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Abstract 

Nanocrystalline NiCexFe2-xO4 (x = 0, 0.2, 0.4 and 0.6) magnetic spinel materials were 

synthesized by a simple microwave combustion technique (MCT) by utilizing the fuel of 

Pedalium murex plant extract. The establishment of a cubic spinel structure was ensured by 

powder X-ray diffraction (PXRD) technique and the crystallites size was found to be in the range 

of 27.5 to 13.1 nm for NiFe2O4 and Ce:NiFe2O4 nanoparticles (NPs). The morphology of the 

NiFe2O4 NPs was observed by high resolution scanning electron microscope (HR-SEM). Energy 

dispersive X-ray (EDX) studies confirmed the formation of pure spinel ferrite structure as they 

ensured the presence of all the elements and the formation of the desired compositions. 

Furthermore, the bandgap value was estimated to be within 3.26 and 3.39 eV. The appearance of 
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Fourier transform infrared (FT-IR) bonds at 437 and 456 cm-1 is linked to the octahedral (B) 

metal stretching (Ni-O) and the band at 582 cm-1 is linked to the tetrahedral (A) metal stretching 

(Fe-O), which ensure the formation of cerium substituted NiFe2O4 NPs. Magnetic parameters 

such as remanent magnetization (Mr), coercivity (Hc) and saturation magnetization (Ms) were 

calculated from M-H loops, which exhibited ferromagnetic behaviour. The photocatalytic (PC) 

behavior of NiFe2O4, NiCe0.2Fe1.8O4, NiCe0.4Fe1.6O4 and NiCe0.6Fe1.4O4 were analyzed under 

visible light irradiation by the degradation (PCD) of an aqueous solution of Rhodamine B (RhB) 

dye.  Among the various prepared compositions, NiCe0.4Fe1.6O4 exhibits higher PCD efficiency 

as 93.88 % at 120 min with enhanced visible light absorption range. The antibacterial activities 

of gram-positive Staphylococcus aureus, Bacillus subtilis and gram-negative Escherichia coli 

and Klebsiella pneumonia have been investigated using pure and Ce3+ substituted NiFe2O4 NPs. 

It was found that the improved activity is intensified with smooth Ce3+ doping as it cause a 

decrease in the grain size. 

Keywords: Antibacterial activity; Ce substituted NiFe2O4 NPs; Pedalium murex plant extract; 

Optical properties; Magnetic properties; Photocatalyst. 

 

1. Introduction 

In recent years, semiconducting materials have gained much attention in the field of nanoscience 

and nanotechnology, because of their exceptional optical, electrical, structural, and magnetic 

characteristics. Metal oxides are widely used in various applications such as in magnetic storage 

and energy storage device, piezoelectric devices, resistive memory devices, photocatalytic 

degradation, etc. [1-4]. The cubic spinel structure has a general formula of AB2O4 where divalent 
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metal ions A2+= Co2+, Zn2+, Mn2+, Ni2+, etc occupy the tetrahedral (A) sites, and  trivalent metal 

ions B3+= Fe3+, Al3+, etc. occupy the octahedral (B) sites [6]. It is observed that these ferrites 

exhibited distinct magnetic and physical characteristics upon the alteration of the divalent 

cations. 

By altering the divalent cations, it is feasible to obtain expressively different magnetic 

and physical characteristics in ferrites. The previous studies convey that Ce-Ni ferrites exhibit 

unique characteristics and proved to be versatile magnetic materials widely used in microwave 

devices, power transformers, read and or write heads for extraordinary speediness digital tape 

power transformers, rod antennas, and gas sensing material [5-7]. Ce:NiFe2O4 NPs portray mixed 

spinel structure where Ce3+, Ni2+, and Fe3+ ions reside in the octahedral (B) sites, while Ce3+, 

Ni2+, and Fe3+ ions reside in the tetrahedral (A) sites of the lattice [8]. When the ferrites are 

prepared at lower temperatures and the corresponding particle size lies in the nano regime, a 

difference in the distribution of several ions in the A- and B- sites will be happened [9, 10]. 

The techniques such as sol-gel, solvothermal, microwave-assisted combustion method, co-

precipitation, ball milling method, and hydrothermal are widely used to synthesize cerium 

substituted nickel ferrite nanoparticles [11-15]. However, the above-stated approaches are found 

to be costly, tough to synthesis, high budget, time overwhelming and profit was low. In addition, 

microwave combustion technique (MCT) is used to synthesize Ce substituted NiFe2O4 NPs by 

this report. In this technique, there is a sudden escalation in the temperature of the precursor, due 

to the fundamental nature of microwave energy (ME), which produces heat and conversion by 

the asset of its robust intermolecular friction. 
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Precursors of metal nitrates and the fuel Pedalium murex plant extract in a suitable 

stoichiometric ratio encourage the exothermic and self-sustaining reaction by the combustion 

process as per the propellant chemistry principle. The suitable plant extract fuels are usually Aloe 

vera, Sesamum indicum, Hibiscus rosa-sinensis, Abelmoschus esculentus, Pedalium Murex, and 

Opuntia dillenii [16-23]. With alteration in the cerium content, a high disparity in the 

characteristics viz. structural, morphological, magneto-optical, vibrational, and photocatalytic 

properties will be observed. In this paper, NiCexFe2-xO4 (x = 0, 0.2, 0.4 and 0.6) NPs were 

synthesized through MCT technique and be utilizing the fuel extracted from Pedalium murex 

plant. The phase, morphological, vibrational, optical, antibacterial activity, magnetic, and 

photocatalytic characteristics are studied using various physical characterization techniques. 

 

2. Experimental  

2.1. Synthesis 

Spinel NiCexFe2-xO4 nanoparticles were synthesized using the corresponding metal nitrates 

Ni(NO3)2·6H2O, Ce(NO3)3·6H2O, Fe(NO3)3·9H2O, and the fuel plant extracted from Pedalium 

murex. The chemicals were brought from SD fine (India) that were of analytical grade and 

utilized as received. To prepare the desired compositions, the precursors of Ni(NO3)2·6H2O, 

Ce(NO3)3·6H2O and Fe(NO3)3·9H2O were mixed by maintaining a molar ratio of 1:2 and 

dissolved in double distilled water. Plant extracts of Pedalium murex solution was added to the 

main achieved solutions and stirred for 1 hour. Here, plant extracts of Pedalium murex work as 

fuel, whereas the precursors of metal nitrates function as oxidizers.  
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 The final obtained homogeneous solutions were transported into silica crucibles and 

were located in microwave ovens (attained from SAMSUNG, India) utilized for the mechanism 

of irradiation (Scheme 1). The yield power was set as 900 Watts for 10 min and the frequency 

was maintained at 2.54 GHz. Under the influence of ME, the solutions subjected to the 

procedures like boiling, vaporization, dehydration, and finally decomposition, that result in the 

evolution of reaction gas. 

When the solutions attained impulsive combustion, the explosion took place, which 

causes rapid flame fluffy production of pure and Ce substituted NiFe2O4. Furthermore, the 

obtained samples were washed with distilled (DI) water, ethanol, and then dried at 550 °C for 

150 min. The obtained powder products viz. x = 0, 0.2, 0.4 and 0.6 were labeled as NiFe2O4, 

NiCe0.2Fe1.8O4, NiCe0.4Fe1.6O4 and NiCe0.6Fe1.4O4, respectively.  

 

 

 

 

 

 

 

 

 

 

Scheme 1. Schematic representation of synthesis of spinel NiCexFe2-xO4 (0 ≤ x ≤ 0.6) 
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nanoparticles. 

 

2.2. Characterization techniques 

Powder X-ray diffractometer (Model Rigaku Ultima III)is employed to confirm the formation of 

different phases and investigate the crystal structure of the obtained Ce-substituted NiFe2O4 

nanoparticles by employing CuKα radiation (λ = 1.5406 Å)  and within 2θ range of 20° - 80°. 

FEI Quanta FEG 200 scanning electron microscope accompanied by energy dispersive X-ray 

analyzer is utilized to perform the morphological and elemental analysis.  The diffuse reflectance 

spectra were logged in the range of 200-800 nm by utilizing Perkin Elmer (Thermo Scientific 

Evolution 220) spectrophotometer from which the bandgap value is deduced. Perkin Elmer 

spectrophotometer (Spectrum RX1) is utilized to log the FTIR spectra. Lake Shore (Model7404, 

USA,) vibration sample magnetometer (VSM) equipped with 3 magnets is used to perform 

magnetization measurements at RT.  

 

2.3 Photocatalytic evaluation 

The photocatalytic performance of NiFe2O4, NiCe0.2Fe1.8O4, NiCe0.4Fe1.6O4 and NiCe0.6Fe1.4O4 

nanoparticles were examined under visible light (300 W Xenon lamps; λ ˃400 nm) irradiation. 

The photocatalytic activity of the as-prepared samples was analyzed at room temperature. 

Exactly 100 mg of photocatalyst was dispersed in 100 mL of Rhodamine B (RhB) (10 mg/L), 

which was reserved in a quartz glass photocatalytic reactor. Before irradiation, the aliquot was 

stirred 30 min in a dark condition and ensured that the catalyst adsorption-desorption equilibrium 

was attained between the dye and the photocatalyst. The degradation efficiency was examined 
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using UV absorption studies, which lead to determine the dye concentrations at a certain time 

interval. The catalytic performance of the pure NiFe2O4 and cerium doped NiFe2O4 at various 

percentages was also investigated.  

 

2.3. Antibacterial activity 

The antibacterial activity (ABA) of spinel NiFe2O4, NiCe0.2Fe1.8O4, NiCe0.4Fe1.6O4 and 

NiCe0.6Fe1.4O4 NPs was analyzed by their zone of inhibitions on the human pathogens (HP) 

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 (MH) 

agar plates. By a cork borer (CB), holes were stamped on the agar, followed by adding of the 

standard solutions containing the synthesized NiFe2O4, NiCe0.2Fe1.8O4, NiCe0.4Fe1.6O4 and 

NiCe0.6Fe1.4O4 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. Phase analysis   

XRD patterns of the as-prepared spinel NiFe2O4 and Ce:NiFe2O4 NPs are illustrated in Fig. 1. 

From the attained powder patterns it is confirmed that the prepared samples were polycrystalline. 

The peaks at 2θ values of 18.24˚, 30.13˚, 35.51˚, 37.20˚, 43.23˚, 54.03˚, 57.26˚, 62.92˚ and 

75.35˚ are mapped to (111), (220), (311), (222), (400), (422), (511), (440) and (622) reflection 

planes of NiFe2O4, respectively. The attained diffraction peaks go with diffraction data (JCPDS 
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card number 44-1485), ensuring the establishment of spinel cubic structure with Fd-3m space 

group [24]. The observed impurity peaks were associated to the α-Fe2O3 phase verified by the 

card ICSD – 088418 data. This contamination phase may be due to the oxidation ability of Ni2+ 

ion and the combustion in oxygen-rich environment [25]. 

The crystallite (L) of the obtained samples estimated using (311) hkl plane by retaining 

Debye Scherrer’s Eq. (1). 




cos
89.0

L             (1) 

Where, L, average crystallite size, λ, X-ray source wavelength (0.15406 nm), β, FWHM (full 

width at half maximum) of the peak; and θ, diffraction angle. The value of the crystallites size 

deduced for NiFe2O4 and Ce:NiFe2O4 NPs, consistent with the diffraction peak (311), were 

established to be within the interval 27.52 to 13.12 nm (Table 1). 

To deduce the lattice parameter of the NiFe2O4 and Ce:NiFe2O4 NPs, Eq. 2 was used.  

                                                                                                                                       (2) 

Where, dhkl, the inter-atomic spacing consistent to the Miller indices h, k, and l of the crystal 

planes and a, is the lattice parameter. Fig. 2 shows that the lattice parameter 'a' resembles the 

cubic spinel structure. The lattice parameter 'a' value was calculated for NiFe2O4 and Ce:NiFe2O4 

NPs and it was found to be 8.332 Å and 8.389 Å respectively, which was traced to be in line with 

the formerly stated value of 8.337 Å [26]. This increase of 'a' is due to the replacement of larger 

ionic size Ce cations (0.92 Å) in place of the lower ionic size Fe cations (0.67 Å) [3]. The Ce3+ 

ion ionic radius larger and as it takes the place of Fe3+ ions, resulting in a slight expansion of the 

crystal size, which was observed to be in line with Vegard’s law. 

2 2 2( )hkla d h k l  
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The effective size of the particle (D) is obtained by employing Williamson-Hall (W-H) 

plot equation: 

                (3) 

 

0.89 is the value of the constant k. and the strain associated with samples represented by ε. Fig. 3 

shows the W-H plot (i.e. 4sinθ/λ versus βcosθ/λ) where the interrupt (k/D) is used to control the 

actual particle size (D). 

  W-H plot for NiFe2O4 and Ce:NiFe2O4 NPs is represented in Fig. 3 and observed that the 

crystallite size attained by W-H method is lesser in comparison with crystallite size deduced by 

Debye Scherer’s method. The variance is chiefly due to the participation of the strain module in 

the W-H method. It is perceived that with an increase in Ce content (x), the crystallite size 

shrinkages, whereas an escalation in the lattice parameter was observed [27]. 
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Figure 1. XRD patterns of spinel NiCexFe2-xO4  (0 ≤ x ≤ 0.6) nanoparticles. 

 

 

 

 

 

 

 

 

 

Figure 2. Variation of lattice constant of spinel NiCexFe2-xO4 (0 ≤ x ≤ 0.6) nanoparticles. 

 

Table 1.  Crystallite size (L) and lattice parameter (a) and energy gap (Eg) of spinel 

NiCexFe2-xO4 (0 ≤ x ≤ 0.6) nanoparticles. 

 

 

Sample Name Crystallite 
Size, L (nm) 

Effective crystallite 
size, D (nm) by 
William-Hall plot  

Lattice 
Parameter, a (Å) 

Energy 
gap, Eg 
(eV) 

NiFe2O4 27.52                    28.48                                 8.350                          3.39 

NiCe0.2Fe1.8O4 24.31                    23.31                                 8.361                            3.36 

NiCe0.4Fe1.6O4 13.28                     12.95                                 8.376                          3.30 

NiCe0.6Fe1.4O4 19.12                    18.10                                8.389                          3.26 
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Figure 3. W-H patterns of spinel NiCexFe2-xO4 (0 ≤ x ≤ 0.6) nanoparticles. 

3.2 SEM analysis 

NiFe2O4 and Ce:NiFe2O4 NPs morphology study was performed with the aid of HR-SEM. The 

obtained SEM images of NiFe2O4 NPs illustrated a spherical morphology and also reveal 

coalescence and agglomerated grains as shown in Fig. 4. The agglomerated and spherical 

morphology was noticed in the NiCexFe2-xO4 (x = 0 to 0.6) NPs, which is mainly due to the lower 

ME release during the progression of combustion [28].  

 

 

 

 

 

 

(a) (b) 

(d) (c) 



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876  

Research paper    © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11,  Iss 8, Dec 2022 
 

1700 | P a g e  

 

Figure 4. HR-SEM images of (a) NiFe2O4, (b) NiCe0.2Fe1.8O4, (c) NiCe0.4Fe1.6O4 and (d) 

NiCe0.6Fe1.4O4  samples. 

 

3.3 HR-TEM analysis 

To find further evidence on the nano-scaled fine structure of NiCexFe2-xO4 (x = 0.0, 0.2 to 0.6) 

NPs, a structural analysis was performed by high resolution transmission electron microscopy 

(HR-TEM) and is revealed in Fig. 5a-c, respectively. The HR-TEM images of the samples 

clearly show that spherical shaped particles like nanostructures. Crystallographic clarifications of 

the as-prepared sample were done by recording the SAED (selected area electron diffraction) 

patterns of NiCexFe2-xO4 (x = 0.4) NPs as shown in Fig. 5d. A set of significant Debye rings 

agreeing to hkl planes; 311, 400, 511, and 440 of NiFe2O4 cubic crystal structure indexed a test 

of the purity and crystallinity of the products. The Debye rings appeared as incessant and are 

diffused and also evidently visible, agreement to good crystallinity, which additional leaflets that 

the products are very much in the nano regime and well-developed nanoparticles 
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Figure 5. HR-TEM images of (a) NiFe2O4, (b) NiCe0.2Fe1.8O4, (c) NiCe0.6Fe1.4O4 and (d) SAED 

patterns of NiCe0.6Fe1.4O4 NPs. 

 

3.4. Optical band gap analysis                                   

To study the optical and bandgap features of NiFe2O4 and Ce:NiFe2O4 NPs UV-Vis DRS (diffuse 

reflectance spectroscopy) is used, which determined bandgap with aid of Tauc relation. 

Kubelka–Munk (K-M) function F(R) is utilized to transform the diffused reflectance into 

absorption co-efficient, as stated in equation (4). 

   α = F(R) =                                                                           (4) 

Where, α the absorption coefficient and R reflectance. Therefore, the Tauc relation can be stated 

in equation (5), 

F(R)hν = A(hν - Eg)
n                                                                         (5) 

Where A, ν, h, and Eg, absorption coefficient, light frequency, Plank's constant and bandgap 

respectively. The permitted direct and indirect transitions are denoted by n = 2 and ½., from 

where the values of the both direct as well as indirect bandgap are obtained. 
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Figure 6. (F(R)hʋ)2 versus hʋ plots of (a) NiFe2O4, (b) NiCe0.2Fe1.8O4, (c) NiCe0.4Fe1.6O4 and (d) 

NiCe0.6Fe1.4O4  samples. 

The intention of the band-gap energy contains the extrapolation of the linear part of the 

curve attained by plotting (F(R)hν)2 versus hν to intersect the energy axis for all compositions  

(Fig. 6). The bandgap values can be deduced by extrapolation of the direct positions in the Tauc 

plot (F(R)hν)2 [29, 30]. The estimated energy band gap values were found to be 3.39, 3.36, 3.30 

eV and 3.26 eV, whereas for the bulk NiFe2O4 bandgap material the bandgap was found to be 2.2 

eV [31]. The variations of the optical bandgap due to the defects, additional sub-band energy 

molded by substation of Ce3+ ions and crystallite size of the nanoparticles [32]. 
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3.5 FT-IR Spectral analysis 

FT-IR spectra of NiFe2O4 and Ce:NiFe2O4 NPs are depicted in Fig. 7. The FT-IR spectra were 

documented in the range of 4000-400 cm-1 at room temperature (RT). The broadband at 3441 cm-

1 is linked to H-O stretching [33]. The C-H stretching vibration is associated with the band at 

2926 and 2851 cm-1 [4]. The characteristic absorption bands at 1726, 1632 and 1398 cm-1 are 

assigned to the C-O stretching band, due to the presence of traces of organic species (e.g. COO-) 

on the particle surface [34]. The bands at 1013, 1107, 1116, 1201 cm-1 are associated with the 

vibrations of spinel structure of NiFe2O4 NPs [35]. The bonds at 437, 456 cm-1, is consigned to 

octahedral (B)-metal stretching (Ni-O) and 582 cm-1 are linked to the tetrahedral (A) metal 

stretching (Fe-O) [36]. 

 

 

 

 

 

 

 

 

 

 

Figure 7. FTIR spectra of spinel (a) NiFe2O4, (b) NiCe0.2Fe1.8O4, (c) NiCe0.4Fe1.6O4 and (d) 

NiCe0.6Fe1.4O4  samples. 
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3.6. Magnetization analysis 

The magnetic parameters of NiFe2O4 and Ce:NiFe2O4 NPs were undertaken at a temperature of 

300 K and a stimulated magnetic field of -15 to +15 kOe. Magnetization (M) vs. applied field 

(H) plots are shown in Fig. 8. From the hysteresis (M-H) loop, the coercivity (Hc), remanence 

(Mr), and saturation magnetization (Ms) were determined. NiFe2O4 and Ce:NiFe2O4 NPs 

exhibited normal spinel structure, as divalent (Ni2+) and trivalent (Ce3+/Fe3+) metal ions reside in 

A and B sites [37-40]. The NiFe2O4 NPs were found to exhibit ferromagnetic nature. The 

coercivity values of NiFe2O4 and Ce:NiFe2O4 NPs were found to lie within 291.16 Oe to 175.97 

Oe (Fig. 9 and Table 2). The coercivity value is primarily organized by factors such as high 

anisotropy and cationic rearrangement [41,42]. Costa et al. reported superparamagnetic behavior 

whereas in this work ferromagnetic nature is observed. Hence, Hc values reported here are an 

order of magnitude smaller that those given in [5]. From the M-H hysteresis loop Mr values for 

Ce:NiFe2O4 NPs was found to be 6.43 emu/g (x= 0.0) and 7.84 emu/g (x= 0.3), then Mr values 

declined to 5.88 emu/g for (x= 0.5), whose values are found to be dependent on the crystallite 

size and shape of NiFe2O4 [8]. From the M-H loop, Ms values for NiFe2O4 and Ce:NiFe2O4 NPs 

were found to be within  26.95 and 34.08 emu/g. 
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Figure 8. M-H hysteresis loops of spinel NiCexFe2-xO4 (0 ≤ x ≤ 0.6) nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Variations of (a) coercivity, (b) remanant magnetization and (c) saturation 

magnetization of spinel NiCexFe2-xO4 (0 ≤ x ≤ 0.6) nanoparticles. 

Table 2. Coercivity, remanant magnetization, saturation magnetization of spinel  
NiCexFe2-xO4 (0 ≤ x ≤ 0.6) nanoparticles. 
 

 

 

 

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

NiFe2O4 291.16 26.95 6.43 
NiCe0.2Fe1.8O4 256.17 28.51 6.98 
NiCe0.4Fe1.6O4 215.79 31.20 7.84 
NiCe0.6Fe1.4O4 175.97 34.08 5.88 
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3.7. Photocatalytic studies 

NiFe2O4 and Ce:NiFe2O4 nanoparticles were examined towards the adsorption-desorption 

equilibrium that was attained in 30 min and towards the photocatalytic degradation (PCD) of 

Rhodamine B (RhB) below visible light irradiation [43, 44]. The PCD efficiency rates of C/C0 

(%) vs. time for RhB were shown in Fig. 10. The photocatalytic constancy of the blank solution 

under visible light irradiation was calculated in the nonappearance of NiFe2O4 and Ce:NiFe2O4 

NPs over 120 min, resulting in a PCD efficiency of 5.87%. The PCD efficiency of RhB solution 

using NiCe0.4Fe1.6O4 NPs showed a higher degradation percentage (93.88%) than other samples. 

It was found that the UV-adsorption intensity of RhB decreased with the increase of the reaction 

time gradually. All the degradation measurement values are offered in Table 3. 

 
Table 3. Percentage degradation of Rhodamine B on to Cerium doped NiFe2O4 

 

 

 

 

 

 

 

 

 

 

Sample RhB dye degradation efficiency (%) 

Blank 5.87 

NiFe2O4 58.31 

NiCe0.2Fe1.8O4 81.18 

NiCe0.4Fe1.6O4 93.88 

NiCe0.6Fe1.4O4 88.66 
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Figure 10. Rhodamine B dye degradation using spinel NiCexFe2-xO4  (0 ≤ x ≤ 0.6) nanoparticles 

 

3.8. Kinetic studies 

The kinetics rate of RhB dye photocatalytic decomposition study of NiFe2O4 and Ce-doped 

NiFe2O4 catalyst surface can be signified by the -pseudo-first-order equation:. 

-ln(Ct/C0) = kabs(t)                                                                                                       (6) 

Where, Ct = concentration of RhB at various time (t), C0 = initial dye concentration and kabs = 

pseudo-first order rate constant of dye removal (Fig. 11) and noted that NiCe0.3Fe1.7O4 possesses 

higher rate constant than other compositions [45, 46]. Hence, spinel NiCe0.4Fe1.6O4 NPs is the 

optimal attentiveness to enhance the PCD of RhB. The rate constant kabs value of RhB from the 

experimental data was given in Table 4.  
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Figure 11. Pseudo first-order kinetic plot for Rhodamine B dye degradation using spinel 

NiCexFe2-xO4  (0 ≤ x ≤ 0.6) nanoparticles. 

 

Table 4. Rate constant kabs value for the degradation of RhB on to NiFe2O4  

Samples k min-1 

Blank NiFe2O4 NiCe0.2Fe1.8O4 NiCe0.4Fe1.6O4 NiCe0.6Fe1.4O4 

RhB 0 0.006 0.0124 0.0194 0.0151 

 

3.9. Photocatalytic degradation mechanism 
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Based on the above outcomes and discussions, an appropriate photocatalytic degradation 

mechanism for RhB degradation over Ce-doped NiFe2O4 NPs is shown in Scheme 2. When 

passing the visible light on the catalysts surface, the electrons (e-) get excited from VB (valence 

band) to CB (conduction band) of Ce-doped NiFe2O4 along with producing holes (h+) in the VB. 

The CB excited electrons of NiFe2O4 get combined Cerium and electron-hole pair recombination 

rates become lower, hence enhances the photocatalytic process [43-46]. The CB electron get 

combines with a dissolved oxygen molecule to form anions of peroxide radicals (•O2
−) and 

similarly created hydroxyl radicals (•OH), owing to the reaction amongst holes and OH− ions. 

The RhB decomposes into a simpler molecule in the presence of •OH and •O2
− species into CO2 

and H2O. The appropriate PCD mechanism is listed in the equation. 

Ce:NiFe2O4 + Visible Light (hν)            h+(VB) + e- (CB)    (2) 

 h+(VB) + H2O             H+ + •OH       (3) 

e─ + O2                       •O2
─         (4) 

[RhB Dye] + •O2
─ + •OH                 H2O + CO2      (5) 
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Scheme 2. Photocatalytic mechanism of Rhodamine B (RhB) dye degradation using spinel 

NiCexFe2-xO4  (0 ≤ x ≤ 0.6) nanoparticles. 

3.10 Antibacterial activity 

The antibacterial activity of spinel NiFe2O4 and Ce:NiFe2O4 magnetic nanoparticles (Fig. 12) 

were examined beside gram-positive S. aureus (Staphylococcus aureus), B. subtilis (Bacillus 

subtilis) and gram-negative E. coli (Escherichia coli), K. pneumonia (Klebsiella pneumoniae) 

bacterial strains, correspondingly. From Fig. 12, it was originated that no zone of inhibition was 

obtained over the control. The variation in diameter of zone of inhibition was given in Table 5. It 

is found that the zone of inhibition growths with the rise in the Ce-dopant ratio [47, 48]. 

Moreover, a greater concentration of Ce substitution impact enhanced antibacterial activity than 

the lower concentration of Ce substituted NiFe2O4 nanopowders. The obtained smaller particle 

size and higher surface area with the volume ratio of the performance of the samples a vibrant 

character in the antibacterial activity of samples [49-52].  
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Figure. 12. Antibacterial activity of NiCexFe2-xO4 (x = 0.0, 0.2, 0.4 and 0.6) ferrite nanoparticles.  

Table 5. Antibacterial activity of NiCexFe2-xO4 (x = 0.0, 0.2, 0.4 and 0.6) ferrite 

nanoparticles.  

S. No. Bacteria Zone of Inhibition (mm in diameter) 
Control x = 0.0 x = 0.2 x = 0.4 x = 0.6 

1 Bacillus subtilis 12 14 16 19 18 
2 Staphylococcus aureus 10 12 14 17 16 
3 Escherichia coli 12 10 12 16 15 
4 Klebsiellapneumoniae 18 14 16 20 18 

 

4. Conclusions 

NiFe2O4 and Ce:NiFe2O4 samples were made by MCT and by utilizing the fuel Pedalium murex 

plant extract. XRD established the cubic spinel structure with space group Fd-3m. The lattice 

parameter (a) values were found to be in 8.350 - 8.389 Å interval. The surface morphology, 

structure, phase purity, and crystallinity of the samples were confirmed by HR-SEM, HR-TEM, 

and SAED patterns. The bandgap values were observed to lie within 3.39-3.26 eV interval 

attained by using the optical absorption spectra. FT-IR unveils the existence of all the 

characteristic functional groups of NiFe2O4 spinel nanoparticles. Ms values for NiCexFe2-xO4 

nanoparticles were deduced and it is observed to lie within 26.95-34.08 emu/g respectively. It is 

observed that the values of Mr are strongly dependent on the crystallite size and shape. The 

photocatalytic degradation efficiency of Rhodamine B using NiFe2O4 and Ce doped NiFe2O4 

under visible light. The photocatalyst NiCe0.4Fe1.6O4 exhibit higher photocatalytic degradation 

efficiency as 93.88 % at 120 min was achieved successfully and it may apply for the 

environmental pollution remediation process. It was found that Ce:NiFe2O4 (x = 0.4) display 
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advanced antibacterial activity against Klebsiellapneumoniae associated with other 

compositions. 
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