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ABSTRACT 
Controlling the heating rate during calcination and cooling rate during sintering, pure columbite like phase of SrNb2O6 
is synthesized. By optimizing the sintering temperature, ceramic with density (> 92%) is achieved for material calcined 
at 1125˚C and sintered at 1200˚C. The ceramic shows orthorhombic structure with lattice parameters a = 11.011 Å, b 
= 7.7136 Å, c = 5.5969 Å having average grain size ≈ 1.03 μm. The temperature dependent dielectric response shows a 
peak at temperature 300.9˚C, which shows significant dielectric dispersion towards high temperature side of the peak 
with almost dispersion free low temperature side; an effect observed in relaxors. Dielectric dispersion in the material is 
fitted with the Jonscher’s relation. Impedance analysis suggests strongly temperature dependent relaxation. The dielec-
tric relaxation is polydispersive and conduction is mainly through grains. The equivalent circuit model for the imped-
ance response is proposed and the temperature dependence of circuit elements deduced. The frequency dependent ac 
conductivity at different temperatures indicated that the conduction is governed through thermally activated processes. 
AC conduction activation energies are estimated from Arrhenius plots and conduction mechanism is discussed. 
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1. Introduction 
Alkaline earth and transition metal niobate with general 
formula A2+ Nb2O6 (with A = Mg, Ca, Sr, Ba, Mn, Fe, Co, 
Ni, Cu, Zn, Cd, and Pb) have been widely studied [1-8]. 
Most of these compounds stabilize in isomorphic or-
thorhombic phase [9,10]. Many of them in columbite 
phase exhibit, excellent dielectric properties at micro-
wave frequencies [11-13]. Moreover, these compounds 
are generally used as precursor materials for the synthesis 
of high-Q perovskite Ba(A1/3Nb2/3)O3 [14]. Microwave 
dielectric properties of the columbite phases are, to a large 
extent, sensitive to the preparation route [12,15]. However, 
the synthesis of single phase columbite is often difficult 
because of the formation of corundum-like (A4Nb2O9) 
phases [15]. The properties of ceramics are greatly af-
fected by the characteristics of the powder such as particle 
size, morphology, purity and chemical composition [16]. 
In normal solid state route, compositional homogeneity is 
generally not achieved. By using chemical methods, e.g. 
co-precipitation, sol-gel, hydrothermal and colloid emul-
sion techniques, one can efficiently control the morphol-
ogy and chemical composition of prepared powder [17]. 
However, the sinterability of the material remains an issue 

and often in the chemical synthesis routes, the densifica-
tion of materials is not reported that is important for using 
the materials for device purposes. Further, the earlier stu-
dies have mainly concerned about the preparation routes 
and detailed dielectric behavior; electrical conduction 
mechanism and contribution of grains and grain bounda-
ries in dielectric relaxation are not studied. For any device 
application, an understanding of these properties is very 
much required. Therefore in this paper an attempt has 
been made to control the processing parameter including 
the oxidation of grain boundaries during cooling from 
high temperature while sintering the materials. To the best 
of our knowledge, no such detailed report exists in the 
literature. We, therefore, report the optimization of pro- 
cess parameters viz. calcination and sintering in order to 
prepare the SrNb2O6 in pure columbite phase with good 
siterability. The dielectric properties and impedance anal-
ysis of SrNb2O6 of such phase pure are investigated and 
reported in the paper. 

2. Experimental Procedure  
2.1. Sample Preparation  
SrNb2O6 is synthesized by taking stoichiometric amounts 
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of SrCO3 (Loba 99.9%), Nb2O5 (Loba 99.5%) using sol-
id-state reaction route. The stoichiometric amounts of 
precursors were wet mixed in acetone for 12 hours. The 
mixed powders were calcined at 1125˚C for 6 hours in a 
microprocessor controlled furnace (Superheat, India) 
with controlled heating profile. Calcined powders were 
analyzed using X-ray diffraction technique (X-ray dif-
fractometer, Rigaku-Miniflex). Fine calcined powders 
were pressed into cylindrical pellets of 10 mm diameter 
and 1-2 mm thickness under an isostatic pressure of 100 
MPa. Polyvinyl alcohol (PVA) was used as a binder. The 
pellets were sintered at different temperatures (1150˚C, 
1175˚C, 1200˚C, 1225˚C) for 6 hours and cooled down to 
room temperature with controlled cooling rate. 

2.2. Characterization  
The phase formation of the sintered pellet has been iden-
tified using x-ray diffraction analysis with CuKα  
(λ = 1.54056 Å). For dielectric measurements, the sin-
tered samples were electroded with silver paste and 
heated at 500˚C for 2 hours before measurements were 
performed. The electrical impedance (Z), capacitance (C) 
and loss angle (tan) were measured in the temperature 
range (100 – 400˚C) and at the rate of 2˚C min-1 in the 
frequency range (100 Hz-1MHz) using a computer con-
trolled LCR HI-TESTER (HIOKI-3532-50). Surface 
morphology of the sample is investigated using surface 
electron microscopy (SEM).  

3. Result and Discussion  
3.1. X-ray Diffraction Studies 
Figure 1(a) depicts the XRD pattern of SrNb2O6 ceramic  
calcined at 1125˚C. From the observed interplanar spac-
ing (dobs) of all XRD peaks, unit cell parameters were 
obtained using a standard XRD interpretation software 
POWD. The unit cell was selected for which d = (dobs-dcal) 
is minimized. All major X-ray reflection peaks observed 
could be fitted satisfactorily in orthorhombic columbite 
phase with lattice constants a = 11.011 Å, b = 7.7136 Å, 
c = 5.5969Å which matches well with reported JCPDS 
data (JCPDS File No. 28-1243). The powders sintered at 
different temperatures (1150˚C, 1175˚C, 1200˚C, 
1225˚C,) were again subjected to X-ray diffraction anal-
ysis as shown in Figure 1(b). Phase pure material is ob-
tained for the sample calcined at 1125˚C and sintered at 
1200˚C; the experimental density (> 92% of the theoret-
ical one) is obtained for sintered material. The estimated 
density for different sintering temperatures is shown in 
Table 1. The particle size determined using Scherer for-
mula, is estimated ≈ 413Å.  

The microstructure of the sintered pellets and distribu-
tion of grains over the sample surface were studied by 

scanning electron micrographs. The typical SEM micro-
graph of SrNb2O6 is shown in Figure 2. Well developed 
homogeneously distributed and elongated spherical 
grains are observed. The average grain size (≈  1.03m) is 
calculated using linear intercept method. 

3.2. Dielectric Study  
The temperature dependence of both dielectric permittiv-
ity and tangent loss (in the inset) are depicted in Figure 3 
at different frequencies ( 1 KHz, 5 KHz, 10 KHz, 50 
KHz, 100 KHz, and 1 MHz); the values of dielectric 
constant increases with increase in temperature and a 
peak evolves at around 300˚C. The peak value of dielec-
tric constant as well as that of tangent loss decreases 
(Figure 3) and the peak shifts towards higher tempera-
ture with increase in frequency. The increase in dielectric 
response with temperature may be due to interfacial po-
larization dominating over dipolar polarization. Observed 
peak also indicates the onset of some additional relaxa-
tion mechanism in the material around 300˚C. Dielectric 
dispersion at higher temperature side of the peak is evi-
dent in both components of dielectric permittivity. 

The frequency dependence of real (ε’) and imaginary 
(ε”) part of dielectric constant on a log-log plot at differ-
ent temperatures are shown in Figure 4. Up to 200˚C, 
real part of dielectric constant is higher than its imagi-
nary part, and both values decreases with frequency. 
With further increase in temperature, there is a sudden 
rise in ε” and it starts with higher value than ε’, inter-
secting at 3 kHz at 250˚C; intersecting frequency shift 
towards higher frequency as temperature increased (4 
kHz at 300˚C). Higher values of both the components of 
dielectric constant, as temperature rises, reveal the effect 
of space charge polarization and/or conducting ion mo-
tion. The relatively higher values of ε” at low frequency, 
especially at higher temperature, suggests the free charge 
motion that may be related to ac conductivity relaxation, 
whereas the large values of ε’ at lower frequencies may 
be associated with hopping conduction. Moreover, with 
increase in frequency, the ε’ and ε” terms becomes al-
most parallel at higher temperatures. This type of beha-
vior is reported in other conducting ion dielectrics [18] 
and is associated with ion hoping as the dominant me-
chanism of dielectric relaxation [19]. 

The frequency dependence of real (ε’) and imaginary 
(ε”) part of dielectric constant in the 50-400˚C tempera-
ture range on a log-log scale is shown in figures 5(a) and 
(b), respectively. Both ε’ and ε” show dispersions at low 
frequencies and gets almost saturated at higher frequen-
cies. The dispersions increase with increase in tempera-
ture. Such dispersions in both components of complex 
dielectric constant are observed commonly in ferroelec-
trics with appreciable ionic conductivity and are referred 
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(b) 

Figure 1. (a) X-ray diffraction profile of SrNb2O6 (SN); (b) X-RD pattern of pure phase SrNb2O6 at different sintering tem-
perature. 
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Table 1. Structural parameters for various sintering conditions of SrNb2O6. 

 

 
Figure 2. SEM micrograph of pure phase SrNb2O6. 

 

 
Figure 3. Temperature dependence of dielectric constant (ε’). Inset shows temperature dependence of dielectric loss. 

Composition Crystal Structure Unit cell parameters in ( Å ) dexptl.gm/c.c dTheo gm/c.c % density 

a b c 
Sample-I Sintered 

1150˚C 
Orthorhombic 11.210 7.6922 5.6254 4.329 5.523 78.38 

Sample-II Sintered 
1175˚C 

Orthorhombic 11.124 7.7102 5.6204 4.5358 5.558 81.60 

Sample-III Sintered 
1200˚C  

Orthorhombic 11.011 7.7136 5.5969 5.2489 5.638 92.60 

Sample-IV Sintered 
1225˚C 

Orthorhombic  11.008 7.7198 5.6126 4.7786 5.619 85.04 
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Figure 4. Comparison of dispersion in ε’’ and ε’ in the (200˚C - 400˚C) temperature range. 

 
to as low frequency dielectric dispersion (LEDD) [20,21] 
and are associated with space charge accumulation effect. 
The complex dielectric constant as a function of the fre-
quency ω in accordance with the Jonscher’s power law 
[22] is  

( )( )( ) 1
0 0* ' '' ( ) n Ta T iε ε ε ε σ ε ω ε ω −

∞= − = + +   (1) 

where ε∞ is the high frequency value of the dielectric 
constant, n(T) is the temperature dependent exponent and 
a(T) determines the strength of the polarizability arising 
from the universal mechanism in question. The real and 
imaginary parts of the complex dielectric constant are 
given as  

( )( ) ( )( ) ( )( )1
02'  sin n Tn T a T iπε ε ε ω −

∞= +      (2) 

( ) ( )( )( )( ) 1
0 0'' cos

2
n Tn T a T iε σ ε ω ε ω −π = +  

 
   (3) 

where the first term in Equation (2) determines the lattice 
response and the second term corresponds to charge ca-
reer contribution to the dielectric response. Similarly, in 
Equation (3) the first term reflects the DC conduction 
contribution and the second term represents the charge 
career contribution to dielectric loss. At low frequencies, 
the contribution due to charge career term  

( ( )( )( )( )( ) 1
02sin ( ) n Tn T a T iε ω −π ) dominates and lattice  

response part ε∞ can be neglected. Therefore, Equation 
(2) for constant n yields a straight line with slope (n- 1). 
At higher frequencies, the charge careers fail to respond 
to the applied external field and the dielectric constant is 
mainly due to lattice contribution. This may account for 
the observed frequency dependence of dielectric constant; 
a linear decrease with frequency in low frequency region 
and frequency dependent plateau region at high frequen-
cies. With increasing temperature, the range of frequen-
cies in which charge career contribution dominates in-
crease showing that charges have sufficient energy to 
overcome the barrier and get released. A non-linear fit-
ting using Equations (2) and (3) give the values of para-
meters n (T), and a (T), as depicted in Figure 5(c) at dif-
ferent temperatures. At low temperatures, n is close to 1, 
showing Debye type relaxation. With increase in temper-
ature, its value decreases showing increase in interaction 
and distributed relaxation at higher temperatures. The 
a(T) value increase slowly with temperature showing the 
strength of polarizability increasing. Frequency disper-
sion of ε” gives two slopes, -1 in the low frequency re-
gion and (n-1) in the high frequency region. With in-
creasing temperature, the frequency range with slope 
-1(DC conduction) increases and at higher temperatures  
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(b) 

    
(c) 

Figure 5. (a) Frequency dependence of real (ε’) part of dielectric constant in the (50-400˚C) temperature range on a log-log 
scale. (b) Frequency dependence of imaginary (ε”) part of dielectric constant in the (50-400˚C) temperature range on a log- 
log scale. (c) Temperature dependence of n(T) and a(T). 
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dc conduction dominates the charge career conduction.  

3.3. Impedance Studies  
The nature of the material response to an applied a.c. 
field and processes involved is explored by analyzing the 
a.c. impedance behavior. Impedance spectroscopy may 
be a better tool to understand the grain and grain boun-
dary relaxation process, especially when the contribution 
of grains is separated from that of grain boundaries. The 
frequency dependence of the electrical properties of a 
material can be described in terms of complex impedance 
Z*, complex admittance Y*, the complex permittivity *, 
complex electric modulus M*, and the dielectric loss or 
the dissipation factor tan. They are related to one another 
[23] as follows; tan " ' M '' M ' Z ' Z '' Y ' Y ''δ ε ε= = = = . 
In case of single relaxation process, a semicircle is ob-
tained for each admittance function when plotted in the 
complex plane. Spectroscopic techniques present various 
possibilities insofar as the representation of data is con-
cerned. Each representation can be made use of to high-
light a particular aspect of the response of a sample. Thus 
for instance, in as much as Z” vs. frequency plots high-
light phenomena with the largest resistance, the M” plots 
pick out those of the smallest capacitances [23-29]. The 
sample is sintered at higher temperature (1125˚C), oxy-
gen loss may occur. This may lead to the formation of 
barrier layers at the grain-grain boundary interface thus 
affecting the impedance of grains and grain boundaries 
[30].  

Figure 6 shows the variation of the imaginary part of 
the impedance ( ''Z ) as a function of frequency. ''Z  
plots show broad peaks at different frequencies with 
asymmetric broadening depending on the temperature of 
measurement. This would imply that the relaxation is 
temperature dependent, and there is apparently not a sin-
gle relaxation time, and thereby relaxation process in-
volved, but different relaxations with their own discrete 
relaxation times depending on the temperature. As the 
temperature is increased, in addition to the expected de-
crease in magnitude of ''Z , there is a shifts in the peak 
frequencies towards higher frequency side. Also it is 
evident that with increasing temperature, there is a broa-
dening of the peaks and at temperatures where tempera-
ture dependent dielectric response shows peak, the ''Z  
response is almost flat. As the temperature is increased 
further, ''Z  response increases and then starts decreas-
ing associated with peak broadening at increased temper-
ature. This implies the spread of relaxation times on both 
sides of dielectric peak temperatures and the existence of 
temperature dependent electrical relaxation phenomena. 
Probably, high temperature triggers grain boundary re-
laxation process as is also evident from the asymmetric 
broadening of the peaks [30].The most probable relaxa-

tion time could be calculated from the loss peak in the 
''Z  versus frequency plots using the relation τ = RbCb = 

1/ωm. From these data, the τ at various temperatures is 
calculated. Graph between ln(ωm) versus 1/T is shown in 
inset of Figure 6. The τ value decreases with increasing 
temperature, indicating that the behavior is typical semi-
conductor one. Calculated activation energy for the 
process is 0.18 eV.  

Figure 7 shows M" as a function of frequency at dif-
ferent temperatures (inset shows temperature dependence 
of ωm obtained from M” curve). It is seen that M" exhi-
bits a symmetric maximum (M"max). The M"max shifts 
toward higher frequencies as the temperature is increased. 
At 300˚C, the electric modulus loss peak crosses the 
measurement windows and beyond this temperature. At 
further higher temperature, a more broadened peak ap-
pears that shifts towards higher frequencies with in-
creasing the temperature. This once again supports two 
different relaxation processes dominating the response 
above and below 300˚C. Thus the dielectric response 
peak observed is associated with switching of relaxation 
process. Frequency m corresponding to M"max gives the 
most probable relaxation time τm (ωmτm = 1). Activation 
energy estimated from modulus data is 0.59 eV below 
300˚C and 0.32 eV above this temperature. As the mod-
ulus represents the response from the interior of grains, 
the activation energies for charges (defects) in the bulk 
are relatively more than for charges within interface re-
gion.  

The complex impedance plots 'Z  vs. ''Z  for repre-
sentative temperatures is shown in Figure 8. The arc 
crosses the ''Z  axis at lower values with increasing 
temperatures, showing that the grain resistance decreases 
with temperature. This could be fitted with series net-
work Rs-(R1Q)C1-R2C2, as shown in Figure 8, where Q 
represents the constant phase element-a capacitor with 
universal Jonscher’s type capacitance. The series resis-
tance Rs in the model is included as the ''Z does not 
intersect at origin. This may be due to electrode rough-
ness and porousness of the material. Inclusion of constant 
phase element is due to the fact that value of exponent 
n(T) in Jonscher’s equation decreases up to 0.5 from 1 in 
dielectric response (Figure 5(c)). The values of parame-
ters Rs, R1, C1, R2, C2, Q and n proposed are calculated 
and plotted in Figures 9 (a) and (b) as a function of 
temperature. The value of C1 increases slowly with in-
crease in temperature whereas the R1 decreases and 
above the dielectric peak temperature both becomes al-
most constant. The behavior could be associated with the 
grains dominating the conduction process below 300˚C. 
The series resistance Rs also increases at high tempera-
ture and reached maximum at 250˚C, reflecting that the 
charges trapped at the bulk electrode interface are mig- 
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rated into the bulk. The most interesting change lies in 
constant phase element Q that increases with decrease in 
the value of n. Thus the grain boundaries start trapping 
free charges that is released from grains at high tempera-
tures. The value of R2 and C2 remains almost temperature 
independent. The resistance associated with grains is 
much higher than those of grain boundaries below di-
electric peak temperature. Therefore the dielectric peak 
may be associated with resistive grains becoming con-
ductive.  

3.4. Electrical Conductivity Study  

The ac conductivity was calculated from the impedance 
data using the relation σac = ωε0εr(tanδ) . Figure  10 
shows the variation of ac conductivity with frequency at 
different temperatures. It is clear from the figure that the 
material at low frequencies exhibits dispersion. Conduc-
tivity increases with increase in temperature and frequen-
cy. The conductivity could be fitted through the expres-
sion σac = σdc + Aωn, known as Jonsher’s law [29], 

 

 
Figure 6. Frequency dependence of imaginary part of impedance (Z"). Inset shows temperature dependence of m ob- 
tained from impedance for SN. 
 

 
Figure 7. Imaginary part of electric modulus (M") as a function of frequencies at representative temperatures for SN. 
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Figure 8. Complex impedance plots (Z’ vs. Z") at various temperatures along with equivalent circuit fitting for the model as 
shown in the figure. 

 
Figure 9. (a) Temperature dependence of equivalent circuit parameters (R1, C1, Rs) (b) Temperature dependence of equiva-
lent circuit parameters (Q, n, R2C2). 
 
where A is a thermally activated quantity and n is the 
frequency dependent exponent that takes values < 1. The 
data were fitted using the above relation and the calcu-
lated values of σdc, A and n are shown in Table 2. Ac-
cording to Jonsher, the origin of the frequency dependent 
conductivity lies in the relaxation phenomenon arising 
due to mobile charge carriers. The low frequency disper-
sion thus is associated with ac conductivity whereas al-
most frequency independent (especially at higher tem-
peratures) conductivity at high frequencies corresponds 
to the dc conductivity of the material. The temperature at 

which the grain resistance dominates over grain boun-
dary is marked by change in slope of conductivity with 
frequency. The frequency at which the slope changes is 
known as hopping frequency, which corresponds to po-
laron hopping of charges species [30-32]. As the temper-
ature increases, the hopping frequency shifts towards 
lower side. Temperature dependence of AC conductivity 
of material is shown in Figure 11. The conductivity of 
the material is found to increase with increase in temper-
ature indicating the NTCR (negative temperature coeffi-
cient of resistance) like semiconductors, and it is related 
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to the bound carriers trapped in the sample. The activa-
tion energy values at different frequencies have been 
calculated assuming the Arrhenius behavior and summa-
rized in Table 3.  

4. Conclusions  
Phase pure columbite structure in SrNb2O6 is stabilized 
through standard solid state reaction route by controlling 
the processing parameters. The crystal structure is or-
thorhombic with unit cell parameter a = 11.011 Å, b = 

7.7136 Å, c = 5.5969 Å. The experimental density is > 92% 
and average grain size is 1.03 μm. Space charge accu-
mulation effect and free charge motion at low frequency 
and higher temperature is established. The dielectric dis-
persion results fitted with Jonscher’s dielectric dispersion 
formalism gives coefficient a(T) and exponent n(T), 
which show non-Debye type relaxation due to interaction 
of charge careers at high temperatures. It also indicates 
that conducting charges and free charges both contribute 
to the dielectric relaxation in the material. Impedance  

 

 
Figure 10. A.C conductivity as a function of (log) in SN. 

 

 
Figure 11. Arrhenius plots of AC conductivity at different frequencies. 
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Table 2. Calculated values of σdc, A and n by expression σac = σdc+ Aωn. 

Temperature(˚C) σ dc A n 
200 5.4203E-8 2.2404E-8 0.09656 
225 2.6683E-9 1.7042E-10 0.50105 
250 2.0532E-7 3.2756E-9 0.3982 
275 2.7052E-7 1.7647E-7 0.23043 

300 2.0637E-6 2.7393E-8 0.43341 
325 6.3406E-7 1.1969E-11 0.90399 
350 4.4132E-7 5.5385E-12 0.91078 
375 7.4112E-7 7.7948E-11 0.72067 

400 8.7604E-7 8.409E-11 0.71941 

 
Table 3. Activation energy at different frequencies, calculated by linear fitting of temperature dependence of AC conductivity 
data. 

Frequency in (KHz) Temperature Range 

 Activation Energy (eV) 75˚C to 150˚C Activation Energy (eV) 175˚C to 325˚C 
10 0.054 0.54 
100 0.029 0.50 

1000 0.14 0.46 
 
spectroscopy is used to model the electrical properties of 
the material showing the presence of porous material, 
leakage capacitance and dominating grain response in the 
material. AC conductivity exhibits dispersion at low fre-
quencies and follows Jonscher’s power law. The change 
in the exponent n in ac conductivity dispersion term (Aωn) 
reveals the nature of conductivity mechanics. The con-
duction mechanism changes from localized hopping to 
free ion motion with increase in temperature and that the 
conduction is a thermally activated process.  
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