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Results of an ion cyclotron resonance study of the gaseous ion chemistry 
observed in mixtures of alkyl halides and transition metal complexes are re- 
ported. Two different types of processes give rise to metal-carbon bonds. From 
observation of the process M+ + CHsX + MCH,+ + X limits on gas phase metal- 
carbon bond strength are inferred: 68 kcal/mol > D (M+-CH,) > 56 k&l/mole 
for M = Fe, Co. Limits on several metal ion-olefin bond strengths are inferred 
from HX elimination reactions. Reactions of propyl and ally1 cations with 
CO(CO)~NO and Fe(CO)S are also described. 

The study of ion molecule reactions in the gas phase has proved useful in 
characterizing the thermodynamic and chemical properties of ions and molecules 
in the absence of solvent [l] _ The gaseous ion chemistry of metals and metal 
compounds has received relatively little attention, but the results that have been 
reported are quite promising [2]. The emphasis in the reported studies is on re- 
actions forming polynuclear metal complexes and reactions involving ligand 
substitution. In examining the gas phase ion chemistry of mixtures of transition 
metals and alkyl halides we have observed a number of reactions involving forma- 
tion of metal to carbon bonds. Moreover, the-nature of several of the observed re- 
actions is such that thermochemical properties of the metal to carbon bonds may 
be inferred. In our experiments ionization is initiated by electron impact and re- 
actions of the ions produced are followed using standard ion cyclotron resonance 
techniques *? Ion cyclotron double resonance identifies reactions 1 and 2, for 
example, in a mixture of Co(CO)sNO and CHsI. The Co+ ion is produc& by 

electron impa& on the CO(CO)~NO. Similar processes are observed in mixtures 
of Fe(CO& and CHB I (reactions 3 and 4). Although the rates of 2 and 4 are 
comparable with those of 1 and 3, reactions of Fe+ and Co” with CH3Br yields 

*Author to whom conespondence should be eiidressed. 
**For 8 recent review of ion cydotron resonance techniques see ref. 3. 
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Co+ •i- CH31 
CoI+ + CH3 (k x 10” = l.l*) (1) 

CoCH3 -+ + I (k x 10” = 0.8) (2) 

Fe+ + CH31 
FeI+ + CHB 

FeCH,+ f I 

(12 x 1O’O = 1.9) (3) 

(k x 1O’O = 1.9) (4) 

only MBr+. From 2 and 4 we can deduce lower limits on the transition metal to 
carbon bond strengths in the absence of a coordinate sphere on the metal. 

Under the conditions of the typical ion cyclotron resonance experiment, 
activated or endothermic processes are much too slow to be observed. The rates 
ofland3arefast(k - 10-*” cm3 mol-’ set-’ = 6 x 10” liter mole‘-’ set-’ ) and 
are not observed to depend on the energy of the impacting electrons. This indi- 
cates that the reactions involve ground state ions and are thermoneutral or exo- 
thermic which implies the lower limit on D (M+--CH,) in Table 1. The upper limit 
in Table 1 is obtained by assuming that MCHBt is not a product of reaction 
between M+ and CH3 Br because D (M+-CH, ) < D (BP CHB). Also noted in 
Table 1 are results of several calorimetric determinations of transition metal to 
carbon bonds. The data are few but it appears that the coordination sphere 
weakens the bond significantly. The charge on the gaseous ion may also 
contribute to the difference between the gas phase and solution results. The 
electrostatic interaction between a methyl group and a point charge at a 
distance of 2.0 A is about 20 kcal/mol. 

TABLE 1 

METAIrCARBON BOND STRENGTHS = 

66 C D <Fe+-CH,) < 68 b 
56 < D<Co*-CH,) < 68 b 
D<CH,-Mn<CO),) = 27.9 f 2 3. 30.9 f 2.3 = 
D (CH&%e(CO)5) = 63.2 * 2.5 ’ 
D<<CH,),(n-C,H,)Pt--CH,) = 39 f 6’ 
D<CH,-PtCI(CH,)(COCH,)(P(CH,)tC,H,),) = 37.8 e 

a In kcallmole. b Present re.suIts. See text. ’ Ref. 8. d Ref 9. e Ref. 10. 

Two different processes involving the formation of organometahic species 
occur in mixtures of secondary and tertiary alkyl halides with CONO(CO)~ and 
Fe(CO)+ The first process is exemplified by reaction 5 which seems to be quite 
general for a variety of metal ions. Li+ reacts in this way [5] and we have 

I@ + i-C3H,C1+ MCJHS* + HCl (M = Fe, Co) (5) 

observed that Na+ reacts similarly with tertiary chlorides [6a] **. From these and 
related processes, the limits on metal olefin bond strengths in Table 2 may be 
inferred. 

The second type of process is exemplified by reactions 6-9. The CaH,+ and 
C~HS+ are formed by electron impact on i-&H,Cl and are probably predom- 
-- 

‘Rate constents in cm’ mol-’ set-’ determined using the method of Marshall and Buttrill c41. 
*fAlkali metal ions for this study were generated in the gas phase by thermionic etiiesion. see ref. 6b. 
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