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Abstract 

 Calcium doped nickel ferrite (Ni1-xCaxFe2O4; x = 0.0, 0.1, 0.3 and 0.5) nanoparticles (NPs) 

were prepared by microwave irradiation technique employing the fuel L-arginine. The as 

prepared compositions were subjected to structural, magnetic and optical properties. Lattice 

constant increased with increase in calcium concentration. Transmission Electron microscope 

(TEM) technique provides information about morphology of the synthesized Ni1-xCaxFe2O4 

ferrites. Magnetic hysteresis (M-H) loop revealed the magnetic behavior of the prepared spinel 

Ni1-xCaxFe2O4 NPs. Magnetization, coercivity and retentivity were calculated from vibrating 

sample magnetometer (VSM) studies. The antibacterial activity was also studied.  
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1. Introduction 

Manifestation of hazardous contaminants in water bodies postures dangers for human and 

the environment. Activated carbon adsorption, chlorination, ultrafiltration and ozonation 

treatment has been used to reduce these hazardous contaminants [1-5]. Nevertheless all the above 

treatments are not cost effective. Hence, the preparation of ecofriendly semiconducting catalyst 

for the photodegradation of dyes and pollutants has attracted the attention of researchers [6-10]].  

Ferrites are acknowledged for inconceivable use in the field of opto-magnetic and 

photoelectronic materials [11-15]. They help low energy photons to demonstrate their optical 

absorption and offering preferred electronic structure for its photocatalytic applications.                         

Semiconductor spinel ferrite, with increased chemical stability generates more catalytic sites to 

act as a good applicant in photocatalysis [16-18]. Bacterial effluence leads to high risk for human 

well-being. Nanotechnology sustains an approach to improve new inorganic antimicrobial 

material. Hence search for nanomaterials as antibacterial agents and reviewing their properties 

has become an efficient research field [19-26].  

A number of methods like the hydrothermal, ceramic, auto-combustion, mechanical 

milling, sol-gel and co-precipitation techniques are available for the preparation of ferrite 

nanomaterials. Amongst these the microwave irradiation method has more advantages than the 

other methods [28-32]. Herein, we propose calcium doped nickel ferrite (Ni1-xCaxFe2O4; x = 0.0, 

0.1, 0.3 and 0.5) NPs prepared by microwave irradiation method to study their structural, opto 

and magnetic properties. The as prepared nano spinel ferrites will be tested for its antibacterial 

activity. 
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2. Experimental  

2.1. Materials and methods 

Analytical grade Iron nitrate (Fe(NO3)3.9H2O), L-arginine (C6H14N4O2), Nickel nitrate 

(Ni(NO3)2.6H2O) and Calcium nitrate (Ca(NO₃)₂) attained from SD fine, India, and were utilized 

as it is without undergoing an additional purification process. 

  A homogenous solution is attained by mixing precursors namely nickel nitrate and iron 

nitrate by maintaining a molar ratio of 1:2. It is further added to L-arginine solution, and this 

solution was mixed for a period of 1hr. Here, L-arginine is used as fuel and, nitrates precursor 

plays the role oxidizer. Oxidizer to fuel ratio was provisioned to maintain at 1, following the 

principle of propellant chemistry. Silica crucible was kept inside the microwave oven 

(SAMSUNG, India make), to which homogenous solution was poured. The microwave energy is 

generated by the Oven when the output power and frequency set at 900 W and 2.54 GHz 

respectively. Then, solution went through process namely boiling and dehydration. 

Consequently, vapors are produced and decomposition occurred with gas evolution. Upon 

achievement of spontaneous combustion by the solution, ignition occurred which results in rapid 

flame fluffy production of NiFe2O4. Further, the obtained samples were calcined at 550 °C for 

150 min. Similarly, calcium doped samples were prepared. The samples were labeled as 

NiFe2O4, Ni0.9Ca0.1Fe2O4, Ni0.7Ca0.3Fe2O4 and Ni0.5Ca0.5Fe2O4 respectively.  

The L-arginine and stoichiometry reactions of metal nitrates using in the microwave 

combustion process to obtain the formation of final product as follows, 

Ni(NO3)2 6H2O(S) + 2Fe(NO3)3 9H2O(S) + 1.176C6H14N4O2(S) 

→   NiFe2O4(S) + 32.23H2O(g)↑ + 7.05CO2(g)↑+ 6.35N2(g) ↑                 (1) 
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2.2. Characterization 

The as-prepared spinel Ni1-xCaxFe2O4 (x= 0.0, 0.1, 0.3 and 0.5) NPs were analyzed by X-

ray powder diffraction using Rigaku Ultima III with CuKα radiation at λ = 1.5406 Å by varying 

2θ range from 20° to 80°. The morphological and elemental analysis was recorded using 

scanning electron microscope accompanied FEI Quanta FEG 200 with EDX analyser was 

employed to determine the composition of elements. The energy band gap measurement was 

performed using Perkin Elmer spectrophotometer. Perkin Elmer spectrophotometer is used to do 

FTIR studies. VSM was logged using Lake Shore, USA, Model 7404 with 3 magnets in the 

normal room temperature (RT). 

2.3. Antibacterial activity 

The antibacterial activity of spinel NiFe2O4, Ni0.9Ca0.1Fe2O4, Ni0.7Ca0.3Fe2O4 and Ni0.5Ca0.5Fe2O4 

NPs was analyzed by their zone of inhibitions on the human pathogens gram-positive S. aureus 

(Staphylococcus aureus), B. subtilis (Bacillus subtilis) and gram-negative E. coli (Escherichia 

coli) and K. pneumonia (Klebsiella pneumoniae). An instant culture of all microorganisms was 

attuned to an OD of 0.1 and wiped onto Mueller Hilton agar plates. By a cork borer, holes were 

stamped on the agar, followed by adding of the standard solutions containing the synthesized 

NiFe2O4, Ni0.9Ca0.1Fe2O4, Ni0.7Ca0.3Fe2O4 and Ni0.5Ca0.5Fe2O4 NPs (10µg/mL). The plates were 

incubated at 37˚C for 24 h and the precinct of inhibitions on the human pathogens was dignified 

in diameter. 

3. Results and Discussion  

3.1. XRD diffraction studies  
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The structural properties of Ni1-xCaxFe2O4 (x = 0.0, 0.1, 0.3 and 0.5) NPs were studied 

from the diffraction pattern obtained from XRD technique (Fig. 1). The existence of the 2θ 

values of 30.13˚, 35.51˚, 37.20˚, 43.23˚, 54.03˚, 57.26˚, 62.92˚ and 75.35˚ are indexed to (220), 

(311), (222), (400), (422), (511), (440) and (622) respectively. The lattice planes in the XRD 

patterns reveals the structure of single phase cubic structure with space group Fd3m and all the 

planes matched well with the JCPDS number 44-1485. The impurity peaks (*) corresponds to  

α-Fe2O3 phase verified by the card ICSD – 088418 data for Ni1-xCaxFe2O4. The average 

crystallite sizes D were calculated from Scherrer formula and it ranged from 20-28 nm. The 

synthesized Ni1-xCaxFe2O4 NPs are in spinel form in which Fe3+ ions lodge the A- site and Ni2+ 

ions the B- site [33-35]. The XRD density (XRD) was calculated by the formula: 

                                                                         (1) 

where, M is molecular weight of the sample and N is Avogadro’s number and ‘a’ is the lattice 

parameter. The dislocation density (δ) decreased when Ca2+ concentration increased upon spinel 

Ni1-xCaxFe2O4 NPs ensuring the micro strain of the lattice.  

Volume (V) of the prepared cubic spinel Ni1-xCaxFe2O4 NPs were intended by using the relation,                   

                                                                                               (2) 

were V is the volume of cubic cell and a is lattice parameter of the unit cell. Values are 

summarized in Table 1. 

W-H plot for NiFe2O4 and Ni1-xCaxFe2O4 NPs is depicted in Fig. 2. The effective 

crystallite size (D) was found to be 28.48, 25.36, 23.48 and 20.58 nm respectively.  Some 

deviation was seen in the values of (L) and (D), which was deduced using Debye Scherer’s 
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formula and W-H method respectively. It is observed that D was lower than L as there is strain 

factor is involved in W-H method. A positive slope was traced in Fig. 2, which confirms the 

presence of tensile strain [36-40]. In Table 1 with the surging up of Ca cation content (x), an 

upsurge in lattice constant is seen; however, lowering in value of crystallite size was seen [27]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. XRD patterns of Ni1-xCaxFe2O4 (0 ≤ x ≤ 0.5) nanoparticles. 
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Figure 2. W-H patterns of Ni1-xCaxFe2O4 (0 ≤ x ≤ 0.5) nanoparticles. 

 

Table 1. Crystallite size and lattice parameter values of spinel Ni1-xCaxFe2O4 (x= 0.0, 0.1, 0.3 

and 0.5) nanoparticles. 

Samples Name Crystallite Size L 

(nm) 

Effective crystallite 

size D (nm) by 

William-Hall plot  

Lattice Parameter 

a (Å) 

NiFe2O4 27.52                     28.48                                 8.350                            

Ni0.9Ca0.1Fe2O4 25.42                     25.36                                 8.368                          

Ni0.7Ca0.3Fe2O4 23.27                      23.48                                 8.382                           

Ni0.5Ca0.5Fe2O4 21.76                      20.58                                 8.396                           
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3.2. FT-IR analysis 

 The FT-IR spectra (Fig. 3) of Ni1-xCaxFe2O4 (x= 0.0, 0.1, 0.3 and 0.5) NPs were studied 

from 400–4000 cm-1. The characteristic spinel absorption band at 482 cm-1 and 568 cm-1 were 

accredited to the stretching vibrations, due to the interaction of oxygen and cations in Ni-O and 

Fe-O bond linkages [41-45]. The bands at 851 and 712 cm-1 are due to O-Fe-O and Fe-OH 

linkages and the band at 447 cm-1 corresponds to Fe-O linkage [46-48]. The absorption band at 

642 cm-1 is attributed to Fe-O bond of ferrite skeleton. The broad bands at 3408 and 1626 cm-1 

are assigned to the O-H stretching and H-O-H bending vibrations, due to the compaction of KBr 

pellets [49-52]. 
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Figure 3. FT-IR spectra of Ni1-xCaxFe2O4 (0 ≤ x ≤ 0.5) nanoparticles. 

3.3. HR-SEM analysis 

HR-SEM images of spinel Ni1-xCaxFe2O4 (x= 0.0, 0.1, 0.3 and 0.5) NPs revealed 

homogeneous spherical morphology. Further the particles exhibited coalescence and 

agglomerated (Fig. 4a-d), which mainly occurs due to the microwave reaction during the process 

of synthesis [53].  
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Figure 4. HR-SEM images of (a) NiFe2O4, (b) Ni0.9Ca0.1Fe2O4, (c) Ni0.7Ca0.3Fe2O4 and (d) 

Ni0.5Ca0.5Fe2O4 samples. 

3.4. TEM analysis 

HR-TEM images (Fig.5) showed the morphology of the prepared spinel Ni0.7Ca0.3Fe2O4 

(Fig. 5a) and Ni0.5Ca0.5Fe2O4 (Fig. 5b) NPs. HR-TEM images specified that the materials were 

crystalline in nature as the particle size ranges between 12-40 nm. The images indicate the 

aggregation of the material with cubical and irregular morphology of Ni1-xCaxFe2O4 NPs [54- 

58]. These high diameter pictures depict the high degree of agglomerations resulting in the 

formation of heterogeneous surface. SAED patterns of Ni0.7Ca0.3Fe2O4 (Fig. 5c) and 

Ni0.5Ca0.5Fe2O4 (Fig. 5d) NPs reveal well crystalline diffraction ring and spotty ring representing 

the spinel structure of Ni1-xCaxFe2O4 NPs and all the ring patterns matched with the planes 

obtained from XRD. 
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Figure 5. HR-TEM images (a, b) and SAED patterns (c, d) of Ni0.7Ca0.3Fe2O4 and 

Ni0.5Ca0.5Fe2O4 NPs. 

3.5. VSM studies 

Magnetic hysteresis (M-H) curve (Fig.6) of the synthesized Ni1-xCaxFe2O4 (x = 0.0, 0.1, 

0.3 and 0.5) NPs showed weak ferromagnetic behavior, indicating that the samples are soft 

ferrites [59-62]. The Ms, Mr, Hc and the squareness ratio value of the M-H loops along with 

magnetic parameters are represented in Table 2. Lower value Hc of the synthesized spinel Ni1-

xCaxFe2O4 (x = 0.0, 0.1, 0.3 and 0.5) NPs showed the magnetically soft ferrite and distortion of 

spin happens on the surface due to the magneto-crystalline anisotropy.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Magnetic hysteresis loop of Ni1-xCaxFe2O4 (0 ≤ x ≤ 0.5) nanoparticles. 
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Table 2. Sample name, sample code, coercivity, remanant magnetization, saturation 

magnetization of Ni1-xCaxFe2O4 (x= 0.0, 0.1, 0.3 and 0.5) nanoparticles. 

3.6 Antibacterial study 

The antibacterial activity (Fig. 7) of the synthesized spinel Ni1-xCaxFe2O4 (x = 0.0, 0.1, 

0.3 and 0.5) NPs was investigated for four bacterial pathogens comprising both gram positive 

and gram negative bacterial strains (Table 3). The structure and cell wall composition are 

different in Gram-negative and Gram-positive bacteria. The antibacterial activity varies with the 

bacterial pathogens [63-65]. This difference is attributed to the variation in cell wall composition 

and the interaction with the membrane at the cell wall or molecular level. Smaller particle size 

and large surface area of the synthesized spinel Ni1-xCaxFe2O4 NPs have a tendency to interact 

with the cell membrane an initiate an oxidative stress thus producing an increased level of 

reactive oxygen species (ROS) which disrupt the bacterial cell wall. Antibacterial activity of the 

Ni1-xCaxFe2O4 NPs may be attributed to chemical composition, particle size, tendency to release 

metal ions, penetration, and oxidation of cell components and production of ROS causing cell 

damage [66, 67]. In the present study the synthesised spinel Ni1-xCaxFe2O4 NPs showed 

antibacterial action against both Gram-positive and Gram-negative bacteria. Fig. 7 demonstrated 

Samples Name Hc, (Oe) Ms (emu/g) Mr (emu/g) 

NiFe2O4 291.16 26.95 6.43 

Ni0.9Ca0.1Fe2O4 285.36 24.65 6.86 

Ni0.7Ca0.3Fe2O4 312.48 22.88 5.64 

Ni0.5Ca0.5Fe2O4 298.55 21.63 5.98 
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that the Ni0.7Ca0.3Fe2O4 with larger surface area showed high zone of inhibition (0-18 mm) at a 

concentration of 50 mg/µL against Klebsiellapneumoniae bacterial strain  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Antibacterial activity of Ni1-xCaxFe2O4 (0 ≤ x ≤ 0.5) ferrite nanoparticles.  
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Table 3. Antibacterial activity of Ni1-xCaxFe2O4 (x = 0.0, 0.1, 0.3 and 0.5) ferrite 

nanoparticles. 

S. No. Bacteria Zone of Inhibition (mm in diameter) 

Control x = 0.0 x = 0.1 x = 0.3 x = 0.5 

1 Bacillus subtilis 11 13 13 13 14 

2 Staphylococcus aureus 10 10 14 12 13 

3 Escherichia coli 13 9 11 14 13 

4 Klebsiellapneumoniae 15 11 12 19 16 

 

4. Conclusions 

 Spinel Ni1-xCaxFe2O4 (x = 0.0, 0.1, 0.3 and 0.5) NPs were inclined via microwave 

combustion technique. Powder XRD diffraction patterns revealed that spinel Ni1-xCaxFe2O4 NPs 

were nano crystalline with the average crystallite size of about 12-40 nm. FT-IR spectral bands 

exhibited at 579, 480 and 514 cm–1 confirmed the stretching modes of vibration for Ni-O, Fe-O 

and Ca-O linkages responsible for the formation of spinel Ni1-xCaxFe2O4 NPs. HR-TEM images 

displayed cubic and irregular surface morphology for the synthesized Ni1-xCaxFe2O4 NPs. VSM 

analysis indicated that the as synthesized spinel Ni1-xCaxFe2O4 were magnetically soft ferrites. 

Antibacterial action was tested against both Gram-positive and Gram-negative bacteria and the 

Ni0.7Ca0.3Fe2O4 showed enhanced antibacterial activity against Klebsiellapneumoniae associated 

with other compositions, due to the smaller particle size and higher surface area with the surface 

volume ratio of the samples. 
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