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ABSTRACT
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This study is introduced to investigate the activity of Glycine as a result of decoration with alkali metals such as Li, Na and K, and with
alkaline earth metals like Be, Mg and Ca. Density functional theory (DFT) quantum mechanical calculations are performed to confirm
total dipole moment (TDM), HOMO/LUMO band gap energy, electrostatic potentials (ESP) and geometrical parameters (bond length
and bond angles) for all models under study. Due to the decoration, TDM increased, HOMO/LUMO band gap energy increased,
molecular ESP is changed, bond length increased, and also bond angles changed due to the interaction that occurred between Glycine

and metals.
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1. INTRODUCTION

Amino acids are the building units of protein structure,
containing both a basic amino group and an acidic (COOH) group
[1]. Alanine, for example, which is an aliphatic amino acid and
considered the simplest a-amino acid, its methyl group never
directly interfere in protein function, and is still a topic of interest
[2-5]. Furthermore, for such small molecule, experimental
together with computational efforts are gathered to study its
molecular structure [6]. Glycine (Gly), which is the simplest
possible amino acid, contains a single hydrogen atom that is
located at its side chain. It was discovered as early as 1820 by
Henri Braconnot [7]. It is considered an important amino acid in
the central nervous system [8]. Gly is known earlier that it serves
as a neurotransmitter at many inhibitory synapses in the spinal
cord and brainstem [9-10].
Recently, Gly, which is inexpensive, shows emerging applications
as an efficient and eco-friendly lixiviant for copper leaching [11-
13]. Carboxyl group is among the most important reactive
functional groups in chemistry, biology and the environment
[14,15]. This dedicates any structure containing carboxyl group

2. EXPERIMENTAL SECTION

Calculation Details. Building a model molecule for Gly and Gly
interacted with alkali metals such as Li, Na and K, and with
alkaline earth metals like Be, Mg and Ca was presented in our
study. All calculations were made on a personal computer at
Spectroscopy Department, National Research Centre, Egypt using

3. RESULTS SECTION

Model molecules representing Gly and Gly interacted with
alkali metals such as Li, Na and K and with alkaline earth metals
like Be, Mg and Ca are presented as shown in figure 1. Gly is

for extensive studies theoretically and experimentally [16].
Computational methods based on quantum mechanics are
supporting molecular spectroscopic methods for studying the
molecular structure of proteins [17]. For example, the interaction
between heavy metals and proteins is elucidated with molecular
modeling and experimental molecular spectroscopy [18]. The
interaction between metal ions and amino acids is still of concern
for many researchers [19-21]. Based on these considerations,
molecular modeling is a useful tool for studying many systems
and molecules to explain the experimental behavior and/or re-
design the experimental approaches [22-25]. Accordingly, this
class of calculations is widely applied for all classes of molecular
systems to investigate their chemical, thermal and biological
properties.

In the present work, B3LYP/6-31g(d,p) was utilized to optimize
Gly then Gly interacted with Na, K, Ca, Mg, Fe and Zn
respectively. The TDM, HOMO/LUMO band gap energy and
vibrational characteristics were calculated at the same level of
theory.

Gaussian 09 program [26]. All model molecules are optimized
with DFT quantum mechanical calculations at B3LYP/6-31G (d,p)
basis set [27-29]. The TDM; HOMO/LUMO band gap energy;
ESP and geometrical parameters (bond length and angles) are
introduced for all structures.

supposed to be decorated with Li, Na, K, Be, Mg and Ca. There
are three different active sites through which we can describe the
mechanism of interaction between Gly and the different groups of
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metals. Firstly, Gly can be interacted with the two groups of
metals, alkali and alkaline earth metals, through hydroxyl group,
middle NH group and finally through the amide group. Figures 1,
2 and 3 show the optimized structures describing Gly and Gly
interacted with Li, Na, K, Be, Mg and Ca through hydroxyl group,
middle NH group and amide group respectively. All calculations
are performed using DFT quantum mechanical method at
B3LYP/6-31G (d,p) basis set. The knowledge of TDM and
HOMO/LUMO band gap energy helps us to indicate the reactivity
of the model, therefore TDM as Debye and HOMO/LUMO band
gap energy AE as eV are calculated at the same level of theory at
B3LYP/6-31G (d,p).
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Figure 1. B3LYP/6-31G (d,p) optimized structures of a:Gly, b:Gly-Li,
c:Gly-Na, d:Gly-K, e:Gly-Mg and g:Gly-Ca through hydroxyl group.
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Figure 2. B3LYP/6-31G (d,p) optimized structures of a: Gly-Li, b:Gly-
Na, c:Gly-K, d:Gly-Be, e:Gly-Mg and f:Gly-Ca through middle NH
group.

Figure 3. B3LYP/6-31G (d,p) optimized structures of a: Gly-Li, b:Gly-
Na, c:Gly-K, d:Gly-Be, e:Gly-Mg and f:Gly-Ca through terminal amide
group.

Although HOMO/LUMO band gap energy and TDM are physical
quantities, but they reflect the reactivity of the studied structures
as stated earlier [30-31].

Table 1 presents TDM and HOMO/LUMO band gap energy for a:
Gly, b: Gly-Li, c: Gly-Na, d: Gly-K, e: Gly-Be, f: Gly-Mg and g:
Gly-Ca through hydroxyl group.

Table 1. B3LYP/6-31G (d,p) calculated TDM as Debye; HOMO/LUMO
band gap energy (AE) as eV for the studied structures: a: Gly, b: Gly-Li,
c: Gly-Na, d: Gly-K, e: Gly-Be, f: Gly-Mg and g: Gly-Ca through

hydroxy! group.

Structure TDM AE

Gly 9.2026 5.2829
Gly-Li 12.5117 45152
Gly-Na 15.0343 3.9269
Gly-K 17.2778 41231
Gly-Be 9.2980 3.3721
Gly-Mg 8.8557 2.4422
Gly-Ca 10.6287 1.7693

In the case of terminal connected through the hydroxyl group as
shown in figure 4, TDM increased with increasing atomic number
of the doping metal of the same group (alkali metals or alkaline
earth metals), but HOMO/LUMO band gap energy decreased with
increasing atomic number of metals present in the same group.
Also from our calculations, we noticed that in the case of alkali
metals, the highest value of TDM equals 17.2778 Debye that is for
Gly-K and the lowest value of HOMO/LUMO band gap energy
equals 3.9269 eV that is for Gly-Na, whereas the highest value of
TDM for alkaline earth metals equals 10.6287 Debye and the
lowest value of HOMO/LUMO band gap energy equals 1.7693 eV
that is for Gly-Ca.
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Figure 4. B3LYP/6-31G (d,p) HOMO/LUMO band gap energy of a:Gly,
b:Gly-Li, c:Gly-Na, d:Gly-K, e:Gly-Be, f:Gly-Mg and g:Gly-Ca through
hydroxyl group.

Figure 5 illustrates the HOMO/LUMO band gap energy of Gly
interacted with Li, Na, Be, Mg and Ca. As a result of interaction
through the middle NH group, the HOMO/LUMO band gap
energy of Gly interacted with metals is higher than that of Gly but
TDM is decreased when we go downward the group. On the other
hand, HOMO/LUMO band gap energy decreased slightly in the
case of alkali metals but decreased significantly in the case of
alkaline earth metals as presented in table 2 which illustrates TDM
and HOMO/LUMO band gap energy of a: Gly-Li, b: Gly-Na, c:
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Gly-K, d: Gly-Be, e: Gly-Mg and f: Gly-Ca through middle NH
group.

became 3.6812 eV for Gly-Be, 2.3018 eV for Gly-Mg and 1.6871
eV for Gly-Ca.
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Figure 5. B3LYP/6-31G (d,p) HOMO/LUMO band gap energy of a: Gly-
Li, b:Gly-Na, c:Gly-K, d:Gly-Be, e:Gly-Mg and f:Gly-Ca through middle
NH group.

Table 2. B3LYP/6-31G (d,p) calculated TDM as Debye; HOMO/LUMO
band gap energy (AE) as eV for the studied structures: a: Gly-Li, b: Gly-
Na, c: Gly-K, d: Gly-Be, e: Gly-Mg and f: Gly-Ca through middle NH

group.
Structure TDM AE
Gly-Li 12.8016 4.6945
Gly-Na 11.5028 3.9035
Gly-K 7.4291 4,1011
Gly-Be 14.5799 2.3614
Gly-Mg 13.2870 2.4537
Gly-Ca 12.3667 1.7641

Table 3 presents TDM and HOMO/LUMO band gap energy
values of a: Gly-Li, b: Gly-Na, c: Gly-K, d: Gly-Be, e: Gly-Mg
and f: Gly-Ca through the terminal amide group. Results indicated
that TDM slightly increased from 9.2026 Debye to 10.7597
Debye, and HOMO/LUMO band gap energy decreased from
5.2829 eV to 1.6871 eV. TDM values followed the sequence
7.4406, 10.7597 and 9.5527 Debye for Gly-Li, Gly-Na and Gly-K
respectively, whereas for Gly-Be, Gly-Mg and Gly-Ca, TDM
values are 10.5810, 8.5148 and 7.3825 Debye respectively, such
that for alkaline earth metals, TDM decreases with increasing
atomic number of metals.

Table 3. B3LYP/6-31G (d,p) calculated TDM as Debye; HOMO/LUMO
band gap energy (AE) as eV for the studied structures: a: Gly-Li, b: Gly-
Na, c: Gly-K, d: Gly-Be, e: Gly-Mg and f: Gly-Ca through terminal amide

group.
Structure TDM AE

Gly-Li 7.4406 2.7753
Gly-Na 10.7597 2.5307
Gly-K 9.56527 1.9255
Gly-Be 10.5810 3.6812
Gly-Mg 8.5148 2.3018
Gly-Ca 7.3825 1.6871

Figure 6 presents the HOMO/LUMO band gap energy of a: Gly-
Li, b: Gly-Na, c: Gly-K, d: Gly-Be, e: Gly-Mg and f: Gly-Ca
through the terminal amide group. The values of HOMO/LUMO
band gap energy for alkali metals are in the sequence of 2.7753 eV
for Gly-Li, 2.5307 eV for Gly-Na and 1.9255 eV for Gly-K, but
for alkaline earth metals, HOMO/LUMO band gap energy values

i, Bl

. 0.“0’

w:i»w

Figure 6. B3LYP/6-31G (d,p) HOMO/LUMO band gap energy of a: Gly-
Li, b:Gly-Na, c:Gly-K, d:Gly-Be, e:Gly-Mg and f:Gly-Ca through
terminal amide group.
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ESP values were also calculated for all studied model molecules
as contour and as a total surface area at the same quantum
mechanical calculations. Figures 7 and 8 present the ESP as
contour and as total surface area for a: Gly, b: Gly-Li, c: Gly-Na,
d: Gly-K, e: Gly-Be, f: Gly-Mg and g: Gly-Ca hydroxyl middle. It
is clear that the electronegativity of Gly was influenced by the
presence of alkali and alkaline earth metals. Also figures 9, 10, 11
and 12 present the ESP as contour and as total surface area in the
other two mechanisms of interaction, through middle NH group
and through terminal amide group, for a: Gly-Li, b: Gly-Na, c:
Gly-K, d: Gly-Be, e: Gly-Mg and f: Gly-Ca.
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Figure 7. B3LYP/6-31G (d,p) ESP as contour of a: Gly, b: Gly-Li, c:
Gly-Na, d: Gly-K, e: Gly-Be, f: Gly-Mg and g: Gly-Ca through hydroxyl
group.
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Figure 8. B3LYP B3LYP/6-31G (d,p) ESP as total surface area of a: Gly,
b: Gly-Li, c: Gly-Na, d: Gly-K, e: Gly-Be, f: Gly-Mg and g: Gly-Ca
through hydroxyl group.

As a result of the interaction between the studied metals and Gly,
there is a change in both bond length and bond angle for all model
molecules. Table 4 presents the change in bond length and bond
angle for all structures in the three mechanisms of interaction,
through hydroxyl group, middle NH group and terminal amide
group. The bond length in the three different sites of interaction
increased from 0.9725 A to 1.8671, 2.1962 and 2.5378 A for Li,
Na and K respectively, and increased to 1.4470, 2.0674 and
2.3686 A for Be, Mg and Ca respectively for the interaction
through the hydroxyl group. On the other hand, the bond angles
changed and decreased from 107.013° to 82.862°, 87.288° and
91.253° for Li, Na and K respectively, and changed t0135.910°,
87.952° and 91.166° for Be, Mg and Ca. For the interaction
through the middle NH group, the bond length increased from
1.0149 A to 1.8660, 2.2037 and 2.6840 A for Li, Na and K
respectively, and to 1.1689, 2.0490 and 2.4011 A for Be, Mg and
Ca respectively. There are two bond angles corresponding to this
interaction, X38N20C3 and X38N20C19, where X is the
interacting metal. The bond angle of X38N20C3 changed from
123.114° to 140.498°, 129.952°, 109.316°, 134.896°, 134.240°
and 132.193° for Li, Na, K, Be, Mg and Ca respectively, and the
bond angle of X38N20C19 changed from 114.764° to 106.212°,
110.679°, 113.377°, 110.628°, 112.919° and 115.978° for Li, Na,
K, Be, Mg and Ca respectively. Finally, for the interaction through
the terminal amid group, the bond length changed and increased
from 1.0191 A to 1.7496, 2.1971 and 2.5617 A for Li, Na and K
respectively, and increased to 1.4991, 1.9259 and 2.2550 A for Be,
Mg and Ca respectively, while bond angles are changed and
increased from 107.697° to 117.505°, 108.770°, 120.124°,

119.740°, 117.594° and 116.256° for Li, Na, K, Be, Mg and Ca
respectively.
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Figure 9. B3LYP B3LYP/6-31G (d,p) ESP as contour of a: Gly-Li, b:
Gly-Na, c: Gly-K, d: Gly-Be, e: Gly-Mg and f: Gly-Ca through middle
NH group.
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Figure 10. B3LYP B3LYP/6-31G (d,p) ESP as total surface area of a:
Gly-Li, b: Gly-Na, c: Gly-K, d: Gly-Be, e: Gly-Mg and f: Gly-Ca through
middle NH group.
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Figure 11. B3LYP/6-31G (d,p) ESP as contour of a: Gly-Li, b: Gly-Na, c:
Gly-K, d: Gly-Be, e: Gly-Mg and f: Gly-Ca through terminal amide
group.

Figure 12. B3LYP/6-31G (d,p) ESP as a total surface of a:Gly-Li, b:Gly-
Na, c:Gly-K, d:Gly-Be, e:Gly-Mg and f:Gly-Ca through terminal amide
group.

Table 4. B3LYP/6-31G (d,p) calculated bond length and bond angle for the studied structures: a: Gly, b: Gly-Li, c: Gly-Na, d: Gly-K, e: Gly-Be, f: Gly-
Mg and g: Gly-Ca through hydroxyl group (chain O), middle NH group (middle N) and finally through terminal amide group (Chain-NH) where X= H,
Li, Na, K, Be, Mg and Ca respectively.

Structure Bond length Bond angle
Terminal Middle NH Terminal Terminal Middle NH |  Terminal
OH (N20-X38) amide group OH (X38N20C3) (X38 N20 | amide group
(037-X38) (N36-X38) (X38 037 C19) H16-N5-X1
C32)

Gly 0.9725 1.0149 1.0191 107.013 123.114 114.764 107.697
Gly-Li 1.8671 1.8660 1.7496 82.862 140.498 106.212 117.505
Gly-Na 2.1962 2.2037 2.1971 87.288 129.952 110.679 108.770
Gly-K 2.5378 2.6840 2.5617 91.253 109.316 113.377 120.124
Gly-Be 1.4470 1.1689 1.4991 135.910 134.896 110.628 119.740
Gly-Mg 2.0674 2.0490 1.9259 87.952 134.240 112.919 117.594
Gly-Ca 2.3686 2.4011 2.2550 91.166 132.193 115.978 116.256

4. CONCLUSIONS

DFT level of theory proves to be effective in studying and
following up the structural and electronic properties of Gly and is
in a good agreement with previous work applied for different other
materials [32-36].
Based on the results obtained above for TDM, HOMO/LUMO
band gap energy and ESP of the three different mechanisms of
interaction, we can conclude that since the decrease in
HOMO/LUMO band gap energy values as a result of interaction
with alkaline earth metals is much higher than that with alkali
metals when the interaction proceeds through both the hydroxyl
group and middle NH group, therefore Ca is the highest probable
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