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Abstract: 
Yttrium-doped cobalt zinc ferrites with the composition Co0.6Zn0.4YₓFe₂₋ₓO₄ (x = 0, 0.1, 0.2, 0.3) were successfully 

synthesized via the sol–gel method, and their structural, dielectric, electrical, and microstructural properties were 

systematically investigated. X-ray diffraction confirmed the formation of a single-phase cubic spinel structure, 

with crystallite sizes decreasing from 57.961 to 27.507 nm as yttrium content increased, indicating lattice 

distortion induced by Y³⁺ substitution. A slight reduction in lattice parameter from 8.412 to 8.389 Å was observed, 

consistent with the substitutional effect. Additional structural parameters such as interplanar spacing, X-ray 

density, bond lengths, and porosity were also evaluated. FTIR spectra revealed two characteristic absorption 

bands ~586.253 Cm-1 and ~418.477 Cm-1 corresponding to tetrahedral and octahedral metal– oxygen vibrations, 

further supporting successful spinel formation. FESEM analysis showed agglomerated nanoscale particles, while 

EDAX confirmed the presence of Co, Zn, Fe, Y, and O in the ferrite lattice. Dielectric measurements exhibited 

normal dispersion behaviour, with high permittivity at low frequencies and stabilization at higher frequencies. 

AC conductivity increased linearly with frequency, suggesting a small-polaron hopping conduction mechanism 

followed by the Maxwell–Wagner interfacial polarization mechanism. UV–Visible diffuse reflectance analysis 

shows the optical band gap ranging from 1.3074 to 1.2291 eV. The hysteresis curves of yttrium doped Co-Zn 

nano-ferrites demonstrate a minimal coercivity and remanent magnetization, indicating a superparamagnetic 

behaviour persisting at room temperature. Overall, the findings demonstrate that yttrium doping effectively tailors 

the structural and electrical characteristics of Co–Zn ferrites, making them promising candidates for high-

frequency electronic, magnetic and functional device applications. 
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I. Introduction: 
Ferrites constitute a category of ceramic magnetic materials primarily composed of iron oxide (Fe₂ O₃) 

in combination with other metal oxides such as nickel, zinc, manganese, or cobalt. These materials crystallize in 

a spinel structure, which is characterized by a cubic close-packed arrangement of oxygen ions, with metal cations 

occupying interstitial tetrahedral and octahedral sites. Ferrites exhibit ferrimagnetism, wherein the magnetic 

moments of ions on different sublattices align in opposite directions but with unequal magnitudes, resulting in net 

magnetization. Owing to their high electrical resistivity and favourable magnetic properties, ferrites are 

extensively utilized in various technological applications, including transformers, inductors, magnetic recording 

media, electromagnetic interference (EMI) suppression, and microwave devices. Their tuneable magnetic and 

electrical characteristics render them indispensable materials in electronics and telecommunications [1]. 

Cobalt nickel ferrite is a prominent member of the ferrite family, which comprises ceramic magnetic 

materials primarily constituted of iron oxide combined with metal oxides such as cobalt and nickel. These ferrites 

crystallize in a spinel structure; wherein metal cations occupy tetrahedral and octahedral sites within a cubic close-

packed oxygen ion lattice. The incorporation of cobalt and nickel in ferrites enhances their magnetic properties 

due to the specific magnetic moments and interactions of these metal ions. The significance of cobalt nickel ferrite 

lies in its tuneable magnetic and electrical characteristics, rendering it highly valuable for various technological 

applications. Its ferrimagnetic nature, characterized by unequal and oppositely aligned magnetic moments on 

different sublattices, results in net magnetization suitable for devices requiring stable and controllable magnetic 

behaviour. Furthermore, cobalt nickel ferrite exhibits high electrical resistivity, thereby reducing eddy current 

losses, which is crucial for high-frequency applications. Owing to these properties, cobalt nickel ferrite is 

extensively utilized in transformers, inductors, electromagnetic interference (EMI) suppression, magnetic 

recording media, and microwave devices. Its capacity to be tailored for specific magnetic and electrical 
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performance makes it indispensable in electronics and telecommunications, where efficient signal processing and 

noise reduction are critical [2,3]. 

The modification of ferrite crystal lattice structures can be accomplished through the incorporation of 

various rare-earth ions, which subsequently enhance their magnetic, optical, and electrical properties. Trivalent 

rare-earth metal cations, such as Eu+3, Dy+3, Yb+3, In+3, Pr+3, Sm+3, Gd+3, Nd+3, Tm+3, Ho+3, Er+3, and La+3, are 

frequently utilized as dopants in ferrites due to their 4-f electronic configuration and larger ionic sizes [4]. Yttrium 

ions, in particular, are noteworthy as dopants because of their impact on optical properties and magnetic 

parameters through their f-electron configurations [5,6]. The introduction of dopants such as rare-earth ions into 

spinel ferrites is an effective strategy for altering their physical properties. Rare-earth ions, such as Y³⁺, can 

influence the structural, dielectric, and magnetic properties, as well as the distribution of cations between 

tetrahedral (A) and octahedral (B) sites, due to their larger ionic radii and magnetic moments [7-9]. It has been 

observed that substituting yttrium enhances magnetic softness and improves the grain structure without inducing 

secondary phases [10] 

To the best of our knowledge, systematic investigations into yttrium-substituted Co–Zn ferrites remain 

limited and fragmented. Previous studies by J. V. Devkar et al. 2023 primarily concentrated on the electrical 

properties of Y-doped Co–Zn ferrites, highlighting their potential for transducer applications. Similarly, P. C. Patil 

et al. 2025 examined the elastic and magnetic properties of Ce+3 and Y+3 co-substituted Co0.85Zn0.15Fe2-2xO4 spinel 

ferrites. However, these investigations were restricted to selective property evaluations and did not provide a 

comprehensive understanding of the interplay between structural modifications, synthesis methodology, and 

multifunctional properties. A significant research gap exists in correlating structural parameters (such as lattice 

expansion, cation redistribution, crystallite size variation, and micro strain) with elastic, optical, electrical 

conductivity, and magnetic behaviour in Y-substituted Co–Zn ferrites prepared via controlled synthesis routes. 

Specifically, the influence of synthesis strategy on phase purity, defect chemistry, Fe+2/Fe+3 ratio, hopping 

conduction mechanisms, and exchange interactions has not been systematically addressed in a single study. 

Therefore, the present work aims to provide a holistic investigation by establishing clear correlations between: 

Synthesis route → Structural evolution → Cation distribution → Multifunctional properties. This integrated 

structure–property relationship analysis constitutes the primary novelty of the study and contributes to the rational 

design of rare-earth substituted spinel ferrites for advanced multifunctional applications such as microwave 

devices, inductors, transformers, and magnetic recording media, where enhanced performance and stability are 

essential. The capacity to control its properties through yttrium doping positions it as a promising material for 

next-generation electronic and telecommunications components. [11,12]. 

 

II. Synthesis 
To synthesize Y-substituted Co-Zn ferrites, AR-grade Yttrium nitrate, cobalt nitrate, zinc nitrate, and 

ferric nitrate were employed using the sol-gel method. The metal nitrates were combined in their stoichiometric 

proportions and dissolved in double-distilled water to form an aqueous solution. This solution was then stirred 

magnetically at 90°C for 30 minutes to achieve a uniform mixture of metal nitrates. A 10% PVA solution and a 

sucrose solution were subsequently added to this uniform metal nitrate solution. After two and a half hours of 

continuous stirring on a magnetic stirrer at 90°C, the solution turned into a dark, tar-like gel, during which nitrogen 

dioxides were removed. The dark gel was further heated over a Bunsen burner to produce live charcoal. The 

material was then allowed to cool to room temperature in the air and was ground using an agate mortar for one 

hour to obtain a fine powder of Y-substituted Co-Zn ferrites. The samples were annealed at 900°C for five hours 

to achieve the final product. A schematic representation of the synthesis process is provided in Fig. 1 [13]. 

 

 
Fig.1: Represents the schematic representation of synthesis of Y-doped Co-Zn ferrite nanoparticles. 
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III. Results And Discussion 
XRD Analysis 

 
Fig. 2: XRD pattern of Y-doped Co-Zn ferrite samples. 

 

The phase composition, crystalline quality, crystallographic orientations and lattice structure of yttrium 

doped ferrites nanocomposites were studied by the X-ray diffraction analysis. The powder XRD patterns were 

captured using a Rigaku IV Ultima X-ray diffractometer with Cu-Kα radiation (wavelength λ = 1.5405 Å). Fig.2 

shows the XRD spectra of the as-prepared spinel structured Co0.6Zn 0.4YxFe 2-xO4 ferrites (x = 0.0, 0.1, 0.2. 0.3). 

All the different planes of synthesized samples in the XRD pattern were indexed with the help of ASTM data and 

are in good agreement with the standard JCPDS card no 01-076-4115. The prominent peak (311) was observed 

in all the ferrite samples with various yttrium molar concentrations shows the formation of cubic spinel structure 

of single-phase ferrite. 

The average crystalline size (D) of the nano crystallites is assessed by using the Debye-Scherrer Fig. 3 

and 4 represents the variation of lattice parameter, crystallite size and cell volume as a function of yttrium 

substitution (x) in Co-Zn ferrite. 

D = 
𝜆 ×𝑘

𝛽 𝑐𝑜𝑠𝜃
                                                                                                                     (1) 

β cos θ= 
𝑘𝜆

𝐷
 + 4ε sin θ                                                                                                                 (2) 

where D is the average crystallite size, k is a shape factor constant of the XRD (0.89),  is the wavelength 

(= 1.5405 Å), β is the full width half maximum (FWHM) of diffraction peaks, ε is the strain induced inside the 

samples and θ is Bragg’s diffraction angle [14,15]. 

Further, the lattice parameter, interplanar distance d-spacing (d) and X-ray density (dx) were determined 

using the following expressions: 

a =  𝑑 √ℎ2 + 𝑙2 + 𝑘2                                                                                                                (3) 

2d sin θ = nλ                                                                                                                              (4) 

dx = 8M/Na3                                                                                                                                                                                                         (5) 

where, (h k l) are the Miller indices, ‘a’ is the lattice parameter and ‘d’ is interplanar distance, molecular 

weight of the composition(M) and Avogadro number(N) [16-18]. 

Also, bond lengths (A-O) & (B–O), interplanar d-spacing (d), site radius (rA) & (rB) and porosity were 

calculated according following equations: 

(A − 0) = (u − 
1

4
 )  a√3                                                                                                                             (6) 

(B − 0) = ( 
5

8
 − u )a                                                                                                                                 (7) 

rA = ( u – 
1

4
 ) a√3 − r                                                                                                                            (8) 
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rB = (
5

8
 − u ) a – r                                                                                                                                  (9) 

p = 1 –  
𝑑𝑎

𝑑𝑥
 × 100%                                                                                                                              (10) 

where oxygen positional parameter(u), radius of oxygen ion (r) are known and da is actual density and 

dx is X-ray density of the sample [19-23]. All the calculated characteristic values are tabulated in Table 1(a) and 

Table 1(b). 

 

Table 1 (a): XRD- characteristic parameters for Y-dopped Co- Zn ferrite. 

Composition 

X 

Crystallite 

size 

D (nm) 

calculation 

Crystallite 

size in D 

(nm) 

observed 

Interplanar 

spacing d 

(Å) 

calculation 

Interplanar 

spacing d 

(Å) 

observed 

Lattice 

Parameter 

a (Å) 

Cell 

volume 

(Å)3 

Dislocation 

density (1/D2) 

(m-2) 

(1015) 

0.0 57.961 59.656 2.191 2.194 8.418 596.671 2.468 

0.1 39.629 40.939 2.072 2.073 8.407 594.314 7.480 

0.2 51.903 53.617 2.073 2.074 8.412 595.332 4.361 

0.3 27.507 28.416 2.067 2.069 8.389 590.568 15.141 

 

Table 1 (b): XRD- characteristic parameters for Y-dopped Co- Zn ferrite. 
Micro strain ε 

(x10-3) 

A-O in Å B-O in Å Ra in Å Rb in Å X- ray density ρ 

in gms/cm3 

% porosity 

0.502 1.846 2.091 0.496 0.741 5.281 57.752 

0.931 1.843 2.088 0.493 0.738 5.376 56.351 

0.712 1.844 2.089 0.494 0.739 5.441 55.681 

1.335 1.839 2.084 0.489 0.734 5.558 58.348 

 

 
Fig. 3: Shows the variation of crystallite size and lattice parameter with the composition(x). 

 

 
Fig. 4: Shows the variation of cell volume with the composition(x). 
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From the Table 1(a and b) it is observed that the average crystal size (D) of ferrites diminishes as the 

concentration of yttrium increases. This reduction in particle size may be intentionally hindered due to the 

presence of Y+3. The primary cause for the reduction in crystalline size is linked to the increase in lattice strain 

within the sample as more yttrium is added, which involves substituting smaller Co+2 ions (0.079 nm) with larger 

Y+3 ions (0.086 nm) in the spinel structure of the Co0.6Zn 0.4YxFe 2-xO4 samples. Based on the calculated data, it 

was observed that the lattice parameter and interplanar d-spacing values decreased for the Y-doped ferrite 

composites. This consistent decrease in the lattice parameter is due to the variation in ionic radii of Co+2 (0.79 Å), 

Zn+2(0.74 Å), and Fe+3 (0.645 Å), which are smaller compared to Y+3 (1.04 Å). The declining trend in the lattice 

constant value of ferrites follows Vegard’s law, with the lattice parameters ranging from 8.41 Å to 8.38 Å [24]. 

Further, the values of X-ray density were found to increase with increase in Y+3concentration and also it 

was found that the maximum porosity was obtained for the composition x= 0.3 is 58.34%. Hence can be used in 

various applications requiring enhanced magnetic properties, such as flux concentrators and advanced electronic 

components like low-frequency filters and resonant inductors [25]. 

 

FTIR Analysis: 

 
Fig. 5: Shows the FTIR spectra of Y-dopped Co- Zn ferrite. 

 

FT-IR Spectrometer Nicolet 5700 was employed to examine the chemical composition and functional 

group present in the sample. Fig. 5 shows the FTIR spectra of the synthesized ferrites nanocomposites with 

different concentrations of yttrium within the range 2000−400 cm−1 wavenumber. The metal ions in ferrites 

occupy two different interstitial sites namely the tetrahedral site (A-site) while the other is at the octahedral site 

(B-site) based on the configuration of the nearest neighbouring oxygen in the crystal structure, two prominent 

absorption bands were observed, one a strong adsorption band in the high frequency region ν1 around 600 cm-1 

and is associated with the intrinsic stretching vibrations of the metal-oxygen band in the tetrahedral (A) site where 

as the weak band observed in the lower frequency ν2 in the range 400 cm− 1 to 500 cm− 1 attributed to metal–

oxygen stretching in the octahedral (B) site. Further, no of extra characteristics peaks is observed FTIR spectra of 

Co–Zn–Y nano ferrites sample. This could be suggestive that the synthesised composite is divide of any impurities 

and structural defects. 

The FTIR analysis of the given ferrite samples also shows distribution of cation in the crystal structure 

in which Zn+2 ion occupies the tetrahedral site (A-site) and the octahedral site (B-site) was occupied by Co+2 ions 

whereas Fe3+ ions occupy both octahedral as well as the tetrahedral site. The shift in the metal–oxygen band 

position towards lower wavelength is may be due to the substitution of smaller Zn+2 ion in the crystal structure 

which in turn results in the displacement of Fe3+ ions and decreases the amount of Co+2 in the octahedral site (B-

site). 

Waldron method was employed to calculate the force constants or tetrahedral site (kt) and octahedral site 

(ko), according to which interatomic bonding strength kt and ko are given as follows: 

kt = 7.62 × M1 × ν1
2 × 10−7 N m−1                                                                                                     (11) 

ko = 10.62 × M2/ 2 × ν2
2× 10−7 N m−1                                                                                           (12) 

Where M1 and M2 are the molecular weights of cations in A- and B-sites respectively and ν is frequency. 

The calculated Inter-atomic force constant Kt and ko are listed in Table 2. from the table it is noted that the 

tetrahedral force constant ‘kt’ decreases whereas octahedral force constant ‘ko’ decreases with increase in yttrium 
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doping this is due to the disruption of the tetrahedral and octahedral site geometries, as the larger Y³⁺ ion modifies 

the local coordination environment and inter-ionic distances, thereby reducing the bond stiffness in these sites 

[26]  [27,28]. Further the bulk modulus B is calculated by using the relation: 

B = C11                                                                                                                                                                                                                   (13) 

(where C11 is stiffness constant) 

Also, C11 = kav/a                                                                                                                             (14) 

Where kav is the average force constant. 

kav = (kt + ko)/2                                                                                                                                (15) 

The longitudinal elastic wave velocity (ν l) is given by the formula: 

Vl = √(𝐶11/ρ                                                                                                                                  (16) 

where ρ is density of x rays [29-32]. The relation for transverse elastic wave velocity (Vt): 

Vt = Vl √3                                                                                                                                         (17) 

That for rigidity modulus: 

G = ρVt2                                                                                                                                             (18) 

and that for Poisson ratio: 

σ = 
 (3𝐵−2𝐺)

(6𝐵+2𝐺)
                                                                                                                 (19) 

Young modulus: 

E = (1 + σ)2G                                                                                                                                    (20) 

Mean elastic wave velocity: 

Vm = √(
3𝑉𝑡2 𝑉𝑙2

𝑉𝑡2+𝑉𝑙2

3
)                                                                                                                                 (21) 

Debye temperature given by Anderson’s formula: 

θD = 
ℎ

𝑘𝐵
 √

(3𝑁𝐴)

(4∏𝑉𝐴) 
  𝑉𝑚

3
                                                                                                                          (22) 

VA is the mean atomic volume. 

 

Table 2: FT-IR data for Yttrium doped Co-Zn ferrite. 
Parameter X=0.0 X=0.1 X=0.2 X=0.3 

v1(cm-1) 586.2539 576.6116 580.4685 578.54 

v2(cm-1) 418.4773 418.4773 418.4773 418.477 

Kt (N/m) 2521.135 2438.885 2471.621 2455.225 

Ko (N/m) 1284.601 1284.601 1284.601 1284.599 

Kav (N/m) 1902.868 1861.743 1878.111 1869.912 

Vl (m/s) 6547.041 6415.431 6414.143 6328.697 

Vt (m/s) 3779.936 3703.951 3703.207 3653.875 

Vm (m/s) 4196.446 4112.087 4111.262 4056.494 

B (GPa) 225.874 221.537 222.983 223.008 

G (GPa) 75.291 73.846 74.328 74.336 

E (GPa) 203.286 199.383 200.684 200.708 

σ 0.351 0.351 0.351 0.351 

ϴD (K) 567.317 557.284 555.921 550.983 

ϴ’D (K) 723.276 716.335 719.111 717.723 

 

Furthermore, using FTIR spectrographs the elastic properties of ferrite materials such as as bulk modulus 

(B), modulus of rigidity (G), Young’s modulus (E), Poisson’s ratio (σ), longitudinal elastic wave velocity (V1), 

transverse elastic wave velocity (Vs), mean elastic wave velocity (Vm), and Debye temperature (θ) are estimated 

[33-38] and the same is listed in Table 2. The table shows that as the yttrium doping concentration in the ferrite 

sample increases, the modulus of rigidity (G), bulk modulus (B), and Young's modulus (E) were observed to 

decrease the yttrium doping concentration in the ferrite sample increases, the modulus of rigidity (G), bulk 

modulus (B), and Young's modulus (E) were observed to decrease this is due to the disruption of the crystal lattice 

and the weakening of inter-ionic forces, attributed to the larger ionic radius of the Y³⁺ dopant compared to the 

substituted cations [26]. 

The Poisson’s ratio values for all ferrites are 0.25, but in the current investigation the calculated Poisson's 

ratio was 0.351 and was constant for all ferrites samples, revealing the isotropic elasticity theory [39]. 
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FESEM and EDAX: 

 
Fig. 6: Shows the SEM images of Y-dopped Co- Zn ferrite samples. 

 

 
Fig. 7: Shows the EDAX images of Y-dopped Co- Zn ferrite samples. 

 

The study of the microstructure, surface morphology, and elemental composition of synthesized ferrite 

nanoparticles is conducted using EDAX spectroscopy and an electron microscope (Zeiss EVO LS 15). Fig. 6 

illustrates the FE-SEM images of Co0.6Zn0.4YxFe2-xO4 samples for x values of 0, 0.1, 0.2, and 0.3. [40,41]. The 

SEM images show agglomeration of the samples, it may be due to the diffusion mechanisms like grain boundary 

and volume diffusion during the process of sintering [13,46]. 

Additionally, energy dispersive X-ray spectroscopy (EDAX) was employed to analyse the elemental 

composition of the Y+3 doped Co-Zn ferrite samples post-final sintering, as depicted in Fig. 7. The comprehensive 

EDAX profile obtained confirms the presence of cobalt (Co), Zinc (Zn), iron (Fe), yttrium (Y), and oxygen (O) 

within the nano ferrite lattices. The findings also verify the presence of the necessary elements in the prepared 

composition, with no detectable impurities, indicating the samples' purity. The atomic and weight percentages of 

Zn+2, Co+2, Y+3, Fe+3, and O−2 ions in the synthesized composites align with the stoichiometric ratio, as illustrated 

in Fig. 7. Typically, ferrites exhibit a 3:4 metal cation to anion ratio [42]. It is noted that the average cation to 

anion ratio is 2:4.9. The table presents the atomic percentages of metal anions and cations obtained. For Y-

substituted Co-Zn ferrites, these values correspond closely with the standard ratio [43-45]. Table 3 shows the 

cations-anions atomic percentage of the yttrium doped Ni-Zn ferrites. 

 
Composition Cations (%) Anions (%) The ratio of cations: anions 

X=0.0 29.55 70.44 2.068:4.931 

X=0.1 29.18 70.82 2.042:4.956 

X=0.2 26.91 73.09 1.882:5.115 

X=0.3 33.06 66.96 2.313:4.511 

Table 3: Cations-anions atomic (%) and cations to anions ratio of Y-dopped Co- Zn ferrite samples. 
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Optical Properties 

In order to get the better understanding of effect of Y doping on the optical performances and bandgap 

of the as-prepared a series of Co0.6Zn0.4YxFe(2-x) O4 (x = 0.0, 0.1, 0.2 & 0.3) nano ferrites the UV–Vis DRS 

measurements were conducted using a UV-Visible spectrometer (DRS) model Agilent Cary Series. Fig 8 shows 

the absorption spectra of the composites and optical band gap (Eg) values of all the prepared of ferrites was 

calculated using Tauc’c relation. 

αhν = A (hν − Eg) n                                                                                                                                                                                 (26) 

Where, α = constant, hυ = energy of incident photon, A=Absorption coefficient, Eg = Planck’s constant 

[47]. Fig. 9 displays Tauc plot of as-obtained samples and the energy band gaps are found to be 1.3074, 1.3232, 

1.3067 and 1.2291 eV for ferrite samples, respectively. The value of the direct band gap is affected by many 

factors such as crystallite size, structural parameters, interface effect and absence of purity etc [48]. Recent 

investigations into rare-earth substituted spinel ferrites have demonstrated similar non-linear band gap behaviour, 

corroborating that optical transitions are predominantly influenced by structural modifications and the 

redistribution of electronic density-of-states [49]. Consequently, the observed reduction in band gap with 

increased Y³⁺ content in the current Co–Zn ferrite system aligns with the dopant-induced defect chemistry and 

alterations in electronic structure. The obtained energy band gap values reveals that all the synthesized Y-doped 

Co-Zn ferrites are sensitive to UV energy, which can be suitable as a photocatalyst under UV irradiation. 

 

 
Fig. 8: Shows the absorption spectra of Y-dopped Co- Zn ferrite. 

 

 
Fig. 9: Shows the Tauc’s plot for Y-dopped Co- Zn ferrite 
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Dielectric and AC Conductivity studies 

 
Fig .10: Represents the variation of dielectric constant with respect to frequency for Y-dopped Co- Zn ferrite. 

 

 
Fig .11: Represents the variation of loss tangent with respect to frequency for Y-dopped Co- Zn ferrite. 

 

 
Fig .12: Represents the variation of ac conductivity with respect to frequency for Y-dopped Co- Zn ferrite. 
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The present study also includes the investigation of electrical behaviour of Co0.6Zn0.4YxFe(2-x)O4 (x = 0.0, 

0.1, 0.2 & 0.3) nano ferrites using PsimetriQ NAL PSM1700.  Fig. 10. Displays the variations of dielectric 

constant of all Y-doped Co-Zn ferrite samples a with respect to frequency which is mainly due to the 

heterogeneous structure of the ferrites. As shown in the figure, the real dielectric constant initially decreases at 

lower frequencies and then becomes constant as the frequency increases. A rapid reduction in the dielectric 

constant in low frequency region (101 Hz-102 Hz) shows the usual behaviour of dielectric dispersion. Also, at high 

frequency region the dielectric constant gradually decreases and attains saturation of the ferrite materials (103 Hz-

106 Hz). This variation the dielectric constant can be described on the basis of Maxwell–Wagner model [50] of 

interfacial polarization which is in good agreement with Koops phenomenological [51] theory. For the purpose 

of better amplification / visualization of the impact of Yttrium doping level on the dielectric behaviours, the 

variation in dielectric constant (ε’) with frequency was studied for all the samples. And from the result one can 

realize that, the sample with x = 0.3 shows more dielectric dispersion and it is due to the availability of large 

number of ferrous ions on A-site of the system. The dielectric constant for all the sample was deduced using the 

following formula: 

ε' =
𝐶𝑝  ×𝑡

ε𝑜𝐴
                                                                                                                                           (23) 

Where ε’ dielectric constant, t is thickness of the pellets, ε𝑜 is permittivity of free space, Cp is parallel 

capacitance, and A is area of the sample [52]. 

In general, the greater value of dielectric constant at lower frequency the ferrites is mainly due to the 

hopping of electrons between Fe2+---→Fe3+ ions. The presence of Fe3+ and Fe2+ ions purify ferrite materials 

dipolar. The interfacial dislocation of Fe2+ ions pileups, oxygen vacancies, grain boundaries, defects, etc. Space 

charge polarization, which leads to an increase in the dielectric constant, is caused by the transfer of electrons 

between ferrous and ferric ions at the grain boundary area. 

Further, the variation of the dielectric loss tangent (tan δ) with frequency for the ferrite samples was 

studied and the same is shown in Fig. 11. A similar trend as that of the dielectric constant was detected for 

dielectric loss tangent for all the ferrite sample. It was noted form the graph that the dielectric loss tangent shows 

a decreasing trend with increase in frequency for all the ferrite samples and this is explained by Iwauchi [53]. 

Also, there is a strong correlation between dielectric behaviour and the conduction mechanism in ferrite. The 

dielectric loss tangent of all the sample was estimated using the following expression [54]: 

tan δ = 
𝑑

𝑍𝜀𝑜ω𝐴
                                                                                                                                   (24) 

As per the earlier reports the doping of rare earth ions in crystal lattice alters the optical and electrical 

properties. Thus, the variation of frequency dependent ac conductivity was studied for all the ferrite sample and 

is displayed in the Fig.12. Form the plot, it can be clearly realized that there is a linear increase AC in conductivity 

of all the ferrite samples with increased frequency which is the expected conventional behaviour of any electrical 

oxide materials [55-56]. The dielectric constant and dielectric loss factor values can be used to determine the AC 

conductivity and the relation is given below: 

σac = ε εo ω tan δ                                                                                                                        (25) 

Where, ε- dielectric constant, εo- permittivity of free space, ω- frequency of the applied field. 

The behaviour of the thermally activated conduction mechanism and the kind of polaron hopping that 

drives electron conduction in the ferrite system are explained by the frequency-dependent variation of AC 

conductivity. According to Austin Mott and Appel [57], the small polaron hopping type of conduction mechanism 

in ferrites was responsible for the increase in AC conductivity with frequency, while the large polaron hopping 

type of conduction mechanism was responsible for the decrease in conductivity with frequency [58]. At the 

octahedral location, the exchange of electrons between the Fe2+ and Fe3+cations drives the conduction mechanism 

process in yttrium-doped cobalt ferrites. 

 

Magnetic property 

The Magnetization measurements of all the synthesized Co0.6Zn0.4YxFe(2-x) O4 ((0 ≤ x ≤ 0.3) nano ferrites 

were studied using Vibrating Sample Magnetometer (Micro-Sense Model FCM-10 Magnetic Field Control 

Module). The obtained room temperature magnetic hysteresis (M–H loop or M–H hysteretic curve) of the 

synthesized samples is depicted in Fig. 13. The field dependence of magnetization graph shows the ferrimagnetic 

nature of all the samples. 

 

Table 4: The magnetic parameters of Y-dopped Co- Zn ferrite samples. 
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Fig. 13: Represents the hysteresis curve of Y-dopped Co- Zn ferrite samples. 

 

The different parameters such as saturation magnetization (Ms), magnetic moment (դb), and remnant 

magnetization (Mr), coercivity (Hc), anisotropy constant (Kα) and remanence ratio (R) of all the synthesized 

samples was acquired from hysteresis loops at room temperature and is listed in Table 4.  Fig. 14 Shows the 

variation of saturation magnetisation and remanent magnetisation with change in composition (x) and Fig. 15 

Shows the variation of coercivity and remanence ratio with change in composition (x). 

In comparison to the original ferrite (x=0), the saturation magnetization (Ms) of composites with Y+3 

substitution is reduced due to the non-magnetic nature of Y+3 ions replacing the magnetic Fe3+ ions. The table 

clearly shows that the decrease in Ms, as the saturation magnetization (Ms) gradually declines from 46.19 to 18.27 

emu/g with increasing Y+3 (x = 0.0, 0.1, 0.2 & 0.3). The variation in saturation magnetization (Ms) with Y+3 

content is likely due to the surface spin effect and the exchange interactions of cations on A-sites and B-sites. The 

overall magnetic moment of the material is primarily influenced by the magnetic interactions between A-A, B-B, 

and A-B sites, as well as the interaction of magnetic ions with an externally applied field. In Co-Zn ferrites, Fe+3 

ions are present at both A-site and B-site, but Y+3 tends to occupy only the B-site. The introduction of trivalent 

Y+3 metal ions in ferrites replaces some Fe+3 from the B-site, leading to a reduction in magnetization at the B sub-

lattice. This follows Neel's two-sublattice model, where the difference between B site and A site magnetization 

determines the resultant magnetization. The magnetic moment can be calculated using the equation M=MB-MA, 

where MB and MA represent the magnetic moments of the B sub-lattice and A sub-lattice, respectively [46]. The 

remanent magnetization also reduced from 6.6499 for x=0 to 2.6681 for x=0.2 emu/g with Y+3 ion substitution 

and increased for x=0.1 and x=0.3 this can be explained by the redistribution of cations within the tetrahedral and 

octahedral sites of the spinel structure, influencing the super-exchange interactions [59]. The external factors such 

as microstructure of the grains, porosity, homogeneity, morphology, density, and distribution of cations at lattice 

sites, considerably affect magnetic influences the magnetic parameter [60]. 

Also, the remanence ratio (R) increased with Y+3 ion substitution and the values were found to be below 

0.5 and this small value (Mr/Ms) shows the existence of multidomain (MD) particles in all the ferrite samples. 

Furthermore, on enhancing concentration yttrium in the ferrite system the coercivity of the samples increased 

from 208.814 to 498.178 Oe for x=0.3 which in turn fundamentally depends on the magneto crystalline anisotropy 

and the particle size [61]. The hysteresis curves of yttrium doped Co-Zn nano-ferrites demonstrate a minimal 

coercivity and remanent magnetization, indicating a superparamagnetic behaviour persisting at room temperature. 
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Fig. 14: Shows the variation of saturation magnetisation and remanent magnetisation with change in 

composition (x) 

 

 
Fig. 15: Shows the variation of coercivity and remanence ratio with change in composition (x) 

 

IV. Conclusion: 
Yttrium doped cobalt zinc ferrite, Co0.6Zn 0.4YxFe2-x O4 (x = 0, 0.1, 0.2, 0.3), was synthesized via the Sol-

gel method. A range of techniques was employed to characterize the resulting nanocomposites, focusing on their 

structural, optical, electrical, dielectric, magnetic, and antibacterial properties.  The Debye-Scherer formula was 

utilized to determine the average crystallite size, which ranged from 57.961 to 27.507 nm, with lattice constants 

between 8.412 and 8.389 Å. The results indicated a decrease in the average crystal size (D) of the ferrites with 

increasing yttrium concentration. Additional parameters, including interplanar distance, X-ray density, bond 

length, and porosity, were also calculated. Two absorption bands corresponding to tetrahedral and octahedral sites 

were identified, corroborating the formation of a single-phase cubic structure, and elastic parameters were 

obtained from FTIR data. FESEM combined with EDAX spectroscopy was employed to analyse the 

microstructure, surface morphology, and elemental composition of the synthesized ferrite nanoparticles. FESEM 

images revealed agglomeration of the nano ferrites, while the complete EDAX profile confirmed the presence of 

Co, Zn, Fe, Y, and O in the ferrite lattices. The variation of the dielectric constant with frequency exhibited typical 

dielectric dispersion at low frequencies and remained nearly constant at high frequencies. The linear increase in 

ac conductivity with frequency suggested a small polarons hopping conduction mechanism followed by the 

Maxwell–Wagner interfacial polarization mechanism. UV–Visible diffuse reflectance analysis shows the optical 

band gap ranging from 1.3074 to 1.2291 eV. The hysteresis curves of yttrium doped Co-Zn nano-ferrites 
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demonstrate a minimal coercivity and remanent magnetization, indicating a superparamagnetic behaviour 

persisting at room temperature. Overall, the findings demonstrate that yttrium doping effectively tailors the 

structural and electrical characteristics of Co–Zn ferrites, making them promising candidates for high-frequency 

electronic, magnetic, and functional device applications. 
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