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ABSTRACT 

 Samarium doped bismuth titanate (BSmT) nanoparticles were synthesized by using sol-gel method and 

heat-treated at various temperatures such as 6500C, 7000C, 7500C, 8000C and 8500C for 3 hours and their structural, 

ferroelectric and dielectric properties were investigated. X- ray diffraction pattern confirmed the orthorhombic 

perovskite structure for the powder heat-treated at 8500C. The leakage current and dielectric constant of the BSmT 

were measured on metal-insulator-metal capacitors mode. The dielectric constant of BSmT heat-treated at 8500C 

is more stable compared to BSmT heat-treated at 6500C. Dielectric loss for BSmT heat treated at 8500C is lower 

compared with other samples. The remnant polarization (Pr) and coercive field of the BSmT powders heat treated 

at 8500C were 30 μC/cm2 and 132 kV/cm respectively.  
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1. INTRODUCTION 

 Bismuth titanate (Bi4Ti3O12, BT) is a member of the Aurivillius family of the bismuth oxide layer structure 

ferroelectrics. General chemical formula of the bismuth titanate is (B2O2)2+(Am–1BmO3m+1)2–,where A is mono, di or 

trivalent elements with dodecahedral coordination, B is a transition cation suited to octahedral and m represents 

perovskite layers number. BT is a suitable candidate for the application of high temperature piezoelectric materials, 

memory storage and optical displays because of its high curie temperature. Due to this property in recent year 

bismuth titanates has much high attention. However bismuth titanate materials have some drawback such as high 

conductivity and low remnant polarization. In order to solve this problem and further improve its ferroelectric 

properties, a small amount of impurity is added. Earlier reports revealed that Bi3+ ions in Bi4Ti3O12 structure can 

be modified by some rare earth ions, such as La3+, Nd3+, Sm3+, Pr3+ etc. Due to the ionic radii of samarium (0.108 

nm) compared with bismuth (0.117nm), this paper focuses Sm3+ modified bismuth titanate powders and its 

properties. 

There are various methods to synthesis BSmT powder such as chemical, sol-gel, solid state reaction, 

metalorganic chemical vapour deposition, etc. However sol-gel method has highly homogeneity, low cost and 

simplifying process. Earlier report shows the remnant polarization values is 20.9 μC/cm2 at 7000C and the leakage 

current is 0.03 at 6000C, 0.14 at 7000C. In this paper further we focus the ferroelectric and dielectric properties of 

Bi3.5Sm0.5Ti3O12 with different heating temperature by using sol gel method. 

 

2. EXPERIMENTAL METHOD 

 Samarium doped bismuth titanate powders (Bi3.50Nd0.50Ti3O12) were prepared through sol-gel method and 

heat treated at different temperatures such as 6500C, 7000C, 7500C, 8000C and 8500C by using bismuth (III) nitrate 

pentahydrate (Bi(NO3)3.5H2O), samarium (III) nitrate hexahydrate (Sm(NO3)3·6H2O), 2-methoxyethanol (C3H8O2), 

titanium IV butoxide (TiC16H36O4) and acetylacetone (C5H8O2) as the precursor materials. All solvents and reagents 

were of high purity grade, purchased from Sigma Aldrich and used without further purification.   

Bi3.50Nd0.50Ti3O12 nanopowder samples were synthesized by taking Bi(NO3)3.5H2O and (Sm(NO3)3·6H2O) 

in the stoichiometric ratio and were dissolved in C3H8O2. Stoichiometric amount of TiC16H36O4 was stabilized using 

C5H8O2. Clear transparent yellow precursor solution was obtained by mixing these precursor materials and this 

solution was continuously stirred for 3 hours to ensure the homogeneity.  The concentration of final solution was 

adjusted to 1.0 M by adding C3H8O2 and then stirred for 2 hour at 700C to get gel solution. After that the gel was 

collected and heat treated at different temperatures such as 6500 C, 7000C, 7500C, 8000C and 8500C for 3 hours.  

After heat treatment, yellowish white colored bismuth titanate powders doped with Sm were obtained. 

Structural property of Bi3.50Nd0.50Ti3O12 was characterized using X-ray powder diffraction (XPERT-PRO 

X-ray diffractometer) with Cu-K radiation (=1.5406 Å) over 2θ range from 20o to 80o at room temperature. The 

capacitance for the prepared Bi3.50Nd0.50Ti3O12 pellets were measured for Ag/Bi3.50Nd0.50Ti3O12/Ag structure using 

a LCR meter (4100R, Aplab, India) in the frequency range from 102 to 105 Hz and then dielectric constant was 
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determined from capacitance value. All measurements were carried out at room temperature. The ferroelectric 

measurement was carried out by using P-E loop tracer (Marine India) instrument. 

 

3. RESULTS AND DISCUSSION 

3.1 XRD analysis: 

 
Fig.1.XRD pattern for Bi3.50Sm0.50Ti3O12 at different temperatures 

 XRD diffraction patterns of Bi3.50Sm0.50Ti3O12 at different heat treated temperatures are shown in Figure 1. 

XRD peaks are very well matched with JCPDS data. XRD pattern of all heat treated temperatures can be assigned 

to the orthorhombic structure with space group symmetry of B2ab. As the heat treated temperature was increased, 

the peaks in the XRD patterns become sharper and FWHM decreased until heat treated temperature 8000C. This 

concludes that better crystallinity and increasing of crystallite size with the increasing of heating temperature upto 

8000C. After 8000C, the intensity of the most intense peak’s intensity decreased and FWHM increased. But at 8500C 

intensity of most intense peak decreased and FWHM increased. This cause may be due to the volatile property of 

bismuth. Crystallite size of the most intense peak (117) was calculated by using Scherrers formula 𝐷 =
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
. 

Where D is crystallite size, k Scherrers constant and  represents full width at half maximum. Crystallite size of 

the Bi3.50Sm0.50Ti3O12 prepared nanoparticles are 35nm, 38.7nm, 42.5nm, 43.33nm and 32.19nm for heating 

temperatures 6500C, 7000C, 7500C, 8000C, 8500C respectively. The decreasing of crystallite size for the heating 

temperature 8500C is due the ionic radius of samarium. In the XRD pattern particularly interesting that the a-axis 

oriented and c-axis oriented peak’s intensities increasing with the increasing of heating temperature. Therefore, we 

focused on the investigation of electrical and ferroelectric properties of synthesized Bi3.50Sm0.50Ti3O12 at different 

heating temperature. The lattice parameters are calculated by using Unitcell win Software. The obtained lattice 

parameters are a=5.444, b=5.398 and c= 32.786 that is well matched with earlier reports.  

3.2 Dielectric studies: 

  
Figure.2.Dielectric constant for Bi3.50Sm0.50Ti3O12 

at different temperatures 

Figure.3.Dielectric loss for Bi3.50Sm0.50Ti3O12 at 

different temperatures 

 

 The frequency dependent dielectric constant and dielectric loss for the synthesized Bi3.50Sm0.50Ti3O12 

nanoparticles are shown in figure 2 and 3 respectively. The measurement was taken in the range of 100Hz to 100 

kHz at room temperature. In Figure 2 dielectric constant increases with the increasing of heating temperatures and 
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decreases with the increasing of frequencies. At 100 Hz the dielectric constant are 111.2 141.7, 180.5, 229.4, 291.6 

for heating temperature 6500C, 7000C, 7500C, 8000C, 8500C respectively. Dielectric constant exhibits a slow 

decrease in the frequency range between 100 Hz to 10 kHz but there is no sudden frequency change, and then 

decreases deeply to a small value. This effect causes due to the space charge effect and/or indicating uniform 

homogeneity and uniform thickness.  

 Figure.3 illustrate the frequency dependent dielectric loss of the Bi3.50Sm0.50Ti3O12 nanoparticles at different 

heating temperatures. Dielectric loss values decreases with the increasing of heating temperature. Dielectric loss at 

100 Hz at heating temperature 8500C shows very low dielectric loss values. Due to the formation of oxygen 

vacancies, dielectric loss value at 8500C which is more than that of 6500C.  Dielectric loss at 100Hz are 0.082, 

0.077, 0.07, 0.0575 and 0.045 for heating temperature 6500C, 7000C, 7500C, 8000C, 8500C respectively. 

3.3 Ferroelectric studies: Figure 4 – 8 illustrates the P-E loop studies for Bi3.50Sm0.50Ti3O12 at heating temperature 

6500C, 7000C, 7500C, 8000C, 8500C respectively. P-E loop measurement was taken at room temperature at a 

maximum applied electric field of 800 kV/cm. It can be seen that well saturated P-E loop curves. P-E loop suggests 

that remnant polarization increasing with the increase of heating temperature. This increasing polarization values 

causes due the volatile properties of bismuth. Because of the volatile property bismuth create oxygen vacancy, so 

remnant polarization increases with the increase of temperature. This result well matched with earlier reports.  

   
Figure.4. Figure.5. Figure.6. 

 

  
Figure.7. Figure.8. 

Figure 4,5,6,7and 8 - P-E loops for Bi3.50Sm0.50Ti3O12 at 6500C, 7000C, 7500C, 8000C, 8500C 

In addition, for 8500C Bi3.50Sm0.50Ti3O12 shows low coercive field (132kV/cm) and high remnant 

polarization (Pr =30 μC/cm2). These values are sustainably higher than reported bismuth titanate values. Increase 

of Pr value is cause due to the size effect or a-axis and c-axis oriented planes. This result also matched with XRD 

results. From this we conclude that Bi3.50Sm0.50Ti3O12 is preferable candidate to use as non-volatile memory devices 

and FeRAMs because of its high remnant polarization and low coercive field. P-E loop studies confirmed the 

improvement of ferroelectric properties of Bi3.50Sm0.50Ti3O12. 

 

4. CONCLUSION 

 In this paper Bi3.50Sm0.50Ti3O12 nanoparticles were prepared successfully by using sol-gel method and heat 

treated at different temperatures. Effect of temperature on structural, ferroelectric and dielectric properties of 

Bi3.50Sm0.50Ti3O12 was studied. XRD result indicates that synthesized Bi3.50Sm0.50Ti3O12 heat-treated at 8500C has 

orthorhombic perovskite structure.  With the increase of heating temperature crystallite size increased and then 

decreased due to the volatile properties of bismuth. Intensity of a axis and c axis oriented peak confirm the 

ferroelectric properties of Bi3.50Sm0.50Ti3O12. Increase of dielectric constant and decrease of dielectric loss with 
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frequencies studied from the dielectric studies. Dielectric constant and dielectric loss of Bi3.50Sm0.50Ti3O12 haet-

treated at 8500C are 291.6 and 0.045 respectively. The P-E loop results indicated that Bi3.50Sm0.50Ti3O12 at 8500C 

have higher remnant (2Pr =60 μC/cm2) polarization and lower coercive (132kV/cm) field. So it has much attention 

in nonvolatile random memory access applications. 
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