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Characterization of gas phase aggregates of
bis(2-ethylhexyl)sulfosuccinate (AOT) and
divalent metal ions. Elimination of radical
species in the decomposition pathways of
even-electron [AOTM'"CI,]™ anions

Gianluca Giorgi,”* Leopoldo Ceraulo®™* and Vincenzo Turco Liveri®

Structure and properties of even-electron anionic species formed by bis(2-ethylhexyl)sulfosuccinate (AOT) and divalent metal ions
(M") with stoichiometry [AOTM"Cl,]” have been investigated by using electrospray ionization and different mass spectrometry
techniques, such as high resolution, accurate mass measurements, collision-induced dissociation (CID) multiple-stage mass
spectrometry. Owing to CID, eliminations of neutrals, mainly consisting in hydrochloric acid, 2-ethyl-1-hexene and 2-ethylhexanol,
and an unexpected loss of an alkyl radical have been observed. The radical anions [C;HOsSM"CII™ so produced have been
characterized by MS® experiments. Density functional theory calculations have been carried out for investigating structure and

stability of the ionic species formed in the decomposition pathways. Copyright © 2012 John Wiley & Sons, Ltd.
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Introduction

Surfactant aggregation depends upon various factors such as
conformational dynamics, presence and nature of hydrophobic
and hydrophilic moieties, anisotropic surfactant-surfactant
noncovalent interactions, and so on."? Surfactant molecular
properties also play a key role on the capability of entrapping
in their interior host species, such as water molecules, metal
ions,® so that their solubility, reactivity and/or physical proper-
ties in the system are modified. The solubilization of inorganic
salts in solutions of reverse micelles produces interesting
specialized media as lubricants.”’ Technological and biomedical
applications of aggregates might involve their use as nanocarriers
of drugs or biomolecules, mass and energy carriers in the
atmosphere, atmospheric cleaning agents, and nanoreactors for
specialized chemical reactions in a confined space.

Investigation on surfactant aggregation in liquid, liquid
crystalline, and solid phases has produced a vast literature, but
only a few investigations concerning surfactant self-assembling
in the gas phase has been carried out. Indeed, the gas phase
offers remarkable theoretical and practical information on
surfactant-surfactant forces, on the ability to incorporate
selected neutral or charged species, on the charge state effects,
and so on.'! All this is determined as intrinsic properties, without
the influence of surfactant-solvent interactions and of reticular
or packing forces.

Sodium bis(2-ethylhexyl)sulfosuccinate (AOTNa, Scheme 1), an
extensively used surfactant,”~'”! can interact with a wide class
of guest molecules to form species with different degree of
aggregation that find applications in several fields, such as
nanoreactors''®'? and nanomaterial science.*”’

Recently, we have shown that AOTNa can interact with
alkaline,'*'*? and divalent metal ions'**! forming gas phase reverse
micelle-like aggregates that have been characterized by mass
spectrometry and theoretical calculations. A study on multiple
charged gas phase AOTNa reverse micelles and their encapsulation
of glycine has been recently reported in the literature.**!

In the frame of our research project aimed at investigating gas
phase properties of surfactants and their interactions,?>?®! we wish
to report here on the gas phase characterization and collision-
induced dissociation (CID) of negatively charged [AOTM"Cl,]”
monomers produced by electrospray ionization. Under the
low-energy CID regime, in addition to losses of 2-ethyl-1-hexene,
2-ethylhexanol and hydrochloric acid, unexpected eliminations
of radical species from the AOT alkyl chain were observed in
MS? and confirmed by MS" experiments and high resolution
accurate mass measurements. Structure and stability of different
species formed in the decomposition pathways have been
investigated by density functional theory calculations.
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Scheme 1. Chemical structure of bis(2-ethylhexyl)sulfosuccinate (AOT)
sodium salt.

Experimental
Materials

Sodium bis(2-ethylhexyl)sulfosuccinate (99%) and chloride salts
of magnesium, calcium, manganese, and nickel were purchased
from Sigma-Aldrich-Fluka (Milan, Italy).

Mass spectrometry

Electrospray measurements have been carried out on a LCQ-
DECA ion trap and on a LTQ-XP-Orbitrap instrument (Thermo,
Bremen, D). Operating conditions of the ESI source were as
follows: spray voltage —4.5kV; capillary temperature 200°C;
sheath gas (nitrogen) flow rate ca. 0.75 L/min.

MS" product ion experiments were carried out inside the
ion trap by isolating the precursor ion by broadband ejection
of the accompanying ions and then by applying CID; collision
gas: He; collision energy: 1-5eV (laboratory frame). The mass
window was 2 u. High resolution measurements were carried
out by using an Orbitrap analyzer operating in the mass
resolution range 30 000-100 000 and calibrated using the
manufacturer’s calibration mixture. Mass accuracies <2 p.p.m.
were obtained before and after each series of experiments.
About 30-50 scans were recorded and averaged for accurate
mass measurements.

Energy-resolved mass spectrometry data have been
obtained by varying the collision energy (1 +3eV) in MS/MS
experiments.

Solutions of 1 : 1 AOTNa : metal salt in water/methanol
(1x10™M, 50 : 50v/v) were introduced via direct infusion at
a flow rate of 5pL/min.

Theoretical calculations

Density functional theory calculations were performed on
some relevant ionic structures by using Gaussian 09””! imple-
mented on an IBM P575 Power 6 supercomputer at Cineca in
Bologna (Italy). All geometries were fully optimized without
any constraints using the Becke 3LYP (B3LYP)?®! method with
the 6-311+ G(d,p) basis set. The final lowest energy geome-
tries were confirmed as minima on the potential energy
surface by normal-mode vibrational frequency calculations
that produced all real frequencies. Zero-point energies and
statistical thermodynamic properties at 298.15K and 1atm
were also calculated.
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Figure 1. ESI(—) low-energy collision MS/MS spectra obtained by selecting
[AOTM"Cl,]™ as precursor ion (E.q = 1.65 eV). M"=Mg (a), Ca (b), Mn (c), and
Ni (d).
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Table 1. MS/MS accurate mass measurements data obtained by selecting the species [AOTMnCl,]™ as precursor ions

Measured m/z Formula RDB * Error (ppm) Attribution
546.1027 Cy0H3707,SMnCl, 15 0.76 [AOTMNCl,]™ (M)

510.1222 Cy0H360,5SMnCl 25 0.46 [M-HCII™

421.2269 CyoH37055 2.5 0.84 IM-MnCl,]~

415.9672 Cy2H1606SMNCl, 25 1.69 [M-CgH,501

398.0007 Ci2H200,5MnCl 25 0.69 [(M-HC-CgH16]”
382.0057 Ci2H2006SMNCI 25 0.55 [(M-HCI)-CgH1601”
379.9902 Cy3H1806SMNCI 35 0.87 [(M-HCI)-CgH,g01"
352.0042 Cy5H1604MNCl, 25 —1.36 [M-CgH,50-50,]"
316.0284 Cy2H,80,MnCl 35 1.36 [(M-HCI)-CgH;50-S0,]"
291.0913 Ci2H1906S 35 1.71 [(M=MnCl,)-CgH,50]
267.8648 C4H,06SMNCI 35 0.45 [(M-HCI)-CgH180-CgH16]™
266.8570 C4HOsSMNCI 4.0 0.66 [(M=HCI))-CgH,50-CgH171™"
254.0047 CgHq7,0MnNCl, —0.5 1.88 [CgH17,0MNCl,]™

238.8624 C3HO5SMNCl 3.0 1.84 [C3HO,S0;MnCI]™
227.1290 Ci2H1604 35 047 [(M-HCI)-CgH16-HSO3MnCIT™
205.8413 HSOsMnCl, -0.5 1.98 [HSO3MnCl,]™

169.8646 SOsMnCl 0.5 1.97 [HSOsMnCl,-HCII™

“Ring and double-bond equivalents (RDB). An integer with a remainder of 0.5 indicates an even-electron ion, whereas an exact integer indicates
an odd-electron ion.

Results and discussion

Mass spectrometry and MS" experiments

By mixing AOTNa and M"Cl, (M" = Mg, Ca, Mn, Ni) (molar ratio 1: 1)
in water/methanol (1 x 10*M, 50:50 v/v) and electrospraying the
resulting solution in negative ion mode, various anionic species
are formed. The simplest ones containing a divalent cation are
the monomers [AOTM"C,]™ that have been characterized by low
and high resolution mass spectrometry, CID MS" experiments,
energy-resolved mass spectrometry and theoretical calculations.
Their MS? product ion spectra are reported in Fig. 1, whereas accu-
rate mass data relevant to [AOTMnCl,]” and its product ions are
given in Table 1.

Owing to low-energy CIDs, both common decomposition
pathways and specific ones, depending upon the nature of the metal
ion, occur (Fig. 1). A common decomposition is the loss of HCl
yielding the most abundant product ions for all the complexes inves-
tigated. This suggests that there are interactions between chlorides
and hydrogen atoms of the AQT, so to allow elimination of HCI.

When the monomer [AOTM”CIZ]’ contains Mn" or Ni", the
direct elimination of M"Cl, is observed, yielding very abundant
AOT  product ions (Fig. 1). This pathway also occurs when
calcium is the metal ion, but the resulting product ions have
relative abundances around 1%. This behavior suggests that both
manganese and nickel interact more weakly with the sulfonate
moiety in comparison with magnesium and calcium, and/or that
M''Cl, (M"=Mn, Ni) is particularly stable.

Other common ions originating from direct decomposition of
[AOTM''CI,]" are due to [HSOsM"Cl,]" that, on turn, can lose HCl
yielding [SOsM"CII™ (Fig. 1), whose compositions have been
determined by accurate mass measurements (Table 1).

Other abundant ions observed in the MS/MS spectra of the
monomers [AOTM"CI,]™ are the result of consecutive decomposi-
tion reactions whose kinetics is faster than the trapping time and
whose origin has been studied in detail by MS" experiments.

With the exception of [AOTNi"Cl,]", owing to low-energy CID,
after loss of HCl, two decomposition pathways are activated:
one consists in the loss of 2-ethyl-1-hexene (CgHqs, 112 u),
whereas the other yields the elimination of 2-ethylhexanol
(CgH,80, 130 u) (Fig. 1).

The behavior of [AOTNICl,]™ is quite different from the other
[AOTM"'Cl,]™ species: eliminations of CgH;¢ and CgH;5O are not
detectable, and the only product ions, due to decomposition of
the AOT alkyl chains, are at m/z 355 (rel. intensity 3%), likely
produced by consecutive eliminations of HCl, CgH,50 and CO,
[Fig. 1(d)].

Losses of CgH;¢ and CgH;50 are quite common for AOT and
characterize the gas phase decompositions of its cationic and
anionic complexes formed with different metal ions. As an example,
[AOT,LisI" and [AOTsLis]" decompose by eliminating CgHqe2"
while the dimeric anion [AOT,K]™ loses a CgH;30 molecule
followed by CgH16.*? Regarding divalent metal ions, the cationic
[AOT,NaM"T" (M"=Mg, Ca, Mn, Ni) species decompose by
successive losses of 2-ethyl-1-hexene and water.!”

Other decomposition pathways of [AOTM"CI,] involve elimina-
tions of SO, but they yield very low abundant ions (Fig. 1).

MS> spectra obtained by selecting the species [AOTM"Cl, -
HCI™ (M":Mg, Ca, Mn) as precursor ions confirm eliminations
of CgH6 and CgH;50, already observed in the MS/MS spectra of
[AOTM"CI,]™ (Fig. 2 for M"=Mn). As MS® spectra obtained by
selecting the species [(AOTM"Cl, - HCl) - CgH1g]™ show elimina-
tion of water, loss of CgH;50 from [AOTM"Cl, — HCI™ might be
due to its direct elimination and/or to successive losses of
CgHq6 and H,0O. MS" spectra obtained for species containing
manganese are depicted in Fig. 2.

Further, main product ions present in the MS® spectra of
[AOTM'Cl, - HCII™ (M"=Mg, Ca, Mn) are due to [C;HOLSM"CII™
formed by loss of 113 u from [(AOTM"Cl, — HCl) - CgH;50]” whose
origin has been confirmed by MS* measurements.

Elimination of 113 u is an unexpected loss and, as the initial
anions do not contain nitrogen atoms, it must be due to a radical
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Figure 2. ESI(—) low-energy collision MS" spectra obtained by select-
ing ionic species formed by [AOTMnCl,]". (a) MS3 spectrum, precursor
jon [AOTMnNCl, - HCII™; (b) MS* spectrum, precursor ion [(AOTMnCl, -
HCl) - CgH45017; () MS3 spectrum, precursor ion [(AOTMnCl, — HCl) -
CgH1g0 - "CgHq71 7"

species. And indeed, accurate mass measurements show that the
radical "CgH;7 (113 u) is lost in this decomposition. Loss of radicals
is a quite unusual reaction from even-electron species being an
exception to the ‘even-electron rule’.”® Further, none of the stud-
ies carried out on AOT and its aggregates reported in the literature
have shown loss of radical species2’* In particular, negatively
charged aggregates containing alkali metal ions do not decompose
by loss of radical species. In fact, monomeric and dimeric anions
with stoichiometry [AOTM'X]™ and [AOT,M'” (M'=Li, Na, K, Cs, Rb)
show losses of AOTM', CgH;50, and CgH,s molecules??

The formation of [C,HOsSM"CI]™ is particularly favored in the
case of [AOTCaCl,]". For collision energy (Eo)) values higher than
1.7 eV, the [C4HOGSCaCl]™ radical anions (m/z 365) become the

most abundant species, whereas the anions [AOTCaCl, - HCI],
which have the highest abundances for all the other complexes,
decompose to the final product ions at m/z 365.

Collision-induced decompositions of the radical anions
[C,HOSM'CII™ consist in consecutive eliminations of CO and
CO,, suggesting that the strongest interaction sites of the metal
cation are the oxygen atoms of the sulfonate moiety and not
those belonging to the carboxylic moieties [Fig. 2(c)]. Further-
more, as the CID spectra are similar for all the metal complexes,
it is likely that the structure of the radical anions is the same,
independently by the nature of the metal ion.

The decomposition pathways of the [AOTM"Cl,]™ anions are
depicted in Scheme 2.

Energy-resolved mass spectrometry

Aimed at determining the stability of negatively charged aggre-
gates formed by AOT with divalent metal ions, energy-resolved
mass spectrometry measurements have been carried out. By
plotting the relative abundances of precursor and product ions
as a function of the collision energy, the so called breakdown
curves are obtained. They show that the collision energy required
to dissociate the precursor ions [AOTM"Cl,]” to 50% of their
intensity is 1.68, 1.63, 1.53, and 1.42eV when M"=Ca, Mn, Mg,
and Ni, respectively (Fig. 3). Even if these values should be
regarded as upper limits to the thermochemical thresholds, as
they may be influenced by kinetic and competitive shifts and/
or reverse energy barriers,*>3" the energy values can be
assumed as a trend of the stability of the different monomeric
anions. The data show that with M"=Ca and Mg, the anions
[AOTM"CL,]™ have the highest stability, whereas the lowest is
observed for M" = Ni.

With collision energy up to 1.7 eV, the ions [AOTM"Cl, — HCI]~
are the most abundant product ions formed owing to low-energy
CID. The 50% of their abundance is reached for E., equal to 1.33,
1.40, 1.56, and 1.55 eV for M"=Ni, Mg, Ca, Mn, respectively.

Other important species formed in the gas phase decomposi-
tions of [AOTM"Cl,]” are the product ions [AOTM"Cl, - HCl -
CgH150]” whose relative abundance remains below 50% when
M"=Mg and Mn (Fig. 3). If M" = Ca their abundance is high (about
75%) when E.o;=1.7eV and decreases until 60% by increasing
the collision energy because of their further decomposition to
[C4HO6SCaCl ™.

It has been already outlined that the formation of the radical
anions is particularly favored when the divalent metal ion is
calcium, and the species [C4HOSCaCll™ (m/z 365) constitute
the most abundant ions for E, higher than 1.7 eV [Fig. 3(b)].

Theoretical calculations

Several structures of the anion [AOTMgCl,]", considered as a
representative member of the species [AOTM'Cl,]", have been
submitted to energy calculations. They differ for the conforma-
tion and coordination sites of AOT .

The two most stable structures (1a, 1b) are depicted in Fig. 4
and their energy values are reported in Table 2. In both struc-
tures, magnesium shows a tetrahedral coordination formed by
the two chloride anions, one oxygen from the SO3 moiety, and
one carboxyl oxygen atom of the o (1a) or the f (1b) alkyl chain.
These coordination modes allow the formation of a six-membered
(1a) or a seven-membered (1b) chelated ring. The distances of Mg-Cl
and Mg-O averaged 2.305 and 2.053 A, respectively.
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Scheme 2. Fragmentation pathways determined by MS" experiments for the monomeric anions [AOTM"Cl,]™ (M" = Mg, Ca, Mn, Ni).

In the third structure (1¢, Table 2) the metal ion shows a pyra-
midal coordination involving the two chloride ions, one oxygen
from the SO3 moiety, and one oxygen atom from each of the
two carboxyl moieties.

In all the minimized structures, one chloride interacts with a
hydrogen atom with distances of 2.954 and 2.978 A in 1a and
1b, respectively. Although in 1a the interacting hydrogen
belongs to the succinate moiety, in 1b, the hydrogen belongs
to the methyl group of the ethyl moiety in the « alkyl chain
(Fig. 4). The existence of these interactions can well explain the
elimination of HCl from [AOTM'Cl,]~ as observed in MS"
experiments.

Theoretical calculations have been also carried out on differ-
ent [AOTMgCI,-HCI]™ structures obtained by 1a and 1b
through the loss of HCI. In the most stable (2a, Table 2, Fig. 5),
produced by elimination of HCl from 1a, the magnesium still
maintains a tetrahedral coordination with one chloride and
three oxygen atoms, one from the sulfonate moiety, and one
from each of the carbonyl groups. As shown by MS" experi-
ments, this species decomposes with loss of CgH;gO that, in
principle, might involve either the o or the f alkyl chain. Exam-
ination of the bond lengths in 2a shows that the two C-O
single bonds are 1.329 and 1.385A for the o and the f alkyl
chain, respectively, thus suggesting an easier fission of the
C-0 bond linking the f chain.

Structure 2b (Table 2) is obtained by eliminating HCI from 1b.
During the energy minimization process, the branched terminal
CH, group of the f alkyl chain binds the carbon atom of the car-
boxyl group to form a tetrahydropyran ring. Also in this structure,
the magnesium shows a tetrahedral coordination to one oxygen
of each carboxyl group, one oxygen from the sulfonate moiety,
and a chloride. The distance of Mg-O averaged to 2.007 A.

Structure 2c (Table 2) is analogous to 2a, but the magnesium
shows a coordination to two oxygen atoms of the sulfonate
group, the methyne carbon atom, that has been produced by
elimination of HCl, and to a chloride.

Calculations have been also extended to the species
[AOTMgCl, — HCl - CgH;g0]" that are involved in the decomposi-
tion pathways of [AOTMgCl,]". It resulted that ionic structures
produced by elimination of CgH;gO from the o or f§ alkyl chain

of 2a have very close stability. Structure 3a (Table 2, Fig. 5) results
owing to the loss of CgH;50 from the f3 alkyl chain. The metal ion
maintains a tetrahedral coordination geometry interacting with
an oxygen atom of the sulfonate group, one oxygen atom of
the carboxyl, the carbon atom adjacent to that bearing the
sulfonate group and a chloride.

The elimination of CgH;g0 from the « alkyl chain produces
structure 3b (Table 2, Fig. 5) whose relative energy is 0.52 kcal
mol” higher than 3a. In this structure, magnesium shows a
trigonal planar coordination to an oxygen atom of the sulfonate
group, one oxygen atom of the carboxyl, so to form a seven-
membered chelate ring and to a chloride. The two Mg-O
distances averaged to1.918 A.

Another structure is obtained by the elimination of the f alkyl
chain; 3c is 11.54 kcalmol™ less stable than 3a (Table 2). In 3¢,
magnesium shows a tetrahedral coordination to an oxygen atom
of the sulfonate group, one oxygen atom from a carboxyl moiety,
one oxygen atom from the carbonyl and to a chloride.

A successive elimination of “CgH;; from the species 3 yields the
radical [C4HOsSMgCII™" for which different possible structures
have been submitted to theoretical calculations. The most stable
(4a, Table 2, Fig. 5) has a dihydrofuran dione sulfonic acid
structure in which the magnesium shows a tetrahedral coordina-
tion to two oxygen atoms of the sulfonate moiety, one oxygen of
the carboxyl group and a chloride. The highest negative charge
(—0.66) is located on the carbon atom bearing the sulfonate
moiety, whereas the spin density is almost delocalized over
carbon and oxygen atoms. The highest value (0.35) is shown by
the methyne carbon atom.

The second most stable structure, 4b (Table 2), is a acyclic
derivative of 4a in which the hydrogen atom is bound to the
carbon atom bearing the sulfonate group, and magnesium has
the same coordination mode.

Conclusions

This work has shown that divalent metal ions can interact
with AOT forming anionic aggregates in the gas phase. The
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Figure 3. Energy-resolved mass spectrometry diagrams obtained by selecting the species [AOTM"Cl,]™ as precursor ion. From top to bottom: M"=Mg

(a), Ca (b), Mn (c), Ni (d).

monomeric species [AOTM"Cl,]™ have been studied and charac-
terized by electrospray mass spectrometry, CID multiple-stage
mass spectrometry, energy-resolved mass spectrometry and
theoretical calculations. Their main decomposition pathways
consist in consecutive losses of HCl, CgH;¢0, and the radical
“CgHy7. It is worth to note that none of the AOT-alkaline metal
ion aggregates, both as cationic and anionic species, character-
ized until now, showed the loss of a radical alkyl chain. Further,

no radical formation has been found in cationic AOT-divalent
metal ion aggregates recently characterized by us. So the
presence of a divalent metal ion, together with an overall
negative charge, seems to be crucial for activating an unusual
decomposition pathway consisting in a loss of a radical from
the even-electron anions [AOTM'"'Cl, - HCl - CgH 501"

Other decomposition pathways involve elimination of M"Cl,
from [AOTM"CL,]™ or the formation of [HSO;M"Cl,]™. A different
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Figure 4. Two views of the two most stable energy minimized structures of the anionic monomer [AOTMgCl,]™ at the B3LYP/6-311 + G(d,p) level: the
most stable structure (1a) and a structure differing +4.09 kcal mol(1b). The most significant Cl. . .H interactions are given (distances are in A).

Table 2. Energy parameters of the most stable structures of the [AOTMgCl,]™ anion and of species produced in its decomposition pathways
Structure B3LYP 6-311+G(d,p)® ZPVEP SCF + ZPVE® AE (SCF + ZPVE)* <5%>
[AOTMgCl,]™

1a —2830.472144 0.564847 —2829.907297 0

1b —2830.466039 0.565262 —2829.900777 +4.09

1c —2830.452633 0.565085 —2829.887548 +12.39

[AOTMgCl,-HCI]™

2a —2369.575190 0.551286 —2369.023904 0

2b —2369.562617 0.553749 —2368.993462 +9.43

2c —2369.543651 0.550189 —2368.993462 +19.10
[AOTMgCl,-HCI-CgH 0]~

3a —1978.473618 0.297447 —1978.1761715 0

3b —1978.471583 0.296232 —1978.175351 +0.52

3c —1978.455536 0.297761 —1978.157775 +11.54

[C4HOsSMgCIT™

4a —1663.317746 0.060657 —1663.257089 0 0.75
4b —1663.263453 0.057857 —1663.205596 +32.31 0.76
4c —1663.262028 0.057853 —1663.204175 +33.20 0.76
#Units of Hartree.

bZero point vibrational energies, units of Hartree/particle.

kcal mol™”

behavior is shown by [AOTNi"Cl,]~ for which eliminations of AOT
side chain are undetectable.

Theoretical calculations have allowed to optimize the struc-
ture of different negatively charged species, to gain useful
information on the main sites of binding of AOT with metal
ion, on the resulting AOT folding and to prove some insight
into the species involved in the decomposition reactions of
[AOTMgCl,]".

These findings add significant information to the gas phase
chemistry of surfactants, and AOT in particular, to its intrinsic
bonding properties with divalent metal ions and on sites
involved, independently by the influence of the solvent, packing,

reticular, and other intermolecular forces. The evaluation of the role
exerted by metal ions and halide counter ions, as well as by the
overall charge of the aggregate has been carried out. This informa-
tion can be of value also in condensed phase chemistry of AOT-
alkaline metal ion aggregates.

Finally, the loss of a radical, that is, ‘CgH;7, occurring in the
decomposition pathways of the even-electron [AOTM"Cl,]™ anion,
never observed neither for AOT-alkaline metal ion aggregates,
both as cationic and anionic species, nor for AOT-divalent metal
ion positively charged aggregates, represents a further example
of ‘unusual’ decomposition of even-electron species and a further
exception to the ‘even-electron rule’.

J. Mass Spectrom. 2012, 47, 1537-1545

Copyright © 2012 John Wiley & Sons, Ltd.
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Figure 5. Two views of the most stable energy minimized structures of [AOTMgCl,-HCI]™ (2a), [AOTMgCl,-HCI-CgH1¢0]" (3a, 3b) and the radical anion
[C4HOsSMgCIT™ (4a). Significant charge density (italics), spin density (underlined), and bond distances (A) are reported for 4a.
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