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Note

Dissociation energy of the NaAg molecule
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For a series of mass spectrometric determinations of the bond energy of some
diatomic intermetallic compounds between silver and group IA or ITA metals, the
following independent reactions are proposed

1 1
NaXg) + Agy — NaAgy, + X,

where X is a group IA or IIA metal of the analysed molecule.

The error associated with the dissociation energy of the NaX molecule is
naturally dependent on the uncertainties associated with the DJ(NaAg) value. In a
previous investigation of the Na-Ag system’, a dissociation energy of the NaAg
molecule (DJ = 31.8 & 3.0 kcal mole™ ') was obtained, unexpectedly lower by about
19 kcal than that derived from the Pauling model2. In order to confirm the value,
a new experiment on the Ag-—Na system was carried out.

EXPERIMENTAL AND RESULTS

A Bendix time-of-flight mass spectrometer combined with a double-oven
Knudsen source, similar to that described elsewhere!* 3, was employed for this study.
The general characteristic of the method and the procedure used have been previously
described*. Because of the limitation in the Knudsen condition, only a limited set
of data has been obtained for the NaAg molecule. The ions Na™, Ag™, Ag} and
NaAg™ observed at about 1550 K were identified as originating from the corre-
sponding neutral species. The appearence potential of NaAg and Ag, were measured
as 8.5 + 2.0 and 9.5 + 2.0 €V, referred to that of Ag = 7.57 eV~>.

The reaction

NaAge) = Nag, + Agg (1)

and the independent pressure reaction
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Nagg) + Agy) = NaAgy + Aggy, 2)

were taken into account.

To convert the ionic intensities into pressures®, the necessary sensitivity con-
stant was determined from the silver vapor pressure”’ and assuming that in the initial
part of the vaporization at lower temperatures silver was at unit activity. The ioniza-
tion cross-section for atoms were taken from Mann® and for the molecules they were
estimated as 0.75 times the sum of the atomic cross-sections®. For all the ions the
multiplier gains were taken as proportional to the inverse of the square root of the
mass.

The enthalpies of reactions (1) and (2) were evaluated by third-law method
using the relation

AHYT = —RInK, — A[(G2 — H)T]

The necessary free energy functions, (G — H)/T, were taken from the literature
for Na’7, Ag”?, Agl® and NaAg'.

The relative ion intensities, log K, and the third-law AHg values at each expeti-
mental temperature for reactions (1) and (2) are listed in Table 1.

AHY for reaction (1) gives the dissociation energy of the NaAg molecule DY
(NaAg) = 33.1 = 2.0 kcal mole™!; AHJ for reaction (2) combined with D (Ag,) =
38.0 & 1.5 kcal mole™" ! yields DJ(NaAg) = 34 -+ 3 kcal mole™'. The error terms
reflect the estimated uncertainties in the temperature measurement, the calibration
constant, the free energy and the relative ionization cross-section and multiplier gains.

CONCLUSION

The dissociation energies derived from reaction (1) and the independent pressure
reaction (2) are in good agreement and agree also with the value previously deter-
mined!, D3(NaAg) = 31.8 4 3.0 kcal mole™ L.

Giving equal weights to the present and previous values, a selected value of
DJ(NaAg) = 33 4 2 kcal mole™! or 138 = 8 kJ mole™ ' is reccommended, therefore
the experimental dissociation value is lower than the bond energy calculated using
the Pauling model of polar single bond (51 kcal mole™!')2.

Other experimental dissociation energies of group IA and IB diatomic mole-
cules! 2+ 13 have shown similar discrepancies, therefore the bond energy values derived
from the Pauling model? should be considered as upper limit values, as predicted by
Gingerich and Finkbeiner'*,
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