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Abstract: To understand the structural and stability of fragmentation of Mg2+CH3OH Complex in gas phase under an external
electric field, a quantum chemical calculation has been carried out with Density Functional Theory (DFT) at BMK/6-31+G (d).
Different levels of applied electric field (0.0, 0.002, 0.004, 0.006, 0.008 and 0.01 a.u.) change the geometrical parameters as well
as the energies of the complex. Variations in NPA atomic charges of the fragments for the applied fields were compared. The
electric field was applied to the five major reaction channels of Mg2+CH3OH complex. At zero fields, the complex is
thermodynamically unstable with respect to the loss of CH;OH', CH;", and CH;0" but thermodynamically stable toward the loss
of H'. The presence of large kinetic energy barriers for unimolecular dissociation prohibits the exothermic processes. With
increases the field strength the thermodynamic stability of complex increases for all channels. The resultant dipole moment (uT)
increases almost linearly with the increase of field. The complex becomes highly polarized for the higher field (0.01 a.u.) and the
dipole moment becomes 14.77 D. The relationship between dissociation product and field strength is very complex due to the
different responses of the reactants and transition states toward the external electric field.
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external electric field on fragmentation of an energetic
precursor, one should study the net reaction as a whole since
many reaction channels can be accelerated or blocked as the
field strength differs.

The electric field created by charger [13, 14] or external
electric field was used to determine the hydrogen bond [15,
16]. Electric field, pressure, temperature, and density cause
variation of the distance and the hydrogen bond strength [17].
The weakening or strengthening of the hydrogen bond can be
explained regarding a high polarizability of the molecular
orbital with the direction of the electric field applied [18].

Yamanouchi and co-workers have examined the
fragmentation of methanol by intense 800 nm laser pulses,

1. Introduction

The quick development of laser techniques opens a new
area for understanding the interactions of molecules with the
laser field [1]. The laser field, especially the strong laser field,
within the molecule can stimulate different reactions, such as
multiple ionization [2], field ionization [3], and field
dissociation [4, 5] and even Coulomb explosion [6, 7]. To add
to this, the preferred and selectivity of bond activation in
molecules and clusters can be changed due to the effect of an
external electric field [8, 9]. Recently the influence of external
electric field on the fragmentation of some polyatomic
molecules with single or multiply charges has also been

investigated theoretically [10-12], but they focused only on
the individual interaction with the electric field in the fixed
direction. The direction of a molecule under an electric field
should be adapted according to the direction of its dipole
moment. With or without an intense laser, the number of
fragmentation channels for an active precursor is usually more
than one and depends on its nature and energy of its
fragmentation. In order to characterize the full effect of the

with an aim to understanding the behavior of methanol mono-
and dications in strong laser fields [19—26]. Electrical field
effects on dipole moment, structure and energetic of (H,0), (2
<n < 15) cluster has been studied by Rogério Custodio et. al.
[27]. Behavior of water dimer under influence of external
electric field and its ionization also have been studied
theoretically [28, 29]. Theoretical study on the fragmentation
of ethanol cation under an electric field has been studied by
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Hsiu-Feng Lu et.al. [30].

Many computational and theoretical studies on chemical
properties of several organic molecules have been reported
and investigated using quantum theory of atoms in molecules
[31, 32]. Quantum chemical calculations, Density functional
theory (DFT)) method which includes optimization, are used
to predict structural and electronic properties of molecules. It
is used to find minima on the potential energy surface of a
molecule. Optimization to minima also known as energy
minimization decreases the energy of a molecule by adjusting
atomic coordinates [33]. Obtaining a structure for calculating
a single-point quantum mechanical gives a broad point of
structural and electronic properties [33, 34]. Even though
many physical and chemical phenomena are experimentally
studied in condensed phases, the great majority of quantum
chemical calculations for studying of the structure, properties
and spectroscopy deal with isolated molecules. The current
study uses quantum chemical calculations to report the
structural, energetic features and their relative stability in the
gas phase of Mg2+CH3OH complex fragmentations under
various applied electric fields.

2. Computational Details

The effect of electric field (EF) on the structural, stability
and energetic of fragmentation of Mg**CH;0H Complex, has
been obtained by optimizing it for the zero and applied fields
[five biasing steps 0.0002 to 0.01 a.u.] for C-O and O-Mg
directions. All calculations have been carried out with density
functional theory (DFT) [35, 36] using Gaussian09 program
[37]. All geometry optimizations were performed using
density functional theory DFT/BMK as introduced by
Boese and Martin [38]. For different stationary point, we
carried out vibrational frequency calculations to characterize
their nature as minima or transition states and to correct
energies for zero-point energy. The transition states for
unimolecular dissociation channels have been located using
the synchronous transit-guided quasi-Newton (TS) technique,
the eigenvalue-following (EF) optimization procedures as
implemented in the Gaussian program [37]. The vibrational
modes were examined with the Chemcraft program V1.8 [39].
Partial charge distributions were calculated using the natural
population analysis (NPA) method [40]. The nature of the
transition states was confirmed by the presence of one
imaginary frequency in the Hessians. The BMK [38]
functional gives a better performance in reproducing barrier
heights for different reactions and it is use it in this work.

3. Results and Discussion

The geometrical parameters are important for adjusting the
electrical properties of a molecule. Therefore, we study the
change of bond length and bond angle under the electric field
interaction. It is useful to understand the relationship between

molecular structure and its properties.

The Mg2+CH3OH produce different products under applied
electric field via simple bond fission or hydrogen transfer with
breaking and forming bonds (complex dissociation).
Transition states for channels were located and frequency
analysis confirmed these transition states. It may be susto a
variety of dissociation channels which can be summarized as
follows:

1. Mg*CH;0H — Mg*" +CH;0H
Mg* CH;0H—Mg" +CH;OH"

Mg* CH;O0H—MgOH" +CH;"
Mg* CH;OH—MgH" + CH;0"
Mg* CH;OH—MgOCH;" +H"

nRewD

3.1. Structural Properties

The optimized geometry of the CH;O0H, CH,0H",
Mg*'CH;0H and transition states for different dissociations
for the zero and the various applied EFs (0 -0. 01 a.u.) is
illustrated in Figure 1.

In Table 1, important geometrical parameters of these
species were tabulated to describe the structural changes due
to the electric field.

I found that for the zero fields, the C—O bond distance of
CH;O0H are 1.411 A. When the field applied, these distances
are increased slightly; however, the EF's dependence on the
evaluation bond length is not the same for all the bonds; the
minimum and maximum observed variation in C—O bonds are
0.003 and 0.015 A, respectively (Table 1). In addition, the C-H
bond distances under applied electric field are slightly
decreased. The zero field distance of O—H bond is ~ 0.964 A,
which remains almost the same value for the increase of field.
The bond angles are different under effect of EF such as
OIC2H3, O1C2H4, OIC2HS5 and OIC2H6 angles are
deceased with increased the electric field. Almost all the bond
distances and bond angles have been varied by the application
of external field. My computed geometrical parameters for
methanol at zero field are in good agreement with the values
calculated [41, 42] at the MP2/6- 311 + G (2d, p),
QCISD/6-31G (d) and B3LYP/6-311G (d, p) levels of theory.
These geometrical parameters are very close to the previously
reported experimental as well as theoretical values [43].

For CH;OH", I found that the C—O bond distance does not
change significantly as the field strength increases. While the
C-H bond lengths under applied field are slightly increased.
For example, these C2—H3 and C2-H4 bond lengths are 1.131
A without field and become 1.140 A with a 0.01 a.u. electric
field. However, O-H bond length is slightly decreased as the
field increases. The O1C2H3, O1C2H4 and O1C2HS5 angles
are enlarged with increased EF but O1C2H6 angle is
decreased. Our calculations for geometrical parameters of
CH;0H" are in good agreement with the value calculated at
B3LYP/6-311G (d, p) [42].
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Figure 1. Optimized structures of CH;OH, CH;OH', Mg’ CH;0H and
transition states for dissociation.

Table 1 shows that the C—O bond length in complex decreases
as the field strength increases. For example, this C—O bond length
is 1.513 A without field and becomes 1.497 A with a 0.01 a.u.
electric field. While the C-H bond lengths under applied field are
slightly shorten. The O-H bond distance is slightly increased with
increased the field. A variation has been noticed in bond angles of
the complex (ca. 1-18°.). My Computed results for Mg?CH;OH

complex is agree with the geometries that calculated at
B3LYP/6-311G (d, p) [42].

In the transition states, a total charge of +2 e is imposed on
the whole system. Therefore, we could differentiate between
loss of charged and neutral species from charge distribution
over the separated fragments in the transition states. The loss
of Mg', CH;" H" and CH;0" passes through TS1-4.

As can be seen from Figure 1, a significant elongation in the
breaking bonds in the relevant transition states, e.g. 4.801 A
for the Mg—O bond in TS1 compared to Mg CH;OH at zero
field. With increasing the electric field the Mg-O bond length
is decreasing. The C-O bond in TS2 and O-H bond in TS3 they
have the same trend of TS1 with increasing the field. In TS4
the O-Mg bond length increases with increase the field
strength while C2-H4 bond length decreases with increases
field strength due to the breaking bonds in the relevant
transition states.

The sum of NPA charges over CH; fragment in TS2 of +1.1
e indicates the separation of methyl cation. In TS4, the NPA
charges over the H fragment of +0.6 e reveal formation of a
proton. The formation of CH,OH cation was realized from the
charge of 0.7 e over this fragment in TS3. The influence of
electric field on the transition states bond lengths and bond
angles (TS1-4) are noticed (Table 1). In general, the results in
Table 1 show that there is large structural change for every
species. However, the magnitude of these structural changes is
not related to their energy decreasing when they are under an
electric field. It points that the electric field affects the
electronic structures of the reactants and transition states quite
differently by distorting their structures in slightly different
way to adjust the external electric field.

Table 1. Geometrical parameters for CH30OH, CH;OH" and Mg”* CH;OH for the zero and various applied EFs (a.u.) at BMK/6-31+(d).

Applied electric field

parameters 0.0 0.002 0.004 0.006 0.008 0.01
CH;OH

C2-01 1.411 1.414 1.417 1.419 1.423 1.426
C2-H3 1.102 1.101 1.100 1.010 1.099 1.099
C2-H4 1.095 1.094 1.094 1.094 1.094 1.093
C2-H5 1.102 1.102 1.100 1.010 1.010 1.099
O1-Hé6 0.964 0.964 0.964 0.963 0.963 0.963
A (01-C2-H3) 112.0 111.9 111.8 111.7 111.6 111.6
A (O1-C2-H4) 106.6 106.7 106.7 106.8 106.7 106.7
A (O1-C2-HS5) 112.0 112.0 111.9 111.8 111.6 111.6
A (H6-01-C2) 109.5 109.1 108.6 108.3 107.9 107.5
CH;0H"

C2-01 1.348 1.348 1.348 1.348 1.348 1.348
C2-H3 1.131 1.133 1.135 1.137 1.139 1.140
C2-H4 1.132 1.133 1.135 1.137 1.138 1.140
C2-H5 1.092 1.092 1.092 1.092 1.093 1.093
O1-Hé6 0.989 0.988 0.987 0.986 0.985 0.984
A (O1-C2-H3) 106.2 106.4 106.7 107.0 107.3 107.6
A (01-C2-H4) 106.2 106.5 106.8 107.0 107.3 107.6
A (O1-C2-HS5) 116.6 116.8 117.0 117.1 117.3 117.4
A (H6-01-C2) 115.5 114.9 114.3 113.7 113.2 112.6
CH;0HMg"™

C2-01 1.513 1.512 1.508 1.504 1.500 1.497
C2-H3 1.092 1.092 1.092 1.092 1.092 1.092
C2-H4 1.092 1.093 1.093 1.094 1.094 1.095
C2-H5 1.092 1.093 1.093 1.094 1.095 1.095
O1-H6 0.977 1.093 0.974 0.973 0.972 0.972
0O1-Mg 1.903 1.917 1.928 1.944 1.970 1.993
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Applied electric field

parameters 0.0 0.002 0.004 0.006 0.008 0.01

A (O1-C2-H3) 107.1 107.2 107.4 107.7 107.8 108.0
A (O1-C2-H4) 106.8 107.4 107.2 107.2 106.9 106.8
A (O1-C2-H5) 107.1 107.4 108.0 108.4 109.0 109.4
A (H6-01-C2) 107.4 109.9 111.0 111.8 112.0 112.0
A (Mg-O1-H6) 122.6 1253 127.8 129.4 129.2 128.5
A (Mg-O1-C2) 130.1 124.9 120.7 117.5 114.6 111.7

Table 2. Geometrical parameters for the transition states of Mg’ CH;OH for the zero and various applied EFs (a.u.) at BMK/6-31+(d).

Applied electric field

parameters 0.0 0.002 0.004 0.006 0.008 0.01
CH;OH +Mg" (TS1)

C2-01 1.399 1.418 1.372 1.391 1.407 1.423
C2-H3 1.111 1.094 1.129 1.127 1.124 1.122
C2-H4 1.091 1.101 1.107 1.107 1.107 1.107
C2-H5 1.112 1.100 1.157 1.144 1.137 1.131
O1-H6 0.973 0.967 0.973 0.973 0.973 0.973
01-Mg 4.801 4.704 2.981 2.782 2.650 2.543
A (O1-C2-H3) 111.2 107.6 108.8 108.9 108.9 108.9
A (O1-C2-H4) 108.5 111.0 117.7 117.0 116.2 115.5
A (O1-C2-HS) 110.3 111.6 113.5 114.2 114.6 114.8
A (H6-01-C2) 109.6 109.8 112.8 112.3 111.9 111.3
A (Mg-O1-H6) 115.0 142.0 146.5 147.2 145.0 142.6
A (Mg-01-C2) 132.8 107.7 49.0 54.0 56.9 59.1
CH;'+ MgOH" (TS2)

C2-01 3.557 3.292 3.1026 2.949 2.821 2.713
C2-H3 1.094 1.093 1.093 1.092 1.091 1.091
C2-H4 1.093 1.093 1.092 1.092 1.091 1.094
C2-HS5 1.094 1.093 1.093 1.093 1.093 1.091
O1-H6 0.973 0.973 0.972 0.972 0.972 0.973
01-Mg 1.820 1.814 1.808 1.803 1.804 1.812
A (O1-C2-H3) 88.0 88.3 88.1 93.2 92.9 94.6
A (O1-C2-H4) 95.2 95.7 95.5 89.8 91.9 90.5
A (O1-C2-HS) 88.0 88.1 89.5 91.1 91.0 92.8
A (H6-01-C2) 88.9 93.9 99.4 104.4 105.6 102.4
A (Mg-O1-H6) 118.7 121.0 124.7 129.4 133.0 132.8
A (Mg-01-C2) 152.5 145.1 1359 126.2 114.8 103.0
H*+CH;OMg" (TS3)

C2-01 1.398 1.411 1.400 1.405 1.408 1.411
C2-H3 1.109 1.102 1.103 1.102 1.101 1.101
C2-H4 1.112 1.115 1.115 1.115 1.115 1.114
C2-H5 1.094 1.093 1.095 1.096 1.096 1.097
O1-H6 3.525 3.415 3.541 3.510 3.456 3.407
O1-Mg 1.826 1.868 1.843 1.865 1.882 1.900
A (O1-C2-H3) 111.4 112.7 112.8 113.5 114.0 114.4
A (O1-C2-H4) 110.5 109.1 109.4 108.9 108.5 108.2
A (O1-C2-H5) 110.2 109.4 109.9 109.7 109.6 109.7
A (H6-01-C2) 90.2 95.9 91.0 91.5 92.0 92.7
A (Mg-O1-H6) 122.4 117.9 113.3 106.2 100.4 95.5
A (Mg-O1-C2) 137.8 1332 132.2 127.1 123.2 119.2
CH,OH +MgH" (TS4)

C2-01 1.312 1.311 1.310 1.309 1.309 1.308
C2-H3 1.100 1.099 1.099 1.099 1.099 1.101
C2-H4 1.264 1.262 1.258 1.251 1.251 1.216
C2-H5 1.100 1.100 1.100 1.101 1.101 1.101
O1-H6 1.540 1.579 1.619 1.667 1.101 1.858
01-Mg 3.227 3.248 3.295 3.392 3.392 3.686
A (O1-C2-H3) 118.6 118.8 119.0 119.2 119.2 119.0
A (O1-C2-H4) 67.5 67.7 68.4 69.6 69.6 77.9
A (O1-C2-HS) 118.6 118.3 118.0 117.8 117.8 117.0
A (H6-01-C2) 119.5 119.2 118.5 116.8 116.8 111.7
A (Mg-O1-H6) 13.0 14.8 154 14.6 14.6 11.1

A (Mg-O1-C2) 132.6 128.7 123.5 118.4 118.4 110.0
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3.2. Atomic Charges and Dipole Moments

To determine the atomic charges, different methods are
available, the most commonly used are Natural population
analysis, Mulliken population analysis and Chelpg scheme. In
the current study the charges have been calculated by NPA
method [40]. For the zero fields, the NPA charge for O-atom of
all species is found almost negative except CH;OH " and with
increasing the field it gain more negative charge except
complex. The H-atoms are positive except H6 in TS4. For all
species the NPA charge on C atoms are negative except at
TS2. When the field increases, the charges of the C atom are
found almost increases except in TS2. The NPA charges of all
H-atoms are decreases except H6 as the field increases. The
complete values of NPA charge distribution for zero and
various applied EFs are presented in Tables 3 and 4. On the
whole, it is found that the all atom of species exhibit
systematic variation for the increase of field. This indicates
that the CH;OH molecule is polarized by Mg*" dication.

The dipole moments of the studied Complex and their
dissociation channels in the gas-phase calculated at the BMK
level of theory are given in Table 3. Increases in dipole
moments are observed with increased field. However, the
values of the increments vary according to the values of
electric field in the gas-phase. The applied EF leads to
redistribution of charges of the molecular chain, and therefore
the dipole moment of the molecule changes [44, 45]. Thus, we
can estimate the electron transport ability simply by
comparing the dipole moments of the molecule to the different
applied EFs. The variations of dipole moment for the various
applied EF were analyzed by several researchers [46] and
found a linear character. Here, I have calculated the dipole
moment of the molecule for zero as well as different applied
EFs. The resultant molecular dipole moment (uT) increases
almost linearly with the increase of field. The complex
becomes highly polarized for the higher field (0.01) a.u and
the dipole moment becomes 14.77D.

Table 3. NPA atomic charges (e) for CH;OH, CH;OH" and the Mg®* CH;OH for the zero and various applied EFs (a.u.) at BMK/6-31+ (d).

Applied electric field

Atom 0.0 0.002 0.004 0.006 0.008 0.01
CH;0H

O1 -0.790 -0.793 -0.796 -0.800 -0.803 -0.806
C2 -0.334 -0.337 -0.339 -0.341 -0.343 -0.345
H3 0.200 0.202 0.205 0.208 0.211 0.213
H4 0.228 0.230 0.231 0.233 0.235 0.237
HS5 0.200 0.202 0.205 0.208 0.211 0.213
H6 0.497 0.495 0.493 0.491 0.490 0.487
CH;0H"

0O1 0.183 0.169 0.156 0.142 0.129 0.114
C2 -0.119 -0.113 -0.107 -0.100 -0.093 -0.086
H3 0.253 0.257 0.261 0.264 0.268 0.271
H4 0.253 0.257 0.260 0.263 0.267 0.270
H5 0.146 0.148 0.149 0.150 0.152 0.153
H6 0.283 0.282 0.281 0.280 0.279 0.277
CH;0HMg"

01 -1.040 -1.035 -1.028 -1.020 -1.008 -0.996
C2 -0.347 -0.361 -0.368 -0.373 -0.378 -0.384
H3 0.291 0.295 0.294 0.292 0.289 0.287
H4 0.252 0.273 0.270 0.271 0.272 0.271
HS5 0.291 0.273 0.275 0.275 0.274 0.273
H6 0.602 0.604 0.603 0.601 0.597 0.593
Mg 1.951 1.952 1.953 1.954 1.954 1.955

Table 4. NPA atomic charges (e) for transition states of Mg®* CH;OH for the zero and various applied EFs (a.u.) at BMK/6-31+G (d, p).

Applied electric field

Atom 0.0 0.002 0.004 0.006 0.008 0.01
CH;0H +Mg" (TS1)

0O1 -0.621 -0.775 -0.766 -0.790 -0.803 -0.815
C2 -0.355 -0.345 -0.476 -0.532 -0.568 -0.594
H3 0.283 0.208 0.220 0.236 0.252 0.264
H4 0.258 0.247 0.381 0.392 0.399 0.405
H5 0.294 0.242 0.147 0.187 0.211 0.231
H6 0.538 0.530 0.573 0.575 0.576 0.577
Mg 1.602 1.893 1.921 1.930 1.932 1.931
CH;"+ MgOH'" (TS2)

01 -1.406 -1.410 -1.413 -1.416 -1.414 -1.406
C2 0.199 0.190 0.181 0.167 0.140 0.111
H3 0.262 0.264 0.267 0.271 0.279 0.286
H4 0.262 0.261 0.260 0.259 0.266 0.255
HS5 0.263 0.263 0.263 0.263 0.256 0.268
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Applied electric field

Atom 0.0 0.002 0.004 0.006 0.008 0.01
H6 0.528 0.536 0.544 0.553 0.562 0.569
Mg 1.892 1.896 1.899 1.904 1.911 1.916
H'+CH;OMg'(TS3)

ol -1.147 -0.984 -0.968 -0.952 -0.941 -0.927
2 -0.337 -0.356 -0.365 -0.373 -0.380 -0.387
H3 0.329 0.279 0.263 0.256 0.253 0.249
H4 0.329 0.279 0.287 0.288 0.286 0.285
HS 0319 0.255 0.262 0.266 0.267 0.268
H6 0.561 0.609 0.607 0.604 0.604 0.601
Mg 1.946 1.918 1914 1.912 1.911 1.910
CH,OH+MgH' (TS4)

ol -0.386 -0.369 -0.347 -0.316 -0.269 -0.199
C2 -0.094 -0.097 -0.105 -0.120 -0.156 -0.220
H3 0.293 0.292 0.292 0.293 0.295 0.304
H4 0.520 0.517 0512 0.504 0.492 0.476
H5 0.293 0.291 0.288 0.284 0.280 0.275
H6 -0.355 -0.369 -0.380 -0.389 -0.398 -0.403
Mg 1.729 1.734 1.740 1.745 1.755 1.767

Table 5. Dipole moments (Debye) for CH;OH, CH;OH', Mg**CH;OH and transition states for the zero and various applied EFs (a.u.) at BMK/6-31+G (d, p).

S . DM
pecies 0.0 0.002 0.004 0.006 0.008 0.01

CH,OH 2.006 20223 2. 0784 2.1368 2.1975 22601
CH,OH" 1.822 4717 48231 49298 5.0372 5.1453
Mg >CH,0H 8.839 12.784 12.8232 12.8629 12.9028 14.7650
TS1 19.829 32432 32.3782 24.5592 22,9026 22.9876
TS2 5.051 12.072 12.1496 12,2210 122887 12,3542
TS3 9.035 9.180 14.0620 14.2093 14,3564 14.5035
TS4 11.877 18.542 20.0897 18.6194 18.6558 18.6906

3.3. Energies

The energetic for the fragmentation of Mg ?CH;OH is summarized in Figure 2 and in Table 6. The energy barrier of any given
reaction must change when the energetic precursors are under an electric field as compared to the absence of field, mainly due to
different responses to the electric field between the reactant and TS. The behavior of overall reaction is also because the
responses to the electric field between different interaction channels. We applied the electric field to the five channels with five
different electric dipole field strengths, 0, 0.002, 0.004, 0.006, 0.008 and 0.01 atomic units (a.u.)

Table 6. Zero-point corrected relative energies (RE, kcal/mol) for CH;OH, CH;OH', Mg**CH;OH and transition states for the zero and various applied EFs

(a.u.) at BMK/6-31+G (d, p).

RE BMK/6-31+G (d, p)

Species

0.0 0.002 0.004 0.006 0.008 0.01
CH;0H +Mg" -12.05 -9.23 -5.80 -2.12 1.53 5.35
CH;"+MgOH" -9.07 -8.20 -8.17 -1.72 -7.69 -1.59
CH;0"+MgH" -27.41 -19.53 -11.00 -2.30 6.31 15.06
H*+CH;MgO" 98.56 109.28 119.69 125.93 129.51 136.30
Mg"*CH;0H 0.0 0.0 0.0 0.0 0.0 0.0
TS1 69.14 58.77 39.58 38.11 36.89 36.76
TS2 38.96 42.44 46.37 50.71 54.38 57.95
TS3 121.08 134.94 136.96 137.90 137.92 137.55
TS4 109.14 111.12 110.89 108.93 106.06 101.61

All energies were corrected for ZPEs. Binding energies
(BEs) were calculated by subtracting total energies of Mg2+
andCH;0H from those of Mg**CH;OH. The energy difference
between the transition state and the corresponding
Mg?*CH;0H complex defines the energy barrier of the
respective dissociation process.

The results shown in figure 2 indicate that channel 5 is
energy demanding process (highly endothermic) and unlikely
occur except when higher temperature is provided to the

reaction system. On the other hand, channels 2, 3 and 4 are
exothermic  where the dissociation products are
thermodynamically stable with respect to the dication
complex. This indicates that unimolecular dissociation paths
2, 3 and 4 can occur spontaneously unless sufficient kinetic
energy barriers exist to hinder such transformation

As shown in Figure 2 at zero fields, Mg2+CH3OH is
thermodynamically and kinetically stable toward dissociation
to H' with increasing the electric field, the thermodynamic
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stability increases and is not preferable kinetically. On the
other hand, at zero fields, Mg *CH;OH is thermodynamically
unstable toward Mg'+CH;0H" and CH;0" but kinetically
favored. With increasing electric field, they become
thermodynamically and kinetically more stable. With
increasing the field strength the CH;" formation is kinetically
prohibited but it is favorable thermodynamically. We
conclude that the stability of complex increases with increases
electric field for all channels. The complex is thermodynamic
stable for the loss of Mg', CH; and CH;0" with additional
kinetic stabilization based on the existence of energy barriers
(see table 6 and figure 2). Loss of proton from Mg* CH;OH
through energy barriers of 121-137 kcal/mol for different
electric field means that dissociation processes can occur

unless high temperature of the reaction system is provided.
The reaction shows high endothermicity indicating kinetically
and thermodynamically stable complex. Formation of
magnesium cation needs 37-69 kcal/mol as the field increases,
while the production of CH;0" and methyl cation (CH;")
require 102-109 and 39-58 kcal/mol, respectively with the
field increases. Based only on this thermodynamic behavior,
one cannot expect the presence of Mg” CH;OH
experimentally because it will dissociate spontaneously to
monopositive fragments. However, the presence of large
energy barriers prohibits this molecular dissociation and the
Mg* CH;OH complex can be observed experimentally. My
calculated energies at zero fields are very good with value that
calculated at B3lyp/6-31+G (d, p) and CBS-QB3 levels [42].
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Figure 2. Energy profile (zero-point corrected relative energies (kcal/mol) for the formation and dissociation of Mg®* CH;OH at BMK/6- 31 + G (d, p) for

increasing the electric fields.
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4. Conclusions

In this paper I have studied thermodynamic and kinetic
stability of Mg2+CH3OH complex under applied electric field
to give evidence for the stability of complex under field
strength and the possibility of detecting it in the gas phase.
This work has been done at the BMK/6-31+G (d) level of
theory. The results obtained can be summarized as follows:

1.

Based on the thermodynamic behavior for reaction, the
Mg* CH;0H should not be formed because of the
presence of three exothermic channels that means
spontaneous dissociation of the complex upon their
formation. Moreover the presence of large energy
barriers prohibited these dissociation channels and
result in kinetically stable mono solvated magnesium
dication complex in the gas phase.

Systematic and almost uniform variation has been
observed for the bond lengths and bond angles of the
molecule for various applied Efs.

The CH;0H mono solvated magnesium dication
complex is thermodynamically more stable with
increasing electric field in the gas phase.
TheMg+2CH3OH complex is kinetically more stable in
channels 2 and 4 with increasing electric field in the gas
phase.

The investigated complex is expected to be detected
underappreciated conditions and with increasing the
field strength.
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