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 Field induced phase transition in Pb(Zn1/3Nb2/3)O3-8%PbTiO3 was investigated by 

measuring temperature dependence of the dielectric constant under the DC biasing field.   It was 

clarified that the critical end point (CEP) exists at 170± 2oC and 1.5± 0.2 kV/cm.   The boundary 

between the ferroelectric and the paraelectric phases near CEP was discussed on the basis of the 

Landau-type free energy.   It is confirmed that the wall width is in proportion to (Ece -E)-1/2, and 

diverges at CEP (E = Ece), where E is the electric field and Ece is E at CEP.    
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1. Introduction 

It is well-known that mixed crystals of Pb based relaxors and ferroelectric PbTiO3 show giant 

dielectric and piezoelectric responses near the morphotropic phase boundary (MPB).   Among them, 

Pb(Zn1/3Nb2/3)O3-xPbTiO3 (PZN-xPT) shows MPB at x = 8-9% at room temperature [1].   With 

respect the giant response near MPB, in the early stages, Carl and Hardtl discussed the enhancement 

of the dielectric constant perpendicular to the spontaneous polarization in Pb(Zr,Ti)O3 (PZT) based 

on the Landau-type free energy [2].   It was claimed that such giant responses essentially come 

from the transversal instability near MPB on the basis of the Landau-type free energy, where the 

dielectric constant perpendicular to the spontaneous polarization becomes extremely large because 

anisotropy of the free energy in the parameter space becomes small [2-4].   It was also reported on 

the basis of the first principles studies that a similar mechanism for such giant response exists in 

BaTiO3 [5].   On the experimental side, we confirmed that the dielectric constant perpendicular to 

the spontaneous polarization in PZN-xPT significantly increases with approaching MPB [6].   

Furthermore, it was reported that physical properties near MPB in PZN-xPT are sensitive to external 

fields such as stresses and electric fields, reflecting that the giant dielectric and piezoelectric 

responses are due to the transversal instability [7,8].    

 On the other hand, it was found that a new sharp phase transition at 114oC below the 

paraelectric-ferroelectric phase transition point in PZN appears only on zero-field heating (ZFH) 

after field cooling (FC) process [9,10].      We reported a new phase diagram in poled samples of 

PZN-xPT, and found that the new sharp transition in the poled PZN and the transition at MPB are the 

same kind, showing that this new transition corresponds to that between the tetragonal and 

rhombohedral phases [11-13].   We claimed that the nature of the phase transition smeared by 

complex domain structures such as a polar nanoregion (PNR) can be clarified by decreasing 

heterogeneity owing to the electric field on the FC process.  

 Recently, Kutnjak et al. experimentally discovered the critical end point (CEP) on the three 

dimensional concentration-temperature-field phase diagram in Pb(Mg1/3Nb2/3)O3-xPbTiO3 (PMN- 
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xPT), and claimed that the giant electromechanical response in PMN-xPT is the manifestation of 

CEP in addition to MPB [14].   These phase transitions were discussed on the basis of the 

Landau-type free energy, and it was shown that the fourth order anisotropy of the polarization in the 

free energy plays an important role in the determination of the aspect in this phase diagram [15,16].   

Many experimental results with respect to CEP in PMN-xPT were reported to clarify its detail 

[17-21].    We have confirmed the existence of CEP in PZN-8%PT to clarify the nature of the 

phase transition under the electric field [22-25].   In this paper, we summarize our experimental data 

with respect to temperature-field phase diagram and discuss physical properties of the phase front 

(phase boundary between the paraelectric and ferroelectric phases) on the basis of the Landau-type 

free energy.   

 

2. Experimental procedure and results 

Single crystals of PZN-8%PT used for our experiments were acquired from Microfine Technologies 

in Singapore, where the size of the platelike sample is 3×3×0.4 mm3 perpendicular to the [001] 

direction in the cubic coordinate.   For the measurement of the dielectric constant, the (001)-crystal 

plates in the cubic coordinate with Au electrodes deposited on their faces were prepared.   

Measurements of the dielectric constant with and without the dc biasing field were carried out using 

an LCR hi-tester (Hioki 3532-50), where the temperature changes at a rate of 2 K/min.    

 Figure 1 shows temperature dependences of the dielectric constants along the [001] 

direction in PZN-8%PT on cooling, where the DC biasing fields, E, are 0, 1.0, 1.5, 2.5 kV/cm.   It is 

found that two anomalies showing the phase transitions appear in each figure.   These are attributed 

to the cubic-tetragonal and tetragonal-rhombohedtral phase transitions, respectively.   It is seen that 

the broad peak showing the cubic-tetragonal transition at E = 0 changes to the sharp phase transition 

with approaching about E = 1.5 kV/cm, and above 1.5 kV/cm, a broad peak appears again.   This 

indicates that CEP exists around E = 1.5 kV/cm.    

 Figure 2 shows temperature-field phase diagram under the electric field along the [001] 
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direction in PZN-8%PT.   It is seen that due to the electric field along the [001] direction, the region 

of the tetragonal phase increases with increasing the field, and CEP on the phase diagram is found at 

170± 2oC and 1.5± 0.2 kV/cm.   Note that the critical field to be about 1.5 kV/cm is very small 

compared with that in ordinary perovskite ferroelectrics such as BaTiO3.   The slope of the phase 

boundary between the cubic and tetragonal phases was estimated to be about dE/dT = 0.2 kV/cmK.   

 

3. Discussion  

In the present study, we clarified the temperature-field phase diagram along the [001] direction, and 

confirmed the existence of CEP in PZN-8%PT.   The phase diagram was qualitatively reproduced 

on the basis of the Landau-type free energy [21].    

 In this section, we consider the boundary between the ferroelectric and the paraelectric 

phases near CEP, which we call the phase front.    We only consider the static structure of the 

phase front by assuming the static coexistence just at the first order transition point.   The 

Landau-type free energy density under the applied field is written as 
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where p and E are the z components of the polarization p = (0, 0, p) and electric field E = (0, 0, E), 

respectively, and α represents the temperature, β ( < 0) and γ ( > 0) are constants, κ ( > 0 ) expresses 

the increase in the free energy due to the inhomogeneity of polarization.   The total free energy is 

given by 

 ( )∫
∞
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= xxfF d .                                                                  (2) 

 In the homogeneous case (dp/dx = 0), the first order phase transition under no applied field 

occurs at αc = 3β2/16γ, and CEP is located at αce = 9β2/20γ and Ece = (6β2/25γ) γβ 103 /−  [14].    

 The modulation structure of the phase front can be obtained using the Euler-Lagrange 

equation, δF/δp = 0, i.e., 
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under the boundary conditions  

 p(x) = p1   at x = ∞− , 

 p(x) = p2   at x = ∞ ,                                                           (4) 

where p1 and p2 (p1 < p2) are the stable polarization values at the first order transition point (see Fig. 

3).    Hereafter, we call the phase characterized by p1 the paraelectric phase because p1 = 0 under no 

applied field.   Note that the free energy density in the paraelectric phase f(p1) coincides with that in 

the ferroelectric phase f(p2) just at the first order transition point.  

 Figure 4 shows the numerical results of the spatial modulation structure p(x) near the phase 

boundary between the ferroelectric phase and paraelectric phase at the transition point.   The 

parameter values are β = -1, γ = 1, κ = 1, and in (a) α = 0.1875 and E = 0, in (b) α = 0.3 and E = 

0.05278, and in (c) α = 0.43 and E = 0.12038.   The dotted line shows the fit of the function,  

 p(x) = p0 + pAtanh Kx,                                                              (5) 

where 
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and K is the inverse domain wall width.   It is seen that eq. (5) is a good approximation for the 

spatial modulation structure near CEP, and the wall width (1/K) increases with approaching CEP (E 

= Ece) analytically.    

 Next, let us consider the field, Ece - E, dependence of the wall width (1/K) near CEP.  The 

inverse wall width K can be estimated as  
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where (dp/dx)max is the maximum value of the dp/dx, and p1 and p2 are the stable values of the 

polarizations at the first order transition point (see Fig. 3).   Integrating the Euler-Lagrange equation 

in eq. (3) under the boundary conditions in eq. (4), we obtain 
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where f1 = f(p1) = f(p2).     The square of (dp/dx)max is written as 
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where pm is the polarization corresponding to the maximum of the free energy (see Fig.3).   Using 

the relations in eqs. (3), (7)-(9), K2 can be expanded by the power series of Ece - E around CEP.   If 

we only take the first order term of the field Ece - E near CEP, the square of K is approximately 

written as  
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where the derivative dα/dE is taken along the line of the first order transition.   This indicates that 

the domain wall width diverges with approaching CEP in proportion to (Ece - E)-1/2.   The derivation 

of eq. (10) will be published elsewhere.    Figure 5 shows a numerical result of the electric field, E, 

dependence of the K2 obtained from results of the fitting in eq. (5).   It is also confirmed 

numerically that the wall width (1/K) is in proportion to (Ece -E)-1/2, and diverges at CEP (E = Ece).      

 In general, in relaxors, the ferroelectric and paraelectric phases coexist, and the ferroelectric 

region in the paraelectric matrix is called PNR.   From our theory, we found that the width of the 

phase front between ferroelectric and paraelectric phases increases in proportion to (Ece - E)-1/2.   It 

can be guessed that the PNR and matrix cannot be distinguished near CEP, because the width of the 

phase front in the PNR becomes very thick near CEP.   We point out that the contribution from the 

phase front between the feroelectric and the patraelectric phases near CEP may play an important 

role in the large dielectric responses.     
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Figure 1  Temperature dependence of the dielectric constant in the (001)-plate of 

 PZN-8%PT measured on cooling.   The biasing DC fields, E, are 0, 1.0, 1.5, and  

 2.5 kV/cm.  

 

Figure 2  Temperature-field phase diagram in PZN-8%PT.   The electric field is along the  

 [001] direction in the cubic coordinate.   Open and solid circles indicate the transition point  

 from the dielectric constant measured on heating and cooling, respectively.   Open squares  

 indicate the transition point from electrostriction loops [24].   Solid square indicates CEP.  

 

Figure 3  An example of the free energy function at the first order transition pint.   The  

 parameter values are β = -1, γ = 1, α = 0.35, and E = 0.0782.    

 

Figure 4  Numerical results of the spatial modulation structure near the phase boundary  

 between the ferroelectric phase and paraelectric phase at the transition point.   The dotted  

 line shows the fit of the function, p0 + p1tanh Kx.   The parameter values are β = -1, γ = 1,  

 κ = 1, and in (a) α = 0.1875 and E = 0, in (b) α = 0.3 and E = 0.05278, and in (c) α = 0.43  

 and E = 0.12038.  

 

Figure 5  The electric field dependence of K2.   The electric field at CEP is Ece = 0.1314.  
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