Inorganica Chimica Acta, 179 (1991) 161-166

161

Doubly charged ions in the mass spectra of mono- and binuclear metal

carbony! derivatives

L. Operti, G. A. Vaglio* and P. Volpe

Dipartimento di Chimica Generale ed Organica Applicata, Universita di Torino, Corso Massimo d'Azeglio 48, 10125 Turin

(1taly)

(Received May 21, 1990)

Abstract

Doubly charged ions produced in the mass spectra of mono- and bimetallic carbonyl compounds at
40, 70 and 100 eV electron beam energies are reported. Fe,(CO), and Mn,(CO),, give very weak
doubly charged ions, whilst a strong increase of the relative abundances of these species is observed
in the mass spectra of Re,(CO);p. The presence of the halogeno ligands in Mn{(CO)sX and Re(CO)sX
(X=Cl, Br, I) produces a stabilizing effect on the doubly charged ijons. A higher ion current is
transported by doubly charged fragments of Mn(CO)sX with respect to Mn,(CO)y, while [M]**
accompanied by doubly charged high mass fragments are originated by Re(CO),X. The strong increase
of the relative abundances of doubly charged ions observed in the mass spectra of Fe,(CO)sC,(C,Hs),
and Os,(CO)C,(C,Hs), suggests a significant effect of the unsaturated organic ligands, which adds to
that of the nature of the metal atom on the stabilization of multiply charged ions.

Introduction

Recently, a strong interest has arisen for multiply
charged ions since the electrospray ionization method
has given the opportunity of studying high molecular
weight compounds through highly charged ions [1].

In the mass spectra of carbonyl transition metal
compounds, obtained by electron beams at 70 eV,
doubly charged ions are frequently observed [2-4].
‘We have previously investigated the factors affecting
the stability and abundance of doubly charged ions
in the mass spectra of trinuclear carbonyl metal
compounds [4] and in this paper we report the
formation of doubly charged ions at different electron
energies from mono- and binuclear metal compounds
and the factors affecting their abundances. Data on
doubly charged ions produced at 70 ¢V from some
of the compounds here studied have been reported
previously [5].

Experimental

Mny(CO)0, Rex(CO)io and Fe(CO)s were pur-
chased from Fluka. The other compounds were
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prepared according to the literature: Mn(CO);X
(X=Cl, Br, I), Re(CO)sX (X=Cl, Br, I) [6, 7];
Fey,(CO)sS. [8]; Fex(CO)Cu(CHs)s [9, 10];
Os,(CO)sCa(C;Hs)4 [11].

The mass spectra were run on a double-focusing
Kratos MS 80 with emission current of 100 uA,
accelerating voltage of 2.7 kV, resolution 1000 (10%
valley definition) and scan rate of 10 s/dec.

The samples were introduced into the ion source
at the most convenient distance from the electron
beam to obtain the strongest intensities of the peaks
in the high mass region. A glass rod inserted on a
probe was used, on which a little amount of each
sample has been deposited. The source was main-
tained at room temperature {12].

Results and discussion

In the mass spectrum of Mny(CO);e at 100 eV
the base peak is [M—10CO]*, relative abundance
(r.a.) 100, and a percentage abundance higher than
0.5 is shown only by two doubly charged bimetallic
ions, [M—8COP* (r.a. 2) and [M—7COJF* (r.a.
1.5). Also [Mn(CO);**, [Mn(CO),J** and
[MnCOJ?* are observed. The total charge transported
by doubly charged ions is 3.5%, when the energy
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of the electron beam is 100 eV and decreases to
1% at 70 eV. The doubly charged ions show a relative
abundance lower than 0.1% with ionizing electrons
of 40 eV.

Rather abundant doubly charged ions are present
in the mass spectra of Re,(CO);, at 100, 70 and 40
eV (Table 1). They show a trend analogous to that
observed in the mass spectra of trinuclear carbonyl
metal compounds, such as Os3;(CO);, and
RuOs,(CO);; [4]. The fragmentation of the singly
charged ions is not substantially affected when the
electron beam energy is decreased from 100 to 40
eV, whilst the fragmentation of the doubly charged
ions is strongly reduced. This behaviour of the doubly
charged species can be ascribed to the higher re-
duction of the metal-CO bond order. In fact, a
decreased backdonation to the CO ligands is induced
by the double positive charge mainly localized on
the metal atoms. Moreover, the relative abundances
of the ions containing few CO groups strongly de-
crease with decreasing energy of the ionizing electrons
and at the same time those containing more CO
groups increase. Differently from Os3(CO);s,
RuOs,(CO);; and Ru,0s(CO);; [4], Rez(CO),o does
not give either [M]** or doubly charged ions with
more than six carbonyl groups under the conditions
investigated.

A comparison between the mass spectra of iso-
structural Mn,(CO),, and Rex(CO);, indicates a
strong effect of the nature of the metal atom on

the stability of doubly charged species in the gas
phase, which increases by descending from the first
to the third transition series.

The data of Tables 2 and 3 show that the presence
of the ligand X (X=Cl, Br, I) in Mn(CO);X and
Re(CO)sX complexes increases the stabilization of
doubly charged ions, which is higher for the rhenium
compounds. The nature of X does not affect the
behaviour in this respect in a definite way.

The Re(CO)sX compounds give [M]** and all the
doubly charged fragments due to the stepwise loss
of the CO groups and of X (Table 3). Their relative
abundances follow the same trends described above
for Re,(CO)yq. Moreover, the charge transported by
[M]** at 100 eV increases with the decreasing beam
energy from about 5% of the sum of all the doubly
charged ions to about 10% at 40 eV for Re(CO);Cl.

From the data of Table 2 it can be seen that also
the doubly charged ions originated by Mn(CO)sX
compounds are more stable than those displayed by
Mn,(CO);o. However, [M]** is not present in their
mass spectra and the total charges transported by
doubly charged fragments are significantly lower than
those produced by the corresponding rhenium com-
plexes.

A comparison of the percentage of the total charge
transported by the doubly charged ions originated
by Mn(CO);X and by Mn,(CO),, shows values re-
markably higher for the halogenopentacarbonyl com-
plexes. This can be ascribed to the presence of the

TABLE 1. Percentage abundances of bimetallic singly (S) and doubly (D) charged ions® in the mass spectra of Re,(CO)yq

at different electron beam energies (eV)

Ions 100 eV 70 eV 40 eV

S D S D S D
M1 52 56 58
[M—-COl** 3 3 4
[M—-2CO1** 9 8 12
[M-3COI*" 100 100 100
[M—4CO]** 38 37 34
[M—-5CO1*™ 34 3 31 3 32 1.5
[M—-5CO-0OJ"" 1 1 1 1 1.5
[M—6COT"* 39 26 32 19 42 9
[M—6CO—-OJ** 1 1 1 0.7 2
[M—-7CO1"™ 29 25 26 18 21 7
M—-7CO-0O1** 1.5 1.5 2 1 2
[M—gcoT' 26 35 31 29 27 8
[M—-8CO-0O]"* 2 S 2 3 3
[M—9CO]"* 20 25 21 20 18 2
[M—-9CO-OJ"'* 7 14 10 6 11
[M—10CO7"* 35 21 38 15 22
Total charge (%) 71.6 28.4 71.5 22.5 93.2 6.8

n=1 for S and n=2 for D.
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TABLE 5. Percentage abundances of bimetallic singly (S) and doubly (D) charged ions® in the mass spectra of Fe,(CO);S;

at different electron beam energies (eV)

Ions 100 eV 70 eV 40 eV

S D S D S D
M1 29 37 35
[M-COT** 8 1 11 1 10 1
[M—2COT*+ S 6 9 5 8 3
[M—3COJ]** 7 7 11 4 10 4
[M—-4CO]"* 30 18 31 9 26 5
[M—-5COI"* 97 10 96 8 100 1
[M—6COJ"" 100 5 100 1 92
[M—-6CO-ST"* 40 2 42 2 45
[M—-6CO-28]*" 23 2 28 1 26
Total charge (%) 86.2 13.8 92.2 7.8 96.2 3.8

n=1 for § and n=2 for D.

halogeno ligand, which is an electron rich species
and, therefore, fit for stabilizing the double charge
of the ions. This stabilizing effect of the halogeno
ligand on the charge is also observed in the mass
spectra of Re(CO)sX complexes, which show [M]**
ions. The occurrence of the doubly charged molecular
ion is also favoured by the reduced fragmentation
which is related to the higher average Re—~CO bond
dissociation energies of Re(CO);X [13] with respect
to Re(CO)y0 [14].

In the mass spectrum of Fe,(CO), at 100 eV about
1% of the total charge is transported by bimetallic
doubly charged ions, [M~7COJ* and [M—4CO}**
being the only species observed. [Fe(CO),J**
(m =4-2) ionic species are also present in the spec-
trum with relative abundances 4, 8 and 5, respectively
compared with the base peak [Fe(CO)]*. The pres-
ence of ligands, such as sulfur atoms, in the binuclear
Fe,(CO)4S, complex, provides an increcase of the
stabilization already observed in the trinuclear
Fe,(CO)sS, complex [4]. Table 5 reports the per-
centage abundances of singly and doubly charged
species at 100, 70 and 40 eV electron beam energies.

A further improvement in the stabilization of
doubly charged ions is displayed in the mass spectra
of the binuclear complexes containing organic ligands
(Table 4). Fe,(CO)Cs(C:Hs)s and Osy(CO)6Cy-
(C.Hs)s, prepared from 3-hexyne and dodecacar-
bonyltriiron and -triosmium, respectively, show a
structure in which a metal-cyclopentadiene ring is
coordinated by a tricarbonylmetal unit with a 7 bond
[15]. The unsaturated moiety provides a significant
enhancement of the charge delocalization and con-
sequent rather strong relative abundances of doubly
charged ions (Table 4) in agreement with the data
reported for the analogous trinuclear complexes [4].
A higher stabilization of multiply charged species

has been previously observed in the mass spectrum
at 70 eV, of Os,(CO)sCy(CsHs)s, which is isostructural
with Os,(CO)¢C4(C,Hs), and differs only for the
presence of the four phenyl substituents on the metal-
cyclopentadiene ring, which replace the ethyl sub-
stituents. Os,(CO)sC4(CsHs)s gives triply charged
ions, such as [Os:C(CsHs)al** and
[05:C4(CeHs)s—Ho?* (n=1-4), which transport
about 1% of the total charge [16].

From the data above reported it can be concluded
that also for mono- and binuclear carbonyl metal
complexes the relative abundances of multiply
charged ions are mainly affected by: (i) the nature
of the metal related to the different stability of its
high oxidation states; (ii) the presence of ligands
which produces variations of the excitation energy
of the ionic species by affecting the ionization and
the metal-CO bond dissociation energies and mod-
ifies to a greater extent the fragmentation of multiply
charged ions.
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