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Stepwise L&and Dissociation and Multiple Changes 
in Oxidation State in the Fast Atom Bombardment 
(FAB) of Cyanometallate Complexes 
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Fast Atom Bombardment (FAB) mass spectro- 
metry [l] has proved invaluable in providing molec- 
ular weight information for polar samples. Since it 
is a ‘soft’ ionisation technique, only limited frag- 
mentation is observed, giving rise to relatively simple 
mass spectra and structural information. For ex- 
ample, the FAB mass spectra of many inorganic 
complexes contain few peaks arising from fragment 
ions; phthalocyanines [2] give spectra consisting 
primarily of molecular ions M” and protonated 
molecular ions MH’ whereas certain chelates of 
Cu” give FAB spectra consisting of peaks arising 
from M+’ and MH+ ions and others resulting from 
the loss of one or two ligands [3 1. The negative ion 
FAB mass spectra of polyoxotungstates contain 
peaks due to ions formed by sequential loss of WOa 
fragments and 0 atoms, attributed [4] to attachment 
of solvated electrons followed by H atom abstraction, 
leading to weakened bonding in the cluster and hence 
to fragmentation. The corresponding positive ion 
spectra are much simpler and consist primarily of 
the MH’ ion, the formation of which is attributed 
[4] to H atom abstraction from the matrix by the 
relatively stable, but undetected, radical cation M”. 
Pelzer et aE. have shown that one-electron reduction 
occurs during FAB ionisation of simple inorganic 
salts of Cu” Fe”’ 
the reducibility 

Co”’ etc., to an extent reflecting 
of the metal centre [S]. The 

FAB mass spectra of neutral organometallic com- 
pounds indicate that the ions M+’ or MH+’ readily 
lose one or more ligands such as CO and PPha [6]. 
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Fig. 1. Positive ion FAB mass spectrum of K4[Fe(CN)e] 
(glycerol-water matrix). For assignments, see Table I. 

TABLE I. Fragmentation Pattern in the Positive Ion FAB 

Mass Spectrum of K4[ Fe(CN)] e 

m/z Molecular formula Oxidation state 

of fragment of Fe 

407(100) {Ks[Fe(C%l )’ +2 
380(19) {K~[WCN)~l~’ +1 

353(26) {WWCNhl 1 0 

331(28) {Ks[Fe(CN)al )’ - 1 
303(12) {Ks[Fe(CN)21 )’ -2 

369t74) -$HUFe(CNLJ ] +2 

342(74) &[Fe(CN)sI ] +2 

315(47) {K#e(CN)41) +1 

261(58) {K4[Fe(CN)al)’ -1 

303(12) @3[Fe(CNhl) +3 

277(87) {Ka[Fe(CNLrl) +2 

25 l(23) {Ka[Fe(CN)sl)+ +1 

225(20) -@aIt+ )’ 0 

-2 for Fe, and from t5 to tl for W. The pattern 
for K,[Fe(CN),] is typical (see Table I). 

We find that the positive ion FAB mass spectra of 
alkali metal salts of a series of cyanometallates (metal 
= WV, Wrv, Morv, Cr”‘, Fe”‘, Fe”, Mn”, Ni”) 
contain peaks due to a large number of fragment 
ions (e.g. as for K4[Fe(CN)6] in Fig. l), indicating 
not only sequential loss of up to four CN ligands 
but also a change of no less than 4 or 5 in the formal 
oxidation state of the metal centre, e.g. from t2 to 
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The formulation of the anionic components of 
the lower mass fragments is intriguing: solvated elec- 
trons show no tendency to add to free [Fe(CN),14- 
ions in aqueous solution [7] but it may be that 
in gas phase ion clusters the lower oxidation states 
are more stable; certainly, the metals in the carbonyl- 
metal species such as [Mn(CO)h]‘, [Fe(CO)s], 
[V(CO),]- and [Fe(CO),] ‘- display very low oxida- 
tion states, and CO is isoelectronic with CN-. Cyano- 
metallates can feature metals in very low oxidation 
states [8,9], e.g. [CO(CN)~]~- and [W(CN),15-. 

Negative ion FAB spectra of organic salts, (e.g. 
of PPh4+, Bu4”N’) also display long fragment ion 
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6 Clearly, the cyanometallates give rise to a range 
of fragment ions, in both positive and negative FAB 
mass spectra, indicating the stability in the gas phase 
of ions possessing unusual oxidation states and co- 
ordination numbers. The fragmentation patterns are 
reminiscent of the matrix photochemistry of metal 
carbonyls and reflect not only on the gas phase 
chemistry of coordination compounds but also give 
insight into the excitation processes involved in the 
FAB mass spectra of inorganic materials. 
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Fig. 2. Negative ion FAB mass spectrum of (Bu~~N)~[W- 

(CN)a] (3nitrobenzyl alcohol matrix). For assignments, see 

text. 

TABLE 11. Fragmentation Pattern in the Negative Ion FAB 

Mass Spectrum of (Bu4nN)s[W(CN)a] 
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Molecular formula 

of fragment 

Oxidation state 
OfW References 

877(21) {(Bu4nN)z[W(CN)aI)- +5 

850(3) ((Bu4”N)z ]W(CN)7] } - +4 

634(6) {(Buo”N)[W(CN)a] I- +6 

608(37) {(Bu4”N)[W(CN)7] )- +5 

582(26) {(Bu4”N)]W(CN)& +4 

556(7) {(BtQN)]W(CN)s])- +3 

394(2) ]W(CN)a]- +I 

366(3) [W'W71- +6 

340(53) IwcN),l- +5 

314(100) [w(CN)sI- +4 

287(58) [WCCN,l- +3 

sequences, e.g. (BuqnN)s[W(CN)s] in Fig. 2, for 
which the formulae and oxidation states were as- 
signed as in Table II. Although the abundance of the 
[W(CN)s]- ion is low in this case, its relative abun- 
dance is increased several-fold in the mass spectrum 
of (PPh,), ]W(CN)sl 
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