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Sodium potassium niobate, Na1-zKzNbO3, is a ceramic material that exhibits dielectric and piezoelectric properties, which 
can be tuned by changing the composition of the material. The dielectric properties of Na1-zKzNbO3 ceramics are 
characterized by a high dielectric constant and low loss, which makes them useful for applications in capacitors, filters, and 
resonators. Pellets of Na1-zKzNbO3 (0.120 ≤ z ≤ 0.210) were prepared by the solid-state reaction technique. The structural 
and morphological study was carried out on the prepared compositions at room temperature (RT). A Piezoelectric indirect 
constant (d33*) was obtained for the prepared compositions. Additionally, dielectric measurements were performed at 
frequencies 10-1000 kHz, from ambient temperature to 500°C. For the prepared compositions with z = 0.175, a break in the 
XRD peak shifting patterns was observed, and the average grain size was calculated at 2.044 ± 0.3 µm. Also, the maximum 
indirect piezoelectric constant (d33*) was observed for z = 0.175 among the prepared compositions. For the prepared 
compositions, compositions with z = 0.140 showed the highest dielectric constant (peak value 1486, 385°C). Among the 
prepared samples, dielectric constant (ε), loss tangent (tan δ) and electric conductivity (σ) were found to be minimum for the 
composition with z = 0.175 at all the measured frequencies. Anomalous dielectric, piezoelectric and structural properties are 
evident for the samples with z = 0.175 among the prepared samples. Overall, the composition-dependent dielectric and 
piezoelectric properties of Na1-zKzNbO3 ceramics make them promising materials for use in various electronic and sensing 
applications where high-performance dielectric and piezoelectric materials are required. 
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1 Introduction 
Na1-zKzNbO3 ceramics have attracted significant 

attention due to their unique composition-dependent 
dielectric and piezoelectric properties. These ceramics 
are a type of perovskite oxide with a complex crystal 
structure, and their properties can be optimized by 
adjusting the potassium content (z) in the material. The 
dielectric properties of Na1-zKzNbO3 ceramics refer to 
their ability to store electrical charge and are 
characterized by a high dielectric constant and low loss. 
The piezoelectric properties, on the other hand, refer to 
the ability of the material to convert mechanical energy 
into electrical energy and vice versa. The piezoelectric 
properties of Na1-zKzNbO3 ceramics can be optimized by 
adjusting the potassium content, which affects the 
crystal structure and polarization of the material. The 
ferroelectric oxide-based PZT [Lead zirconate titanate] 

has been broadly used due to its large piezoelectric and 
dielectric properties1,2. It may be observed due to its co-
existence of two or more phases3. However, the well-
known PZT compound has a large amount of lead. 
Considerable interest has been growing in developing 
lead-free materials due to the high toxicity of lead. The 
lead-free solid solutions exhibit significant electro-
physical properties near MPB (morphotropic phase 
boundary) area. It might be explained by the volatility 
that developed in the polarization state or by sudden 
structural modifications at the MPB that changed the 
ferroelectric domains4. The ABO3-type perovskite 
materials have been investigated due to their large 
dielectric, piezoelectric, optoelectronic and ferroelectric 
properties5. The recent advancement of piezoelectric 
devices requires the urgent need for environmentally 
friendly materials that can replace the widely used PZT 
(lead zirconate titanate) system. Also, lead-free materials 
and compounds are widely used owing to their non-
toxicity. One prominent lead-free alkali niobate- based 
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compound is sodium potassium niobate (Na1-zKzNbO3), 
which has a perovskite structure. Saito et al.6 observed a 
large piezoelectric constant (d33 ~ 416 pC/N) in  
Li-modified NKN-based ceramics with co-dopants of Ta 
and Sb6. Nonetheless, the piezoelectric coefficient of  
the lead-based system was much higher than NKN 
ceramics7. The mechanism underlying the improved 
electrical characteristics around the MPB is very 
important. An MPB could have multiple different 
phases. Also, MPB may have two different phases (with 
a change in lattice) with different symmetries. For the 
compositions close to MPB, combining these phases 
may lead to various polarization directions, which may 
maximize the dielectric and piezoelectric properties even 
in the presence of dopants. Large piezoelectricity in  
Na1-zKzNbO3 ceramics at the morphotropic phase 
boundary is caused by polarization extension and 
rotation, intermediate phases, and elastic softening of 
lattice8-10. The high piezoelectric constant (d33 ~ 416 
pC/N) present in the solid solutions of ferroelectric lead-
free Na1-zKzNbO3 ceramics has thus been the subject of 
widespread research due to environmental concern. The 
development of numerous potential polarization 
directions at MPB, which may show extreme electro-
physical features, has drawn much interest to the Na1-

zKzNbO3 ceramic systems11,12. The thickness of the 
coexisting area is also related to the particle size. In the 
field of sensors and actuators, electrical properties are 
essential factors. The piezoelectric effect is used in 
various applications, including ultrasonic transducers, 
accelerometers, and underwater sound sources13. 

With the addition of Na at the K site, the transition 
temperature (Tc) has been changed, and a negligible 
change in structure may be observed14,15. Also, 
improvement may be observed in their losses, 
densification and temperature stability etc.14,15. To 
enhance the dielectric and ferroelectric properties, 
doping is the best possible choice. Ions like Li, Ta, and 
Sb etc., can be used at A- site and B-site to improve the 
electrical properties of NKN ceramics15-19. Ferroelectric 
materials having a perovskite kind of structure may alter 
their property with the change in processing conditions. 
Also, the Li-modified compositions show fair 
piezoelectric properties among the lead-free piezo-
ceramics19. 

Further, because of their large electrical properties, 
the sodium-potassium niobate ceramics may be used 
for ultrasonic sensors, capacitors, modulators, and 
memory devices. In this study, the prepared compositions 
of Na1-zKzNbO3 ceramics have undergone a thorough 
analysis of their structural and dielectric properties. 

Solid-state reaction was used to prepare the NKN 
ceramic compositions. At room temperature, XRD 
data of the prepared samples were taken. From RT to 
500 °C temperature and at a frequency range 10-1000 
kHz, dielectric properties (ε, tan δ and σ) of the 
prepared compositions were measured. Also, for the 
prepared samples, the piezoelectric constant (d33*) 
was measured. The prepared samples were examined 
using SEM images at room temperature. 

The study of composition-dependent dielectric and 
piezoelectric properties of Na1-zKzNbO3ceramics is an 
important area of research with significant potential for 
the development of high-performance materials for a 
range of applications. 
 
2 Experimental Details 

Sodium carbonate (Na2CO3), potassium carbonate 
(K2CO3) and niobium pentoxide (Nb2O5) were used as 
raw materials. All the mentioned raw materials are 
99.99% pure. In order to remove the absorbed 
moisture, the raw materials were dried at 200 °C for 
two hours. They were also accurately weighed in 
accordance with the stoichiometric ratio. The 
compositions were ground wet in acetone for the first 
two hours followed by dry wet. The grinding cycle 
was performed for 6 hrs. For grinding, an agate mullet 
mortar and pestle are used. To remove carbonate, 
compositions were calcined at 900 °C. To keep the 
mixtureat a cool stage, dry air was used. They were 
further pressed into pellets (8 mm dia, ~ 2 mm thick), 
at 0.2 GPa pressure. The pellets of Na1−zKzNbO3 
ceramics (0.120 ≤ z ≤ 0.210) were sintered at 
1200°Cfor 4 hours. The pellets were single sintered. 
The preparation methodology has been illustrated in 
the previous communications20-22. 

All the prepared powder samples of  
Na1−z KzNbO3 (0.120 ≤ z ≤ 0.210)were taken for XRD 
measurements. The XRD patterns of Na1−zKzNbO3 are 
measured using an X-ray diffractometer (PANalytical, 
X’PERT PRO, with CuKα1 radiation of wavelength 
1.5406) for structural measurement. The data is collected 
by the X-ray equipment at a scanning rate of 6o/min. To 
view the SEM images of the prepared samples, scanning 
electron microscopy is used with model number EVO 
18 Special Edition (CARL ZEISS). At different 
frequencies, dielectric measurements were carried out 
using an LCRmeter (Fluke, PM 6306).Compositions 
were electroded, in a metal-insulator-metal (M-I-M) 
arrangement, with a conducting silver paste for dielectric 
measurements. 
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3 Results and Discussion 
The XRD patterns are expected to show changes in 

the crystal structure of Na1−zKzNbO3 ceramics. As the 
potassium content increases, the crystal structure of 
Na1−zKzNbO3ceramics undergoes changes from 
tetragonal to cubic. This is due to the effect of the 
potassium ions on the crystal structure, which leads to 
an increase in the polarization and a decrease in the 
symmetry of the crystal lattice. Fig. 1 shows the 
measured XRD patterns of the Na1−zKzNbO3 ceramics 
(0.120 ≤ z ≤ 0.210). For this purpose, fine powder 
samples were collected. With the support of 
“Inorganic Crystal Structure Database (ICSD)” data, 
the peaks were indexed. The X-ray diffraction 
patterns show polycrystalline behavior. XRD data of 
Na1−zKzNbO3 ceramics are consistent with the code 
01-074-2025 of the ICSD database. This was done 
with the help of the most intense peaks corresponding 
to (100), (110) and (200), etc23.  

A continuous shifting of the intense peaks (100), 
(110), and (200) to elevated angles was obtained in 
the measured compositional range (0.120 ≤ z ≤ 
0.210), with an increase in potassium content (z 
value). For the composition z=0.175, the most intense 
peaks were measured moving to a lower angle, 
indicating a break in the peak shifting tendency, as 
shown in Fig. 2. A similar investigation has been 
reported in NKN ceramics, near z = 0.475 and 
0.50024-26. The experimental break in the peak shifting 
patterns may be attributed to the lattice change. 

The lattice parameters were calculated for the 
prepared Na1−zKzNbO3 samples. Rietveld refinements 

have been performed using XRD data to evaluate 
lattice parameters of the prepared Na1−zKzNbO3 
ceramics. High Score Plus software has been used to 
refine the lattice parameters. The background was 
modeled using the Legendre polynomial and the 
peaks’ profiles were refined using a pseudo-Voigt 
function27,28. For the prepared compositions, the XRD 
patterns show monoclinic phase. The selected space 
group for the refinements was Pm623,29. The variation 
of lattice parameters for the prepared NKN samples 
(z) has been shown in Fig. 3. The cell parameters 
show an abnormal nature for the compositions z = 
0.175, among the prepared samples. For the prepared 
compositions, a rise was observed in c/a ratio plot for 
z = 0.175, which exhibits structural anomaly in this 
compositional region. The SEM images of the 
prepared compositions were shown in Fig. 4. The 
average grain size was calculated 2.044 ± 0.3 µm. The 
samples have fine grains. The images were obtained 
with the help of SEM machine (EVO 18, Special 
edition, Zeiss). The SEM images have same 
magnification (10 µm). For the prepared 
compositions, the variation of density and grain size 
with composition (z) were shown in Fig. 5. The 
density of NKN ceramics was found to increase with 
increasing K content (z), peaking at z = 0.175 and 
then decreasing with further increase in z; however, 
the grain size was found to have the opposite 
variation, decreasing with increasing z, reaching 
minimum for z = 0.175 and increasing with further 
increase in z. Furthermore, the structural anomaly, at 
z = 0.175, may be the reason for the observed highest 
density, among the prepared samples25. The 
composition- dependent dielectric properties has been 

 
 
Fig. 1 — XRD patterns of the Na1−zKzNbO3(0.120 ≤ z ≤ 0.210)
ceramics. 

 
 
Fig. 2 — Peak (200) shifting tendency with sample (z),
inNa1−zKzNbO3(0.120 ≤ z ≤ 0.210)ceramics. 
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discussed.  The   dielectric   properties  (ε, tan δ and σ)  
have been increasing with an increase in potassium 
content (z value). They were found increasing up to 
the concentration z = 0.140. For composition z = 
0.175, the measured values of ε, tan δ and σ were 

found decreasing. At 1 MHz, the measured 
composition (0.120 ≤ z ≤ 0.210) dependence of ε, tan 
δ and σ with different temperatures, were shown in 
Fig. 6(a-c). An anomalous change was seen in the 
dielectric properties (ε, tan δ, and σ) near z = 0.175, at 
all the observed temperatures with 1 MHz frequency. 
Furthermore, among the prepared compositions, an 
irregular change was found in the dielectric properties 
(ε, tan δ and σ) near z = 0.175, at different frequencies 
with RT. Fig. 7(a-c) indicates the observed 
composition (0.120 ≤ z ≤ 0.210) dependence of ε, tan 
δ and σ with different frequencies. The measured 
dielectric nature can be attributed to the change in 
polarization extension and rotation followed by 
samples, applied frequency, residual stress, porosity, 
grain size, thickness of grain boundary, and dielectric 

 
 

Fig. 3 — (a) Variation of Cell parameters with sample (z), and (b)
variation of c/a ratio with sample (z), in Na1−zKzNbO3(0.120 ≤ z ≤
0.210) ceramics. 

 
 

Fig. 4 — The SEM images of (Na1−zKzNbO3) (0.120 ≤ z ≤ 0.210) ceramics, (a) z = 0.120, (b) z = 0.140, (c) z = 0.175, (d) z = 0.190,
(e) z = 0.210, respectively. 

 
 
Fig. 5 — Variation of density and grain size with composition (z),
in Na1−zKzNbO3 (0.120 ≤ z ≤ 0.210) ceramics. 
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thermal properties22,25,30. The observed minimum 
values of dielectric properties at all the measured 
frequencies, and break in the X-ray diffraction peak 
shifting patterns of the prepared compositions show 
an anomalous behavior, near z = 0.175, in the 
compositional range of the (Na1−zKzNbO3) (0.120 ≤ z 
≤ 0.210) ceramics. Additionally, smaller grains are 
related to lower electrical permittivity values. 
However, in this instance, the composition-dependent 

anomalous behavior, close to z = 0.175, has a greater 
influence than grain size. The effect of MPB is 
confirmed from XRD data, SEM analysis and 
composition- dependent dielectric properties. For the 
prepared compositions with z = 0.175, the change in 
lattice size, lowest grain size, dielectric properties (ε, 
tan δ and σ) and highest density followed by a rise in 
c/a ratio were exhibiting abnormal behavior which 
shows a morphotropic phase transitions. 

For all the prepared compositions, P-E 
(polarization vs. electric field) hysteresis loops were 

 
 

Fig. 6 — (a) Composition dependent loss tangent (tan δ) of NKN
ceramics, at different temperatures.(b) Composition dependent
electric conductivity (σ) of NKN ceramics, at different
temperatures.(c) Composition dependent dielectric constant of
NKN ceramics, at different temperatures. 
 

 
 

Fig. 7 — (a) Composition dependent loss tangent (tan δ) of NKN
ceramics, at different frequencies. (b) Composition dependent 
electric conductivity (σ) of NKN ceramics, at different
frequencies. (c) Composition dependent dielectric constant of
NKN ceramics, at different frequencies. 
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taken at RT (room temperature). The measurements 
were obtained with an input triangular wave, at an 
electric field 12.16 kV/cm. Fig. 8 shows the plots of 
P-E hysteresis loops for the prepared compositions of 
NKN ceramics. The S-E [strain (%) vs. electric 
field]plots of the prepared NKN samples have been 
shown in Fig. 9. The obtained butterfly loops exhibit 
good ferroelectric behavior of the prepared NKN 
ceramics31. 

Maximum strain (%) was found for the sample 
with z = 0.175, among the prepared samples. With the 
help of the eq. d33*= Smax/Emax

32
, i.e., the ratio of strain 

and electric field, the piezoelectric constant was 
calculated for the prepared NKN samples. The 
maximum strain was calculated from the butterfly 
plot, and the applied electric field was taken at that 
corresponding strain. Fig. 10 exhibits the variation of 
the piezoelectric constant (d33*) with sample (z). 

Among the prepared compositions, the highest value 
(386 pm/V) of piezoelectric constant (d33*) was 
observed for the compositions with z = 0.175. 
Researchers found similar findings near the MPB 
region33. At composition z = 0.175, the obtained 
distinct greater deformation in piezoelectric constant 
(d33*), polarization and strain (%), may be attributed 
to the change in lattice, near the MPB. Fig. 11 
indicates the plots of coercive field (Ec) and remnant 
polarization (Pr) with variation incomposition (z). For 
the compositions with x = 0.175, maximum 
polarization (Pr = 9.73 µC/cm2) and coercive field 
(Ec= 2.18 kV/cm) were observed, among the prepared 
compositions. These findings could be explained by 
the change in the lattice in the prepared NKN 
ceramics, at x = 0.175, close to the MPB34,35. The 
processing conditions36, as well as the purity and grain 
size of the starting materials22,37, have a significant 
impact on the internal stress, defects, and morphology 

 
 

Fig. 8 — Polarization vs. electric field (P-E) hysteresis loops of
Na1-zKzNbO3, (0.120 ≤ z ≤ 0.210) ceramics. 
 

 
 

Fig. 9 — Plot of strain (%) with electric field, in Na1-zKzNbO3,

(0.120 ≤ z ≤ 0.210) ceramics. 

 
 

Fig. 10 — Plot of converse piezoelectric constant (d33
*) with 

sample (z), inNa1-zKzNbO3, (0.120 ≤ z ≤ 0.210) ceramics. 
 

 
 

Fig. 11 — Variations of coercive field (Ec) and remnant 
polarization (Pr) with sample (z), inNa1-zKzNbO3, (0.120 ≤ z ≤ 
0.210) ceramics. 
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of ceramics. The crystallographic details, density and 
grain size of the prepared compositions can 
significantly influence the electrical properties22,38,39. 
Low polarization in the ferroelectrics is a result of the 
grain boundary’s low permittivity. Additionally, the 
space charges that are present at the grain boundary 
may contribute to the exclusion of polarization 
charges on the grain surface and result in polarization 
discontinuity. In the smaller grain ceramics, a 
depolarization field consequently manifests, and the 
polarization further decreases. 

The variations of coercive field (Ec) and remnant 
polarization (Pr) with sample (z) in Na1−zKzNbO3 
ceramics depend on the crystal structure and 
polarization of the material, which are affected by the 
potassium content. As the potassium content (z) 
increases, the crystal structure of Na1−zKz NbO3 

ceramics undergoes changes from tetragonal to cubic, 
which affects the polarization and domain structure of 
the material. The coercive field (Ec) and remnant 
polarization (Pr) are two important parameters  
that characterize the electric properties of 
Na1−zKzNbO3ceramics. The density of the prepared 
NKN ceramics has been found to increase with 
increasing Na component (z), reaching its peak at z = 
0.175 and decreasing with a further increase in z. In 
contrast, the grain size was found to have the opposite 
variation. It has been observed that grain size rises 
with rising in z, showing lowest at z = 0.175 and 
increasing with further increase in z. The grain 
boundaries can increase or decrease depending on the 
ceramics’ grain size; smaller grains produce fewer 
grain boundaries and vice versa. For the composition 
with z = 0.175, the reduction in the polarization of the 
NKN ceramics would be caused by the increased 
number of grain boundaries which may be due to the 
observed minimum grain size. However, in the 
present case, it has been discovered that the sample 
with x = 0.175 had the highest observed remnant 
polarization (Pr) and coercive field (Ec), indicating 
that these parameters are composition-dependent 
rather than related to the grain size or density of NKN 
ceramics. In a previous communication, a similar 
result was reported regarding the dielectric and 
structural properties of NKN ceramics21. 
 
4 Conclusions 

In conclusion, structural and electrical properties of 
Na1−zKzNbO3 (0.120 ≤ z ≤ 0.210) ceramics were 
observed. The composition-dependent dielectric and 

piezoelectric properties of Na1−zKzNbO3 (0.120 ≤ z ≤ 
0.210) ceramics were discussed. For the prepared 
Na1−zKzNbO3ceramics, a continuous XRD peaks 
shifting pattern was observed with varying z, with a 
break for the sample with z = 0.175. The dielectric 
measurements show a minimal loss for all the 
prepared compositions of Na1−zKzNbO3 ceramics. At 
RT, the dielectric constant was found to be lowest for 
the compositions with z = 0.175 at all the measured 
frequencies among the prepared compositions. Also, 
the maximum piezoelectric coefficient was for the 
sample with z = 0.175 among the prepared samples. 
Therefore, from the above discussion, anomalous 
structural and electrical properties were found for the 
sample with z = 0.175 among the prepared samples. 
The observed dielectric measurements of the NKN 
ceramics will extend the possibilities for using this 
compound in various energy storage applications. 
 
References 
1 Nagta H, Chikoshiand N & Takenaka T, J Appl Phys B, 38 

(1999) 5497. 
2 Suzuki M, Nagta H, Ohara J, Funakubo H & Takenaka T, 

Jpn J Appl Phys B, 42 (2003) 6090. 
3 Goldschmidt V M, Trans Faraday Soc, 25 (1954) 253. 
4 Ishibashi Y, Ferroelectrics, 264 (2001) 197. 
5 Samara G A, Ferroelectrics, 73 (1987) 145. 
6 Saito Y, Takao H & Tani T, Nature, 432 (2004) 84. 
7 Guo Y P, Kakimoto K, Ohsato H, Appl Phys Lett, 85 (2004) 412. 
8 Ahtee M & Glazer A M, Acta Crystallographica A, 32 

(1976) 434. 
9 Matsushita E & Sugiyama K, Ferroelectrics, 428 (2012) 49. 
10 Jaffe B, Cook W R & Jaffe J H, Piezoelectric Ceramics, 

Academic Press, New York, (1971).  
11 Somiya S, Encyclopedia of physical science and technology, 

Academic press, New York, (2003) 578. 
12 Jaffe B, Routh R S & Marzullo S, J Appl Phys, 25 (1954) 

809. 
13 Murthy S N, Murthy K V R & Umakantham K, 

Ferroelectrics, 102 (1990) 243. 
14 Tennary V J & Hang K W, J Appl Phys, 39 (1968) 4749. 
15 Shirane G, Newnham R & Pipinsky R, Phys Rev, 96 (1954) 

581. 
16 Sheng Y C, Walter W & Juang Y D, Ferroelectrics, 287 

(2003) 23. 
17 Lu S, Luan Z & Wang J, Ferroelectrics, 189 (2018) 58. 
18 Guo Y, Kamkimoto K & Ohsato H, Jpn J Appl Phys B, 44 

(2005) 7064. 
19 Shamim Md, Singh K A & Sharma S, J Adv Dielectr, 7 

(2017) 1750037. 
20 Lingwal V & Panwar N S, Ferroelectrics, 300 (2004) 3. 
21 Kandari A S, Lingwal V & Panwar N S, Ferroelectrics, 396 

(2010) 18. 
22 Biswas D, Sharma P & Panwar N S, ECS J Solid State Sci 

Technol, 10 (2021) 033002. 
23 Ahtee M & Hewat A W, Acta Crystallographica Section A, 

34 (1978) 309. 



INDIAN J PURE APPL PHYS, VOL. 61, MAY 2023 
 
 

342

24 Kandari A S, Kandari K & Lingwal V, Ferroelectrics, 393 
(2009) 121. 

25 Singh S, Negi J & Panwar N S, J Phys Chem Solids, 123 
(2018) 311. 

26 Kandari A S, Bhandari A & Bourai A A, Ferroelectrics, 386 
(2009) 139. 

27 Tellier J, Malic B, Dkhil B, Jenko D, Cilensek J & Kosec M, 
Solid State Sci, 11 (2009) 320. 

28 Azaroff L V, Elements of X-ray Crystallography, McGraw 
Hill Book Company, New York, 1968. 

29 Attia J, Bellaiche L, Gemeiner P, Dkhil B & Malic B, J Phys 
IV France, 128 (2005) 55. 

30 Goodman G, Ceramic materials for electronics, processing, 
properties and applications, Buchanan RC, New York, NY: 
Marcel Dekker Ltd, (1991) 32. 

31 Viola G, Saunders T, Wei X, Chong K B, Luo H, Reece M J 
& Yan H, J Adv Dielectr, 3 (2013) 1350007. 

32 Jalalian A, Grishin A M, Wang X L, Cheng Z X & Dou S X, 
Appl Phys Lett, 104 (2014) 103112.  

33 Singh S & Panwar N S, Ferroelectrics, 558 (2020) 240. 
34 Tian Y, Wei L, Chao X, Liu Z & Yang Z, J Am Ceram Soc, 

96 (2013) 496. 
35 Xu G, Wen J, Stock C & Gehring P M, Nat Mater, 7 (2008) 562. 
36 Mitra S, Kulkarni A R & Prakash O, J Appl Phys, 114 (2013) 

064106. 
37 Nalwa H S, Handbook of Nanostructured Materials and 

Nanotechnology, Academic Press, New York, 1999.  
38 Mudinepalli V R, Feng L, Lin W C & Murty B S, J Adv 

Ceram, 4 (2015) 46. 
39 Shen Z Y & Li J F, J Ceram Soc Jpn, 118 (2010) 940. 

 
 


