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Authors Names ABSTRACT 
a. Saleem Hamza Trier   

In this paper, the nanoparticles of the spinel ferrite (Cu1-xCoxFe2O4) were 

prepared using the sol-gel method at a calcined temperature of 600 °C for 6 

hours at the cobalt content (x=0,0.3,and 0.5). The XRD analysis of the 

nanoparticles confirmed the formation of a tetragonal spinel structure free 

of unwanted phases, single-phase and transform into a cubic spinel structure 

when cobalt content ratio (x=0.5). The crystalline size and lattice constants 

increase with increasing cobalt content there was a significant increase in 

the density of x-rays when the crystal structure turned into a cubic system. 

SEM images showed that spherical nanoparticles of pure copper ferrite films 

were distributed of regularly over a substrate of glass  their crystalline size 

(62.25-60.0) nm, and their crystalline size  decreased to (31.25-33.33) nm 

,and their accumulation increases when proportion of cobalt content(x=0.5). 

EDX established that nanosamples contained the elements  Fe, Mg, Co, and O, 

and that there were no additional elements, and when the proportion of 

cobalt content increased (x=0.5), the iron ions decreased at the tetrahedral 

site A. The magnetic properties of the copper ferrite  powder were studied 

using the (VSM), and it was noted that the tetragonal system shifted to a 

cubic system when the ratio of the cobalt content (x=0.5). The significant 

increase in magnetic parameters (Ms, Mr and nB (B)) and the tightness of 

the hysteresis loop make it a soft magnetic material, so it can be used in high 

frequency magnetic equipment. The properties of optical the membranes 

prepared by UV-Is spectroscopy were studied and showed high 

transmittance at the percentage of cobalt content (x=0.5) between (80-90)% 

in the visible and infrared region. At the ratio (x=0.5) the energy gap and the 

dielectric constant increase, making it useful for devices photodetector and 

gas sensors. 
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1. Introduction 

     The formula AB2O4 indicates to spinel ferrite, which are a very large class of oxides that 

is applied in a very wide range in the industry starting from simple permanent magnets to 

microwave, magnetic recording, gas sensors[9], photo catalysts, water treatment 

catalysts, and air purification systems [14,15]. To preparation ferrite films [8], there are 

many methods to prepare ferrite films such as sol-gel method ,plating of ferrite, the 

chemical method[11], electro deposition method, sputtering, RF sputtering and  spray 

pyrolysis[3]. The considered  the nanostructure of ferrite films is an important parameter 

in determining magnetic properties[13]. There are many factors that affect the 

nanostructure of ferrite films, such as the substrate temperature [10], coefficient of 

thermal expansion and lattice mismatch between substrate and target [1]. Copper ferrite 

Cu1-xCoxFe2O4 is one of a reverse spinel ferrite and has important basic  properties such as 

thermal and chemical stability[21]. And it is a unique material that offers low-loss 

performance at high frequencies due to their high electrical resistance, high permeability 

and their high magnetization salts for oxide materials. In the spinel structure, oxygen ions 

constructs a close packed lattice with cations and distributed in tetrahedral A and 

octahedral B sites in transitional mineral materials (d), and that  magnetic and electronic 

properties are responsible for determining the balance and distribution of these cations. 

Ferrite of the copper (Cu1-xCoxFe2O4 ) is partially inverted spinel in which 85% of Cu2+ 

cations occupy sites B and  15% at A site [18], and it often can be written according to the 

formula(Cu2+
1-xFe3+

x)A [Cu2+
xFe3+

2-x]BO4, where that brackets of circular and square 

indicate the locations of tetrahedral cations(A) and octahedral (B), and x denotes the 

ratio of the content of matter additives occupied by the cations, where that ferrite cobalt  

is a natural spinel occupies the  A  site [25,22,26,7]. This work aims to prepare copper 

ferrite nanoparticles by using the sol-gel method, to see the result of adding cobalt 

content proportions, study their physical properties and determine their application 

fields. 

2. Experiments 
 

     Cu1-xCoxFe2O4 (copper ferrite) was prepared with certain proportions of cobalt content 

(x=0, 0.3 and 0.5) using a sol-gel method to synthesize copper and cobalt ferrite. In this 

process, high purity metal nitrate was used to avoid the effects on the properties of spinel 

ferrite. The process was carried out in two stages in the first stage, copper nitrate, ferric 

nitrate and citric acid were mixed in equal ratios, and dissolved in 100 mol of distilled  

water in a heat-resistant glass cup to obtain a pure copper ferrite. In the second stage,  

copper nitrate, ferric nitrate, citric acid and cobalt nitrate were mixed in the above-

mentioned proportions, both separately, and the molecular weight of the pure and mixed 

materials was calculated as in table 1. Magnetic stirrer was used to obtain a homogeneous 

 

 solution after the mixed materials are completely dissolved. Then added the ammonia  
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solution to the homogeneous solution to raise the pH  to (~7).  The temperature of the hot 

magnetic stirrer was gradually increased until the gel becomes dry ,and then the 

temperature was increased further until the dry gel was completely burned in the 

spontaneous combustion process and turned into burning ash. This process is carried out 

in the first and second stages.  Burnt ash was collected and crushed by an electric mill for 

10 min. to obtain ferrite powder of fine copper. It was calcined at 600°C for 6 h. and then 

crushed again. The powder was examined using XRD  technique to determine the 

composition of the spinel structure, and also examined using a vibrating sample 

magnetometer (VSM) to determine its magnetic properties. The powder was mixed with 

6% by weight of matter glycerin as a binder. The powder was pressed using an 

electrostatic piston (40 kN) to obtain circular samples weighing (5g) with diameter 

(3cm) according to the proportions mentioned above in the copper- cobalt ferrite. The 

samples were calcined at 1000 °C for 6 h. The glass substrates were used with dimensions 

(4.62.50.1) cm3 and they were cleaned by two stages. In the first stage, ethanol was 

used to remove dust and fats that may be present on its surface. In the second stage, they 

were submerged in distilled water for a period of (15 minutes) using the ultrasound 

machine then they were dried in a thermal oven for 15 minutes.   The thin films of copper 

ferrite were prepared in the above ratios by using a pulse laser deposition (PLD) 

technique in a high-vacuum chamber(10-3mbar), by mechanical pump. Then the glass 

substrates were fixed inside the deposition system and the distance between the 

substrate and the sample was (5cm). The  Nd: YAG type laser beam with 1064 nm 

wavelength was used to study the optical and morphological properties of the copper 

ferrite  prepared films. 

 

     Weights of raw materials used in the research were calculated from their molecular 

weights as below: 
Fe(NO3)3.9H2O  = (1 × 55.850) + (3 × 14.01) + (18 × 16) + (18 × 1.008) = 404.024 g/mol 

Co(NO3)2.6H2O = (1 × 58.930) + (2 × 14.01) + (12 × 16) + (12 ×1.008) = 291.046 g/mol 

Cu(NO3)2.6H2O = (1 × 63.546) + (2 × 14.01) + (12 × 16) + (12 ×1.008) = 295.662 g/mol 

C6H8O7.H2O        = (6 × 12.010) + (10 ×1.008) + ( 8 × 16) = 210.140  g/mol 

     Calculated the molecular weights of copper ferrite (Cu1-xCoxFe2O4) by distributing 

cations on tetrahedral sites A and octahedral B according to the ratios of the added cobalt  

(x = 0.0, 0.3 and 0.5), as  below: 

(Cu0.15Fe0.85)A[Cu0.85Fe1.15]BO4=(0.15×63.546+0.85×55.85)A+[0.85×63.546+1.15×55.85]B+

(4× 16) = 239.246g/mol 

(Cu0.105Co0.3Fe0.595)A[Cu0.595Fe1.405]BO4=(0.105×63.546+0.3×58.93+0.595×55.85)A+[0.5 

 

95×63.546+1.405×55.85]B+ (4×16) = 237.861 g/mol 

(Cu0.075Co0.5Fe0.425)A[Cu0.425Fe1.575]BO4=(0.075×63.546+0.5×58.93+0.425×55.85)A+[0.4

25×63.546+1.575×55.85]B+ (4×16) = 236. 938 g/mol 
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Table (1): Calculating the molecular weights of copper ferrite Cu1-xCoxFe2O4 according to 

ratios of the cobalt content 

 

3. Results and Discussion 
3.1. Structure Properties  
 
     Figure1 illustrates x-ray powder diffraction patterns for (Cu1-xCoxFe2O4) nanoparticles 

prepared by using the sol-gel method with cobalt content ratios (x=0, 0.3 and 0.5). XRD 

showed typical peaks of the crystalline levels (101), (112), (103), (211), (202), (220), 

(321), (224) and (400) which correspond exactly to the standard cards JCPDS (6-545) 

and (25- 283). XRD confirmed the formation of a single-phase tetragonal spinel ferrite 

with a polycrystalline nature and no phase of impurities appeared in the ferrite samples.  

It is turn into ferrite spinel cubic when the  cobalt content ratio(x=0.5), but the prevailing 

direction does not change.  

    In Cu1-xCoxFe2O4 structure, cations occupy 85% in octahedral sites (B) whereas be, 15% 

in tetrahedral sites (A) [18].When the cobalt content ratios increase, the crystalline size is 

increases, and the lattice parameters increases too. At the ratio x=0.5 the structure of  

spinel ferrite is turns into a cubic shape (a=b) and the best distribution of the cations is 

occurs i.e., the crystallization is improves and the crystalline defects decrease. The 

crystalline size DS of the copper ferrite is calculated for plane (211) according to equation 

(1) which is Debye Scherer formula [17]: 

DS =
k 

β Cos θ
                                                           (1) 

     Where k is constant,  is the x-ray wavelength,  is the full width at half the maximum, 

measured in units (radians),  is angle of Bragg. The crystalline sizes have been shown to 

increase with increasing cobalt content ratios (30.357, 45.256 and 49.637) nm, as shown 

in table 2. This depends on the basis that copper based spinel nanoparticles are more be 

accurate with the substitution of cobalt ions. In a certain ratios of copper-cobalt ferrite,  

 

cations of copper ions can occupy tetrahedral and octahedral sites (A and B), but in 

 

 certain ratios. Whereas cobalt ions occupy only the tetrahedron sites A. The increase in 

the cobalt content ratios leads to an increase in the lattice parameters (a and c) as shown   

Cobalt 
content(x) 

Copper ferrite 
3)3Fe(NO 

O29H. 
2)3Cu(NO 

O26H. 
2)3Co(NO 

O26H. 
7O8H6C 

O2H. 
3)3Fe(NO2 

O29H. 
7O8H62C 

O2H. 
 x-1Cu

4O2FexCo 
0.0 CuFe2O4 404.023 295.661 291.045 210.139 808.047 420.27 239.246 

0.3 Cu0.7Co0.3Fe2O4 404.023 295.661 291.045 210.139 808.047 420.27 237.861 
0.5 Cu0.5Co0.5Fe2O4 404.023 295.661 291.045 210.139 808.047 420.27 236.938 
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in table 2. This increase can be attributed to that the Co2+ ion radius greater than the Cu2+  

ion radius,  at the ratio (x=0.5) the crystalline system turns from the tetragonal system to 

the cubic system, and calculated from the equations (2 and 3) [17,12]  :  

1

dhkl
2 =  

h2+ k2

a2 +  
l2

c2                                       (2) 

dhkl
2 =

a2

h2+ k2+ l2                                           (3) 

 

     Where h, k and l are the coefficients of Miller for crystalline levels. The addition of 

cobalt ions reduces macro strain (S) in copper ferrite samples, because the cobalt ion 

radius is greater than the copper ion radius. The macro strain value can be calculated 

from equation (4) [9 ]. 

S =  
β cos θ

4
                                                  (4) 

      The density of the dislocation (δD) is inversely proportional to the square of crystallite 

size and is depend on it.  The density of dislocation increases as a result of defect 

occurrence in an entire row within the crystalline structure and is considered from the 

crystalline defects, and its calculated from the equation (5) [9]: 

δD =  
1

Ds
2

                                                     (5) 

     The density of x-ray in the cubic system for the copper-cobalt ferrite increases, and 

decreases in the tetragonal system due to the decrease in the cell unit volume in the cubic 

system with increase the ratios of cobalt content as in table 2, and the density x-ray was 

calculated from the equation (6) [20]. 

Px =
4M

NV
                                                        (6) 

     Where M the molecular weight of ferrite, N the number of Avogadro and its amount 

(6.023  1023 mol-1) and V= a2c the volume of cell unit  and component from 4 units. 
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Figure 1: X-ray diffraction patterns (XRD) for Cu1-xCoxFe2O4  copper powder ferrite for the 
cobalt content ratios (x=0, 0.3, and 0.5) with the standard cards for each ratio 

 

 

Table (2): Shows the constants  of lattice (a) and (c) , volume of unit cell (V),  density of x-

ray (Px), the crystalline size (Ds),  density of dislocation (δD) and  macro strain (S) of 

copper ferrite Cu1-xCoxFe2O4 when ratios  of cobalt content (x = 0,0.3, and 0.5) 

Cobalt 
content (x) 

lattice constants 
a(Å)     c(Å) 

V(Å)3 Px (g cm-3) Ds (nm) 
δD×1014 
(lin m-2) 

S×10-2 
(lin-2 m-4) 

0.0 
0.3 

0.5 

5.837 

5.856 

6.192 

8.620 (Tetragonal) 

8.647 (Tetragonal) 
6.192 (Cubic) 

293.688 

296.529 

237.410 

0.541 

0.533 

0.663 

30.357 

45.256 

49.637 

10.85 

4.880 

4.060 

6.540 

4.387 

4.000 
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3.2. Morphology of Surface 

     The morphology form and size granular of nanoparticles can be projected of SEM 

images. Figure 2 (A and B) shows the morphology of ferrite films (copper and cobalt)  

Cu1-xCoxFe2O4  for the cobalt ratio (x=0 and 0.5). Figure2a shows a homogeneous dense 

surface and forms a spherical morphology of a granular size of (60.0-62.5) nm. The small 

conglomerates form  into large particles  free from cracks and voids, the conglomerates is 

due to the magnetic nature of the cobalt ions. At the cobalt ratio (x=0.5) the 

conglomerates of the nanoparticles increases, and is due to the increase in the magnetic 

moment of the Co2+ ions and the granular size decreases from (31.25-33.33) nm as shown 

in figure(2B). The EDX energy analysis allows to determine of compound components and 

their percentages. Figure2(a and b) show EDX spectrum for the copper ferrite Cu1-

xCoxFe2O4 to verify samples. The peaks distinctive of spectrum contain elements Co, Cu, Fe 

and O. The EDX confirmed the homogeneous mixing of Co, Cu and Fe elements and the 

purity of the chemical compound. The percentage of Fe2+ion was shown to decrease in a 

tetrahedral A site by increasing the cobalt ratio as in the table involved with figure 2b. The 

attached two tables with the two figures shows the quantitative estimation of the directly 

obtained elements of the spectrum by their ratios and weights atomic. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2(A,B): Illustrates SEM images of CuFe2O4 and Cu0.5Co0.5Fe2O4 ferrite with their EDX  

spectra  and their accompanying tables. 

CuFe2O4 
 

A 
 

Cu0.5Co0.5Fe2O4 

 
B 
 b 

a 
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4. The Magnetic Properties  

     The magnetic properties of copper ferrite samples were studied using the (VSM) when  

apply an external magnetic field at room temperature. The results showed that  all 

samples  were saturated of magnetic  as in figure4. That all the magnetic parameters such 

as  saturation of magnetization (Ms), the  remnant of magnetic (Mr), coercivity (Hc),  ratio 

of squareness (Mr/Ms) and constant of anisotropy (K1), were their obtained of the 

magnetic hysteresis loop for prepared samples.The magnetic moment value of samples 

the prepared can be determined from equation (7) [20]. 

nB (μB) =  
Mw × Ms

5585
                                             (7) 

     We would like to highlight an important case, that the reactions (A-A), (B-B) and (A-B) 

are the reactions of the basic magnetic that occur in spinel ferrite, and the interaction of 

the last magnetic was the strongest. Increasing of magnetization saturation (Ms), 

magnetic (Mr) and magnetic moment nB(μB) are observed when the ratio of cobalt  in the 

copper ferrite increased as shown in table 3. This is due to the mutual effect of cations 

Fe3+ in site an octahedral B and Co2+cations in tetrahedral A site, both of which are in 

increasing state as in equations for calculating the distribution of cations .The highest 

value has found of the squareness ratio Ms/Mr when was the cobalt ratio (x=0.3) and 

decrease with increasing cobalt content, and this is due to the variable direction of 

magnetic remnant is incompatible with direction of magnetization saturation. The spinel 

ferrite shown high magnetization saturation and high magnetic moment with a narrow 

magnetic hysteresis loop when cobalt ratio (x=0.5) as shown in figure3 and table 3, and 

this is the behavior of the soft magnetic materials. It was observed the highest value for 

the anisotropic constant (k1) when cobalt ratio (x=0.3) this due to increase in coercivity 

(Hc), and its value can be determined according to equation (8) [20, 19]. 

k1 =  
Ms ×  Hc

0.96
                                                        (8)  
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Fig. 3: The magnetic hysteresis loops of copper ferrite Cu1-xCoxFe2O4, in cobalt content 

ratios 

 (x = 0, 0.3 and 0.5) 

 

 

Table 3: Shows  the magnetic parameters of copper ferrite Cu1-xCoxFe2O4, in cobalt content 

ratios (x = 0.0, 0.3,and 0.5) 

nB(B) K1×104(erg/g) Mr/Ms Hc (Oe) Mr (emu/g) Ms (emu/g) Cobalt content (x) 

0.905 
1.092 
2.064 

1.980 
5.077 
3.548 

0.581 
0.703 
0.506 

900 

1900 

700 

12.28 
18.03 
24.64 

21.12 
25.65 

48.66 

CuFe2O4 
Cu0.7Co0.3Fe2O4 

Cu0.5Co0.5Fe2O4 
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5. Optical Properties 

  The consider optical properties are very important and play a major role in the 

semiconducting thin films of transparent oxides through which the fields of application of 

these films can be determined. Figure4 shows the optical absorbance spectra, optical 

transmittance and some optical properties of Cu1-xCoxFe2O4 thin films of the cobalt 

content ratio (x=0  and 0.5) as a function of the wavelength in the spectral range (300-

900) nm. All optical parameters increase when the cobalt content increases, and the 

optical transmittance ranges from (80-90)% in region of the visible and infrared rays as 

in Figure 4B, which makes these films good for solar cell applications. These results are 

consistent with the researcher [6]. Pure copper ferrite films can be used as UV protective 

films for electronic and optical devices because these films have less than 35% 

transmittance in the UV region. Thin-film reflectivity depends on the absorbance 

spectrum and optical transmittance, and Figure 4C shows the reflectivity spectrum as a 

function of the wavelength. The absorption coefficient (α) can be calculated according to 

equation (9) [23] based on absorbance spectrum of the copper ferrite membranes. Figure 

4D shows the change in the coefficient of absorption (α) as a function of wavelength, and 

was noticed that reduce with increasing wavelength due to increased crystallization of 

membranes, which in turn decreases crystalline defects, as well as decrease localized 

levels within the energy gap caused by the defects in the crystalline structure. 

α = 2.303
A

t
                                             (9) 

     Where that A the absorbance, t thickness of the membrane. The absorbed ray in matter  

reacted, which leads to electronic transitions between the valence package and the 

conduction band is  into direct and indirect transitions and these transitions were 

described by the Tauc equation , equation (10) [9,2]:  

     Where (hν) is energy of photon, (n) constant and  takes the values (1/2 and 2/3 ) 

according to the  matter and the type of the optical transmittance , either direct or 

indirect, and B is constant.  The gap of energy was calculated from the relationship 

between (αhʋ)2 and hʋ, and straightening the straight line which intersect with the x-axis 

at (αhʋ)2=0, as  in figure 4E. It was observed that the gap of  energy increases with 

increasing cobalt content from (3.41-3.62) eV. 

Optical conductivity opt can be calculated from equation (10) and it has been observed 

that it increases at an increase the ratio of cobalt content, and this is due to the increase in 

the extinction coefficient because it depends on it as in the figure 4F. 

opt =
𝛼𝑛𝑐

4𝜋
                                                         (10) 
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From the equation (11) was calculated  refractive index, its value was increasing due to 

the increase in the cobalt content, because increase in the extinction coefficient and the 

reflexivity, both of which are in increasing state as in figure 4G. 

𝑛 = √(
4R

(R−1)2 − k2) −
(R+1)

(R−1)
                            (11) 

 

    Where n is the refractive index, R reflexivity , from the equation (12) was calculated 

extinction coefficient. The k is defined as the attenuation the electromagnetic wave inside 

the membrane. The extinction coefficient increases at the cobalt  ratio (x=0.5) as in fig. 

4K, indicating that these membranes are opaque [16,9]. It was observed that the 

attenuation increases with increasing cobalt ratio. 

k =
αλ

4π
                                                                       (12) 

     The real (εr) and imaginary (εi) part for the dielectric constant was calculated of the 

two equations (13 and 14) [9]. It was noted that the part of real (εr) is greater because its  

related to the speed of light, and the part of imaginary (εi) is smaller because it is related 

to the energy of absorption. The two figures 4(L and M) illustrate the real (εr) and 

imaginary (εi) part for the constant of dielectric.  

r =  n2 – k2                                                       (13) 

i  = 2n k                                                            (14) 
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Figure 4(A, B, C , D, E, F,G, H, K, L, and M): The optical properties spectra of copper ferrite 

membranes Cu1-xCoxFe2O4,  in cobalt proportion (x=0, and 0.5) 

 

6. Conclusions 

     Copper ferrite was synthesized at ratios (x=0, 0.3 and 0.5) by using  the sol-gel method. 

It was found that samples were crystallized in formation a tetragonal spinel of single-

phase free from all unwanted phases and turns into a single-phase cube when the cobalt 

proportion (x=0.5). That the cations Fe2+ were found to decrease in tetrahedral A sites  

and it increase in octahedral B sites when ratio of cobalt content (x=0.5). This indicates 

that Cu2+ions were distributed in both the octahedral and tetrahedral sites, whereas 

Co2+ions in the (A) site. That the constants of lattice were found to increase when ratio of 

cobalt content (x=0.5), while the x-ray density decrease. The grain size decreases in the 

form of surface morphology and distribution of Fe2+ cations  increase in octahedral B sites 

when the cobalt content increased. Thus the mutual effect increases and the magnetic 

moment increases, this is the base reason that leads to the increase in the magnetization 

of saturation. Ultraviolet spectroscopy confirms an increase in the optical energy gap, 

optical conductivity and transmittance for thin films when a cobalt content ratio (x=0.5). 

      This is due to an increase in crystalline size and a decrease in the crystal defects 

represented by the density of dislocation and macrostrain. The XRD technique confirmed 

the formation of a single-phase cubic spinel ferrite at the content ratio of the cobalt 

(x=0.5) and it is strongly affected by the addition of cobalt ions. The SEM images clearly  

showed the increase in the agglomeration in same ratio mentioned and  decrease in the 

size of the spherical granules. 

      This is due to two reasons: the first is the increase in moment of magnetic  in the 

sample and the second is the mutual effect between the sites (A) and [B] caused by the 
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increase in the distribution of Fe3+ cations in B site with the increase in the distribution of 

Co2+ cations in  site A. 
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