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The Thermal  Expansion of Cubic Sodium Tungsten Bronzes* 
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The coefficients of thermal  expansion of powdered cubic sodium tungsten  bronzes (NaxWO3; 
0.9 > x > 0.3) from room tempera ture  to 600 ° C. have been determined.  The expansion coefficients 
for all compositions studied are constant  and essentially identical below transi t ion temperatures  
(near 200 ° C.) which vary wi th  sodium content .  At the t rans i t ion  temperatures ,  the  expansion 
coefficients change sharply to lower values which vary with composition, going through a min imum 
near x = 0.5. The relation between these changes and  a similar change in pure WO 3 is pointed out. 

The tungsten bronzes are non-stoichiometric mixed 
oxides of the general formula MxWO~, where M is an 
alkali metal. For most metals the range of x is rela- 
tively small; in the case of sodium, however, com- 
pounds have been prepared in which x varies from 0 
(pure WO~) to almost 1 (Na0.95WOs) (Hi~gg, 1935; 
Straumanis, 1949; Brown & Banks, 1954). When x 
has a value greater than 0.3 these compounds have 
the cubic perovskite structure; the unit cell is tetragonal 
when x is in the range from about 0.1 to 0"3 and 
monoclinic for values of x less than 0.1 (Magn61i & 
Blomberg, 1951; Magn61i, 1951). In the cubic range, 
the compounds (all of which are metallic in appearance) 
display a shift in color from dark blue through violet, 
red and orange to yellow, as the sodium content is in- 
creased. Magnetic susceptibility (Stubbin & Mellor, 
1948; Kupka & Sienko, 1950), resistivity (Huibregtse, 
Barker & Danielson, 1951; Brown & Banks, 1951; 
Gardner & Danielson, 1954) and Hall coefficient 
measurements (Gardner & Danielson, 1954) indicate 
that  the cubic bronzes behave as if sodium atoms were 
dispersed in the tungsten trioxide structure and ionized 
into Na + and free electrons. The resistivity measure- 
ments show a minimum at about x = 0.70, which 
has not yet been adequately explained, although a 
number of suggestions (Juretschke, 1952) have been 
made. Danielson (Smith & Danielson, 1954) states that  
ordering of sodium ions and vacancies might account 
for such a minimum, but reports failure to find evi- 
dence for such ordering. 

An X-ray diffraction study of cubic sodium tung- 
sten bronzes has been carried out at elevated tem- 
peratures to determine whether any order-disorder 
transformations occur in the temperature range stud- 
ied. Seven specimens, with values of x (in NaxW03) 
from 0.3 to 0.845, were studied. Irreversible changes in 
structure occur when these substances are heated in 
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air above 600 ° C. ; the investigation was therefore con- 
fined to the range from room temperature to about 
550 ° C. The X-ray diffraction measurements were made 
using a Norelco Geiger-counter diffractometer adapted 
for high-temperature studies. 

Efforts to detect evidence of structural changes at 
elevated temperatures by careful measurements of the 
relative intensities of diffraction lines were incon- 
clusive. Intensity variations due to random and un- 
controlled variations in degree and type of preferred 
orientation were demonstrably greater than the effects 
which were sought. 

Measurements of d spacings did indicate a trans- 
formation at about 200 ° C.; the results of these 
measurements for three specimens are shown in Fig. 1. 
All the measurements were reproducible in duplicate 
runs. The data shown are based on averaged values of 
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Fig. 1. Thermal expansion of NaxWO 8. 
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a computed from the  spacings of five lines in the  back- 
reflection region. All the  curves were reversible so long 
as the  specimens were not  hea ted  above 600 ° C. 

In  all these curves a relat ively ab rup t  change occurs 
from a low-temperature  coefficient of linear expansion 
of about  12 × 10-e/°C. to a much lower coefficient above 
a t ransi t ion t empera tu re  near  200 ° C. These results are 
summarized in Table 1. 

Table 1 

Slope Slope 
'Transition' (below (above 

x in temperature transition transition 
NaxWO a ( °C . )  temperature) temperature) 

0"300 210 12.2 × 10 -s 5-0 × 10 -s 
0.375 190 12-0 × 10 -s 4-8 × 10 -s 
0.429 175 12.2 4.0 
0-500 165 12.0 4.0 
0.678 175 11.4 4.8 
0.692 175 11.6 4-6 
0.845 250 11.4 4.9-5.0 

With in  the  range of exper imenta l  error, the  mean 
low-temperature  coefficients of expansion are the  same 
for all samples (11.8±0.4 × 10-e/°C.). The tempera tures  
a t  which the  slopes change, the  ' t ransi t ion '  tempera-  
tures, v a r y  with the  sodium content  of the  specimens, 
going th rough  a broad min imum near  x ~ 0.5. I n  all 
cases, too, the  slopes above the  t ransi t ions varied with 
composition in much the  same manner  as did the  
t rans i t ion tempera tures .  

Recent ly  Danielson (Smith & Danielson, 1954) 
measured the  coefficient of expansion of Na0.sW03 
and reported t h a t  the  d a t a  can be represented by a 
smooth  curve over the entire t empera tu re  range. 
Danielson's  da t a  do not  differ marked ly  from ours; 
the differences in in terpre ta t ion  appear  to be due to 
the  use of an insufficient number  of exper imental  
measurements  by Danielson. 

I t  does not  appear  to be possible to explain the  d a t a  
presented above in terms of an order-disorder  t rans-  
formation.  However,  we have  recent ly  re-measured 
the  coefficients of linear expansion of pure W03 and 
have  noted wha t  appear  to be significant similarities 

to the behavior  of the  sodium tungs ten  bronzes 
(Rosen, Banks  & Post ,  1956). Below about  300 ° C. 
all three axes of W03 (monoclinic) have approximate ly  
equal coefficients of expansion of about  14 × 10-e/°C. ; 
above 300 ° C. the  monoclinic unit  cell appears  to 
become orthorhombic,  the  coefficients of expansion of 
the a and c axes change only slightly, bu t  the  coefficient 
of the  b axis becomes negative.  Similarly, a t  about  
200 ° C. the  coefficients of expansion of the  cubic 
bronzes change, but  wi thout  any  corresponding change 
in crystal  symmet ry ,  f rom 12 × 10-6/°C. (below about  
200 ° C.) to about  5× 10-s/°C. (above about  200 ° C.). 
The exact  relationship between this behavior  and t h a t  
of W03 is not  understood,  but  it  appears  likely t h a t  
the forces responsible for the anisotropy of WO 3 a t  
room tempera tu re  are still present  even when the  
latt ice has become cubic owing to the addit ion of 
sodium atoms. We are now invest igat ing the  phase 
t ransi t ions and expansion coefficients in the  tungs ten  
bronzes with low sodium content  to determine whether  
this effect extends over the  entire composition range.  
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