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Abstract 

Different concentration of cerium doped zinc oxide (CexZn1-xO 0.0 ≤ x ≤ 0.07) 

nanoparticles (NPs) were synthesized via co-precipitation method using zinc acetate, cerium 

nitrate as precursors, octylamine as capping and reducing agent. The structures, morphologies, 

optical activity (photoluminescence) and antibacterial properties of CexZn1-xO were analyzed by 

Fourier transform infrared (FT-IR) spectroscopy, X-ray powder diffraction (XRD), High 

resolution scanning electron microscopy (HR-SEM), Energy dispersive X-ray (EDX), High 

resolution transmission electron microscopy (HR-TEM), UV-Visible, Photoluminescence (PL) 

spectroscopy. The antibacterial activities of CexZn1-xO NPs were tested by modified Disc 

diffusion method. The XRD results showed that the Ce
3+ 

ions were successfully incorporated 

into the ZnO host, and the products were well-crystalline nature. The average crystallite size of 
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CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs were found to be in the range 15.64 nm -12.33 nm. In addition, 

the sphere-like morphology of CexZn1-xO NPs was confirmed by HR-SEM and HR-TEM images. 

The band gap of products was varying with the cerium substitution (x) and it increases the 

defects in ZnO and hence resulting red shift in UV emission which indicate the presence of 

narrow band gap in the products. In addition the as-synthesized CexZn1-xO NPs have important 

antibacterial activity against P.mirabilis, S.typhi. 

 

Keywords: Nanomaterials; Optical properties; ZnO; TEM; Antibacterial activity. 

 

1. Introduction  

The metal oxides with nanostructure possess certain unique properties like optical, 

phototocatalytic activity, semiconducting, insulating behavior etc., over their same bulk materials 

[1-3]. Particularly, the zinc oxide (ZnO) NPs has attracted researchers on account of its high 

photocatalytic activity, low-cost, easy fabrication, unique optical, magnetic and electronic 

properties etc. [4-9]. ZnO NPs has band gap energy of 3.37eV and great excitation binding 

energy of 60 meV at room temperature and it also showed excellent ultraviolet absorbance and 

antibacterial activity. Optical measurements confirmed the potential usage of ZnO NPs as 

translucent piezo electric and electro conductive materials. Several methods have been adopted 

for the synthesis of ZnO NPs which include hydrothermal, sol-gel, chemical precipitation, and 

microwave irradiation methods resulting different structures like nanoflakes, nanowires, 

nanoflowers and nanorods. The optical, magnetic and catalytic properties of ZnO NPs can be 

altered by doping with different types of metallic ions [10-12]. The doped ZnO NPs are acted as 

photocatalysts, gas sensors, light-emitting materials, solar cells, field-effect transistors, biological 
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systems (bio-imaging, drug delivery, etc.) and as a base material for magnetic semiconductor. In 

addition, doping of ZnO NPs with rare earth elements (like Ce, La, Tb, Er, Eu, Dy and Sm) 

shows certain interesting properties like efficient modulation of the emission in the visible range.  

 Current work is focused on investigating the result of cerium doping concentration on 

the structure, morphological and optical properties of ZnO NPs prepared by a facile chemical 

precipitation method using zinc acetate as source of Zn
2+

 ions and cerium nitrate as source of 

Ce
3+

ions. The chemical precipitation method to synthesis of CexZn1-xO NPs has many advantages 

like high quality, low-processing cost, quite low temperature and higher yield etc. over other 

methods. 

2. Materials and Methods 

2.1. Chemicals 

Zinc acetate (Zn(Ac)2), Cerium nitrate (Ce(NO3)3.6H2O), Octylamine (C8H19N), 

methanol (CH3OH) were purchased from Sigma-Aldrich and used without further purification. 

2.2. Synthesis of CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs 

Both ZnO and CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs were prepared by co-precipitation method 

using zinc acetate, cerium nitrate as metal precursors (Zn, Ce respectively) and octylamine as 

reducing and capping agent. The solution of 0.1M of zinc acetate in 100 mL methanol was added 

with 1 mL of octylamine then stirred vigorously for 24h t RT to obtain homogenous precursor 

solution. To this precursor solution, different moles (0.03, 0.05, 0.07) of Ce(NO3)3 were added 

and stirred continuously for 3h. Later 3 M NaOH was added drop wise into the obtained solution 

until pH attains 12. The resulting solution was aged for 1h and the precipitates were collected 

and washed using distilled water to remove the unreacted reagents. The slurry was dried in an 
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oven at 80˚C for about 10h and annealed at 400˚C for 2h. The pure ZnO NPs was prepared by 

adopting the same procedure without the addition of Ce(NO3)3.  

2.3. Characterization 

X-ray powder diffraction (XRD) pattern was recorded using PAN analytical X′Pert PRO 

equipment using CuKα (    1. 418  ). The morphology and elemental composition analysis of 

the samples were investigated by High resolution scanning electron microscope using (JEOL, 

JSM-67001). The optical absorption spectra were recorded by UV-Vis absorption spectrometer 

(Perkin Elmer T90 Spectrophotometer). Room-temperature photoluminescence spectral 

measurements were carried out using JY Fluorolog 3-11 spectrometer. The solid phase FT-IR 

spectrum in KBr pellet technique was recorded with (FT-IR; JASCO, Model 6300).  

2.4 Photocatalytic activity 

             The Photocatalytic activities were performed using Methylene Blue (MB)  

 textile dye in the solution under solar light. The average intensity of sunlight signal the surface 

of the reaction solution was about 90,000 lux, as measured by a digital lux meter. To 

demonstrate the potential applicability of pure ZnO and Ce doped ZnO NPs in environmental 

remediation, its photocatalytic activity was carried out in deionized water. The photocatalytic 

experiments were carried out with 100 mL solutions of MB (5 X 10
-5

 M) and 10 mg of the 

catalyst under constant stirring. About 3 mL of the aliquot solution was withdrawn at the 

different time interval (for every 20 min) from the reaction mixture was measured by UV-Vis 

Spectrophotometer. The photocatalytic degradation can be evaluated by measuring the 

absorbance of MB solution at 653 nm.  

 

 



5 

 

2.5. Antibacterial activity 

Antimicrobial activity of the prepared samples was tested in both gram-negative and 

gram-positive bacteria namely Staphylococcus aureus, Proteus mirabilis, Salmonella typhii and 

Bacillus subtilis by disc diffusion method with small modifications. The 24h bacterial cultures 

were swabbed in a Muller Hinton agar amended plates. Whatmann filter paper discs of 3 mm 

diameter were impregnated with 100 μL of the solution containing CexZn1-xO (0.0 ≤ x ≤ 0.07 

NPs and these discs could evaporation for 1 h. Reference standard discs were prepared with 

ampicillin (10 μg/mL) to compare the antibacterial activity of the samples. After drying, the 

discs were placed in swabbed bacterial plates and incubated at 28 °C for 24h. After incubation, 

plates were examined for clear zone around the discs. A clear zone more than 2 mm in diameter 

was taken for antibacterial activity.  

3. Results and discussion 

3.1. XRD analysis 

 Figure 1 showed the powder XRD powder patterns of CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs 

respectively. The diffraction peaks and their relative intensities of CexZn1-xO (0.0 ≤ x ≤ 0.07) 

NPs were match well with those given by JCPDS card no. 31-1451 of ZnO which indicated that 

all the samples had typical hexagonal wurtzite structure. In addition, no diffraction peaks of Ce 

or other impurity phases were found, hence we assume that the Ce ions have evenly substituted 

into the Zn
2+

 sites or interstitial sites in the ZnO lattice [13]. Furthermore, in Figure 2, the most 

intense peak of doped ZnO NPs shifted towards higher θ value as a result of the internal strain 

developed by the substitution of Zn
2+

 (host ions) by Ce
 
dopant [14-16]. The high peak intensity 

of all peaks suggested that the material was in highly crystalline nature.  

The lattice parameter was calculated using the formula given in Eq. (1):  
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where θ is the diffraction angle, λ, the incident wavelength (λ = 0.1540 nm), h, k, and l are 

Miller’s indices. The obtained lattice parameter values of both undoped and Ce doped ZnO were 

compiled in Table 1. The calculated lattice parameters of ZnO NPs (x=0.0) is a = 3.251, c = 

5.211 and the values are increased with increasing the concentration of Ce-dopant. The results 

indicated that Ce ions have been incorporated into the ZnO lattice since the ionic radius of Ce
3+

 

(1.034 Å) is much bigger than that of Zn
2+

 (0.74 Å). Similar result was reported by Aisah et al. 

[17]. In addition, c/a of CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs are 1.603, 1.601, 1.600, 1.598, 

respectively, was almost constant and has good correlation with the standard value (1.60). The 

results indicated that the incorporation of Ce ion in the ZnO matrix has no or little effect in the 

entire crystal structure of host compound.   

The average crystallite size was calculated using Scherer formula given in Eq. (2): 

                            



cos

89.0
L

                                                                 

---- (2) 

where L is the crystallite size, λ, the X-ray wavelength, θ, the Bragg diffraction angle and β, the 

full width at half maximum (FWHM). The average crystallite sizes of CexZn1-xO (0.0 ≤ x ≤ 0.07) 

NPs were given in Table 1. The average crystallite sizes of both ZnO and CexZn1-xO (0.0 ≤ x ≤  

0.07) NPs were found to be 15.64  (ZnO), 14.55  (Ce0.03Zn0.97O), 13.46 (Ce0.05Zn0.95O) and 12.33 

nm (Ce0.07Zn0.93O) respectively. Thus, the particle size decreases as a result of Ce doping in ZnO 

nanostructures. This reduction in the crystallite size is due to distortion in the ZnO matrix by 

Ce
3+

 dopant ions, which decreases the rate of growth of ZnO. 
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3.2. FT-IR Analysis  

The FT-IR spectra of CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs were shown in Figure 2. The peaks 

appeared at 718 and 457 cm
−1

 can be attributed to the metal oxygen (Ce-O and Zn-O) bonds. The 

stretching mode of C–O is observed at 1380 cm
−1

. A broad band occurred at 3442 and 1620 cm
−1

 

attributed to the stretching and bending mode of O–H group in water. The peaks corresponding 

to Zn-O bonds shifted towards lower wavelength for CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs indicating 

the incorporation of Ce ions. It was noted from the FT-IR data that the Zn–O vibrational mode 

was more prominently observed and this clearly concludes a strong doping exist in ZnO NPs.  

3.3. Morphological analysis  

3.3.1. HR-SEM studies 

Figure 3 showed surface morphology of CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs examined by 

HR-SEM analysis. HR-SEM images clearly indicated the sphere-like morphology of 

nanoparticles. Furthermore, the size of the microspheres also shows an obvious decrease after Ce 

doping, as shown in Figure 3. It may be due to the formation of Ce−O−Zn on the surface of Ce-

doped microspheres, which restrained the growth of crystalline. In addition, HR-SEM showed a 

transition from loosely aligned nano-spheres of pure ZnO to tightly aligned nano-spheres (like 

Cauliflower structure) after the Ce-doping.  

3.3.2. HR-TEM studies 

The formation of sphere like appearance of Ce0.05Zn0.95O NPs was further confirmed by 

HR-TEM analysis and shown in Figure 4a. From the TEM results, spherical shaped 

nanoparticles like morphology of samples were confirmed with the average particle size below 

20 nm. Figure 4b shows the corresponding selected area electron diffraction (SAED) pattern of 

the samples, which clearly showed the highly crystalline nature of the final products. The 
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chemical purity and elemental composition of the products were analyzed by Energy Dispersive 

X-ray analysis (EDX) as shown in Figure 4c and d. The EDX results showed the presence of Zn, 

O and Ce by the presence of their corresponding peaks without any other characteristic peaks 

and suggested that the prepared sample do not contain any other element impurities.  

3.4. Optical properties  

The effect of doping concentrations on optical properties of CexZn1-xO (0.0 ≤ x ≤ 0.07) 

NPs were investigated by UV–Vis diffused reflectance spectra and shown in Figure 5. The 

optical band gap of Eg is calculated using the following Eq 3 [18, 19], 

α   A(hν-Eg)
n
/hν         ---------------- (3) 

where A and n is a constant, equal to 1/2 for the direct band gap semiconductor. The band gap of 

the undoped Ce doped ZnO NPs can be given by plotting the value of (αhν)
2
 against the photon 

energy (hν) and the intercept of this linear internal of the energy axis at (αhν) 
2 

equal to zero 

gives the band gap (Figure 5) and listed in Table 1. It was observed that the cerium doping 

concentration had considerable effects on the band gaps of synthesized CexZn1-xO (0.0 ≤ x ≤ 

0.07) NPs. The optical energy band gap (Eg) is decreased from 3.02 to 2.71eV, while varying 

cerium dopant concentration from 0 to 0.07M. Furthermore, once a Zn site in ZnO was occupied 

by a Ce dopant, two primary effects were observed: (1) The impurity bands nearer to the lower 

edge of the conduction band was generated by substituted Ce and (2) The band gap get thin, due 

to the strong orbital coupling between Ce and O. Hence, the band gap of the synthesized the 

CexZn1-xO NPs can be tuned by Ce dopant concentration. In addition, the existence of extended 

UV spectra of the CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs showed its optical capability almost in the 

whole range of visible light spectra. The broad absorption in visible light range was may be due 

to the sp–d exchange interactions between the conduction band electrons and the localized d 
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electrons of the Ce
3+

 ions [20]. Furthermore, the s–d and p–d exchange interactions results a 

negative and a positive correction to the conduction band and the valence band edges 

independently, hence strong visible light absorption of the CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs were 

attained [21, 22]. Consequently, the rare earth (Ce) doping in ZnO matrix expands its visible 

light response by introducing the impurity energy levels in band gap, which is favorable for 

several potential applications. 

3.5. Photoluminescence (PL) spectral analysis 

Figure 6 shows the PL spectra of pure and Ce-doped samples at room temperature. All 

the samples exhibited UV and blue emission. The strong UV peak corresponds to the near-band-

edge emission (NBE) at 395 nm, resulting from the recombination intensities of UV emission 

peaks can be attributed to the increase of the defects and decrease in the size of ZnO [25]. In 

addition, the green emissions in ZnO crystal and the transitions involved in zinc interstitials [23]. 

In Figure 6, it was noted that the UV emission peaks for the CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs 

exhibit slight red shift while the intensities of free excitons. The enhanced blue emission peaks at 

425, 432, 459 and 486 nm were attributed to the defects like oxygen vacancies are severely 

suppressed. This shift may be due to the band gap narrowing caused by the downshift of the 

conduction band edge after merging with Ce-related impurity band formed below the conduction 

band [24]. Decrease in centered 425 nm was also observed. The peak at 504 and 525 nm was due 

to the radiative recombination of a photogenerated band with an electron occupying the deep 

oxygen vacancy [26-29] 

3.6 Photocatalytic degradation of Methylene Blue (MB) 

Photocatalytic activity and the degradation efficiency of pure and Ce doped ZnO 

nanoparticles was evaluated using MB degradation under solar light irradiation (Figure 7). 
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Generally, photocatalytic degradation (PCD) is expected to absorb the generation of electron-hole 

(e
─
/ h

+
) pairs. When the photocatalyst is irradiated with a photon of energy which equal to or 

higher than its band gap of the ZnO nanoparticles (e
─
/ h

+
) is created. Holes can react with water 

adhering to the surfaces of ZnO NPs to form highly reactive hydroxyl radicals (OH
●
). Meanwhile, 

the photo- generated electrons react with oxygen to produce superoxide (O2
●─

). These e
─
/ h

+
 pairs 

get repositioned to the surface of the photocatalyst and interact with the dye molecule to participate 

in redox reactions and as a result, the dye molecule degrades. The super oxide anion radicals can 

react with H2O to form H2O2, which could further yield reactive hydroxyl radicals (OH
●
). These 

reactive radicals work together and decompose organic compounds into CO2, H2O and other 

minerals [30-33]. 

3.7. Antibacterial Activities  

The antibacterial activities of synthesized CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs were tested 

against the human pathogens like Staphylococcus aureus, Proteus mirabilis, Salmonella typhii 

and Bacillus subtilis with reference to Ampicillin [34-37]. The inhibition zones were shown in 

Figure 8 and the values are listed in Table 2. From the results, it was observed that the 

synthesized CexZn1-xO NPs showed desired activity against P. mirabilis and S. typhi which 

causes causes kidney stone and typhoid fever respectively [. 38]The undoped and doped ZnO 

with low Ce dopant concentration showed no activity against S. aureus and B. subtilis. Hence, 

the synthesized CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs can be used in the treatment of kidney stone and 

Typhoid Fever. 

4. Conclusions 

CexZn1-xO (0.0 ≤ x ≤ 0.07) NPs have been synthesized by chemical precipitation route. 

The XRD measurements confirmed that the particle size (15.64 -12.33nm) of the synthesized 
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CexZn1-xO NPs decreases with increasing Ce concentrations and possess hexagaonal wurtzite 

structure. Furthermore, the sphere-like morphology was showed by HR-SEM and HR-TEM 

analysis. Additionally, the elemental composition was confirmed by EDX analysis. Moreover, it 

was observed that Ce
3+

 ions were successfully incorporated into the ZnO lattice, and the red shift 

was appeared in PL spectra for doped nanoparticles compared with undoped one. The band gap 

energies of doped nanoparticles were decreased from 3.02 to 2.71 eV with increasing the cerium 

doping concentration. Hence, these results indicated that the cerium doping concentration plays 

an important role in tuning the size, band gap and PL property of the nanoparticles. In addition 

the synthesized CexZn1-xO NPs possess significant antibacterial activity against P.mirabilis, 

S.typhi and used for treatment of kidney stone and typhoid fever. 
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                              Figure 1. X-ray powder patterns CexZn1-xO (0.0 ≤ x ≤  0.07) NPs 

 

 

 

 

 

20 30 40 50 60 70 80

x = 0.07

x = 0.05

x = 0.03In
te

n
si

ty
 (

a
.u

.)

2 Theta (degree)

x = 0.0

 

 

1
0
0
 

0
0
2
 

1
0
1
 

1
0
2
 

1
1
0
 

1
0
3
 

2
0
0
 1
1
2
 

2
0
1
 

0
0
4
 

2
0
2
 



18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. FT-IR spectra of CexZn1-xO (0.0 ≤ x ≤  0.07) NPs 
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Figure 3. HR-SEM images of CexZn1-xO ((a) x = 0.0, (b) x = 0.05 and (c) x = 0.07) NPs 
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Figure 4. (a) HR-TEM image (x = 0.05M), (b) corresponding SAED pattern (x = 0.05) and (c, d) 

EDX spectrum (x = 0.0, x = 0.05) of CexZn1-xO NPs. 
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Figure 5. Tauc plots drawn (αhν)
2
 versus photon energy (hν) of CexZn1-xO (0.0 ≤ x ≤  0.07) NPs 
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Figure 6. PL spectrum of CexZn1-xO (0.0 ≤ x ≤  0.07) NPs 
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Figure 7. PCD efficiency of CexZn1-xO (0.0 ≤ x ≤  0.07) NPs 
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Figure 8. Antibacterial activity of pure and Ce doped ZnO nanoparticles against (a) P. mirabilis, 

(b) S. typhi, (c) S. aureus and (d) B. subtilis 
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Table 1. Structural parameters (Lattice constant and Crystallite size) and energy band gap of 

CexZn1-xO (0.0 ≤ x ≤  0.07) NPs. 

 

x  Lattice parameter (Å)     D     V   Eg 

   a  c c/a   (nm)   (Å)
3
  (eV)  

0.0  3.251 5.211 1.603  15.64  53.92  3.02 

0.03  3.258 5.218 1.601  14.55  52.56  2.96 

0.05  3.265 5.225 1.600  13.46  53.12  2.91 

0.07  3.274 5.234 1.598  12.33  52.28  2.71   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



26 

 

 

Table 2. Antibacterial activities of CexZn1-xO (0.0 ≤ x ≤  0.07) NPs for against human pathogens 

 

 

 

 

 

 

 

 

 

 

 

 

Antibacterial activities of samples were determined as zone of inhibition (in mm) 

Samples P. mirabilis S .typhi S. aureus B. subtilis 

Ampicillin (C) 24 19 12 11 

x = 0 8 7 4 7 

x = 0.03 7 11 6 4 

x = 0.05 19 17 9 6 

x = 0.07 21 9 5 8 


