core-shell nanostructures have been reported [1–4]. The 

nanocomposites materials made by combining between two nanoferrites substances are rarely 

studied in the literature although it one of the configurations for multisystem, which allow 

selection of the useful physical properties by controlling their chemical composition, and the size 

of the structure. 

Ferrites are the magnetic materials exhibiting the cubic spinel structure [5, 6]. Among the 

ferrite materials, the NiFe2O4, MgFe2O4, ZnFe2O4, CuFe2O4, MnFe2O4, CoFe2O4, etc., are the 

familiar magnetic spinel structures. Especially, nickel ferrite is a soft magnetic material 

performing significant magnetic properties [7-17]. In the same way, the different electrical and 

magnetic properties were also studied to a larger extent in the case of weak magnetic spinel 

materials such as MgFe2O4 and ZnFe2O4 [15–21]. Besides, it was seen in the literature that the 

non-magnetic elements (like Mg & Zn) were doped to the pure magnetic spinel system of 

NiFe2O4 [22–25]. As a result, the obtained results of Ni-Mg and Ni-Zn ferrites indicated the 

variation of the electrical and magnetic properties [22–25]. Moreover, it was evidenced by these 

reports that the obtained electrical and magnetic properties were dependent on the synthesis 

technique as well as particle size [23]. 

The microstructure, morphological, and magnetic hysteresis loops of 

NiFe2O4@MgFe2O4, and ZnFe2O4@MgFe2O4 core-shell nanoparticles have been reported in 

previous work [4]. In this work, we discuss in detail the effect of temperature on the dielectric 

properties, and the magnetization of the core-shell NiFe2O4@MgFe2O4, and ZnFe2O4@MgFe2O4 

nanoparticles. 

2. Experimental and Calculations 

The dielectric measurements were carried out in the frequency range of 100Hz-8MHz 

and over a temperature range of 300–650K using the HIOKI IM3536 LCR meter. The pellet 

contact surface was coated with a high-quality silver paste to make it a disc-shaped parallel plate 

capacitor with the material as a dielectric medium. The sample holder was mounted in an electric 

oven for better temperature control. The LCR meter used in the present investigation directly 

provides the values of capacitance C, Impedance Z, Impedance phase angle , and loss factor 

tan. Other parameters such as dielectric constant () and ac conductivity (σ) are computed using 

the relations: 
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 = (C × t) / (A)      (5) 

and  

σ = t / (Z × A)       (6) 

where C is capacitance (in Farad), t is thickness (cm), A is area (cm2).  

A Faraday balance is a device for measuring magnetic susceptibility. In this technique, 

the sample is suspended on a pendulum between electromagnet cores where a magnetic field is 

applied. The sample is then heated gradually using a non-inductive furnace. After measuring the 

pull of the balance (Δm), many parameters can be calculated such as the molar magnetic 

susceptibility (χm), and the molar magnetization (Mm) can be calculated using the following 

relations respectively: 

m = [(Δm × g× MW)]  ̸[m × H × (dH/dZ)]   (7)  

Mm = χm × H       (8) 

where: g is the gravity = 980.6 cm/s2, Mw is the molecular weight of the sample, m is the mass of 

the sample, H is the magnetizing field applied, dH/dZ is the magnetic field gradient in the z-

direction.  

 For simplicity, we will name the pure sample MgFe2O4 and both core-shell samples 

NiFe2O4@MgFe2O4, and ZnFe2O4@MgFe2O4 by the name MgF, NiF@MgF, and ZnF@MgF 

respectively. 

2. Results and discussion 

2.1 Dielectric properties  

Figure 1 shows the variation of the dielectric constant () of the pure sample MgF, and 

the both core-shell ZnF@MgF, NiF@MgF in the frequency range (100Hz - 8MHz) and the 

temperature range (300- 650K). From Fig. 1 it is observed that the values of dielectric constant 

(ε) are high at a frequency range  100-105Hz and decrease with an increase in the frequency for 

all samples. Thus, these samples show dispersion in the frequency range of 100-105Hz which can 

be explained based on Maxwell–Wagner relaxation behavior as it is dominant in these systems 

[26, 27] and well agreement with Koop's phenomenological theory [28]. At lower frequencies, 

the higher value of dielectric polarization is due to the contributions from all types of 

polarizations like dipolar, interfacial, ionic, and electronic. But as the frequency increases the 

dipoles are unable to follow the applied electric field and the contribution due to dipolar 
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interfacial polarization reduces to zero. Hence only electronic polarization contributes to the 

dielectric constant at a higher frequency; therefore, a lower value of the dielectric constant is 

obtained. Besides, the NiF@MgF possesses the highest value of dielectric constant than the 

value of ZnF@MgF as compared to the corresponding MgF. The dielectric properties are mainly 

affected by microstructure and phase composition [29]. From the previous work [4] the grain 

size of the MgF, ZnF@MgF, NiF@MgF nanocomposites is 21, 36, and 159 nm respectively. 

Therefore, larger grains possess a higher value of dielectric constant. An increase in grain size 

may be the reason for a significant increase in the dielectric constant of all samples. Besides that, 

Reddy et al. [30] explained the increase in dielectric constant in terms of the formation of an 

extra phase around grain boundaries. The same reason may be responsible for a significant 

increase in dielectric constant in the present case. The formation of core-shell, which is formed 

in the present case, is gathered around the grain boundaries causing their overall resistance to 

increase. The difference in conductivity experienced by charge carriers in the grain interior and 

grain boundaries may produce an interfacial polarization causing the overall dielectric constant 

to increase. In the present investigation, although get a low dielectric constant value of the core-

shell NiF@MgF and ZnF@MgF, they possess a higher value of dielectric constant as compared 

to MgF. In other words, this rise in dielectric constant is attributed to the presence of 

heterogeneity in the composites which agrees with the literature [30-32]. These heterogeneities 

are the interfaces between the two phases (MgF/ZnF and MgF/NiF) which give rise to space 

charge polarization and contribute to the dielectric constant. As the electric field is applied the 

space charge created due to the NiF phase accumulates at the core-shell interface of the 

NiF@MgF. Therefore with the shell NiF, the space charges created due to NiF increases 

subsequently giving higher values for the dielectric constant. Similar behavior has also been 

reported in different composites such as the core-shell CuO/CuFe2O4 [33], the nanocrystalline 

CoGdxFe2−xO4 [34], and the multiferroic composites BaTiO3-NiFe2O4 [35].  

In spinel ferrites, electric polarization is determined by electron exchange between Fe2+ 

and Fe3+ ions in octahedral sites resulting in the local displacement of electrons in the direction 

of the electric field. Variation in Fe2+ concentration affects dielectric variation; hence 

polarization and dielectric constant are expected to increase with Fe2+ concentration in octahedral 

sites. In our case, the heterogeneity composites were made by two nanoferrite substances. So, the 

core-shell of two nanoferrites materials can improve the properties of the heterogeneity 
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composites resulting. The probable mechanism for the electron and hole exchange in the ferrite 

phase can be represented as: 

Fe2+ ↔ Fe3+ + e−       (9) 

T.E.2+ ↔ T.E.3+ + e−       (10) 

T.E.2+ ↔ T.E.+ + e+ (hole)      (11) 

where T.E. is the divalent transition element. 

The temperature dependence of the dielectric constant () of MgF, NiF@MgF, and 

ZnF@MgF nanoparticles at different frequencies is shown in Fig. 2. It is observed from Fig. 2 

that the –T(K) curve has a broadened peak in the low-temperature region due to all types of 

polarizations like dipolar, interfacial, ionic, and electronic. In other words, at low temperature, 

the mobility of charge carriers increases with increasing temperature, which leads to an increase 

in the conductivity and polarization of the sample and hence increases the dielectric constant 

(semiconducting behavior). With increasing the temperature, the increase of the dielectric 

constant is slow indicating that, the polarizations become weak. 

The variation of loss tangent (tan ) as a function of frequency at temperature range (300-

650K) is shown in Fig. 3. The value of tan represents the loss of electrical energy into the 

samples. It is observed from Fig. 3 that the dielectric loss decreases rapidly in the low-frequency 

region, while the rate of decrease is slow in the middle region and then becomes almost 

frequency independent in the high-frequency region. Such behavior for ferrites and composites 

in the low-frequency region is due to the low conductivity of grain boundaries. Due to the lower 

conductivity, more energy is required for an electron to exchange between Fe2+ and Fe3+ ions; 

resulting in higher values of tan . In the high-frequency region, which corresponds to the high 

conductivity of grains, small energy is required for electron transfer between the Fe2+ and Fe3+ 

ions at the octahedral site [34, 36]. The value of tan decreases with the core-shell composites 

because of a decrease in conductivity of the core-shell. In other words, the dielectric loss 

decreases with the core-shell due to the presence of inhomogeneities as a result of composite 

formation in the form of grain structure. From the loss tangent data presented in Fig. 3c, it is easy 

to notice that the tan  of NiF@MgF exhibits a kink in the range of 10kHz- 3MHz. 

It is observed from Fig. 3 that in the MHz region, all samples exhibit a loss peak 

following the Debye type of relaxation. This peak is strong for MgF and ZnF@MgF and weak 
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for NiF@MgF. The electric dipoles cannot follow the alternating field instantaneously; some 

time is needed for the alignment of dipoles with the field [37]. This peak is observed in ferrite 

materials when the jumping/hopping frequency of electrons/holes among ions becomes equal to 

the frequency of the applied field, in other words, this peak is resonance phenomena, i.e., 

maximum electric energy is transferred to the electrons and the loss shoots up at resonance. The 

maximum peak in the curve of the dielectric loss (tan) vis frequency is obeyed to the following 

expression [38]: 

 = 1      (12) 

where  = 2fmax,  is the relaxation time, and fmax is the maximum frequency. The relaxation 

time () and the jumping probability per unit time are related as: 

 = 1/2p     (13) 

Thus, it is clear that the maxima can be observed when the hopping frequency of electrons 

between cations ions as in Eq. (9-11) become the same frequency of applied alternating electric 

field; fmax  p.  

The variation of dielectric loss (tan ) with temperature for all samples in the frequency 

range 100Hz – 8MHz is shown in Fig.4. The dielectric loss value at low temperatures has a loss 

peak, particularly the samples MgF, and NiF@MgF. The behavior of tan with temperature is 

similar to other samples reported by other researchers [36, 39]. The increase in tan with 

temperature increases is expected because as the temperature increases the conductivity 

increases. In other words, the increase in dielectric loss with temperature may be due to a 

thermally activated relaxation mechanism. Moreover, an increase in the value of dielectric loss 

around 620 K for NiF@MgF may be corroborated with ferroelectric-paraelectric phase change, 

i.e., the transition temperature of NiF@MgF.  

2.2 AC Conductivity  

To go further into dielectric results analysis, the ac conductivity vs. frequency plots for 

all samples at temperature range 290-650K are presented in Fig. 5. As shown in Fig. 5 it is easy 

to notice that all samples are frequency and temperature-dependent, and the conductivity value of 

the MgF and ZnF@MgF are lower than NiF@MgF. Also, the conductivity in all samples 

exhibits a kink at 3MHz.  
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The increase in the ac conductivity with increasing frequency can also be elucidated 

following Koop’s phenomenological model which suppose that the material behaves as a 

multilayer capacitor. The conductivities observed at the low and high frequencies are due to the 

grain boundaries and grains, respectively. Additionally, according to the literature [33], 

observation of such a linear increase in conductivity with frequency can also be associated with 

the polaron assisted type of electrical conduction. As in Fig. 5, it was observed that the 

conductivity values in the low frequencies are lower than that of high-frequency values for the 

three samples at all temperatures operated. In this context, it can be deduced that grain 

boundaries inhibit the movement of charge carriers. As a result of this effect, there is little 

hopping between cations and hence the conductivity remains low at low frequencies. When the 

frequency of the applied field is increased to MHz, grains become more dominant, and hence 

increasing number of hopping between cations can occur that leads to high conductivity values at 

high frequencies. 

Since a linear increase was observed in the relation of the conductivity with the frequency 

(see Fig.5), so this relation obeys the dynamical ac power law, which was proposed by Jonscher 

[40]: 

σ () = A S     (14) 

where  = 2f is the angular frequency, A is a constant and has units of σ, and (s) is 

dimensionless. The value of (s) can be determined from the slope of ln σ versus ln plots at 

room temperature. The value of (s) lies between 0 and 1 as shown in Fig. 6. Literature data [41–

42] have shown the conductivity mechanism in any material could be understood from the 

temperature-dependent behavior of (s). In other words, the temperature dependence of (s) gives a 

critical knowledge about the charge transport mechanism in dielectric substances. To 

comprehend the electrical conduction mechanism in the materials, different theoretical models 

have been proposed (regarding frequency and temperature dependence of the exponent (s)). 

Theoretical models have been proposed to explain the behavior of the exponent (s) of ferrites. If 

the frequency exponent (s) is temperature independent but frequency-dependent, the simple 

quantum mechanical tunneling (QMT) model can be proposed. In contrast, if (s) is temperature 

dependent, increasing with increasing temperature, the proposing model can be the non-

overlapping small polaron tunneling (NSPT) [43]. For another mechanism for polaron tunneling, 

called the overlapping large polaron tunneling (OLPT) model [44], the exponent (s) is dependent 
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on both frequency and temperature in addition to its decrease from unity with an increase in 

temperature. For large polarons, (s) continue to decrease with increasing temperature tending to 

its value predicted by the QMT model for non-overlapping carriers. For small polarons (SP), (s) 

exhibits a minimum at a certain temperature and subsequently increases with an increase in 

temperature. In the correlated barrier hopping (CBH) model [42] a temperature-dependent 

exponent (s) is predicted, where (s) decreases with the increase in temperature. 

The observed variation of (s) with temperature as shown in Fig.6, maybe due to different 

mechanisms of conducting and dielectric losses at different temperatures of the core-shell 

composites. Here two different values of (s) for each sample, i.e., in the frequency range 100Hz -

1MHz value (sL) and in the high-frequency range 1-8MHz other value (sH). For the samples MgF 

and ZnF@MgF, it clear that the exponent (sL) has variation behavior with temperature, it is 

decreased in the low temperature and then increase and then decreased again, so the samples 

signified the coexistence of two SP and CBH models. But for the NiF@MgF the exponent (sL) is 

slowly increased with temperature, so it tends to propose the SP model of conduction. But for the 

exponent (sH) the behavior is different, i.e., the CBH model for the samples MgF at high 

temperature, but at low temperature obeys to the model QMT and the NiF@MgF the model SP is 

starting then QMT, whereas the ZnF@MgF tends to propose the QMT model of conduction. 

This variation of the exponent (s) with temperature is similar to BaTiO3/NiZnFe2O4 [45]. On the 

other hand, as the frequency exponent value of the NiF@MgF composites reaches 0.6 with 

increasing temperature, the hopping of the mobile charges is becoming faster [33]. 

It is clear that from Fig 7 the curves of log(σ) versus 1000/T could be divided into three 

regions, as I, II, and III. As is seen in Fig. 7, at first σac values of all samples, increase up to a 

certain temperature denoted as Ts, then start to decrease up to another critical temperature Tm and 

finally increases with increasing temperature may be due to a ferrimagnetic-paramagnetic 

transition or the Curie temperature (Tc) of the all samples. Ts and Tm temperatures correspond to 

the transition temperatures from semiconducting to metallic and metallic to semiconducting 

regions, respectively. The value of Ts temperature is different for each sample MgF, ZnF@MgF, 

and NiF@MgF 343, 333, and 338 K respectively, while the value of Tm is the same for the pure 

Mg ferrite and the ZnF@MgF core-shell (Tm = 433 K), whereas the core-shell NiF@MgF has 

Tm= 443 K. Also, the Curie temperature Tc (as presented in Table 1) occurs for pure Mg ferrite, 

and the ZnF@MgF core-shell is the same temperature (503 K) but for NiF@MgF = 653 K. 
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To determine the origin of the semiconducting and metallic conduction in all the samples 

as many cases of ferrites [33, 46], the charge transport phenomenon of hopping of d electrons of 

transition metal ions. The electrostatic interactions between anion and cation electrons cause 

splitting of 3d-level into more stable triply degenerate t2g level and less stable doubly degenerate 

eg level [47]. According to Anderson [48] and Goodenough [49], there are two interactions in 

ferrites, cation-anion–cation and cation–cation interactions. Both interactions can be 

simultaneously presented. As temperature raising in the low region, the cation-anion–cation 

interactions must be stronger, in this case, the materials have semiconductor or insulator 

behavior. However, if cations of the same element but different valence are simultaneously 

present, the materials may have metallic type σ–T character below a transition temperature [49]. 

In the case of strong cation–cation interaction, these materials have a metallic behavior and may 

become semiconductors at low temperatures. As the temperature is increased from Ts to Tm, the 

shell and core spin align. Hence, the localized states become delocalized and conducting 

channels, which are responsible for the metallic conduction, constitute. This may be due to the 

reduced cation and anion content in the composites. Finally, when the temperature is raised from 

Tm to 433/443 K, delocalized electrons return their localized levels due to the occurrence of 

magnetic disorder which leads to the semiconducting nature for each sample. 

Another explanation of the semiconducting and metallic conduction behavior, the 

combination between two different materials that have different properties to yield a new 

compound; the second material may lead to an enhancement or non-enhancement of the 

properties of the new compound, owing to the type of interaction between the two materials [50]. 

Therefore, the σ–T character for all nanocomposites can be explained based on the exchange 

interactions between the NF and MF in NF@MF and between ZF and MF in ZF@MF. As shown 

in Fig. 7, the semiconducting-metallic behavior of MgF and NiF@MgF is stronger than 

ZnF@MgF. Also, the transition temperature of NiF@MgF nanocomposite is lower than that of 

NF (TC = 850 K) [46] and higher than that of MgF (TC =503 K). As for ZnF@MgF, the situation 

is different where the transition temperature is the same as MgF = 503 K. This indicates that the 

effect of MgF on both NiF and ZnF is positive, because the net conduction of NiF@MgF will be 

increased and decreased the transition temperature, and the net conduction and the transition 

temperature of ZnF@MgF are increased concerning ZnF. This is in agreement with the magnetic 

behavior of NiF@MgF and ZnF@MgF core-shell [4].  
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The ac conductivity is a thermally activated process, dependent on the temperature as 

shown in Fig. 7. The ac conductivity shows the activated temperature dependence as Arrhenius 

relation 

σ = A expEa/kT      (15) 

where A is constant, Ea is the activation energy, which is the energy needed to jump an electron 

from an ion to a neighboring ion, so giving rise to the electrical conductivity, k is Boltzmann's 

constant, and T is the absolute temperature. We can obtain the activation energy by plotting log σ 

versus 1000/T, the slope of the linear parts will be equal to (Ea/k). The activation energies for 

these processes are calculated and presented in Table 1. It is observed that the value of the 

activation energies is varying with temperature due to the varieties of the conduction mechanism. 

Table 1: Electric and magnetic susceptibility parameters. 

Sample TC (K) Ea I 

(eV) 

Ea II 

(eV) 

Ea III 

(eV) 

T (K)  (K) C eff 

B.M. 

MgF 503 1.3 0.9 0.13 350 349 0.57 2.1 

NiF@MgF 503 0.1 0.13 0.12 426.5 424 9.2 8.56 

ZnF@MgF 653 0.29 0.47 0.27 483 483 1.8 3.7 

 

2.3 The magnetic susceptibility 

The magnetic susceptibility measurement is an interesting technique for determining 

phase boundaries in magnetic systems as there is a distinct change in magnetic properties during 

a phase transition. The temperature dependence of the magnetization M(T) for all samples is 

shown in Fig. 8. The temperature plots are obtained in a magnetic field of 0.8mT in the range of 

300–500K. The data reveals the normal trend of ferrimagnetic materials; M(T) decreased with 

the temperature reaching the paramagnetic region where the magnetocrystalline anisotropy 

ceased, and the magnetization drops at the well-known Curie point. In the paramagnetic region, 

the thermal energy increased the entropy and randomized the spin orientations where the forces 

overcome the magnetocrystalline energy. Also notice that, the magnetization of the core-shell 

ZnF@MgF higher than that of the pure MgF nanoferrite, which confirmed the previous work [4]. 

The increase in the magnetization for nanocomposites ZnF@MgF at the expense of MgF can be 

attributed to two factors: 



 

11 

 

 The decrease of the canting angle between the moments in the B-site leads to an increase 

in the magnetization [51]. 

 The increase in the magnitude of the total magnetic moments in the B-site leads to the 

magnetization increase. 

These two factors seem to compete with each other and cause an increase in the magnetization 

for ZnF@MgF at the expense of MgF. Therefore, the sample ZnF@MgF is a ferrimagnetic 

substance. 

From the experimental data as shown in Fig. 8, with increasing the temperature, a 

smoothly drop-in the magnetization occurred. The temperature at which magnetization drops is 

considered as the Curie temperature (Here we will name the Curie temperature of the 

magnetization by TCm to distinguish it from the Curie temperature of the dielectric conductivity 

TC). In other words, the smooth transition from ferrimagnetic to paramagnetic at the Curie 

temperature TCm can be used as a measure of the degree of compositional homogeneity in all 

samples [52]. The Curie temperature (TCm) is an important magnetic property and is a 

compositional dependent parameter. The Curie temperature (TCm) was calculated from the plot of 

the first derivative of magnetization (dM/dT) versus temperature (T) as shown inset of Fig. 8 and 

listed in Table 1. The transition temperature TCm for MgF, ZnF@MgF, and NiF@MgF is 350K, 

426.5K, and 483K respectively, which is lower than the NiF (865K), and MgF (648K) [53]. This 

may be due to the influence of the interaction between the core (MgF) and the shell (NiF or ZnF) 

on the magnetic transition temperature (TCm). In other words, the mutual effect between MgF 

and NiF or ZnF leads to a lower magnetic transition temperature. The same behavior has also 

been observed in many compounds of nanoparticles [52, 54-55]. Moreover, it was observed that 

the TCm and TC values were different for all samples. From this work, it can be understood that 

the magnetic and dielectric properties will be varied significantly due to the existed magnetic 

cations and electric charges for both the core and the shell, respectively. Similar variations of the 

TCm and TC values were noticed in the literature [41, 56-57]. 

Figure 9 shows the relation between the reciprocal magnetic susceptibility (M
-1) and the 

temperature (T) for all investigated samples. The relation obeyed the well-known Curie-Weiss 

law in the paramagnetic region. So the experimental effective magnetic moments eff and the 
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Curie Weiss constant (ϴ) values can be calculated from the plot of M
-1 versus T using the 

relation: 

eff = 2.82787√C    (16) 

where C is the Curie constant equal to the slope of the line in the paramagnetic region and 

presented in Table 1. The variation of eff with the substituted ions depends on its grain size. 

Where the decrease of the grain size tends generally to decrease the magnetization [58]. Also, the 

net magnetic moment is strongly dependent on the Fe3+ ions on the (B) sites. This means that the 

effect of the magnetic moment of MgF on the magnetic moment of ZnF is positive so the net 

magnetic moment of ZF@MF will be increased. In other words, the mutual effect between MgF 

and ZnF leads to an increase in the net magnetic moment of ZF@MF. 

The Curie Weiss constant (ϴ) values equal to the cross of the slope with the x-axis in  

Fig. 9 and listed in Table 1. The Curie-Weiss constant (ϴ) was found to possess large +ve values 

pointing to perfect ferrimagnetic character. The rise in ϴ values with NiF@MgF assures the 

enhanced ferrimagnetic order of the core-shell from the increase in the ordered of the (MgF) at 

the expense of the (NiF). This indicates all samples have magnetic ferrimagnetic ordering in the 

temperature range 300-500K. Also, the values of the Curie Weiss constant (ϴ) for all samples 

are closed to the values of the Curie temperature of the magnetization (TCm). 

Conclusion 

The mutual effect between ZnF and MgF or NiF and MgF improved the physical 

properties of MgF, NiF, and ZnF. When studying the dielectric constant under the influence of 

temperature (300-650K) and frequency  (100Hz - 8MHz), it was found that the mutual effect 

increases the space charge polarization and contributes to the dielectric constant. From the 

previous work [4] and the present work, we can conclude that the sample that possesses a large 

grain size, will be has a higher value of dielectric constant. Also, the value of the loss of 

electrical energy (tan) decreases with the core-shell composites. Besides, the conduction 

mechanism varies between SP, CBH, and QMT models according to the temperature and the 

frequency, so the conduction behavior of all samples is semiconductor-metallic. The 

experimental results of the ac electrical conductivity found that the transition temperature of a 

ferroelectric-paraelectric is lower than the transition temperature of the alone components of the 

core-shell. The mutual effect in the magnetic properties is more strong, where all samples have 
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magnetic ordering in the temperature range 300-500K. The novelty in this work is an unexpected 

behavior of ZnF@MgF which possesses magnetization higher than the pure ferrite phase 

(MgFe2O4), and Curie temperature (TCm) higher than the room temperature. Therefore, the 

sample ZnF@MgF is a ferrimagnetic substance. 
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Figure captions 

Figure 1: Frequency dependence of  at different temperatures for a) MgF, b) ZnF@MgF and c) 

NiF@MgF. 

Figure 2: Temperature dependence of  at different frequencies for a) MgF, b) ZnF@MgF and 

c) NiF@MgF. 

 Figure 3: Frequency dependence of tan at different temperatures for a) MgF, b) ZnF@MgF 

and c) NiF@MgF. 

Figure 4: Temperature dependence of tan at different frequencies for a) MgF, b) ZnF@MgF 

and c) NiF@MgF. 

Figure 5: Frequency dependence of Log() at different temperatures for a) MgF, b) ZnF@MgF 

and c) NiF@MgF. 

Figure 6: the exponent (s) versus T (K). 

Figure 7: The Conductivity log()  versus 1000/T for a) MgF, b) ZnF@MgF and c) NiF@MgF. 

Figure 8: Temperature dependence of the magnetization for a) MgF, b) ZnF@MgF and c) 

NiF@MgF. 

Figure 9: Temperature dependence of the m
-1 for a) MgF, b) ZnF@MgF and c) NiF@MgF. 
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Figures

Figure 1

Frequency dependence of  at different temperatures for a) MgF, b) ZnF@MgF and c) NiF@MgF.



Figure 2

Temperature dependence of  at different frequencies for a) MgF, b) ZnF@MgF and c) NiF@MgF.



Figure 3

Frequency dependence of tan at different temperatures for a) MgF, b) ZnF@MgF and c) NiF@MgF.



Figure 4

Temperature dependence of tan at different frequencies for a) MgF, b) ZnF@MgF and c) NiF@MgF.



Figure 5

Frequency dependence of Log(σ) at different temperatures for a) MgF, b) ZnF@MgF and c) NiF@MgF.



Figure 6

the exponent (s) versus T (K).



Figure 7

The Conductivity log(σ) versus 1000/T for a) MgF, b) ZnF@MgF and c) NiF@MgF.



Figure 8

Temperature dependence of the magnetization for a) MgF, b) ZnF@MgF and c) NiF@MgF.



Figure 9

Temperature dependence of the xm-1 for a) MgF, b) ZnF@MgF and c) NiF@MgF.


