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Abstract— Single phase spinel ferrite samples of  

Cu1-xZnxFe2O4 (0 ≤ x ≤ 0.5) were synthesized by using sol-gel  

auto-combustion method and annealed at 1000 °C for 5 h.  

The prepared samples were characterized by using 

Thermogravimetric Analysis (TGA), X-ray Diffraction (XRD), 

Fourier Transform Infra-Red Spectroscopy (FTIR), Scanning 

Electron Microscopy (SEM), Vibrating Sample Magnetometer 

(VSM) and its antibacterial activity. XRD results confirm the 

presence of single phase spinel cubic structure in all prepared 

samples with crystallite size varying from 61 nm – 64 nm.  

No impurity peaks or phase transformation were observed in any 

of the samples. The vibrational frequencies of two main 

absorption bands of all samples are discussed from the results of 

the FTIR analysis. Hysteresis loops of all samples are obtained by 

VSM analysis. The saturation magnetization showed an 

increasing trend with increasing Zn content, due to the 

redistribution of cations at octahedral and tetrahedral sites.   

A comparison results for all the four samples shows that gram 

negative bacteria have maximum inhibition than gram positive 

bacteria. 

 
Keywords— Spinel ferrite; XRD; magnetic properties; 

antibacterial activity. 
 

I. INTRODUCTION 

 
Since 19

th
 century, there is a rapidly growing interest in the 

systematic study on the relationship between chemical 
composition and magnetic properties of various ferrites [1]. 
Moreover, magnetic nanoparticles are one of the most 
promising materials since they possess exceptional 
antibacterial properties because of their large surface area to 
volume ratio, which is of enthusiasm to researchers due to the 
developing microbial resistance against antibiotics, and the 
improvement of resistant strains [2 - 4]. Among these, soft 
ferrite is one of the interesting materials, because of its 
magnetic, electrical and biological properties, as well as good 
thermal stability.  It is found to be used on large scale in 
electronic applications, as an inductor or transformer cores, 
and as memory storage in CD, laptops, cell phones, etc [5 - 8]. 
These soft magnetic ferrites are having spinel lattice cubic 
structure, a mixed metal oxide with a structural formula 
(A

2+
)(B

3+
)2(O

2-
)4, where A and B denote tetrahedral and 

octahedral sites [9]. Here, A
2+

 represents metallic cations like 
 

 
 

 

Mn, Co, Ni, Cu, Zn, Mg, and for B
3+ 

Fe or Al. The unit cell of 
spinel ferrite contains eight molecules. Each unit cell consists 
of 8 tetrahedral (A) sites and 4 octahedral (B) sites.  
The divalent cations (A

2+
) occupy only A sites, it is a normal 

spinel structure whereas when it occupies B sites, it is an 
inverse spinel structure [10]. When it occupies both these sites 
randomly, it is mixed spinel. Among these spinels, copper 
ferrite (CuFe2O4) is an inverse spinel ferrite, crystallizing 
either in a tetragonal or cubic structure [11 - 13].  Formation 
of both the structures mainly depends upon the cation 
distribution, annealing, quenching and slow-cooling treatment 
[14 & 15]. Over few decades, researchers infer that by 
substitution of various non-magnetic ions and transition metal 
ions in spinel ferrites leads to improvement of their crystalline 
structure, magnetic properties and antibacterial activity  
[16 - 18].  

Hence, interesting results were obtained by several 
methods for synthesizing nanosized magnetic spinel ferrite 
nanoparticles and to find its influence of dopant in magnetic 
and antibacterial properties, such as solid-state reaction [19], 
co-precipitation [20], hydrothermal [21], ceramic process [22] 
and sol-gel auto-combustion methods [23]. Among these 
methods, we have chosen sol-gel auto-combustion method, 
due to the fact that, with this method, significantly large 
amount of products can be produced within a short time. 
Moreover, this method is potentially suitable for 
manufacturing industries for preparing magnetic 
nanoparticles. As pointed out above, very few works have 
been found in literature on the zinc doped copper ferrite 
system and its antibacterial activity.  Herein, we report the 
influence of doping on both magnetic and antibacterial 
properties of copper-zinc ferrite nanoparticles prepared by  
sol-gel auto-combustion method. 

 

II. EXPERIMENTAL PROCEDURE 

Without further purification, the following chemicals were 
used for the preparation of nanocrystalline Cu1-xZnxFe2O4  

(0 ≤ x ≤ 0.5), by sol-gel auto-combustion method. Using a 
magnetic agitator, stoichiometric amounts of copper nitrate, 
zinc nitrate and iron nitrate were dissolved separately in 
double distilled water, in required molar ratios.  
The preparation was started by adding all nitrates with a gap 
of half an hour, at 50 

o
C. The xerogel occurred after adding  
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chelating agent of citric acid to nitrates is 1:1. It also acts as a 
fuel for self-burning combustion reaction. To get a neutralized 
solution of pH=7, ammonia was added drop by drop in a 
xerogel. The formation of aerogel occurs when the 
temperature is increased to 80 

o
C. The complex agent of metal 

nitrates and citric acid was stirred continuously to get a dried 
gel. The dried gel was transferred into a china dish and kept in 
a hot plate at 100 

o
C, where a voluminous tree like structure of 

loose ash powder was formed. The as-synthesized ferrite 
powder was kept in an oven at 200 

o
C, overnight. The dried 

powder was annealed at 1000 
o
C for 5 h. The final products of 

nanocrystalline Cu1-xZnxFe2O4 (0 ≤ x ≤ 0.5), were 
characterized by TGA, XRD, FTIR, VSM and its antibacterial 
activity, respectively. 

III. RESULTS AND DISCUSSION 

A. THERMOGRAVIMETRIC ANALYSIS  

 

 
 
Fig. 1 TGA plots for (a) CuFe2O4 (b) Cu0.9Zn0.1Fe2O4 (c) Cu0.7Zn0.3Fe2O4 

 (d) Cu0.5Zn0.5Fe2O4 as-prepared powders 
 

Fig.1 shows the typical TGA curves (from room 
temperature to 700 

o
C) of as-prepared powders of all the 

samples of Cu1-xZnxFe2O4 (0 ≤ x ≤ 0.5). TGA curves 
investigate the thermal decomposition and dehydration of the 
organic compounds in three different steps.  In the first step, 
dehydration of water (hydroxyl groups) occurred at  
50 

o
C to 110 

o
C. In second step, transformation occurred at 

210 
o
C to 350 

o
C, which is attributed to the thermal 

decomposition of all nitrates (NO3
—

) and carboxyl groups  
(-COOH), respectively. Finally, above 500 

o
C, the crystalline 

nature of all ferrite samples was observed. Hence, after 500 
o
C 

no weight loss was noticed, which confirms the formation of 
ferrites. The results are shown in Fig. 1, where it can be seen 
that all the samples show same nature. This is because of the 
very low molar concentration of the dopants. Therefore, after 
the confirmation of crystalline nature, we have chosen  
1000 

o
C as a final annealing temperature for all prepared 

ferrite samples.  

 

B. X-RAY DIFFRACTION  
 

 
 
Fig. 2 X-ray diffraction patterns for (a) CuFe2O4 (b) Cu0.9Zn0.1Fe2O4  

 (c) Cu0.7Zn0.3Fe2O4 (d) Cu0.5Zn0.5Fe2O4 powders annealed at 1000
 o

C 
 

 
Fig. 2 shows the room-temperature XRD patterns of  

Cu1-xZnxFe2O4 samples prepared with various Zn substitutions 
(0 ≤ x ≤ 0.5), annealed at 1000 

o
C for 5 h. The prominent 

plane exists at an angle of 2, (111), (220), (311), (222), 
(400), (422), (511), (440), (620), (533), which confirmed the 
formation of single phase cubic spinel structures (JCPDS Card 

File No: 77-0010, Fd3m). No impurity peaks like Fe2O3, 
CuO, ZnO were observed, confirming the purity of the 
samples [24]. Using Debye-Scherrer formula, the particle size 
(D) can be calculated as, [25] 

 

where λ is the X-ray wavelength (1.54060 Ǻ), β is the full 
width at half maximum (FWHM), 0.9 is the Scherrer constant 
and θ is the Bragg’s angle.  The lattice constant (a) was 
determined by using the formula, 

 

From XRD data, the lattice constants a were determined 
for different concentrations of Zn in Cu1-xZnxFe2O4, and are 
given in Table 1, where a increases from 0.839 nm to  
0.842 nm with increasing Zn content. The slight increase in 
the values of lattice constant is attributed to the replacement of 
Cu

2+ 
(with smaller ionic radius of 0.72 Å) by Zn

2+
 (with higher 

ionic radius of 0.74 Å) in Cu1-xZnxFe2O4 ferrite material.  
This illustrates the increase of lattice constant with Zn

2+ 

doping, and also confirms that Zn
2+

occupies the spinel lattice. 
Similar variation is reported for the Cu1-xZnxFe2O4 ferrite [22]. 
From Table 1, it was found that the measured density 
decreases from 5.48 g/cm

3 
to 5.39 g/cm

3 
with doping Zn

2+
, and 

also it increases with molar concentration of Zn
2+

. This may 
be due to the increased in unit cell volume with increase of 
Zn

2+
 molar concentration. Hence, measured density increased.  
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Table:1 Structural parameters of Cu1-xZnxFe2O4  

(0 ≤ x ≤ 0.5) powder annealed at 1000 
o
C from XRD patterns 

 
 

Compound D (311) 

(nm) 

a (nm) a3 (nm)3 x-ray 

(g/cm3) 

CuFe2O4 61.02 0.834 0.579 5.48 

Cu0.9Zn0.1Fe2O4 37.72 0.839 0.591 5.39 

Cu0.7Zn0.3Fe2O4 59.27 0.840 0.592 5.40 

Cu0.5Zn0.5Fe2O4 63.88 0.842 0.597 5.41 

 

C. FOURIER TRANSFORM INFRARED 

SPECTROSCOPY 

 

 

 

Fig. 3 FTIR spectra of (a) CuFe2O4 (b) Cu0.9Zn0.1Fe2O4 (c) Cu0.7Zn0.3Fe2O4 

(d) Cu0.5Zn0.5Fe2O4 powders annealed at 1000oC 

 

Fig. 3 shows the FTIR spectra of the Cu1-xZnxFe2O4  

(0 ≤ x ≤ 0.5) annealed at 1000 
o
C in the range of  

380 - 2600 cm
-1

. The IR spectra show the two strong 
absorption bands in the range of 400 - 600 cm

-1 
and two weak 

absorption bands in the range of 1000 - 1800 cm
-1

. These two 

bands 1 and 2 belong to the intrinsic lattice vibrations of 
octahedral and tetrahedral sites in the spinel structure, 

respectively. The vibrations 1 and 2 of different frequency 
may be assigned to the long bond length of  
O-Me ions in the octahedral sites and shorter bond length of 
O-Me ions in the tetrahedral sites. Me denotes the metal ions 
of Fe

3+
. These are most important bands are which confirm the 

spinel ferrite structures. From the Fig. 3, it can be confirmed 
that the change in band position is due to the difference in the 
long and short bond length distances for both the tetrahedral 
and octahedral complexes [26 & 27]. The bands observed at 

401, 405,  416, 421 cm
-1

 of 1 and 567, 575, 576, 577 cm
-1 

of 2 in all the samples show some shift in their frequencies,  
 
 

 

due to the  Zn
2+

 (0.74 Å) occupying octahedral site instead 
of Cu

2+
 (0.72 Å). Thus, it confirms the structure of mixed 

spinel ferrites samples. By using IR analysis, the removal of 
unwanted ions that can destroy a crystal lattice at that time of 
preparation was confirmed. Even after annealing at higher 
temperature of 1000 

o
C, some absorption band peaks were 

observed from the range 1000 – 1800
 
 cm

-1
, which is due to 

traces of adsorbed CO2 and O-H stretching vibrations [28].  

 

D. VIBRATING SAMPLE MAGNETOMETER 
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Fig. 4 Magnetization versus magnetic field behaviour of (a) CuFe2O4 

(b) Cu0.9Zn0.1Fe2O4 (c) Cu0.7Zn0.3Fe2O4 (d) Cu0.5Zn0.5Fe2O4 powders 

annealed at 1000 oC 
 
Fig. 4 shows the typical room temperature magnetic 

properties of Cu1-xZnxFe2O4 samples prepared with various Zn 
substitutions (0 ≤ x ≤ 0.5), annealed at 1000 

o
C for 5 h, 

determined by vibrating sample magnetometer (VSM) under 

an applied field of 20 kOe. The values of the hysteresis 
measurement of coercive field (Hc), remanent magnetization 
(Mr) and saturation magnetization (Ms) of Cu1-xZnxFe2O4  

(0 ≤ x ≤ 0.5) annealed at 1000 
o
C are given in Table 2. From 

the hysteresis graph (Fig. 4b-d), the saturation magnetization 
is found to increase with increasing zinc content as compared 
to the pure samples (Fig. 4a). The increasing values of 
saturation magnetization are explained on the basis of grain 
size and interaction among the exchange in nanosize grain size 
particles. This leads to inter-granular magnetic correlations in  
a material with densely closed packed grains. It was seen in 
our study that coercivity decreases with increasing particle 
size, as reported in literature. This variation of coercivity with 

particle size can be explained on the basis of domain structure, 
anisotropy of the crystal and the critical diameter [29 - 32].  

Table: 2 Magnetic properties (Coercive field (Hc), 
Remanent magnetization (Mr) and Saturation magnetization 
(Ms) of Cu1-xZnxFe2O4 (0 ≤ x ≤ 0.5) annealed at 1000 

o
C 

 
Compound Hc 

(Oe) 

Mr 

(emu/g) 

Ms 

(emu/g) 

CuFe2O4 520 25.1 50.3 

Cu0.9Zn0.1Fe2O4 357 20.3 56.5 

Cu0.7Zn0.3Fe2O4 088 07.6 59.0 

Cu0.5Zn0.5Fe2O4 056 05.1 71.0 

 

E. ANTIBACTERIAL ACTIVITY 

 
 

 
 

Fig. 5 Zone of inhibition of the antibacterial activity of Cu1-xZnxFe2O4  
(0 ≤ x ≤ 0.5) powders for (A) E.coli (gram negative) (B) Staphylococcus 
aureus (gram positive) (Note: (a) CuFe2O4 (b) Cu0.9Zn0.1Fe2O4  

(c) Cu0.7Zn0.3Fe2O4 (d) Cu0.5Zn0.5Fe2O4 powders and M-Control) 
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To study the antibacterial activities of Cu1-xZnxFe2O4  

(0 ≤ x ≤ 0.5), the synthesized samples were tested against 
gram positive (Staphylococcus aureus) and gram negative  
(E. coli) bacteria, based on Kirby-Bauer disk diffusion method 
[33]. Fig. 5 illustrates the comparative antibacterial activities 
of 1mM of Cu1-xZnxFe2O4 (0 ≤ x ≤ 0.5), which represents zone 
of inhibition for the growth of gram positive (Staphylococcus 
aureus) and gram negative bacteria (E. coli). It is well-known 
that the structure and the chemical composition of the cell wall 
are totally different for E. coli and Staphylococcus aureus.  
The cell wall of E.coli, consists of lipid A, lipopolysaccharide 
and peptidoglycan, whereas Staphylococcus aureus, mainly 
consists of peptidoglycan. The obtained results indicated that 
active oxygen species generated from transition metal oxides 
of pure and doped ferrites have more potential to penetrate the 
cell wall and decrease the cell wall division of E.coli instead 
of Staphylococcus aureus [35]. The comparison result for all 
the four samples shows that gram negative bacteria have 
maximum inhibition than gram positive bacteria. Furthermore, 
the antibacterial result shows better inhibition for doped 
samples than pure samples. The results reported here are better 
than the previous reports [34]. 
 

IV. CONCLUSION 
 

Influence of zinc on copper ferrite, Cu1-xZnxFe2O4  

(0 ≤ x ≤ 0.5) synthesized by sol-gel auto-combustion method 
confirmed that all prepared ferrite samples belongs to the  
single-phase spinel cubic structure with no impurities of 
secondary phases. TGA curves investigate the thermal 
decomposition and dehydration of the organic compounds in 

three different steps. The two vibration bands 1 and 2 belong 
to the intrinsic lattice vibrations of octahedral and tetrahedral 
sites in the spinel structure, respectively. From the hysteresis 
graph, the saturation magnetization is found to increase with 
increasing zinc content. Among all the four samples, gram 
negative bacteria have maximum inhibition than gram positive 
bacteria. The antibacterial result shows better inhibition for 
doped samples than pure samples, hence pure and doped 
samples have high potential to be used in memory storages, 
biomedical and biotechnology applications. 
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