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Summary

The negative-ion mass spectra at 70 eV of the compounds Re(CO);X (X =Cl,
Br, I), Mn(CO)sX (Br, I), Re,(CO)gX, (X = Cl, Br, I), Mn,(CO):Br; and Rh,-
(CO). X, (X = Cl, Br, I) are reported. The negative molecular ions are absent
and the current is mainly transported by fragments due to the loss of carbonyl
groups. In the spectra of the bimetallic compounds a rather high intensity is
displayed by ionic species containing the two halide substituents. The varia-
tions in the ionic abundances are related to the change of the metal--CO bond
strength, while the nature of X seems to play a minor role.

Introduction

In recent years increasing interest has been paid to the mass spectrometric
studies of negative ions [1—5]. This is to be ascribed mainly to the fact that
they offer information complementary to that from positive-ion mass spec-
trometry [2]. For some classes of compounds, moreover, the negative-ion mass
spectra obtained in an electron impact ion source at 70 eV, display abundant
molecular ions, which are weak or not detectable in the corresponding positive-
ion mass spectra [6—9].

Moreover, much interest in the behaviour of the gaseous negative ions has
arisen from the increasing utilisation of chemical ionisation negative-ion mass
spectrometry as a very sensitive analytical tool for some classes of compounds
[10].

As part of an investigation on the negative-ion mass spectra of o=~ 1ic
[9,11,12] and metal-containing compounds [13—15], we report .aa discuss
here the negative-ion mass spectra of the compounds Re(CO).X (X = Cl, Br, I),
Mn(CO).X (X = Br, I), Re,(CO):X, (X = Cl, Br, I), Mn,(CO)4Br, and Rh,(CO),-
X, (X=0Ql,Br,I).
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Results and discussion

The negative-ion mass spectra at 70 eV of the monometal compounds Re-
(CO);X, where X = Cl, Br, I and Mn(CO);X, where X = Br, I, are reported in Ta-
ble 1. All the spectra are devoid of the negative molecular ion, as is usual for
most carbonylmetal derivatives, and the fragments, formed by loss of carbonyl
groups, contain the halide ligand. [M — CO] " is the base peak in the spectra of
Re(CO);Br and Re(CO),I and shows a high intensity in that of Re(CQC)Cl,
whereas it displays a rather lower intensity in the spectra of manganese com-
pounds, where [M — 2 CO] " is the base peak. Variation of X both in rhenium
and in manganese compounds does not affect the fragment abundances much.

In Table 2 the negative-ion mass spectra of Re,(C0O)gX,, where X is Cl, Br, I
and of Mn,(CO)4Br, are reported. The main feature in these spectra is the
absence of the [M — CO] " fragment ions in addition to that of the [M] ™" ions.
In the spectra of Re,(CO)gzX, compounds the nature of the halogen as a minor
influence on the ion abundances. The [M — 2 CO] " ions have the highest
intensity in the spectra of the rhenium compounds whereas the current trans-
ported by the other bimetallic fragments is rather low. In contrast,a good inten-
sity is shown by the [Re{CO);X,]™ fragments. The feature of even-electron spe-
cies and the presence of the two halide substituents give [Re(CO);X,1™ a higher
stability than that of [Re(CO),X]™" and [Re(CO);X] ™", which are also present
in the spectra of Re,(CO)X,. The negative-ion mass spectrum of Mn,(CO)gBr,
displays weak intensities for the [M —2 CO]~", [M — 3 CO]~* and
[Mn(CO);Br,]  ions and a high intensity for [M — 4 CO]~*, which is the base
peak.

Under electron impact at 70 eV, Rh,(C0O),X, compounds, where X is Cl, Br,
I, show the negative ion fragmentation patterns reported in Table 3. [M —

2 COJ 7" 1s the base peak for all the three compounds, whereas weak abun-
dances are displayed by [M — CO] " ions and [M]~" are absent, as usual. Weak
[RhX,]™ fragments are also present.

For all these classes of compounds [M]™" is not stable, and the presence of
halogen substituents does not cause any enhancement in this respect. On the
other hand, in the negative ion mass spectra of halogenated organic compounds
[M]™" is detectable only when a number of fluorine atoms are present in cyclic
compounds, such as perfluorocyclobutadiene [16—18] or in compounds con-
taining electron withdrawing functional groups, such as hexafluoroacetone

TABLE 1

NEGATIVE ION MASS SPECTRA (PERCENTAGE ABUNDANCES) OF Re(CO)sX (X = Cl, Br,I) AND
Mn(CO)sX (X =Br,I) AT 70 eV

Ion Re(CO)5Cl Re(CO)5Br Re(COj)51 Mn(CO);Br Mn(COjs1
{M—cCcoi - 67 100 100 25 30
[M—2C0O1 " 100 68 72 100 100
{M—3CO) " 85 55 27 21 14
[M—4COl " 25 7 4 41 10

[M—5C01" 2 1 42 7




TABLE 2

NEGATIVE ION MASS SPECTRA (PERCENTAGE ABUNMNDANCES) OF M2(CO)gX> (M’ = Re AND
X=Cl, Br,i; M = Mn AND X = Br) AT 70 eV

Ion Rez(CO)gCly Rey(CO)gBry Re3(CO)glIs Mn2(CO)gBra
[M—2C0O)]™° 100 100 100 14
(M —3CO] ™" 28 25 41 6
[M—4CO)1 " 19 18 21 100
[M—5C0] " 8 12 9 39
[M—6CO)] " 4 4 is
(M (CO)3X,1— 55 90 33 17
[M'(CO)gX]1 " 8 7 7 2
[M(CO)3X1™ 3 5 4 1

[19—20}. It could also have been expected that the compounds with halide
bridges would display behaviour similar to metal chelates, which give abundant
negative molecular ions. However, this is not the case, since the compounds
M',(CO)gX,, we have examined do not exhibit any [M]~".

In all these spectra the ion intensities also show a pattern analogous to that
above described in the range of electron energy typical of dissociative attach-
ment processes. Moreover, at low electron energy, metastable transitions are
observed for the successive loss of carbonyl groups from ions in the highest
mass region. From these observations we suggest that at 70 eV also the domi-
nant process is the dissociative attachment, which gives, as primary preduct,
[M — CO] ™" in the spectra of Re(CO);X, Mn(CO).,X and Rh,(CO),X, and
[M — 2 CO] " in the spectra of Re,(CO)sX, and Mn,(CO):X,. Then the frag-
mentation of these primary ions occurs by loss of carbonyl groups in successive
steps.

The pattern of the ion intensities in the spectra reported in Table 1 suggests
that the major influence is played by the nature of the metal atom and conse-
quently by the relative metal—CO bond strength. The energy lost in the elimi-
nation of one carbonyl group by Re(CO);X is sufficient to stabilise [M —
CO] 7" strongly, since the Re—CO bond strength is high, whereas elimination of
two carbonyl groups must occur to give the base peak in the manganese com-
pounds. The change, as a function of X, of the Re—CO bond strength, obtained
by electron impact studies [21] and from CO exchange data in Sy1 reactions
[22] shows a decrease in the order Re(CO)I > Re(CO);Br > Re(CO);Cl. The

TABLE 3

NEGATIVE ION MASS SPECTRA (PERCENTAGE ABUNDANCES) OF Rh3(C0)3X3 (X =Cl, Br, I)
AT 70 eV

Ion ha(CO)q.Clz Rh,(CO)3Br; Rh,(CO) 415
[a—cCOl1™ 5 7 7
iM—~2CO0] - 100 100 100
iM—3C0ol ° 32 36 35
[M—4CO]l - 2 5 9

2

[RhX,] 4 6
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abundance values of [M — CO] ™" and [M — 2 CO]~* of Re(CO);Cl, which indi-
cate some minor influence of the halide ligand, are in accord with this

sequence.
Values of metal—CO bond energies of Re,;(CO)gX,; and Mn,(CO)gX,; are not

available, and this prevents rationalization of the fragmentation pattern
reported in Table 2, even though the strong effect of the metal suggests that
analogous factors are responsible for the observed behaviour. A major differ-
ence of these spectra when compared with positive-icn mass spectra [ 23] is the
very strong tendency to retain the halogen atoms, which is evidenced by the
presence of [Re(CO);X,]™, [Mn(CO);Br,]” and [RhX,]" ions.

Experimental

All the compounds examined were prepared as described in the literature.
The mass spectra were recorded on a single-focusing Hitachi RMU 6H mass
spectrometer with a trap current of 20 uA when the ionising energy was 70 eV.
The samples were introduced into the ion source through a diret inlet system

and the sample pressure was 2 X 107—3 X 107 Torr. Perfluorokerosene,
Cr(CO)4, Mo(CO)¢ and W(CO), were used as mass reference standards.

References

1 J.G. Dillard, Chem. Rev., 73 (1973) 589.

2 S. Pignataro, Chim. Ind. (Milan), 57 (19735) 25.

J.H. Bowie and B.D. Williams in A. Maccoll (Ed.), Mass Spectrometry, International Review of
Science, Physical Chemistry, Series Two, Vol. 5, Butterworths, London, 1975, p. 89.

T.R. Spaulding in R.A.W. Johnstone (Ed.) Mass Spectrometry, A Specialist Periodical Report, Vol 5,
The Chemical Society, London, 1979, p. 312,

D.R. Dakternieks, I.W. Fraser, J.L. Garnett and LK. Gregor, Org. Mass Spectrom., 14 (1979) 676.
A. Ito, K. Matsumoto and T. Takeuchi, Org. Mass Spectrom., 13 (1973) 1279.

B.J. Stapleton and J.H. Bowie, Org. Mass Spectrom._, 11 (1976) 429.

J.H. Bowie and B.A. Hale, Org. Mass Spectrom., 11 (1976) 1105.

G.A. Vaglio, R.P. Ferrari, V. Mortarini, A. Gasco and R. Calvino, Org. Mass Spectrom., 14 (1979)
668.

106 D.F. Hunt and F.W. Crow, Anal. Chem., 50 (1978) 1781.

11 G.A. Vaglo, V. Mortarini;, C. Frattini and A. Gasco, Ann. Chim., 66 (1976) 521.

12 G.A. Vaglio, Ann. Chim., 69 (1979) 139.

13 R.P. Ferrari, G.A. Vaglio and M. Balle, J. Chem. Soc., Dalton, (1978) 1194.

14 G.A. Vaglio, J. Organometal, Chem., 169 (1979) 83.

15 P. Michelin Lausarot, G.A. Vaglio and M. Valle, Inorg. Chim. Acta, 35 (1979) 227.

16 P.W. Harland and J.C.J. Thynne, Int. J. Mass Spectrom. Ion Phys., 10 (1972) 11.

17 R. Grajower and C. Lifshitz, Isr. J. Chem., 6 (1968) 847.

18 C. Lifshitz and R. Grajower, Int. J. Mass Spectrom. Ion Phys., 10 (1972) 25.

19 F. Harland and J.C.J. Thynne, J. Phys. Chem., 74 (1970) 52.

20 E.M. Chait, W.B. Askew and C.B. Matthews, Org. Mass Spectrom., 2 (1969) 1135.

21 G.A. Junk, H.J. Svec and R.J. Angelici, J. Amer. Chem. Soc., 90 (1968) 5758.

22 G. Cetini, O. Gambino, G.A. Vaglio and R.P, Ferrari, Inorg. Chem., 8 (1969) 1371.

23 J. Lewis and B.F._.G. Johnson, Acc. Chem. Res,, 1 (1968) 245.

©w

LCoo~NOWm



