
Topological Insights into the Nature of the Halogen-Carbon Bonds in Dimethylhalonium
Ylides and Their Cations

Alicia Jubert,*,† Nora Okulik,‡ Maria del Carmen Michelini,§ and Claudio J. A. Mota|

CEQUINOR, Centro de Quı́mica Inorgánica (CONICET, UNLP), Departamento de Quı́mica, Facultad de
Ciencias Exactas, UNLP, C. C. 962, 1900 La Plata, and Facultad de Ingenierı́a, UNLP, 1 y 47, 1900 La Plata,
Argentina; Facultad de Agroindustrias, UNNE, Cte. Fernández 755, (3700) Pcia. R. Sáenz Peña, Chaco,
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In this study the nature of the bonding in a series of dimethylhalonium ylides (fluoronium, chloronium,
bromonium and iodonium) was analyzed by means of topological methodologies (AIM and ELF analysis), to
document the changes in the nature of the C-X bonds (X ) F, Cl, Br, I) upon the series. For the sake of
comparison the same study was performed on the corresponding dimethylhalonium cations (XC2H6

+) and the
XCH3 series. The wave functions used for the topological analysis were obtained at B3LYP level using
extended triple-� basis sets. The formation of the cationic XC2H6

+ structures can be interpreted to arise from
the interaction between the XCH3 and CH3

+ moieties. The resultant structures can be explained in terms of
the superposition of two electrostatically interacting and two dative mesomeric structures. The halogen-carbon
bonds have all the characteristics of the charge-shift (CS) bonds. The analysis of the C-X bond in the XC2H5

series shows a progressive reinforcing of the CH3X-CH2 bond, from FC2H5 that can be considered as formed
from two fragments, FCH3 and CH2, to IC2H5, in which the CH3I-CH2 bond has all the features of a multiple
bond involving atoms bearing lone pairs. Particularly interesting is BrC2H5, in which a special type of bond
(hybrid covalent-dative double bond) has been characterized. The energetic stability of the XC2H5 structures
with respect to the dissociation into the XCH2 + CH3 and XCH3 + CH2 ground-state fragments was studied
in detail.

1. Introduction

Halonium ions1 are very popular in organic reaction mech-
anisms. These stable onium ions were first proposed by Roberts
and Kimball2 to account for the stereospecificity of the addition
of bromine to olefins. Olah and co-workers were the first to
prepare3 bridged-halonium ions in superacid solutions and to
characterize them by spectroscopic methods. They also reported4

that open-chain dialkylhalonium ions are formed under the same
conditions. For instance, dimethylchloronium, dimethylbromo-
nium, and dimethyliodonium were prepared by reacting the
respective methyl halide with a SbF5-SO2 solution. The
formation of the dimethylhalonium ions was characterized by
deshielded singlet peaks in the NMR spectra δ at 4.1, 3.8, and
3.4, assigned to the methyl protons in the chloronium, bromo-
nium, and iodonium ions, respectively. Dimethylbromonium and
dimethyliodonium are presently commercialized as stable fluo-
roantimonate salts, showing their good stability at room tem-
perature. They are good alkylating agents for aromatics, olefins,
and n-donor bases.5

Although bridged-halonium ions have been studied thought-
fully by theoretical methods6 the open-chain analogues have
received much less attention. Olah and co-workers7 have carried

out DFT studies of the dimethylhalonium ions and found, at
the B3LYP/6-31+G(d,p) level, that their structures are bent,
with the C-X-C angle decreasing in the series Cl > Br > I.
Charge distribution calculations have indicated that the positive
charge on the halogen atom increases in the same order, as a
function of the eletronegativity of the halogen atom.

Dimethylhalonium ions are widely used in chemical ionization
mass spectroscopy.8 They are good methylating agents for a
variety of compounds, such as amines, alcohols, and ethers. The
reaction seems to occur through an SN2 mechanism, with methyl
halide as the leaving group but shows dependence with the
thermochemistry of the formed products. For instance, the
methylethylchloronium cation (CH3Cl+CH2CH3) reacts8a with
amines, transferring a methyl group, whereas with ethers there
is preference for transferring an ethyl group. Protonated methyl
halides are also important species in chemical ionization mass
spectroscopy.9 The proton affinity of methyl halides10 decreases
with the increasing electronegativity of the halogen atom, being
155.3 kcal/mol for chloromethane, 158.1 kcal/mol for bro-
momethane, and 163 kcal/mol for iodomethane. On the other
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SCHEME 1: Possible Resonance Structures of the
Dimethylhalonium Ylides, Showing p-d δ Bonding
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hand, conversion of chloromethane to light olefins, such as
ethene and propene, over zeolite catalysts has gained increased
importance.11 This might be an alternative process for converting
natural gas into light olefins, avoiding the production of synthesis
gas, as in the traditional12 methanol to hydrocarbon process.
Although the mechanism of this reaction is not completely
understood, there are proposals13 for the intermediacy of an
oxonium ylide intermediate. In a similar way, there could be
involvement14 of a halonium ylide species, formed upon
deprotonation of the dimethylhalonium ion on a basic site,
during the catalyzed transformation of halomethanes to olefins.
Because the chlorine atom has available d orbitals, there could
be stabilization of the ylide through p-d π bonding
(Scheme 1).

Halonium ylides have been proposed as intermediates in
carbene reactions for a long time.15 The isolation of halonium
ylides was reported16 in the reaction of diazodicyanoimidazole
with aryl halides. The photochemical and metal-catalyzed
reactions of R-diazoketones with alkyl and aryl halides also
involves17 the formation of halonium ylides as intermediates.

In a recent paper Noronha et al.18 report on the gas-phase
formation and structure of dimethylhalonium ylides.

The intrinsic acidity of dimethylhalonium ions has been
determined, both by theoretical methods and by gas-phase
reactions of the isolated ions with pyridine bases. The calculated
geometry of the dimethylhalonium ions shows a bent structure
with the C-X-C angle decreasing in the order Cl > Br > I.
Thermochemical calculations for the reaction of the dimethyl-

halonium ions with pyridine, 2,6-dimethylpyridine, and 2,6-di-
tert-butylpyridine indicate that proton transfer, with the forma-
tion of the dimethylhalonium ylide is endothermic, whereas
methyl transfer, with formation of methyl halide, is exothermic.
The endothermicities for proton transfer are, nevertheless,
dependent on the steric hindrance of the base. The bulkier the
bases, the less endothermic the proton-transfer reaction is.
Experimental gas-phase reactions support the calculations,
showing that methyl transfer is the major reaction of dimeth-
ylchloronium and dimethyliodonium with pyridine, whereas
proton transfer, as well as single electron transfer, is observed
for the bulkier bases. The calculations also indicate that acidity
increases in the order chloronium > bromonium > iodonium.
NBO calculations predict that hyperconjugation with the σ*
carbon-halogen orbital plays a role in stabilizing the halonium
ylide species in the gas phase.

The great importance of dimethylhalonium cations and ylides
as organic reaction intermediates and as methylating agents
makes worth to perform a systematic analysis of the ha-
logen-carbon bond properties, which is the key to deepen the
understanding of the chemical behavior of this class of
compounds. In this study the nature of the bonding in a series
of dimethylhalonium ylides (fluoronium, chloronium, bromo-
nium and iodonium) was analyzed by means of topological
methodologies, to document the changes in the nature of the
C-X bonds (X ) F, Cl, Br, I) upon the series. With the aim of
comparison, the same study was performed on the corresponding
dimethylhalonium cations and the XCH3 series. In addition, the

Figure 1. (a) Optimized structure of the dimethylfluoronium (left) and dimethylfluoronium ylide (right). Distances are in Å and angles in degrees.
The value in square brackets corresponds to FCH3. (b) Localization domains of the dimethylfluoronium (left) and dimethylfluoronium ylide (right).

Halogen-Carbon Bonds in Dimethylhalonium Ylides J. Phys. Chem. A, Vol. 112, No. 45, 2008 11469



energetic stability of the dimethylhalonium ylides with respect
to the dissociation into XCH2 + CH3 and XCH3 + CH2

fragments was studied in detail.

2. Methodology

2.1. AIM Analysis. The atoms-in-molecules (AIM) theory19

reveals insightful information on the nature of bonds. This theory
is based on the critical points (CP) of the electronic density,
F(r). These are points where the gradient of the electronic
density, 3F(r), vanishes and are characterized by the three
eigenvalues (λ1, λ2, λ3) of the Hessian matrix of F(r). The CPs
are labeled as (r,s) according to their rank, r (number of nonzero
eigenvalues), and signature, s (the algebraic sum of the signs
of the eigenvalues).

Four types of CPs are of interest in molecules: (3,-3), (3,-1),
(3,+1), and (3,+3). A (3,-3) point corresponds to a maximum
in F(r) and occurs generally at the nuclear positions. A (3,+3)
point indicates electronic charge depletion and is known as cage
CP. (3,+1) points, or ring CP, are merely saddle points. Finally,
a (3,-1) point or bond critical point (BCP), is generally found
between two neighboring nuclei indicating the existence of a
bond between them. Several properties that can be evaluated at
a bond critical point (BCP) constitute very powerful tools to
classify the interactions between two fragments.

The two negative eigenvalues of the Hessian matrix (λ1 and
λ2) at the BCP measure the degree of contraction of F(r)

perpendicular to the bond toward the critical point, whereas the
positive eigenvalue (λ3) measures the degree of contraction
parallel to the bond and from the BCP toward each of the
neighboring nuclei. Unequal values of λ1 and λ2 at (3,-1) BCP’s
denote an anisotropic spread of electrons quantified through the
concept of ellipticity: ε ) λ1/λ2 - 1, (with λ1 > λ2) where values
of ε . 1 can be indicative of π bonding. Calculated properties
at the BCP of the electronic density are labeled with the subscript
“b” throughout the work.

In the AIM theory atomic interactions are classified according
to two limiting behaviors, namely, shared interactions and
closed-shell interactions. Shared interactions are characteristic
of covalent and polarized bonds and their main features are large
values of Fb, 32Fb < 0 and Eb < 0, Eb being the local electronic
energy density of the system calculated at the BCP and defined
as the sum of the local kinetic energy density and the local
potential energy density, both computed at the BCP. In contrast,
closed-shell interactions, useful to describe ionic bonds, hydro-
gen bonds, and van der Waals interactions, are characterized
by small values of Fb, 32Fb > 0 and Eb > 0. Within the
framework of AIM analysis the variance, σ2(ΩA), of the atomic
basin populations can be spread in terms of the contribution
from other basins, the covariance, cov(ΩA, ΩB), which has a
clear relationship with the so-called delocalization index, δ(ΩA,

ΩB)20a,b

Figure 2. (a) Optimized structure of the dimethylcholorium (left) and dimethylcholorium ylide (right). Distances are in Å and angles in degrees.
The value in square brackets corresponds to ClCH3. (b) Localization domains of the dimethylcholorium (left) and dimethylfluoronium ylide (right).
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Figure 3. (a) Optimized structure of the dimethylbromonium (left) and dimethylbromonium ylide (right). Distances are in Å and angles in degrees.
The value in square brackets corresponds to BrCH3. (b) Localization domains of the dimethylbromonium (left) and dimethylbromonium ylide
(right).

Figure 4. (a) Optimized structure of the dimethyliodonium (left) and dimethyliodonium ylide (right). Distances are in Å and angles in degrees.
The value in square brackets corresponds to ICH3. (b) Localization domains of the dimethyliodonium (left) and dimethyliodonium ylide (right).
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cov(ΩA,ΩB))-δ(ΩA,ΩB)/2

The delocalization index accounts for the electrons delocalized
or shared between the basins ΩA and ΩB. In the single
determinant approach this index is exactly the topological bond
order defined by Ángayán and co-workers.20c We must mention,
however, that even when for molecular bonds with equally
shared pairs a simple relationship between the delocalization
index and the formal bond order (number of Lewis bonded pairs)
has been generally found,20d for polar bonds there is no longer
such a simple relationship. It has been shown that the delocal-
ization index tend to decrease with the increased electronega-
tivity difference of the atoms involved in the bond. There has
been some discussion in the past regarding the use of this index
as a covalent bond order.20d,e

2.2. ELF Analysis. The electron localization function (ELF)
analysis is based on the topology of the gradient vector field of
the Becke and Edgecombe21 electron localization function, as
implemented by Silvi and Savin.22 The ELF has been suggested
to be a measure of the excess of kinetic energy density due to
the Pauli repulsion23

η(r)) 1

1+ (Dσ(r)

Dσ
0(r))

where Dσ(r) is the local excess kinetic energy density due to
Pauli repulsion and Dσ

0(r) is the kinetic energy density of a
reference homogeneous electron gas of the same electron
density, a value that essentially acts as a renormalization factor.

Values of η(r) thus range from 0 to 1 with larger values
denoting larger electron localization, i.e., a higher probability
of finding electrons alone or in pairs of antiparallel spin. The
gradient field of the ELF, 3η(r), can be also used to partition
the space into localization basins, ΩA.22 Each of these basins
contains a (3,-3) critical point of η(r), also referred to as an

attractor, which may or may not contain an atomic center. Basins
are visualized for any given isodensity value of η(r) ) f, which
in turn encompass regions of η(r) g f e 1. Basins are classified
as either (1) core basins, C(A), encompassing a nucleus (Z >
2) and core electrons, or as (2) valence basins, V(A,...),
encompassing valence shell electrons.22 Valence basins are
furthermore categorized by their synaptic order, which refers
to the number of core basins with which they share a common
boundary. A monosynaptic basin, V(A), encompasses lone pairs
whereas a polysynaptic basin, V(A,...), encompasses electrons
involved in bi- or polycentric bonds. The presence of a di- or
polysynaptic basin is indicative of a shared interaction of
electrons (covalent, dative, or metallic bonds), whereas its
absence denotes a closed-shell interaction (ionic, van der Waals
or hydrogen bond). Basin-related properties are calculated by
integrating a certain property over the volume of the basin. For
instance, the electronic population of a synaptic basin, Nj (ΩA),
is obtained as the integral of the one-electron density over the
basin ΩA. The variance of the basin population, σ2[Nj (ΩA)],
which is the square of the standard deviation of the population,
represents the quantum-mechanical uncertainty of the basin
population and is a consequence of the delocalization of
electrons. It has the meaning of an excess in the number of
pairs due to the interaction of ΩA with other basins and is usually
written as the sum of contributions of all other basins. Within
ELF analysis a multiple bond is characterized by a basin
population Nj (ΩA) higher that 2.0 electrons and a variance
σ2[Nj (ΩA)] lesser than the corresponding basin population. The
topological representation obtained from ELF analysis, is usually
interpreted in terms of superposition of mesomeric structures.24

3. Computational Details

Molecular geometries were optimized within the density
functional theory (DFT) approach at the B3LYP/6-311++G(d,p)
level.25,26 For iodine we have used the 6-311G(d)26 basis set,

TABLE 1: Topological Properties of Charge Densitya,b Calculated at C-X BCP’s of Dimethylhalonium and Dimethylhalonium
Ylidec

dimethylfluoronium dimethylfluoronium ylide

bondd Fb 32Fb ε Eb Fb 32F ε Eb

C1-F 0.1425 [0.2280] 0.0825 [0.0038] 0.0682 [0.0005] -0.1342 [-0.2895] 0.2160 0.0209 0.0014 -0.2677
C2-F 0.1425 0.0825 0.0682 -0.1342 0.0334 0.1242 0.0230 -0.0008

dimethylchloronium dimethylchloronium ylide

bondd Fb 32Fb ε Eb Fb 32F ε Eb

C1-Cl 0.1501 [0.1729] -0.1437 [-0.2063] 0.0222 [0.0000] -0.0923 [-0.1081] 0.1217 -0.0127 0.0603 -0.0944
C2-Cl 0.1501 -0.1437 0.0222 -0.0923 0.1902 -0.2168 0.2310 -0.1497

dimethylbromonium dimethylbromonium ylide

bondd Fb 32Fb ε Eb Fb 32F ε Eb

C1-Br 0.1308
(0.1309)
[0.1405]

-0.1017
(-0.1019)
[-0.1130]

0.0370
(0.0370)
[0.0000]

-0.0667
(-0.0667)
[-0.0723]

0.1100
(0.1101)

-0.0240
(-0.0242)

0.0648
(0.0643)

-0.0446
(-0.0447)

C2-Br 0.1308 (0.1309) -0.1017
(-0.1019)

0.0370
(0.0370)

-0.0667
(-0.0667)

0.1567
(0.1566)

-0.1094
(-0.1094)

0.1949
(0.1946)

-0.0947
(-0.0947)

dimethyliodonium dimethyliodonium ylide

bondd Fb 32Fb ε Eb Fb 32F ε Eb

C1-I (0.1089) [0.1087] (-0.0647) [-0.0310] (0.0618) [0.0000] (-0.0485) [-0.0479] (0.0929) (-0.0107) (0.0791) (-0.0356)
C2-I (0.1089) (-0.0647) (0.0618) (-0.0485) (0.1274) (-0.0271) (0.1759) (-0.0658)

a Fb, 32Fb and Eb in au. b Calculated at the B3LYP/6-311G++(d,p) level. Values in parentheses were obtained using the 6-311G(d) basis sets
for the halogen atom. c With the aim of comparison the values for the XCH3 compounds are reported in square brackets. d For the label of the
atoms see Figures 1-4.
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due to the fact that the 6-311++(d,p) basis set is not available
for this atom. The same level of theory was used to obtain the
wave functions of all the optimized structures. Frequency
calculations were performed with the aim to asses the nature of
the stationary points. The zero-point vibrational energy correc-
tions were included in all the reported relative energies. All
calculations were carried out with the Gaussian 2003 package.27

The TopMod package28 was used to analyze the topology of
the ELF function. Visual rendering of synaptic basins was
carried out with Molekel package29 using the cube files obtained
from TopMod program. The analysis of the charge electron
density was performed using the PROAIM package.30

4. Results and Discussion

4.1. Geometric and Energetic Analysis. The optimized
geometries of all the studied species in the singlet ground-spin

state are shown in Figures 1-4. A comparison of the geometrical
parameters of the XC2H6

+ and XC2H5 structures reveals the
following trend along the series. The CXC angle in the
dimethylhalonium cations decreases from 122.4° in FC2H6

+ to
98.1° in IC2H6

+, whereas the X-C distance increases from
1.544 Å in FC2H6

+ to 2.188 Å in IC2H6
+. In the dimethylha-

lonium ylides, the value of the CXC angle is nearly constant,
between 122 and 123°, whereas the X-CH2 (X-CH3) bond
distances are around 0.1 Å shorter (longer) than the X-C
distance of the corresponding dimethylhalonium cations. We
note that this trend is valid only for X ) Cl to I, whereas in
FC2H5 the F-CH2 bond length is longer than the F-CH3

distance. In thesamefigureswehave reported thehalogen-carbon
distance for the XCH3 molecules (values in square brackets).
In all cases the X-C distance in the dimethyl cation is longer
than the corresponding distance in the XCH3 molecule. The

TABLE 2: Basin Populations (Nj ), Atomic Contributions to Each Basin, and Variance of the Basins, σ2(Nj ) for
Dimethylfluoronium and Dimethylfluoronium Ylidea,b

dimethylfluoronium dimethylfluoronium ylide

basin Nj atomic contribution σ2 (Nj ) basin Nj atomic contribution σ2(Nj )

C(C1) 2.08 [2.09] 2.08 [2.09] (C1) 0.25 [0.51] C(C1) 2.09 2.09 (C1) 0.26
C(C2) 2.08 2.08 (C2) 0.25 C(C2) 2.07 2.07 (C2) 0.23
C(F) 2.14 [2.12] 2.14 [2.12] (F) 0.39 [0.38] C(F) 2.14 2.14 (F) 0.38
V(H1,C1) 2.02 [2.06] 1.19 [1.10] (C1) 0.60 [0.62] V(H1,C1) 2.04 1.12 (C1) 0.91(H1) 0.62

0.82 [0.93] (H1)
V(H2,C1) 2.03 [2.05] 1.23 [1.11] (C1) 0.60 [0.62] V(H2,C1) 2.05 1.13 (C1) 0.91(H2) 0.62

0.79 [0.93] (H2)
V(H3,C1) 2.08 [2.06] 1.25 [1.11] (C1) 0.61 [0.62] V(H3,C1) 2.07 1.14 (C1) 0.91(H3) 0.63

0.82 [0.93] (H3)
V(H4,C2) 2.02 1.20 (C2) 0.82 (H4) 0.60 V(H4,C2) 1.96 0.97 (C2) 0.98 (H4) 0.58
V(H5,C2) 2.03 1.23 (C2) 0.79 (H5) 0.60 V(H5,C2) 1.91 0.93 (C2) 0.98 (H5) 0.57
V(H6,C2) 2.07 1.25 (C2) 0.82 (H6) 0.61
V(F) 2.87 [2.24, 2.12]c 2.87 [2.24,2.12] (F) 1.27 [1.09,1.07] V(F) 3.43 3.43 (F) 1.38
V(C2,F) 0.81 0.07 (C2) 0.74 (F) 0.60
V(F) 2.93 [2.26]c 2.93 [2.26] (F) 1.28 [1.10] V(F) 3.23 3.22 (F) 1.34
V(C1,F) 0.81 [0.92] 0.74 [0.76] (F) 0.60 [0.67] V(C1,F) 0.88 0.15 (C1) 0.74 (F) 0.64

0.07 [0.16] (C1)
V(C2) 2.12 2.10 (C2) 0.70

a All quantities are in electrons. b With the aim of comparison the values for the XCH3 compounds are reported in square brackets. c There
are three monosynaptic V(F) basins in FCH3.

TABLE 3: Basin Populations (Nj ), Atomic Contributions to Each Basin, and Variance of the Basins, σ2(Nj ) for
Dimethylchloronium and Dimethylchloronium Ylidea,b

dimethychloronium dimethylchloronium ylide

basin Nj atomic contribution σ2(Nj ) basin Nj atomic contribution σ2(Nj )

C(C1) 2.09 [2.09] 2.09 [2.09] (C1) 0.26 [0.26] C(C1) 2.09 2.08 (C1) 0.25
C(Cl) 10.04 [10.06] 10.04 [10.06] (Cl) 0.56 [0.56] C(Cl) 10.07 10.06 (Cl) 0.56
C(C2) 2.09 2.09 (C2) 0.26 C(C2) 2.09 2.09 (C2) 0.26
V(H1,C1) 2.00 [2.04] 1.17 [1.13] (C1) 0.63 [0.65] V(H1,C1) 2.10 1.20 (C1) 0.91 (H1) 0.68

0.83 [0.91] (H1)
V(H2,C1) 2.06 [2.04] 1.22 [1.13] (C1) 0.64 [0.64] V(H2,C1) 2.10 1.17 (C1) 0.91 (H2) 0.67

0.83 [0.91] (H2)
V(H3,C1) 2.02 [2.04] 1.20 [1.13] (C1) 0.64 [0.64] V(H3,C1) 2.10 1.18 (C1) 0.92 (H3) 0.68

0.81 [0.91] (H3)
V(H4,C2) 2.05 1.21 (C2) 0.83 (H4) 0.64 V(H4,C2) 2.10 1.14 (C2) 0.93 (H4) 0.68
V(H5,C2) 2.01 1.18 (C2) 0.83 (H5) 0.63 V(H5,C2) 2.10 1.19 (C2) 0.93 (H5) 0.69
V(H6,C2) 2.02 1.20 (C2) 0.80 (H6) 0.65
V(Cl) 2.41 [2.15, 2.15]c 2.41 [2.15, 2.15] (Cl) 1.14 [1.08,1.08] V(Cl) 2.61 2.57 (Cl) 1.20
V(Cl) 2.48 [2.15]c 2.48 [2.15] (Cl) 1.15 [1.08] V(Cl) 2.61 2.64 (Cl) 1.22
V(C1,Cl) 1.35 [1.26] 0.35 [0.53] (C1) 0.86 [0.83] V(Cl) 0.51 0.51 (C1) 0.42

1.00 [0.73] (Cl)
V(C2,Cl) 1.35 0.35 (C2) 0.99 (Cl) 0.86 V(Cl,C2) 1.46 0.29 (C2) 1.17 (Cl) 0.94

V(C2) 1.54 1.51 (C2) 0.86
V(C1) 0.51 0.51 (C1) 0.42

a All quantities are in electrons. b The values in square brackets are for the ClCH3 molecule. c There are three monosynaptic V(Cl) basins in
ClCH3.
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amount of the elongation decreases along the series from 0.149
Å in FC2H6

+ to 0.015 Å in IC2H6
+.

The results of the ELF analysis obtained for the initial
members of the XC2H5 series of structures (section 4.3) have
induced us to perform a detailed study of the energetic stability
of these structures with respect to the dissociation into fragments
(XCH2 + CH3 and XCH2 + CH3), taking into account both
singlet and triplet spin states. All the triplet spin structures
dissociate into two fragments during the optimization process.
In the case of the triplet FC2H5, the final structure is a hydrogen
bond complex, [CH3F---HCH], with a relative energy (RE) of
-0.4 kcal/mol with respect to the FCH3 + CH2 ground-state
fragments. The rest of the XC2H5 triplet spin structures have
also spontaneously dissociated during the optimization process
into XCH2 + CH3. We must mention that the final dissociated
fragments obtained during the optimization (XCH2 + CH3 or
XCH2 + CH3) are very dependent on the initial geometry,
namely, for some initial geometries the final fragments were
XCH3 + CH2 whereas other geometries lead to XCH2 + CH3.
At the present level of theory, the XCH2 (doublet)31 + CH3(2A1)
asymptote is more stable than the XCH3 (1A) + CH2 (3B1) by
around 13 kcal/mol, for all the members of the series.

We have analyzed the energetic stability of the optimized
XC2H5 (X ) F, Cl, Br, I) singlet spin structures, with respect
to the dissociation into both possible ground-state fragments.
The stability of the XC2H5 structures with respect to the XCH2

(doublet)31 + CH3 (2A1) fragments increases in going from F
to I, as shown by the corresponding RE values: +22.7, +10.9,
+4.8 and -1.2 kcal/mol, respectively.32 The same trend was

found in the case of the dissociation into XCH3 (1A) + CH2

(3B1), with RE values: +9.9, -2.6, -7.9 and -13.5 kcal/mol,
respectively. That indicates, therefore, that the first member of
the series, FC2H5, is thermodynamically unstable with respect
to the dissociation into both considered fragments, whereas
ClC2H5 and BrC2H5 are only unstable with respect to the
dissociation into XCH2 (doublet)31 + CH3 (2A1). The last
member of the series is thermodynamically stable with respect
to both dissociation processes. To have a better understanding
of the bond-breaking processes, we have explored the profiles
of the singlet and triplet potential energy curves of all the
members of the XC2H5 series, along the CH2X-CH3 and
CH3X-CH2 reaction coordinates. The results are collected in
Figures 5 and 6. In Figure 5 we report the profiles corresponding
to the XC2H5 (X ) F and Cl, respectively) dissociation into
XCH2 + CH3 (left side) and XCH3 + CH2 (right side), whereas
those of BrC2H5 and IC2H5 are shown in Figure 6. In that curves,
each step corresponds to a partial optimized structure in which
the corresponding X-C distance is fixed, whereas all other
variables are fully optimized. It can be seen that the triplet spin
curves are purely repulsive and that in all cases the dissociation
processes from the singlet ground-state XC2H5 structures, take
place through a crossing between the singlet and triplet potential
energy surfaces. That crossing involves in all cases a small
barrier height, with the only exception of the dissociation of
FC2H5 into FCH3 and CH2. As will be shown in section 4.3,
FC2H5 is really formed from two fragments, CH3F and CH2.
The energy gap of the ground- and excited-state XCH3 + CH2

dissociated fragments is in all cases around 11.6 kcal/mol

Figure 5. Potential energy profiles of (a) CH2F-CH3 (left) and CH3F-CH2 (right) and (b) CH2Cl-CH3 (left) and CH3Cl-CH2 (right). Energies
are in hartrees and distances in Å. Spin multiplicities are given in parentheses.
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(Figures 5 and 6). This value agrees well with the singlet-triplet
bare CH2 energy gap (9.215 kcal/mol).33 For the XCH2 + CH3

dissociation, the energy gap between the ground and excited-
state fragments obtained from the dissociation curves is around
40 kcal/mol, in all cases. That gap should correspond to the
transition of one of the fragments to an excited doublet spin
state. The lowest-energy doublet excited states of FCH2 and
ClCH2 are very close to that of CH3, with values that range
between 112 and 132 kcal/mol.34 Therefore, all possible excited
dissociated fragments appears to be quite higher in energy than
the 40 kcal/mol obtained from the potential energy curves, at
the present level of theory. In view of this result, we have also
considered the possibility that the singlet spin XC2H5 species
could disociate into charged species, namely, XCH2

- + CH3
+

and XCH2
+ + CH3

-, even when it is a well-known fact that
homolytic cleavage is always strongly prefered in the gas phase.
In fact, the calculated energy gaps between the charged
fragments and the neutral ground-state doublet spin fragments,
is much higher (between 200 and 220 kcal/mol). We have not
deepened the analysis of the excited-state fragments, which is
beyond the scope of this article, but it is possible that the present

level of theory is not able to provide a good estimation of the
excited-state asymptotes for the singlet spin CH2X-CH3

dissociation.
4.2. AIM Analysis. There is a CP of rank (3,-1) in the

internuclear area of the halogen and carbon atoms in all of the
compounds studied here. In Table 1 are listed the calculated
values of the critical point parameters that characterize the C-X
bonds. As mentioned in the Computational Details, the basis
set employed for iodine (6-311G(d)) is different from that used
for the rest of the atoms (6-311++G(d,p)). To check the
sensibility of AIM results to the different basis set employed
for the last member of the series, for bromine compounds we
have performed AIM calculations with both basis sets. It was
found that both basis sets yield similar results (Table 1). We
consider, therefore, that we can safely analyze the trend of AIM
results along the series, even when we have used a slightly
different basis set for iodine atom.

All C-X BCP in dimethylhalonium ions (X ) Cl, Br, I)
display a significant concentration of electronic charge with Fb

ranging from 0.1089 to 0.1501 au and negative values of 32Fb,
as in shared type bonds. The energy density Eb at the BCP is

TABLE 4: Basin Populations (Nj ), Atomic Contributions to Each Basin, and Variance of the Basins, σ2(Nj ) for
Dimethylbromonium and Dimethylbromonium Ylidea,b

dimethylbromonium dimethylbromonium ylide

basin Nj atomic contribution σ2 basin Nj atomic contribution σ2

C(C1) 2.09 [2.09] 2.09 [2.09] (C1) 0.26 [0.26] C(C1) 2.09 2.09 (C1) 0.25
C(Br) 27.76 [27.74] 27.76 [27.74] (Br) 1.23 [1.23] C(Br) 27.76 27.76 (Br) 1.23
C(C2) 2.09 2.09 (C2) 0.26 C(C2) 2.09 2.09 (C2) 0.26
V(H1,C1) 2.02 [2.04] 1.18 [1.13] (C1) 0.64 [0.65] V(H1,C1) 2.06 1.14 (C1) 0.92(H1) 0.68

0.84 [0.91] (H1)
V(H2,C1) 2.08 [2.05] 1.24 [1.14] (C1) 0.65 [0.65] V(H2,C1) 2.11 1.19 (C1) 0.92 (H2) 0.69

0.84 [0.91] (H2)
V(H3,C1) 2.04 [2.04] 1.21 [1.13] (C1) 0.65 [0.65] V(H3,C1) 2.08 1.16 (C1) 0.92 (H3) 0.68

0.82 [0.91] (H3)
V(H4,C2) 2.06 1.22 (C2) 0.84 (H4) 0.65 V(H4,C2) 2.09 1.15 (C2) 0.93 (H4) 0.67
V(H5,C2) 2.04 1.20 (C2) 0.84 (H5) 0.64 V(H5,C2) 2.06 1.13 (C2) 0.93 (H5) 0.68
V(H6,C2) 2.04 1.21 (C2) 0.82 (H6) 0.65
V(Br) 2.62 [2.25, 2.25]c 2.62 [2.25, 2.25] (Br) 1.34 [1.22] V(Br) 2.73 2.73 (Br) 1.41
V(C1,Br) 1.23 [1.25] 0.41 [0.62] (Cl) 0.83 [0.84] V(C1,Br) 1.09 0.62 (C1) 0.47 (Br) 0.77

0.82 [0.63](Br)
V(Br) 2.69 [2.25]c 2.68 [2.25] (Br) 1.36 [1.22] V(Br) 2.79 2.79 (Br) 1.41
V(C2,Br) 1.23 0.81 (Br) 0.42 (C2) 0.83 V(Br,C2) 1.78 0.12 (Br) 1.65(C2) 0.96

V(Br,C2) 1.24 0.94 (Br) 0.29 (C2) 0.87

a All quantities are in electrons. b The values in square brackets are for the BrCH3 molecule. c There are three monosynaptic V(Br) basins in
BrCH3.

TABLE 5: Basin Populations (Nj ), Atomic Contributions to Each Basin, and Variance of the Basins, σ2(Nj ) for
Dimethyliodonium and Dimethyliodonium Ylidea,b

dimethyliodonium dimethyliodonium ylide

basin Nj atomic contribution σ2 basin Nj atomic contribution σ2

C(C1) 2.09 [2.09] 2.09 (C1) 0.26 C(C1) 2.09 2.09 (C1) 0.26
C(I) 45.48 [45.49] 45.48 (I) 1.66 [1.66] C(I) 45.50 45.50 (I) 1.65
C(C2) 2.09 2.09 (C2) 0.26 C(C2) 2.08 2.08 (C2) 0.25
V(H1,C1) 2.04 [2.04] 1.17 (C1) 0.86 (H1) 0.65 [0.66] V(H1,C1) 2.06 1.12 (C1) 0.94 (H1) 0.67
V(H2,C1) 2.07 [2.05] 1.20 (C1) 0.86 (H2) 0.66 [0.66] V(H2,C1) 2.09 1.15 (C1) 0.94 (H2) 0.68
V(H3,C1) 2.05 [2.04] 1.19 (C1) 0.86 (H3) 0.66 [0.66] V(H3,C1) 2.06 1.12 (C1) 0.95 (H3) 0.68
V(H4,C2) 2.06 1.20 (C2) 0.86 (H4) 0.66 V(H4,C2) 2.08 1.13 (C2) 0.95 (H4) 0.68
V(H5,C2) 2.04 1.18 (C2) 0.86 (H5) 0.65 V(H5,C2) 2.05 1.09 (C2) 0.96 (H5) 0.69
V(H6,C2) 2.04 1.18 (C2) 0.86 (H6) 0.66
V(I) 2.80 [2.36, 2.37]c 2.79 [2.36, 2.37] (I) 1.47 [1.31, 1.31] V(I) 2.92 2.91 (I) 1.54
V(C1,I) 1.18 [1.24]c 0.56 [0.47] (Cl) 0.62 [0.78] (I) 0.81 V(C1,I) 1.14 0.76 (C1) 0.38 (I) 0.79
V(I) 2.84 [2.28] 2.83 [2.28] (I) 1.50 [1.28, 1.28] V(I) 2.87 2.86 (I) 1.52
V(C2,I) 1.19 0.62 (I) 0.57 (C2) 0.82 V(I,C2) 3.00 0.88 (I) 2.12 (C2) 1.54

a All quantities are in electrons. b The values in square brackets are for the ICH3 molecule. c There are three monosynaptic V(I) basins in
ICH3.
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negative in all cases, which is a typical feature of covalent bonds.
The small ellipticity values reveal the cylindrical symmetry of
these bonds. The picture of the C-F bonds is particularly
interesting. The values of the electron density at the BCP are

significant and the ellipticity suggests a local axial symmetry.
It seems that this data could point to a single covalent bond;
however, the values of 32Fb at the BCP are relatively small
and positive. It is necessary to point out that there are cases in

Figure 6. Potential energy profiles of (a) CH2Br-CH3 (left) and CH3Br-CH2 (right) and (b) CH2I-CH3 (left) and CH3I-CH2 (right). Energies
are in hartrees and distances in Å. Spin multiplicities are given in parentheses.

Figure 7. Localization domain reduction tree diagram of (a) FC2H5 (1A) and (b) ClC2H5 (1A).
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which the positive value of 32Fb is accompanied by a consider-
able electronic charge density concentration in the region
between the atoms, but this effect is mostly the result of an
important charge shifting that is followed by an interatomic
surface shifting.19 In consequence, the BCP would be localized
in the positive value region of 32Fb. The energy density Eb at
the C-F BCP is negative just like happens for covalent bonds.
In conclusion, this bond can be considered as an interaction
intermediate between closed-shell and shared and be described
as a polar bond. Similar results have been previously reported
for other molecules containing the C-F bond.35

The C-X bond critical points in dimethylhalonium ylides
display a behavior typical of shared interactions. Comparing
the results obtained for the dimethylhalonium ylides with that
of dimethylhalonium ions, we note a decrease of the charge
density at the X-CH3 BCP and an increase of the charge density
values at the X-CH2 BCP, for all the members of the series,
with the only exception of FC2H5. As mentioned in the previous
section, the dimethylfluoronium ylide is the only case in which
the F-CH2 distance is longer than the F-CH3 bond length. As
a consequence of this feature, the charge density has a
considerable value at the F-CH3 BCP and a notably lower value
at the BCP linking the CH2 and the F atom. For the sake of
comparison, we have performed the AIM analysis also for the
XCH3 series of compounds. We note that in all cases the charge
density at the X-CH3 BCP is sligthly higher than the corre-
sponding value for the dimethylhalonium cation, which indicates
a slight weakening of the X-C bond in going from XCH3 to
XC2H6

+. The difference, however, decreases notably along the
series (see Table 1).

In the Supporting Information (Table S1) we have included
the AIM atomic basin populations together with the correspond-
ing variances, σ2[Nj (ΩA)], and the atomic charges, for the XCH3,
XC2H6

+ and XC2H5 series. As well, we report the delocalization
index, δ(C,X), for the same series of compounds (Supporting
Information, Table S2). It can be seen that the delocalization
index increases along the XCH3 series from 0.86 in FCH3 to
1.14 in ICH3. We observe, therefore, an increasing of that index
with a decreasing in the electronegativity difference between
the atoms, in agreement with the trend reported in previous
studies concerning this index.20 The trend is the same for the

XC2H6
+ compounds, with values that are always slightly lower

than the corresponding values for the XCH3 compounds. This
can be understood considering that in this series the halogen
electrons are delocalized over two carbon atoms. The δ(C,X)
indexes corresponding to the X-CH3 bond in the XC2H5 series
are systematically lower than the corresponding value for the
XCH3 and XC2H6

+ homologues, with the only exception being
FC2H5, which has a value slightly higher than FCH3. For the
X-CH2 bond of the ylides series there is an increase from
the very low value of FC2H5 (0.26) to the 1.38 of IC2H5. The
extremely low value calculated for FC2H5 agrees with the
description of that moiety obtained from ELF analysis (see next
section). The values for the rest of the series range from 1.28
to 1.38, namely between the formal values of bond order 1 and
2, underlying the necessity to invoke different mesomeric
structures to explain the CH3X-CH2 bonding.

4.3. ELF Analysis. The topological analysis of the ELF
function of dimethylfluoronium cation gives rise to ten valence
basins, six of which are protonated disynaptic V(C,H) basins,
which represent the C-H covalent bonds. The electron popula-
tion of the V(C,F) basins is very low, namely, 0.81 electrons.
Moreover, the standard deviation of that basin population is on
the order of Nj , and an analysis of the cross-contributions
indicates a strong electron delocalization with the fluorine lone
pairs. Around 90% of the V(C,F) basin population comes from
the F atom. The other two valence basins present in this structure
are monosynaptic V(F) basins, which represent the lone pairs of
the F atom and have electron populations close to 3 electrons. With
the aim of comparison we have performed the ELF analysis also
for the XCH3 series, and we have found that the characteristics of
the X-C bonds are very close to that of the cationic series. In the
case of FCH3, the basin population of the V(C,F) basin is slightly
higher than that of FC2H6 (0.92 e), mainly as a consequence of a
greater contribution coming from the C atom. FCH3 presents three
monosynaptic V(F) basins with an electron population of 2.26, 2.24,
and 2.12 e, respectively.

The description of the C-F bond provided by the ELF
analysis, indicates that they are not classical covalent bonds in
which two spin-paired electrons provide the bonding. This type
of bonding situation has been often found in atoms bearing lone
pairs. The bonding populations are usually significantly lower

Figure 8. Localization domain reduction tree diagram of (a) BrC2H5 (1A) and (b) IC2H5 (1A).
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than the expected value (in this case 2 electrons), at the expense
of increased lone-pair populations. The origin of the so-called
lone-pair bond weaking effect (LPBWE) has been extensively
studied and its importance has been demonstrated for all atoms.36

This subject has been analyzed in the context of charge-shift
bonding, and it has been found that in ELF analysis it is
manifested by a depleted basin population with a large variance
and a negative covariance.36

Table 2 collects the dimethylfluoronium and dimethylfluo-
ronium ylide basin populations (Nj ) together with the corre-
sponding variances (σ2), whereas Figure 1 displays the relevant
geometrical parameters and the localization domains of the same
molecules. We present for these species the localization domains
at two different values of the ELF function, η ) 0.85 and 0.75.
The values in square brackets (Table 2 and Figure 1) correspond
to FCH3.

Comparing the results obtained for dimethylfluoronium ylide
with that of dimethylfluoronium, we note that as a consequence
of the cation deprotonation, the lacking V(C2,H) valence basin
is substituted by a monosynaptic V(C2) valence basin with a
population of 2.12 electrons. That basin is spatially located in
the place of the missing disynaptic basin (Figure 1), offering a
strong justification of the molecular geometry and showing a
clear agreement with the VSEPR rules. Moreover, this structure
is characterized by the absence of a disynaptic V(C2,F) valence
basin, which indicates that there is not a covalent bond between
the two moieties (FCH3 and CH2). We can consider the initial
member of the series as an extreme case in which the LPBWE
effect is enhanced by the large electronegativity difference and
the structure appears as formed by two moieties. As mentioned
in the previous sections, the dimethylfluoronium ylide is the
only case in the series of ylides studied here, in which the
X-CH2 distance is longer than the X-CH3 bond length and is
the only singlet-spin-state ylide that is unstable with respect to
the dissociation into the FCH3(1A) + CH2(3B1) fragments. The
electron population of the basins associated to the CH2 fragment
are practically identical to that of the bare singlet-spin-state CH2.
Comparing FC2H6

+ and FC2H5, we note also a slight increase
in the V(C1,F) basin population, which is in line with the
shortening of the C1-F bond length (Table 2).

In Table 3 are gathered the basin populations for dimethyl-
chloronium, dimethylchloronium ylide and ClCH3. Comparing
the results obtained for ClC2H6

+ with that of FC2H6
+, we note

an increase in the electron population of the disynaptic V(C,Cl)
basins (1.35 e), with respect to the 0.81 e of V(C,F), which is
accompanied by a simultaneous diminishing of the V(Cl)
electron population. The atomic contribution to that basin
coming from carbon atom has raised up to 35% of the total
population, which can be understood as an increase of the X-C
covalent bond character. The rest of the basins are similar to
that found in the dimethylfluoronium, namely, six V(C,H) basins
with an electron population close to two electrons, and two
monosynaptic V(Cl) basins, each one with an electron popula-
tions of around 2.5 e.

For dimethylchloronium ylide, we note at first the presence
of a disynaptic V(Cl,C2) basin, with a population of 1.46 e,
which was missing in the fluoronium homologue. As mentioned
in the previous section, in contrast to dimethylfluoronium ylide,
the Cl-CH2 distance is notably shorter to the Cl-CH3 one.
The increase of the V(Cl) populations with respect to the cation
explains the stretching of the CH3-Cl bond, which becomes
protocoValent.37 In fact, at the equilibrium distance the bond
between Cl and the CH3 fragment is characterized by the
presence of two monosynaptic valence basins, with an electron

population of 0.51 e (Table 3). Within the framework of ELF
analysis a covalent interaction is characterized by the splitting
of a disynaptic basin into two monosynaptic ones upon bond
stretching. In the case of the so-called protocoValent bonds that
topological change occurs at a bond distance that is shorter than
the equilibrium bond length, and that is exactly what happens
with the Cl-CH3 bond of chloronium ylide. Therefore, in going
from ClC2H6

+ to ClC2H5 we note a reinforcing of the Cl-CH2

bond and a weakening of the Cl-CH3 bond. The rest of the
basin are similar to those of FC2H5, namely two monosynaptic
V(Cl) basins, with electron populations higher than two electrons
and a monosynaptic V(C2) basin, with an electron population
of 1.54 e that, as in the previous case, is spatially localized in
the space of the lacking C-H bond. In Figure 2 are depicted
the geometrical structures of dimethylchloronium and dimeth-
ylchloronium ylide, as well as the localization domains for
isosurfaces of η ) 0.83 and 0.78. For the sake of comparison
we have included the calculated Cl-CH3 bond distancies (values
in square brackets).

The topological analysis of the ELF function for dimethyl-
bromonium and dimethyliodonium cations shows the same type
of basins of the previously described homologues (Tables 4 and
5, respectively). Comparing the V(C,X) valence populations in
the series of the dimethylhalonium ions, we note an initial
increase of that population in going from F (0.81 e) to Cl (1.35),
followed by a decrease in Br (1.23 e) and I (1.19 e). The higher
population of the disynaptic V(C,Cl) basin is accompanied by
a corresponding lowering of the V(Cl) basin populations. The
same trend is observed in the XCH3 series.

Comparing the dimethylbromonium and dimethyliodonium
ylides with the previous members of the series we note an
important increase of the disynaptic V(X,C2) electron popula-
tions, which is around 3.0 electrons in both cases. In the case
of dimethylbromonium ylide that population is distributed
between two different V(C2,Br) disynaptic basins, one of which
has a population of 1.78 e and is spatially located in the same
position of the V(C2) basin in the previous studied homologues.
The contribution to its population coming from Br is around
10% of the total population. The second V(C2,Br) basin has
1.24 e and is located between the center of the C(2) and Br
atoms. The Br atom contributes to this basin with around 75%
of the total population. The description of the CH3Br-CH2 bond
obtained from ELF analysis permits to interpret this bond as
an hybrid covalent-dative double bond.

In the case of dimethyliodonium ylide, the V(C2,X) basins
present in CH3Br-CH2 are merged in one V(C2,I) disynaptic
basin with a population of 3.0 electrons, which is localized on
the C atom. The halogen atom contributes with 30% of the basin
population.

The electron population of the V(X,C) basins and the
corresponding atomic contributions (Tables 2-5) indicate that
the formation of the XC2H6

+ structures results from the
interaction of CH3X and CH3

+ and can be interpreted in terms
of the superposition of two electrostatically and two dative
mesomeric structures24

In the case of dimethylhalonium ylides the ELF basin

populations and the corresponding covariance matrix of the
valence basins show that for BrC2H5 and IC2H5 the structures
can be considered in terms of the resonance structures presented
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in Scheme 1. In the case of FC2H5 instead the contributing
structures are

Finally, in the case of ClC2H5, ELF analysis indicates that the
structure can be interpreted as the superposition of the following
resonance structures.

With the aim to complement the population analysis and to
clarify the bonding differences between the halonium ylides
studied here, we report the localization domain reduction tree
diagrams for all the members of the series. These types of
diagrams are very useful to discuss the bonding in molecules
and complexes and allow us to characterize uniquely the nature
of the bonding.38 Figure 7 displays the reduction diagrams of
the singlet ground-state FC2H5 and ClC2H5 structures, whereas
those of BrC2H5 and IC2H5 are schematized in Figure 8. The
bifurcation diagram of FC2H5 presents characteristics that
distinguish it from the rest of the ylides. Indeed, the first
reduction of the FC2H5 diagram yields two composite domains
corresponding to the interacting moieties (FCH3 and CH2),
which indicates that such a structure cannot be considered as
being chemically bonded. In contrast, the initial parent domain
of the rest of the ylides first splits into core domains and a single
valence domain that contains all the valence attractors. The fact
that the halogen core domains appears at different η(r) values
is consistent with the different relative electronegativity of the
centers. F is the most electronegative atom and therefore
preserves its atomic shell structure up to rather high η(r) values,
whereas iodine is the less electronegative of the series and the
core domain splits at the initial bifurcation.

5. Conclusions

In this work, we have used topological methodologies (ELF
and AIM analysis) to characterize the X-C (X ) F, Cl, Br,
and I) bonds in a series of dimethylhalonium ions and
dimethylhalonium ylides. The main conclusions brought from
this study can be resumed as follows:

1. In AIM analysis, the data describing the bonds of
dimethylhalonium ions are typical of covalent bonds. The
analyzed X-CH3 bonds are characterized by a relatively large
electron density at the BCP and negative values of the energy
density. It was shown that the deprotonation of the XC2H6

+

and the formation of XC2H5 results in a decrease of electron
density at the BCP of the X-CH3 bond and an increase of the
density at the X-CH2 BCP. The exception is dimethylfluoro-
nium ylide in which the topological properties in the F-CH3

bond displays a large contribution of the covalent character,
whereas in the F-CH2 bond displays the smallest contribution,
a clear indication of a rather weak interaction.

2. ELF analysis shows that in all the studied species (XC2H5,
XC2H6

+, XCH3) the X-C bonds are characterized by depleted
basin populations, together with variance values that are of the
order of that populations. All V(X,C) basins have strong cross-

contributions with their respective V(X) basins, which have in
all cases electron populations larger than expected (4 electrons).
This type of bonding features has been often found in atoms
bearing lone pairs (LPBWE effect), and has been recently
analyzed in the context of charge-shift bonding. The description
of the bonding provided by ELF indicates that the formation of
the XC2H6

+ structures results from the interaction of CH3X and
CH3

+ and can be interpreted in terms of the superposition of
two electrostatically and two dative mesomeric structures. This
interpretation of the bond accounts for the low values of
ellipticity at the bcp obtained from AIM analysis and for the
low V(C,X) populations.

The formation of the dimethylhalonium ylides can be
interpreted considering the deprotonation of the cations, which
in a first step substitutes the V(C,H) protonated disynaptic basin
by a monosynaptic V(C) that can be involved in a dative bond
between the CH2 and XCH3 moieties. In the case of FC2H5,
the large electronegativity difference enhances the LPBWE
effect and the deprotonation product appears as formed from
two fragments, CH3F and CH2. The chloronium ylide is
characterized by the presence of a single CH3X-CH2 covalent
bond, formed mainly from the contribution coming from the
halogen atom. In this structure the V(C) monosynaptic basin is
still present on the carbon atom. In addition the CH3-Cl bond
has all the characteristics of a protocoValent bond. In the case
of Br there is a particular type of CH3Br-CH2 double bond,
which can be considered as an hybrid covalent-dative double
bond. For I, the two V(X,C2) basins present in BrC2H5 are
merged in a disynaptic basin with a population of 3.0 electrons.
All the dimethylhalonium ylide structures have been interpreted
in terms of two mesomeric structures.
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