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ABSTRACT 

 Lead Zirconate-Titanate [(Pb (Zrx ,Ti1-x)O3 ) or PZT] with x= 0.52 was prepared by sol-gel method in which acetic 

acid acts as solvent and chelating agent. With no need to reflux, a homogeneous and clear sol in air was prepared in 

a short period of time. Aging and gelation was achieved by heating the sol at 100 °C for 24 hours. The pyrolysis was 

performed at 400 °C for 30 min and the calcination process was done at 650 °C and 850 Cº.  In all the heating steps, 

fourier transform infarared spectroscopy (FTIR) was used in order to monitor the trace of the organic solvent and to 

find the proper temperatures for all pyrolysis and calcination processes. The FTIR data showed that 400 °C and 650 

°C are proper temperatures for pyrolysis and calcination steps, respectively. X ray diffraction (XRD) spectrums 

show that the perovskite structure of PZT has been achieved at 650 °C and the size of nano crystallite has been 

increased with increasing the calcination temperature. The results of XRD   pattern were in good agreement with the 

result of FTIR. 
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1.    INTRODUCTION 

Fourier transform infrared (FTIR) spectroscopy is one of the most common spectroscopic techniques used by 

scientists. Simply, it is the absorption measurement of different FTIR frequencies by a sample positioned in the path 

of an IR beam.   Some of the infrared radiation is absorbed by the sample and some of it is passed through or 

transmitted. The main goal of FTIR spectroscopic analysis is to determine the chemical functional groups in the 

sample. Different functional groups absorb   different frequencies of the incident IR photons. These frequencies are 

unique and characteristic of every functional group. Therefore by measuring the characteristic absorption or 

transmission frequencies, one can identify the functional groups in the compound. In addition, the size of the peaks 

in the absorption spectrum is a direct indication of the amount of material present in the sample. Thus, FTIR 

spectroscopy would be an important and popular tool for structural elucidation and compound identification, or even 

for controlling and determine the proper conditions in the processing steps. In this paper we have used the FTIR 

spectroscopy for control and finding the proper temperatures of every step for synthesis the nano powder of Pb 

(Zr0.52 Ti0.48) O3 compound, prepared by sol gel technique.  

This compound has been widely used in capacitors, transducers, computer memory, pressure and pyroelectric 

sensors, electro optical modulators and etc. [1].  

Lead Zirconate-Titanate [(Pb (Zrx ,Ti1-x)O3 ) or PZT], with a general formula of ABO3, possess outstanding 

piezoelectric, pyroelectric and ferroelectric properties [1, 2]. This compound has been widely used in capacitors, 

transducers, computer memory, pressure and pyroelectric sensors, electro optical modulators and etc. [1]. Special 

attention is given to modified PZT systems at compositions near their morphotropic phase boundaries (MPB) 

between Ti-rich tetragonal and Zr-rich rhombohedral phases with monoclinic phases [3]. For example Lead 

Zirconate-Titanate (Pb (Zrx ,Ti1-x) O3) with x= 0.52, also known as PZT (52/48), has an outstanding  piezoelectric 

behaviour [1].  

There are various methods that have been successfully employed for the preparation of PZT powders, such as 

mixed-oxide, hydrothermal, sputtering, sol-gel and etc.  The effects of the preparation methods on various physical 

and chemical properties of this material have been extensively exploited to improve their performance. These 

techniques can be classified in two broad categories: physical and chemical techniques, the latter is more used and is 

more economical. One of the wide used chemical techniques is sol-gel route which is simple and inexpensive and 

we have used it in this research. 

This paper has been arranged as follow. In the first section the experimental procedure of sol gel is explained. In the 

second section the result of FTIR  and XRD spectrums are investigated and compared with each other. 

 

2.    EXPERIMENTAL PROCEDURE 

We used an acetic acid/water based sol-gel route for synthesis nano powders of PZT (52/48). The precursors of 

PZT(52/48) solution were lead(II) acetate trihydrate [Pb(OOCCH3)2.3H2O, Merk 99.5-102%], titanium(IV) 
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isopropoxide Ti[OCH(CH3)2]4, Aldrich, 99%] and zirconium(IV) propoxide Zr(OC3H7)4, Aldrich 70% wt. in n-

propanol]. The other reagents used were glacial acetic acid, deionized water, lactic acid, ethylene glycol and 

glycerol (all these chemicals with high purity were obtained from the Merck chemical company). 3.8 ml of glacial 

acetic acid (4.000 g, 66.66 mmol) was poured in a 50 ml flask and heated to 40 Cº. Then 6.596 g (17.38 mmol) lead 

acetate trihydrate was added to the flask and mixed by magnetic stirrer to dissolve. Titanium isopropoxide oxidized 

with the the oxygen  of  water molecules and cause nonuniform gelation of titanium isopropoxide and zirconium 

propoxide, therefore the resulting solution was heated and reflux in boiling water bath for 10 min in order to remove 

water.  

Because PbO is a volatile oxide and may escape from the system during heating treatments, lead was added as 13% 

excess of stoichiometric ratio. The anhydrous solution was then cooled to room temperature. Then while stirring, 3.7 

ml (8.22 mmol) of zirconium isopropoxide and then 2.1 ml (6.9 mmol) titanium propoxide were added carefully to 

the lead acetate solution. The final solution was clear. This solution was not a stable system. Infact, at room 

temperature, crystalline particles was formed. Therefore, distilled water must be added before the solution being 

cooled in the proportion 20 to 40 moles of distilled water to one mole of lead. After adding distilled water, the 

solution obtained was a relatively stable system without precipitation and crystalline particles. However, it has been 

reported that over a period of three days, the solution gradually increases its viscosity to form a transparent gel [3].  

In order to obtain a stable solution with a constant viscosity, lactic acid must be added into the solution in the 

proportion of one mole of lactic acid to one mole of lead [3]. Thus 7 g of distilled water (38.8 mmol) and then 1.5 ml 

of lactic acid was added. This sol was stable after passing about 6 months of its preparation (see figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The PZT sol after adding lactic acid as a stabilizer. 

 

The quantity of  lactic acid and water also determine the final viscosity of  sol. The more lactic acid and water that 

are added the lower is the final viscosity.  

About 7 ml of sol was poured in a beaker and placed in an oven at 100 °C for 24 hours. A homogenous yellowish 

gel was obtained (S1 sample). A quantity of gel was milled for XRD and a quantity of it was analysed by FTIR and 

a thermo gravimetric analysing (TGA). From the results of TGA analysis and works of researchers a thermal 

processing schedule established; i. e. some of the gel was milled and heated at 400 °C for 30 min in a porcelain 

crucible (S2). Some of The S2 sample first heated at 650 °C in an electrical furnace for one hour (S3) and then a part 

of S3 was heated at 850 °C for one hour in the furnace (S4). Fourier Transform infrared analysis (FTIR) and X-Ray 

Diffraction was performed for the samples. The results of these measurements have been discussed in the following 

sections 

 

 
 

Figure 2: The color of  samples  heated  at 100 °C for 24 hours(S1),  heated at 400 °C for 30 min and heated at 650 

°C  and  850 °C for one hour( S3 and S4 had the same color) . 
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3.    RESULTS AND DISCUSSION 

3.1. FTIR results 
The steps of synthesis the PZT powder from the dried gel to a crystalline powder have been studied and controlled 

by FTIR spectroscopy. The FTIR spectrum of the sol dried for 24 hours at 100 °C is shown in figure 1. In this 

diagram, absorption bands related to alcohol (1049 to 1118 cm-1), the methyl and methylene (871 to 1411 cm-1),  

Co2 (1411 to 1620 cm-1) bending vibration of water (1620 cm-1), CH (2869 to 2978 cm-1),  alcohol and hydrogen 

bond (3417 cm-1), Metal-OR (Cm-1 663 to 509 cm-1) is well evident. 

 

 
Figure 1: The FTIR spectrum of the sol, dried for 24 hours  at 100 °C . 

 

 
Figure 2:  The FTIR spectrum of  the gel heated for one hour at 650 °C 

 

 

Figure 3 shows the FTIR spectrum of the gel heated for one hour at 850 
o
C. Comparing this spectrum with figure 2, 

no significant changes is observed. Hence, we c conclude that the process of crystallization has been completed and 

the gel has been changed into PZT powder with perovskite crystal structure   at 650 
o
C.   

Moreover, the existence of  relatively broad band between 400 Cm-1  to   800 Cm-1 should  be related to the 

establish of the Ti-O-Ti  , Ti-O , Zr-O-Zr and Zr-O bonds, attached to C or Peroxyl groups. This broad band apear at 

the calcination temperatures more than 650 Co and is again an evidence for development of perovskite structure of 

PZT compound at temperature more than 650 
o
C.  These results are in consistent with result of other researchers [4-

5].   

 Figure 4 displays   the FTIR spectrum of the gel heated at different temperatures. There is two important facts in 

these spectrums. Firstly, the absorption band centered at 2370 Cm-1 which is appeared at high temperatures, should 

be related to the trapping of Co2 at the crystalline PZT powder. Secondly, the strong absorption bands (between 450 

Cm-1 to 700 Cm-1), appeared at 650 °C and 850 °C, is related to the M-O-M bonds (M stands for metal) of  PZT 
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perovskite structure. This band is not appeared in the FTIR spectrum of samples heated at 400 °C, which means that 

the crystal structure is not formed at this temperature. 

 

 

 

 
 

Figure 4:  The comparison of the FTIR spectrum of the gel heated at different temperatures. 

 

 

3.2. XRD results 

The phase formation and orientation of samples  calcinated at 650 and 850 °C temperatures were investigated using 

X–ray diffraction analysis in the range of 2θ = 0-90 degrees as illustrated  in figure 5 and 6, respectively. Figure 5 

clearly shows that crystallized PZT with tetragonal structure and formula of  Pb(Zr0.52Ti0.48)O3 has been formed. The 

XRD patterns clearly indicate the formation of the desired perovskite phase.  

Comparison of XRD pattern of gel calcinated at 850 Cº (figure. 6) with XRD pattern of figure 5 shows there is not 

any differences at the locations of peaks, thus it may conclude that at 650 °C the nanopowder has been completely 

converted to crystallized PZT with perovskite structure, these results are also in consistent with FTIR results. With 

comparing XRD patterns at 650 and 850 °C, it is observed that intensities of peaks have been increased and the 

widths of them have been decreased which means that the size of the crystallites should be increased. 

The average crystalline size was calculated using Debye- Scherrer equation [6]:                   

 

)cos(

9.0




D                                                                                                                                   (1) 

where D is crystallite average size assuming that the crystallites have spherical shapes, λ is the wavelength of X-ray 

radiation, β is the full width at half maximum (FWHM) in radian and θ is the Bragg’s angle in degree. 
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Figure 5: XRD pattern of PZT nanopowder calcined at 650 °C for one hour. 

 

 

 

 

 
Figure 6: XRD pattern of PZT nanopowder calcined at 850 °C  for one hour. 
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For calculating the mean value of the nanocrystallites size, we chose the most intense peak at Bragg’s angle 2θ = 

31.3 degree which comes from the reflection of (110) Bragg’s planes (see figure 5, 6). By this way the size of 

nanocrystals has been calculated to be 20.0 and 21.65 nm for the samples calcinated at 650 and 850 °C, respectively. 

 

4.    CONCLUSION 

In conclusion, we used sol-gel method base on acetic acid route for synthesis nano-powders of of PZT (52/48). The 

steps of synthesis the PZT powder from the dried gel to a crystalline powder were controlled by FTIR spectroscopy. 

The FTIR spectroscopy showed that the powder calcined at 650 and 850 °C have nearly the same FTIR spectrum 

which means the perovskite structure of PZT compound at temperature 650 °C has been accomplish. The phase 

formation and orientation of samples calcined at 650 and 850 °C temperatures were investigated using X–ray 

diffraction analysis. The XRD patterns showed taht crystallized PZT with tetragonal structure and formula of 

Pb(Zr0.52Ti0.48)O3 has been formed at 650 °C.. 
The size of the nanocrystals calculated by Debye- Scherrer equation were about 20.0 and 21.65 nm for the samples 

calcined at 650 and 850 °C, respectively. 
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