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1. Introduction 
Semiconductor photocatalysis has attracted increasing attention for solar energy harvest just like dye-sensitized 
solar cells [1] and photocatalytic water splitting [2], and have attracted increasing attention owing to their 
magnetic, resistive, optical [3], electrical, catalytic, environmental remediation just like photocatalytic 
decomposition of pollutants in water and removal of toxic gas in the air [4] and electrochemical properties [5]. 
Among these semiconductors. The oxides of titanium (Ti), bismuth (Bi), zinc (Zn) and tin (Sn) are the prefered 
materials for the photocatalytic processes [6]. However, most of them generally have a wide band gap and 
relatively high recombination rate of electron–hole pairs, leading to a poor efficiency of photocatalytic reaction. 
They have been widely investigated for various applications such as water treatment as adsorbents of organic 
pollutants or heavy metal ions Pb2� [7]. A variety of approaches have been explored to enhance the 
photocatalytic activity of photocatalysts, including composite [8], morphological control [9], chemisorption of 
industrial gases [10] ion doping [11], surface sensitization [12], noble metal loading [13], fuel and Li-air cells as 
electrocatalysts of oxygen or H2O2 reduction [14] and hetero structure constructing [15].  
Incorporating Pb2+ ions into a spinel structure of ZnBi2O4 is a successful pathway to increase their physical, 
chemical properties, also the size of the grains of a material acts on its physicochemical performances, which 
often increases with the decrease of the size of the grains, and it is the objective of this study which showed that 
this substitution has an important effect on the properties Zn1-xPbxBi2O4 spinel structure (x =0.0, 0.1, 0.2, 0.3, 
0.4 and 0.5). Substitute with different Zn2+ cation of ZnBi2O4 spinel oxide (10%, 20%, 30%, 40 and 50%) by the 
Pb2+ cation to see the effect onstructural parameters sizes and bonds in material structure. 
However, the preparation processes of these approaches are complicated to some degree; therefore, looking for 
a simple compound of high efficient degradation ability for organic pollutants has been in the spotlight of 
photocatalytic researches. Spinel-like mixed metal oxides, usually with a chemical formula of A2+B2

3+O4, in this 
structure, all the A2+ ions occupy the tetrahedral sites and all B3+ ions occupy the octahedral sites.In this study 
A2+ present Zn2+ or Pb2+ ions after substitution, and B3+ present Bi3+ ions. 
  
2. Material and Methods 
Elaboration of the spinels compound Zn1-xPbxBi2O4  
The material Zn1-xPbxBi2O4 is synthesized from Zinc oxide (ZnO), lead oxide (PbO) and Bismuth trioxide 
(Bi2O3) are in the solid-state. Precursors are provided by Aldrich company. The preparation of the base 
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compound Zn1-xPbxBi2O4 is done by solid state method. We shall endeavor to describe the results obtained from 
the set of multi-scale characterizations performed on the different photocatalyst materials based exclusively on 
p-type semiconductors. The oxides Bi2O3, PbO and ZnO are weighed in the required stoichiometric proportions, 
then intimately mixed by thorough grinding in porcelain mortar until perfectly homogeneous mixture is 
obtained. This is subjected to first heating at T = 200 °C for 6 hours. At the end of this first heating, the mixture 
obtained is again finely ground for 20 minutes before being brought to the temperature of T = 400 °C for the 
same duration. All samples are then subjected to heating to 800 °C with grinding . 
The chemical reaction equations are :!!
!
- For the synthesis of  ZnBi2O4             :                         ZnO + Bi2O3                     ZnBi2O4 
- For the synthesis of  Zn1-xPbxBi2O4 :     (1-x)ZnO + xPbO + Bi2O3                         Zn1-xPbxBi2O4 
 
The experimental process is summarized in (Figure 1), and masses of each precursor are shown in Table 1.  
 

!
!

Figure 1 : Synthesis process for the elaboration of various Zn1-xPbxBi2O4 (x=0.0, 0.1, 0.2, 0.3, 0.4 and 0.5) spinels by solid 
state method.  

 
Table 1: Precursor mass for the elaboration of 1 g of various Zn1-xPbxBi2O4 (x=0.0, 0.1, 0.2, 0.3, 0.4 and 0.5) spinels. 

Precursors! % of Substitution 
Zn2+ by Pb2+ 

Zinc oxide 
(ZnO) 

Lead oxide 
(PbO) 

Bismuth tetroxide 
(Bi2O3) 

Error of all 
weight ± Chemical formula!

Zn1-xPbxBi2O4  

ZnBi2O4! x = 0.0             0 % 0.1487 g 0 g 0.8513 g 0.001 g 
Zn0.9Pb0.1Bi2O4! x = 0.1           10 % 0.1304 g 0.0397 g 0.8298 g 0.001 g 
Zn0.8Pb0.2Bi2O4! x = 0.2           20 % 0.1131 g 0.0775 g 0.8094 g 0.001 g 
Zn0.7Pb0.3Bi2O4! x = 0.3           30 % 0.0966 g 0.1135 g 0.7899 g 0.001 g 
Zn0.6Pb0.4Bi2O4! x = 0.4           40 % 0.0808 g 0.1478 g 0.7714 g 0.001 g 
Zn0.5Pb0.5Bi2O4! x = 0.5           50 % 0.0658 g 0.1805 g 0.7537 g 0.001 g 
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3. Results and discussion 
3.1. Structural characterizations  
The structural analysis X-ray diffraction of  Zn1-xPbxBi2O4 powders was carried out by a Bruker type D8 AXS 
diffractometer apparatus, with  copper anticathode (λCuKα = 0.15406 nm). The recording condition is 0.02 
°/20s for 2θ taken between 10° and 80°. The crystallographic parameters of all samples were refined from the 
experimental positions of the diffraction lines using the Fullprof program [16]. The X-ray spectrums indicate the 
good structural quality of our powders, due to one intense peaks with  low numbers of secondary peaks. The 
reitveld refinement by fullprof software show that all our powders has an orthorhombic  crystalin structure with 
Pmmm space group symmetry. Moreover, the spectrum does not include any additional line of sufficient 
intensity capable of belonging to any impurity, which indicates a good stability of all our powders. The table 2 
summarize the crystallographic cell parameters and cell volumes results of our spinels structures with partial 
occupancy of both 1/8 of tetrahedral, and ½ of the octahedral sites. A spinel unit-cell is made up of eight FCC 
cells made by oxygen ions in the configuration 2×2×2, so it is a big structure consisting of 32 oxygen atoms, 8 
Zn atoms and 16 Bi atoms. Depending on cations occupy different interstices. The spinel structure can be 
normal or inverse, see (Figure 2). 

 
Figure 2 : Representation of the ZnBi2O4 compound.!

 

For each spinels compound series, the evolution of cell parameters is monotonous of Pb2+ ion concentration (x) 
as shown in (Figure 3). We note that the variation of cell parameters of Zn1-xPbxBi2O4  are according to 
percentage of lead substitution. We observe generally an increase of the cell parameters a,b and c. The 
parameter a increase in range x=0-x=0.5 with high  increasement for x=0.1 and x=0.4. The b parameter has a 
continuous increasement following lead concentration from x=0 until x=0.5 except x=0.3. Also, the parameter c 
increase in range x=0.0-x=0.5 with a high increasement for x=0.2. We notice the short deacreasement of  
parameter b in x=0.3 lead concentration. These increasement of a,b,c parameters is due to Pb2+ radius, when we 
replaced Zn2+(R(Zn2+)[coordinence-6]=0.74Å and R(Zn2+[coordinence-4]= 0.6Å) by Pb2+ (R(Pb2+)[ coordinence-
6] = 1.18Å and R(Pb2+[ coordinence-4] = 0.94Å). 
According to the radii, 0.44Å or 0.34Å of the length has been added respectively in our spinel cell when we 
replace  each Zn2+ by Pb2+. This reason, can explain the parameters increasement. However, we notice the 
decreasment of some parameters in some x range, this decreasement prove the non linear substitution of Zn2+ by 
Pb2+, due to low lead concentration in cell wich exhibit a scattered distribution of Pb2+ in cell, wich cause some 
shrink of reticular planes. Also the attractive effect of the lead is more than that of the zinc, so the lead attract 
more electrons wich can cause reduce of cell parameters . The preferred orientation of reticular plan is other 
factor can cause a shrink or Stretch of cell [17] after lead incorporating into spinel structure wich give a 
possibility of increase or decrease of cell parameters. Also this increase or the decrease of the cell parameters, 
can be bound to the elasticity of the crystal lattice [18] trained by groupings bound only by summits. The 
reability factors result from rietveld refinement are reported in Table 3, and the experimental, calculated and 
differential spectra as shown in (Figure 4). This study show the strong effect of  Zn2+ versus Pb2+ electronic 
configurations on the spinel structural parameters. 
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Figure 3 : Evolution of volume and cell parameters of all our spinel function x Pb2+ content .  

 
Table 2 : Cell parameters extracted from full pattern refinements of various Zn1-xPbxBi2O4 spinels 

Zn1-

xPbxBi2O4 
a (Å) Error(Å) 

± 
b (Å) Error(Å) 

± 
c (Å) Error(Å) 

± 
α=β 
=γ(°) 

V (Å3) Error(Å3) 
±  

x=0.0 14.4369 0.0010 12.0224 0.0010 4.3519 0.0010 90.00 755.3484 0.0010 
x=0.1 24.9893 0.0010 14.4408 0.0010 4.6436 0.0010 90.00 1675.7090 0.0010 
x=0.2 16.7116 0.0010 16.1244 0.0010 8.2069 0.0010 90.00 2211.4690 0.0010 
x=0.3 18.0995 0.0010 7.24360 0.0010 5.1196 0.0010 90.00 671.1995 0.0010 
x=0.4 24.3326 0.0010 16.1954 0.0010 5.1259 0.0010 90.00 2020.0050 0.0010 
x=0.5 19.2020 0.0010 16.2124 0.0010 5.8874 0.0010 90.00 1832.8220 0.0010 

 
Table 3 : Agreement factors of the Rietveld fitting for x =0 ,0.1, 0.2, 0.3, 0.4, 0.5!

Pb content x Rp (%) Rwp (%) Rexp(%) Gof 
0.0 12.6 18.9 9.17 2.06 
0.1 12.6      18.2      12.32 1.47 
0.2 11.0      13.8      5.77                         2.4 
0.3 10.1      15.2      9.51                         1.60 
0.4 10.3 15.4      8.86      1.74 
0.5 14.0      28.2     10.21 2.76 

This Rietveld analysis show clearly, following the reability factors: Rp (background subtracted) estimators, Rwp 
(revealing the profile) and Gof (overall quality factor) a good structural refinement with Rp,Rwp less than 15% 
and Gof near or less than 2. We note that three Rwp factors for x=0.0, x=0.1 and x=0.5 are more than 15%, 
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despite model change and profile refinement, reason to their spectrum, they need more XRD time analysis for 
having more spectrum quality. But their Gof factors is less than 2 for x=0.1 and near 2 for x=0.0 and x=0.5. 
Also the low difference between calculated and observed spectrum curve indicate the good refinement of all our 
spinels structure. 

 
Figure 4: X-ray diffraction patterns of compounds Zn1-xPbxBi2O4, x = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5!

3.2. Fourier transforms infrared spectroscopy (FTIR)  

FTIR spectroscopy is an Optical technique that detects molecular bond vibrations and rotations upon absorption 
of infrared light [19]. Because different chemical functional groups absorb the infrared light at different 
frequencies [20] , FTIR spectroscopy can be used for chemical structure analysis, chemical fingerprinting and 
chemical imaging [21]. This absorption show the existence of bonds of some samples. The infrared spectrum 
represents the transmittance (T) on the ordinate, it is expressed as a percentage (%) according to the waves 
number, and is expressed in (cm-1). We can see that the absorption strips are pointing downwards to a low 
transmission value corresponding to a high absorption and each band is characterized by its position, width and 
intensity.  
FTIR spectroscopy thus provides both qualitative and quantitative information and is shown to be an effective 
companion technique to X-ray diffraction, The FTIR spectrum show also the bands arising from inter atomic 
vibrations. The structural changes brought by metal ions is strongly influenced the lattice vibrations. The lattice 
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vibrations also depend on the cations mass, the cation oxygen and the bonding force.  The (Figure 5) show that 
our spinels oxide powders Zn1-xPbxBi2O4 (x = 0, 0.1, 0.2, 0.3, 0.4, 0.5) manifests absorption peaks in the range 
of 400–4000 cm-1. The inset indicates two absorption bands which is a common feature of all spinels. Two main 
absorption bands corresponding to the stretching vibration of the tetrahedral and octahedral sites are around 550 
and 620 cm-1, respectively. The tetrahedral bands are shifted from lower bands to higher bands 620 cm-1 , that 
can be ascribed to the shifting of Bi3+ ions towards oxygen ion on the tetrahedral site which decreases (B3+– O2-) 
distances. The band at 1375 cm-1 is attributed to the formation of Pb2+ substituted spinel bismuth Bi3+. The band 
at 1625 cm-1 is ascribed to the presence of absorbed water (H–O–H).  
 

 
Figure 5: FTIR spectra of Zn1-xPbxBi2O4 compounds (x = 0, 0.1, 0.2, 0.3, 0.4, 0.5)!

The results of Infrared light Transmittance of various Zn1-xPbxBi2O4 spinels summarized in Table 4 show clearly 
that the transmittance decreases with the increase in concentration of Pb in the spinel, since the lead serves as 
protection against radiation to attenuate X-rays and gamma rays which have a high energy due to its density and 
its absorbing properties, so it can easily attenuate the infrared light radiation that has low energy. This result is 
in agreement with the cell volume on crystalline structure of each compound, because the cell volume decrease 
for some sample with the increase of concentration of Pb in the Zn1-xPbxBi2O4 (x = 0.1and 0.3), after this 
decreases the materials become denser and more absorbent of light which explains the decrease of the 
transmittance. 

Table 4: Infrared light Transmittance of various Zn1-xPbxBi2O4 spinels.!

! Zn1-xPbxBi2O4 Powders Transmittance (T %)  

Wavenumber 
(cm-1) 

x=0.0 x=0.1 x=0.2 x=0.3 x=0.4 x=0.5 Error of 
all T% ±  

Spectral 
form 

562 0,87 0,74 0,75 0,65 0,65 0,7 0.01 wide 
620 0,83 0,74 0,75 0,64 0,63 0,63 0.01 wide 

1375 0,78 0,75 0,68 0,62 0,45 0,65 0.01 delicate 
1625 0,75 0,7 0,64 0,55 0,58 0,54 0.01 wide 
2340 0,81 0,73 0,65 0,58 0,54 0,45 0.01 delicate 
2280 0,78 0,77 0,63 0,54 0,48 0,44 0.01 delicate 
3440 0,65 0,55 0,38 0,35 0,34 0,32 0.01 wide 
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Conclusion 
The results obtained from the characterization of XRD made it possible to observe the presence of the single 
phases of the spinel oxide Zn1-xPbxBi2O4. The substitution of Zn2+ by Pb2+ exhibit an increase in cell parameters 
of all powders Zn1-xPbxBi2O4 (x = 0, 0.1, 0.2, 0.3, 0.4, 0.5) and a decrease in transmittance of infrared light. The 
most striking aspect of the set of samples is their high crystallinity, preferential orientation of the 
crystallographic planes powders Zn1-xPbxBi2O4, influenced by the preparation technique itself and the operating 
conditions (chemicals, annealing temperature, etc.). It should also be noted that the widening of the feet of 
diffraction lines for all  powders should be small. Moreover, the presence of shoulders to the left of the lines for 
the compound Zn1-xPbxBi2O4 is very visible on the diffractogram DRX, which could testify some heterogeneities 
of crystal phase compositions. 
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