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Abstract : Present paper describes the ceramic preparative conditions and the effect 
of lanthanum (La) on structure and dielectric properties of E^LiNbjOis (BLN). The 
materials have been sintered at 1150°C The low sintering temperature in these compositions 
attribute to the presence of lithium. Unit cell parameters obtained from XRD studies indicate 
an orthorhombic structure. Curie temperature of BLN has been found to decrease with 
La-content
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One of the most important and numerous groups of ferroelectrics is the family of oxygen- 
octahedra crystals. The ease of these crystals is a combination of oxygen-octahedra centres 
and voids of which other ions are located. One of the family members of oxygen octahedra 
ferroelectrics belongs to the distorted potassium tungsten bronze (TB) structure. The 
standing representatives of this group are single crystal solid solutions, barium strontium 
niobate (SBN), barium sodium niobate (BNN), barium silver niobate (BAN) and barium 
lithium niobate (BLN) [1-4]. The greatest interest in these materials are due to their optical 
non-linearity and device applications [5-7].

A useful non-linear optical crystal [4], barium lithium niobate, Ba4Li2Nb10O30 
belongs to TB structure with a point group 4 mm. The BLN has phase transition 
temperature at 586°C. The transition in BLN is first order. It has no microtwinning at room 
temperature unlike BNN.

However, studies on ceramic materials of lanthanum doped BLN is still not widely 
found. The present communication describes the preparation, characterization and dielectric 
studies on lanthanum (La) doped and-undoped BLN.
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Raw materials used for the preparation of ceramic samples are of reagent grade, 
BaC03f Li2C03, La2Q? and N b^. The constituent carbonates and oxides were weighed to 
yield the following compositions and mixed well in an agate motor and pestle and calcined 
at 875°C for 6 hours. This procedure was repeated twice to give more homogeneous, single 
phase materials and then sintered at 1150°C for 4 hours. The compositions are

Ba4Li2Nbj0O30 BLN,

BaT8Li2.)La0|Nb|0O30 0.1 La-BLN,

Ba36Li22LaO2Nb|0O3O 0.2 La-BLN,

Ba3 4Li2 3Lhq 3Nb|o03Q 0.3 La-BLN.

Lattice constants are determined by the powder method on X-ray powder diffractometer, 
available at RSIC, Nagpur University, Nagpur, India, using CuKa radiation. Dielectric 
constant has been measured at 1 KHZ using a digital LCR meter type VLCR-6. Silver 
paste, fired on the surface of the well sintered ceramic specimens cured at 600°C was used 
to form the electrodes.

The compositions are sintered at low temperature due to the presence of lithium and 
gives liquid phase sintering. The XRD patterns obtained on BLN have been nicely matched 
with JCPD [8]. Figure I indicates the XRD pattern on BLN. Also, it is found that XRD

Figure L XRD pattern of Ba^^NbioO^.

peaks are single phase belonging to orthorhombic structure [9]. XRD peaks on BLN 
have been indexed in Table 1. It is observed that the values of cf-spacing observed (dobs) and 
calculated (dca|) are very much closer. It shows that the assignment of Miller indices h, k, l, 
values are correct.

The computed lattice parameters are a = 10.194 A, b = 14.874 A and c « 7.928 A, 
which agrees well with literature values [8] a ~ 10.197 A, b » 14.882 A and c = 7.942 A. 
Substitution of La-in BLN does not affect the orthorhombic structure of BLN. Table 2 
shows the lattice constants of BLN and lanthanum doped BLN.
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Table I. XRD data on BLN.

dobs ĉnl

5.0895 5.0970

4.1962 4.2044

3.9574 3.9640

3.7140 3.7187

3 5807 3.5856

3.4966 3 4982

3.3074 3.3127

3.1250 3 1291

3 0075 3.0621

2 9626 2.9625

2 8840 2 8842

2 8543 2.8558

2 8005 2.8029

2.7127 2.7127

2 5477 2 5485

2 4797 2.4791

2.41 15 24109

2 3922 2.3943

2 3178 2 3171

2.2888 2.8886

2 2389 2.2383

2 2279 2.2294

2.1438 2,1437

2 1187 2.1218

2.1031 2 1022

2 0797 2 0802

2 06(H) 2 0598

1.9834 1.9820

1 9493 1.9491

[.8810 1 8856

1.8593 1 8593

1 8430 I 8420

1.7984 1.8017

l . ^ 1 7615

1.7442 1.7467

1.7027 1.7028

1 7022 1.6990

1.6832 1.6833
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Table 2. XRD and dielectric data.

Comps

BLN
0 1 La-BLN 
0 2 La-BLN 
0 3 La-BLN

Lattice parameters A
jT  c

10 194 14 874 7.928

10189 14 878 7 932

10 180 14 888 7 962

,0 182 14 904 7 969

*RT

Dielectric data 

K-TC  ̂ti ^ V C

380 1110 610 600

243 5620 470 478

159 1607 410 390

185 3329 - - 290

* « ,  n f  N  a n d  l a n t h a n u m  d o p e d

var,auon :f (lst) T i nB L N  h a v e  b e e n  s h o w n  i n  T i g u n .  -  d i e l e c l n c  c o n s i a n t  o f  o x y g e n  o t  t a h e d r a

r e r r o e l e c l r t c s  w o u l d  g o  t o  m u m  y ,

- ____________ Wl^tcc l a w
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w h e r e  C  i s  C u r i e  c o n s t a n t .  T c i s  t h e  t r a n s i t i o n  t e m p e r a t u r e .  T h e r e f o r e ,  a s  t h e  t e m p e r a t u r e  o f  

t h e  s a m p l e  a p p r o a c h e s  t r a n s i t i o n  t e m p e r a t u r e  7 ' r , t h e  s t a t i c  d i e l e c t r i c  c o n s t a n t  g o e s  t o  a  

m a x i m u m  v a l u e .  I t  i s  e v i d e n t  t h a t  a  m a x i m u m  d i e l e c t r i c  c o n s t a n t s  ( K !( ) o l  1 1 1 0  h a s  b e e n  

o b s e r v e d  a t  6 0 0 ° C  i n  B L N  i n d i c a t i n g  o f  i t s  t r a n s i t i o n  t e m p e r a t u r e  ( T ( ). T h e  o b s e r v e d  Tt i s  

v e r y  m u c h  c l o s e  t o  r e p o r t e d  v a l u e  o f  5 8 6 ° C  [ 4 | .  A l s o ,  s u b s t i t u t i o n  o f  L a - i n  B L N  a f f e c t s  t h e  

7 '( , w h i c h  d e c r e a s e s  w i t h  i n c r e a s e  o f  L a - c o n t e n t  f r o m  6 0 0  t o  2 9 0 ° C  T h e  C u r i e  

t e m p e r a t u r e  o b t a i n e d  o n  B L N  f r o m  d i f f e r e n t i a l  t h e r m a l  a n a l y s i s  ( D T A )  p e a k  t e m p e r a t u r e  o f  

e x o t h e r m  ( 7 ’t/) i s  6 1 0 l,C ,  c l o s e  t o  e x p e r i m e n t a l  v a l u e  6 0 0 ° C .  T h e  C u r i e  t e m p e r a t u r e s  (T(J) 
o b t a i n e d  f r o m  D T A  o n  0 . 1  L a - B L N  a n d  0 . 2  L a - B L N  a r c  4 7 0 ° C  a n d  4 1 0 " C ,  c l o s e d  t o  4 7 8  

a n d  3 9 0 L’C  o b t a i n e d  f r o m  d i e l e c t r i c  m e a s u r e m e n t s .  T h e  r o o m  t e m p e r a t u r e  d i e l e c t r i c  

c o n s t a n t  ( K k t ) o f  L a - d o p e d  B L N  i n d i c a t e s  a  d e c r e a s e  w i t h  i n c r e a s e  o t  L a .  B u t ,  t h e r e  i s  n o  

s y s t e m a t i c  v a r i a t i o n .  T h i s  d e c r e a s e  o f  A 'RT m a y  b e  d u e  t o  i n c r e a s e  in  I ]  S i m i l a r  b e h a v i o u r  

h a s  b e e n  r e p o r t e d  i n  r a r e  e a r t h  m o d i f i e d  B N N  a n d  B A N  c e r a m i c s  [ 1 2 , 13 1. T h e  C u r i e  W e i s s  

l a w  h a s  b e e n  o b e y e d  i n  a l l  t h e  m a t e r i a l s  a n d  C u r i e  c o n s t a n t  ( C )  in  e a c h  c o m p o s i t i o n  h a s  

b e e n  c o m p u t e d  a n d  f o u n d  t o  b e  o f  t h e  o r d e r  o f  K f ’ K ,  c l o s e d  t o  r e p o r t e d  v a l u e  | 4 | .  I t  h a s  

b e e n  o b s e r v e d  t h a t  t h e  v a r i a t i o n  o f  C u r i e  c o n s t a n t  w u h  t h e  d o p a n t  c o n c e n t r a t i o n  i s  v e r y  

s m a l l  T h e  v a l u e  C  i s  t h e  e v i d e n c e  t h a t  t h e  m a t e r i a l s  b e l o n g  t o  o x y g e n  o c t a h e d r a .  T h e  

d i e l e c t r i c  d a t a  is  g i v e n  in  T a b l e  2 .

It h a s  b e e n  c o n c l u d e d  t h a t  t h e  m a t e r i a l s  a r e  s i n t e r e d  a t  a  l o w  t e m p e r a t u r e  w h i c h  m a y  

b e  d u e  t o  t h e  p i c s e n c e  o f  l i t h i u m .  S u b s t i t u t i o n  o t  L a  a f f e c t s  t h e  I\ ' A V t  a n d  K u  B L N  b u t  

n o t  s t r u c t u r e  o l  B L N .  T h e  v a l u e  o f  C .  1 0 s K  i n d i c a t e s  t h a t  t h e  m a i e r n a l s  b e l o n g  t o  o x y g e n

o c t a h e d r a
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