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MEASUREMENTS OF THE THERMODYNAMIC STABILITIES 
OF THE NIOBIUM AND TANTALUM OXIDES USING A HIGH­
TEMPERATURE GALVANIC CELL 

Wayne L Worrell 

Inorganic Materials Research Division, Lawrence Radiation 
Laboratory, University of California, Berkeley, California 

Thermodynamic data for Nb
2

0 
4

_ 
8

, NbO and Ta
2

0
5

have been·obtaihed from 

six different galvanic cells operating between 1030 and 1300°K. The electro-

lyte used is a solid-solution of either Th0
2 

(94 wt %) - Y 
2

0
3 

or Th0
2 

(98. 6 wt %) - CaO which remains an ionic conductor at lower oxygen 

activities and higher temperatures than the more commonly used zirconia-

based electrolytes. The YFe0
3 

phase was detected on the surface of the 

Th0
2

-Y
2

0
3 

electrolyte where it had been in contact with the Fe, Fe
0

_ 
95

0 

electrode. More stable readings were obtained using the Th0
2
-Ca0 

electrolyte with the Fe, Fe 
0

, 
9 5

0 electrode. 

A comparison between the temperature variation of the Gibbs energy of 

formation of Nb
2

0 
4

. 
8 

obtained in this study and that of Nb
2
o

5 
from calori-

metric data indicates that the homogeneity range of the pentoxide increases 

with increasing temperature. Two independent Gibbs-energy-of-formation-

equations were determined for NbO. Values from the two equations differ 
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by 600 calories, but the data from one of the NbO cells is suspected of con­

taining a systematic error. There is considerable disagreement between 

the enthalpy and entropy values for NbO obtained in this study and those cal­

culated from thermal data. It is suggested that this difference may indicate 

a homogeneity range for NbO. 

The thermodynamic stability of Ta
2
o

5 
obtained in this study is in excel­

lent agreement with the thermal data. 

The effect of the solubility of oxygen in niobium and tantalum on the 

results for NbO arid Ta
2
o

5 
is discussed. 
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1 . Introduction 

In 1957 Kiukkola and Wagner [1 J clearly demonstrated the potential use of 

galvanic cells with solid-oxide electrolytes to obtain reliable thermodynamic 

data at elevated temperatures. Most investigations since 1957 have used a 

zirconia-based electrolyte because of the availability of zirconia-calcia tubes 

which, if of sufficient purity, function quite satisfactorily as electrolytes. 

However, Schmalzried [ 2 J and Steele and Alcock [ 7] have shown that n-type 

electronic conduction becomes significant in the commercially available 

. . b d b . . . b 1 1 0- 1 5 1 000°C d th z1rcon1a.- ase tu es at oxygen achv1hes e ow at , an ese 

tubes can not be used to investigate systems with extremely low oxygen 

activities. Recently several studies ( 3, 4, 5, 6, 7, 8] have been reported in 

which a thoria-based electrolyte was used. Because this electrolyte remains 

a purely ionic conductor in the low oxygen activity region [ 7] , it was used in 

this galvanic study of the thermodynamic stabilities of the niobium and tantalum 

oxides. 

Niobium forms three stable oxides, Nb
2

0
5

, Nb0
2 

and NbO [ 9 J . The 

pentoxide possesses a homogeneity range which varies from Nb
2

0 
4

. 
8 

to 

Nb
2

0
5

, but no significant homogeneity range has been detected for either Nb0
2 

or NbO. [9 J. Because the Nb
2
o

5 
phase was in equilibrium with Nb0

2
, the 

thermodynamic properties obtained in this study apply to the Nb
2

0 
4

. 
8 

composi-

tion. 

Although several tanta-lum oxides have been reported in the literature [1 0], 
there is evidence [u, 12 J that only tantalum pentoxide is stable. From a study 

of the defect structure of Ta
2
o

5
, Kofstad [ 13 J concludes that Ta

2
o

5 
is 

essentially a line compound with a very limited range of homogeneity. 
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2. Experimental Study 

2. 1 Materials 

Niobium,iron, tantalum, Fe
2
o

3
, Nb

2
o

5 
and Ta

2
o

5 
powders(-325 mesh) of 

1 

99. 9+% purity were:purchased from commercial sources. The Nb0
2

, NbO, 

and FeO were obtained by hydrogen reduction of Nb
2

0
5 

and Fe
2
o

3
. Electrode 

pellets (0. 5 in. diameter and 0. 25 in. thick) were prepared by pressing the 

appropriate metal-oxide mixture at 20 tons/in2 and oxide-oxide mixture at 

10 tons /in 2
• 

The thoria-based electrolytes were prepared from -325 mesh powders of 

high purity (99. 9 + %) Th0
2 

and either Y 
2

0
3 

or CaO. Mixtures of either 

98. 6 wt. % Th0
2 

and 1. 4 wt. % CaO or of 94 wt. % Th0
2 

and 6 wt. % Y 
2
o

3 

were pressed (1 0 tons /in 2
) into pellets of 0. 5 in. diameter and 0. 25 in. thick. 

These compositions correspond to a thoria solid-solution containing 3. 25o/o 

oxygen ion vacancies, which is the region of maximum ionic conductivity ( 7] 

The pressed pellets were heated inductively to 1900-1950° C and held for 3-4 

-5 
hours under a vacuum of 1 X 10 mm of Hg. During this time the thoria---

dissolved either the Y 
2
0

3 
or the CaO to form a one phase solid-solution. 

2. 2 Apparatus 

The experimental design was similar to that of Kiukkola and Wagner [ 1] 

The reaction and positioning tubes were high-purity alumina. The reaction 

tube was encased in platinum foil which was connected to the grounded furnace 

shell to avoid induced potentials from the resistance windings of the furnace. 

The reaction tube was positioned vertically in the furnace and sealed at each 

end with 0-rings in brass fittings. 

High-purity argon entered the reaction tube after passing through a gas-

purification furnace containing Zr-Ti alloy (871- atomic% Zr) chips at 375°C. 
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'This newly available alloy proved to be an excellent oxygen-getter. 

The temperature was measured using a Pt-90% Pt + 10% Rh thermocouple. 

The cell Emf was measured using a high input resistance (1 0, 000 ohms) 

electronic galvanometer combined with a Leeds and Northrup K-2 potentiometer. 

2. 3 Procedure 

Two springs positioned at the top and bottom of the reaction tube were used 

to sandwich the electrolyte pellet between the two electrodes. Platinum lead 

wires were spot-welded to the platinum disks pressed against each electrode. 

The Pt-1 O% Rh wire was also spot-welded to the top platinum disk; thus the 

upper platinum lead served as both an electrode and a thermocouple lead. 

After assembling the cell, the reaction tube was evacuated to five microns 

and checked for leaks. The argon flow was then started, and the cell was 

heated to the desired temperature. After obtaining a stable Emf, the tempera­

ture was randomly varied to obtain additional measurements. 

Occasionally an Emf either higher or lower than the equilibrium value 

was imposed on the cell. After these polarizations, the Emf always returned 

to the equili.brium value. The argon flow rate was also increased and decreased 

to see if the Emf varied with flow rate. 

After each run an X-ray diffraction analysis was made of each electrode to 

confirm that only the initial phases were present. 

Using the above procedure, the following galvanic cells were investigated: 

Nb02 , Nb 2o 4 . 8 / Th02 (Y 2o 3) I Fe, Fe 0 . 950 A 

Nb02, Nb204. sf Th02 (CaO) I Fe, Feo. 950 A' 

NbO, Nb02 / Th02 (CaO) / Fe, Fe
0

. 
95

0 

Nb02, Nb20 4. 8 I Th02 (Y 203) I NbO, Nb02 

-5-

B 

c 



Nb, NbO I Th02 (Y 203) I NbO, Nb02 

Nb, NbO I Th0
2 

(Y 
2
o

3
) I Ta, Ta

2
o

5 

D 

E 

A minimum of three experimental runs were made with each of these cells. 

3. Results 

3. 1 Nb02 , Nb 20 4 . 8 versus Fe, Fe
0

. 95 0 

Galvanic cell A was the first cell investigated. Although the Emf appeared 

very stable, slightly lower values for the Emf were obtained after the first 

36 hours. The Th0
2

(Y 
2
o

3
) electrolyte was badly stained where it had been in 

contact with the Fe, Fe
0

. 
95

0 electrode~ With reuse, the Th0
2

(Y
2

0
3

) 

electrolyte gave even lower but steady values for the Emf. After several runs, 

X-ray diffraction analysis revealed the presence of the YFe0
3 

phase on the 

electrolyte surface. Thus a very slow reaction was occurring between the Fe, 

Fe
0

. 
95

0 electrode and the Y 
2
o

3 
dissolved in the thoria. From a qualitative 

analysis of the phase relationships in the Y-Fe-0 ternary system, it was con­

cluded that the formation of YFe0
3 

would tend to lower the oxygen activity at 

the Fe, Fe
0

. 
95

0 electrode, thus bringing it slightly closer to that of the Nb0
2

, 

Nb 20 4 . 
8 

electrode and decreasing slightly the Emf. 

Measurements were then made using the Th0
2

(CaO) electrolyte (cell A' ) 

to confirm the initial Emf readings using the Th0
2

(Y 
2
o

3
) electrolyte. These 

values were very stable over extended periods of time. The Th0
2

(Ca0) 

electrolyte was also slightly stained where it had been in contact with the 

Fe, Fe
0

. 
95

0 electrode. However, the staining was very mild compared to 

that observed with Th0
2

(Y 
2
o

3
), and its X-ray diffraction pattern did not show 

any extraneous lines. 
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The results from cells A and A' are shown in Figure 1. Although the 

initial readings using the Th0
2

(Y 
2
o

3
) lie on the accepted line, the later values 

are one to three millivolts too low. 

The Emf obtained at 1 OOOu C by Steele and Alcock [ 7] using similar cells 

is also shown. It is interesting to note that Steele and Alcock [7 J experienced 

considerable difficulty stabilizing the Emf in the cell Fe, Fe
0

_ 
95

0 I Th0
2 

(Y 
2
o

3
} I Nb, NbO. They attributed these difficulties to a very slight 

electronic conductivity in the electrolyte, possibly caused by the low oxygen 

activity at the Nb, NbO electrodes. However, the formation of the YFe0
3 

phase could have been responsible for at least part of the decrease. 

Steele and Alcock [ 7] observed that when the Y 
2

0
3 

in the Th0
2

(Y 
2
o

3
) 

electrolyte was decreased, the drift in the Emf was lessened, and they 

attributed this to the higher resistivity of the thoria-based electrolytes con-

taining less Y 
2

0
3

. However, the less Y 
2

0
3 

the tho ria contains, the less the 

tendency to form YFe0
3

. It may be significant that this author experienced no 

drifting in cells D and E where the oxygen activity is very low but the Fe, 

Fe
0

_ 
95

0 electrode is absent. Thus it appears wis.e to dissolve as little Y 
2

0
3 

or CaO as possible in the thoria if one is using an Fe, Fe
0

_ 
95

0 electrode. 

Ignoring the values from the later Th0
2

(Y 
2
o

3
) runs, a straight line was 

fitted to the data from cells A and A 1• The equation for this line shown in 

Figure 2 is: 

E (mV) = 239. 5 - 0. 075 T (1) 

Using the expression: 2,.G = -n F E (2) 

and equation (1}, one obtains: 

2,.G (cal)::: -11,000 + 3. 45T (3) 
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for the reaction: 

I 

where L::.G is the Gibbs energy of formation, n is 2 for 0 , F the Faraday 

equivalent (23. 052 cal/mV), and E the electromotive force. 

3. 2 NbO, Nb0
2 

versus Fe, Fe
0

. 
95

0 

Several attempts were made to measure the Emf of Cell B. Only one run 

was successful; in the others the Emf varied appreciably with the argon flow 

rate. 

This variation of the Emf with the argon flow rate most likely indicates a 

relatively porous electrode -electrolyte interface in which the gaseous atmos-

phere influences the Emf. It was also observed that the metal-oxide elec-

trodes deformed slightly during a run, and that these ductile electrodes 

seemed to form a more impervious electrode -electrolyte interface than the 

more brittle oxide -oxide electrodes. One would thus expect to find the maxi-

mum flow rate variation of the Emf in cell C and the least in cell E. The 

variation of the Emf with argon flow rate was 0. 1 mV in cell E, 0. 5 mV in 

. 
cells A, A 1 and D, and 3 to 5 mV in cells Band C. The uncertainties shown 

in Figure 1. indicate the extent of the flow rate variation of the Emf. 

Alcock and Steele [ 6] obtained a mirror finish on the surfaces of their 

electrolytes by polishing with 0. 25 J.1- diamond paste. In this study the sur-

faces were not polished, which is probab~y the cause of the difficulty in ob-

taining non-:-porous electrode-electrolyte interfaces in cells B and C. 

The two Emf values which were obtained using galvanic cell B were com-

bined with the data from cells A and A' and are plotted with the data from 
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cell C. These are shown as the two triangular points by the NbO, Nb0
2 

-

Nb0
2

, Nb
2

0 
4

. 
8 

line of Figure 1. 

3. 3 NbO, Nb0
2 

versus Nb0
2

, Nb
2

0 
4

_ 
8 

The Emf of cell C also varied with the argon flow rate, and relatively large 

uncertainties (±3-5 mV) have been assigned to these measurements. It should 

be noted that the maximum change in the Emf was only 5 mV in 270. 

The slope of the line drawn through the data of cells C was determined 

using the third law method. The entropy of Nb0
2 

is well established 

[14, 15, 16]. The entropy of Nb
2
o

4
_ 

8 
was calculated using equation (12) which 

represents the data obtained from cells A and A 1 • Because only an estimate 

was available for the entropy of NbO [14] , a value was chosen which would 

be consistent with the data of cells D and E. 

Once the slope was established, a line was drawn through the data giving 

more weight to the measurements above 1200° K, because these measure-

ments were more precise and reproducible. It should also be noted that 

several anomalies have been observed in the heat-content curve of Nb0
2 

between 1090 and 1200u K (1 7] . The equation for the NbO, Nb0
2

-Nbo
2

, 

Nb
2 

0 
4

. 
8 

line shown in Figure 1 is: 

E (mV) = 242. 0 + 0. 03 T 

Using equation (2) one obtains: 

~G (cal) = - 11, 150 - 1. 38T 

for the reaction: NbO + 1. 25Nb
2
o

4
. 

8 
= 3. 5Nb0

2 

3. 4 Nb, NbO versus NbO, Nb0
2 

(4) 

(5) 

II 

The measured values from cell D varied only 0. 5 mV with the argon flow 
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rate. The values were also quite stable with time; in some cases the temper-

ature was held constant for 3(3 hours and no drift in the Emf was detected. 

It should be mentioned that the time to approach equilibrium was consid­

erably larger in cells of the type D and E. Longer times are probably 

necessary for the niobium and tantalum to equilib~ate with NbO and Ta
2
o

5 

respectively. Niobium and tantalum contain 1 ·-3 at. % oxygen when in 

equilibrium with NbO and Ta
2
o

5 
[18, 19] . The effect of the oxygen dissolved 

in tantalum and niobium will be discussed in the next section. 

Although the precision of the data from cell D is high, the measured 

values appear to be 7-8 mV too low. Steele and Alcock's value (7] at 

1 OOOo- C, shown in Figure 1, is based on several different types of cells. In 

the subsequent analysis of the data, it also becomes clear that the .data from 

the cell D yield a value for .6-Gf of NbO that is 700 calories less negative 

than that from cell C. The more negative value is also more consistent with 

data from cell E. 

The· NbO used in the electrode pellets contained a small amount of 

niobium. It appears that the niobium was not oxidized during the galvani.c 

cell runs because a trace of niobium was still evident in the X·-ray diffraction 

patterns of the NbO, Nb0
2 

electrodes. The oxygen activity may be slightly 

decreased at the NbO, Nb0
2 

electrode due to the presence of niobium, and 

this could account for the lower values observed in this study. Because of 

these reasons, a dashed line is shown drawn through the data of cell D. 

The slope of this line was determined using a third law analysis; the 

entropy of NbO was chosen to be consistent with the data from cells C and 

E. The equation for the Nb, NbO - NbO, Nb0
2 

line shown in Figure 1 is: 

-10-



E (mV) == 309. 6 - 0. 09 T 

Using equation (2), one obtains: 

.6G (cal)= -·14, 250 + 4. 15 T 

for the reaction: 

Nb0
2 

+ Nb == 2Nb0 

3. 5 Nb, NbO versus Ta, Ta
2
o

5 

(6) 

(7) 

III 

The variation of the Emf with the argon flow rate for cell E was negli-

gible (±0. 1 mV). The several points shown in Figure 1. with large un-

certainties are from an early run in which no spring assembly was used to 

press the electrodes against the electrolyte. 

The slope of the line drawn through the data of cell E was determined 

using a procedure similar to that for cells C and D. The equation for this 

line is: 

E (mV) = 87. 1 - 0. 043 T (8) 

Using equation (2), one obtains: 

.6G (cal) == -4, 020 + 1. 98 T (9) 

for the reaction: Nb + 1/5 Ta
2
o

5 
= 2/5 Ta + NbO IV 

No extraneous lines were observed in the X·-ray diffraction patterns of 

the Ta-Ta
2
o

5 
and the Nb-NbO electrodes. This observation and the 

stability of the Emf values indicate that the reported suboxides of tantalum [1o] 

are not stable over the experimental temperature range. 
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4. Discussion 

4. 1 Gibbs ~nergy of Formation of Nb
2

0 
4

. 
8 

The Gibbs energy of formation of NbO, Nb0
2 

and Nb
2
o

4
. 

8 
could be deter-

mined from the measured Gibbs energy changes for reactions I, II and III. 

However the Gibbs energy change of reaction III is suspected of having a 

systematic error of 400 to 800 calories. Instead of introducing this error 

into all three .6-G~ equations for the niobium oxides. two values for .6-G~ of 

NbO were calculated from equations 5 and 7, and .6-G; of Nb
2

0 
4

. 
8 

was calcu­

lated from equation 3 using literature values [14, 20] for .6-G; of Nb0
2

. 

From the critical evaluation of Schick [14 J , one obtains the following 

Gibbs energy equation for Nb0
2 

between 1100 and 1300° K: 

.6-G; (cal)= -185, 600 + 39. 0 T (1 0) 

As shown in Figure 2 there is excellent agreement between equation 10 and 

the high-temperature data [ 8, 20 J. 
The following Gibbs energy equation for the Fe-Fe

0
_ 

95
0 reaction has 

been determined by Blumenthal and Whitmore [21] from a critical review of 

the pertinent data: 

.6-G; (cal) = -63, 100 + 15. 51 T (11) 
... 

Adding equations 11 and 3 yields: 

.6-G (cal) = - 7 4, 1 0 0 + 18. 9 6 T (12) 

for the reaction: 2. 5 Nb0
2 

+ to
2 

= 1. 25 Nb
2

0 
4

. 
8 

v 

Using equations 10 and 11, one obtains the following expression for 

.6-G~ of Nb
2
o

4
_ 

8 
between 1050 and 1300° K: 

.6-G~ (cal) -430,480 + 93. 17 T (13) 
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The thermodynamic stabilities [ 14] of Nb
2
o

5 
and of Nb

2
0 

4
. 

8 

between 1050 and 1300° K are shown in Figure 2. The difference in ~G; 

reflects the homogeneity range of the Nb
2
o

5 
phase and increases slightly 

with increasing temperature, perhaps indicating that the homogeneity range 

is increasing. In the phase diagram for the Nb-0 system [22] , the homo­

geneity range of Nb
2

0
5 

is indicated by dashed lines and is shown increasing 

with increasing temperature. 

4. 2 Gibbs Energy of Formation of NbO 

Using equations 5, 10, and 13, one obtains the following equation for 

~G~ of NbO between 1050 and 1300° K: 

~a; (cal)= -100,350 + 21.42 T 

On the other hand combining equation 10 and 7 yields: 

t::.G~ (cal)= -99,920 + 21. 58 T 

for NbO in the same temperature region. 

(14) 

(15) 

The thermodynamic stability of NbO calculated from equation 14 is shown 

in Figure 2, in which it is compared to that given in the critical review of 

Schick [14 J . The values for ~G~ calculated from equation 15 would be about 

600 calories less negative than those from equation 14, but equation 15 con­

tains the suspected systematic error of equation 7. 

Lavrent'ev, et al. [ 8] measured the Emf of the galvanic cell Fe, 

Fe
0

. 
95

0 I Th0
2 

(La
2
o

3
) I Nb, NbO. Their experimental data are given by 

the equation: 

t::.G; (cal)= -34,500 + 3.15 T (1114 to 1346 vK) 

for the reaction: 

Nb + Fe
0

. 950 = 0. 95 Fe + NbO 

-13-
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Adding equations 11 and 16, one obtains ·-·97, 600 + 18. 66 T for .6.G; of 

NbO: The values of .6.G; calculated from this equation are 400 to 700 calories 

more negative than the values obtained from equation 14 of this study. How­

ever, Lavrent.1ev et al,l s measured Emf values [ 8] are 20-30 mV higher 

than those obtained by Steele and Alcock [ 7 J from a similar cell. 

Using the high-·temperature thermal data of Gel' d and Kusenko [23] , 

values of -101. 0 (±2. 0) kcal/mole and 10. 2 (±1. 0) eu~ are obtained from 

equations 14 and 15 for .6.H;
98 

and s;
98 

of NbO respect:lvely. An un-

certainty considerably higher than the precision of the experiments has 

been assigned to these values to reflect the possible shifts in equilibrium 

composition with temperature of the niobium and niobium oxides. Schick [14] 

selected a value of -97. 7 (±2. 0} kcal/mole for .6.H;
98 

of NbO and estimated 

s;
98 

of NbO to be 12. 0 ± 1. 5 eu. Schaefer and Liedmeier [25 J recently 

obtained a value of -97. 0 (±1. 0) kcal/mole for .6.H;
98 

of NbO from' combustion 

calorimetry. The comparison of the value for .6.H;
98 

of NbO obtained in this 

study with that obtained from calorimetric is not meant to imply equality of 

accuracy in .6.H;
98 

However, when it is the Gibbs energy of the equilibrium 

phases at elevated temperatures that is of primary interest, the values 

obtained in this study are to be preferred over those deduced' from thermo-

chemical measurements. 

It should be noted that the value of s;
98 

of NbO obtained in this study was 

determined by choosing the value which would give the best fit to the data 

for cells C, D and E. Using Schick's selected value (-97.7 kcal/mole) for 

.6.xt; 98 of NbO [14] , one would calculate enthalpy terms for equations 14 

and 15 which are 3. 3 to 3. 8 kcal less negative than those obtained in this 

-14-
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study. With the calculated enthalpy terms, a value of 13. 0 (±0. 5) eu. for 

s;
98 

of NbO would be required to obtain the Gibbs energy of formation values 

obtained in this study. However, a value of 13.0 eu. for s;
98

of NbO would 

require the slopes of the Emf versus temperature lines of cells C. D and E 

to be opposite from that shown in Figure 1. This discrepancy between the 

calorimetric and equilibrium data could be caused by composition variations 

in the equilibrium phases. For example, the composition of NbO in equilib-

rium with niobium could vary significantly from the stoichiometric one. 

Although Brauer [9] in 1941 detected no significant homogeneity range in 

NbO, the VO phase exists between 44. 5 and 54. 5 atomic o/o oxygen [to] . 
The effect of the variation in composition of the niobium in equilibrium with 

NbO is discussed in section 4. 4. 

4. 3 Gibbs Energy of Formation of Ta
2
o

5 

Subtracting equation 9 from equation 14, one obtains the following ex-

pression for ~G; of Ta
2
o

5 
per gram atom of oxygen between 1050 and 

1300° K: 

~G; (cal) = -96, 320 + 19. 44 T (17) 

The agreement between the values calculated from equation 17 and those 

tabulated in the literature , [ 14, 24] . is shown in Figure 2;. they are in such 

excellent agreement that they appear as one line. Because the thermody-

namic stability of Ta2o 5 
was obtained using equation 11, the agreement 

between the thermal and equilibrium data of Ta
2
o

5 
supports the Gibbs-

\ 

energy-of-formation equation for NbO obtained in this study. 

If one uses equation 15 instead of 14, one obtains values for ~Gf of 

Ta
2
o

5 
that are about 0. 6 kcal per g-·atom oxygen Jess negative than those 

-15-



calc.ulated from equation 17. However, the thermal data for Ta
2
o

5 
are well 

established, and their uncertainty is only ±0. 1 kcal per g-atom oxygen. One 

also would expect excellent agreement between the thermal and high-tempera-

ture equilibrium data because the homogeneity range of Ta
2
o

5 
has been ob­

served to be very limited [13] . 

4. 4 Influence of the Solubility of Oxygen in Niobium and Tantalum 

Between 1100 and 1300v K, the saturated-oxygen concentration in niobium 

varies from approximately 1. 4 to 2. 3 atomic o/o respectively [18] . Over the 

same temperature range·' the oxygen concentration in tantalum in equilibrium 

with Ta
2
o

5 
increases from approximately 2. 5 to 3. 0 atomic o/o [19]. 

Assuming that the activity of oxygen in the metal obeys Henry's law, 

calculations were made to correct the measured data of cells D and E. The 

correction changes both the enthalpy and entropy terms in equations 7 and 9 

because the saturated-oxygen concentration varies with temperature. How-· 

ever the correction is quite small. For example, when the correction is 

applied to the data from cell D, it aliers equation 7 to: 

.6.G (cal) = -14, 160 + 4. 0 T (18) 

At 1200° K this changes the Gibbs energy of reaction III by only 90 calories. 
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