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Abstract: Ba4SrNdTi3V7O30 is a tungsten bronze structured polycr y 

stalline ceramic sample synthesized following solid-state reaction route 

at high temperature (i.e., at 950 °C). The room temperature X- ray 

diffraction study reveals the formation of single-phase orthorhombic 

structure. Detailed investigation of dielectric properties of 

Ba4SrNdTi3V7O30 in a broad frequency range (102-106Hz) at various 

temperatures (330-5000C) strongly suggests that these properties of the 

material are both frequency and temperature dependent. The existence 

of a dielectric anomaly proposes the compound has a transition at ~ 

424
o
C temperature for all the frequencies .From the study of 

temperature dependence ac conductivity the values of activation energy 

obtained in different regions, suggest the mixed type conduction 

process (i.e., ionic–polaronic and space charge generated from the 

oxygen ion vacancies) in the material. The ac conductivity spectrum 

obeys Jonscher’s universal power law.  
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           1. Introduction 

 

       Researchers are very closely related to materials, their properties and 

devices. For over more than a decade research and review of different works 

of the scientists put a revolutionary development in designing various 

devices for application. Looking to the recent development in the field of 

materials study a polycrystalline sample Ba4SrNdTi3V7O30 belonging to 

tungsten bronze (TB) structure is prepared by solid state reaction route. The 

study of electrical properties like dielectric, impedance and conductivity of 

many ferroelectric compounds belonging to TB structure unfold wide 

application especially in ferroelectric devices such as transducers, actuators, 

capacitors, and ferroelectric memories by virtue of their attractive 

ferroelectric, pyroelectric, piezoelectric, and nonlinear optical properties1–5. 

       The TB structure is a complex arrangement of distorted BO6 octahedra 

sharing corners in such a way that three different types of interstices (A, B 

and C) are available for cation occupying in the general formula 

(A1)2(A2)4(C)4(B1)2(B2)8O30. Generally, the smallest interstice C is 

empty, so the general formula is A6B10O30 for the filled tungsten–bronze 

structure. In this paper we focus on the dielectric and electrical properties of 

the lead free TB ferroelectric compound Ba4SrNdTi3V7O30 . 

 

2. Experimental 

 

       2.1 Material preparation: The preparation of Ba4SrNdTi3V7O30 

(BSNTV) polycrystalline sample is done using high purity (>99.9%) raw 

materials; BaCO3, SrCO3, Nd2O3, TiO2, V2O5 (M/S Sarabhai M. 

Chemicals, India), following a high-temperature mixed oxide process. 

Thorough mixing and grinding of these ingredients (taken in suitable 

stoichiometry), are done in dry and wet (methanol) medium for 2h each in 

an agate mortar. The powders obtained are then calcined at an optimized 

temperature (950 °C) and time (for 24 h) in air. Palletization of the calcined 

powder is done using uniaxial pressure of 5×106 N/m2. The pellets are then 

sintered in air at about 1000°C for 12 h to get the desired ceramic sample. 

Finally, the pellets are polished to make both the faces flat and parallel and 

then electroded with high purity air-drying silver paste and are dried at 150 

0C before taking electrical measurements. 

2.2. Material Characterization: The formation of compound is confirmed 

from the X-ray diffraction pattern of the presintered (calcined) powder by 
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X-ray diffraction (XRD) analysis using an X-ray powder diffractometer 

(Rigaku, Miniflex) at room temperature with CuKα radiation (λ=1.5405 Å) 

in a wide range of Bragg’s angles 2θ (200≤ 2θ ≤800) at a scanning rate of 

30/ minute. Microstructure of sintered pellet was recorded by JEOL JSM-

5800 scanning electron microscope (SEM).  The electrical impedance (Z), 

capacitance (C) and loss tangent have been measured as a function of 

frequency (100 Hz–1 MHz) at different temperatures (33–500 0C) with a 

computer-controlled impedance analyzer (PSM 1735, model: N4L).  

 

3. Result and Discussion 

 

       3.1 Structural analysis: Figure 1 shows the room temperature XRD 

patterns of the sample.  All peaks of the XRD pattern are indexed by using 

computer software package ‘POWD MULT’
7
. The patterns display single 

phase orthorhombic TB structure.  

 

 

 

 

 

 

 

                                                                                  

                             

 

 

 

 
 

Figure 1. Room temperature XRD patterns of Ba4SrNdTi3V7O30 

        
The best agreement between the observed (obs) and calculated (cal) inter 

planer spacing (d) (Σ (dobs - dcal) = minimum) of the compound is found in 

this system at room temperature. The least-squares refined unit cell 

parameters of the ceramics refined by the least-square method are: a = 

8.0614 (33) Å, b =7.5556(33) Å, c=22.9113(33) Å for BSNTV (with 

standard deviation in parenthesis). Using the refined lattice parameters, 

interplaner spacing d of each reflection of the compound was calculated and 

compared with its observed value. The crystallite/particle size of the sample 

was estimated from the broadening of the XRD peaks (β1/2), using 
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Scherrer’s equation8; P = Kλ / β1/2Cosθhkl, where K = constant = 0.89 and λ 

= 1.5405 Å. The average crystallite size of the compound is found to be 9.21 

nm. The broadening of reflections due to mechanical strain and other effects 

has been ignored. The cell parameters are consistent and comparable to 

some of the compounds of this family 9,10. 

3.2 Microstructural analysis: Figure 2 shows the scanning electron micro- 

g raph of the compound at room temperature describing its microstructure 

and surface property. The micrograph suggests the existence of 

polycrystalline texture of the sample as observed in XRD and having porous 

microstructure with the polycrystalline grains of typical dimensions in the 

range of 0.098μm. The distribution of grain is more or less homogeneous 

throughout the surface, but of non-uniform shape. Some of them are 

spherical in shape. Microstructure of this compound is comparable with that 

of other materials of this family11. 

 

 

 

 

 

 

 

 

                  

 
 

Figure 2. SEM micrographs and histogram (right) of Ba4SrNdTi3V7O30 

 

3.3 Dielectric analysis: Figure 3 shows temperature dependence of relative 

dielectric constant (εr) of BSNTV at some selected frequencies.  

 

 

 

 

 

 

 

 

 
 

Figure 3. Variation of εr (left) and tanδ (right) with temperature of  

Ba4SrNdTi3V7O30 at some selected frequencies. 
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A single anomaly appears at 424
o 

C for all frequencies showing 

ferroelectric–paraelectric phase transition at this temperature. The dielectri 

constant of the sample at phase transition is found to be 314, 286, 256 and 

249  at frequencies 50kHz, 100 kHz,500kHz and 1000kHz respectively. The 

frequency independent phase transition confirms that the compound is a non 

relaxor type of ferroelectric. From tan δ versus temperature plot (Figure 2 

right), The value of loss tangent is almost zero upto 300
o
C and thereafter it 

increases rapidly. The loss is very small below Tc, and a change in slope 

observed at higher temperature. 

3.4 Polarization study: The room temperature plot of polarization ~ electr- 

ic field on poled sample is as shown in Figure 4. Presence of loop confirms 

the phase transition from ferro–paraelectric phase. The remnant polarization 

is measured to be 2Pr = 0.069C/cm
2
 with externally applied electric field of 

strength 2.2485 kV/cm respectively 
 

 

 

 

 

 

   

 

     

                         

 

 

 

 
 

Figure 4. Room temperature hysteresis loop of Ba4SrNdTi3V7O30 

 

3.5 ac conductivity study: The frequency dependence ac conductivity 

spectra of Ba4SrNdTi3V7O30 at some selected temperatures are shown in 

Figure 5. The ac conductivity spectra(σac) is independent of frequency for 

entire frequency range and are also dispersive in nature for all the 

temperature which is due to electrode polarization. The flat plots are due to 

transition from long range hopping to short range ion motion and 

conductivity relaxation phenomenon12. The ac conductivity spectrum obeys 

Jonscher’s universal power law. 
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Figure 5. log σac ~ log f of Ba4SrNdTi3V7O30 at some selected temperatures 

 

       The plot of σac ~ absolute temperature (10
3
/T) at different frequencies 

are shown in Figure 6. In low-temperature region, σac is highly frequency 

dependent but is nearly independent of temperature. Such frequency 

dependence of σac has been attributed to a wide distribution of relaxation 

time due to spread in jump distances
13

. The plots are linear over a wide 

temperature region obeying the Arrhenius relation. 

 

 

 

 

 

 

 

 

 

      

 

 

 

 
 

Figure 6. Variation of σac with 1000/T of Ba4SrNdTi3V7O30 at 

two selected frequencies 

 

       Negative temperature coefficient of resistance (NTCR) type behavior in 

the material is noticed from conductivity study as is observed in 

semiconductors. An anomaly is observed at dielectric phase transition 
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temperature (i. e. at 424
o
C). The two curves merged at high temperature 

exhibiting frequency independent dc conduction phenomena confirming the 

conductivity mechanism in the material is due to the onset of intrinsic type 

of charge carriers14. The value of activation energy (Ea) in different regions 

calculated from slope of Arrhenius plot (σac ~ inverse of temperature) in 

various zones are given in the table. 

 
Table 1. Comparison of activation energy Ea (eV) of Ba4SrNdTi3V7O30 at two different 

frequencies in region I, II calculated from 𝜎𝑎𝑐 vs. 1/T graphs 

 

 

3.6 Impedance analysis: Complex impedance spectroscopy (CIS) is the 

most reliable technique to explain the electrical behavior of a system which 

include a number of strongly coupled processes. It makes easier to separate 

grain (intragrain) and grain boundaries (intergrain) contributions in transport 

properties of the material. 

       The temperature dependent Z’ ~Z’’ (complex impedance spectrum) of 

BSNTV measured at some selected temperatures (30–500
0
C) is shown in 

Figure 7 for both high and low temperatures. At high temperature two 

merged semicircular arcs are observed in the spectrum suggesting the 

electrical response is both due to grain and grain boundary activities within 

the material. This response is equivalent to two parallel RC series connected 

in series as inserted in figure. The decrease in resistivity is confirmed from 

the shift in the point of interception of the arcs towards the origin of the 

complex plane plot on the real axis. This decrease in the resistive behavior 

of the sample is assisted by the grain boundary conduction with rise in 

temperature15. At low temperature single semicircular arc s are observed 

contributed by grain effect only.  

 

 

Frequency in 

kHz 

 Region I Region II 

10 0.1283 0.4340 

100 0.0887 0.4364 
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            Figure 7. Nyquist plots of Ba4SrNdTi3V7O30 at different temperatures 

 

       The loss spectra or frequency dependent Z″ of Ba4SrNdTi3V7O30 at 

different temperatures is shown in Figure 8. Peaks are observed which shift 

towards higher frequency side with increasing temperature along with 

broadening of the peaks and decrease in peak height. Spreading of 

relaxation time is confirmed from the broadening of peaks suggesting the 

existence of temperature dependent electrical relaxation phenomenon in the 

compound16. This is due to thermally activated dielectric relaxation process 

and reduction of bulk resistance with temperature in the material. The 

merging of the dispersion curves at higher frequencies is because of 

liberation of space charges17. 

 

 

 

 
 

 

 

         Figure 8.  Loss spectra of Ba4SrNdTi3V7O30 at different temperatures 
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Figure 9. Z′ ~ frequency graphs of Ba4SrNdTi3V7O30 (x =1) at different temperatures 

 

       The variation of Z′ as a function of frequency (0.1–1000 kHz) at 

different temperatures (30–500
0
C) is as shown in Figure 9. At low 

frequency the figure shows spike like response at almost all temperatures 

and also dispersion spreads in a high frequency regime with increase in 

temperature. The Z' value is found to be increasing with increase in 

temperature showing PTCR behavior up to a particular temperature 

(~150
o
C)18 in low temperature region and then decrease with increasing 

temperature showing NTCR behavior whereas in pure Ba based compound 

shows NTCR behavior in all temperature range, some other compounds also 

show similar types of behavior. The Z' value rises to a large extent both at 

low and high temperatures. 

Extrapolation: Figure 10 shows the extrapolated plots of Z' vs. frequency 

and Z" vs. frequency, using KK relation, for all the compounds at some 

selected temperature. Left side of solid line in the graph marks extrapolated 

data and right side of the line represents the measured data. The frequency 

range chosen for the extrapolation is two decades below the minimum 

measured frequency. 

      The validity of the measured data is checked by using a new algorithm19. 

The main objective of this algorithm is to find out the real and imaginary 

component of the complex impedance within a finite frequency limit, more 

specifically in the low frequency limit where the possibility of deviation is 

more. The validity of the measured data is check by the following algorithm 
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Where (c) is internally consistent with (d) and vice-versa. The polynomial 

orders, k and m are same as m. Also, the polynomial order is optimized by 

testing the data for different orders (i.e., 4-8 order). KK response is very 

much sensitive to errors (if present in the dataset). This can be observed as 

discontinuity in the real and imaginary part of the impedance. Measured 

data for the sample exhibits a good agreement with the extrapolated data. 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10. Z'~ log frequency and Z" ~ log frequency, extrapolated using  

KKR of Ba4SrNdTi3V7O30 at some selected temperatures. 

 

3.7 Complex modulus analysis: The complex modulus spectrums (M′ 

versus M′′) of BSNTV at some selected temperatures are as shown in Figure 

11. 

 

  
 

 

 

 

 

 

          
Figure 11.  M

״
 versus M

′
 plots of Ba5-xSrxNdTi3V7O30 (x =0-2) at different temperature 
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       The material exhibits electrical relaxation process, confirmed from the 

semicircular arc which appears to overlap at all the temperatures. The 

intercept on the real axis indicates the total capacitance contributed by the 

grain. The electrical properties of materials showing a single circular arc in 

complex modulus plane are defined by the parallel combination of grain 

capacitance (C) and resistance (R). In the compounds no exact semicircles 

are obtained. The formation of depressed semicircles with centers positioned 

below the x-axis indicates the spreading of relaxation time and hence non-

Debye type of relaxation in these compounds. At low frequencies, the 

Nyquist plots of electric modulus exhibit the poly-dispersive nature for the 

dielectric relaxation. The appearance of asymmetric semicircular arcs 

indicates the electrical relaxation phenomenon in the materials. 

       The complex modulus loss spectra (frequency versus M′′) of BSNTV at 

some selected temperatures are as shown in Figure 12. The figure exhibits 

well resolved asymmetric broadening in peak caused by (i) the random 

orientation of anisotropically conducting species, (ii) the presence of phases 

of more than one composition or structure20
 (iii) spread of relaxation times 

with different time constant due to local defects, which confirms a non-

Debye type of relaxation.  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 12. Frequency response of M” of Ba5-xSrxNdTi3V7O30 (x=1) at 

different temperatures 

 

      Shifting of peaks towards high frequency side with rise in temperature 

confirms the thermally activated non-Debye type of relaxation process in 

which hopping of charge carriers with small polarons is dominated 

intrinsically21. The presence of peak indicates long to short range mobility of 

charge carriers with increase in frequency. The frequency variation of real 

modulus (M’) at different temperature is as shown in Figure 13. 
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Figure 13. Frequency response of M’ of Ba4SrNdTi3V7O30 at different temperatures 

 

       The low temperature plots approach to saturation at higher frequency 

side possessing maximum value of M' irrespective of temperature for all 

compounds. This is because of deficiency of restoring forces regulating the 

mobility of charge carriers in presence of an induced electric field22. But at 

high temperatures, at low frequencies, M' approaches to zero followed by a 

continuous dispersion with increase in frequency for all compounds. The 

saturation of M' at high frequency region is not seen in high temperature 

region.  

 

4. Conclusions 

 

       The polycrystalline ceramic sample synthesized following solid-state 

reaction route at high temperature (i.e., at 950°C). The room temperature X- 

ray diffraction study reveals the formation of single-phase orthorhombic 

structure. From SEM study distribution of grain is more or less 

homogeneous throughout the surface, but of non-uniform shape. Anomaly 

appeared at 424
o
C for all frequencies showing ferroelectric–paraelectric 

phase transition at this temperature. Presence of hysteresis loop confirms the 

phase transition from ferro to paraelectric phase. The ac conductivity 

spectrum obeys Jonscher’s universal power law. Negative temperature 

coefficient of resistance (NTCR) type behavior in the material from 

conductivity study as is observed in semiconductors. Two merged 

semicircular arcs are observed in the impedance spectrum suggesting the 

electrical response is both due to grain and grain boundary activities within 

the material. Z′ decreases with rise in both temperature and frequency 
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indicates the existence of negative temperature coefficient of resistance 

(NTCR) type behavior in the material as is observed in semiconductors 

whereas, in low temperature PTCR behavior is observed up to a particular 

temperature (~150
o
C).The complex modulus spectra show depressed 

semicircles with centers positioned below the x-axis indicating the 

spreading of relaxation time and hence non-Debye type of relaxation in 

these compounds. The extrapolation curve for Z' vs. frequency and Z" vs. 

frequency for the sample exhibits a good agreement between the measured 

and extrapolated data. 
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