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In this study, Cu₀.₇₋ₓMg₀.₃ZnₓFe₂O₄, x = 0.0, 0.1, 0.2, 0.3, 0.4 nanoparticles were produced with a 

sol-gel process. XRD patterns represent a single-phase spinel structure was formed. With the 

increase of zinc concentration, it illustrated that as Zn incorporation caused changes in the structure 

from 8.35 to 8.42 Å lattice parameter values were an expansion. The FTIR spectra showed 

characteristic metal-oxygen bands near 571 and 427 cm⁻¹. SEM images show that the particles 

exhibited a spherical shape with an average size decrease from 42 to 34 nm as Zn content was 

increased. Continue on VSM measurements indicated Saturation magnetization found 65 emu/g 

reduced and coercivity varied between 320-480 Oe with increasing zinc doping level. Non-

magnetic Zn²⁺ by introduction diluted the magnetic interactions, which pointed to the fact that Zn 

played a significant role in tuning both key structural and magnetic attributes of Cu-Mg ferrite 

nanoparticles. 
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1. Introduction 

The unique magnetic, electrical and catalytic properties of ferrite nanoparticles, especially in 

spinel structures, generated intensive research interest over the last few years due to their 

potential applications. Surprisingly, Cu-Zn ferrites have been known due to the development 

of form and function that are amenable to a host of technological applications ranging from 

magnetic storage, anisotropic magnets, biomedical engineering, tools for environmental 

remediation and catalysis  [1]. This aspect of fine-tuning the structure is essential for tuning 
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its functional and magnetic properties similar to those reported due to their use species 

heterogeneity amongst broad applications [2]. This is especially valuable for tuning the 

properties of Zn elements without doping [3]. 

 Zn (a non magnetic ion) in a spinel ferrite can adjust magnetic interactions between 

magnetic cations differently bonded between octahedral and tetrahedral sites, modifying 

overall properties of the complex [4], a great advantage from the perspective view for 

tunability regarding these materialspecific applications. The concentration of Zn in Cu-Mg 

ferrite nanoparticles affects the lattice structure, saturation magnetization and coercivity [5]. 

Current studies of these Cu-Mg-Zn ferrites are in their preliminary stagesbut have pointed out 

that this family of materials is very promising. For instance, Park et al. had studied the effect 

of additives on magnetism in Mg-Cu-Zn ferrites and found a number of results [1]. Bhosale et 

al. reported on ferritization temperature and provided some basic magnetic characteristics via 

bulk susceptibility measurements in these compounds [2-4]. 

 Atassi et al. Won et al., reported the sintering temperature of Mg-Cu-Zn ferrite 

prepared from citrate precursor at a relatively low temperature [3]. Relatively speaking, the 

work has also been reported by Haque et al., as presented in [5]. Zhihuai Zhang et al. The 

effect of CuO and sintering temperature on microstructure and magnetic properties has been 

studied in Mg-Cu-Zn ferrites [6]. Further work by Kamble et al. [7] synthesized Mg₀. ₄₈Cu₀. 

₁₂Zn₀. Multilayer Chip Component; Ferrite 40 / Fe2O4 [25] Loghman-Estarki, M. In addition, 

the influence of cop mole ratio and calendering temperature on magnetic properties, 

morphology, structure etc. for the Mg₀. ₅₋ₓCuₓZn₀. Fe₂O₄ NPs: 10 mL of the modified Pechini 

route synthesis mixture is preheated to a temperature of 50 °C, where after injection of the 

Fe(NO₃)3is added to Fe-salt and consequent two hours lithiation. Thorat et al. Based on the 

above, however, in this work Mg-Cu-Zn ferrites doped with Ni²⁺ was prepared by means of 

molten salt route and had their structural, morphological as well electromagnetic properties 

investigated. Earlier work by Peng et al. Furthermore, electromagnetic wave absorption 

properties of Mn-Zn ferrite-TPU composites were studied in [10], and it can be seen from that 

the frequency dependent was observed in complex permeability. Most recently, Pund et al. 

The magnetic and morphological characteristics of synthesized nanoparticles of Cu2+-doped 

Mg-Zn ferrite were studied by [11]. 

 Though a number of studies have been reported on so far, very few works studied the 

individual influence of Zn substitution on sol-gel prepared Cu-Mg ferrites and it needs to be 

further evaluated. This study has been undertaken to understand the effect of Zn content on 

structural and magnetic properties of Cu-Mg ferrite nanoparticles with compositions x = 0.0, 

0.1, 0.2, 0.3 and 0.4 as following lines. Additionally, these constituents reveal to be user 

manual as newly study gossip the fact their magnetic and architectural properties are 

technically modifiable conveying upgrading when outlining a criteria for app in allure storage, 

catalysis, biomedicine etc [12]. 

 

2. Experimental 

All the reagents that were used in the synthesis; Copper nitrate [Cu(NO3)2], Magnesium 

nitrate [Mg(NO3)2], Zinc nitrate [Zn(NO3)2], Iron nitrate [Fe(NO3)2]Citric acid and 
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ammonium hydroxide were of an analytical grade, and use directly without treatment. 

Materials Copper nitrate, magnesium nitrate, zinc nitrate and iron(III)chloride used in this 

study were procured from Sigma Aldrich.  

The appropriate solutions were mixed with the mole ratio to acquire the composition desired 

of Cu-Mg-Zn. To chelate the precursor metals, citric acid was added to attach well (1:3) [18]. 

The pH was equilibrated to 7 with ammonium hydroxide to facilitate the gelation of the 

polymer. The mixture was stirred overnight, and the reaction was heated with stirring to 80 °C 

until a gel appeared due to water removal. The powder was then dried in the laboratory oven 

at 120 °C for a minimum of 12 h to get rid of any water still present and solid obtained is 

grinded to form fine powdered material. This fine powder was then calcined at 600°C for 4 h 

in a muffle furnace in order to promote the crystallization and complete elimination of any 

residual organic species [13]. The temperature was determined as an optimized condition to 

allow the formation of ferrites with high crystallinity but minimal grain size increase [14]. 

Samples were allowed to cool down freely until they returned back to room temperature in 

order to prevent thermal stress and a uniform heating rate was maintained.  

This synthesis route is advantageous in contrast to previous examples as it resulted in high 

stoichiometric and morphological control of nanoparticles, leading to an even distribution, 

thus allowing Zn doping at points throughout the Cu-Mg ferrite lattice. After that, the prepared 

nanoparticles were fully characterized through different methods to elucidate their structural, 

magnetic and morphological characteristics. 

 

3. Results and Discussion 

3.1 XRD Analysis 

As shown in figure 1. the XRD patterns of Cu-Mg-Zn samples at various x values ranging 

from 0.0 to 0.4, characteristic diffraction peaks corresponding to (220), (311), (400), (511) and 

(440) planes were observed, verifying spinel structure form-ability with single phase cubic 

system as previously reported [11]. The peaks observed confirmed the standard spinel ferrite 

model, in addition to their position and intensity distribution indicating a successful 

preparation of spinel ferrites using the sol-gel technique. 

 

Figure 1: XRD patterns of Cu-Mg-Zn nanoparticles with different zinc content (x). 
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 The lattice space constants were calculated by Bragg's Law and Nelson-Riley 

extrapolation (a method described elsewhere) here. The increase of the lattice constant with 

increasing zinc content can be seen from Table 1. This stretching was due to the much larger 

ionic radius of zinc (0.74 Å) compared with copper (0.69 Å), leading to lattice expansion 

during replacement of Cu ions by Zn ions in spinel structure as already discussed above. The 

crystallite size, dislocation density, and lattice strain of the NPs were also calculated from 

Scherrer formula and relevant relationships. Crystallite size decreased with increase in zinc 

content as shown in Table 1; on the other hand, dislocation density and lattice strain increased. 

This decrease of size of the crystallite can be understood by the hindrance in grain growth 

through incorporation of Zinc ions, which influence the magnetic interaction within the 

structure as also reported. 

 The dislocation density (δ) was calculated using the formula: δ =
1

D2
 , where D is the 

crystallite size [19].  With an increase in the Zn content, dislocation density also increases 

which is a clear indication of lower quality structural properties possibly due to the substitution 

of non-magneticZn²⁺ ions for magnetic Cu²⁺ ions [14]. In the same context, higher Zn content 

resulted in increasing lattice strain, which means enhanced distortion in the crystal lattice when 

compared with Cu atoms as Zn ions replace them [12]. 

Table 1: Structural Parameters for Cu-Mg-Zn Nanoparticles. 

Content 

(x) 
Lattice Parameter (Å) 

Crystallite 

Size (nm) 
Dislocation Density Strain Unit Cell Volume (Å3) 

LA 

(A-site) 

(Å) 

LB 

(B-site) (Å) 

0.0 8.35 42 5.67 0.93 582.39 3.61 2.95 

0.1 8.36 40 6.25 0.98 583.60 3.62 2.96 

0.2 8.38 38 6.93 1.02 585.82 3.63 2.97 

0.3 8.40 36 7.72 1.06 588.07 3.64 2.98 

0.4 8.42 34 8.62 1.11 590.34 3.65 2.99 

 The increase in Zn content leads to an even larger value of the unit cell volume, 

calculated from the lattice constant, which further confirms that bigger ion with higher valency 

can enter into the spinel structure [20]. Additionally, the hopping lengths between A-sites and 

B-sites were calculated using the formulas: LA =
a√3

4
  and LB =

a√2

4
 , where a is the lattice 

constant [21]. With the amount of Zn, hopping lengths are enhanced indicating an extensive 

inter-ionic distance between magnetic ions that can reduce magnetic interactions. It is also 

supported by the observed systematic broadening and shifting of XRD peaks with increasing 

Zn content, which shows lattice distortions in addition to the change in crystallinity [22]. 

 The XRD patterns along with lattice parameters, crystallite sizes, dislocation densities 

and lattice strains and hopping length confirmed that the Zn²⁺ ions are efficiently mixed into 

the ferritic grid. The inclusion of Cu showed an important role in the tuning both structural as 

well as the magnetic properties of the material making these ferrites highly tunable for various 

technological applications [13]. XRD results of this study shows that lattice parameter 

increases on increasing Zn content. Huang et al. obtained similar findings [16]. Rao et al[1]for 

Zn doped nickel-zinc-cobalt ferrite This increase in lattice constant is possibly attributed to 



1363 Sunil J. Indurkar et al. Effect of Zn²⁺ Substitution on the Microstructural, Elastic...                                                                                               
 

Nanotechnology Perceptions Vol. 20 No. S7 (2024) 

the large ionic radii of Zn²⁺. Additionally, the current outcome contrasts with those of 

Jeyadevan et al. These did not differ much in crystallite size compared to the MC nanorods 

with substitution of Zn [22]. Meanwhile, the current results are in accordance with those of 

Sathe et al. Both Reports: The increase of dislocation density and lattice strain is explicitly 

pointed out in both the reports [12]. 

 Results of XRD in the current study show that lattice constant significantly increased 

as Zn content increases. Results consistent with this were further substantiated by Huang et al. 

[1] for Zn doped nickel-zinc-cobalt ferrite This seems reasonable since the ionic radii of Zn²⁺ 

is larger and hence could explain the increase in lattice constant. Further, the current finding 

also contrasts from Jeyadevan et al. [22] in which, they are almost no changing on crystallite 

size because of Zn substitution. While on the other hand, present data is consistent with Sathe 

et al. Both reports, however, explicitly on the substantial increase in both dislocation density 

and lattice strain [12]. 

3.2 FTIR Analysis 

 To investigate the chemical and functional groups in the synthesized nanoparticles, 

FTIR spectra of x = 0.0, 0.1, 0.2, 0.3 and 0.4 Mg-Cu-Zn samples were recorded over a wave 

number range of 400–2000 cm⁻¹. The spectra (Figure 2) show absorption bands of typical 

spinel ferrites; two intense peaks appear at 578 and 418 cm⁻¹ [23]. This absorption band at 578 

cm⁻¹ corresponds to symmetric stretching vibration of metal-oxygen bonds at A-site 

(tetrahedral site) in spinel structure and appear at higher frequency. Another lower frequency 

band (418 cm⁻¹) is assigned to metal-oxygen vibrations occurs at octahedral side [22]. Having 

these two absorption bands shows that all the samples have a spinel ferrite structure, regardless 

of Zn concentration [22]. With the increasing of Zn content, there is a slight shift of FTIR 

spectra in wave number decreasing. This shift may be due to a partial substitution of Cu2+ ions 

by Zn2+ ions into the lattice which modifies the metal–oxygen bond strength and as a result 

changes the force constant of the lattice [24]. Moreover, Zn²⁺ ions will have a smaller force 

constant than Cu²⁺ ions which would hence lead to weaker metal-oxygen bonds and thus a 

downward frequency shift [13]. 

 

Figure 2: FTIR spectra of Cu-Mg-Zn nanoparticles 
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 Secondary bands were also observed in the FTIR spectra in addition to the prominent 

absorption bands. The wide peak located at 3400 cm⁻¹, attributable to the O-H stretching 

vibrations, confirmed that water molecules were surface-adsorbed. The band at 1600 cm-1, 

which is weak in bases III and V, is assigned to H-O-H bending vibrations that also allude to 

the presence of adsorbed water [23]. Additionally, the weak absorption band at 1380 cm⁻¹ 

could be attributed to C=O stretching vibrations and is indicative of some residual organic 

constituents coming out of sol-gel synthesis [24]. 

Table 2: FTIR Absorption Bands for Cu-Mg-Zn Nanoparticles. 

Content (x) 0.0 0.1 0.2 0.3 0.4 

ν1 (cm−1) 578 577 576 575 574 

ν2 (cm−1) 418 419 420 421 422 

 These FTIR spectra are consistent with the XRD data and indicate that the spinel phase 

has formed in the synthesized nanoparticles. The red shift displayed in the absorption bands 

with increasing Zn content confirms the incorporation of Zn²⁺ ions into the ferrite lattice by 

modifying also their vibrational and lattice properties [22]. Incorporation of this is very 

important for modifying the physical properties of Cu0.1Mg0.3Zn0.6Fe2O4 nanoparticles 

according to intended applications i.e., catalysis, magnetic storage, environmental remediation 

etc [23]. 

 The FTIR analysis of our present study showed the characteristic bands for metal-

oxygen bonds at 578 cm−1 and 418 cm−1. This is like one of the before published work on 

Li-Mn ferrites [14]. But in our case, the minor shifts in absorption bands were observed when 

Zn content raised. Likewise, Shakir et al. Another group [23] studied doping of Zn in Mg-Zn 

and Mg-Ni ferrites and similarly reported the band shifts. Both studies interpret the band shifts 

as indicating that the bond strength is changing. Furthermore, other investigators (Pund et al. 

[27] found that the bands show hardly shift after Cu²⁺ doping, and which may be foremost 

attributed to the difference of distortion degree in lattice. The reference bands at 3400 cm⁻¹ 

and 1600 cm⁻¹associated to the absorbed water is another similar spectrum feature of the FTIR 

analysis that could be distinguished in this research. Bessy et al. also find this feature [24] and, 

therefore can be acknowledged to similar some regular features of the surface area in sol-gel 

synthesis prepared ferrites. 

3.4 SEM Analysis 

 SEM was used for studying morphology of the synthesized Mg-Cu-Zn ferrite 

nanoparticles. Figure 3. shows SEM images of the samples with different Zn contents. SEM 

images indicates that the nanoparticles own nearly spherical morphology with few 

agglomerations. It is possible for the particles to have a significant magnetic interaction 

between them, as they are both magnetic materials [25] This was certainly in part caused by 

the fact that agglomeration of this kind is typical for a system of nanoparticles and is even 

stronger pronounced in ferrite-synergetic systems due to the high level of magnetic interaction 

between participating particles [13]. That is, the images suggest that for higher contents of Zn 

doped aspect of nanoparticles almost does not change and its main shape and size are 

practically unchanged. 
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Figure 3: SEM images & EDS spectra prepared samples 

 In the above micrograph, which offers another example of evidence that sol–gel 

synthesis confers nanoparticles with uniform morphology [26], the sizes and shapes of these 

nanoparticles are more readily identifiable. This can be conceived by considering the size of 

the particles calculated according to SEM images, which are reduced upon Zn addition which 

is consistent with its reduction showed in XRD since it is known that the addition introduces 

partition into grain boundaries of strongly proven Zn²⁺ ions impeding growth [19]. Figure 3: 

SEM Image of x = 0.2 sample shows a better dispersed particles with minimum agglomeration 

(scale bar 200 nm) The current shape and size of the synthesized nanoparticles are essential to 

be available as it is optimal for maintaining their physical properties, especially magnetic 

which is a pre-requisite for their multiple applications in catalysis and magnetic storage media 

like in biological materials [25]. 

 In present work, SEM analysis shows spherical nano-particles that are less 

agglomerated. The morphology is consistent at different doping concentrations. These results 

were consistent with the conclusion of Thorat and colleagues [26], in their work on Ni2+ 
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substituted Mg–Cu–Zn nanoferrites, proposed that samples were of uniform morphology. In 

turn, fort Co – Mn ferrites agglomeration was more pronounced [31] that may be due to a 

stronger magnetic interaction. This reduction in the size of nano-particle with the addition of 

Zn to the precursors agree with the results established by Somvanshi et al. [13]. Study of 

industrial synthesis of ZnFe2O4 powders showed that Zn2+ ions inhibit grain growth 

throughout the process, hindering adjustment these final properties. But, still some studies like 

Loghman-Estarki et al. [25] shows that Zn doping does not cause a decrease in size, but they 

calcinated the sample at excess temperature of about 1000∘. SEM truth, in general different 

can with Cu-Mg-Zn ferrite nanoparticles morphology apparently possessed the desired form 

is intended. 

3.5 EDS Analysis 

 EDS Spectroscopy was also used to characterize the samples elementally. Figure 3 

shows the EDS spectra obtained. The composition of the samples was known and in agreement 

with the elements Zn, Mg is a matrix element at different concentrations and impurities as Cu, 

Fe and O The characteristics of the spectrum corresponding to compositions. Consequently, 

by consulting Table 3 it is possible to verify the five expected elements were detected in every 

single compound proving they constitute the material. Furthermore, the quantitative analysis 

demonstrated that metallic Zn was also included in the samples due to the higher concentration 

with which were synthesized. This was indicative of Zn2+ ion successfully doped into the 

structure of Cu-Mg ferrite lattice [13]. Along with mass-based stoichiometry, the atomic 

content of copper also gets diminished in material with Zn increasing. Hence, the Zin ions 

managed to supplanted the copper ions in the bulk. The homogeneity of the elemental 

distribution was confirmed by means of EDS mapping showing that all metals, such as Cu, 

Mg, Zn, Fe and O have been evenly distributed confirming a required parameter to keep stable 

physical and chemical properties of compounds and manage their functional characteristics in 

a manner to enhance them by controlling or modifying these results indicating the 

effectiveness of applied sol-gel synthesis.  

 In regard to EDS analysis, it was found that the substitution of Zn²⁺ in the structure of 

Cu-Mg ferrite took place and in every increased doping severity a proportional increase of the 

Zn content occurred. According to Pandit et al. [16], have reported uniform distribution of 

constituents throughout the developing Co²⁺-substituted Ni-Zn ferrites, for green synthesis. 

Moreover, Shakir et al. Ferrite composites of graphene-oxide were shown conductive as a 

function of the loci of the elements [18]. Their method, but it was in some way different leading 

to the greater degree of segregation seen by the samples they got. Sathe et al., had also 

identified controlled homogeneity of the elements. Recently, the second citation was found by 

[12] in Zn substituted Ni-Mg ferrites which were prepared by sol-gel. The results obtained 

from the EDS analysis in combination with data of previous investigations, e.g., SEM lead to 

a cross-validation regarding the methodical approach which was shown applicable for the 

synthesis process of Cu-Mg-Zn ferrite nanoparticles: presence of stoichiometry within 

composition and even distribution of all constituting elements as well as sufficient Zn 

incorporation [26]. 
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3.6 VSM Analysis 

 Magnetic Properties of the Cu-Mg-Zn Samples - Room Temperature: The Vibrating 

sample magnetometry (VSM) was employed to investigate the magnetic properties of all Cu-

Mg-Zn samples at room temperature. Fig. 5. Magnetic hysteresis loops for Cu-Mg-Zn at 

different x-values Table 4. A summary of major magnetic parameters, saturation 

magnetization 𝑀𝑠, remanent magnetization 𝑀𝑟, coercivity (Hc), and the Bohr magneton 

number nB. Ms and Hc results decline considerably with high Zn concentrations. The 

saturation value of magnetization dropped from 65 emu/g (when x = 0.0) to 45 emu/g when x 

= 0.4, and in unison coercivity steeped down from 480 Oe to below which was inadequate for 

measurement over this range. This decrease is predominantly caused by the suppression of the 

magnetic interactions which originates from substituting Cu²⁺ with non-magnetic Zn²⁺ in the 

spinel framework [27]. This leads to the dissipation of exchange interactions because the 

metal-metal bonds between A and B cations are broken, which significantly reduces 

magnetization. As x is equal to 0.4, the remanent magnetization decreased from initial value 

of 32 emu/g with the zinc concentrations, which were found to be 18 emu/g. 

 Bohr magneton number The Bohr magneton number was calculated using the 

following equation [28]: nB =
MS×MW

5585
 , where 𝑀w is the molecular weight of the ferrite. An 

increase in Zn concentration results in a decrease of the calculated Bohr number which 

indicates that at dilute concentrations of Zn²⁺ the amount of magnetic moment per formula unit 

reduces due to inclusion of non-magnetic ions (Zn²⁺) into the structure. In a broad sweep, the 

magnetization property of the Cu-Mg-Zn ferrite nanoparticles could be engineered through 

variation in concentration of Zn. Therefore, the recorded coercivities, saturation 

magnetizations and Bohr magneton numbers were lower for samples with higher pitches. 

 

Figure 4: Magnetic hysteresis loops of Cu-Mg-Zn nanoparticles with different zinc content 

(x). 
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 The results of VSM in our study have indicated that saturation magnetization, 

coercivity and remanent magnetization reduce with an increase in Zn content. This aligns with 

the broad findings of Pandit et al. [16]. The authors suggested that had in a specific way that 

the substitution of metallic magnetic ions Ni by Zn is not followed by an increase in 

magnetization parameters. Concurrent with this, Ganesh et al. This would explain the less 

abrupt dependence of signal magnetization Ms on Zn content that had been seen in our 

previous work [12] with Ni-Zn ferrites. Therefore, in the one unit of magnetic storage and 

because of a large amount of Zn implanted, the varied ferrites can show different reaction. 

These results are also in agreement with Ghanbari et al. [23] rationalize the decline of magnetic 

parameters due to the fact that magnetic interaction is weakened by the substitution of 

magnetic ions, such as Fe and Ni²⁺. By contrast, two other studies and one case report including 

that by Somvanshi et al. The Coercivity of the Ni0.6Fe0,4 nanopillars is much stronger 

increased than in Ref. 13 was found, which may be related to different particle size and 

synthesis conditions [21]. 

 This suggests a suppression of the collective magnetic behavior at the whole sample 

level in Zn substituted Cu. Although low in quantity, these materials have provided a 

foundation for diverse potential applications by virtue of the tailorable magnetic properties 

that are critical to their use as intermediates for magnetic storage, experimental biologically 

active compounds, and catalysis. 

Table 3: Magnetic Parameters for Cu-Mg-Zn Nanoparticles. 

Content 

(x) 

Saturation 

Magnetization (Ms, 
emu/g) 

Coercivity 

Hc  

(Oe) 

Remanent 

Magnetization (Mr, 
emu/g) 

Squareness Ratio 

(Mr/Ms) 

Bohr Magneton 

Number (nB) 

0.0 65 480 32 0.49 3.40 

0.1 60 450 28 0.47 3.15 

0.2 55 410 24 0.44 2.89 

0.3 50 360 20 0.40 2.63 

0.4 45 320 18 0.40 2.37 

 

4. Conclusions 

 It was successful in synthesizing zinc doped copper-magnesium ferrite nanoparticles 

by sol-gel route. Phase purity of all the samples was confirmed by XRD corresponding to 

single spinel structure. The structural changes induced by Zn2+ inclusion were then determined, 

and the lattice parameters increased as would be expected upon successful replacement of Cu2+ 

with Zn2+. Below also, crystallite size decreased, while dislocation density and lattice strain 

increased. FTIR showed no additional peak was obtained into any doping levels, but the slight 

shifts of these peaks were because of the better doping of Zn2+ in to nanoparticle lattice. 

According to its S.E.M. characterizations, the nanoparticles were almost spherical in shapes 

with an average diameter reducing on contents by 42 to 34 nm.  

At the same time, the higher zinc content resulted in greater agglomeration, that is explained 

by an increase in particle nanoparticles and specific surface with decreasing their size, 
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respectively, an increase in the coefficient of particles on the surface. In the V.S.M. 

measurements, similar trends were observed and it was evidenced that magnetic properties 

could be tuned by varying Zn content in nanoparticles. Ms and Hc values were found to 

decrease due to the Zn2+ ions which diluted the magnetic interaction. Trends for Mr and Ms 

were up to the mark, as well. To summarize, it has been demonstrated that the structural and 

magnetic properties of the nanoparticles can be controlled, by intentionally varying Zn content 

in such systems, with a potentially high impact on magnetic storage devices as well as 

biomedical applications and catalysis. Therefore, it is our hope that future work would entail 

additional fine tuning of doping levels and also identifying alternative dopants to further 

improve the nanoparticle properties. 
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