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Abstract

Lithium (Li) ions are being used in a variety of fields ranging from
energy storage to the treatment of mental illnesses including bipolar
disorder and schizophrenia. Lithium caton (Li*) is able to form
cationic adducts with various compounds and they can stabilize the
biomacromolecules that interact with. Here, the interaction of
lithium ions with fatty acid methyl ester [FAME (9Z-18:1)] has been
theoretically investigated to gain insight into the structure and
energetics of [FAME (9Z-18:1) + Li*]. All theoretical calculations
were performed using Gaussian09 software via a graphic user
interface. Geometry optimisations with harmonic vibrational
analysis of conformations for chelated and extended forms of
[FAME (9Z-18:1) + Li*] were carried out using semi-empirical
method PM3. To obtain accurate energetic, zero-point energy (ZPE)
corrections were included in all optimized energies and relative
energies between conformers. The calculations indicated that the
chelated form is relatively more stable than extended forms by 25
and 118 kJmol™ when lithium is bound to the carbonyl oxygen (O-
Li*) or olefin (C=C-Li"), respectively. The comparison between the
relative stabilization energies of extended (O-Li") versus extended
(C=C-Li") reveals that the lithium cation energetically prefers to
bind to with carbonyl oxygen over the carbon-carbon double bond.
Keywords: lithium ions, geometry optimization, sim-empirical
method, Gaussian 09.
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Introduction:

Lithium is a naturally occurring element in the Earth's crust and is
also found in trace amounts inside the human body [1]. Lithium (Li)
ions are being used in a variety of fields ranging from energy storage
to the treatment of mental illnesses including bipolar disorder and
schizophrenia [1, 2]. Lithium ions (Li*) are able to form cationic
adducts with various compounds [3-5] and they can stabilize the
biomacromolecules that interact with. To enhance the sensitivity
and selectivity of quantitation of 3-OH steroids, Wang et al (2020)
developed a method for the quantitation of 3-OH steroids by LC-
MS/MS coupled with post-column addition of lithium (Li) ions to
the mobile phase [6]. The sensitivity and selectivity were
significantly enhanced by 1.53-188 times for 13 different types of
3-OH steroids [4]. In addition, lithium ions are used to improve the
fragmentation of lipids and to determine the position of double bond
[7,8].

Fatty acids are the major components of lipids [9]. The major
structural components of fatty acid are double bond geometry,
double bond position and methyl branching [10]. The biological
functions of fatty acid and lipids are determined by their double
position and geometry, chain length, presence of methyl branches
and other structural motifs [10]. The most analysis method for fatty
acid is by gas chromatography/mass spectrometry (GC/MS)
analysis of fatty acid methyl esters (FAMESs)derived by
derivatization of any lipid [11]. Tans et al (2021) reported a robust
and rapid detections of lipids using lithium adducts and atmospheric
pressure (AP) matrix - assisted laser desorption/ionization
(MALDI). The matrix combination of lipids and lithium resulting in
reduced spectral complexity and enhanced lipid detection [12, 13].
Nevertheless, the routes by which Li ions can interact with lipids
have not been adequately defined.

In the absence of robust experimental methods, gaining insights into
the three dimensional (3D) structure and energetics of ions in gas
phase passes a significant challenge. Modern computational
chemistry provides a range of robust tools to probe ion chemistry. It
is a good tool for understanding and exploring experimental results
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and can provide insights where experimental measurements are not
possible.

In computational chemistry, Parametric Method 3 (PM3) is a
semiempirical method for the quantum calculation of molecular
electronic structure. Semiempirical computational methods (e.g.
PM3) involve set of approximations that include parameters derived
from experimental data in order to simplify the approximation to the
Schrodinger equation [14] and are parameterized to reproduce
chemical properties [15].In the PM3 method, these parameters have
been generated for the majority of the main group elements
including parameters for lithium [16-19]. The accuracy of PM3 and
other semi-empirical methods in modelling molecular structures and
energy have been extensively evaluated by comparing with standard
validation sets such as G2 set and the density functional theory
(DFT) and comparison to experimental and the computational
geometries [18-20]. The comparison suggests that PM3 provides
relatively good geometries, which can provide a starting structure
for a subsequent higher-level calculation such as DFT [16]. PM3
can provide useful indications of the magnitude of energy
differences (relative energy). Compared with ab initio [21] or DFT
methods, semiempirical methods (PM3) are substantially faster [8].
Thus, they are appropriate for very large molecular systems (e.g.,
biological systems) [22]. This study aims to computationally study
the structure and energy of lithium ionized fatty acid methyl ester
[FAME (9Z-18:1) + Li*] by means of quantum chemical methods.

2. Methods:

2.1. PM3 calculation

PM3 method was chosen as a better method because it is
computationally less expensive than ab initio functional or density
functional theory (DFT) but also it has model results that are more
representative to physicochemical aspects. PM3 method has a
higher calculation speed compared to the ab initio method [23].
The computational calculation has been done through the following
steps, that is: (1) drawing a 3D structure, (2) choosing the PM3
semi-empirical method, (3) optimizing the geometry structure. (4)

4 Copyright © ISTJ b gine okl (3 gia
2 g glall 4 gal) Alaall



International Science and Volume 34 ) Ryl p glll A0 g

Imtrwaational beimrs mad Taviasiags demraal

kﬁgtﬁﬁﬂ:m1 Part 2 Alsal) I S T -J %

July 2024 55

22024/7 124 g s sl o Wil a2024/6/20 gl A8l adiu Al

Vibrational frequencies calculations. (5) visualizing the molecular
structure that produced.

The computationally-optimized geometries are generated by energy
minimization. All theoretical calculations were performed using
Gaussian09 software [24] via a graphic user interface (Webmo).
Firstly, geometry optimizations with harmonic vibrational analysis
of conformations for chelated and extended forms of double bond
positional of [FAME (9Z-18:1) +Li*] were carried out using semi-
empirical method PM3 [22-24] based on starting geometries from
molecular calculations which taken from CHARM [25].
Frequencies were also calculated using analytical gradient
procedures and based on these the located stationary points were
identified as minima. To obtain accurate energetic, zero-point
energy (ZPE) corrections were included in all optimized energies
and relative energies between conformers.

2.2. Lipid nomenclature

The recommended nomenclature of the position and
stereochemistry of double bonds within a lipid [10, 26, 27] was
adopted. In FAME (92-18:1), for example, the 9 number indicates
the number of carbon-carbon bonds from the carboxylate moiety
and Z indicates the stereochemistry where Z refers to the cis
configuration of the double bond within the acyl chain. However,
the traditional nomenclature “n-x” has been widely used [26]. In this
nomenclature, “n " refers to the number of carbon atoms in the acyl
chain while “x” indicates the position of the double bond with
respect to the terminal methyl group. However, this nomenclature
does not indicate the stereochemistry of the double bonds.

For instance, the traditional nomenclature of the (11Z- 18:1) is 18:1
(n-7) as it is shown in figure 1.
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Figure 1. The difference between the recommended and traditional
nomenclature of (18:1) fatty acid methyl ester.

3. Results and discussions

Firstly, to provide a rapid structure and energetic estimation,
geometry optimization of fifteen representative conformations of
[FAME (92-18:1) + Li*] where Li" is associated with both carbonyl
oxygen (C=0...Li") and carbon-carbon double bond (C=C...Li")
(the so-called “chelated” forms) were carried out at semi-empirical
method PM3 with harmonic vibrational analysis. All input
geometries optimized to unique local minima on the potential
energy surface (PES). The results calculated PM3 energies (E”),
corrected energies (including ZPE) (E), and relative stabilities
(AEre1) which are given as difference in corrected (including ZPE)
energies between the lowest energy conformer and the other less
preferable conformers, of [FAME (9Z-18:1) + Li*] are given in
Table 1, with structures of optimized PM3 shown in Figure 2. From
Table 1, the optimized minimum energy conformer of the lowest
energy derived from PM3 is geometry 5, which suggests that, this
conformer represents the global minimum on the potential energy
surface for [FAME (9Z-18:1) +Li"]. The relative stabilities between
lowest energy form (geometry 5) and other chelated forms range
from 0-20 kJ mol? (Table 1). According to that, geometry 5 is
energetically preferable. In addition, two conformations of isomer
complexes with Li*, where Li* is associated with either carbonyl
oxygen (C=0...Li") or with carbon-carbon double bond (C=C...Li")
in their extended forms were optimized at PM3 level of theory
(figure3d).
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Figure 2: PM3 optimised chelated structures of fatty acid methyl ester
[9Z-18:1] complexed with Li (1), are ordered from the lowest to the
highest energy
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Figure 3. Computed PM3 representative structures of [FAME (9Z-18:1) + Li*]
isomer in its chelated and extended forms
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The PM3 relative energies of these extended forms are listed in table
1 where: E* is PM3 optimized energies, E corrected energies
including ZPE, AE*and AE are relative energies. All energies are
given in kJmol-1., while their PM3 optimized structures are
provided in Figure 3. From Table 1, it can be seen that the lowest
energy chelated form (geometry 5) is relatively more stable than the
extended forms by 25 and 118 kJmol-1 when lithium is bound to the
carbonyl oxygen (O-Li+) or olefin (C=C-Li+), respectively. In
addition, all chelated forms are more stable than the extended forms.

Table 1: Calculated energies of [FAME (92Z-18:1) + Li"]
conformations.

Geometry E* AE" ZPE E AE rel
5 -658 0 1347 688

15 -653 5 1347 694

7 -651 7 1345 694 6
12 -651 7 1346 695 7
14 -649 9 1346 696 8
10 -650 8 1346 696 8

6 -645 13 1345 700 12
8 -643 15 1345 702 14
13 -643 15 1345 702 14
3 -643 15 1345 703 15
9 -642 16 1346 704 16
1 -640 18 1346 706 18
2 639 19 1346 707 19

4 -637 21 1346 707 19
11 -639 19 1346 708 20
Extended O-Li* | -633 251 1350 717 29¢
Extended C,-Li* | -540 118f 1343 803 115

1The relative energies of extended forms relative to the lowest energy chelated
conformer (geometry 5). The geometries order from the lowest energy conformer
to the highest energy conformer with respect to the corrected energies.
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When it comes to the comparison between the relative stabilization
energies of extended (O-Li+) versus extended (C=C-Li+), the
lithium cation energetically prefers to bind to with carbonyl oxygen
over the carbon-carbon double bond. This is owing to that Li ions
had a higher affinity for carbonyl groups. Thus the extended O-Li+
conformer is relatively more stable and energetically more
preferable by 86 kJmol-1 than the extended C=C-Li+ conformer.

Conclusion:

In conclusion, the PM3 computations indicate the chelated form
(geometry 5), in which the lithium cation interacts with both
carbonyl oxygen and carbon-carbon double bond is energetically
favorable and more stable over the other chelated forms and the two
extended forms, in which the lithium cation interacts either with the
carbonyl oxygen or with the carbon- carbon double bond.
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