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Abstract: Alkali metals salt of amino acids, due to their large numbers of advantages, are think about as an attractive replacement for
alkanolamine solvents for post-combustion CO: (main greenhouse gas) removal from combustion products. For designing gas-liquid
contactors, process modelling, and working of the equipment for a particular absorbent, its various properties are needed. In the study,
using Gaussian 09 software the HOMO/LUMO band gap energy, Molecular Electrostatic Potential, Optimized parameters like total dipole
moment, C=0 vibration of COOH group, bond lengths, bond angles and Global Reactivity Descriptors of Lithium, Sodium and Potassium
Salt of Sarcosine. Study shows that the energy bandgap for potassium salts is less than that of corresponding sodium salts. From result it
could be expressed that the change of alkali metal (Li/Na/ K) in amino acid salts are changing the physical structural and chemical activity
of amino acid salts. This study would be helpful for their applications as a promising solvent for the removal of CO: from flue gases from

the combustion.
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1. Introduction

Global warming is the most serious environmental issue
threatening the entire world. It is the concerns for
corresponding climate change and its potential impact on
human kind. Excess CO; (carbon dioxide) emissions by a
number of sources, involves the burning of fossil fuels to
produce energy as well as various industrial and human
activities, is the primary contributor to global warming'-2,

Hence, in numerous CO; producing sectors, the removal of
CO; from a process gas stream becomes a crucial step and
may be necessary for operational, financial, and/or
environmental reasons. Technologies for CO> capture include
methods for removing CO, from flue gas before the flue gas
is released into the atmosphere.

Alkanolamines related absorbents are widely used in such
procedures®.  Alkanolamines degrades in oxygen-rich
environments, producing very hazardous degradation
compounds®. These drawbacks of amine-based solvents limit
their application in CO, removal procedures.

Alkali salts of amino acids have been found to be potential
substitutes for alkanolamine, and numerous studies have
demonstrated their interaction with CO2>® Amino acids

behave similarly to amines and contain the same functional
group, which makes them effective CO, capture agents.
However, there are a number of advantages to using amino
acids in this capacity. Besides being more expensive than
alkanolamines, amino acids have several special benefits,
such as greater stability against oxidative degradation’,
minimal volatility, increased surface tension, and rapid
absorption rates®.

For designing gas—liquid contactors, process modelling, and
working of the equipments for a particular absorbent, its
physical properties, HOMO/LUMO band gap energy,
Molecular Electrostatic Potential, Optimized parameters
could be advantageous for their evaluation as a CO; absorbing
agent and for their other Industrial application. These
parameters are also essential for projecting chemical reaction
kinetics from CO, absorption rate tests’.

By employing this technique such data for Lithium, Sodium
and Potassium salt of Sarcosine have not yet been described
in the open literature. Hence, in this studies, using Gaussian
09 software the novel theoretical data like HOMO/LUMO
band gap energy, Molecular Electrostatic Potential,
Optimized parameters like total dipole moment, bond lengths,
bond angles and Global Reactivity Descriptors of Lithium,
Sodium and Potassium salt of Sarcosine is presented.
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Figure 1: Optimized Geometrical Structures of Li, Na and K-Sarcosinate
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2. Materials and Method

Gaussian 09 Software was used for computational work. In
the present work HOMO/LUMO band gap energy, Molecular
Electrostatic Potential (MEP), Optimized parameters like
total dipole moment, bond lengths, bond angles and Global
Reactivity Descriptors of Lithium, Sodium and Potassium salt
of Sarcosine and other optimized parameters were calculated
by using Density Functional Theory (DFT) B3LYP method at
6-31++G (d, p) basis set.'?

3. Result and Discussion

1) Optimized geometrical parameters (bond length Lo-m
and bond angle O=C-0)

The optimized geometrical parameters such as bond length
Lo-m and bond angle O-C=0 of —-COOM group (M=Li/Na/k)
were computed'! for Li, Na and K-sarcosinate and are placed
in Table 1. The O-M bond length and O-C=0 bond angle
increases from Li to K as the size of Metal-ion increases.
Figure 1 presents the optimized geometrical structures for Li,
Na and K-Sarcosinate.

Table 1: Optimized geometrical parameters:

Optimized Li- Na- K-
Parameters | Sarcosinate | Sarcosinate | Sarcosinate
Lowm 1.86 2.2 2.55
0=C-0 121.18 123.68 124.69

2) Global Molecular Reactivity Descriptors

The eigenvalues of the highest-occupied molecular orbitals
(HOMO), lowest-unoccupied molecular orbitals(LUMO), the
HOMO-LUMO gap, electronegativity, and chemical
hardness are the most well-known of these parameters
(Global Reactivity Descriptors) that are based on the DFT'>13,
The 1930s-era Koopmans theorem'* provides a different
method for predicting the ionization energy and electron
affinities of chemical species and serves as a link between

conceptual density functional theory and molecular orbital
theory. The hardness(r|), chemical potential (p) and
electronegativity()y) and softness (S) are defined on the basis
of HOMO and LUMO energy values, for closed-shell
molecules using Koopmans’s theorem!*!3,

All the calculated values of ionization potential, electron
affinity, hardness, softness, potential, and electronegativity
for Li, Na and K-sarcosinate are presented in Table 2. The
stability of the molecule can also be related to hardness and
softness'®. The chemical hardness value decreases from Li-
salt to K-salt as the size of metal ion increases indicating K-
salt as most stable salt. It was found lowest electronegativity
() values of K-sarcosinate.

Table 2: Molecular properties (Molecular Reactivity
Descriptors) including chemical hardness (1)), softness (S),
chemical potential (i) and electronegativity (y)

Molecular properties Li- Na- K-
Sarcosinate | Sarcosinate| Sarcosinate

I 5.8527 5.5376 5.2758

A 1.0844 1.5837 1.3998

Chemical hardness (11) 2.3841 1.9769 1.938
Softness (S) 0.4194 0.5058 0.516
Chemical potential () | -3.4685 -3.5606 -3.3378
Electronegativity (x) 3.4685 3.5606 3.3378

3) Calculated physical parameters for studied SAA
molecules including total dipole moment (TDM),
HOMO/LUMO band gap energy (AE)

The Total Dipole Moment (TDM) values and HOMO/LUMO

band gap energy(AE) were also computed and compiled in

Table 3. The two physical parameters TDM and AE measures

the reactivity '”!® and stabilty'® of a given compound with

their surrounding molecules. High total dipole moment and a

low band gap energy is an indication of reactive compounds?’.

TDM is increased and band gap energy slightly decreased

from Li-sarcocinate to Na- sarcocinate and from Na-

sarcocinate to K- sarcocinate.
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Figure 2: FMO Diagrams of Li, Na and K- Sarcosinate
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Table 3: Total dipole moment (TDM) and HOMO/LUMO

band gap energy (AE)
Physical parameters Li- Na- K-
Sarcosinate | Sarcosinate | Sarcosinate
Total Dipole Moment
(TDM) D 3.87 6.25 8.32
HOMOE (eV) -5.85 -5.54 -5.28
LUMOE (eV) -1.08 -1.58 -1.4
AE (eV) 4.77 3.95 3.88

4) Molecular Electrostatic Potential (MEP) Map Analysis
The MEP map is one of the key tool for predicting the
electrophilic (negative potential) and nucleophilic (positive
potential) areas of organic or inorganic compounds. In other
words, it is a rather accurate charge density estimator?!.
Additionally, it offers data on hydrogen bond interactions,
chemical reactions, and biological activity prediction. The
following color scale defines the magnitude of the
electrostatic potential: red < orange < yellow < green < cyan
<blue?. In this color scheme, negative, slightly electron-rich,

zero potential, and positive regions are represented by the
colors red, yellow, green, and blue, respectively?.

The molecular electrostatic potential (MEP) is used to predict
the relative activity positions in a species for a nucleophilic or
electrophilic attack. The optimized structure using B3LYP/6-
31G*(d,p) basic set was used in the DFT calculation to
determine the MEP surface analysis of the salt molecules.
Figure 3 shows the electrostatic potential surface map of the
investigated Li, Na and K-Sarcosinate.

In the MEP structure, the colors red and blue indicate more
electron-rich and electron-poor regions, respectively. The
chemical clearly exhibits the polarization effect. The positive
potential regions are located over the hydrogen atoms in the
MEP, while the negative potential regions are located over the
electro-negative atoms (oxygen, and nitrogen). Consequently,
locations with more negative electronegative potential and
positive electrostatic potential are more conducive to
attracting nucleophilic and electrophilic molecules.
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Figure 3: Molecular Electrostatic Potential (MEP) of Li, Na and K- Sarcosinate

5) Mullikan’s Atomic Charges (Population Analysis) of
Li, Na and K-Sarcosinate.

Density Functional Theory (DFT) B3LYP method at 6-
31++G (d, p) basis set was used to calculate the Mulliken
atomic charges of the optimized crystal structure. The
Mulliken atomic charge distribution is listed in Table 4. The
Mulliken atomic charges on carbon atoms were shown to be
either positive or negative. Due to the presence of an
electronegative atom (N1), H2 obtained a greater positive
charge than the other hydrogen atoms, yet all hydrogen atoms
were shown to have a positive charge. They function as
acceptor atoms. It was found highest positive charge on H2 of
Na-Sarcosinate among all studied salts. Additionally, all of
the optimized compound's oxygen atoms were found to have
a negative charge, which functions as donor atoms.

Table 4: Mullikan’s Atomic Charges of Li, Na and K-

Sarcosinate.
S.No | Atom Charge
Li- Na- K-
Sarcosinate |Sarcosinate | Sarcosinate
1 N1 -0.29499 -0.29552 -0.28962
2 H2 0.31494 0.315391 0.306589
3 C3 -0.43456 -0.50691 -0.43315
4 C4 0.61492 0.511417 0.518399
5 H5 0.193886 | 0.190261 0.188666
6 Ho6 0.150334 0.146312 0.144282
7 o7 -0.58934 -0.66901 -0.65073
8 08 -0.55711 -0.61839 -0.62009
9 C9 -0.37676 -0.37531 -0.36974
10 HI10 0.148564 0.14718 0.149081
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11 Hl11 0.128326 0.12764 0.126544
12 H12 0.154039 0.15361 0.153557
M13=
13 Li/Na/K 0.547741 | 0.873329 0.776214
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