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ABSTRACT 

Polycrystalline sample of Ba5HoTi3V7O30 was prepared using solid-state reaction technique. X-ray structural analysis 
indicated a single-phase formation with orthorhombic structure. Microstructural study by SEM showed non-uniform 
distribution of grains over the surface of the sample. Impedance and modulus spectroscopy studies were carried out, as 
functions of frequency (42 Hz - 5 MHz) and temperature (RT-773K). The Nyquist plots clearly showed the presence of 
both bulk and grain boundary effect in the compound. Electrical phenomena in the material can appropriately be mod-
eled in terms of an equivalent circuit with R, C and CPE in parallel. The fitting procedure used here allows us to deter-
mine the value of R and C with good precision. Here R2 and R3 correspond to the resistance contributed from the grain 
boundary and bulk, respectively. C1 and C2 correspond to the capacitance contributed from the grain boundary and bulk, 
respectively. The real part of electrical modulus shows that the material is highly capacitive. The asymmetric peak of 
the imaginary part of electric modulus M″, predicts a non Debye type relaxation. The activation energy of the com-
pound (calculated both from impedance and modulus spectrum) is same, and hence the relaxation process may be at-
tributed to the same type of charge carriers. 
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1. Introduction 

Ferroelectric compounds of tungsten bronze (TB) struc-
tural family covers a large number of ferroelectric mate-
rials which are found to be useful for applications in 
various electronic devices such as transducers, actuators, 
capacitors, and ferroelectric random access memory [1,2]. 
They have also some associated properties like pyroelec-
tric, piezoelectric, and nonlinear optical properties [3-5]. 
The TB structure consists of a skeleton framework of 
distorted BO6 octahedral sharing corners in such a way 
that a variety of cations can be substituted at three dif-
ferent types of interstices (A, B, and C) of a general for-
mula (A1)2(A2)4(C4)(B1)2(B2)8O30. Thus it provides scope 
for improving the ferroelectric properties in search of 
new and better materials for device applications .where 
A-type (mono or divalent) cations can be accommodated 
at different types of interstitial (A1, A2) sites. Tri- or 
pentavalent atoms are substituted at octahedral sites B1 
and B2 [2]. The C site (smallest interstice) is generally 
empty.  

Detailed literature study reveals that a lot of work has 
been carried out on ferroelectric niobates, vanadates and 

tantalates having TB structure [6-9] such as, Ba5RTi3–x- 
ZrxNb7O30 (x = 0, 1, 2, 3) [10,11], Ba5RTi3Nb10O30 (R = 
Dy and Sm) [12], Ba5−xSrxDyTi3V7O30 (x = 0 - 5) [13], 
Sr5EuCr3Nb7O30 [14], Ba4SrRTi3V7O30 (R = Sm, Dy) [15]. 
These compounds show many interesting properties like 
diffuse phase transition with wide variation of transition 
temperature. One such compound which has drawn our 
attention is Ba5HoTi3V7O30 (BHTV) which has already 
been examined elsewhere [16] and some of its properties 
have been reported. To know more about this compound 
and to explore its application, we have summarized the 
structural, impedance and modulus properties of the 
BHTV compound in this paper. 

2. Experimental 

Preparation of the material. A polycrystalline sample of 
BHTV was fabricated using solid state reaction technique. 
Powders of BaCO3 (Loba chemie, 99%), Ho2O3 (Merck, 
99.5%+), TiO2 (Loba chemie, 99.5%) and V2O5 (Loba 
chemie, 99%) in stoichiometric proportion were weighed 
and thoroughly ground in an agate mortar to maintain 
proper stoichiometry and homogeneity in mixture, and 
then calcined at 1023 K for 12 hrs. The calcined powder *Corresponding author. 
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was pressed into cylindrical pellets 12 - 13 mm in di-
ameter and 1 - 2 mm thick under the pressure of 7 tons 
using a hydraulic press. Polyvinyl butyral (PVB) was 
used as a binder to reduce the brittleness of the pellets, 
which was burnt out during sintering. The pellets were 
then sintered in an air atmosphere at 1073 K for 12 hrs, 
and then polished with fine emery paper to make their 
faces flat and parallel. The pellets were finally coated 
with conductive silver paint and dried at 423 K for 2 hour 
before carrying out impedance measurements.  

Characterization of the material. X-ray diffraction (XRD) 
studies of the materials were carried out at room tem-
perature in the Bragg angle range 20˚ - 80˚ by Rigaku 
X-ray diffractometer (model: Miniflex). Surface morpho- 
logy of the compound was studied by scanning electron 
microscopy (JEOL JSM-5800F). The impedance meas-
urements were carried out at an input signal level of 300 
mV in the temperature range of RT-773 K using a com-
puter-controlled impedance analyzer (HIOKI LCR Hi 
TESTER, Model: 3532-50) in the frequency range of 42 
Hz - 5 MHz along with a laboratory made sample holder 
and a heating arrangement.  

3. Results and Discussion 

3.1. Structural Study 

The room temperature XRD patterns (Figure 1) of the 

calcined powder of BHTV show the formation of single- 
phase compound with orthorhombic crystal structure. The 
reflection peaks of the patterns were indexed in tetrago- 
nal or orthorhombic crystal system using computer soft- 
ware “POWDMULT” [17] (Since TB compounds have 
generally tetragonal or orthorhombic crystal structure). 
The position of the strongest peak in this compound is 
around 30˚. An orthorhombic unit cell was selected on 
the basis of the best agreement between observed and 
calculated interplanar spacing d (i.e., obs – 

cal

d (d  
d ) minimun ) for this compound. The unit cell 

parameters of this compound are a = 13.5479 Å, b = 
8.3346 Å and c = 5.6697 Å. The crystallite size (Dhkl) of 
the powder sample was estimated from the broadening 
of the peaks ( 1 2 ), using Debye-Scherrer’s equation [18]; 

 1/29 D 0.8 coshkl hkl , where λ = 1.5405 Å and θhkl 
= Bragg angle. Broadening due to mechanical strain, 
instrumental error and other factors was ignored during 
calculation. The average crystallite size of BHTV was 
found to be 16.61 nm. 

The inset of Figure 1 shows the scanning electron mi-
crograph of the BHTV pellet at room temperature. It is 
found that the grains are of platelet like morphology and 
size are non-uniform and densely distributed throughout 
the sample. A certain degree of porosity persists which 
may be due to the low sintering temperature. The average 
grain size of the compound was found as ~3 μm. The  

 

 

Figure 1. Room temperature XRD pattern and SEM micrograph (inset) of BHTV.   
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shape, size and distribution of grains in the microstruc-
ture suggest that the sample has polycrystalline nature. 
Similar microstructures are observed with that of some 
other materials of this family [13]. 

3.2. Electrical Analysis 

Complex impedance analysis technique is an important 
and powerful tool to investigate the electrical properties 
of materials over a wide range of frequency (42 Hz - 5 
MHz) and temperature (573 K - 773 K). Figure 2 shows 
the Nyquist plots (symbol ■) through experiment and  

fitted data (symbol □) for 573 K, 623 K, 673 K and 723 
K temperature by Equation (1) below: 

  2
1 1

CPE1 2 1 2

3
1

CPE2 3 2 3
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Z R

1 Z R j C R

R
             

1 Z R j C R
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      (1) 

where  CPEZ 1 j C
     and Bode plot (Z experi-  

mental ■ and calculated □ vs log frequency) is shown in  
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Figure 2. Nyquist plots (symbol ■) through experiment and fitted data (symbol □) for (a) 573 K; (b) 623 K; (c) 673 K and (d) 
23 K temperature; (e) model to an equivalent circuit used in fitting. 7   
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inset of Figures 2(a)-(d). The complex impedance plots 
(Figure 2) for all mentioned temperature comprise of 
two semicircular arcs (due to bulk at high frequency and 
grain boundary at low frequency) with center below the 
real axis suggesting the departure from ideal Debye be-
havior. This departure is due to the presence of constant 
phase element (CPE) in RC system. CPE is used in a 
model to compensate non-homogeneity in the system. 
For a rough or porous surface, α value is between 0.9 and 
1 which can cause a double-layer capacitance to appear 
as a constant phase element. If α equals to 1 than the 
equation is identical to that of a capacitor and if α is 0 
then Z is equals to R 2  resemble to ideal resistor. The 
CPE can also yield to an inductance, if α = –1. For ideal 
Debye-like response, the equivalent circuit comprises of 
a parallel combination of a resistor and capacitor with 
single relaxation time. Here, in Figure 2(e) a single se- 
micircular arc can be modeled to an equivalent circuit of 
parallel combination of a resistance, capacitance along 
with a constant phase element [19]. The values of the 
temperature dependent electrical parameters correspond-
ing to the equivalent circuit (shown in Figure 2(e)) are 
given in Table 1. 

Figure 3(a) shows the variation of imaginary part of 
impedance (Z″) with frequency at different temperatures. 
The Z″-frequency patterns exhibits some important fea-
tures such as; 1) the value of max  (i.e., peak value) 
shifts towards higher frequency on increasing tempera-
ture; 2) appearance of a peak at a particular frequency 
(known as relaxation frequency, fmax); 3) the peak value 
of Z″ decreases as the temperature increases and 4) the 
peaks in the plot could be observed upto a temperature of 
673K. Beyond this temperature peaks could not be ob-
served because it shifts towards higher frequencies which 
overshoots the limits in which our measurements have 
been carried out. These features may be considered due 
to occurrence of the temperature-dependent relaxation 
phenomena in the materials [20].  

Z

Figure 3(b) shows the variation of the real part of the 
impedance Z′ as a function of the frequency at various 
temperatures (573 K - 773 K) for BHTV. It is observed 
that Z′ decreases as temperature increases, indicating a 
negative temperature coefficient of the resistance in the 
system. The plateau region of the plot also indicates the  

presence of a relaxation process in the material. 
Figure 4 shows the variation of relaxation times as a 

function of inverse of absolute temperature of BHTV 
compound. In a relaxation system, the relaxation times (τ) 
were calculated from impedance (Z″) and modulus (M″)  

 
(a) 

 
(b) 

Figure 3. (a) Variation of imaginary part of impedance (Z″) 
and (b) real part of the impedance Z′ with frequency at 
different temperatures. 

 
Table 1. The values of the temperature dependent electrical parameters corresponding to the equivalent circuit.  

Temp (K) Electrical parameters 

 R1 R2 CPE1 α1 C1 R3 CPE2 α2 C2 

573 K 7733 5999 5.6093e–5 0.22 1.099e–9 9037 1.6e–9 0.74 0.258e–12 

623 K 5277 1540 4.3987e–5 0.4 56.985e–9 5200 3.5e–9 0.7 0.184e–12 

673 K 2911 2810 2.6472e–5 0.28 1.957e–9 3340 8.5e–9 0.65 0.640e–12 

723 K 1722 485 6.7185e–5 0.41 22.685e–9 1773 2e–8 0.6 0.040e–12 
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Figure 4. Variation of relaxation times as a function of in-
verse of absolute temperature calculated from the imped-
ance spectrum (Z″ vs. frequency) and modulus spectrum 
(M″ vs. frequency) (inset). 

data by using the relation: max1 1 2πf   ; where 
fmax is the relaxation frequency. It was observed that the 
value of τ was found to be decreasing with increase in 
temperature, which is a typical semiconductor behavior 
of the sample. The activation energy (Ea) of the com-
pound was calculated from the Arrhenius equation [21, 
22]; 0 a Bexp E K T    , Where, τ0 is the pre expo-
nential factor, KB is Boltzmann constant and T is the ab-
solute temperature. The value of the activation energy, 
obtained from the slope of the curve in the plot of log τ 
against 103 T–1, is found to be ~0.34 eV (From imped-
ance plot) and ~0.22 eV (From modulus plot, inset). It is 
clear that the activation energy of the compound (as cal-
culated from the impedance and modulus spectra) is 
nearly the same, and the relaxation process may be at-
tributed to the same type of charge carriers.  

3.3. Modulus Analysis 

An electrical response of the samples can be analyzed via 
complex dielectric modulus formalism M″ which is an-
other approach based on polarization analysis. Complex 
impedance spectrum gives emphasis to elements with the 
larger resistance whereas complex modulus plots high-
light those with smaller capacitance. Figures 5(a) and (b) 
(M′ vs M″) depicts that the modulus plane shows a single 
semicircle for BHTV at higher temperatures (≥473 K). 
Although, at first sight, there appears a single semicircu-
lar arc in modulus spectra at lower temperatures (≤473 K) 
of these compounds as well, however, further resolution 
of these spectra at low frequencies reveal two semicircu-
lar arcs. The small semicircle in the M vs M″ plot corre-
sponds to the high capacitance values. The arc at low 
frequency is due to the grain boundary whereas the higher 
frequency arc depicts the bulk effect. With rise in tem-

peratures, both grain and grain boundary effect appears 
to merge into the single semicircle. The modulus spec-
trum shows a marked change in its shape with rise in 
temperature suggesting a change in the capacitance val-
ues of the material. The semicircle in higher frequency 
region is not complete due to the frequency limit of the 
measuring instrument (maximum 5 MHz). The intercept 
on the real axis indicates the total capacitance contrib-
uted by the grain and grain boundary. 

Figure 5(c) shows the variation of M′ as a function of 
frequency for BHTV in a wide temperatures range (373 
K - 773 K). This shows that M′ approaches to zero in the 
low frequency region, and a continuous dispersion on in- 
creasing frequency may be contributed to the conduction 
phenomena due to short range mobility of charge carriers. 
This implies the lack of a restoring force for flow of 
charge under the influence of a steady electric field [20]. 
This confirms elimination of electrode effect in the mate-
rial. 

Figure 5(d) shows the variation of imaginary part of 
electric modulus with frequency for BHTV at different 
temperatures 373 K - 773 K. The electrical modulus maxi- 
ma ( maxM ) shifts towards higher frequencies side with 
rise in temperature ascribing correlation between motions 
of mobile ions [23]. The asymmetric peak broadening 
shows that the relaxation is of non-Debye type which can 
be concluded due to the spreading of relaxation times 
with different time constant. The low frequency peaks 
shows that the ions can move over long distances whereas 
high frequency peaks merge to spatially confinement of 
ions in their potential well. The nature of modulus spec-
trum suggests the existence of hopping mechanism of 
electrical conduction in the material.  

The scaling behavior of normalized imaginary M has 
been shown in Figure 5(e) at selected temperatures. The 
coincidence of all the curves of different temperatures 
into a single master curve indicates temperature inde-
pendence of dynamic processes [24,25]. The scaling be-
havior of the electric modulus of the compounds shows 
that there is not perfect overlapping of different tem-
perature data peaks. This depicts that different relaxation 
processes are occurring in the compounds. It is to be 
noted that all the plots have a similar shape with a long 
and flat tail extending from the low-frequency region up 
to the intermediate frequency region. The presence of a 
flat tail is associated with the grain boundary effect while 
that part of the peaking curve observed at higher fre-
quencies is due to the bulk effect. There is both electronic 
and ionic contribution in BHTV compound. BHTV is less 
dispersed (Figure 5(e)) which indicates that conductivity 
in this compound is dominated by one type of species. 
Since, BHTV have shown strong ionic character (as re-
vealed by impedance plots) [16], thus, it can be presumed 
hat here in case of this compound ionic contribution is  t    
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Figure 5. (a), (b) M′ Vs M″; (c) logω vs M′; (d) logω vs M″; (e) log(ω/ωmax) vs M″/M″max of BHTV at different temperatures. 

dominating over the electronic contribution. 

4. Conclusion 

The polycrystalline sample of BHTV is prepared by solid 
state reaction. Preliminary X-ray analysis confirms the  

orthorhombic crystal structure at room temperature. The 
surface morphology of the compound is studied through 
SEM, which gives the average grain size as the order of 3 
μm. From the impedance and modulus spectroscopic 
studies the material showed relaxation effects which are 
of non-Debye type. The relaxation frequencies shifted to  
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higher frequency side with increase in temperature. The 
complex impedance plots reveal the contribution of bulk 
and grain boundary in it. The activation energy is found 
to be 0.34 eV (from impedance plot) and 0.22 eV (from 
modulus plot) are nearly same, and hence the relaxation 
process may be attributed to the same type of charge car-
riers. Modulus spectra indicate that there is both elec-
tronic and ionic contribution in BHTV compound. 
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