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Abstract 

In the present work, ZnFe2O4 nanoparticles are prepared by varying the concentration 
of citric acid (CA) to metal nitrate (MN) ratio as 0.8, 0.6 and 0.4 by sol-gel technique. 
Structural analysis by XRD shows the cubic face of the normal spinal ferrite structure and 
the planes matches with the JCPDS data. The microstructural calculations show the 
decrease in grain size with decrease in the CA/MN ratio from 0.8, to 0.4. The stress and 
the dislocation density depend on the average crystallite size and it increases with a 
decrease in the crystallite size. The X-ray density increases with a decrease in the lattice 
constant. The ionic radius at the tetrahedral and octahedral sites varies as the CA/MN 
ratio varies. The presence of functional group is confirmed by FTIR analysis and the 
absence of the additional peak shows the purity of the prepared samples.  
The intrinsic stretching vibrations of Fe-O bonds observed at 550 cm-1 and the vibrations 
of octahedral complexes Zn-O are observed at 410 cm-1. The morphology observed by 
SEM shows the spherical size particle with agglomeration at some regions and pores 
observed in the SEM micrograph is due to the evolution of gases during the synthesis 
process. The magnetic studies show the increase in the saturation magnetization with 
variation in the crystallite size is attributed to the superexchange interaction between the 
atom in the tetrahedral and octahedral sites. The coercivity and the remanence increases 
with the crystallite size. The observed remanence ratio Mr/Ms, which is the direction of 
magnetization after the magnetic field switch, varies with the crystallite size. 
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1. Introduction 

The materials in its nano regime are given more importance in the technological 
applications due to its unique properties such as electrical conductivity, optical bandgap, 
refractive index, magnetic properties, mechanical properties such as hardness and 
chemical properties compared to their bulk counterpart [1]. Spinel ferrites are magnetic 
materials and they are popular due to its applications in electronic ignition systems, 
generators, medical implants, transformer circuits magnetic sensors and recording 
equipment, telecommunications, magnetic fluids, microwave absorbers and other high-
frequency applications [2-5]. The major difference between ferrite with other magnetic 
materials such as iron and metallic alloys are its higher electrical resistivity which leads to 
better performance at higher frequencies. This property prevents induction of eddy 
currents and hence the loss of energy. Also, high permeability and temperature stability 
are the other advantages [6]. In addition, the ferrites are economically viable and the 
properties can be tuned by the synthesis process to specific applications. Among the 
spinal ferrites, zinc ferrite is a normal ferrite with FCC structure and has molecular 
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formula MFe2O4, where M = Ni, Co, Mn, Zn, etc. Bulk Zinc ferrite has normal ferrite 
structure with Zn2+  ions occupy the tetrahedral sites and Fe3+ ions occupy the octahedral 
sites, In nano-regime zinc ferrites, shows partial inverse spinal structure  is observed in 
which the divalent cation distribution is based on the  formula [Zn2+

1−δFe3+
δ] [Zn2+

δ 

Fe3+
2−δ]O2−

4 where δ is the inversion coefficient which is defined as the fraction of  the 
tetrahedral site occupied by Fe3+cations  and it depends on the crystallite size and method 
of preparation [7,8]. Zinc ferrites possess unique magnetic, magneto-optical, magneto-
resistive, thermal, electric, and mechanical properties [9-11]. It has wide variety 
applications such as magnetic materials [12, 13], gas sensor [14], catalysts [15], 
photocatalysts [16], absorbent materials [7, 17, 18] and so on.  Zinc ferrite nanoparticle 
can be prepared by ball milling [19], sol-gel [20], co-precipitation [21], hydrothermal 
[22], auto-combustion route [23], and ultrasonic cavitation [24]. In the present work, 
nickel ferrite nanoparticles are prepared by sol-gel technique using citric acid as the 
chelating agent. 
 

2. Experimental 
 
2.1 Synthesis of Zinc Ferrite Nanoparticle 

0.2 M zinc nitrate [Zn(NO3)2 6H2O] and  0.3M ferric nitrate [ Fe (NO3)3 9H2O] and  
0.4 M citric acid [C7H8O7.H2O] is prepared in distilled water separately and the 
concentration of CA/MN ratio is taken as 0.8, 0.6 and 0.4. The pH of the solution is 
maintained at 8 using ammonia. The mixed solution is then heated to 80°C with constant 
stirring for two hours till a brown gel is obtained. The gel is heated to 800°C for three 
hours to remove excess water. The final product, the fluffy mass is grinded to get 
nanopowder. 
 
2.2 Characterization 

The samples are subjected to Powder X-ray diffraction analysis using Shimadzu XRD 
6000 diffractometer with a CuKα radiation of wavelength of 1.541 Å.  

The crystallite size (D) is calculated using the Scherrer formula [25] from the full- width 
at half maximum (FWHM)(β) for the most intense peak (311) 

D= (k λ) / (β cosθ) A° 

In general, diffraction peak from a lattice plane is labeled as Miller indices (h, k, l) and 
these indices are related to inter-atomic spacing (d) spacing. For Cubic crystals, the lattice 
parameter ‘a’ is calculated using the relation [25] 

a = dhkl /(h2 + k2 + l2)1/2 Å 

The strain (ε) is calculated from the relation with β 

ε = β cosθ / 4  

The dislocation density (ρ) is defined as the length of dislocation lines per unit volume of 
the crystal, is calculated from the formula  

ρ=1/D2   (lines /cm3)  

The theoretical X-ray density,( ρx) is calculated by the relation [26] 

ρx =8M/Na3 (g/cm3)  

Where M is the molecular weight of the sample and A is the Avogadro’s number 
(6.022x1023mol-1) and ‘a’ is the lattice parameter 

X-ray diffraction data is further used to calculate ionic radii (rA, rB) and bond lengths (A-
O), (B-O) at the tetrahedral and octahedral sites, are calculated by the equations. 
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rA = (u-¼)a√ 3- r(O⁻²) Å 

rB = (⁵⁄₈-u)a- r(O⁻²) Å 

A-O = (u-¼)a√ 3 Å 

B-O= (⁵⁄₈-u)a Å 

Where a is the lattice constant; r (O⁻²) is the radius of oxygen ion (1.35 Å); u is the 
oxygen ion parameter, for ideal spinel ferrite u=3/8. 

Hopping lengths at tetrahedral sites (Lᴀ) and octahedral sites (Lв) which is the distance 
between the magnetic ions is calculated by the following equation 

Lᴀ=a(√ ³⁄₄ ) Å 

Lв=a(√ ²⁄₄ ) Å 

The functional group is analyzed by FTIR using Perkin-Elmer spectrometer by KBr pellet 
technique in the range of 4000-400 cm-1. The morphology and elemental analysis of the 
prepared samples are assessed by Scanning Electron microscopy with EDAX using JEOL 
(JSM 6390). The magnetic parameters are analyzed by Vibrating sample magnetometer 
(cryogenic, UK). 

 

3. Results and Discussion 

3.1 Structural Analysis 

 

 

 

 

 

 

 

 
 

 

Figure 1. PXRD pattern of Zinc ferrite nanoparticles prepared at different  

CA/MN ratio  

Figure 1 shows the X-ray diffraction pattern of the ZnFe2O4 nanoparticle prepared at 
different CA/MN ratio. The diffraction peaks at the plane (220), (311), (222), (400), 
(422), (333) and (440) are consistent with the pure spinal phase of the ZnFe2O4 
nanoparticles. [JCPDS data (card no 22-1012)] [27]. It is noted that for all the samples the 
peaks are sharper with higher intensity shows the improved crystallinity of the 
synthesized particle. The sharpness of the peaks is the good indicator for the crystallinity 
[28, 29] and in the present case it is due to the complete conversion of unreacted oxides 
by citric acid which acts as a fuel and it results in improved crystallinity. The calculated 
strain and dislocation density varies as the average grain size varies. X-ray density 
depends on the lattice constant and molecular weight of the material. In the present case, 
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X-ray density increases with a decrease in the lattice constant. The reverse is noted by 
Pandit et al for Mg-Zn ferrite system prepared at different molar concentrations [30].  
The increase in the X-ray density with the decrease in CA/MN ratio is due to the 
formation of pores during the synthesis process [31] and also due to the ionic radii [32]. 
The mean ionic radius at the tetrahedral site A (rA) is found to decrease slowly with the 
octahedral site B (rB). The hopping length at the tetrahedral site (LA) and octahedral site 
(LB) decreases gradually when the CA/MN ratio changes from 0.8 to 0.4. The calculated 
bond length A-O and B-O found to decrease which reflects the decrease in lattice 
constant. 

 

 

 

 

 

 

 

 

 

 
          a)             b) 

Figure 2. a) Crystallite Size Vs Microstrain Vs CA/MN and b) X-Ray Density 

VS Lattice Constant Vs Crystallite size of Zinc ferrite nanoparticles 

prepared at different CA/MN ratio 

Table 1. Microstructural analysis of Zinc ferrite nanoparticle prepared  
at different CA/MN ratio 

 

 

3.2 Functional Group Analysis 

 
FT-IR spectrum is used to collect information about the structure of a compound. It is 

noted that nitrate group has six normal vibrations that are IR active and found in IR 
spectra [33]. Figure 3 shows the FTIR Spectra of ZnFe2O4 nanoparticles at different 
CA/MN ratio. The FT-IR spectrum for the synthesized zinc ferrite nanoparticle show 
peaks at 3410, 1630, 550 and 410cm-1. For pure zinc ferrite nanoparticle, the absorption 
bands observed at 410 and 550cm-1 which indicate the formation of pure zinc ferrite 
material [34]. The absence of peaks in the range 1000-1300 cm-1 and 2000-3000 cm-1 

CA/MN 
ratio 

Lattice 
Constant 
a (Å) 
 

LA(Å) 
 
 
 

LB(Å) 
 
 
 

A-O 
(Å) 
 
 

B-O 
(Å) 
 
 

tetrahedral 
ion radii 
(rA)( x10-11m) 
 

octahedral 
ion radii 
(rB) (x10-11m ) 
 

0.8 8.341 3.129 2.950 1.8059 2.0853 4.559 7.353 

0.6 8.339 3.128 2.949 1.8055 2.0848 4.555 7.348 

0.4 8.335 3.127 2.948 1.8047 2.0839 4.547 7.339 
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show the nonexistence of O-H, C-O and C=H  stretching mode of organic sources [35]. 
This result confirms that the material prepared at higher temperature remove the 
unwanted impurities during the preparation process. The band around 3410cm-1 and  
1630 cm-1 correspond to the stretching modes and H-O-H bending vibrations of free or 
absorbed water. The intrinsic stretching vibrations of metal at the tetrahedral sites was 
observed around 540cm-1 which is the characteristics of the spinal ferrites [36]. This result 
is agreement with Waldron [37] in which the higher frequency bands (550 cm-1) assigned 
to the tetrahedral group Fe – O and the low-frequency bands (410 cm-1) to the octahedral 
group, Zn-O bonds.  

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 3. FT-IR analysis of Zinc ferrite nanoparticles prepared at different 
CA/MN ratio 

3.3 Morphological Analysis 

Figure 4 shows the SEM image of the zinc nitrate nanopowders prepared at different 
citric acid to metal nitrate ratio. Observation shows that the powder show spherical 
structure of uneven morphology with large agglomerates without any clear grain 
boundaries similar to the zinc ferrite prepared by combustion method [38, 39]. 

 

 

 

 

 

 
 

CA/MN = 0.8               CA/MN = 0.6         CA/MN = 0.4 

 

Figure 4. SEM images of Zinc ferrite nanoparticles prepared  

at different CA/MN ratio  
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3.4 Compositional Analysis 

The percentage of elements C, O, Fe and Zn in a compound can be analyzed using the 

EDS. The recorded EDS spectra of prepared samples are shown in the table 2 and  

figure 5. 

 

 

 

 

 

 

 

 
CA/MN = 0.8               CA/MN = 0.6         CA/MN = 0.4 

Figure 5. Compositional   analysis of Zinc ferrite nanoparticles prepared at  

different CA/MN ratio 

Table 2. Compositional analysis of Zinc ferrite nanoparticles prepared at 
different CA/MN ratio  

 

CA/MN 
ratio 

Atomic Percentage (Weight %) 

C (K) O (K) Fe (K) Zn (K) 
0.8 - 32.89 39.40 27.70 
0.6 - 28.85 42.03 29.12 
0.4 15.24 29.59 33.14 22.03 

 

3.5 VSM Analysis 

It is noted that magnetic properties of zinc ferrite nano powder strongly depend on its 
crystallinity and synthesis method. The variation of magnetization as a function of applied 
magnetic field for ZnFe2O4 sample at room temperature is studied using VSM and is 
given in figure 6.  The magnetic properties such as retentivity, saturation magnetization, 
magnetic moment and remanence ratio and anisotropy constant is listed in the table 3. 
Figure 7 shows Coercivity Vs Saturation Magnetization of ZnFe2O4 with different 
concentration of CA/MN. The higher values of saturation magnetization are due to the 
non-stoichiometric structure, as it could lead to a redistribution of iron atoms in the 
tetrahedral sites and octahedral sites [40, 41]. The observed coercivity increases from 360 
to 576 Oe when the CA/MN ratio increases. Generally, ZnFe2O4 shows the paramagnetic 
behavior at room temperature as reported in the literature. The observed ferromagnetism 
in our sample is due to the structural rearrangement which induce the changes due to the 
superexchange interaction in the tetrahedral and octahedral sites [42]. Also the random 
distribution of Zn2+ and Fe3+ at (A) and (B) sites or the defects may causes the 
ferromagnetic behavior [43]. The non-equilibrium distribution of Fe3+ ions in (A) and (B) 
sites may also leads to ferromagnetism [44]. Therefore, the observed magnetic properties 
in the present work may be due to the above mentioned facts. The anisotropic constant (k) 
and the magnetic moment (µB) are given in the table 3. 
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Figure 6. Magnetic Parameters of the Zinc ferrite nanoparticles prepared at 

different CA/MN ratio 
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Figure 7. Coercivity Vs Saturation Magnetisation of the Zinc ferrite 

nanoparticles prepared at different CA/MN ratio 

Table 3. Magnetic Parameters of the Zinc ferrite nanoparticles  

prepared at different CA/MN ratio 

 

4. Conclusion 

Zinc ferrite, a normal ferrite nanoparticle is synthesized by sol-gel technique using 
0.2M zinc nitrate and 0.3M ferric nitrate as the precursor and 0.4M citric acid as the 
chelating agent. Structural analysis shows the variation in the grain size when the CA/MN 
increases from 0.8 to 0.4. The microstructural analysis shows the lattice constant and the 
X-ray density found to be close to the standard value for zinc ferrite nanoparticles. Zinc 
ferrite nanoparticle shows the agglomeration without proper boundary. The EDS spectrum 
shows the composition of the prepared samples.  VSM analysis shows the ferromagnetic 
behavior of the synthesized powder. The absence of other peaks shows the pure phase of 
the synthesized particle. 
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