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The dielectric properties of some NaNbO3-Cd2~:)207 
ceramics have been described by  Wainer  & Wen twor th  
(1952). A detailed examinat ion  of s t ructural  and ferro- 
electric properties has recent ly  been under taken  and is 
briefly reported here. 

Sodium niobate dissolves cadmium niobate up to a 
cer ta in  l imit ing proport ion to form solid solutions having  
the  perovski te- type crystal  s tructure.  As the proport ion 
of cadmium niobate  increases the Curie tempera ture  is 
lowered, the pe rmi t t iv i ty  is increased and ferroelectric 
ra ther  t han  antiferroelectric properties are observed. In  
view of the s t ructural  differences, solid solution between 
NaNbO 3 and CdglN-b207 is ra ther  unexpected,  but  it is 
now apparen t  t ha t  the cadmium niobate enters the lat t ice 
as CdNb20 s. Valency requirements  are satisfied and the 
perovski te- type s t ructure  is re ta ined by  the subst i tu t ion 
of one Cd a tom and one vacancy  for  a pair  of Na  atoms. 
Chemical analysis  of fired ceramics shows t h a t  any  excess 
CdO in the original mix ture  is easily lost. Any  CdO tha t  
remains is detr imental ,  reducing the  pe rmi t t i v i ty  and  
dens i ty  and the piezoelectric ac t iv i ty ;  excess Nb205 has 
no appreciable effect. 

The l imit ing composition, beyond which CdNbgO 6 or 
Cd2Nb207 appears in addi t ion to the perovski te- type 
phase, corresponds to the formula 6 NaNbO 3 .CdNb20 s. 
This composition gives the highest  pe rmi t t iv i ty  and piezo- 
electric ac t iv i ty ,  and  the lowest Curie temperature .  

The compound CdNb20 e has been prepared separa te ly  
and  is found to have an or thorhombic s t ructure  similar 
to the mineral  columbite (Fe, Mn)Nb20 e, in agreement  
wi th  a report  by  Jona,  Shirane & Pep insky  (1955). The 
pe rmi t t i v i ty  varies between 19 and 23 over the range 
- -  185 ° C. to 300 ° C. ; no ferroelectric propert ies have been 
observed. 

Structural  examinat ion  of NaNbO3 containing CdNb~Oe 
in solid solution shows tha t  compara t ive ly  low concentra- 
t ions of CdNb20s introduce a new tet ragonal-phase region 
immedia te ly  below the Curie t empera ture ;  the ortho- 
rhombic region is displaced to lower temperatures .  As the 
concentrat ion of CdNb20 e is increased, first the te t ragonal  
and  then  the  or thorhombic phase become ferroelectric. 
However,  no evidence was found of a sharp t rans i t ion  
from the antiferroelectric to the ferroelectric condition 
ei ther  wi th  appl icat ion of fields up to 30 kV.cm.  -I  or 
wi th  var ia t ion  of composit ion or temperature .  This 
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behaviour,  which is similar to t h a t  reported by  Shirane, 
Newnham & Pep insky  (1954) for (Na, K)NbO3, is difficult 
to reconcile wi th  conventional  models of ferroelectric and 
antiferroelectric s t ructures  which differ in the posit ional 
a r rangement  of the atoms. 

In  solid solutions containing low concentra t ion of 
CdNbeOe the superlat t ice effects shown by  X- ray  ex- 
amina t ion  are identical  wi th  those observed for NaNb03.  
The s t ructure  cell has monoclinic lat t ice parameters  
2a 0, 4b 0, 2%, and  exhibi ts  superlat t ice effects associated 
wi th  the quadrupled b dimension which have been shown 
by  Francombe (1956) to persist  above the Curie tempera- 
ture. Vousden (1951) has shown tha t  displacements of 
the ions in the quadrupled- type  cell result  in a non-polar,  
antiferroelectric s tructure.  

The s t ructure  of Cd-rich solid solutions below the Curie 
tempera ture  is tetragonal ,  changing to or thorhombic near  
room temperature .  In  both  forms the superlat t ice lines 
indicate a doubled ra ther  than  a quadrupled cell, and 
ferroelectric properties are observed. I t  appears t h a t  the  
ant iparal lel  displacements,  paired along the b axis, have 
been changed so as to halve the s t ructure  cell and  make 
it  polar. I t  is, perhaps,  significant t ha t  the doubled struc- 
ture cell contains eight simple cells, or one uni t  of the 
formula 6 NaNb03.  CdNb2Oe. 

The intermediate  compositions, which show weak ferro- 
electric properties,  the  two superlat t ice effects, corre- 
sponding to quadrupled and  to doubled cells, coexist. 
The relat ive intensit ies of the superlat t ico lines al ter  wi th  
tempera ture  and  correspond to the observed changes in 
ferroelectric properties.  

The conclusion is t h a t  wi thin  each crystal l i te  of the 
ceramic, a t  a n y  given temperature ,  the  local cadmium 
concentrat ion determines whether  the s t ructure  is ferro- 
electric or antiferroelectric.  Maeroscopically, the  rat io of 
the two modifications depends on the overall cadmium 
concentrat ion and  on the temperature .  
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The ~ phase, as shown by  Saller & Rough  (1955), in the  an  a 0 of approx imate ly  10.69 A. This phase appears  over 
U - Z r  b inary  diagram appears  to be a cubic phase wi th  a range in compos i t ion- -approx imate ly  60-80 atomic % 


