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Dielectric susceptibility of improper ferroelectric

For a proper ferroelectric the dielectric constants obey the Curie-Weiss law: ε = C / 
(T − Tc). The dielectric behavior of IMP is distinguished character of improper 
ferroelectric. In the basic view of the phenomenological Landau theory of phase 
transition, the order parameter of phase transition of improper ferroelectric is not the 
polarization but another physical quantity. Spontaneous polarization acts as a 
secondary effect in improper ferroelectric transition. It should be noted that the first 
order parameter of improper ferroelectric at least has two components. Therefore, the 
Gibbs free energy can be written as:
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If the free energy reaches the minimum value, the balance value of order parameters 
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When  and , we get the stable solutions:0TT  0)'2('2 12  AkB

1020  

12
002

10 )2('28
)(2





AkBB

TTA

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2014



)(
'2 0

2
100 TT

A
kPs  

It indicates that spontaneous polarization of improper ferroelectrics linear changes 
with temperature increasing, which is distinguished with proper ferroelectrics.
When there exists a homogeneous electric field E, the Gibbs free energy can be 
written as:
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The stable solution is , .02010  '2A
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Therefore，dielectric susceptibility is

, which is temperature independent. '2
1
00 AE

P


 

Fig.S1 The temperature dependent of dielectric loss with different frequencies in (a) 
heating and (b) cooling processes.



310 320 330 340 350 360

0.4

0.6

0.8

1.0

1.2
 0.1 Hz
   1 Hz
  10 Hz
  20 Hz

 

 

Lo
ss

 M
od

ul
us

 (G
Pa

)

Temperature (K)
Fig.S2 The temperature dependence of Loss modulus of DMA at different frequency.
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 Fig. S3 The temperature dependence of dissipation tanδ of DMA at different 
frequency.



Fig.S4 Raman spectrum above wave number of 2800 cm-1 at different temperature. 

Fig.S5 Temperature dependence of some bond lengths.


