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Summary

Literature values of heats of formation are combined with kinetic and appear-
ance potential data to give self-consistent values for bond dissociation energies
D(Me;M—X) where M is Si, Ge, Sn or Pb, and X is H, CH;, MMej, OEt, Cl or Br.

Values of bond dissociation energies of the organometallic compounds of
Group IVB are of considerable value in understanding the chemistry of these
compounds. Problems encountered in obtaining such data include the unre-
liability of older combustion data [1], and the difficulty of establishing key
values for heats of formation of metal centred radicals, from which bond dis-
sociation energy data can be derived.

Compilations of heats of formation of Group IVB compounds are now avail-
able [1,2]: the values are probably reliable for the most part though some
inconsistencies between different compounds remain, and a number will proba-
bly eventually be found to be in error.

Data relating to the strengths of bonds in these molecules comes from three
sources: appearance potentials in mass spectrometry, kinetics of pyrolysis
reactions, and shock tube experiments. In view of uncertainties of interpreta-
tion, shock tube results have not been used in the present analysis. :

The most comprehensive appearance potential data are those of Lappert,
Pedley, Simpson and Spalding [3], who studied 14 compounds of type Me M
and Me;MM'Me,; (M = Si, Ge, Sn, Pb). These data are internally reasonably self-
consistent and form the start of this discussion. These appearance potential
measurements *, combined with current values of heats of formation of organo-
metallic compounds [2], of methane and 2-methylpropane [4]}, bond dissocia-
tion energies for methane [5] and 2-methylpropane [6], and the ionization
potential of the t-butyl radical [7], give an overdetermined system of equations

* Including Me3PbBu-t needed since no AH,Q value is avaiable for hexamethyldilead.
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TABLE 1
KEY BOND DISSOCIATION ENERGIES OF GROUP IVB COMPOUNDS 4

(1) (2) (&) (4)

A.P. Only Kinetic A.P. + Kinetic Kinetic (+A.P.)
D(Me3Si—SiMe3) 81.3 80.5 79.3 80.5
D(Me3Si—CH3) 90.8 89.8 90.4
D(Me3Ge—CH3j) 82.4 78.7 75.5
D(Me3Sn—CH3) 73.3 64.5 69.3 64.5
D(Me3Pb—CH3) 49.1 49.4 49.3 49.4

@ A1l values in kcal mol—l. For details of assumptions, see text.

(16 equations, 14 unknowns), solution of which gives the heats of formation
of Me;M" (M = Si, Ge, Sn, Pb) and thus the derived bond dissociation energy
data shown in the first column of Table 1.

Kinetic data relating to these compounds are rather sparse, but the thermal
decompositions of hexamethyldisilane [8], tetramethyltin [9] and tetramethyl-
lead [10] have been carried out under conditions in which the homolysis of
the Si—Si, Sn—C and Pb—C bonds appears to be the rate-determining step and
thus the activation energy can be equated with the bond dissociation energy of
the bond broken: the results are listed in column 2 of Table 1. It will be seen
that there is excellent agreement between the appearance potential (A.P.) and
the kinetic results for Si—Si and Pb—C, but there is a considerable discrepancy
for Sn—C. The two sets of data have been combined in two ways. In column 3
of Table 1, each of the kinetic results has been given an equal weighting with
each A.P. measurement in a least squares procedure, and in column 4 the three

TABLE 2
BOND DISSOCIATION ENERGIES, D(Me3gM—X), (in keal mol~!) OF COMPOUNDS Me3MX

All thermochemical data in this paper refer to 25°C and the gas phase. Heats of formation of H", "OH,
Cl1® and Br" from ref. 12, 'OE(I; from ref. 13. Other heatsoof formation as mentioned in the text with addi-
tional data from ref. 14. AHs (MegGe,) —26.0 and A Hf (MegPb,) +39.0 kcal mol™! from the A.P. data
and kinetic results used in the last column of Table 1. There is a greater difference than expected between
AHg (MegGes) and the literature value 52] for AH(f, (EtgGes). AH? (Me3SnH) — AI-I(f) (Me3SnCl) assumed
to be the same as AHy (BuySnH) — AHy (Bu3SnCl) [15]. D(Me;Pb—H) estimated by assuming that
D(Me3zM—X) is greater than the averag% bond energy in MX, by a constant amount:-this is approximately
true for Me3M—CH3 (M = Sn, Pb). AHf for MHg from refs. 12 and 16. D(Me3Si—H) and D(Me3Ge—H)
are direct determinations {17].

x M

ce si Ge Sn Pb
H 105 g0 82 74 (62)
CH3 80 90 76 65 49
MMej g0 b 81 73 56 55
oH 22 126 110
OEt 82 111 107 84
ci 84 111 116 101
Br 71 94 104 85

@ Methyl, not t-butyl. ? In ethane.
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kinetic results have been given a weighting of 1000 compared with the A.P.
results to ensure conformity of the computed values with the kinetic results.
Columns 3 and 4 differ significantly only in the germanium and tin entries.
Column 4 has been preferred, largely because the higher value of D(Me;Sn—Me)
is difficult to reconcile with the reversibility of the addition of organotin radi-
cals to alkenes even at low temperatures [11]. The higher value would also

lead to D(Me,Sn—H) 78 kcal mol~! which seems rather high.

Heats of formation AH corresponding to the figures in column 4 of Table 1

are Me,;Si® —3.1; Me,Ge® + 23.7; Me;Sn™ 25.0; Me,Pb” 47.0 keal mol™!. Use

- of these figures gives the bond dissociation energies listed in Table 2. For most
of the bonds, there is a smooth fall from silicon to lead in accord with the known
chemistry of these compounds, though there appears to be a maximum at ger-
manium for the Me;M—Cl and Me;M—Br bonds. Also in line with qualitative
observations is the fact that all the M—H bond strengths are weaker than
D(CH5;—H), whereas the bonds to oxygen, chlorine and bromine are stronger
for silicon, germanium and tin than for carbon.

Further work will be needed to confirm or modify these values, particularly
those relating to germanium and tin, but the data in Table 2 appear to give a
basis for rationalization of much of the known organometallic chemistry of
Group IVB.
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