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Abstract. The calculation of the lattice dynamics and ferroelectric phase transitions for 

disordered and ordered solid solution PbSc1/2Nb1/2O3 and PbSc1/2Ta1/2O3 in the framework of 

the Gordon-Kim model are performed. The unstable ferroelectric modes were found in all 

cases. The model Hamiltonian for the study finite temperature behavior during for the 

ferroelectric phase transition is used. The transition temperatures, phase sequences and 

spontaneous polarizations are calculated by Monte-Carlo method. 

1.  Introduction  

The PbSc0.5Nb0.5O3 (PSN) and PbSc0.5Ta0.5O3 (PST) belong to large class of heterovalent solid 

solutions based on the perovskite structure 0.5 0.5 3PbB B O . The cations B  and B  may be ordered, 

disordered or partly ordered in the sublattice of the oxygen octahedra. The degree of cation ordering 

has a tremendous influence on the properties of these compounds. The disordered PSN and PST 
exhibit a diffuse phase transition and relaxor properties at certain degree of ordering, whereas fully 

ordered one should be a conventional ferroelectrics [1]. The different physical properties of PSN and 

PST were studied in numerous experimental works [2, 3]. Theoretical works [4] are related mainly to 
the solid solution PSN.  

In this work the calculation of lattice dynamics and ferroelectric phase transition in fully ordered 

and fully disordered PSN and PST was made. 

2.  Lattice dynamics 

Lattice dynamics of these solid solutions are calculated in the framework of nonempirical generalized 

Gordon-Kim model, which takes into account dipole and quadrupole polarizabilities of ions [5]. The 

structures of high temperature phase in the ordered and disordered compounds are different. Fully 
disordered solid solutions PbSc0.5Nb0.5O3 and PbSc0.5Ta0.5O3 have a perovskite structure (Pm3m), 

whereas for ordered one (Pb2ScNbO6 and Pb2ScTaO6) the structure turns up elpasolite (double 

perovskite) structure with space group Fm3m. 
The frequency vibration spectrum, high-frequency permittivity and Born effective charges of the 

ordered and disordered PSN and PST solid solutions are calculated. The corresponding formulas for 

the calculations can be found in [5]. The calculations were made for experimental value of lattice 
parameter: a0 = 7.7 a.e. for disordered and a0 = 15.4 a.e. for ordered solid solutions. Some results of 

calculations are shown in table 1. 
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Table 1. Permittivity , Born effective charge Zdin (in unit е), frequencies of soft 

ferroelectric modes ωs (cm
–1

) (negative values correspond to imaginary frequencies) and 
eigenvectors ξ of these modes for disordered and ordered solid solutions PSN and PST. 

 ωs ε∞  Pb Nb(Ta) Sc O  O|| 

PbSc1/2Nb1/2O3 –80.2 3.55 ξ 0.76 0.21 –0.42 –0.14 

   Zdin 2.69 5.16 –1.89 –4.19 

PbSc1/2Ta1/2O3 –59.6 3.32 ξ 0.77 0.11 –0.44 –0.01 

   Zdin 2.64 4.28 2.02 2.88 

Pb2ScNbO6 –83.0 3.58 ξ 0.53 0.07 0.27 –0.29 –0.11 

   Zdin 2.71 5.93 4.19 –1.80 –4.17 

Pb2ScТаO6 –69.3 3.32 ξ 0.54 0.07 0.12 –0.31 –0.00 

   Zdin 2.67 4.20 3.89 2.04 2.64 

By now the most recognized mechanism of a ferroelectric instability of perovskite-like oxides is 

the dipole mechanism, namely the long-range dipole-dipole interactions favor the ferroelectric state 
[6]. As it is known these interactions are characterized by large magnitude of Born effective charges. 

Our calculated Born effective charges (table 1) for PSN are similarly to those for other ferroelectric 

perovskite, but for PST these values are noticeably lower. Some reasons of such difference were 
considered in detail in work [7]. In spite of this dissimilarities in dynamical charges, calculated 

phonon spectra of both solid solutions are exhibiting the unstable ferroelectric mode. The vibration 

frequencies and eigenvectors of soft ferroelectric modes of PSN and PST are given in table 1. As 

shown, the lead ions suffer largest displacements, in good agreement with experiments [2,3]. The 
distortion of crystal lattice according to three components of this eigenvectors results in a ferroelectric 

phase with rhombohedral structure. 

3.  Ferroelectric phase transition 
Both disordered and ordered solid solution PSN and PST undergo ferroelectric phase transition [1,2]. 

To investigate these phase transitions the model Hamiltonian in local mode approximation is used [8]. 

The model Hamiltonian includes three parts: on-site anharmonic contributions, long-range dipole-

dipole interactions and short-range interactions between local mode up to third neighbours for 
disordered PSN and PST and up to second neighbours for ordered compounds. Parameters of this 

model Hamiltonian are determined using the energies of distorted structures, which are calculated 

within the same model. For disordered solutions we use distorted structures from [8], and for ordered 
PSN and PST we used those proposed in [9]. Thus determined parameters of model Hamiltonian may 

be found elsewhere [9]. Then the finite-temperature behavior is simulated by Monte-Carlo method 

[8,10] for all compounds under consideration.  
In figures 1 and 2, calculated temperature dependences of the local mode components and energies 

for all compounds are shown, and calculated phase transition temperatures, spontaneous polarizations 

and ion displacements are presented in table 2. For PSN solid solutions the Monte-Carlo simulation 

reveals that phase transition from cubic to ferroelectric rhombohedral phase takes place through the 
intermediate phase (orthorhombic or monoclinic) with two nonzero components of local mode. The 

PST solid solutions undergo phase transition from paraelectric cubic directly to ferroelectric 

rhombohedral phase. According to results of simulations the transition temperatures for both PSN and 
PST ordered solutions are higher than those for disordered ones, whereas experimentally in PSN 

reverse situation is observed. The calculated values of spontaneous polarizations and displacements of 

ions satisfactorily agree with experimental data.  

PHONONS 2007 IOP Publishing
Journal of Physics: Conference Series 92 (2007) 012162 doi:10.1088/1742-6596/92/1/012162

2



 

 
 

 

 

 

ordered PSN disoredered PSN

0 100 200 300 400

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

Eanhar

Eshort

Edip

Etotal

0 100 200 300 400 500 600

E
-E

0
 ,

 e
V

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2
0 100 200 300 400 500 600

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0 100 200 300 400

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

U
, 

A

T, K

T, K T, K

T, K

а) b)

d)c)

 
Figure 1. The temperature dependences of the components of local mode amplitude a), b) and 
energies c), d) for ordered and disordered PSN, obtained from Monte-Carlo simulation. 
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Figure 2. The same as in figure1 for PST solid solution.. 
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4.  Conclusion 
The first aim of the work was to study the lattice dynamics of disordered and ordered PSN and PST. 

As results, (i) we have obtained the values of the dielectric constant ε∞, Born effective charges Zdin, 

phonon frequencies and (ii) we have obtained unstable ferroelectric modes in both disordered 
(perovskite structure) and ordered (elpasolite structure) phases PSN and PST. 

The second aim of the work was to investigate the ferroelectric phase transition in PSN and PST 

solid solutions using the nonempirical structure energy calculations and Monte-Carlo simulation. 

Results obtained show that both ordered and disordered PSN and PST undergo ferroelectric 

phase transitions into rhombohedral phase, with intermediate phase for PSN. Experimental search of 

this phase would be highly desirable. 
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Table 2. The temperatures of phase transitions, spontaneous polarization and displacements of ions 
along the [111] direction. In the last two columns are shown relative displacements of some ions. 

 
Тс,K Ps,C/m

2
 

displacements, Å 

Pb Nb(Ta) Sc O δPb-O δSc-O 

PbSc1/2Nb1/2O

3 

calc. 220 250 0.26 0.17 0.05 –0.09 0.26 0.14 

exp.[3] – 380     0.39 0.16 

PbSc1/2Ta1/2O3 
calc. 170 0.17 0.14 0.02 –0.06 0.20 0.08 

exp.[3] 275 0.33      

Pb2ScNbO6 
calc. 380 450 0.24 0.14 0.02 0.07 –0.09 0.23 0.16 

exp.[3] – 350 0.26     0.36 0.14 

Pb2ScТаO6 
calc. 610 0.24 0.17 0.02 0.04 –0.08 0.25 0.12 

exp.[3] 300   0.0 0.0    
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