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Synthesis & Structural Characterist ics of ZnBi2O4 
Nanoparticles Prepared by Citrate-Gel Auto Combustion 
Method

Zinc Bismuth nanoparticles with chemical composition of   
ZnBi2O4 is prepared by chemical citrate gel auto combustion 
method by using citric acid as fuel. The synthesized nano 
particles are sintered at different temperatures like 300OC, 
400OC, 500OC, & 600OC for 4 hours in air medium. The single 
phase cubic structure is confirmed by X-ray diffraction, the 
average crystallite sizes of these samples are found to be in 
the order of 34 nm to 60 nm. The surface morphology of the 
samples is studied by using Scanning Electron Microscopy. 
The EDS spectrum confirms the presence of Bismuth, Zinc and 
Oxygen without any precipitating cations. FT-IR spectroscopy 
confirms the formation of spinel structure, the average particle 
sizes of the samples are measured by using DLS technique.   
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Introduction: 

Nanoparticles are viewed as fundamental 

building blocks of nanotechnology.  They are 

starting point for many ‘bottom-up’ approaches 

for preparing nano structured materials and 

devices.     

Bismuth oxide as component finds use in wide 

applications in varsistors, catalyst and gas 

sensors. Bi2O3 based compounds are much 

better solid electrolytes than well-known 

stabilized Zirconia, because the face centered 

cubic (FCC)  Bi2O3 exhibits the highest ion 

conductivity of all oxides conductors [1-3] 

Mixed spinel oxides are complex metal oxides 

and have been an area of extensive study in 

recent years due to their significance in 

magnetic materials.  

Mixed spinel oxides are represented by the 

chemical formula AB2O4 where           A-

denotes divalent cations occupying tetrahedral 

sites and B-denotes trivalent cations in 

octahedral sites [4]. Now a days, spinel oxides 

with the chemical formula MBi2O4 (where M 

stands for metal such as Zn, Cu, Co, Mg, Ni Fe 

etc.) has been the interest of many researchers 

because of their extraordinary properties [5]. 

It is a well-known fact that the intrinsic 

properties of ferrite materials are intensively 

influenced by the composition and the 

microstructure of ferrite particles, which are 

highly sensitive to the experimental conditions 

and preparation technique which is used for 

their synthesis. The wet chemical methods 

appear to offer an alternative way to control the 

composition and microstructures of the 

materials. There are generally various wet 

chemical methods for fabrication of ferrite 

nanoparticles such as co-precipitation method 

[6, 7], hydrothermal method [8, 9], sol-gel [10-

11], spray-spin-heating-coating method [12] 

In this communication, we report the synthesis 

of Zinc Bismuth nanoparticles with chemical 

composition of ZnBi2O4 is prepared by chemical 

citrate gel auto combustion method by using 

citric acid as fuel. 

Materials and Methods:  

The starting materials used for the synthesis of 

Zinc Bismuth nanoparticles are   Zinc nitrate, 

Bismuth nitrate,   ammonia solution as buffer 

and citric acid as fuel for the synthesis of 

ZnBi2O4
 by citrate gel auto combustion method.   

Stoichiometric amounts of the metal nitrates 

along with citric acid were dissolved in distilled 

water. Molar ratio of metal nitrates and citric 

acid was taken as 1:1 [13]. The resulting clear 

solution was mixed and heated at 80OC with 

continuous stirring by using a magnetic stirrer 

with hot plate. The pH value of the solution was 

controlled at 7 by addition of ammonia drop by 

drop. The mixed solution was heated at about 

1000C with uniform stirring and evaporated to 

obtain a highly viscous gel. The resultant gel 

was further heated on a hot plate maintained at 

a temperature of 1800C to 2000C. The gel 

ignited on drying due to self combustion with 

the evolution of gases giving rise to a dark gray 

ash as product. This resultant ash powder 

samples were sintered for 4hours at different 

temperature like 300OC, 400OC, 500OC, and 

600OC. The powdered materials were 

characterized by various techniques like 

powder x-ray diffraction for phase conformation, 

surface morphology by field emission scanning 

electron microscopy & energy dispersive 

spectroscopy (FESEM & EDS)(XL30). Dynamic 

light scattering (DLS) (HoribaSZ100) was 

performed on samples suspended in ethanol 

using a YD-laser (532 nm) and the mean value 

of the obtained histogram was considered the 

average particle size. Fourier transform infrared 

spectroscopy (FTIR) (Magna Nicolet550) was 

performed for wavelengths 300-500cm-1 to 

confirm the spinel formation. 

Results and discussions:  

Structural analysis: 

The structural characterization of ZnBi2O4 

nanoparticles were carried out by using CuKα 

radiation of wavelength 1.5405 A˚ at room 

temperature by continuous scanning in the 

range of Bragg’s angles 5O to 80O in steps of 

2O/min to investigate the phase and crystalline 
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ZnBi2O4 at  sintering temperature 300O C 

 

 
 

ZnBi2O4 at  sintering temperature 400O C 

 
 

ZnBi2O4 at  sintering temperature 500O C 

 

ZnBi2O4 at  sintering temperature 600O C 

 

Fig.2. SEM images of ZnBi2O4 at sintering temperature 
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size. The recorded X-ray diffractograms, 

sintered at temperature 300OC, 400OC, 500OC, 

and 600OC are as shown in the Figure 1. This 

confirmed the formation of single phase 

structure.   

The average crystallite size, was determined by 

using Debye Scherer’s formula 

                                                         (1) 

 Where 

‘𝜆’ is the wavelength of the X-ray used 

for diffraction 

And 

 ‘𝛽’ is the full width half maximum 

(FWHM) in radians. 

    Surface morphology & particle size analysis: 

The surface morphology of the ZnBi2O4 nano 

particles sintered at temperature 300OC, 400OC, 

500OC, and 600OC was examined by FESEM 

and particle size by dynamic light scattering 

equipment. The surface morphology of the 

samples are as shown in Fig. 2, which  

indicates appearance of spongy porous like 

structure with the presence of  The globule 

shaped particles were confirmed to be ZnBi2O4 

The energy dispersive X-ray spectroscopy 

provided along with the FESEM confirms the 

presence of Zn, Bi and O elements without any 

precipitating cations. As evident from Fig.3  

The particle size was evaluated by dynamic 

light scattering analysis, which reveals the 

average particle size is in the order of 34 nm to 

60 nm at different sintering temperature like 

300OC, 400OC, 500OC, and 600OC which is 

good agreement with particle size calculated by 

Debye Sherrer’s formula. The particle size 

distribution is as shown in the Fig.4.   

As the sintering temperature is increases from 

300OC to 500OC   the particle size is increases 

from 34 nm to 60 nm and then decreases to 40 

nm at to 600OC. The variation of particle size 

with temperature is as shown in the Fig.5. 

The size of the particles is observed to be 

increasing linearly with sintering temperature. It 

appears that that increase in size with 

temperature becomes rapid between 300O C-

500O C and appears to be slowing down at 

600o C. While annealing generally decreases 

the lattice defects and strains, however it can 

also cause coalescence of crystallites those 

results in increasing the average size of the 

nanoparticles [14] 

Fourier Transform Infrared 

Spectroscopy(FTIR) analysis: 

According to Waldron [15], the spinel structure 

can be considered continuously bonded crystal, 

according to which, the atoms are bonded to all 

nearest neighbors by equivalent forces (ionic, 

covalent or Van der Waals). In spinel structure, 

the metals ions are situated in two different sub 

lattices designated tetrahedral (A-site) and 

octahedral (B-site) according to the geometrical 

configuration of the oxygen nearest neighbors.  

The IR spectra for the powder in the main form 

of ZnBi2O4 as prepared and annealed at 

different temperatures (300 OC, 400 OC, 500 OC 

and 600 OC) were recorded in the range of 

500–3500 cm-1 are shown in Fig. 6. The 

absorption peak observed at low frequency 

within 500- 900   cm-1 confirms the vibration of 

metal oxide bond in the spinel structure. The 

band observed at around 578 cm-1 is the 

characteristic vibration of Zn-O bond in 

tetrahedral site, where as the band observed at 

857 cm-1 is the characteristic of Zn-Bi bond at 

octahedral site. 

 The absorption observed   between 578 to 857 

cm-1 confirms the formation of spinel structure 

of ZnBi2O4 nanoparticles. 

Conclusions: 

A series of Zinc Bismuth nanoparticles with 

chemical composition of   ZnBi2O4 is prepared 

by low temperature auto combustion method 

and single phase were confirmed by XRD 

analysis. The surface morphology of the 

samples is studied by using Scanning Electron 

Microscopy with FESEM confirms the presence 

of Zn, Bi and O elements without any 

precipitating cations. The average particle sizes 
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EDS Spectrum of  ZnBi2O4 at  sintering temperature 300O C 

 

 

 

 

 

 

EDS Spectrum of  ZnBi2O4 at  sintering temperature 400O C 

 

 

 

 

 

                                    EDS Spectrum of  ZnBi2O4 at  sintering temperature 500O C  

 

 

 

 

 

 

 

 

 

 

 

                                       EDS Spectrum of  ZnBi2O4 at  sintering temperature 600O C 

Fig. 3. EDS spectrum of   ZnBi2O4 
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Average particle size distribution of  ZnBi2O4 at 

500OC 

 

Average particle size distribution of  ZnBi2O4 at 

600OC 

 

Fig.5. Variation of particle size with temperature. 

 

Fig. 6.  FT-IR spectra of  ZnBi2O4  sintered at 600OC 
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of the samples are measured by using DLS 

technique and found to be in the order of 34 nm 

to 60 nm.   The FT-IR spectroscopy confirms 

the formation of spinel structure 
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