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Green synthesis is a simple, eco-friendly and emerging approach of synthesizing Ceria-
Zirconia nanocomposites (CZ NCs) and evaluates its performance for the photocatalytic 
treatment of industrial waste water. Ceria-Zirconia NCs were synthesized using leaf 
extracts of Jatropha gossypiifolia L. for the application towards photocatalytic degradation 
of Brilliant Green (BG) dye under visible light irradiation. The Ceria-Zirconia NCs were 
characterized by Fourier Transform Infrared (FT-IR) spectrometer, UV-Visible 
spectrophotometer, X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM) 
equipped with Energy Dispersive X-ray Spectroscopy (EDX). FT-IR spectra indicate the 
presence of amino, carboxyl and hydroxyl functional groups on the crystal surface of the 
nanocomposites. In UV-Visible spectra, the nanocomposites exhibit the highest 
absorbance at about 252 and 340 nm. From XRD, the average crystallite size of the Ceria-
Zirconia NCs were found to be 80.36nm, while SEM images showed the spherical clusters 
of agglomerated nanocomposites. The elemental composition and the purity of the 
nanocomposites were confirmed by Energy Dispersive X-ray Spectroscopy. The superior 
antifungal activity was investigated against with the fungal strains Candida albicans, 
Aspergillus niger and penicillium. 
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1. Introduction 
 
The green synthesis of nanoparticles/nanocomposites is having much attention in current 

research themes. The metal oxide nanoparticles synthesized by physical and chemical methods are 
very harmful to the environment, synthesized nanoparticles also generate a large amount of 
hazardous by-products and the materials used are highly expensive. Recently, non-toxic and eco-
friendly chemicals have been used for the synthesis of nanomaterials [1-5]. Many plant extract 
mediated synthesis of  metal oxide nanoparticles and mixed metal oxide nanocomposites, are more 
cost-effective, eco-friendly can easily be scaled up for large-scale commercial production and safe 
nature for the human therapeutic use also. The plant extract act as a capping as well as reducing 
agent to produce metal oxide nanoparticles in different size and morphology [6]. Biological 
approaches using plants extract for the synthesis of metal oxide nanoparticles are a safe alternative 
to chemical synthesis. Further, research on plant extract mediated green synthesis of nanoparticles 
also have higher, physico-chemical and optoelectronics properties that are great importance for 
application in the field of electronics, chemistry, agriculture and medicine [7]. Cerium oxide 
nanoparticles are rare earth oxides and are used in wide range of applications such as catalyst, 
solid oxide fuel cells, sensors, sunscreen cosmetics, therapeutics agents, antibacterial activities, 
antioxidant properties and anti-parasitic ointments [8-10]. Zirconium oxide nanoparticles has been 
studied for many applications such as fuel cells, catalysts, biosensors, oxygen sensors, toughened 
ceramics, optical dielectrics and antibacterial activities [11]. Past few years, cerium and zirconium 
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mixed oxides have become a key factor in many heterogeneous catalysis applications. Moreover, 
the ceria-zirconia composites in nanoscale are key component of many catalysts and their 
supports, including photo catalysts due to their redox properties, oxygen storage capacity and high 
thermal stability [12-15]. 

Jatropha gossypiifolia is an Indian medicinal plant belonging to Euphorbiaceae family and 
contains approximately 175 species, cultivated throughout the tropical to temperate regions, have 
been used in various ailments like fever, stomach ache, tooth ache, eczema, cancer, tridosha, 
jaundice, anemia, carbuncles, dysentery, urinary discharges, abdominal complaints, fistula and 
disease of the heart [16, 17]. Pharmacological studies with different parts of J. gossypiifolia are 
shown to possess antibiotic, antioxidant, anti-inflammatory, antihypertensive, antimicrobial, 
anticholinesterase, hepatoprotective, insecticidal, pesticide properties and antidote for poisoning 
[18-20]. Ceria based nanoparticles have been synthesized from several plant extracts such as Aloe 
vera, Olea Europaea, Rubia cordifolia, Azadirachta indica, Lemon grass etc. [21-25]. 

Goutam et al. synthesized TiO2 nanoparticles using leaf extracts of J. Curcas and reported 
that the green synthesized TiO2 NPs showed the efficiency of 82.26% and 76.48% COD removal. 
The higher solar photocatalytic activity of green synthesized TiO2 NPs can be attributed to the 
nano-size, pure crystalline anatase phase, large amount surface hydroxyl groups and higher surface 
area [26]. An aqueous leaf extract of Jatropha curcas was used for the synthesis of silver 
nanoparticles (Jc-AgNps) and evaluated for its antibacterial potential against food borne pathogens 
[27]. The synthesized Jc-AgNps showed the significant bactericidal activity against Gram-positive 
and Gram-negative bacteria and were highly effective against E.coli. The green synthesized CeO2 
Nps were effectively reduced the particle size to 3-5 nm and homogeneous particles distribution 
was observed and showed high photocatalytic acetaldehyde degradation in comparison to 
chemically synthesized CeO2 which has particle size of 18-25 nm [28]. Zinc oxide nanoparticles 
were synthesized by using the leaf extract of Jatropha gossypiifolia for improving the 
photocatalytic and biological activity. The photo catalytic activities of ZnO Nps were investigated 
by the removal of methylene blue (MB) and malachite green (MG) organic dyes under UV light 
irradiation and found that the dye degradation efficiency of MB and MG were at 96% and 82% 
under UV light irradiation [29]. Ball-like Hexagonal Carbon-lignin/ Zinc oxide nanocomposites 
from castor leaves have been prepared [30] and found that they possessed highest photocatalytic 
performance on methylene blue at pH = 7.  

The morphological effect of Zr-doped CeO2 nanoparticles and the selective oxidation of 
styrene to styrene oxide using tert.butyl hydroperoxide as the oxidant have been studied by Renjia. 
It was found that Zr-doped CeO2 nanoparticles exhibited the highest catalytic performance 
followed by nanoparticles and nanocubes. The enhanced catalytic activity of the Zr-doped CeO2 
nanoparticles was mainly attributed to the higher percentage of Ce3+ species and more oxygen 
vacancies [31].  The impact of zirconium doping on ceria NPs on optical, photocatalytic, dye 
degradation, antibacterial and antifungal activities have been investigated by Bakkiyaraj et al. [32]. 
The slight decrease in crystallite size with increasing zirconium content in the ceria lattice has 
been observed.  

Premkumar et al. have been studied the synthesis of ceria–zirconia (Ce0.5Zr0.5O2) mixed 
metal oxide (MMO) nanoparticles using Meliadubia leaf extract and investigated antimicrobial 
efficacy.  The nanoparticles were screened for antibacterial and antifungal potential against the 
bacterial strains Pseudomonas aeruginosa and Streptococcus mutans and the fungal strain 
Candida albicans. The zirconia nanoparticles showed good antibacterial activity against gram-
positive and gram-negative bacterial strains compared to the pristine ceria and MMO 
nanoparticles. In particular, the zirconia nanoparticles showed excellent antibacterial activity 
compared to the positive control Gentamicin. However, the ceria nanoparticles exhibited superior 
antifungal activity in comparison with the positive control employed in the experiment, 
Amphotericin B [33]. 

From the literature survey, it has been found that only few research articles have been 
published about photocatalytic and anti-fungal activities of ceria-zirconia mixed metal oxide nano 
composites and very few reports are available for the chemical synthesis of ceria-zirconia mixed 
metal oxide NCs. As per our knowledge from the literature, there is none of an article have been 
published still for the synthesis of ceria–zirconia mixed metal oxide nanocomposites by greener 
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route and hence the present study. In this paper, we have reported the synthesis, characterization of 
ceria-zirconia mixed metal oxide nanocomposites using Jatropha gossypiifolia leaf extract by 
greener method and the photocatalytic degradation of Brilliant green (BG) dye and the effect of pH 
on photocatalytic degradation have been studied. Also, the antifungal activities of CZ NCs against 
Candida albicans, Aspergillus niger and penicillium have been investigated. 

 
 
2. Experimental 
 
2.1. Chemicals and materials 
Fresh leaves of Jatropha gossypiifolia were collected from Western ghats near Udumalpet, 

Tiruppur District, Tamilnadu, India. The plant material was authenticated by State Horticulture 
Experimental section, Tiruppur. Cerium nitrate and Zirconyl nitrate were chosen as the base 
materials. In the present work, required quantities of Cerium (III) nitrate [Ce(NO3)3.6H2O] 
(Aldrich, AR grade, 99%) and Zirconyl (IV) nitrate [ZrO(NO3)2.2H2O] (Aldrich, AR grade, 99%) 
were dissolved in double distilled water to get a homogeneous solution. The mixture is taken 
together in five Pyrex glass dishes in the molar ratios of 1:1, 0.8:0.2, 0.6:0.4, 0.4:0.6 and 0.2:0.8 
and the samples obtained were labeled as CZJC-1, CZJC-2, CZJC-3, CZJC-4 and CZJC-5 
respectively. The solid chemicals were used without any further purification. The double distilled 
water was used throughout the experimentation to make solution and washing purposes. 

 
2.2. Preparation of plant extract 
Fresh leaves of Jatropha gossypiifolia were used to make the extract. The leaves of 10g 

were taken, washed twice with double distilled water and cut into fine pieces. In order to prepare 
leaf extract, leaves were taken into 250 ml Erlenmeyer flask and 100ml of double distilled water 
was added and kept on a water bath for 40 minutes at 800C.Then the content is filtered using 
Whatman No: 1 filter paper and it was used for the synthesis of Ceria–Zirconia nanocomposites. 

 
2.3. Synthesis of Ceria–Zirconia nanocomposites 
Ceria–Zirconia nanocomposites were synthesized via a facile hydrothermal method at the 

molar ratio of Ce:Zr are 1:1, 0.8:0.2, 0.6:0.4, 0.4:0.6 and 0.2:0.8 respectively. Cerium nitrate [Ce 
(NO3)3.6H2O] and Zirconyl(IV)nitrate [ZrO(NO3)2.2H2O] were dissolved separately in double 
distilled water and mixed together in a Pyrex glass dish. 20 mL of Jatropha gossypiifolia leaf 
extract was added to the above mixture and stirred vigorously in a magnetic stirrer at 500 rpm to 
obtain a clear solution. The dish containing the reaction mixture was calcined at 500oC for 2 hours 
to obtain pale yellow CZ nanocomposites and their compositions are given in Table. 1. 

 
 

Table 1. Composition of synthesized Ceria–Zirconia nanocomposites. 
 

Name of the samples Formula of the 
nanocomposites  

Mole ratio of Ce: 
Zr 

CZJC–1 CeZrO2 [CeO2–ZrO2] 1 : 1 
CZJC–2 Ce0.8Zr 0.2O2 0.8 : 0.2 
CZJC–3 Ce0.6Zr 0.4O2 0.6 : 0.4 
CZJC–4 Ce0.4Zr 0.6O2 0.4 : 0.6 
CZJC–5 Ce0.2Zr 0.8O2 0.2 : 0.8 

 
 
2.4. Characterization techniques 
UV–Visible absorption spectra of synthesized Ceria–Zirconia nanocomposites were 

recorded using double beam UV-Visible spectrophotometer (UV-V-670, JASCO, USA) equipped 
UV-Probe software. The FT–IR spectra of the samples were recorded from 4000–400 cm-1 on the 
IR Prestige-21 spectrometer, Shimadzu using KBr pellets. X-ray diffraction (XRD) measurements 
were carried out on a Shimadzu lab X-6000 diffractometer with Cu Kα radiation (λ=1.54A˚). 
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Scanning Electron Microscope was used to investigate the morphology of the nanocomposites 
with Energy Dispersive X-ray spectroscopy (SEM with EDX) carried out with Oxford 
Instruments, INCA PENTA FET X3. 

 
2.5. Photocatalytic degradation 
Brilliant green (BG) is a triphenylmethane dye of Malachite green series and is a basic 

cationic dye. BG dye was purchased from Merck (Germany) and was used without any further 
purification. One gram of BG dye was dissolved in a litre of double distilled water to get a dye 
solution with a concentration of 1000 mg/L as stock solution. The concentration of the other 
solutions tested in the current study can be made by dilution method. The pH of the solution was 
adjusted with 0.1M sodium hydroxide and 0.1 M hydrochloric acid solutions. 

Brilliant green dye has been used for photocatalytic degradation under direct sun light 
irradiation for all the synthesized samples of CZJC–1, CZJC–2, CZJC–3, CZJC–4 and CZJC–5. In 
this case, several glass vessels containing 100 ml of dye solution (10 mgL-1 of dye) and different 
amounts of photo catalysts (10, 20 30, 40, 50 mg) were used to degrade the dye solution for 120 
minutes. 

At appropriate time intervals of 30, 60, 90, 120 minutes, about 5 mL of the samples were 
withdrawn from mixture by using a micropipette and centrifuged at 2000 rpm for 5 minutes. After 
centrifuged, the supernatants were analyzed for the determination of the final concentration of dye. 
The removal of BG dye was determined at 625 nm based on the absorption by using a UV–Visible 
spectrophotometer. The experiments at different pH values of 4 and 10 were also carried out, by 
adding 0.1M HCl and NaOH, to reveal the role of pH on photocatalytic activity of Ceria–Ziconia 
mixed metal oxide nanocomposites [34, 35]. 

The absorption spectra of dye are recorded in terms of change in intensity at λmax of a dye. 
The percentage degradation of dye is calculated using the formula: 

 
                                                           C0– Ct 
Percentage of Degradation =            
                                                               C0 

 
where, C0 = Initial concentration of the dye solution   
 Ct = Final concentration of the dye solution.   

 
 
3. Results and discussion 
 
3.1. Ultraviolet-Visible spectra 
UV–Vis. spectrum of pure cerium oxide gave a split absorption at 265 and 370 nm 

because of allowed O2−→Ce4+ charge transfer transitions [36, 37] and pure ZrO2 gave peaks 
maximum at 211 nm first and then at 295 nm [37]. UV–Vis. spectra of synthesized CZ 
nanocomposites gave peaks centered at about 310nm with high intensity indicates that the increase 
in the concentration of zirconium ions. The position of the absorption metal oxides moves towards 
red shift and hence the intensity of peak decreases with increasing the concentration of Zr as 
dopant. The absorption of mixed metal oxides is more intense than the pure Ceria as well as pure 
Zirconia. 
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Fig. 1. UV-Vis. spectra of Ceria–Zirconia nanocomposites. 
 
 
3.2. FT – IR spectra 
FT–IR spectroscopy was used to identify the functional group present in the Jatropha 

gossypiifolia extract which acts as a capping/reducing agent in metal ions precursor. A strong peak 
at 3445 cm-1 is observed due to –OH group present in the leaf extract and a most intense band at 
1367 cm-1 is also found because of methyl group symmetrical deformation in the compounds [39]. 
Another strong band at 1736 cm-1is attributed to stretching vibrational frequency of C=O of 
anhydride and a peak at 1217.83 cm-1 is assigned to the stretching mode of C-N bond of amino 
functional groups [40]. A peak at 498 cm-1 is a characteristic peak of Ce–O stretching vibration 
which reveals fluorite like structure [41, 42] and an absorption peak at 400 cm-1 is assigned to Zr–
O stretching vibration [43]. From the literature, it has been observed that pure CeO2 gave a peak at 
510 cm-1 and the introduction of Zr into Ceria crystal lattice matrix, the absorption shifts from 487 
to 508 cm-1 which is in good agreement with the literature. 

 

 
 

Fig. 2. FT-IR spectra of Ceria–Zirconia nanocomposites. 
 
 
 
 
 
 
 
 
 
 
 
 



104 
 

 
Table 2. FT–IR spectral data of synthesized Ceria- Zirconia nanocomposites. 

 

CZJC-1 CZJC-2 CZJC-3 CZJC-4 CZJC-5 

Peak 
Position 
(cm-1) 

Assignment 
Peak 

Position 
(cm-1) 

Assignment 
Peak 

Position 
(cm-1) 

Assignment 
Peak 

Position 
(cm-1) 

Assignment 
Peak 

Position  
(cm-1) 

Assignment 

491.75 Ce-O 489.83 Ce-O 487.90 Ce-O 508.15 Ce-O 500.43 Ce-O 

401.12 Zr-O 396.3 Zr-O 396.3 Zr-O 394.37 Zr-O 416.54 Zr-O 

1217.83 C-N 
stretching 1217.83 C-N 

stretching 1217.82 C-N 
stretching 1216.86 C-N 

stretching 1254.46 C-N 
stretching 

1559.17 

Interaction 
between 

plant extract 
and metal 

oxides 

1551.45 

Interaction 
between 

plant extract 
and metal 

oxides 

1560.13 

Interaction 
between 

plant extract 
and metal 

oxides 

1560.12 

Interaction 
between 

plant extract 
and metal 

oxides 

 
1560.12 

Interaction 
between 

plant extract 
and metal 

oxides 

1736.58 C=O 
stretching 1739.48 C=O 

stretching 1732.73 C=O 
stretching 1738.51 C=O 

stretching 1731.76 C=O 
stretching 

3731.58 O-H 
stretching 3734.48 O-H 

stretching 3730.62 O-H 
stretching 3733.51 O-H 

stretching 3730.61 O-H 
stretching 

 
 
 
3.3. X – ray diffraction studies 
X–ray diffraction is a powerful, nondestructive system for characterizing crystalline 

materials. The peaks obtained for synthesized CZ nanocomposites are shown in Figure. 3 and the 
structural parameters are given in Table 3. The crystallographic parameters are in good agreement 
with JCPDS data card No. 28-0271 with cell dimension α=5.359 and wavelength λ=1.54056Ǻ. 
The 2θ values are  obtained at 28°, 33°,47°, 56°, 70° and 77°corresponds to (hkl) values of (111), 
(200), (220), (311), (400) and (331) planes respectively which clearly indicates the formation of 
Ceria–Zirconia nanocomposites having FCC structure [44]. Using the Debye –Scherrer equation, 
D = (0.94λ) ⁄ β cosθ, where λ is the radiation wavelength, β is the peak full width at half maximum 
(FWHM) and θ is the Bragg’s angle, the average crystallite size ‘D’ was estimated. The unit cell 
parameters have been calculated using the most intense (111) plane of Ceria–Zirconia 
nanocomposites. From the table. 3, it has been observed that there is an increase in the lattice 
parameter from CZJC–1 to CZJC–3 and then decreases in CZJC–4 and CZJC–5 can be attributed 
to a shrinkage of the Ceria lattice due to the replacement of Ce4+ (0.97 A˚) ions with smaller 
cations, Zr4+ (0.84 A˚) in agreement with Vegard’slaw [45,46].The decrease in the lattice 
parameters can also be taken as an evidence for the formation of Ceria–Zirconia nanocomposites 
and the lattice parameter values obtained in the present study are in good agreement with the 
literatures [47,48]. 
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Fig. 3. XRD pattern of Ceria–Zirconia nanocomposites 
 
 

Table 3. Structural parameters of Ceria–Zirconia nanocomposites. 
 

Samples Crystalline size 
(nm) 

Lattice 
parameter (A°) V (A°)3 

CZJC–1 46.65 5.3255 151.04 
CZJC–2 81.50 5.4010 157.55 
CZJC–3 67.59 5.4696 163.63 
CZJC–4 62.41 5.2541 145.04 
CZJC–5 161.11 5.2233 142.51 

 

 
3.4. SEM analysis 
Scanning Electron Microscopy has emerged as a valuable technique to investigate the 

structural and morphological characteristics of crystalline materials. High magnification SEM can 
reveal the surface nature, crystallite size and shape of crystalline materials. The morphology of the 
synthesized Ceria–Zirconia nanocomposites has been depicted in Figure 4. From the SEM images, 
it has been clearly observed that CZ NCs were agglomerated potentially due to their hygroscopic 
nature. Jibin.T.Philip et al. synthesized CeO2 and Ce–Zr hybrid particles that results in the 
formation of enlarged and variation in particle size of significantly high [49]. 

SEM images (a, b, c, d, e) revealed that Ceria–Zirconia nanocomposites synthesized using 
Jatropha gossypiifolia leaf extract are polycrystalline with nano sized and granular in nature. 
These nanocomposites have particle size in the range from 46 to 161nm, in good agreement with 
particle size calculated. Introduction of Zr4+ions into Ceria lattice enhanced the crystallite size 
from 46.65 to 161.11. At higher concentration of zirconium, the agglomerated spherical shape of 
nanocomposites has been formed [50]. 
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Fig. 4. SEM images of (a) CZJC–1 (b) CZJC–2 (c) CZJC–3 (d) CZJC–4 (e) CZJC–5. 
 
 
3.5. EDX analysis 
The Energy Dispersive X-ray (EDX) spectroscopic analysis is used to determine the 

elemental composition of synthesized Ceria–Zirconia nanocomposites which confirmed the 
presence of cerium, zirconium and oxygen in CZ NCs synthesized by greener way. Figure 5 
showed the EDX spectra of the synthesized CZ NCs and Table.4 gives the weight percentage of 
each element present in the samples. EDX analysis confirmed the presence of Ce, Zr and O and 
revealed the formation of Ceria–Zirconia nanocomposites. Owing to the increase in concentration 
of Zr from 0.2 to 0.8 in Ceria lattice enhances the weight percentage in EDX spectra which 
confirmed the formation of Ceria–Zirconia nanocomposites with various molar ratio. 
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Table 4. Weight percentage of Ceria–Zirconia nanocomposites. 
 

Samples Composition Ce Zr O 
CZJC–1 CeZrO2 70.52 5.99 23.49 
CZJC–2 Ce0.8Zr 0.2O2 58.61 12.97 28.42 
CZJC–3 Ce0.6Zr 0.4O2 56.17 23.60 20.23 
CZJC–4 Ce0.4Zr 0.6O2 44.55 24.65 30.80 
CZJC–5 Ce0.2Zr 0.8O2 32.92 37.96 29.13 

 
 

 
(a)                                                (b)                                           (c) 

 
(d)                                            (e) 

 
Fig. 5. EDX of (a) CZJC–1 (b) CZJC–2 (c) CZJC–3 (d) CZJC–4 (e) CZJC–5. 

 
 
3.6. Photocatalytic measurements 
Brilliant Green dye is one of the important dyes used in the paper printing and textile 

industries especially for dyeing wool and silk materials. Its effluents are also generated from 
rubber and plastic industries. BG dye is hazardous when contact with skin, eye and ingestion. It is 
toxic to the lungs, through inhalation and prolonged exposure to the substance can produce target-
organ damage. During its decomposition it may generate carbon dioxide, sulphur oxides and 
nitrogen oxides. Therefore, it is important to remove Brilliant Green dye from industrial waste 
waters.  

The influence of pH on the photocatalytic reaction is an important factor for the removal 
of dyes and other contaminants in waste waters. In the present study, the photocatalyst is highly 
dependent on pH as it affects the surface charge of the photocatalyst, degree of ionization and 
active sites of dye molecules. To investigate the effect of pH on dye removal, experiments were 
performed by adjusting the initial pH in the range of 4 to 10. Figure 6 shows the variation of pH 
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with percentage of dye removal observed during experiments. The figure indicates and observed 
that the pH of the medium increases during the reactive phase, then stabilizes at pH close to 8–10 
depending on the initial pH. This increase in pH can be explained by the occurrence of water 
electrolysis resulting in hydrogen evolution and production of OH– ions.  

Figure 7, 8 and 9 depicts the variation of concentration of photocatalysts with their 
percentage degradation of Brilliant green dye removal at different pH of the medium. From the 
diagram, it is clearly indicates that at higher pH the percentage of removal of BG dye is more due 
to the facilitated formation of ۰OH radicals. 
 
 

 
 

Fig. 6. Variation of pH with % of dye removal. 
  

 
 

Fig. 7. Variation of % degradation of CZ NCs at natural pH. 
 

 
 

Fig. 8. Variation of % degradation of CZ NCs at pH = 4. 



109 
 

 
 

Fig. 9. Variation of % degradation of CZ NCs at pH = 10. 
 
 
3.7. Mechanism of photocatalytic degradation 
The general mechanism of photocatalytic degradation is given in Figure 10. In photo 

catalysis, when a material is irradiated with photons with energy equal to or higher than its band 
gap, electrons in the conduction band (CB) jumps to the valence band (VB) leaving positive holes 
and this stage is called reduction. As a result of reduction, the generated electrons and holes lead to 
the formation of reactive oxygen species (ROS) such as O2 and ۰OH (oxidation). The formation of 
ROS is the significant outcome of photo catalysis and can cause degradation of dye [51]. 
 

 
 

Fig. 10. General mechanism of Photo catalytic activity. 
 
 
3.8. Antifungal studies 
The antimicrobial behaviour of synthesized Ceria–Zirconia mixed metal oxide 

nanocomposites shown in Figure 11. The investigation of antifungal activities of CZ NCs 
concentration effects against Candida albicans, Aspergillus niger and Penicillium and exhibits the 
negative charge cell wall of the fungus has attracted by the positive charges ceria- zirconia mixed 
metal oxides. The equal molar ratio of Ceria- Zirconia mixed metal oxides has the better 

Band 
gap 

3.94eV 

CZ Photocatalyst 
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interaction with the cell wall followed the electrostatic attraction and this could be the reason for 
disrupts the cell wall eventually cause fungus death. 

The increase in concentration of Zirconium has effect in causing the improved antifungal 
activity as a result of increased ROS leading to destruction of the bacterial cell. On the other hand, 
the equal mole ratio of Cerium and Zirconium exposes the higher activity on the antifungal 
efficiency because of positive charge effect which creates the higher binding affinity with the 
fungal cell wall. The moderate antifungal activity of CZJC-3 was observed for Penicillium at 
concentration of 25 mg, 50 mg and100 mg correspond to 9, 13 and 17 zone of inhibition may be 
due to the sensitivity of nanoparticles associated with the different cell wall structures of fungi 
[52]. In the present study, we observed that CZJC – 1 shows higher zone of inhibition against 
Candida albicans while CZJC – 3 shows higher zone of inhibition against Aspergillus niger 
indicating that the difference in the crystallite nature of nanocomposites affecting the different cell 
wall structures of fungi under consideration. 

 
 

 
 

Fig. 11. Antifungal activity of synthesized Ceria-Zirconia mixed metal oxide nanocomposites. 
 
 

 
 

Fig. 12.Fungi – Zone inhibition of Ceria-Zirconia nanocomposites. 
 
 
4. Conclusion 
 
Ceria-Zirconia mixed metal oxide nanocomposites with varying mole ratios were 

produced successfully by green synthesis using Jatropha gossypiifolia L. leaf extract. UV-Visible 
spectra gives red shift and the intensity of the peak decreases with increase in the concentration of 
Zr as dopant. In FT-IR spectral analysis, Ce-O and Zr-O stretching frequencies confirmed the 
formation of CZ NCs and XRD shows the crystalline nature of the synthesized CZ NCs and the 
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size increases with increase in the concentration of Zr. SEM with EDX analysis confirmed the 
formation of agglomerated nanocomposites and the presence of Ce, Zr and Oxygen in the CZ NCs. 
The photocatalytic degradation of Brilliant green dye was observed more efficient in the basic 
medium (pH=10). The higher antifungal activities have been observed for CZJC ̶ 1 and CZJC ̶ 3 
against Candida albicans and Aspergillus niger respectively whereas the other nanocomposites 
have moderate antifungal inhibition against chosen pathogens. 
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