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The field desorption spectra of [(L)M(CO),] ‘BF,- [M = Fe, L = cyclo- 
C,H,, cycle-c&H,, cycle-c,J-l, ,, 2-MeO-cyclo-C6H7; M = W, L = cyclo-C7H7], 
[(Ar)Fe(C5H5)]‘PF6- [k = C&, CH$&ij, (CH~)JC~,HJI, [(cyclo-&H~ I)CO- 
(C,H,)]‘BF,- and [(C,H,)Cr(CO),] have been obtained. In all cases mole- 
cular or quasi-molecular ions for the cations were present, usually as the base 
peaks in the spectra. Fragment ions corresponding to metal-ligand cleavages 
were also found in most cases. 

Introduction 

The mass spectral study of salt-like organometallic complexes is difficult 
because they do not readily volatilize under electron impact conditions. Hence 
compounds of this type are normally identified by the mass spectra of their 
pyrolysis products [ 11. Since field tiesorption (FD) mass spectrometry enables 
mass spectra to be obtained from compounds which are labile and/or have low 
volatility [2], we have examined the utility of the technique for the character- 
ization of organometallic complex salts. The FD spectra of the following salts 
were studied: [(L)M(CO),] ‘BFa- [L = cyclohexadienyl, M = Fe (compound I); 
L = cycloheptadienyl, M = Fe (II); L = benzocyclohexadienyl, M = Fe (III); L = 
2-methoxycyclohexadienyl, M = Fe (IV); L = tropylium, M = W (V)], [(arene)- 
Fe(cyclopentadienyl)]‘PF; [arene = benzene (VII), toluene (VIII), and mesi- 
tylene (IX)], and [( 2,5-cyclooctadienyl)Co(cyclopentadienyl)] ‘BFq- (X). An 
FD spectrum of the neutral complex tricarbonyl(benzene)chromium (VI) was 
also recorded. The electron impact (ET) and chemical ionization (CI) spectra of 
this latter compound have both been reported [3,4], and its FD spectrum was 
obtained for comparison with the spectra obtained by these other methods. 
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Experimental 

The tricarbonyl(7r-bydrocarbon)metal tetrafluoroborates I-V and the cyclo- 
pentadienyl(n-hydrocarbon)met.al salts VII-X were prepared by previously re- 
ported methods [ 5-91. 

Field desorption spectra were obtained using a Varian combined FD/FI/EI 
source on a CH5D mass spectrometer linked to a Varian 620i data system. The 
data system was calibrated in the EI mode using PFK. Acetone was used as a sol- 
vent in all cases, the source temperature was 80” and emitter currents of lo-13 
mA were used to desorb the sample. Desorption of sample was very rapid in some 
cases and not smooth in others; hence for these compounds variations in the rel- 
ative intensities of ions were observed in spectra obtained from separate runs of 
the same sample. However, the same ions were always present in spectra taken 
under similar conditions. 

Results and discussion 

The FD spectra obtained from the tricarbonyl(sr-hydrocarbon) organo- 
metallic salts I-V are summarised in Table 1. All the compounds had prominent 
molecular, P’, end ]P+l] l ions for the cationic part of their structure in their 
spectra. The [P+l]’ ions were readily identifiable since their intensity relative 
to the P* ions decreased at higher emitter currents. Ions corresponding to loss 
of one CO from the molecular ion were common to all the spectra. This feature 
is similar to the breakdown behaviour observed in the EI mass spectra of neutral 
tricarbonyl(n-hydrocarbon)metal complexes [ 11. However, unlike the EI studies, 
no peaks were ob_served for the stepwise loss of further carbonyl groups. The 
FD spectra of the saks III and IV had ions at m/e 130 and 108 respectively 
corresponding to [n-hydrocarbon ligand -11 +. In contrast, ions corresponding 
to [7r-hydrocarbon ligand] + were present in the spectra of the salts II and V, and 
salt I had ions corresponding to both types of behaviour in its spectrum. Two 
groups of ions at m/e 311 and 348 are present in the spectrum of tricarbonyl- 
(tropylium)tungsten tetrafluoroborate (V). Both are consistent with the pre- 
sence of tungsten in them, but we are unable to find any rational explanation 
for them and can only conclude that they are due to impurities present in the 
sample. 

P’ ions are the base peaks in the FD spectra of all the cyclopentadienyl- 
(arene)metal salts VII-X (Table 2). Also, at higher emitter currents ions are 
present in the iron compleses which correspond to n-hydrocarbon and cyclo- 
pentadiene ligands. All the compounds show an ion at m/e 186 for the iron com- 
plexes and m/e 189 for the cobalt complex X which correspond to the forma- 
tion of ferrocenyl or cobaltocenyl ions. Since the cleavages necessary to form 
these ions appear unlikely, the possibility that they arise from impurities pre- 
sent in the salts was considered. However, a further recrystaIlisation of salt 
IX from water did not significantly alter its FD spectrum. The most likely es- 
planation for the presence of these dicyclopentadienylmetal ions is that 
they are produced by thermal decomposition of the compounds during their 
introduction into the mass spectrometer. Similar appearances of dicyclopenta- 
dienylmetal ions have been reported in the EI spectra of a variety of neutral 
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complexes of the type [ RFe(CO)&,Hj)] [9]. 
Cluster ion formation was observed in the spectra of iron salt VII, the 

ion at m/e 543 corresponding to a composition [ {(C,H,)Fe(C,H,)},PF,J’. The 
cobalt salt X also had abundant ions at m/e 544,504 and 464 in its spectrum 
at higher wire currents. At present we are unable to ascertain with complete 
certainty whether these ions are cluster ions from the salt, or are due to im- 
purities in the sample. However, on the basis of our current evidence the lat- 
ter explanation is favoured. 

The FD spectrum of tricarbonyl(benzene)chromium consists only of a 
molecular ion; no fragment ions were observed either in the FD or the FI spec- 
trum of this compound. This behaviour contrasts with that observed in elec- 
tron impact where extensive fragmentation is observed [ 31, but is similar to the 
methane CI spectrum [ 41 where [P ] + and [P+l] l ions accounted for SO-90% 
of the sample ionization. 

The above mass spectra are believed to be the first obtained for organo- 
metallic complex salts. They show that field desorption mass spectrometry is 
indeed a useful tool for the characterization of such salts. The relatively mild 
conditions involved result in less tkgmentation than in EI techniques, and a 
fairly ready identification of the ligands present in the complex. 
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