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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-1 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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الدراسة التركيبية والطاقية لأيونات الليثيوم مع الأحماض الدهنية ميثيل 
باستخدام الطريقة الكيميائية  Li-[FAME (9Z + (18:1+استر ]

 (PM3)الكمومية 

 السلام، عائشة عبد صالح مريم صالح
 الزاوية، ليبيا قسم الكيمياء، كلية العلوم، جامعة الزاوية، 2، 1

Email address: m.saleh@zu.edu.ly 

 الملخص
 من تخزين الطاقة إلى ابتداء  لات ا( في العديد من المجLiأيونات الليثيوم )ستخدم ت  

. أيون الشخصيةانفصام و علاج الأمراض العقلية بما في ذلك اضطراب ثنائي القطب 
 مكنهيو كاتيونية بمركبات مختلفة ( قادر على تكوين مقاربات Li+الليثيوم الموجب )

الجزيئات الحيوية التي تتفاعل معها. هنا، تم التحقيق نظري ا في تفاعل أيونات  تثبيت
 وذلك لإكتساب [FAME (9Z-18: 1)] الليثيوم مع استر ميثيل الأحماض الدهنية

تم إجراء جميع الحسابات Li -. [FAME (9Z + (1 :18+ [طاقةو حول بنية  المعرفة
تم كما  .رسوميةالمستخدم العبر واجهة  Gaussian09 النظرية باستخدام برنامج

ة ممتدال و إجراء تحسينات هندسية مع تحليل اهتزازي توافقي للأشكال المخلبية
.  PM3باستخدام الطريقة شبه التجريبية Li -[FAME (9Z + (1 :18+  [لــ
 (ZPE) طاقة نقطة الصفرصحيحة، تم تضمين تصحيحات الطاقة ال على للحصولو 

 بين المطابقين. أشارت الحسابات إلى النسبيةالطاقات و في جميع الطاقات المحسّنة 
kJmol 25-أن الشكل المخلبي أكثر استقرار ا نسبي ا من الأشكال الممتدة بمقدار 

أو  Li -(O+ (يرتبط الليثيوم بأكسجين الكربونيل وذلك عندما kJmol-1 111و1
النسبية  ستقرارالابين طاقة  المقارنةومن  .على التوالي Li -= C (C+ (الأوليفين

 يون الليثيوم يفضلأ إنتبين  Li-(C=C+(ضد الشكل الممتد  O)-Li+(لشكل الممتد 
 ة الثنائية.كربون الرابط الارتباط بأكسجين الكربونيل أكثر من كربون= ةطاقال من حيث

برنامج  ،يةالطريقة شبه التجريب ،التصحيح الهندسي ،أيون الليثيومالكلمات المفتاحية: 
Gaussian09. 
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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 (FAMEs)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) 
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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 (9Z-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 (9Z-18:1) + Li+] where Li+ is associated with both carbonyl 

oxygen (C=O...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 

(∆Erel) 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-1 (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=O...Li+) or with carbon-carbon double bond (C=C...Li+) 

in their extended forms were optimized at PM3 level of theory 

(figure3). 

 

n -7 (cis) 

 

(cis) 

11Z 
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Figure 2: PM3 optimised chelated structures of fatty acid methyl ester 

[9Z-18:1] complexed with Li (I), are ordered from the lowest to the 

highest energy 

 

  

 

 

  

  

 

 

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, ∆E*and ∆E 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 (9Z-18:1) + Li+] 

conformations.  

Geometry E* ΔE* ZPE E ΔE rel 

5 -658 0 1347 688 0 

15 -653 5 1347 694 6 

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 25† 1350 717 29† 

Extended C2-Li+ -540 118† 1343 803 115† 

†The 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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