J.C.S. Cuem. Comm., 1974

199

Mass Spectrometric Observation and Stability of Gaseous RuC,, PtC,, and IrC,

By KarL A. GINGERICH
(Department of Chemistry, Texas A&M University, College Station, Texas 77843)

Summary. The gaseous molecules RuC,, PtC,, and IrC,
have been observed in a high-temperature mass spectro-
meter and their atomization energies, AH®44m 0, have been
determined as 1119-0 4- 38, 1084-1 4 38 and < 10883
4+ 42 k] mol™L

PLATINUM metals have been found to form very stable
monocarbides. Spectroscopic studies have been reported
for the molecules RhC and PtC.* Dissociation energies for
these two molecules and RuC and IrC have been obtained
by Drowart and his collaborators2?.® who failed, however,
to observe the corresponding dicarbides, MC,. The only
platinum metal dicarbide observed so far is RhC,* For
this molecule the pseudo-oxide character noted for other
transition-metal dicarbides® was indicated.

We have attempted to detect the dicarbides of Pt, Ir,
and Ru and to measure their atomization energies. Know-
ledge of the stability of these molecules should help to
understand the action of platinum metal catalysts in
reactions involving carbon-containing molecules.

The mass spectrometer and experimental approach used
were similar to those described.4:# The samples were con-
tained in a graphite Knudsen cell enveloped by a tantalum
cell. The molecules PtC, and IrC, have been measured at
2710 and 2724 K above the residue of a Ce~Th-Zr-Rh-Pt-~Ir
system. Ruthenium dicarbide was observed over a Ru-Os
sample at temperatures between 2635 and 2745 K. The
platinum metal dicarbides were identified by their mass
to charge ratio and for RuC, and PtC, by their isotopic
abundance distribution and their approximate appearance
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potentials. Because of the comparatively large background
contribution at these high temperatures the effective sensi-
tivity and precision of measurement were lowered. A
typical set of relative ion currents (mass nos. in parentheses)
involving platinum and iridium dicarbides at 2710 K is:
Pt+ (194), 17,100; Irt (193), 615; PtC* (206), 1650; IrC*
(205), 345; PtCh (218), 2-2; PtC} (219), 2-3; PtC} (220),
1'7; IrCt (217), 0-6; C*, 34,310; C}, 17,250. For the
ruthenium-carbon system a typical ratio of ion currents as
measured at 2635 K for RuCi-RuC+—Ru* is 1:350:930.

For the evaluation of the third-law enthalpies® (Table)
of reaction (1) it was assumed that the effects of relative

MCy(g) + M(g) = 2MC(g) (1

ionization cross sections and multiplier gains cancel in the
equilibrium constant, K. The free-energy function change
of reaction (1) was taken to be the same as for the corre-
sponding reaction with M = Rh.¢

Combination of the reaction enthalpies with the appro-
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tions used in arriving at the equilibrium constants and the
free-energy function changes and the uncertainties in
ancillary literature values used. Since the %2IrC,* ion
current was measured near the detection limit, the derived
D} (Ir-C,) values may possibly be upper limits.

The dissociation energies of the corresponding platinum
metal monoxides® and the results for RhC,* are also given
in the Table for comparison with the M-C, bond energies.
The D) (M-C,) values are consistently somewhat larger
than the corresponding Dy (MO) values, but only in case of
PtC, (and possibly IrC,) are they larger considering the
combined error limits. For dicarbides of more electro-
positive transition metals’ the M-C, bond energies are
usually slightly lower than the corresponding MO dissoci-
ation energies. The rather large uncertainties in the
knowledge of the dissociation energies of most platinum
metal monoxides does not at present permit a more
detailed test of the pseudo-oxide concept for the platinum
metal dicarbides, but it applies at least in a qualitative

priate dissociation energies for the monocarbides: sense. Thus the outstanding feature for the gaseous
TaBLE.. Third-law reaction enthalpies for MC, + M = 2MC and derived atomization energies, .D§ (MC,;) and D§ (M-C,)
bond energies of platinum metal dicarbides
_ D§ (MG, D} (M-Cy) D§ (MO)
Reaction T/K log Ky —AH/K] /kJ mol~? /kJ mol-1 MC, /kJ mol—? MO
PtC, 4+ Pt = 2PtC 2710 1-860 127-2 1084-1 4- 38 490 L 42 PtC, 343 1 33 Pto
2724 1-751 122-6
IrC, + Ir = 2IrC 2710 2-501 161-0 <1088:3 4 42 <494 4 42 IrCy <389 IrO
2724 2-426 157-7
RuC; + Ru = 2RuC 2636 2-151 138-1 11190 4- 38 5256 4- 38 RuCy 477 4 63 RuO
2736 2-232 148:6
2746 2-154 1677
10334 4 21 439-3 4 21 RhC, 372 4 63 RhO

D} (PtC) = 604-5 -+ 10-5 k] mol—1;? D} (IrC) = 623-0 4 10-5
k] mol1;? D} (RuC) = 631'7 4 12:6 k] mol~2? yields the
atomization energies (Table). Assuming the asymmetric
structure MCC for the dicarbides® and subtracting the
dissociation energy D) (C,) = 594 4 13 k] mol~1# from
these atomization energies, the M-C, bond energies are
obtained (Table). The error limits given in the Table for
the D$ (MC,) and Dj§ (M—C,) values take into account the
experimental errors, the errors introduced from the assump-

platinum metal carbides as compared with other transition-
metal carbides is not the low stability of the dicarbides
(even these appear to be slightly more stable than expected)
but the very high stability of the monocarbides (except
PdC), owing to multiple bond formation.
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