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Platinum metals have been found to form very 
stable diatomic intermetallic compounds with rare 
earth metals [l-3] . 

The present investigation was undertaken to detect 
intermetallic molecules between cerium and ruthe- 
nium and osmium and measure their atomization 
energies. The dissociation energies of the molecules 
CeRu and CeOs have recently been predicted [3]. 
Their experimental determination would permit a 
test of the proposed method for calculating bond 
energies of certain diatomic gaseous intermetallic 
compounds with multiple bonds [3, 41 and at the 
same time complete the series of diatomic cerium- 
platinum metal compounds [3,5]. 

This investigation could be conveniently combined 
with a search for gaseous osmium carbides, which had 
not yet previously been observed. The bond energies 
of the monocarbides [4, 6-91 and dicarbides [8a, 
lo] of the other platinum metals, except palladium 
had previously been measured. Very strong osmium 
to carbon bonds could be expected from the analogy 
with the corresponding ruthenium carbides [7, 91, 
and in case of OsCZ from the analogy with OsO [lo, 

1 l] . Knowledge of the stability of these molecules 
is expected to aid the understanding of certain 
canalytic reactions. 

The mass spectrometer and experimental approach 
used have previously been described [5, 121. A liquid 
nitrogen cooling trap was inserted into the ion source 
to minimize background contributions at the very 
high temperatures necessary for this investigation. 
The Ce-Rh-Ru-Os sample, that was intimately 
mixed with excess graphite, was contained in a gra- 
phite Knudsen cell that was enveloped by a tantalum 
cell. Rhodium was present to use its known molecules 
as standards. 

The new molecules CeRu, CeOs, OsC, and OS& 
were identified by their mass to charge ratio, their 
isotopic abundance distribution, and their approx- 
imate appearance potentials except for CeOs where 
C&C4 was overlapping. For the evaluation of the 
third-law enthalpies of the pressure independent 
reactions given in Table I it was assumed that the 
effects of relative ionization cross sections and 
multiplier gains cancel in the equilibrium constant, 
Kp. The ion currents were corrected to correspond to 
maximum ionization. Free energy functions were 
taken from literature for Rh [ 131, Ru [ 131, OS [ 131, 
C [ 141, and RhC [8a]. Those for CeRu, CeOs and 
OsC were calculated from estimated molecular para- 
meters under similar assumptions as used elsewhere 
[3, 8b] . The resulting -(Gg - e)/T in J mol-’ 
K-r at 2600 and 2800 ‘%, respectively, are 3 18.0 and 
320.7, 325.6 and 328.2, and 273.4 and 276.0. The 
free energy function change for the reaction OS& + 
OS = 2 OsC was taken the same as for the corres- 
ponding reaction with Rh [8a]. 

TABLE I. Third Law Reaction Enthalpies for Pressure Independent Reactions Involving the Molecules OsC, RuC, OsCa, CeRu 
and CeOs and Derived Atomization Energies. 

Reaction Temp. No. of 
Range (W Data Sets 

AH: 
kJ 

D: (M) 
kJ mol-’ 

M 

RhC(g) + OsC(g) = 
OsCz@ + Rh(g) 
RhC(g) + Ru(g) = 
Rut%) + Rh(g) 
osca (g) + Os(g) = 
2OsC(g) 
RuC(g) + Cc(g) = 
CeRuW + C(g) 
OsC(g) + Cc(g) = 
CeOs + C(g) 
CeOs(g) + Ru(g) = 
CeRu(g) + Os(g) 

2642-2785 5 65.7 * 1.3 

2552-2785 6 61.5? 1.3 

2642-2785 5 -121.3 f 2.5 

2576-2770 6 113.8 f 5.0 

2770 2 138.1 f 0.8 

2770 2 30.5 f 0.8 

645 f 13* 

641 f 13* 

1169 * 21 

527 f 25u 

507 f 33 

497 f 33u 

osc 

RuC 

oscz 

CeRu 

CeOs 

CeOs 

%ing Dz (RhC) = 579.5 * 10.5 kJ mold1 (Ref. 8). bUsing the respective D”, values for OsC, RuC and CeRu from this investi- 
gation. 
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The error terms shown for the reaction enthalpies 
in Table I correspond to standard deviations, and in 
case of the reactions with CeOs, to the deviation from 
the mean value. The reaction enthalpies were combin- 
ed with the appropriate Dz values of other reaction 
participants, to yield the dissociation or atomization 
energy of the corresponding molecule specified. In 
case of OsCs the value Dz(C2) = 591.1 +- 12.6 kJ 
mol-’ [14] was used in addition, Here the error 
terms in Table I take the estimated experimental 
errors into account, as well as the errors introduced 
from the assumptions used in arriving at the equilib- 
rium constants and the free energy function changes. 

The dissociation energies, Dz, of CeRu (527 ?r 
25 kJ mol-‘) and CeOs (503 f 33 kJ mol-‘) agree 
with the respective values of 544 and 536 kJ mol-’ 
calculated previously [3] assuming a triple bond, but 
appear to be slightly lower. This gives further support 
to the applicability of the proposed method for cal- 
culating dissociation energies of diatomic rare earth- 
platinum metal intermetallic compounds. The fact 
that the dissociation energies of CeRu and CeOs are 
not larger than the calculated values may be taken as 
indication that the 4f-electron of cerium does not ap- 
preciably participate towards formation of a possible 
quadruple bond. 

The osmium monocarbide molecule is as or 
slightly more stable than gaseous RuC (See Table I) 
and thus, with RuC, the most stable of any gaseous 
diatomic metal carbide. The osmium dicarbide is 
the most stable platinum metal dicarbide. 

With Dg(C2) [ 141, the energy of the Os-CZ bond 
is obtained as 575 f 29 kJ mol-’ . This value is consis- 
tent with the upper value of 590 kJ mol-’ for the 
dissociation energy of OsO [ 111, and thus with the 
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applicability of pseudo-oxide concept to transition 
metal dicarbides, including the platinum metal dicar- 
bides [lo]. 
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