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1. Introduction

Serotonin or monoamine neurotransmitter is a
necessary biogenic amino alkane, that is biochemically
derived from tryptophan [1] in a two-step mechanism,
that's later consumed by the reaction of the amino and
created monoamine [2], Figurel. Shows monoamine
neurotransmitter chemical structure.

Monoamine is associated with add endogenous
chemical messenger and can be found among the human
brain between nerves. It's accountable for exploit moods
and happiness [3]. This organic compound is
manufactured in the brain and thus the intestines and
thus the bulk of the Serotonin is found among the
gastrointestinal tract where it's accustomed to regulate
organ movements [4]. The Serotonin level controls the
varied  activity  processes [5,6]. Monoamine
neurotransmitter, in addition, plays an awfully vital role
to manage temperature, pressure, and sleek muscle
functions. The recent study shows that monoamine plays
a key role in disorder and respiratory disease [7]. Drugs,
which could alter the monoamine level, is utilized within
the treatment of depression. Recently, monoamine and
its receptors become a difficulty of considerable interest.

For drug manipulation, it is necessary to know the most
points of the physical and chemical properties of an
energetic compound. As a biologically very important
molecule, the study of this compound is very important
from the structural and analysis purpose of browse. Lots
of researchers have done their research in different field
supported this biomolecule [8-17]. The conformational
analysis of monoamine in particle was investigated by
modification of the alkane series by J. Pratuangdejkul
and et al. [18]. They disbursed the method calculations
altogether the four species by B3LYP/ 6-31 G(d,p) level
of theory. They found that the simple physics cycle of
proton-dissociation reaction is accustomed to living the
pkal value. There is an honest agreement between the
experimental and theoretical calculations had observed.
L. F. Pisterzi and et al. [19] determined the
conformations of the aromatic radical and thus the
protonated ethylamine aspect chain of monoamine by
B3LYP/6-31G(d) levels of theory among the gas
section.

In the present work, we show theoretically
spectroscopic investigation of serotonin by using the DFT
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method with a basis set SDD to insight its property with IR
and NMR spectroscopy.

2. Theoretical methodology

The optimization of serotonin structure has been
performed by Density Function theory (DFT) and Hartree-
Fock theory. We have applied different basis sets to find
bandgap energy of serotonin because each of them has
certain characteristics [36]. The bandgap in the monomer
state of serotonin has been found to be (-7.165 eV) [37]. We
have chosen DFT with a basis set SDD in table 1 because
this set is more accurate than others and the value of
bandgap is close to the value in the literature. Vibrational
analysis of serotonin monomer state is performed and NMR
is calculated for the chosen basis set by using Gauss
Software.

HO NH;
A\

N
H

Figure 1. Chemical Structure of Serotonin

3. Result and Discussion

3.1. Molecular Structure

We

computationally using Gaussian software with HF and DFT

have optimized the serotonin molecule
theory. Our interested biomolecule has 25 atoms and 69
normal modes present in it. Figure (1. b) shows the atomic
numbers of serotonin which is drowned by Gauss software.
Then the geometric structure is calculated with DFT and

SDD basis set.

Table 1. Bandgap energy of Serotonin for different basis
sets with HF and DFT methods.

HF method DFT method
Basis sets Energy gaps Energy gaps
(ev) (ev)
3-21G 11.2847 5.1011
6-31G 11.1554 5.0823
6-31G* 11.0253 5.0823
6-311G 10.8397 5.0361
LanL2DZ 12.5889 49419
LanL2MB 12.5845 5.3789
SDD 10.8438 4.9405
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3.2. Energy bandgap

In order to determine the exact value of the bandgap
energy of serotonin, it is necessary to exam different basis
sets, because each of them has special characteristics that
differ from another. Table 1. Illustrate the value of bandgap.
We have realized from the table’s data that each of the
results has some defects and the HF approximation is not fit
to run the serotonin structure. Because there is a large
difference between the bandgap values which is impossible.
The absolute error for each of basis sets from (3-21 G) up
to (SDD)is (4.1, 4.0,3.9,3.7,5.4,5.4, 3.7) respectively. But
the absolute error of bandgap energy for DFT for the same
basis sets is (2.1, 2.0, 2.0, 2.2, 2.2, 1.7, 2.2) respectively.
Accordingly DFT with basis set SDD can accept the result,
in fact, it is not exactly real value but is better than HF
approximation. [36] So that the structural analysis of
serotonin state is performed by DFT with an SDD basis set
in our study.

3.3 Vibrational assignments

The vibrational spectra analysis of the monomer state
of serotonin has been performed by using DFT with an SDD
basis set. Figure 3 shows the theoretical frequencies of the
serotonin monomer. The vibrated functional group is
discussed in the following:

3.2.1. 3.3.1C — H Vibrations

The C — H stretching characteristics isobservedin
between 3000 and 3100 cm—! for the aromatic
benzene ring [23-26]. In Serotonin monomer, the C — H
stretching is calculated at 3240.53 cm~%, 3202.14 cm—
land 3182.61 cm—. The C — H stretching in the alkyl
side chain of Serotonin are observed in 2840-3010 cm—*
[20_bookmark33]. The aliphatic € — H stretching
vibration is calculated at 2964 cm—2. In monomer, the
asymmetric stretching vibrations are calculated at
3202.14 cm~1. The CH; bending vibrations in the
Serotonin monomer is calculated at 1422.62 cm—*. In
Serotonin monomer the C —H in plane bending
vibration is calculated at 1267.24 cm—.

3.2.2. Amino group vibrations

The N — H stretching is generally observed in
between 3300 and 3500 cm—[27]. In Serotonin the N —
H stretching was reported at 3696.92 cm—! [20]. The
position of the vibration in this region depends on the
degree of hydrogen bonding and upon the physical state
of the sample. The NH; asymmetric stretching in the
Serotonin monomer is calculated at 3664.05 cm—*. The
NH2 bending vibration in the Serotonin monomer
appears at 3539.50 cm—2[24].
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3.2.3. COH group vibrations

The € — 0 stretching vibration in Serotonin
monomer is calculated at 1234.89 cm—*, 1256.92 cm—!
and 1267.24 cm—* respectively. It shows a good
agreement with the data of Serotonin found in the
literature [21].

The O — H group generally gives three types of
vibrations, i.e. stretching, in-plane bending and out of
plane bending vibrations. The O — H stretching
vibrations generally occur in the region of 3500 cm—1
[28]. As reported earlier, the O — H stretching vibration
in Serotonin is found at 3607 & 1 [20]. Tracy A. LeGreve
and et al. had reported the O — H stretching vibration in
between 3672 and 3667 cm— [22]. In our title molecule,
the O — H stretching vibration in the monomer state
appears at 3710.12 cm™. The 0 — H in-plane bending
vibration is calculated at 1234.89 cm™.

3.2.4. Serotonin ring vibrations

The aromatic ring C = C stretching vibrations are
arises in between 1600 and 1350 cm! [29-33]. In
Serotonin monomer the C = C ring vibrations are
assigned at 1674.76 cm—*,1641.00cm 1, 1600.83 cm—
1,1516.44 cm~—! and 1513.82 cm— respectively. The
C = C ring stretching vibrations shows an excellent
agreement with the previously reported data of
Serotonin [21].

The C — C in-plane bending ring vibrations occur in
the region below 1000 cm—1[34, 35]. In our present work
the € — C — C in-plane bending vibrations are calculated
at 945.06 cm—1, 839.53 cm—, 832.52 cm—!, 785.89
cm—1, 768.53 cm—1,725.70 cm—1, 665.32 cm—2, 615.65
cm—L.The out of plane bending vibration occurs at a
lower wavenumber side in addition to in-plane bending
vibration.

Figure 2. Serotonin structure C;oH;2N,0.
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Figure 3. FT-IR Spectrum of Serotonin

4. NMR Analysis

NMR spectroscopy is a great tool for determining the
structures of organic compounds. In order to identify
chemical compounds in various samples, the 13-C NMR
chemical shifts are used. We have used NMR to calculate
chemical shifts for the serotonin compound. Figure 2 shows
the Serotonin structure which is drawn by Gauss software.
Moreover ; Table 2 shows the 13C NMR for all references,
from the data in the table the carbons can be ordered as
(C2>C5>C4>C8>C7>C1>C6>C3>C11>C10) for all

references which means carbon number C3 was higher ppm

Table 2. The observed C NMR chemical shifts in ppm for

Serotonin
TMS TMS CH4
C NONE | HF/6- B3LYP/6- HF/6-31
N'O 31 G(d) | 311+G(2d, G(d)
Ppm GIAO P)GIAO GIAO
ppm ppm ppm
Cl |76.6 123.4 105.9 122.5
C2 |36.7 163.2 145.7 162.5
C3 | 86.03 113.8 96.5 113.3
C4 |62 137.8 120.4 136.9
C5 |57.2 142.6 125.2 141.9
C6 | 7751 1225 104.84 1215
C7 | 736 126.2 108.9 125.6
C8 | 655 134.4 116.9 133.5
C10 | 156.4 435 26 42.6
C11 | 144.01 | 55.9 38.4 55.1
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Table 3. The observed H NMR chemical shifts in ppm for
Serotonin.

T™MS
b | NONE gzg)s HF/6-31 | o /6.
NO | oo oo 311+G(2d, P)
ppm
H13 | 325 0.04 -0.67
H14 | 32.1 05 -0.17
H15 | 28.9 36 2.9
H17 | 26.1 6.6 58
H18 | 29.3 33 26
H19 | 30.1 25 18
H20 | 30.3 2.3 16
H21 | 29.7 2.9 2.1
H22 | 25.8 6.8 6.1
H23 | 26.2 6.5 5.7
H24 | 25.3 73 6.6
H25 | 25.6 7.0 6.3

Table 4. The observed Nitrogen atom NMR chemical shifts
in ppm for Serotonin.

N NONE HE/%-Sl NH3 B3LYP/6-

NO 1 ppm G(d)GIAO gérln’fG(Zd,P)Gle
ppm

N9 |1241 | 1366 134.4

N12 | 2280 |327 30.3

Table 5. The observed Oxygen atom NMR chemical shifts
in ppm for Serotonin.

o | NONE ?fg(g)':/ﬁ' H20 B3LYP/6-

o |, a1 ol gérl;e(zd, P)GIAO
ppm

016 | 198.9 1243 1211

lower filed but C13 was lower ppm higher filed. In addition,
table 3 shows H- NMR for different references. According
to the table for all references the hydrogen peak started from
the higher field (H13) to lower field as
(H24>H25>H22>H17>H23>H15>H18>H21>H19>H20>
H14>H13). The peak for two Nitrogen N9, N12 in
serotonin is viewed at 136.6 ppm and 32.7 ppm respectively
for reference H20 HF/6-31 G(d)GIAO, but for H20
B3LYP/6-311+G(2d, P) GIAO reference both N9, N12
peaks has decreased for lower ppm 134.4 and 30.3
respectively which is shown in Table 4. Oxygen NMR is
shown in Table5 and its peak has occurred at 124.3 ppm for
TMS HF/6-31 G(d)GIAO, but for TMS B3LYP/6-
311+G(2d, P) GIAO was observed at 121.1ppm.

5. CONCLUSION

The geometrical optimization of serotonin was
investigated and analyzed by using different basis sets. The
bandgap energy of the molecule was found. Vibrational
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normal modes of serotonin monomer were discussed and
reported. NMR signal peaks were explained to determine
the chemical structure of the molecule.
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