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Copper ferrites doped with rare earth elements exhibit exceptional structural, electric, and 

magnetic properties, making them a potentially useful material for a wide range of scientific and 

technological applications. This review provides a comprehensive and critical analysis of the 

structural, electric, and magnetic features of rare earth-doped copper ferrite. Synthesis methods, 

structural characterization techniques, and the influence of rare earth dopants on material 

properties are comprehensively discussed. Specifically, an overview of synthesis techniques and 

their impact on structural features is provided, alongside a detailed analysis of structural 

characterization techniques such as X-ray diffraction (XRD), transmission electron microscopy 

(TEM) and scanning electron microscopy (SEM). The review delves into electrical properties, 

encompassing conductivity measurements, dielectric analysis, and the effect of rare earth doping 

on electrical behavior. Similarly, a thorough examination of magnetic properties, such as saturation 

magnetization, coercivity, magnetic anisotropy, etc., elucidates the impact of rare earth dopants on 

magnetic features. Additionally, the implications of these properties on the performance of rare 

earth-doped copper ferrite in applications such as magnetic recording media, microwave devices, 

sensors, and actuators are explored. Current challenges in understanding and controlling these 

properties are identified, and future research directions are proposed to address these challenges. 

The purpose of this review is to provide researchers, engineers, and technologists with a 

comprehensive resource that provides useful insights into the design and optimization of rare earth-

doped copper ferrite materials for advanced applications. 

Keywords: copper ferrite, X-ray diffraction, saturation magnetization, coercivity, magnetic 

anisotropy, electrical properties, scanning electron microscopy. 

1. Introduction 

Copper ferrite, which belongs to the spinel group of minerals, is a significant component in 

materials science due to its unique magnetic and electric properties [1]. This material has been 

the focus of extensive research owing to its potential applications across numerous 

technological domains. It has diverse applications in technology, including its use as a 
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separation tool for various materials, a catalyst for waste gas stream conversion, and a 

component in power supplies and gas appliances [2]. Its historical development and 

applications have been extensively studied, with a focus on its physical structure, resistivity, 

dielectric constant, and magnetic properties [3]. Copper ferrites show promise as anode 

materials for lithium-ion batteries in the field of energy storage. By combining copper ferrites 

with reduced graphene oxide, electrodes with a substantial reversible capacity and strong 

cycling performance are produced, which are essential for improved lithium storage 

applications. [4]. Copper ferrites, due to their magnetic properties, are suitable for medical 

applications like hyperthermia treatment of cancer tumors, benefiting from their heat 

generation abilities in AC magnetic fields [5]. Copper ferrite's electrical and magnetic 

characteristics have also been explored for use in humidity sensors. The addition of tungsten 

trioxide to copper ferrite has been reported to enhance its stability and sensitivity, making it a 

viable material for such sensors [6]. An analysis was conducted on the characteristics and 

behaviour of copper ferrite nanoparticles, which demonstrated their nanocrystalline structure 

and indicated their potential for use in magnetic storage media and spintronic devices [7]. 

Moreover, copper ferrite's exceptional electrical, magnetic, and optical properties have been 

harnessed for applications in transformers, transducers, inductors, magnetic fluids, sensors 

and biosensors [8]. Cobalt doping in copper ferrite thin films has been studied to modify its 

properties for applications in gas sensors, catalysts, and magnetic devices [9]. The substitution 

of iron with tungsten in copper-zinc spinel ferrite has been examined to improve its electrical 

properties for use in humidity sensors, demonstrating the versatility of copper ferrite materials 

in sensor technology [10]. 

Based on previous studies, rare earth doping has been proven to be essential in altering the 

structural, electrical, and magnetic properties of ferrite materials making them versatile for 

numerous applications. The introduction of rare earth elements such as La, Sm, Ce, Gd, and 

Dy, etc. into ferrite lattices causes various effects due to the size and magnetic moment of the 

rare earth ions. This study aims to explore the impact of rare earth doping on the structural, 

electrical, and magnetic features. Rare earth doping induces lattice distortion and phase 

formation. For instance, when larger rare earth ions substitute into the spinel structure of Mn-

Cr ferrite, polarization effects emerge. These effects are discernible through Raman and FTIR 

spectroscopy [11]. Additionally, the lattice parameters of NiZnCo ferrite exhibit an intriguing 

trend: they increase up to a certain doping level (x = 0.2) and then decrease [12]. 

Simultaneously, grain size decreases monotonously with increasing doping concentration 

[13]. The rare earth doping has a substantial effect on the electrical transport properties of 

ferrite materials. For example, Nd3+ doping in Mn-Zn ferrite nanoparticles leads to an increase 

in resistivity. Interestingly, this effect can be reversed upon exposure to γ-radiation [14]. 

Ahmed et. al. [15] further supported this, showing that rare earth ions can create new sites and 

increase valence exchange, leading to changes in electrical properties. This finding suggests 

that rare earth doping provides a means to tailor the electrical behavior of ferrite materials. 

The addition of rare earth elements significantly affects the magnetic characteristics of 

ferrites. The saturation magnetisation (Ms) and coercivity (Hc) of Ni-Co ferrite materials are 

highly influenced by the magnetic moment of the rare earth ion. The coercivity increases in 

proportion to the atomic number of the rare earth ion [13]. In contrast, in NiZnCo ferrite, the 
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saturation magnetization declines with growing Gd and La doping [12]. Furthermore, cobalt 

ferrite thin films exhibit magnetic responses directly correlated with the magnetic moment of 

the rare earth dopant [16]. Jacobo et. al. [17] found that rare earth substitution in NiZn ferrites 

can lead to local distortion and disorder, affecting the magnetic properties. Lastly, Hashim 

[18] showed that rare earth ion doping in cobalt ferrites can influence dielectric, magnetic, 

and impedance properties, with higher doping levels leading to decreased magnetization and 

increased coercivity. Beyond structural and magnetic changes, rare earth doping influences 

other material properties. For example, the cobalt ferrite nanoparticles have a high adsorption 

capacity for dyes such as Congo red, making it useful for environmental purposes [19]. 

Moreover, optical properties, such as bandgap, are modified by rare earth doping, with specific 

trends depending on the chosen rare earth element [16]. These insights contribute to material 

design and hold promise for applications in diverse fields including sensors, actuators, and 

environmental remediation [11–14,16,19–23].  

This review paper aims to thoroughly analyse and evaluate the existing understanding of the 

structural, electric, and magnetic properties of copper ferrite doped with rare-earth elements. 

The review aims to assess the influence of rare earth dopants on the structural, electric, and 

magnetic features of copper ferrite, considering various synthesis methods and doping 

concentrations. Another objective is to identify the mechanisms underlying the modification 

of these properties due to rare earth doping, aiming to provide deeper insights into the 

material's behavior. Furthermore, the review intends to discuss the implications of rare earth-

doped copper ferrite in practical applications.  

 

2. Synthesis Methods  

Common synthesis techniques for these materials include sol-gel, hydrothermal, co-

precipitation and solid-state reactions. Each method has its advantages and specific conditions 

under which it is most effective. 

 

Fig. 1 Schematic representation of Sol-Gel Autocombustion Method 
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2.1 Sol-Gel Method 

Involving the sol-gel procedure, a dispersion colloidal called "sol" is fabricated, and then, 

subsequently, this dispersion undergoes the gelation, thus ending up in a matrix solidifying 

into "gel". It offers precise control over the stoichiometry and homogeneity of the final product 

[24]. This process is incredibly versatile and enables the creation of nanoparticles with 

exceptional purity. The sol-gel method has been employed by Talebi [25]  to synthesize 

praseodymium-doped copper ferrite nanoparticles, with starch acting as a capping agent, 

reducing agent, and natural template, which eliminates the need for external surfactants. 

Thulium-doped copper ferrite nanoparticles were successfully synthesised as well by Hosseini 

[26] using a similar sol-gel approach, highlighting the method's adaptability to different rare 

earth dopants. Calvo-De La Rosa et al. [27] has optimized this technique for the synthesis of 

copper ferrite (CuFe2O4) nanoparticles, where a polymer-assisted approach has been 

employed to enhance the control over the chemical composition and magnetic properties of 

the nanoparticles.  

An alternative approach for producing rare-earth (Pr3+, Sm3+, Eu3+, and Gd3+) doped 

bismuth ferrite powders efficiently is the solution combustion method.  This soft chemistry 

route is notable for its speed in obtaining oxide powders with enhanced magnetic properties 

[28]. Low-temperature synthesis methods have been developed by Lisnevskaya et al. [29] to 

reduce the energy requirements of the process, achieving nanosized particles at significantly 

reduced temperatures [29]. Hajasharif et al. used this technique to produce nanoparticles with 

a cubic phase and paramagnetic properties, which are analysed using various characterization 

techniques [30]. Studies prove the sol-gel method offers the advantage of high purity and 

control over the material's properties. However, other methods such as solution combustion 

and low-temperature synthesis also contribute to the field by providing alternative routes for 

material preparation with distinct advantages in terms of speed and energy efficiency. 

2.2 Co-precipitation Method 

The co-precipitation approach involves the use of aqueous solutions containing metal ions are 

mixed under controlled pH conditions, leading to the simultaneous precipitation of metal 

hydroxides. Subsequent calcination results in the formation of ferrite nanoparticles. This 

method includes the formation of metal cations from a solution, followed by calcination to 

form the spinel structure [31,32]. This method is particularly lauded for its ability to control 

the size and distribution of the particles, a critical determinant of the material’s magnetic 

characteristics and it can be executed at room temperature [32]. 

A range of coprecipitation synthesis techniques have been explored for the production 

of copper ferrite and related materials. Frolova [33] found that the pH-dynamic mode at pH 

11 is optimal for producing magnetic copper ferrite, while Kalia [34] highlighted the 

importance of pH and temperature in the synthesis of cobalt ferrite. Goldman [35] developed 

a method for preparing various ferrites, including NiZn, MgMn, and MnZn, with controlled 

composition and impurity levels. Sriram [36] Focused efforts to produce nanophase copper 

ferrite through an organic gelation process, studying the effects of pH and cation-carboxylic 

group ratio on the final product. Modhave et al. [37] have made significant contributions to 
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this field, demonstrating the synthesis of nanocrystalline rare-earth substituted copper ferrites 

CuRExFe2-xO4 (where RE = Nd, Sm, Ho, and x = 0.1, 0.2) using the tartarate co-precipitation 

method. Their research, monitored through thermal studies and FTIR analysis, confirmed the 

formation of cubic spinel structures, with particle sizes ranging from 26.2 nm to 38.4 nm. Li 

et al.[38] explored this technique with rare earth elements such as Sc, Gd and Dy and revealed 

that the grain size ranged from 10.6 to 12.4 nm, corroborating with particle size observations 

made by Ikram et al. [39]. Explored the impact of doping rare earth metal ions on the 

structural, electrical, magnetic, and dielectric characteristics of spinel ferrites. Offered 

comparative analysis on how various rare earth metal ions affect these properties. The study 

focused on the impact of the ionic radii of dopant RE3+ ions on the size of the crystallites, 

grains, and lattice constant. 

2.3 Hydrothermal Method 

The hydrothermal method involves the reaction of metal salts in an aqueous solution under 

specific conditions of high pressure and temperature. It allows for the formation of well-

defined crystalline structures and controlled particle sizes [40].   

A range of hydrothermal synthesis techniques have been explored for the synthesis of 

copper ferrite or copper-based ferrites doped with rare earth elements. Chang-hua (2007) [41] 

demonstrated the feasibility of recycling and purifying electroplating sludge through the 

hydrothermal synthesis of compound ferrite. Tsoncheva (2010) [42] and Sang (2021) [43] 

both investigated the catalytic properties of copper ferrites, with Tsoncheva focusing on the 

phase composition and transformation of the materials, and Sang exploring the catalytic 

activity for the thermal decomposition of ammonium perchlorate. Li-ying (2003) [44] 

Developed a novel technique for synthesising nanoscale ferrite powders, which could 

potentially be applied to the synthesis of rare earth-doped copper ferrite. These studies 

collectively highlight the potential of hydrothermal synthesis techniques for the preparation 

of rare earth-doped copper ferrite or copper-based ferrites, with a focus on recycling, 

purification, and catalytic applications. Kurian [45] used the hydrothermal method to fabricate 

Copper ferrite nanoparticles exhibiting a well-controlled size distribution within a specific 

range of 6–17 nanometres while experimenting with different synthesis parameters, such as 

pH, heating time, and hydrothermal temperature. It is found that optimal synthesis conditions 

optimize the magnetic properties. The duration and temperature of hydrothermal reactions 

have little effects on the structural and magnetic properties of nanoparticles. However, the pH 

level significantly influences the physical features of the nanoparticles. 
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Fig. 2 Schematic representation of Co-precipitation Method, Solid state reaction Method 

and Hydrothermal Method. 

2.4 Solid-State Reaction 

The solid-state reaction method involves the direct mixing and heating of metal oxides or 

carbonates at high temperatures, leading to the formation of ferrite compounds. This technique 

is simple and cost-effective but may require high temperatures and a long reaction time 

[46,47]. The solid-state reaction method is utilized for synthesizing rare earth-doped ferrites, 

impacting their structural, magnetic, and electrical properties for numerous applications [48]. 

Solid-state reaction synthesis affects the micro-structure, magnetic properties, and defect 

evolution of the materials, leading to changes in lattice parameters, bond lengths, and 

magnetic behavior [49]. Pongpadung (2016) [50] found that the solid-state reaction can result 

in variations in the microstructural and magnetic properties of copper ferrite. Deraz (2008) 

[51] further demonstrated that the calcination temperature and the addition of dopants can 

influence the solid-state reactions in the synthesis process.  

3. Rare Earth Dopants: Effects on Structural, Electrical, and Magnetic Properties 

3.1 Lanthanum (La) 

The addition of lanthanum to Cu ferrite (CuFe2O4) has been found to significantly impact its 

structural, electrical, and magnetic properties. The substitution of La into the spinel lattice of 
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CuFe2O4 can significantly influence the structural, optical, and magnetic properties of the 

ferrite crystals. Deepapriya et. al. [52] observed that La doping in CuFe2O4 did not inhibit 

grain growth as efficiently as it did in NiFe2O4. The UV-visible spectra indicated that the band 

gap of La-doped CuFe2O4 nanoparticles ranged from 2.1 to 2.3 eV. The magnetic analysis 

identified variations in the nanocrystals' surface magnetic structures as well as the contribution 

of the La ion single-ion anisotropy in the crystal lattice. The presence of lanthanum may also 

influence the bond lengths and bond angles within the crystal lattice, affecting the overall 

stability and arrangement of atoms. 

Furthermore, Dascalu et al. investigated the insertion of rare earth elements, including 

lanthanum, and found influence on the structural characteristics, coercive field, and saturation 

magnetization of cobalt ferrite [53]. Studies on other copper-based ferrites, such as 

Mn0.5Cu0.5LaFe2O4 and La-substituted Cu0.5Co0.5Fe2O4, have shown that lanthanum doping 

can increase the bandgap energy, dielectric constant, and coercivity while decreasing the field 

of saturation magnetization [54, 55]. This suggests that similar effects may be observed in 

lanthanum-doped Cu ferrite. Roy et al. [56] observed that replacing a small portion of iron 

with lanthanum significantly enhances the magnetic characteristics of Ni–Cu–Zn ferrites, with 

a significant increase in initial permeability achieved. It also affected density, crystallite size, 

grain size, and residual macrostress. The solubility of La in the Ni–Cu–Zn ferrite lattice was 

determined to be extremely low (∼0.1 atom/unit cell), producing a secondary phase in the 

system. 

3.2 Cerium (Ce) 

Hussain et al. exhibited that Cerium doping in Cu ferrite nanoparticles leads to a considerable 

decrease in crystallite size, cell volume, and lattice constant. This is confirmed by XRD 

patterns which show a remarkable reduction in these parameters with increasing Ce3+ content 

[57]. Similarly, another study using hydrothermal synthesis for Ce3+ substitution in Cu–Cd 

ferrites also revealed a reduction in average crystallite size and a slight variation in lattice 

constant [58]. The substitution also affects the morphology, as observed in SEM and TEM 

analyses, which show changes in the surface shapes of particles [58]. Some studies revealed 

the presence of cerium may influence bond lengths and bond angles within the crystal lattice, 

affecting overall stability and atomic arrangement [57,59]. Optical analysis of cerium-doped 

copper ferrite samples by Yasmin et al. has revealed the occurrence of two optical energy gaps 

around 1.6 eV and 2.1 eV. These optical band gaps tend to decrease with Ce³⁺ doping, as 

indicated by redshifts in the optical spectra [59]. Morphological investigation by Khandekar 

et al. [60] showed the synthesis of very fine spherical nanoparticles of cerium-doped copper 

ferrite. 

The electrical behavior of Ce-doped Cu ferrites changes significantly with doping. 

The DC electrical resistivities are found to be decreased with an increase in Ce3+ doping at 

room temperature [57]. It is evident that the addition of Ce improves the conductivity of Cu 

ferrites. The dielectric constant and dielectric loss decrease as the cerium concentration 

increases, suggesting that the ferrites have a semiconducting nature [58]. It is noted that the 
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ac conductivity has a growing trend with the rise of frequency, suggesting that these materials 

could be suitable for microwave device applications [57,58]. 

The magnetic properties of Ce-doped Cu Ferrites are also significantly affected by the 

Ce3+ ion substitution. Saturation magnetization (Ms) and retentivity (Mr) increase with small 

amounts of Ce3+ ion doping, showing a notable enhancement in the soft magnetic properties 

in the study of Hussain et al. [57]. The magnetic property investigation by Rahimi-Nasrabadi, 

et al. [61]  at room temperature also confirms these findings. Yasmin et al. [59] found the weak 

anti-ferromagnetic nature of cerium-doped copper ferrite. Interestingly, the substitution of 

cerium reduced the coercivity of copper ferrite, making it suitable for magnetic recording 

media applications. Cerium-doped Co-Cu-Zn spinel nano ferrites show improved magnetic 

properties and all magnetic parameters such as initial permeability, coercivity, 

saturation magnetization, remanence, squareness ratio, Bohr magneton, and anisotropy 

constant (K) exhibited improved values with increasing Ce concentration [62]. These studies 

indicate that Ce-doped Cu ferrites have great potential for various applications, such as 

photocatalysis and microwave technology  [57,58,61]. 

3.3 Gadolinium (Gd) 

Gadolinium (Gd) doping in ferrites induces significant alterations across structural, electrical, 

and magnetic properties, as highlighted by various studies. P. Venkata Srinivasa Rao et al. [63] 

and C B Kolekar et al. [64] observed structural distortions resulting from Gd substitution, 

impacting crystal symmetry and lattice parameters, consequently influencing magnetic 

anisotropy and domain structure. In terms of electrical properties, Gd doping affects dielectric 

response and resistivity. Kolekar et al.[65] reported changes in dielectric constant and 

resistivity attributed to Gd's impact on charge carriers' mobility and polarization mechanisms. 

Similarly, Ateia and Soliman [66] noted alterations in electrical conductivity and coercivity 

due to Gd substitution, affecting conduction and polarization processes. 
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Moreover, Gd doping enhances magnetic properties by modifying magnetic interactions and 

saturation magnetization. Das et al.[68] observed changes in magnetic behavior, including 

shifts in complex initial permeability, influenced by Gd concentration. This improvement in 

magnetic properties is crucial for use in magnetic storage devices and high-frequency 

applications, as emphasized by research conducted by Khanna et al. [69] and Kiran et al. [70]. 

Additionally, Ruhollah Talebi [71] investigated Gd doping in copper ferrite nanoparticles, 

noting structural modifications and ferromagnetic behavior induced by Gd incorporation. 

These findings enhance our understanding of the complex and diverse impacts of Gd 

substitution on ferrite properties, essential for optimizing ferrite performance for specific 

technological applications. 

3.4 Praseodymium (Pr) 

Structurally, Pr doping triggers a transformation from a spinel to an orthorhombic crystal 

structure because Pr has a greater ionic radius than Fe. This modification of the structure is 

evidenced by increased grain size in Pr-doped copper ferrite, as observed through XRD and 

FESEM analysis [72]. 

Electrically, the addition of Pr dopant affects conductivity and resistivity, albeit 

detailed electrical characterization may necessitate further specific measurements [72]. 

Talebi's investigation [73] complements this by highlighting alterations in electrical 

conductivity and band structure, as evidenced by UV-Vis diffuse reflectance spectroscopy. 

This suggests modifications in electronic properties that can influence electrical behavior and 

optical absorption characteristics. Magnetic properties are significantly influenced by Pr 

doping in copper ferrite. Akhtar et al. [72] demonstrates that as Pr concentration increases, 

magnetic saturation, coercivity, remanence, and anisotropy constant decrease. Moreover, the 

coercivity decreases notably with higher Pr content, indicative of superparamagnetic behavior 

in Pr-doped copper ferrites. Talebi [73] further supports these findings by showcasing 

ferromagnetic behavior in synthesized nanoparticles, with specific magnetic parameters 

providing insights into the material's magnetic response.   

Fig. 3 Crystallite size and lattice parameter variation with 

Gd-concentration (Bulai et al.) [67] 
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Fig. 4 (a) Variation of Crystallite size and X-ray density with respect to Pr-concentration 

(b)Variation of Saturation magnetization and Coercivity with respect to Pr-

concentration (Akhtar et al.) [72] 

3.5 Neodymium (Nd) 

Numerous studies by Ansari et al., Mahalakshmi et al., Vosoughifar and Kimiay, and Rajesh 

Kanna et al. evidenced that Neodymium (Nd) doping in copper ferrite systems has a profound 

impact on structural, electrical, and magnetic properties. Structurally, Nd substitution induces 

notable crystallographic rearrangements, leading to modifications in the lattice arrangement 

and overall integrity of the materials [74]. Additionally, Nd doping influences electrical 

transport properties, resulting in significant alterations in conductivity and resistivity 

characteristics [74,75]. Furthermore, Nd doping exerts a discernible influence on magnetic 

behavior, leading to modifications in magnetic ordering and interactions within the ferrite 

structure [74,76,77].  The addition of Nd dopant introduces strains in the crystal lattice, 

impacting the electrical, magnetic, and dielectric properties of ferrite particles [75]. 

Mahalakshmi et al. observed changes in electrical conductivity, attributed to enhanced 

hopping rates between Fe²⁺ and Fe³⁺ ions, and increased resistivity due to reduced Fe³⁺ ions 

[75]. Moreover, Nd doping influences dielectric behavior, resulting in a significant decrease 

in dielectric constant across all compositions of Cu-Ni ferrite doped with Nd [75]. 

Structurally, the introduction of Nd into copper ferrite nanoparticles induces the 

formation of a tetragonal phase, influencing crystallite diameter and lattice parameters [76]. 

Electrically, Nd doping affects dielectric parameters, influencing dielectric constant, dielectric 

loss, and AC conductivity [76]. Additionally, magnetic analysis reveals modifications in 

magnetic parameters such as remanent magnetization, coercive field, and saturation 

magnetization, indicative of influence of Nd doping on magnetic behavior [76]. Rajesh Kanna 

et al. further corroborate these findings, demonstrating alterations in crystal structure, 

electrical conductivity, dielectric properties, and magnetic behavior induced by Nd doping in 

copper nano ferrites [77]. The combined findings from these studies underscore the potential 
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of Nd-doped ferrites as versatile material platforms for the development of advanced 

functional materials, providing valuable insights for further exploration and application in 

various technological fields. 

3.6 Erbium (Er) 

In the study steered by Mustaqeem et al. [78], the outcome of Erbium (Er3+) doping on the 

structural, dielectric, and magnetic properties of copper ferrite (CuFe2O4) nanoparticles was 

thoroughly investigated. The produced CuFe2–xErxO4 fine powder with varying Er 

concentrations (x = 0.04, 0.08, 0.12, 0.16, 0.20) exhibited notable changes in their properties 

compared to pure CuFe2O4. The lattice parameters and crystallite sizes were found to vary 

with growing Er doping levels. The CuFe1.80Er0.20O4 nanoparticles exhibited a crystallite size 

of less than 50 nm, suggesting that the incorporation of Er caused a decrease in grain size. The 

increase in dielectric constant with Er doping suggests enhanced dielectric polarization within 

the nanoparticles. Additionally, the dielectric loss factor and conductivity were found to 

decrease with Er doping, indicating a reduction in Fe–Fe interactions and changes in the 

conduction mechanisms within the nanoparticles. The saturation magnetization (Ms) of 

CuFe2O4 was determined to be approximately 38.01 emu/g. As the Er3+ content increased, 

noticeable alterations in saturation magnetization, remnant magnetization, and coercive field 

were detected. The coercivity and remanence exhibited non-linear behavior with Er doping 

values, indicating the influence of A–B contacts induced by cationic site modifications. 

 
Fig. 5 Variation of Saturation Magnetization and Retentivity with respect to Er-

concentration (Mustaqeem et al.) [78] 

3.7 Dysprosium (Dy) 
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Two studies have thoroughly examined the effects of dysprosium (Dy) doping on the 

structural, electrical, and magnetic properties of ferrite by Vinod et al. [79] and Hosseini [80]. 

In the study by Vinod et al. [79], Dy3+ ion substitution in Cu0.8Cd0.2Fe2O4 nano-ferrites was 

examined, revealing specific structural, optical, magnetic, and electrical characteristics. The 

synthesized nanoparticles exhibited a spinel structure, with varying sizes of crystallites 13.82 

to 18.32 nm and lattice parameters between 8.349 and 8.385 Å. Optical bandgap 

measurements showed a semiconducting character, with values in the range of 1.62 eV–1.73 

eV. Electron spin resonance (ESR) spectroscopy indicated g-values ranging from 2.613 to 

2.333. The magnetic analysis demonstrated a reduction in coercivity (Hc) from 557.29-183.89 

Oe at 300 K and 749.85-410.72 Oe at 15 K, and the saturation magnetization (Ms) has 

increased from 32.53 to 38.85 emu/g with Dy3+ concentration. The resistivity values increased 

from 9.107 × 106 to 1.166 × 108 Ω-cm with Dy3+ addition. 

In another research investigation done by Hosseini, the effects of Dy doping on the 

structural, morphological, and magnetic properties of copper ferrite nanoparticles were 

examined. X-ray diffraction (XRD) analysis established existence of a tetragonal phase, with 

crystallite diameters around 23 nm. Scanning electron microscopy (SEM) imaging confirmed 

the morphology and particle size variations induced by Dy doping, with particle sizes ranging 

from 40–60 nm. Magnetic measurements demonstrated alterations in remanent magnetization 

(Mr) from 9.50 emu/g, coercive field (Hc) of 1500 Oe, and saturation magnetization (Ms) of 

15 emu/g at 300 K. Additionally, electrical measurements indicated changes in resistivity 

values associated with Dy3+ doping.  

3.8 Yttrium (Y) 

The effect of Yttrium (Y3+) doping on copper ferrite nanoparticles has been investigated by 

Moeini et al. [81] through the synthesis of CuFe2-xYxO4 nanoparticles and examined their 

catalytic properties for click and pechmann reactions. The uniform distribution of Yttrium and 

Copper ions in the structure enhanced the catalytic efficiency of the nanoparticles without 

compromising reusability. In the study by Khan et al. [82], Yttrium-doped Copper ferrites 

were synthesized using the sol-gel method. Morphological and structural analysis confirmed 

stable tetragonal copper ferrite structures, with the transformation achieved at high sintering 

temperatures. Raman and FTIR spectra corroborated the tetragonal structure formation with 

M-O bonding. Electromagnetic response research in the microwave band (1 to 15 GHz) 

demonstrated a reduction in actual permittivity and permeability with increasing Y3+ 

concentration, attributed to variations in crystallinity. The material's low dielectric and 

magnetic loss tangents make it ideal for low-loss applications. These findings underscore the 

potential utility of Yttrium-doped ferrite nanoparticles in catalysis and electromagnetic 

applications. 

3.9 Europium (Eu) and Scandium (Sc) 

The investigations were conducted to evaluate the influence of Eu and Sc co-doping on the 

structural, electrical, and magnetic properties of copper ferrite. Manjunatha et al. [83] 

explored the effects of rare lanthanides on the structural, microstructural, and humidity-

sensing proprties of CuEuxScyFe2-xO4 ceramics. The samples with varying Eu and Sc 
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concentrations (x = y = 0.00, 0.01, 0.02, and 0.03) were produced using the solution 

combustion method. XRD analysis revealed a main cubic spinel crystal structure possessing 

the space group Fd3m, accompanied by a secondary Fe2O3 phase. The spinel crystallite size 

varied between 25 and 10 nm for different doping levels. SEM studies revealed the porous 

structure of the prepared samples, with particles that had formed clusters. Hysteresis curves 

indicated the enhanced resistance and humidity sensing responses with higher concentrations 

of Eu–Sc doping. The time intervals for capturing the sensor's reaction and restoration were 

39 and 40 seconds, respectively, suggesting promising humidity-sensing capabilities of the 

material. Yousef et al. [84] explored the structural, microstructural, and magnetic properties 

of CuEu0.01Fe1.99O4 and CuEu0.01Sc0.01Fe1.98O4 nanoparticles produced using the self-

propagating high-temperature synthesis method. The XRD patterns revealed the presence of 

a spinel cubic structure with space group Fd-3m, and the average size of the crystallites was 

determined to be between 20 and 40 nm. SEM investigations showed that the particles had a 

porous and agglomerated structure. Energy-dispersive X-ray spectroscopy (EDS) analysis 

established elemental composition of the samples. Magnetic hysteresis loop measurements 

indicated a soft ferromagnetic nature, with saturation magnetization, coercivity, and 

remanence magnetization decreasing with increasing Eu3+ and Sc3+ concentrations. These 

findings suggest that Eu and Sc co-doping influences the magnetic behavior of copper ferrite 

nanoparticles, potentially offering tunability of magnetic properties for various applications. 

4. Applications of rare earth doped copper ferrite 

Rare earth-doped copper ferrites (CuFe2O4) are popular due to their unique characteristics and 

numerous applications. The doping of copper ferrites with rare earth elements such as 

samarium (Sm), cerium (Ce), gadolinium (Gd), Erbium (Er), etc. has been shown to enhance 

their magnetic, electrical, and optical characteristics, which can be leveraged in numerous 

technological advancements. Several studies underscored the multifaceted applications of rare 

earth-doped copper ferrites and their potential to contribute to significant technological 

advancements in data storage, optoelectronics, and environmental sustainability. 

4.1 Optoelectronics 

One of the prominent applications of rare earth-doped copper ferrites is in optoelectronics 

domain. The introduction of samarium ions into copper ferrites has been shown to improve 

the electrical conductivity and optical properties of these materials, making them suitable for 

use in optoelectronic devices. The enhanced charge density across the grain boundaries and 

the reduced optical bandgap with increased samarium concentration contribute to these 

improved properties, which are crucial for applications such as light-emitting diodes and 

photodetectors due to facilitation of better charge carrier mobility [39,85,86]. 

4.2 Microwave Absorption and Catalysis 

Rare earth-doped copper ferrites are also being explored by Bian et al. for their potential in 

microwave absorption, which is essential for reducing electromagnetic interference in 

communication systems. Moreover, rare earth-doped copper ferrites serve as efficient 
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catalysts due to their modified structural and electronic properties, which can enhance the 

reaction rates in various chemical processes [87]. 

4.3 Photocatalysis for Environmental Remediation 

Another application of rare earth-doped copper ferrite is in the field of photocatalysis. Rahimi-

Nasrabadi [61] synthesized cerium-doped copper ferrite nanoparticles and found them to be 

efficient photocatalysts for the degradation of harmful organic dyes under ultraviolet light. 

This photocatalytic activity is attributed to the unique structural and morphological 

characteristics imparted by cerium doping. The ability to break down pollutants like methyl 

orange makes these materials valuable for environmental remediation and water purification 

process.  Additionally, cerium (Ce)-doped copper ferrites have shown promising results as 

photocatalysts degrade organic contaminants via UV light, which is essential for 

environmental remediation and water purification [88] . 

4.4 Magnetic Storage 

Furthermore, rare earth-doped copper ferrites find applications in magnetic storage and 

electronic devices due to their modified magnetic properties. Doping with rare earth elements 

such as gadolinium or erbium can enhance the magnetic storage capabilities of copper ferrites, 

making them suitable for use in high-density storage media [66]. The improved magnetic 

properties are attributed to the strong magnetic anisotropy and the interplay between the rare 

earth ions and the ferrite matrix. A study by Li et al. (2021) [38] reveal an increase in saturation 

magnetization and superparamagnetic behavior at room temperature, which is highly 

beneficial for high-density magnetic storage applications. 

5. Conclusion and Future Insight 

In conclusion, rare earth ions like Eu, Sc, Nd, Dy, Pr, Gd, Sm, Y, etc. considerably affect 

copper ferrite nanoparticles' structural, electrical, dielectric, and magnetic properties. By 

thoroughly examining the existing literature, it becomes clear that the incorporation of these 

dopants results in changes to the crystal structure, morphology, conductivity, and magnetic 

behavior of copper ferrite materials. These modifications offer exciting opportunities for 

tailoring the properties of copper ferrites to suit specific applications in various technological 

fields. For instance, Eu and Sc co-doping has demonstrated promising results in enhancing 

the humidity sensing capabilities of copper ferrite ceramics, indicating potential applications 

in sensing devices. Similarly, Nd doping has been found to influence the electrical 

conductivity, dielectric behavior, and magnetic properties of copper ferrite nanoparticles, 

offering opportunities for use in electronics and magnetic devices. Furthermore, Dy doping 

has shown potential in altering structural, optical, and magnetic properties of copper ferrite, 

suggesting applications in catalysis and magnetic recording media. 

Future research in this area could focus on exploring novel doping strategies and 

understanding the underlying mechanisms governing the observed property enhancements. 

Additionally, further investigations into the specific effects of rare earth ion doping on the 

microstructure and defect chemistry of copper ferrite could provide valuable insights into 
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optimizing material performance. Furthermore, developing advanced characterization 

techniques will enable more precise measurement properties enabling the synthesis and 

enhancement of copper ferrite-based materials for a wide range of uses. Ongoing studies in 

this domain hold the potential to drive innovation and advancements in areas such as sensing, 

electronics, catalysis, and magnetic recording. 
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