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Abstract  

Impedance spectroscopy was used in order to investigate the electric properties of double 
perovskites of the Y2NiMnO6 ceramics, which were prepared by thermal decomposition at 800 C for 6 h 
followed by sintering at 1400 C for 6, 12, 18 and 24 h. Consequently, the electric characterization of the 
Y2NiMnO6 ceramics was performed at temperature from 50 to 200 C, in the frequency range from 102 
to 108 Hz. Results in the activation energy relaxation (ܽܧሺఛ௚ሻ) are significantly increased from 0.1723 to 
0.3813 eV and the conductivity activation energy (ܽܧሺఙ௚௕ሻ) in the grain boundary are dramatically 
increased from approximately 0.3599 to 0.6260 eV at 24 h. Dispersion was observed in the variation of 
impedance values with frequency. Possible reasons for these observations are discussed. 
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Introduction  

Microelectronics devices are continuously developed for industrial revolution. In addition, devices 
are becoming miniaturized, consuming less power, and with reduced cost of manufacture, but they have 
powerful options and the best security in use. Ceramics have desirable properties for electronic capacitors 
including the highest dielectric permittivity over the performed period, lowest dielectric loss tangent [1,2] 
and perform with several frequencies and at many temperatures. However, the giant dielectric materials 
are selected to probe the various properties. Even though many dielectric materials have been investigated 
by several researchers [3-8], perovskites materials such as BiFeO3 and YMnO3, play an important role as 
a structure for most multiferroic compounds. Thus, almost all perovskites have a high dielectric constant. 
The Y2NiMnO6 materials exhibit magnetic and dielectric properties similar in behavior to double 
perovskite with an electric field and various temperatures [9-11]. Another important point for such 
ceramics is that the dielectric behavior and activation energy for Y2NiMnO6 are comparable to that of 
charge ordered La2NiMnO6 [12,13]. In particular, the activation energy is close to the energy required to 
transfer an electron from Ni2+ to Mn4+ and there are sufficient values to substitute the direction of the 
polar region, indicating that the conformable dielectric characteristics in Y2NiMnO6 may be ascribed to 
the charge ordering [14-16]. However, charge ordered perovskite materials, which exhibit this type of 
ferroelectricity are of interest to many researchers and industrial factories, both theoretically and 
experimentally [17-22]. Consequently, the ceramic materials Y2NiMnO6 are investigated by exploring the 
fundamental understanding of the Ni2+OMn4+ electronic interaction inside the structure. 



Electrical Characterization by Impedance Spectroscopy Thanapong SAREEIN and Naphat ALBUTT

http://wjst.wu.ac.th 

Walailak J Sci & Tech 2016; 13(12)
 

1006

In this research, we successfully prepared Y2NiMnO6 powder by a thermal decomposition method 
and it was sintered by high temperature at 1400 C several sintering times (6, 12, 18 and 24 h) [23]. The 
study investigated the formation for Y2NiMnO6 ceramics under a variety of conditions. The samples of 
the Y2NiMnO6 ceramics were characterized by X-ray diffraction (XRD) to investigate of pattern phase 
and scanning electron microscopy (SEM) for surface morphologies. Lastly, the dielectric properties were 
measured, including impedance (Z), dielectric permittivity (ߝᇱ), dielectric loss (ߝᇱᇱ) and loss tangent 
(tanδ) at temperature range 50 to 200 C by using an Agilent 4294 A (Precision Impedance Analyzer). 
 
Materials and methods 

The bulk Y2NiMnO6 sample was synthesized using Y(CH3COO)3.xH2O (Yttrium (III)acetate 
hydrate, 99.9 %), Ni(CH3COO)2.4H2O (Nickel (II)acetate tetrahydrate, 99.0 %) and Mn(CH3COO)2.4H2O 
(Manganese (II)acetate tetrahydrate, 99.0 %), mixed in deionized (DI) water (1:7.5). For the experimental 
part, the mixtures were stirred at room temperature overnight in order to yield a homogeneous solution. 
Firstly, the solution was heated in air from 100 to 800 C for 11 h and then at 800 C for 6 h to obtain the 
powder for sintering. Secondly, the sample was sintered at a rate of 5 C/min until 1400 C and 
maintained at that temperature 6, 12, 18 and 24 h, respectively. 

To reveal the phase composition and microstructure, the bulk Y2NiMnO6 and sintered ceramics 
were characterized by X-ray diffraction (XRD) (Bruker D8 HRXRD, Germany) and scanning electron 
microscopy (SEM) (JEOL JSM-6010, Resolution 5.0 nm in LV mode). It is important to note that using 
the XRD patterns confirm to main phase of Y2NiMnO6 ceramics with several sintering times were 
reported by JCPDS card. In the electrical characterization, the ceramic samples were given electrical 
contacts by silver painting on both sides of the disk shaped samples, and they were allowed to dry 
overnight. Finally, the electric response of the sample was measured using an Agilent 4294A (frequency 
range 40 Hz to 110 MHz) Precision Impedance Analyzer which was used by a frequency ranging from 
102 to 108 Hz and oscillation voltage of 1.0 V. The measurements were performed from 200 to 50 C. 
Furthermore, each measured temperature was kept constant with an accuracy of 1K. 
 
Results and discussion 

XRD and SEM for Y2NiMnO6 ceramics 
XRD at high temperature demonstrates that the ceramic material groups have a structure consistent 

with the general literature. The diffraction peaks shown in Figure 1 can be assigned to a monoclinic cell 
with a P21/n space group, which is typical for a ceramics material with charge ordering (1:1) of the Ni and 
Mn cations. According to diffraction peaks, the samples that were sintered at high temperature clearly 
gave a main phase at several positions. The sintered samples show an increased (111) phase in 
comparison to the bulk, with highest contribution at 18 h. The main (112) phase was highest after 12 h of 
sintering, which can explain in part the different electrical properties of these ceramics. 
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Figure 1 XRD spectra of Y2NiMnO6 bulk (non-sintered) and Y2NiMnO6 ceramics sintered at 1400 C for 
6, 12, 18 and 24 h, respectively. 
 
 

 
 
Figure 2 SEM images of the surface morphologies of the Y2NiMnO6 ceramics sintered at 6, 12, 18 and 
24 h. 
 
 

The resulting SEM images show significant changes in microstructure with sintering time. The 
sample sintered for 6 h shows a fine-grained microstructure with average grain sizes of approximately 
1.36 µm, grain boundary of about 0.179 µm and the largest grain sizes of ~4.82 µm, as shown in Figure 
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2(a). As seen in Figure 2(b), the sample Y2NiMnO6 ceramics at 12 h exhibits non fine-grained 
microstructure with average grain sizes of ~1.56 µm, grain boundary of about 0.137 µm and the biggest 
grain sizes of ~6.91 µm. Surprisingly, the Y2NiMnO6 ceramics sintered for 18 h indicates some grains 
were distorted and appeared porous, which was attributed to the value of average grain sizes of ~ 3.36 
µm, grain boundary of ~0.191 µm and the highest size of ~8.16 µm for dense microstructure, as shown in 
Figure 2(c). Finally, the sample sintered for 24 h exhibits high performance grain sizes at ~10.23 µm, 
average grain sizes of ~5.24 µm and grain boundary sizes at about 0.21 µm, as seen in Figure 2(d). It was 
observed that the grain size increased moderately from 1.36 after 6 h to 1.5 µm after 12 h, while longer 
sintering times demonstrated a greater range of grain sizes. These results will help explain the dielectric 
properties. The information concerning grain size and grain boundary size were obtained with Image-Pro 
Plus5.1. 
 

Impedance spectroscopy  
Impedance spectroscopy is an important measurement to study the electrical properties of ceramic 

materials, presenting electrically inhomogeneous structure and properties of ceramic materials [24-26]. It 
can be used to separately study the electrical responses of the conducting part and insulating part of the 
ceramic materials. The complex impedance (ܼ∗) of a ceramic material can be obtained from the parameter 
ܼ∗ ൌ  is the measuring current. Nevertheless, the parameter ∗ܫ where ܸ∗ is the applied voltage and ,∗ܫ/∗ܸ
ܼ∗ can be investigated from the complex dielectric constant (ߝ∗), from ܼ∗ ൌ  is found ∗ߝ where ,∗ߝ଴ܥ݆߱/1	
from ߝ∗ ൌ 	 ᇱߝ െ  ᇱᇱ are presented for the real part and imaginaryߝ ᇱ andߝ ᇱᇱ. Consequently, the parametersߝ݆
part of the complex permittivity. Normally, ߱ is the angular frequency (߱ ൌ ଴ܥ and (݂ߨ2 ൌ  is the ݀/ܣ଴ߝ
empty cell capacitance of ceramic materials, A is the sample area and d is the ceramic thickness. An 
outstanding parameter is that the values of ac conductivity (ߪ௔௖) which is calculated from ߪ௔௖ ൌ 	  .ᇱᇱߝ଴߱ߝ
In addition, the complex impedance ܼ∗ of the ceramic materials can be modeled by ideal equivalent 
circuits that have resistors R and capacitors C for investigating the electrical property of the sample. 
However, there is more than one electrical response in the ceramic material. Interestingly, these ceramic 
materials display grain boundary impedance (ܴ௚௕, ,௚௕) in addition to grain (ܴ௚ܥ  ௚) effects [25], whichܥ
can be represented by the equivalent circuit shown in Figure 3. 
 
 

 
Figure 3 Equivalent circuit used to represent the electrical properties of a polycrystalline ceramic 
material that demonstrates grain (Rg, Cg) and grain boundary (Rgb, Cgb) effects. 
 
 

As shown in Figure 3, the equivalent circuit consists of 2 parts, with the first part representing grain 
effects (Rg, Cg) and the second part representing grain boundaries (Rgb, Cgb). The circuit consists of a 
resistor (R) and capacitor (C) joined in parallel. Accordingly, the electrical properties response from the 
grain boundary should be associated with larger resistance (Rgb) and capacitance (Cgb) than those of 
grains (Rg, Cg). Grain boundary’s (Rgb, Cgb) response frequency is therefore much lower than that of the 
grain (Rg, Cg), and it gives rise to a relatively strong peak in the impedance in ceramic materials. 
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where the real part (ܼᇱ) and imaginary part (ܼᇱᇱ) of the complex impedance (ܼ∗) for impedance of ceramic 
materials, it can be separated for 2 equations; 
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where the resistances (Rg, Rgb) and the capacitances (Cg, Cgb) represent the grains and grain boundaries, 
respectively. 
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Figure 4 (a) Impedance spectra as a function of sintering time. Solid curves are the best fits to Eq. (5), (b) 
Frequency dependence of ܼᇱᇱand solid curves. 
 
 

Figure 4(b) shows the frequency dependence of ܼᇱᇱ in the imaginary part of complex impedance 
(ܼ∗) at high temperature (1400 C) of sintering time from 6 to 24 h and the solid curves are the best fits to 
the Cole-Cole equation. It was observed that each sintering time exhibits a different shifted imaginary 
impedance (ܼᇱᇱ), shifting dramatically to higher frequency as sintering time increases. However, the 
intensity of (ܼᇱᇱ) decreases as the sintering time increases. As discussed in the previous section, both 
electrical responses are thermally activated. Based on Eq. (3), the response peak of the grains and grain 
boundaries are positioned at 1/൫2ܴߨ௚ܥ௚൯ and	1/൫2ܴߨ௚௕ܥ௚௕൯, respectively, and the peak values are 
proportional to the associated resistances. Generally, the peak frequency for grain boundaries is much 
lower than that for grains due to their large resistance and capacitance compared with those of grains. 
Figure 4(a) shows the impedance spectra for the Y2NiMnO6 ceramics at high temperature and different 
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sintering time. It can be seen that the impedance semicircles consist of 4 semicircles, which have different 
characteristics with each condition. They can be slightly separated at the beginning of the ܼᇱ axis for the 
different sintering time. Subsequently, impedance values increased dramatically and separated clearly in 
lower impedance region. Consequently, in the impedance spectra, we found that the small semicircle at 
24 h, which corresponds to the low intensity and weak peak in Figure 4(b), while the large semicircle at 
12 h shows a high intensity and strong peak. Furthermore, in the part of capacitances and resistance in 
grain and grain boundary are summarized in Table 1 and Figure 5. It is noted that the capacitance values 
in the grain boundary are larger than in the grain interior for sintering time at 12 and 18 h, and the 
resistance increases significantly. 
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Figure 5 (a) Sintering time dependence of capacitance and (b) resistance. 
 
 
Table1 Activation energies of grain and grain boundary of the Y2NiMnO6 ceramics. 
 

Sample (1400 C) 
Activation energy (eV) 

Ea(ࢍ࣎) ࢍࢻ Ea(࢈ࢍ࣌) ࢈ࢍࢻ 

6 hours 0.172 0.960 0.359 0.015 

12 hours 0.309 0.980 0.451 0.015 

18 hours 0.331 0.870 0.545 0.015 

24 hours 0.381 0.890 0.626 0.015 
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Figure 6 Frequency dependence of dielectric properties of Y2NiMnO6 ceramics with different sintering 
time obtained from Debye and Cole-Cole relaxation models. 
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Figure 6 shows the dielectric properties that consist of dielectric permittivity (ߝ′) (a), dielectric loss 
 of Y2NiMnO6 ceramics as a function of temperature under bias at 30 (c) (ߜtan) and loss tangent (b) (ᇱᇱߝ)
C for several frequencies. According to the data, the values of 1.420~ ′ߝ10ସ for sintered time at 12 h 
and	~1.34610ସ for 24 h at low frequency (10ଶ	Hz), respectively. Interestingly, they decreased 
significantly at higher frequency for all sintered times. On the other hand, the highest peak position had a 
value of ߝᇱᇱ ~5.10110ଷ at 12 h and a low value of ~1.40510ଷ at 18 h, it was observed that after ߝ′ 
plummeted rapidly at high frequency the appearance of a corresponding relaxation peak in the ߝᇱᇱ 
followed. Consequently, we found that the relaxation peak had a shifted peak at high frequency for long 
sintering times. Therefore, the change in dielectric properties of the sintered Y2NiMnO6 ceramics can be 
correlated to microscopic changes in microstructure of ceramics such as an improvement of ߝ′ is 
attributed to an increase in grain size, as shown in Figure 2. However, to understand the possible 
mechanism and behavior associated with decreasing dielectric permittivity and sintering time we have 
explored the Cole-Cole relaxation model. Normally, a dielectric relaxation in ceramic materials can be 
empirically described by a Cole-Cole relaxation model, the modified Debye Eq. (6). This is given by; 
 

ε∗ ൌ 	 εᇱ െ jεᇱᇱ ൌ 	 εஶ ൅ ቂቀ
க౩ିகಮ

ଵାሺ୨னதሻಉ
ቁቃ                       (6) 

 
where, ߝ௦ is the static frequency, ߝஶ is the high frequency limit of dielectric permittivity and the dielectric 
relaxation is ߬, ߱ is the angular frequency, which is includes a constant value 0) ߙ ൑ ߙ ൑ 1) only. For an 
ideal Debye relaxation, ߙ ൌ  ,At the same time .(corresponds to the standard Debye relaxation 0 = ߙ) ,1
ߙ ൏ 1, implies that the relaxation has a distribution of relaxation time, leading to a broader peak shape 
than a Debye peak. As seen in Figures 6(a) - 6(d), both low frequency and high frequency parts can be 
well fitted by the Cole-Cole relaxation model. Consequently, the ߙ values of temperature with 200 to 140 
C at 0.864 (for 1400 C at 24 h), while the high	ߙ values at 6 h of about	~0.982, respectively. In 
addition the Y2NiMnO6 ceramics were measured over a temperature range from 200 to 50 C, important 
for diverse applications. However, the loss tangent in our samples is very high value at long sintering 
times and increases at low frequency. 

By fitting the results, the mean relaxation times (߬) at different temperatures (200 to 50 C) were 
obtained. It was found that the temperature dependence of the fitted ߬ values for sintering time follow the 
Arrhenius law; 
 

τ ൌ 	τ଴exp ቀ
୉౗
୩ా୘

ቁ                                       (7) 

 
where ߬଴ is a pre-factor, Ea is the activation energy required for the relaxation process, kB is Boltzmann 
constant, and T is the absolute temperature. The curves fitted using Eq. (7), as illustrated in the inset (a-d) 
of Figure 7. Furthermore, we have also found that the activation energy ܧ௔ሺఛ௚ሻ value of the relaxation in 
the grain is 0.172, 0.309, 0.331 and 0.381 eV, for sintering times 6, 12, 18 and 24 h, respectively. 
However, the value of ܧ௔ሺఛ௚௕ሻ for relaxation in the grain boundary at long sintering times is about 0.407 
eV. It was observed that the activation energy for the relaxation is consistent with the loss of the dielectric 
peak, as shown in Figure 6(b). On the other hand, in this work we investigated the conduction activation 
energy. As demonstrated in Table 1, we found values of ܧ௔ሺఙ௚௕ሻ for the conduction activation energy in 
the grain boundary of 0.359, 0.451, 0.545 and 0.626 eV at 6, 12, 18 and 24 h, accordingly. As previously 
reported, the polarization relaxation has a close relationship to the conductivity in the grain boundary, 
whereas the conduction activation energy in the grain interior does not correspond to the Y2NiMnO6 
ceramic. 
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Figure7 The temperature dependence of dielectric permittivity; inset shows temperature dependence of 
relaxation time for materials sintered at 1400 C for (a) 6 h, (b) 12 h, (c) 18 h and (d) 24 h. 
 
 
Conclusions 

In summary, Y2NiMnO6 ceramics were prepared by thermal decomposition and sintering. XRD 
results show the main phase of Y2NiMnO6, confirming the different sintering times. Interestingly, the 
grain sizes showed significant growth with sintering time, as indicated by SEM. The values of high 
Zᇱ~1.0210ସ	Ω, R୥~1.010ସ	Ω and	C୥ୠ~90	nF, using a bias temperature at 30 C, respectively. It was 
measured by using temperature range 200 to 50 C in order to investigate the dielectric properties 
associated with a heating bias inside the materials. We found that the dielectric permittivity had high 
values at low frequency, while at high frequency low dielectric permittivities were found at one 
temperature.  
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