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The Free Energy of Formation of
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The free energy of formation of NbO, has been de-
termined by measuring the carbon monoxide equi-
librium pressure of reaction 1 between 1050 and 1200°K.
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Combining these results with recent thermal data?
and with another equilibrium study? yields free energy
of formation values for NbO, which are more precise
than those tabulated by Elliott and Gleiser* and by
Coughlin.®

To obtain an expression for the free energy of for-
mation of NbO; between 1100 and 1700°K., the stand-
ard free energy change of the reaction

Nb2Os(s) + C(gr) === 2NbOs(s) + CO(g)
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was calculated from the results of the three investiga-
tions.

In this study a solid pellet of NbO;—Nb;O—C was
equilibrated with a carbon monoxide atmosphere at
elevated temperatures. The experimental apparatus
and procedures are described elsewhere.®” The
amount of CO (usually >949,) was determined by
Orsat analysis,® and an X-ray diffraction pattern of

the remaining pellet indicated that only the initially

charged phases were present.
marized in Table I, in which AF°qy and AF°) are the
standard free energy changes of reactions 1 and 2,
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The results are sum-
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respectively; valuesfor AF° ) are obtained by subtract-
ing the free energy of formation of CO(g)%? from AF°q,
and are shown in Fig. 1.

Table I: Standard Free Energy Changes
of Reactions 1 and 2

Pco, AF°y, AF° (),

T, °K. mrn. cal. cal.
1175 662 323 51,948
1143 452" 1182 52,132
1074 135 3682 53,182
1090 205 2341 52,681
1172 754 25 51,585
1127 302 2062

52,682

Lavrent’ev, Gerasimov, and Rezakhina® have meas-
ured the steam-to-hydrogen -equilibrium pressure
ratios between 1473 and 1673°K. for reaction 3.

Nb:Os(s) + Ha(g) === 2NbOs(s) + Hs0(g) (3)

Their data for reaction 2 are shown in Fig. 1.
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Figure 1. Standard free energy change of the reaction
Nb,Os(s) = 2NbOx(s) + 0.50:(g). i

‘The standard free energy change of reaction 2 at
298°K. can be calculated from hMahfs measured heat
of reaction® and the available entropy data.® Com-

bining this value with high-temperature thermal data for
NboOs,1' Ox(g),"* and NbO.,? one obtains the thermal
values for the standard free energy change of reaction 2
shown in Fig. 1.

The results presented in Fig. 1 agree within the ex-
perimental uncertainties. However, the two low tem-
perature values from this study appear not to have
been at equilibrium, possibly due to the inertness of
graphite below 1100°K.!? Hence, these two values -
were disregarded in the subsequent calculations.

Using available thermal data,21%!! one obtains
20.9 cal./deg. for the temperature variation of AF°g
between 1100 and 1700°K. Combining this value with
the results shown in Fig. 1 yields the following equation
for AF° ) between 1100 and 1700°K.

AF® 5 (£600) = 76,500 — 20.97 cal. (4)

With this equation and the free energy of formation
values for NbyOs, %% one obtains the following equation
for the free energy of formation of NbO, between
1100 and 1700°K.

AF°Npo, (£500) =
— 185,600 -+ 38.97 cal./mole  (5)

The uncertainty in AF° g, was calculated by the usual
method!® of assessing the deviation of -the individual
points from the straight line variation shown in Fig. 1.
The uncertainty in AF®yp0, of =500 cal. was obtained
by applying the usual technique'® for combining the
independent uncertainties in AF° g, and AF °yp,0;.**

Using eq. 5 and recent thermal data,? one obtains
an average value of —190.7 kecal./mole for the stand-
ard heat of formation at 298°K. of NbO,, which is in
good agreement with Mah’s value® of —190.9 (%0.4)
keal./mole determined from combustion calorimetry.
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