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The ‘50 eV mass spectra of M(C0)5 PR3 complexes (M = Cr and W; R = 
OCHB , 0C2 H5, n-C4 HS , 0-n-C,H9 and C6H5) have been determined. The 
chromium derivatives and the P(OCHB)3, P(OC,H,)s and P(C6Hg)s tungsten 
derivatives show ions predominantly formed by CO elimination. This behaviour 
is related to the higher activation energy for the rupture of P-R compared with 
that of M-CO bonds. 

The spectra of the P(n-C4H9 )3 and P(O-n-C,H,)s tungsten derivatives, on 
the other hand, are dominated by ions obtained by partial fragmentation of the 
heteroligands. The heptacoordination capability of tungsten, the length of the 
R chain, and energetic factors are responsible for the appearance of these new 
fragmentation pathways. 

Introduction . 

- 
The 50 eV mass spectra of substituted transition metal carbonyl com- 

Flexes are dominated by ions obtained via successive loss of carbon monoxide. 
Ions formed by partial fragmentation of the complexed heteroligands are less 
abundant, while loss of heteroligands is only seldom observed 11,2] . . 

During an investigation of some M(CO), L- cdmplexes [3] rather unusual 
fragmentation patterns were found when M = MO or W and L = P(C2H5 )3, 
P(II-C~H~)~ and P(O-n-&H,), . In these, extensive fragrqentation of the. L 
ligand was the predominant feature- of the spectra and the CO cascade loss was 

*Authorto whomcorrespond&ce shouldbe addressed. 
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of low intensity or absent. The corresponding chromium complexes showed 
normal cracking patterns. 

The recent use [4] of energetic data in the elucidation of mass spectral 
features, prompted us to measure the appearance.potentials (AP) of the more 
significant ions formed from some M(CO)sPRs complexes (M = Cr and W). The 
study was non confined to the carbonyls whose fragmentation is unusual, some 
“well behaved” complexes also being examined. The comparison of Cr with W 
complexes should provide the key for the interpretation of the striking differ- 
ences in the cracking patterns of the two series. 

Results and discussion 

Table 1 lists the relative intensities of the ions M(COX, PR, (n = 0 - 5, 
m = 2, 3) present in the 50 eV mass spectra of the M(CO)sPRs complexes (M = 
Cr or W; R = OCHs , OCz Hs, n-C*Hs , 0-n-C4H, and CsHB), together with the 
relevant data for the unsubstituted complexes*. 

The mass spectra of the chromium complexes resemble that of Cr(CO)s, 
showing chiefly ions obtained by successive loss of neutral CO groups from the 
molecular ion. The total relative intensity of the ions formed by elimination of 
an R- radical from the phosphinic ligand ranges from 0 to 11% in the mass 
spectral region investigated. Similar behaviour is shown by the tungsten com- 
plexes when PRs is P(OCHs )a, P(OCsHs )s and P(CG H5 )3. In these cases also, 
the [W(CO),PR,]’ ions represent a few percent (0 - 15%) of the total ion 
current. Striking differences are found when PR, = P(n-C,H, )3 and P(O- 
n-C, H, )e. The relevant features of these spectra are: (i) the expected CO cascade 
loss up to [WPRs ] + ion is incomplete, and generally of low intensity; (ii) ions 
obtained by partial fragmentation of the heteroligand account for about 80% 
of the total ion current; these ions arise by detachment of neutral fragments 
(F) from the ligand of m/e 42,58 and 60, followed by losses of m/e 28**. The 
values of the masses of the neutral fragments suggest that stable molecules are 
always formed in this kind of fragmentation, which is not observed in the free 
ligands [5]. 

Table 2 shows the values of activation energy, AE (the differences be- 
tween the appearance and ionization potentials), which represent ionic bond 
energies. The AE values for the formation of [ Cr(CO), PRs 1’ ions (n = 1 - 4) 
range from 0.5 to 2.4 eV, while those for the formation of the [M - (R 
+ n CO)] + ions range from 3.0 to 4.4 eV. This shows that the fragmentation of 
the heteroligands competes with processes which require much lower AE’s; it 
thus contributes no more than 10% to the total ion current **_T. 

From Table 2 it is also evident that in both series of complexes the AE’s 
for the loss of the first CO group increase with the donor ability of PRs. This is 
due to the increasing charge density on the central metal, which enhances the 
r-bonding contribution in the M-CO bonds_ Moreover, as previously found for 

* At lower m/e values the assignment of the spectra becomes uncertain moreover the presence of 
thermal decomposition products can not be excluded. 
rn some cases very intense metastable ions for the processes [Ml + + CM--Fit have been ob- 

served. 
* ** Note that all the ions observed in the chromium derivatives are formed by simple bond cleavages. 
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thi! unsubstituted carbonyls 163, the ionic M-CO bond energy increases mark- 
edli from Cr to W for corresponding ions. As a consequence of these effects, 
tl+AAE’s .for’ the loss of CO groups increase so much that new Iigand fragmenta- 
tions can occur when the tungsten derivatives contain the more basic ligands. 
These novel fragmentations so drastically reduce the probability of CO-cleavage 
that complete CO cascade loss is not observed. This does not fully account, 
however, for the different behaviour of P(n-C4H9 )a and P(O-n-C4H, )3 deriva- 
tives on going from chromium to tungsten, nor for the “normal" behaviour of 
the other phosphinic ligands complexed to tungsten. It is thus apparent that 
the above trends of the AE’s, which mainly depend on the M-CO bond 
strength, are not sufficient to rationalize the mass spectra, and that other 
factors which lower the AE’s of the anomalous fragmentations must operate. 
We think that the presence of a long chain R sustituent 05 the phosphorus 
atom and the ability of the central metal to form heptacoordinate species are 
important factors in this regard_ In fact the most important new fragmentation 
path is the elimination of neutral fragment of m/e 58, corresponding to C4H, e 
(see footnote ** on page 211); it is formed by P-R (or PO-R) bond cleavage 
plus abstraction of H from another R. The resultant unpaired electron in the R 
chain can interact with that on the central metal atom to form a new bond [ 2 J . 
The formation of the resultant ring is favoured if R is a long chain and if the 
central metal is capable of heptacoordination. It is relevant to note that hepta- 
coordinate intermediates have been invoked to explain the occurrence of 
second-order kinetics for hexacoordinated tungsten carbonyls in a solution 
reaction in which the corresponding chromium complexes react exclusively by 
a first-order path [ 81. 

Last we comment briefly on the fragmentation reactions of the free and 
complexed ligands. AE’s for the iower energy processes observed in the free 
ligands are shown in Table 3. The P-R cleavage reaction is the only process in 
common with the complexed ligands. This fragmentation requires AE’s higher 
by about 1 eV in the complexes; this’ could be interpreted by considering that 
in the molecular ion of the complex the positive charge is located mainly on 
the central metal atom. This effect strengthens P-R bonds with respect to the 
free ligand molecular ion, where the positive charge is nearer to the bond which 
is cleaved. The other fragmentations observed in the free ligands involve hydro- 
gen rearrangements on the phosphorus atom; such processes are prevented in 
the complexes because the phosphorus lone pair is used in the bond with the 

TABLE 3 

AR’S <eV) FOR THE FORMATION OF THE MORE SIGNIFICANT IONS FROM THE FREE LIGANDS 

IOZl Ligand 

WJ-n-C4H9)3 P(OCzH5)3 P(OGH3)3 P<n-CaHg)+ P<CbH5)3 

CHPR,OHl+ ~ 0.5 1.4 
rHPR(pH,, 1 1.2 2.5 
lPR2l 2.8 
.rJkz -ccp33+ .. 

2.7 2.2 -7.0. 
1.5 

IHPOCH31 

:stWgz9q:CqH4)!t 

.Q.6. ~. 

2.0 

0.4 
1.7 
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central metal. The very high AE for the detachment of a CsH5 group from the 
P(CsHs)s is responsible for the absence of Iigand fragmentation in the 
M(CO)s P(Cs Hs )s complexes despite the highly basic character of this ligand. 

Experimental 

The measuremen,ts were performed with an Atks CH4 mass spectrometer. 
Appearance potentials were evaluated by Warren’s method 1’33, the reproduci- 
bility being within r 0.2 eV. Samp3es were introduced via the direct insertion 
probe. Molecular ionization potentials, previously measured [lOI , and the IP 
for Xe were used to calibrate the electron ene’gy scale. The samples were 
prepared according to procedures described in the literature. 
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