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Abstract: 

Effective field approach with two sub- latticemodel  have been used  in 

mixed ferroelectric systems . The non-linear relationship observed 

experimentally between the Curie temperature and the composition rate is 

attributed to the coupling between the two sub- lattices. The theoretical 

expression is fitted with experimental data of (TGS/DTGS). 
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Introduction: 

Mixed ferroelectrics usually refer to ferroelectric materials that consist of two 

or more end materials. The physical properties of these materials can be 

manipulated by adjusting their composition rate[1-8 ], this advantage makes 

mixed ferroelectric materials more practical in applications. Experimental 

data reveals that the physical properties such as the Curie temperature in 

mixed ferroelectrics not linearly related with their composition rate as 

expected. Many works have been devoted to study the relationship between 

the Curie temperature and the composition rate in mixed ferroelectric 

systems. One of the most intensively investigated mixed ferroelectricsis 

Triglycine sulfate[ 9]. Experimental data of (TGS/DTGS) shownon- linear 

relationship between the Curie temperature and the composition rate[1,10 ]. 
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Phase transition property in ferroelectric has been described 

successfully with   effective field approach method [11,12 ]. 

The aim of this work is to throw some lights on the influence of the 

compositional dependence on Curie temperature in mixed ferroelectrics from 

theoretical side using effective field approach. A concise version of effective 

field with two sub-lattice have been used, and the coupling between the two 

sub-lattice system has been assumed . The theoretical expression is fitted 

with experimental data of (TGS/DTGS)  . 

Effective Field Approach  

The physical issue for two sub-lattice system is similar for that for 

homogenous system but with two effective fields. Hence in the two sub-

lattice system the effective field can be expressed as[13], 

 

 

Where E is  the external applied field, Pa and Pb, are the polarization in sub-

lattices (a) and ( b) respectively,  and  stand for dipolar contribution in 

sub-lattices ( a) and ( b) respectively,  and (  ) is the coupling strength 

between the two sub-lattices (a) and (b).  

For mixed ferroelectric systems such as (TGS/DTGS)Eq.1 can be written as, 

 

the equation of state and polarization is obtained as, 
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Where P is the spontaneous polarization for each sub-system, N is the 

number of dipole per unit volume , μ is the corresponding individual dipolar 

moment ,kB is Boltzmann's constant and   is the temperature. 

As the polarization approaches zero when the temperature closes to the Curie 

point ,we can assume ( tanh x ≃ x) ,we can write , 

 

 

And then, 

 

where  ) and (  ) are the Curie temperature of system (a) and 

system (b ) individually, 

 

Eq.(5) can be reduce to , 



 
 
 
  

 (5042)ه ( السن 52( المجلد )401العدد)                                                  الاساسية التربية كلية مجلة

 

                                                                                                                            

- 2401 - 

Effective Field Approach in Mixed Ferroelectric Systems 

Rabea A.Ali, Mustafa H. Saeed 

 

And, 

 

and then , 

 

Where  Eq.(6) have been used and the classical Curie temperature (T*) is 

defined as, 

 

From Eq.(8 ) we can get the physical solution for Tc(x), 

 

Where (λ ) is the coupling  coefficient has been introduced to stand for the 

coupling between the two sub-systems ,and define as , 
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Results and Discussions 

To get an overall understanding of the influence of the coupling strength 

on the behavior of the Curie temperature, the molar portion dependence for 

the Curie temperature for different coupling strength has been calculated. 

Experimental data of  

(TGS/DTGS) System has been taken as example for comparison.  

Fig. (1 ) shows the composition dependence of  the Curie temperature with 

strong coupling between the two sub-lattices., i.e. (λ ˃ 0.1). We can see that 

the deviation of the curves from the linear relation increases with increasing 

the value of (λ). The deviation reaches maximum near (x=0.5 ) for (λ ) 

slightly larger than its classical value, and the maximum slightly shifts to 

large x when (λ ) is larger  

Fig.1:the influence of the compositional dependence on Curie temperature  

for λ=1,1.2,1.6 and 2.0. 
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Fig. (2)Shows the relationship between the Curie temperature and the 

composition rate with weak coupling between the two sub-lattices. i.e. (λ ˂ 

0.1). We can see that that the deviation of the curves from the experimental 

data decreases with increasing the value of  (λ ), and the deviation  reaches 

maximum around (x=0.5) when the coupling is just smaller than its classical 

value. However when the coupling is very weak the deviation maximum 

shifts to small composition rate side. 

 

Fig.2:the relationship between the Curie temperature and the composition 

rate  forλ=1,0.8, 0.6,0.4 and 0.2.  

Fig.(3)Shows the influence of the compositional dependence on Curie 

temperature  when(λ = 0.86 )and (λ = 0.88 ), as we can see. For both values 

of (λ) there is deviation from the experimental data. But the deviation 
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becomes smaller. When (λ ˂ 0.1 ) indicating that the dipole  a-dipole b 

interaction is weaker than the mean value of two pure dipole interaction. 

 

Fig.3 composition dependence of the Curie temperature Tc(x) for λ=0.88 

,0.86 and 1. 

Conclusions 

From this model ,the composition ratio dependence of the Curie temperature 

has been obtained for mixed ferroelectric systems.When the coupling 

strength is the same of the average of the effective field strength in their 

individual sub-systems, the Curie temperature follows linear relation with its 

composition rate, otherwise non-linear relationship will be followed . Fairly 

quantitative fitting of the theoretical results with that of (TGS/DTGS)have 

been obtained , and revealed that the deviation of Curie temperature from 
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their linear relationship in this system is attributed to the weak coupling 

strength , which about 86% of the average value of their individual system. 
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 الخلاصة

اسخخذاو َظريت انًجال انًؤثر نُظاو يخكىٌ يٍ شبيكخيٍ في انًىاد حى 

رة انحرجت ايٍ درجت انحرب انعلاقت غير انخطيتنذراست  بائيت انًخخهطترانفيروكه

قىة حفسير الاَحراف عٍ انعلاقت انخطيت باسخخذاو  حى. وانخي حى يلاحظخها عًهيا وانخركيب

انُخائج انُظريت كاَج يخطابقت بشكم جيذ يع انُخائج بيكخيٍ . الارحباط نثُائياث انقطب نهش

 . (TGS/DTGS)نُظاو  انعًهيت

 

 

 


