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Two samples of NaTaO3 perovskite materials were prepared by the 

standard hydrothermal method at the same reaction temperature (600 ºC) but with 

different sintering times: 6 hours for sample S1 and 12 hours for sample S2.  

Using X-ray diffraction (XRD), it shows that samples S1 and S2 are 

mixtures of Na-Ta oxides (Ta2O5 and the prevailing phase NaTaO3). The scanning 

electron microscopy analysis (SEM), shows that the grains are connected each 

other in agglomerated clusters of size about few hundred nanometers.  

The frequency (f) dependencies of complex impedance, Z(f) = Z’(f) – i 

Z’’(f) of the samples, over the frequency range 20 Hz – 2 MHz, at room 

temperature are presented. The real component Z’ of the complex impedance 

decreases with increasing frequency and the imaginary component Z’’ has two 

maximum corresponding to two relaxation processes.  

The results obtained from the complex impedance spectroscopy, Z’’(Z’) 

showed the appearance of two semicircles, corresponding to grain and grain 

boundary mechanism. Experimental results have been fitted with two parallel RC 

equivalent circuits connected in series and the parameters R and C have been 

evaluated. 

 

 

1. Introduction 

Perovskite-type sodium tantalate (NaTaO3) has an orthorhombic structure which 

derived from the ideal cubic perovskite structure with the chemical formula ABO3 (where A 

is mono-divalent ion and B is tri-hexavalent ion) [1]. NaTaO3 has many applications, such as 

electro-ceramic memories [2] or new thermoelectric material for energy generation [3, 4]. In 

recent years the researches showed that among all the alkali tantalates, NaTaO3 is usefully as 

a promising photocatalyst [5-7]. In others papers it shows that NaTaO3 has interesting 

ferroelectric characteristics and therefore, it is widely used as electro-ceramic material [8, 9]. 
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Consequently it is very important to study dielectric and resistive (complex impedance) 

characteristics of the NaTaO3 samples as a function of frequency (f) and temperature (T). 

Usually, for obtaining NaTaO3 powders, the chemical methods such as coprecipitation, 

sol–gel, hydrothermal and colloid emulsion techniques are used. These methods allow 

efficient controlling of the morphology and chemical composition of the sample [10-12]. 

In our paper, two powder samples of Na-Ta materials were synthesized by the 

hydrothermal method at the same reaction temperature of (600 ºC) but with different sintering 

times: 6 hours for sample S1 and 12 hours for sample S2.  

Based on the X-ray diffraction, scanning electron microscopy (SEM) and complex 

impedance measurements over the range frequency (20Hz to 2MHz) and at room temperature, 

the morpho-structural and electrical properties of the Na-Ta oxide composite samples were 

investigated. For both samples, the complex impedance spectra show the presence of two 

semicircles corresponding to grain and grain boundary contributions, which are represented 

by resistive and capacitive components. By fitting the experimental results with two RC 

parallel equivalent circuits connected in series, the resistive and capacitive parameters have 

been evaluated. 

 

2. Materials and methods 

Two samples of Na-Ta oxide composite were synthesized by the hydrothermal method. 

The starting materials were 0.5 g of tantalum powder (with purity 99.9%), 10 ml HF, 0.5 g 

citric acid in 75 ml H2O and NaOH for pH adjustment at 9. The mixture was introduced into 

a Morey-type autoclave (with 37.6 ml capacity), occupying 80% of the total volume. The 

mixture from autoclave was maintained at the same temperature of 600 ºC for both samples, 

but different sintering time intervals were used: 6 hours for sample S1 and 12 hours for 

sample S2. After decantation and filtration, the resulting precipitate was washed with distilled 

water on a filter paper and then laid out to dry in an air oven at 80 
0
C, resulting in the samples.  

The crystalline structure of the obtained samples was investigated by X-ray diffraction 

(XRD) using PANalytical - X’Pert PRO MPD Diffractometer with a copper X-ray tube 

source. Powder morphology was observed using a PANalytical scanning electron microscope 

(SEM).  

The frequency dependence of real component Z' (resistance R) and imaginary 

component Z" (reactance –X) of the complex impedance, )()()( fZifZfZ   (where 

1i   ) of the samples, over the frequency range 20Hz to 2MHz at room temperature were 

measured using an LCR meter (Agilent E4980A type).  
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3. Results 

3.1. Structural and morphological analysis 

The XRD patterns of the investigated samples are presented in figure 1. X-ray 

diffraction analysis (XRD) indicates that the samples S1 and S2 has two phases (NaTaO3 and 

Ta2O5) and the prevailing phase is NaTaO3 with perovskite structure, according to the 

standard data (JCPDS card No. 74-2478) [13]. 

 

Fig. 1. Cu-Kα XRD patterns of samples S1 and S2 

 

The morphology of NaTaO3 samples was studied using SEM analysis and the images 

are shown in figure 2. As can be seen in figure 2 a) and 2 b), samples consist of grains 

connected each other in agglomerated clusters. The morphology observed in figure 2 is 

different from that reported in paper [14] were different obtaining method was used. 

 

   

                                       a)                                                            b) 

Fig. 2. SEM images of NaTaO3 samples: a) sample S1 and b) sample S2 
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3.2. Electrical measurements 

3.2.1. The impedance spectroscopy 

 

An important technique for the study of the electrical properties of the composite 

materials is the complex impedance spectroscopy (CIS) applied in a wide range of 

frequencies [9]. The complex impedance measurements of the sample gives us information 

about the real component Z' (resistive part) and the imaginary component Z" (reactive part). 

In the complex impedance spectroscopy technique, the imaginary component Z″ of the 

complex impedance is plotted against the real component Z’, thus obtaining the Nyquist 

diagram or the Cole–Cole arc [15] (figure 3 a). 

The impedance analysis is based on an ideal parallel circuit of resistance R and 

capacitance C (figure 3 b)) with the electrical response presented in figure 3 a). The 

resistance R is determined from the diameter of the semicircle and the capacitance C is 

calculated from the frequency corresponding to the semicircle maximum. 

 

        a)                                                     b) 

Fig. 3. The Cole-Cole arc (a) and the ideal equivalent electrical circuit (b) 

 

From the microstructural point of view, the model of a composite material sample it is 

supposedly composed of parallel conducting plates (assigned to the grains) separated by 

resistive plates (corresponding to the grain boundaries) [15,16]. For these materials, usually 

two semicircles are observed in the Cole–Cole arc; the first semicircle at low frequency 

represents the grain boundary and second semicircle registered at high frequency corresponds 

to bulk properties of the grain [16, 17]. 

The experimental frequency dependencies of Z' and Z" components of the complex 

impedance of samples S1 and S2, in the investigation frequency range (20Hz to 2MHz) at 

room temperature, are shown in Figure 4 a) and b). 

As can be observed in figure 4 a) and figure 4 b), the real component Z' of the complex 

impedance decreases with the increasing of frequency, for both samples. As a result, the 



52 

 

conductivity of the samples increases with the increasing of frequency. Decreasing of Z' 

component is more accentuated both at the beginning and end of the frequency range.  

 

 a)                                                                                   b) 

Fig. 4. The frequency dependence of real and imaginary components of the complex impedance of 

sample S1 (a) and sample S2 (b) 

 

For both samples, the imaginary component, Z"(f) has two maxima: one at low 

frequencies (fmax,1), and the second at higher frequencies (fmax,2), corresponding at two 

relaxation processes due to the grain and grain boundary effects. The values of fmax,1 and fmax,2, 

are shown in table 1. 

Table 1 

Samples fmax,1  

[Hz] 

fmax,2  

[kHz] 

τ1  

[ms] 

τ2  

[µs] 

Rg  

[MΩ] 

Cg  

[pF] 

Rgb  

[MΩ] 

Cgb  

[nF] 

A 20 10.48 7.96 15.19 2.60 5.84 4.70 1.69 

B 47 2.15 3.38 74.06 10.48 7.06 24.10 0.14 

 

According to Debye's theory [18] the relation between the frequency fmax of the 

maximum of  Z”(f) and the relaxation time, τ is given by the equation: 

 

12 max f                                                               (1) 

Using the experimental values of fmax from figure 4 a) and b) in equation (1), we have 

computed the relaxation time corresponding to each sample. The obtained values of τ are also 

listed in Table 1.  
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a)                                                                   b) 

Fig. 5. The Cole–Cole plot for sample S1 (a) and sample S2 (b) 

 

In figure 5, the imaginary component Z" of the complex impedance versus its real 

component Z’, over the entire measurement range of frequency and at room temperature has 

been plotted. Two semicircles are found for both investigated samples, indicating a Cole-Cole 

type of distribution. The electrical response of the samples can be represented by two parallel 

RC equivalent circuits connected in series (as shown in figure 6) [19]. 

 

Fig. 6. The proposed model for the analysis of the impedance spectroscopy data 

 

In figure 6, the parameters Rg, Cg and ggg CR/1 correspond to grains and the 

parameters Rgb, Cgb and gbgbgb CR/1  are assigned to the grain boundaries. Using the 

experimental data (figure 5), the equivalent circuit from figure 6 and the equation 

max

1
2 f

RC
  , the above mentioned parameters at room temperature were computed. The 

obtained values are given in table 1. 

 

4. Conclusions 

The present paper shows an analysis of two samples of NaTaO3 perovskite materials 

which were obtained by the hydrothermal method, at the same reaction temperature (600 ºC) 

but with different sintering times: 6 hours for sample S1 and 12 hours for sample S2. The 
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nature of the crystalline phase of samples was examined using X-ray diffraction and the 

surface morphology study was performed by scanning electron microscopy (SEM). 

The XRD pattern indicates that the crystalline structure of samples has two phases 

(NaTaO3 and Ta2O5) and the prevailing phase is NaTaO3 with perovskite structure. The 

crystalline phase of samples consist of grains connected each other in agglomerated clusters 

with the average size of about few hundred nanometers.  

The complex impedance measurements, Z(f) = Z’(f) – i Z’’(f), over the frequency range 

20 Hz – 2 MHz, at room temperature, show that the imaginary component Z’’ present two 

maxima corresponding to two relaxation processes. From these measurements the relaxation 

times of the samples were determined.  

The results obtained from the analysis of the complex impedance spectroscopy, showed 

the appearance of two semicircles at room temperature, meaning that the capacitive and 

resistive properties of the samples are determined by two relaxation processes, corresponding 

to grains and grain boundaries.  

The results obtained from the complex impedance spectroscopy Z’’(Z’) have been fitted 

to two parallel RC equivalent circuits connected in series and the parameters R and C have 

been evaluated. 
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