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1st Question: 
 
 Is there any relation between local structure 
disorder and the relaxor behavior in BNT-xBT 
materials? 
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23Na Nuclear Magnetic Resonance (NMR) 
 - The Quadrupolar Interaction 
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3QMAS – pure BNT – Local scale disorder 
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3QMAS – Distribution of Quadrupolar 
Interaction 
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•Signal shape typical of disordered materials; Quantification of disorder as distribution of NMR parameters.  
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3QMAS – Quadrupolar Interaction Only! 

23Na 3QMAS NMR of BNT-xBT 

•3QMAS allows the contribution from chemical shift and quadrupole interaction to be separated; 

•Signal shape typical of disordered materials; Quantification of disorder as distribution of NMR parameters.  
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Local disorder dependence to xBT content 
 contrasted to the permittivity 
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Local disorder dependence to xBT content 
 contrasted to the permittivity 
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2nd Question: 
 
 What other effects can account for relaxor 
behavior in BNT-6BT? 
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BNT-6BT & Nano scale structure of 
Relaxor Ferroelectrics 

Local Polarization 

Adapted from: Bokov, A. A; Ye, Z. G., J Mater Sci 41, 31 (2006) 
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23Na (I=3/2) NMR – 
      1st Order Quadrupole Interaction 
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23Na (I=3/2) NMR – 
      1st Order Quadrupole Interaction 
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23Na MAS NMR of poled BNT-6BT 

100 200 300 400

2000

4000

6000

100 200 300 400

2000

4000

6000

' 

 

'

T (°C)

  

 

T (°C)

100 200 300 400

2000

4000

6000

100 200 300 400

2000

4000

6000

' 

 

'

T (°C)

  

 

T (°C)

•Breaking of average 

 cubic symmetry 

•Induced 

 Ferroelectric State 

CT 

ST 

Jo et al., JAP 110, 074106 (2011) 

Garg et al., PRB 88 014103 (2013) 

 

Unpoled Poled 

Cubic 25.9% 2.1% 

Polar 74.1% 97.9% 

ST/ CT= 1.42 

ST/ CT= 1.07 



| 15.09.2014 |  International  Symposium on Electrical Fatigue in Functional Materials   –  SFB 595  |  Sellin – Rügen   16 
 

Cubic/non-cubic Phase Coexistence 

1BT 4BT 6BT 15BT
0

5

10

15

20

25

30

 

C
u
b
ic

 P
h
a
s
e
 (

%
)

Barium Content

 Unpoled

 Poled

 Annealed

200

400

600

800



Poled 

Unpoled 



| 15.09.2014 |  International  Symposium on Electrical Fatigue in Functional Materials   –  SFB 595  |  Sellin – Rügen   17 
 

Conclusions 

• 23Na NMR sensitive the local structure and the degree of 

disorder in BNT-xBT materials; 

• The width along QS, a measure for local discorder, 

 correlated with epsilon(T), a macroscopic property; 

• Despite that, the relaxor behavior also relies on other 

structural features, like the coexistence of cubic and non-

cubic phases; 

• Local structure features might play a key role in unveiling 

structure-property relationships in these electric functional 

ceramics. 
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