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1. I n t r o d u c t i o n  

The phase diagram [1] of the system MgO-Nb205 shows the existence 
of only two compounds below 14 73 K, namely MgO- Nb205 and 4MgO. NbzO~. 
The Gibbs energy of formation of monomagnesium niobate has been de- 
termined [2] in the temperature range 1172-1278 K using an MgF2 solid 
electrolyte galvanic cell. From the data so obtained and from e.m.f, mea- 
surements using a similar galvanic cell in the present work, the Gibbs energy 
of formation of 4MgO. Nb205 from the component oxides has been determined 
in the temperature range 1245-1292 K. The suitability and reliability of this 
technique for the determination of the thermodynamic properties of solid 
solutions and compounds involving MgO are well documented [3-5]. It is 
possible to determine the Gibbs energy of formation of 4MgO-Nb20~ by 
setting up the following cell incorporating MgF2 as the solid electrolyte: 

O2(g),Pt/MgO,MgF2//MgF2//4MgO. Nb2 O5 ,MgO. Nbe 05 ,MgF2/Pt,Ch (g) 

The reaction at the MgO-MgF2 interface is 

3MgO + 6F- , 3MgF2 + 2~Oz(g) + 6e - 

The reaction at the MgF2-MgO-Nb2Os,4MgO. Nb2Os,MgF2 interface is 

3MgF2 + 2~O2(g) + MgO- Nb205 + 6e-  , 4MgO. Nbe 05 + 6F- 

Therefore the net cell reaction is 

3MgO + MgO. Nb205 ) 4MgO. Nb205 (1) 

The Gibbs energy change of reaction (1) is given by 

A G  ° = - 6 F E  

where E is the e.m.f, of the cell and F the Faraday. 
The Gibbs energy of formation of 4MgO-Nb205 from the component 

oxides can be calculated from the Gibbs energy change involved in reaction 
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(1) and that of the formation of MgO.Nb.~O~ determined in previous work 
[2]. 

The electrode reactions at the interfaces of MgF2 indicate that the cell 
would require an atmosphere of oxygen for the development of its e.m.f. 
and an atmosphere of dry, carbon-dioxide-free oxygen was provided through- 
out the working period of the cell. 

2. Materials  

Magnesium fluoride, for use as the solid electrolyte and as an additive 
to improve the conductivity of the electrodes, was prepared according to 
the method of Taylor and Schmalzried [3]. The electrolyte was prepared by 
pressing the powder to a pressure of 235 MPa in a cylindrical die. The green 
pellet was then sintered in an atmosphere of dry, CO2-free argon gas at 
1323 K for 4 h. The tetramagnesium niobate was prepared from dried reagent 
grade MgO and Nb205 by mixing in stoichiometric proport ions and sintering 
the oxide mixture pellets at 1623 K under air for 48 h with intermittent 
grinding. The formation of  the niobate was confirmed by X-ray diffraction. 
The appropriate compounds,  prepared earlier, were mixed in roughly equimolar 
proport ions to make the electrode pellets. About 10-15  wt.% of magnesium 
fluoride was then added to the mixture which was pressed into a pellet at 
235 MPa and finally sintered at 1273 K in dry CO2-free oxygen gas before 
u s e .  

3. Exper imenta l  detai l s  

The apparatus used in the present  work was similar to that described 
earlier [6]. In the cell the magnesium fluoride solid electrolyte pellet was 
sandwiched between the reference electrode and working electrode pellets. 
The cell was electrically connected to a Keithley 617 electrometer  by means 
of platinum leads connected to platinum foils pressing against the outer 
pellets. The pellets and the platinum foils rested on an inverted alumina 
crucible supported on a closed alumina tube. The pellets were kept pressed 
from the top by an alumina tube which also functioned as an inlet for  dry, 
CO2-free oxygen gas. The whole cell assembly was enclosed inside a sillimanite 
reaction tube and kept  in the even temperature zone of the furnace. 

The performance of the polycrystalline MgF2 as a solid electrolyte was 
checked by operating the cell 

O2(g),Pt/MgO,MgF2//MgF2//MgO • 2TIO2 ,TiOe ,MgF2/Pt,Oe (g) 

in the temperature range 1173-1273  K. Shah et al. [7] have measured the 
Gibbs energies of formation of the magnesium titanates using this technique. 
The e.m.f.s obtained in the present  work are in good agreement  with those 
reported results, thereby confirming the suitability of MgF2 as a solid electrolyte 
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with t ( F - )  c lose to unity, in o rde r  to obta in  rel iable t h e r m o d y n a m i c  resul ts  
on meta l  oxide sys tems .  

A P t - P t R h ( 1 3 %  Rh) t h e r m o c o u p l e  welded  to the  p la t inum foil in con tac t  
with the re fe rence  e lec t rode  se rved  to m e a s u r e  the cell t e m p e r a t u r e .  The 
p la t inum wire of  the  coup le  was  also the lead wire for  m e a s u r i n g  the cell 
e.m.f.  The t e m p e r a t u r e  of  the fu rnace  was  cont ro l led  by ano the r  t h e r m o c o u p l e  
to within ___ 3 K. The cell e.m.f,  and  the t e m p e r a t u r e  were  m e a s u r e d  using 
a Keithley 617 digital e l e c t r o m e t e r  with an input  i m p e d a n c e  of  abou t  l 0  ~4 
g~. The revers ib le  e .m.f .s  of  the cells were  m e a s u r e d  in the  t e m p e r a t u r e  range  
1 2 4 5 - 1 2 9 2  K. The e .m.f .s  were  reproduc ib le  on t e m p e r a t u r e  cycling. The 
t ime of  equi l ibrat ion was  abou t  4 h. The e .m.f .s  r emained  cons tan t  for  severa l  
hours  once  the equi l ibr ium was  at ta ined.  The t e m p e r a t u r e  d e p e n d e n c e  of  
the cell e.m.f,  was  found  to be  smal l  and this is to be e x p e c t e d  as the ceil 
reac t ion  involves solids and low en t ropy  c h a n g e s  are expec ted .  

4. R e s u l t s  a n d  d i s c u s s i o n  

The expe r imen ta l  va lues  of  the  e .m.f .s  of  the cell on hea t ing  and  cool ing 
are  p lo t ted  as a funct ion of  t e m p e r a t u r e  in Fig. 1. The e .m.f .s  va ry  l inearly 
with t e m p e r a t u r e  within expe r imen ta l  e r ro r  in the t e m p e r a t u r e  range  
1245--1292 K. The cell with pu re  MgO on bo th  s ides gave  an e.m.f,  c lose 
to zero.  Changes  in gas  flow rate  also did not  affect  the  cell e.m.f.  Reproduc ib le  
e .m.f .s  were  ob ta ined  even af ter  an initial po lar iza t ion  of  the cell by  pass ing  
an external  current .  It was  found  tha t  the cell e.m.f,  was  r ep roduc ib l e  to 
within ___ 1.5 mV when  taken  th rough  a t he rma l  cycle. The unce r t a in ty  of  
± 3 K in the t e m p e r a t u r e  m e a s u r e m e n t s  is not  likely to in t roduce  any  se r ious  
e r ro r  since the  var ia t ion  in e.m.f,  with t e m p e r a t u r e  was  quite small.  

The l ea s t -mean- squa re s  analysis  of  the  e .m.f .s  in Fig. 1 sugges t s  the 
value of 153.85 ± 1.5 mV for  the  cell at a m e a n  t e m p e r a t u r e  of  1272 K. 
This e.m.f,  is direct ly  re la ted  to the  s t andard  Gibbs  ene rgy  change  of - 8 9 . 1  
+__0.9 kJ  mo1-1 for  the  reac t ion  (1) at  1272 K. This value is c o m b i n e d  with 
the  s tandard  Gibbs  ene rgy  of  fo rma t ion  of  MgO-Nb20,~ f rom the c o m p o n e n t  
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Fig. ]. E.m.f. E (mY) v s .  temperature T(K) for the cell O2(g), Pt/MgO, MgF2//ME:~F2//MgO- Nb20.~, 
4MgO- Nb2Os,MgFff)Pt,O2(g). 
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o x i d e s  d e t e r m i n e d  f rom p r e v i o u s  w o r k  [2] to  be  

A G ° - 0 . 0 1 6  5 6 T - ( 3 3 . 4 3 0 +  1.0) kJ m o l - '  

in the  t e m p e r a t u r e  r a n g e  1 1 7 2 - 1 2 7 8  K. The  G i b b s  e n e r g y  of  f o r m a t i o n  so 
o b t a i n e d  is - 143.6_+ 1.4 kJ tool  -~ a t  1 2 7 2  K for  the  r e a c t i o n  

4MgO + Nb20~ ~ 4MgO.  Nb205 
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