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The negative ion electron impact mass spectra, 
at 70 e V, of (q6-C6H&)Cr(CO)3 (R = CH3, CHz OH, 
Cl) /q6-1.3.5_(cH,)3 ‘%H,/ WC0139 (&‘ciH, COW- 

‘X70)3 (R = CH39 C2Hs9 C3H7, C(CH3131, 1v6- 

(O-c& c,f?, co&H,)] cr(col,, ($-C, H, CH,COR)- 
cr(c0), (R = C2H,, C3H,), (q6-C,H,COOcH3)- 
WC0139 h%-CH3G& COOCrr,Il WCO)3, h6- 

c6H5R)W(co)3 (R = m3, a) and (q6-C6HS- 
COOCH3)W(CO)3 are reported. The negative molec- 
ular ion is present in the spectra of the compounds 
containing the carbonyl function in the ligand, while 
[M-CO]-’ is the highest mass ion in the spectra of 
the other compounds. The most abundant fragments 
are the species [M-nCO]-’ (n = 1, 2, 3). The inten- 
sity of the molecular peak is mainly affected by the 
nature of the moiety bonded to the carbonyl fine- 
tion of the ligand, while the nature of the metal 
seems to pIay a minor role. The comparison of the 
abundances of (Ml-’ in the negative ion mass spectra 
of the metal complexes and of the corresponding free 
ligands shows that in the gas phase the tricarbonyl- 
chromium and tricarbonyltungsten units display a 
strong electron withdrawing ability, similar to the 
behaviour shown in solution. 

Introduction 

Several papers on the negative ion mass spectra of 
metal-containing compounds have appeared recently 
[l-l 21. The complementary information obtained 
from the negative and positive ion mass spectra, and 
the valuable suggestions on the nature of the negative 
ion species, are in part responsible for this interest 
[6, 131. Moreover the study of the negative ion 
mass spectra of classes of metal-containing 
compounds permits one to investigate the electron 
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capture processes and the factors affecting their 
electrophilic properties in the gas phase. This can be 
very interesting, because through the comparison 
with their properties in solution one can understand 
whether the electron capture ability is a feature 
related to the molecular structure, or if it is due to 
factors such as the solvation effect. 

In this paper we report the negative ion electron 
impact mass spectra, at 70 eV, of (q6-arene)tricar- 
bonylchromium compounds and of analogous 
tungsten compounds and discuss their electrophilic 
behaviour. The negative ion mass spectrum of (q’- 
C6HsCOOCH3)Cr(Co)s has been published 
previously [14] and a paper on the negative ion mass 
spectra of some compounds of this class has also been 
published [15] while the present work was in 
progress. 

Experimental 

All the compounds were prepared as described in 
the literature [16, 171. The mass spectra were run 
on a single focusing Hitachi RMU 6H mass spectro- 
meter with a trap current of 20 PA, when the ionizing 
energy was 70 eV. All the samples were introduced 
into the ion source through a direct inlet system. 
The pressure of the compound in the source was in 
the range 4-6 X 10v6 torr. Various compounds, such 
as Cr(Co), , MOM and w(C0)6, were used as mass 
reference standard. 

Results and Discussion 

In Fig. 1 the positive and negative ion mass spectra 
of (q6-C6H5 COCH2 CH2 CH3)Cr(C0)3 are compared. 
A similar alternance of the ion abundances was 
observed for all compounds analyzed. Note in Fig. 1 
the very low abundance of [M-CO]* compared with 
the very high intensity of the peak corresponding 
to [M-CO]-*. 
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Fig. 1. Positive and negative ion mass spectra of (776-C6HsCOCHzCHzCH3)Cr(C0)3 (the ions of the %r isotope are reported). 

All the significant ions observed in the 70 eV 
electron impact negative ion mass spectra of the 
compounds ($-L)Cr(CO)s are reported in Table I. 
The molecular negative ion is always observed in 
the spectra of the compounds where the ligand L 
contains the unit C6H5CO- or C6HsCHZCO- and is 
followed by fragments mainly due to loss of the three 
carbonyl groups. On the contrary no electron reso- 
nance capture process occurs when the substituents 
on the ligand do not contain the CO function (CH3, 
CH,OH, Cl). As has been published very recently for 
some monosubstituted ($-benzene)tricarbonyl- 
chromium [ 181 and related compounds [19] , in the 
low-energy region the spectra show resonance peaks 
for the various negative ions. This is indicative that 
the fragments are formed by dissociative electron 

capture processes. It was not possible to measure 
accurately the capture maxima, but there is evidence 
that they occur at increasing energy as more carbonyl 
groups are lost. This feature indicates the stepwise 
loss of carbonyl groups, which is usually observed 
in the positive and negative ion mass spectra of car- 
bonylmetal compounds [ 13, 201. This is also con- 
firmed by the metastable transitions, which are 
better observed when lowenergy electrons are 
used. 

In Table II the percentage abundances of the 
significant ions in the 70 eV negative ion mass spectra 
of some ($-arene)tricarbonyltungsten compounds 
are reported. The charge transported by [Ml-’ of 
($-C6H5COOCH#(CO)3 is higher than that of the 
corresponding chromium compound, but the break- 



TABLE I. Percentage Abundances of Significant Ions in the 70 eV Negative Ion Mass Spectra of (Q~-L)CI(CO)~.~ 

Ions [M-CH3 ]- [M-CO]-’ [M-(CO + Hz)]-’ [M-2CO]-’ [M-(CO + Hz)]-’ [M-3CO]-’ [M-4CO]-’ 

[Ml-’ 

20 

60 

100 

100 

100 

1.5 

3 

22 

45 

50 

100 

100 

100 

55 

100 

100 

70 

65 

12 52 

100 

62 

12 

1 100 

3 100 

50 

35 

6 

2 3 

3 5 

3 25 

65 100 

11 65 

5 15 

10 22 30 

15 12 

21 28 

11 12 55 

12 14 100 

10 7 100 

15 28 45 

18 23 40 

aAll isotopic species were summed up. 

TABLE II. Percentage Abundances of Significant Ions in the 70 eV Negative Ion Mass Spectra of (q6-L)W(CO),.* 

L Ions 

WI-’ [M-CH3j- [M-CO]-’ [M-2CO]-’ [M-3CO]-’ [M-4CO]-’ 

1,3,5-(CHd3Cd% 100 36 22 

C6H,CI 100 40 15 

C6HsCOOCH3 100 58 65 20 70 12 

*All isotopic species were summed up. 
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down pattern is similar and both ($-C6HsCOOCHa)- 
W(CO)s and ($-CeHsCOOCHs)Cr(CO)s exhibit, in 
addition to [Ml-’ and [M-nCO]-’ (n = 1, 2, 3) 
fragments, the loss of a methyl group from [Ml-’ 
and the loss of a fourth CO unit with the rearrange- 
ment of the methoxy group to give [(C6H50CHs)- 
Cr]-’ and [(Ce Hs OCHs)W]-’ . 

The loss of a methyl group from [Ml-’ and 
[M-CO]-’ also occurs in the spectrum of (q6-C6Hs- 

COC(CHs)s)Cr(CO)s, as well as the loss of two 
hydrogen atoms from [M-nCO]-’ (n = 1, 2) ions 
from some chromium compounds. 

In Table III the ionic abundances in the 70 eV 
negative ion mass spectra of some ($-L)Cr(CO)s 
complexes, and of the corresponding free ligands L, 
are compared. From these data it appears that the 
negative ion mass spectra of the organic compounds 
&H&OR (R = CHs, CsHs) [21] and C6HsCH2- 
COCsHs display only weak fragments in the high 
mass region and are devoid of the negative molecular 
ion. On the contrary the negative ion mass spectra 
of the metal complexes containing these organic 
ligands always exhibit a peak corresponding to [Ml-‘, 
whose intensity depends on the nature of the ligand 
itself. Similar conclusions are drawn from the com- 
parison of the spectra of C6HsCOOCHs [22] and of 
the complexes (q6C6HsCOOCHs)Cr(C0)s and (#- 
C6HsCOOCHs)W(CO)s. Thus it can be deduced that 
the coordination to the Cr(CO)s or W(CO)s unit of 
the organic compounds such as C6HsCOR (R = 
alkyl group, OCHs) and C6&CH2COR (R = alkyl 
group) increases their electron capture ability, 
provided that the abundance of [Ml-’ in a mass 
spectrum can be taken as indicative of this property 
in the gas phase. Therefore one can suggest that in 
the gas phase the Cr(CO)s and W(CO)s units dis- 
play the same strong electron withdrawing capacity 
as exhibited in solution. 

However the coordination of an aromatic ligand 
to the tricarbonylchromium or tricarbonyltungsten 
moiety is not on its own sufficient to give stable 
negative molecular ions. A complex, such as ($- 
C6HsCl)Cr(CO)s, containing an electron with- 
drawing substituent, does not give a stable negative 
molecular ion. [Ml-’ is, in fact, observed only when 
the ligand contains a function, such as the carbonyl 
group, on which the electrophilic site for the addi- 
tion of the incoming electron can be formally 
generated, and when the delocalization of the 
negative charge and of the added electron can occur. 
Even if the captured electron enters a metal- 
based orbital in some classes of metal containing com- 
pounds [9], we assume that the formation of [Ml-’ 
of the compounds here examined occurs through 
the electron capture by a ligand-based orbital. In 
addition to the ester function [15], in these 
complexes the carbonyl group of ketones, such as 
&H&OR and C6HsCHsCOR (R = alkyl group), is 
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TABLE IV. Abundances (%z) of [Ml-’ in the Negative Ion 
Mass Spectra of (q6-L)Cr(CO)a. 

Compound Abundance (%z) 

10.2 
33.3 
35.4 
44.0 

46.9 
0.8 
1.5 

14.5 

therefore a good electron capture stabilization unit 
and behaves similarly to the nitro group bonded to 
aromatic skeletons [23]. 

If one reports the intensity of the molecular peak 
as the percentage of the total ion current intensity 
(%Z), as in Table IV, the abundance of [Ml-’ of the 
($‘C6HsCOR)Cr(CO)s compounds appears to 
increase with the increased electron donor capacity 
of R. The presence of an o-CHs group on the 
aromatic ring gives the same effect. The variation of 
the electron density on the electrophilic site does 
not explain this trend, because the charge transported 
by [Ml-’ of the ($-C6HsCOR)Cr(CO)s and ($- 
C6HsCH2COR)Cr(CO)s complexes should change in 
the opposite direction. A reasonable explanation, 
which helps understanding of the experimental 
observations, can be found by considering the effect 
of the substituent on the Cr-CO bond strength, since 
an increase of this strength should reduce the 
fragmentation and give higher abundances of [Ml-’ 
and vice-versa. If one considers that the change of the 
Cr-CO bond strength in [Ml-’ is parallel to that 
observed in the neutral molecule, one can deduce, 
from a study on the transmission of effect of substi- 
tuents in ($-arene)tricarbonylchromium complexes 
[24], that the increase of electron donor capacity of 
R in ($-C6HsCOR)Cr(CO)s increases the Cr-CO 
bond strength. Therefore this is in agreement with 
the fact that the stability of [Ml-’ in ($C6HsCOR)- 

WW3 compounds increases with increasing 
electron donor ability of R. The stability of [Ml-’ 
in ($-C6HsCHsCOR)Cr(C0)3 changes in the same 
way, even if the abundance of [Ml-’ of these com- 
pounds is much weaker than that of the 
corresponding (q6-C6HsCOR)Cr(CO)3, because the 
delocalization is much less pronounced. 

Therefore the overall features of these spectra, 
which are affected mainly by the nature of the 
ligands while the influence of the metal plays a minor 
role, provide information on the inherent electro- 
philic properties of this class of carbonyl metal 
compounds and on the factors which affect such 
properties. 

References 

1 M. R. Blake, J. L. Garnett, I. K. Gregor and S. B. Wild, 
Org. Mass Spectrom., 13, 20 (1978) and references 
therein. 

2 J. L. Garnet& I. K. Gregor and M. Guilhaus, Org. Mass 
Spectrom., 13, 591 (1978). 

3 Y. Hirata, K. Matsumoto and T. Takeuchi, Org. Mass 
Spectrom., 13, 264 (1978). 

4 R. P. Ferrari, G. A. Vaglio and M. Valle, J. Chem. Sot. 
Dalton, 1164 (1978). 

5 D. R. Dakternieks, I. W. Fraser, J. L. Garnett and I. K. 
Gregor, Org. Mass Spectrom., 14, 676 (1979). 

6 G. A. Vaglio, J. Organometal. Chem., 169, 83 (1979). 
7 P. Michelin Lausarot, G. A. VagIio and M. Valle, Znorg. 

Chim. Acta, 35, 225 (1979). 
8 E. Baumgartner and J. G. Dillard, Znorg. Chim. Acta, 

32, 11 (1979). 
9 J. .L. Garnett, I. K. Gregor, M. Guilhaus and D. R. 

Dakternieks.Znorn. Chim. Acta. 44. L121 (1980). 
10 P. L. Beaumont,-J. L. Garnet; and I. K.-Greg&, Znorg. 

Chim. Acta, 45, L99 (1980). 
11 P. Michelin Lausarot, G. A. VagIio, M. ValIe and P. 

Volpe, J. Organometal. Chem., 201, 459 (1980). 
12 N. B. H. Henis, K. L. Busch and M. M. Bursey, Znorg. 

Chim. Acta, 53, L31 (1981). 
13 S. Pignataro, Chim. Znd. (Milan), 57, 25 (1975). 
14 I. W. Fraser, J. L. Garnett and I. K. Gregor, J. Chem. 

Sot. Chem. Commun., 365 (1974). 
15 M. R. Blake, J. L. Garnett, I. K. Gregor and S. B. 

Wild, Org. MassSpectrom., 15. 369 (1980). 
16 B. Nicholls and M. C. Whiting, .Z. Chem. Sot., 551 

(1959). 
17 W. E. Silverthorn, Adv. Organometal. Chem., 13, 48 

(1975). 
18 Y. S. Nekrasov, V. I. Khvostenko, I. I. Furley, N. I. 

Vasyukova, V. K. Mavrodiev, A. S. Sultanov and G. A. 
Tok&kov, J. Organometal. Chem., 212, 373 (1981). 

19 V. I. Khvostenko, Y. S. Nekrasov, I. I. Furley, N. Y. 
Vasyukova and G.. A. Tolstikov, J. brganometal. Chem., 
212, 369 (1981). 

20 B. F. G. Johnson. ‘Mass Spectrometry of Metal Com- 
pounds’, J. Charalambous Ed., Butte-rworths, London 
(1975) p. 113. 

21 G. A. VaaIio,Ann. Chim., 69. 139 (1979). 
22 R. T. Apl& H. Budzikiewicz and C. Djerassi, J. Am. 

Chem. Sot., 87, 3180 (1965). 
23 J. H. Bowie and B. D. Williams, ‘Mass Spectrometry’, 

International Review of Science, Physical Chemistry, 
Series Two, Vol. 5, A. Maccol Ed., Butterworths, 
London (1975) p. 89. 

24 E. W. Neuse, J. Organometal. Chem,, 99, 287 (1975). 


