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Abstract

This study investigates the synthesis and characterization of
indole derivatives (C17H15N3O) and (C17H14BrN3O) employing the
Density Functional Theory. Experimental characterization using both
Infrared and Ultraviolet-Visible techniques was done on synthesized
compounds resulting from the formation of hydrazones and yielding
information on functional groups, electronic transitions, and structural
characteristics. DFT/B3LYP calculations using both (STO-3G*) and
(3-21G) basis sets were used for the molecular geometry optimization,
Mulliken charge distribution, vibrational spectral simulations, and
orbital energies. From the comparison of the two basis sets, it was
indicated that the (3-21G) can produce results closer to the experimental
results, especially for bond length, vibrational frequency, and electronic
transitions. Accordingly, the combined use of both methods provides
for the assignment of structural parameters with the utmost precision,
charge distribution interpretations with utmost reliability, and a better
understanding of molecular stability. This combined approach further
emphasizes the role played in computational chemistry to supplement
and establish spectroscopic observations of systems made of hete-
rocycles such as indole derivatives. We observe good agreement
between the theoretical and experimental results regarding the structural
and electronic properties, where (λmax)UV-Vis absorption spectrum
(Theo) (DFT/B3LYP, STO-3G*-268.95 nm, 3-21G -282.92 nm, expt
-282 nm) for the first compound and ((Theo)(DFT/B3LYP, STO-3G*-
286.85 nm, 3-21G -289.24 nm, expt -288 nm)) for the second compound.

1. Introduction:
Indole constitutes a bicyclic aromatic heterocycle with

a fused benzene-pyrrole system, and its chemical signifi-
cance in natural and synthetic compounds has been exten-
sively documented [1]. Biochemically, it is the indole of key
biomolecules such as tryptophan and indole-3-acetic acid [1].
Due to their important biological and medicinal properties,
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indole derivatives are of primary interest in drug design and
functional materials [2]. Structural alterations on the indole
core greatly affect its electronic properties and spectroscopic
behavior; hence, they require a comprehensive characteriza-
tion [2].

The vibrational data acquired from infrared spectroscopy
are most useful for indoles, as the N–H bands appear close
to 3400 cm-1 and the aromatic C=C bands appear around
1500-1600 cm-1 [3]. Some vibrational studies have shown that
substitution patterns modify IR frequencies in very predictable
ways [4]. The behavior of substances in UV-vis spectra is
comparable to π → π∗ absorption, in this case, between 270-
290 nm, with the effect of substituents and solvent factors [4].

https://doi.org/10.32894/kujss.2026.169539.1293
https://orcid.org/0000-0003-0569-3849
https://orcid.org/0009-0008-1551-5249
https://orcid.org/0009-0001-1829-5439
http://crossmark.crossref.org/dialog/? doi=\spacefactor \@m {}https://doi.org/10.32894/kujss.2026.169539.1293&domain=png&date_stamp=\spacefactor \@m {}onlinepub
mailto:zahra@uokirkuk.edu
https://creativecommons.org/license/by/4.0/)
https://creativecommons.org/license/by/4.0/)


Structural and Electronic Characterization of Two Indole-Derived Schiff Bases ... 25

A relationship could still be obtained through experimental
means [3]. NMR 1H and 13C spectroscopy is very important in
supporting structural elucidation in the context that aromatic
protons resonate around 6.8–8.0 ppm, while carbons are found
up to 100-140 ppm [4]. NMR shifts are very electronically
sensitive; thus, it is not possible to reveal the substitution
pattern present among indole derivatives [3].

The density functional theory (DFT) offers the central
theoretical framework in modeling indole geometry, vibra-
tions, and electronic transitions [5]. One of the most proven
techniques for organic compounds is the B3LYP functional,
which combines back exchange with LYP correlation [6]. The
DFT/B3LYP geometry optimization reliably predicts bond
lengths, bond angles, and molecular stability of indole sys-
tems [7]. Such optimized structures support the calculation of
HOMO-LUMO energies, energy gaps, and global reactivity
indices [8].

The DFT-generated vibrational frequencies enable direct
comparison with the corresponding experimental IR spec-
tra [8], whereas the assignments of vibrational modes have
been confirmed with a combined theoretical-experimental
methodology [9]. TD-DFT is also used to simulate UV-vis
absorption correctly, predict π → π∗ and n → π∗ reactions in
paragraph (substituted) indoles/groups, and study and address
the cross-coupling effects [8]. IR, UV–Vis, and NMR use
with DFT/B3LYP calculations constitute a broad framework
for the study of indole derivatives from the structural and
electronic points of view [3, 8].

Experimental-theoretical hybridization is crucial for the
study of stability, charge distribution, and spectroscopic behav-
ior in indole-based systems [9], thereby reinforcing the impor-
tance of these systems as valuable models in organic and com-
putational chemistry [1]. From the theoretical DFT/B3LYP
results being meaningfully correlated with the experimental
observations, this study aims to synthesize indole derivatives
and investigate their structural and electronic properties.

2. Computational Methods:
All quantum-chemical calculations were performed with

the Gaussian 16 (revision C.01) program [10]. Geometry op-
timizations, vibrational frequency analyses, Mulliken charge
evaluations, orbital energy calculations, and UV excited-state
simulations were carried out using density functional theory
with the B3LYP functional [7, 11]. Two basis sets, namely
STO-3G∗ and 3-21G, were used for the comparison of struc-
tural and electronic results [12, 13]. Geometric structures
were initially built and pre-optimized, followed by full opti-
mization at B3LYP/STO-3G∗ and B3LYP/3-21G levels.

Frequency calculations confirmed the absence of imagi-
nary modes, thereby yielding harmonic IR data to be com-
pared with experimental data [14]. Mulliken population analy-
sis was used for the determination of atomic charges [15], and
energies of HOMO and LUMO were obtained for electronic

structure and stability evaluations [16]. UV–Vis absorption
properties using TD-DFT were computed on the ten lowest
single transitions to correlate with spectra obtained experimen-
tally [17, 18]. Scaled harmonic frequencies and IR intensities
were assigned to specific vibrational modes using a method
proposed by [14, 3].

Electronic distributions and surfaces of molecular orbitals
were visualized using the software Multi wave length and
Gauss View [19]. All energies are presented in Hartrees or
electronvolts, and optimized geometries in Angstroms and
degrees. Thermal corrections were applied, when necessary,
by means of standard statistical thermodynamic procedures at
298.15 K [20].

3. Experimental Details:
A solution of indole-3-acetic hydrazide (1.0 g, 0.005 mol) in

10 mL of ethanol was prepared. To this, equal amounts (0.005
mol) of the corresponding substituted aldehydes were added:
4-bromobenzaldehyde (0.92 g), 4-chlorobenzaldehyde (0.61
g), 4-hydroxybenzaldehyde (0.61 g), 4-nitrobenzaldehyde (4-
nitrobenzaldehyde) (0.75 g).4-(dimethylamino ) benzaldehyde
(0.75 g), benzaldehyde (0.53 g), salicylaldehyde (0.61 g),
anisaldehyde (0.68 g), and 2,4-dimethoxybenzaldehyde (0.83
g).

Each aldehyde was dissolved separately in 10 mL of
ethanol containing two drops of glacial acetic acid (GAA)
and slowly added to the hydrazide solution with constant stir-
ring until a clear homogeneous mixture was obtained. The
reaction mixture was then stirred and heated at 80 °C for 6 h.
After completion, the resulting precipitate was collected by
filtration, washed thoroughly with cold distilled water, dried
and rehydrated with 75% ethanol to obtain the corresponding
hydrazone derivatives.

4. Results and Discussion:
4.1 Molecular Geometry:

The complete molecular geometry optimization process
resulted in the creation of advanced molecular structures,
which are displayed in Figure 1. The molecular structures of
CHNO and CHBrNO were examined through density func-
tional theory analysis at the B3LYP level using two different
basis sets (STO-3G) and (3-21G) according to the information
presented in Figure 1 and Table 1, which includes Parts I and
II.

The study uses bond length measurements along with
bond angle measurements and dihedral angle measurements
to evaluate how different basis set qualities affect the accu-
racy of optimized geometric measurements. Because the
(STO-3G) basis set computes bond distances for C–H and
heteroatomic bonds (C–N and C=O) using its most fundamen-
tal bonding character, it generates bond lengths that surpass
actual measurements. The (3-21G) basis set delivers bond
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distance measurements that are shorter than actual values but
provide better accuracy because it shows electron density dis-
tribution more precisely. The (3-21G) calculates bond angles
that differ slightly from actual values but maintain consistent
differences through all measurements because the method han-
dles electron delocalization better while creating less angular
strain.

The dihedral angle analysis results show that (3-21G) pro-
vides better performance for describing torsional movements
in flexible areas of the material than (STO-3G), which fails to
accurately represent torsional low points. The introduction of
a bromine substituent results in observable geometric trans-
formations that stem from both steric effects and electronic
effects, yet the aromatic structure maintains its basic planar
form to protect π-conjugation. The (3-21G) prediction of a
longer C–Br bond length matches with bromine’s large atomic
radius and high polarizability properties. The (STO-3G) and
(3-21G) models show different results because they handle
electronic polarization and torsional effects in different ways,
with the split-valence basis set delivering a more accurate
representation of molecular geometry, which correlates well
with earlier experimental and theoretical studies [21, 22].

4.2 Mullikan Charge:
4.2.1 C17H15N3O:

Figure 2 presents the Mulliken charge distribution results
for compound A1 which were obtained through DFT/B3LYP
calculations using both (STO-3G∗) and (3-21G) basis sets to
study how different basis set options affect electron density
distribution. The results show that (STO-3G∗) produces lower
absolute charge values while (3-21G) shows increased charge
separation because it better represents polarization and lone-
pair characteristics.

The carbon atoms show only slight changes from their
original state but the carbon atoms near conjugated and het-
eroatomic centers display increased positive charge which
shows better π-electron delocalization representation through
(3-21G). The (3-21G) results show higher positive charges
for hydrogen atoms because they exhibit stronger bond po-
larization between C–H and X–H bonds where X represents
either nitrogen or oxygen. The most pronounced differences
occur at heteroatoms: nitrogen and oxygen atoms display
significantly more negative charges with (3-21G), which im-
proves the description of lone-pair localization together with
electronegativity effects. The changes provide a more ac-
curate representation of electronic structure which scientists
need to study reactivity and hydrogen-bonding ability and
intermolecular interaction. The minimal (STO-3G) base set
underestimates charge values because its capacity to simu-
late polarization effects stands at an insufficient level. The
(3-21G) basis set delivers a more accurate representation of
Mulliken charge distribution for π-conjugated systems with
heteroatoms, which matches the findings of earlier theoretical
research [23, 24, 25, 26, 27].

4.2.2 C17H14BrN3O:
Figure 3 displays the Mulliken charge distribution for com-

pound A2, which was computed at the DFT/B3LYP level
using both the (STO-3G∗) and (3-21G) basis sets, to demon-
strate how different basis-set quality affects electronic struc-
ture descriptions. The (3-21G) basis set produces greater
absolute charge values and better polarization results than
(STO-3G∗) because it provides superior ability to represent
valence electron density. The (3-21G) results show that nitro-
gen and oxygen atoms have greater negative charges which
better represent their ability to localize lone pairs and their
electron-withdrawing properties that scientists need to evalu-
ate molecular reactivity and hydrogen-bonding strength.

The two basis sets produce only minor differences for
aromatic carbon atoms but specific locations show greater
charge separation through (3-21G) which results from better
treatment of conjugation and inductive effects. The hydro-
gen atoms that bond with aromatic and heteroatomic centers
demonstrate increased positive charge through (3-21G) be-
cause stronger bond polarization exists in this bond. The
split-valence basis set delivers a more accurate description
of bromine’s atomic structure because it can effectively rep-
resent the atom’s extensive electron cloud which includes
polarizable material. The (STO-3G∗) method underestimates
charge values because of its simple design whereas (3-21G)
delivers a better chemical explanation of charge distribution
in A2 which matches earlier theoretical research findings
[23, 24, 25, 26, 27].
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Figure 1. Optimized molecular geometries and atomic numbering of Compounds A1(C17H15N3O) and A2 (C17H14BrN3O)
(White hydrogen, gray carbon, red oxygen, blue nitrogen, dark red bromine).

Figure 2. The Mulliken charge distribution for the A1(C17H15N3O) molecule using DFT/B3LYP (STO-3G∗ and 3-21G).
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28Table 1. Optimized geometric parameter of compound (A1 and A2) using (DFT/B3LYP / STO-3G∗ and
DFT/B3LYP /3-21G).

A1 C17H15N3O DFT/B3LYP (gas-phase)

Bond
length

(Å)
STO-3G∗ 3-21G

Angle
length

(°)
STO-3G∗ 3-21G

Dihedral
angle

(°)
STO-3G∗ 3-21G

R(1,2) 1.437 1.4279 A(2,1,6) 118.6434 119.4161 D(6,1,2,3) -0.0445 -0.4259

R(1,6) 1.4223 1.4048 A(2,1,7) 107.5956 107.2304 D(6,1,2,15) 179.8221 179.1605

R(1,7) 1.4642 1.451 A(6,1,7) 133.7609 133.342 D(7,1,2,3) 179.8248 -179.3506

R(2,3) 1.4176 1.3989 A(1,2,3) 122.5047 121.5568 D(7,1,2,15) -0.3085 0.2358

R(2,15) 1.415 1.3857 A(1,2,15) 106.8393 107.1972 D(2,1,6,5) 0.0829 0.2386

R(3,4) 1.3995 1.3914 A(3,2,15) 130.6558 131.2443 D(2,1,6,12) -179.8276 -179.6854

R(3,9) 1.0974 1.0839 A(2,3,4) 117.2079 117.868 D(7,1,6,5) -179.7447 178.8264

R(4,5) 1.4254 1.4111 A(2,3,9) 121.2415 121.2772 D(7,1,6,12) 0.3448 -1.0977

R(4,10) 1.0981 1.0837 A(4,3,9) 121.5504 120.8541 D(2,1,7,8) 0.0905 -0.1493

R(5,6) 1.3995 1.3905 A(3,4,5) 121.3349 121.2396 D(2,1,7,31) -179.0839 -178.7536

R(5,11) 1.0978 1.0834 A(3,4,10) 119.4476 119.4104 D(6,1,7,8) 179.9318 -178.8614

R(6,12) 1.0984 1.084 A(5,4,10) 119.2175 119.3498 D(6,1,7,31) 0.7574 2.5343

R(7,8) 1.3845 1.3767 A(4,5,6) 121.3354 121.0624 D(1,2,3,4) -0.0362 0.3165

R(7,31) 1.5258 1.5007 A(4,5,11) 118.9748 119.2013 D(1,2,3,9) -179.8803 -179.3859

R(8,13) 1.096 1.0778 A(6,5,11) 119.6898 119.7363 D(15,2,3,4) -179.868 -179.158

R(8,15) 1.4161 1.3956 A(1,6,5) 118.9737 118.8559 D(15,2,3,9) 0.2879 1.1396

R(14,15) 1.0414 1.011 A(1,6,12) 120.4145 120.4239 D(1,2,15,8) 0.4127 -0.2354

R(16,17) 1.0556 1.0205 A(5,6,12) 120.6118 120.7202 D(1,2,15,14) 178.6066 -179.5521

R(16,18) 1.4466 1.4014 A(1,7,8) 106.9764 106.5691 D(3,2,15,8) -179.7355 179.2959

R(16,33) 1.4627 1.3841 A(1,7,31) 126.6875 126.6788 D(3,2,15,14) -1.5416 -0.0209

R(18,19) 1.3369 1.2946 A(8,7,31) 126.3305 126.7358 D(2,3,4,5) 0.0788 -0.0317

R(19,20) 1.5045 1.4786 A(7,8,13) 130.2578 129.1563 D(2,3,4,10) -179.9203 -179.8614

R(19,30) 1.1034 1.0875 A(7,8,15) 109.6941 109.8077 D(9,3,4,5) 179.9224 179.672
Continued on next page
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A1 C17H15N3O DFT/B3LYP (gas-phase)

Bond
length

(Å)
STO-3G∗ 3-21G

Angle
length

(°)
STO-3G∗ 3-21G

Dihedral
angle

(°)
STO-3G∗ 3-21G

R(20,21) 1.4227 1.407 A(13,8,15) 120.0452 121.0332 D(9,3,4,10) -0.0767 -0.1576

R(20,22) 1.4217 1.4078 A(2,15,8) 108.8929 109.1951 D(3,4,5,6) -0.0412 -0.1473

R(21,23) 1.4051 1.3928 A(2,15,14) 125.7359 125.6414 D(3,4,5,11) 179.9355 179.9224

R(21,24) 1.0987 1.0849 A(8,15,14) 125.3443 125.1597 D(10,4,5,6) 179.9579 179.6825

R(22,25) 1.4078 1.3957 A(17,16,18) 118.531 121.3655 D(10,4,5,11) -0.0654 -0.2478

R(22,26) 1.098 1.0828 A(17,16,33) 115.7372 119.3794 D(4,5,6,1) -0.0427 0.0386

R(23,27) 1.4106 1.3985 A(18,16,33) 116.4198 119.0438 D(4,5,6,12) 179.8676 179.9624

R(23,28) 1.0985 1.084 A(16,18,19) 114.5492 118.4633 D(11,5,6,1) 179.9808 179.9686

R(25,27) 1.4087 1.3962 A(18,19,20) 131.6743 131.1776 D(11,5,6,12) -0.1089 -0.1076

R(25,29) 1.0985 1.0835 A(18,19,30) 112.6774 113.6528 D(1,7,8,13) -179.1981 -179.371

R(27,36) 1.0983 1.0839 A(20,19,30) 115.6156 115.1693 D(1,7,8,15) 0.166 0.0065

R(31,32) 1.1053 1.0952 A(19,20,21) 118.3682 118.3182 D(31,7,8,13) -0.0199 -0.7678

R(31,33) 1.5907 1.5478 A(19,20,22) 123.2093 122.9676 D(31,7,8,15) 179.3443 178.6097

R(31,35) 1.1059 1.0984 A(21,20,22) 118.3621 118.6368 D(1,7,31,32) 47.6402 56.5628

R(33,34) 1.2487 1.2298 A(20,21,23) 120.8941 120.7801 D(1,7,31,33) -73.4784 -64.3071

A(20,21,24) 119.1607 119.158 D(1,7,31,35) 165.5019 174.9175

A(23,21,24) 119.9446 120.0606 D(8,7,31,32) -131.3797 -121.7678

A(20,22,25) 120.5271 120.4006 D(8,7,31,33) 107.5017 117.3623

A(20,22,26) 119.9023 120.4569 D(8,7,31,35) -13.518 -3.4131

A(25,22,26) 119.5253 119.0992 D(7,8,15,2) -0.3674 0.1448

A(21,23,27) 120.0985 120.0843 D(7,8,15,14) -178.57 179.4656

A(21,23,28) 119.8627 119.8694 D(13,8,15,2) 179.072 179.5815

A(27,23,28) 120.0382 120.0455 D(13,8,15,14) 0.8694 -1.0977

A(22,25,27) 120.4126 120.3649 D(17,16,18,19) 23.5297 10.2848
Continued on next page
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A1 C17H15N3O DFT/B3LYP (gas-phase)

Bond
length

(Å)
STO-3G∗ 3-21G

Angle
length

(°)
STO-3G∗ 3-21G

Dihedral
angle

(°)
STO-3G∗ 3-21G

A(22,25,29) 119.4863 119.0169 D(33,16,18,19) 168.8172 -175.0302

A(27,25,29) 120.0996 120.6166 D(17,16,33,31) -14.1688 1.8638

A(23,27,25) 119.6866 119.7131 D(17,16,33,34) 167.6609 -179.2525

A(23,27,36) 120.1174 120.0708 D(18,16,33,31) -160.4305 -172.9285

A(25,27,36) 120.1916 120.2121 D(18,16,33,34) 21.3992 5.9553

A(7,31,32) 110.5509 111.4884 D(16,18,19,20) 1.08 4.1598

A(7,31,33) 115.6964 115.8642 D(16,18,19,30) -176.7068 -175.6536

A(7,31,35) 109.5444 109.6757 D(18,19,20,21) -145.9909 -147.0111

A(32,31,33) 106.4903 105.6525 D(18,19,20,22) 36.8845 36.2352

A(32,31,35) 107.1544 107.0244 D(30,19,20,21) 31.7444 32.8001

A(33,31,35) 107.0111 106.6579 D(30,19,20,22) -145.3802 -143.9537

A(16,33,31) 112.1657 112.5737 D(19,20,21,23) -178.8015 -178.5224

A(16,33,34) 123.3179 125.0644 D(19,20,21,24) 1.4699 1.887

A(31,33,34) 124.4889 122.3521 D(22,20,21,23) -1.5353 -1.6253

D(22,20,21,24) 178.736 178.784

D(19,20,22,25) 178.1836 178.0599

D(19,20,22,26) 0.6443 0.4738

D(21,20,22,25) 1.0588 1.316

D(21,20,22,26) -176.4805 -176.2702

D(20,21,23,27) 0.7922 0.7595

D(20,21,23,28) -179.5156 -179.5605

D(24,21,23,27) -179.4813 -179.6535

D(24,21,23,28) 0.211 0.0264

D(20,22,25,27) 0.1569 -0.1463
Continued on next page
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A1 C17H15N3O DFT/B3LYP (gas-phase)

Bond
length

(Å)
STO-3G∗ 3-21G

Angle
length

(°)
STO-3G∗ 3-21G

Dihedral
angle

(°)
STO-3G∗ 3-21G

D(20,22,25,29) -179.3935 -179.6847

D(26,22,25,27) 177.7055 177.4724

D(26,22,25,29) -1.8449 -2.066

D(21,23,27,25) 0.4544 0.4403

D(21,23,27,36) 179.6987 179.7066

D(28,23,27,25) -179.2373 -179.2391

D(28,23,27,36) 0.007 0.0272

D(22,25,27,23) -0.9269 -0.7449

D(22,25,27,36) 179.8294 179.9899

D(29,25,27,23) 178.6208 178.7861

D(29,25,27,36) -0.6229 -0.4792

D(7,31,33,16) -20.695 -23.0725

D(7,31,33,34) 157.4499 158.009

D(32,31,33,16) -143.9745 -147.0321

D(32,31,33,34) 34.1705 34.0494

D(35,31,33,16) 101.6797 99.314

D(35,31,33,34) -80.1753 -79.6045

(A2) C17H14BrN3O

R(27,36) 1.888 1.9304 A(23,27,36) 120.0549 119.6915 D(21,23,27,36) -179.7125 -179.704

A(25,27,36) 120.0897 119.8337 D(28,23,27,36) 0.425 0.4044

D(22,25,27,36) 179.2716 179.3967

D(29,25,27,36) - 0.9476 -0.8806
End of Table
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4.3 Vibrational Frequencies (cm−1):
4.3.1 C17H15N3O:

The researchers used experimental FTIR spectra of C17H15N
4O shown in Figures (4, 5, 6 ) to evaluate theoretical frequency
results, which DFT/B3LYP combined with the (STO-3G*)
and (3-21G) basis sets to produce. The absorption bands
which appear at 3324 cm−1, 3246 cm−1, and 3213 cm−1 in
the high-frequency range correspond to N–H stretching vibra-
tions, which confirm that amino or hydrazone-type functional
groups are present. The (3-21G) basis set provides superior
results because it accurately predicts N-H stretch frequencies,
which lie in the 3300-3400 cm−1 range, while (STO-3G*)
demonstrates a slight frequency underestimation. The 2988
cm−1 band displays aromatic/aliphatic C-H stretching, which
both basis sets can adequately describe, but 3-21G provides
better results for this measurement. The 1723 cm−1 absorp-
tion peak results from C=O stretching, which (3-21G) can
accurately reproduce, whereas (STO-3G*) produces lower
frequencies and less intense results. The bands found at 1672,
1610, and 1555 cm−1 correspond to C=N stretching, N–H
bending, and aromatic C=C vibrations, which demonstrate
the presence of a conjugated aromatic–nitrogen system. The
1460–1196 cm−1 range contains C–N stretching and in-plane
C–H bending modes, while peaks that occur below 1000 cm−1

result from ring deformation and out-of-plane C–H bending
vibrations. The (3-21G) basis set enables better matching with
experimental spectrum data throughout all spectral regions
because it outperforms other methods in modeling hydrogen
bonding and heteroatom and conjugated system vibrational
modes.

4.3.2 C17H14BrN3O:
The experiment used FTIR spectra of C17H14BrN3O, which
were recorded in Figures (7, 8, 9) to perform DFT/B3LYP
calculations with (STO-3G*) and (3-21G) basis sets to study
its vibrational properties and verify its structural character-
istics. The 3431 cm−1 band shows a strong N–H stretching
vibration, indicating the presence of amine or hydrazide func-
tional groups; the theoretical models successfully reproduced
this mode with (3-21G), which showed better results than the
other model. The absorption at 3053 cm−1 corresponds to
aromatic C–H stretching and is more accurately described by
the split-valence basis set. The carbonyl group C=O stretch-
ing creates a strong band at 1658 cm−1, which both basis
sets can predict accurately with (3-21G), providing results
that match experimental data more closely. The 1600–1450
cm−1 range produces bands which come from aromatic C=C
stretching and N–H bending vibrations that represent a conju-
gated aromatic–nitrogen system, and 3-21G produces better
results with this particular system. The fingerprint region
(1200–1000 cm−1) is associated with C–N stretching modes,
while absorptions below 900 cm−1 correspond to out-of-plane
C–H bending of the substituted aromatic ring. The (3-21G)
basis set demonstrates a better match with experimental re-

sults according to all modes which involve heteroatoms and
aromatic substitution, while (STO-3G*) overestimates low-
frequency vibrations according to references [[28, 29]].

4.4 UV-Vis spectrum:
4.4.1 C17H15N3O:

The experimental UV–Vis spectrum of C17H15N3O Figure
10 shows strong absorption in the 190–350 nm region, which
demonstrates electronic transitions for conjugated π systems
that have heteroatoms. The spectrum displays two primary
absorption bands: a strong band at 200–220 nm and a broader
band at 270–280 nm, corresponding to πßπ* and n→π* tran-
sitions from aromatic rings and nitrogen- or oxygen-centered
lone pairs. TD-DFT calculations conducted at the B3LYP
level using the (STO-3G*) and (3-21G) basis sets provide
strong evidence for the existence of these experimental char-
acteristics. The (STO-3G*) basis set predicts a dominant elec-
tronic transition near 270 nm, which matches the experimental
band and results from a HOMO→LUMO πßπ* excitation.
The (3-21G) basis set produces a red-shifted transition at 282
nm because it better describes how excited-state electrons
redistribute and how conjugation effects operate. The value
shows a slight overestimation but still maintains acceptable ex-
perimental accuracy because gas-phase calculations failed to
account for solvent and environmental impacts. The (3-21G)
basis set provides better accuracy for molecular electronic ex-
citation energy and charge-transfer character than other basis
sets.

4.4.2 C17H14BrN3O:
Figure ?? shows the comparison between the experimental

results and the theoretical predictions for the UV–Vis spectra
of C17H14BrN3. The experimental results show a moderate-
to-intense absorption band that starts just below 300 nm. This
band primarily results from the πßπ* transition in the conju-
gated aromatic and triazole system. The band shows a minor
nßπ* contribution from the lone pairs of heteroatoms. The
TD-DFT calculations showed that the B3LYP level predicted
the main electronic transition to occur at 287 nm with the
(STO-3G*) basis set and at 289 nm with the (3-21G) basis set.
The experimental maximum was closely matched by both pre-
dicted transitions. The (3-21G) basis set produced a small red
shift because it better captured the valence orbital flexibility
and excited-state electron delocalization. The calculated and
experimental spectra show their main differences because vi-
bronic coupling, solvent effects, and band broadening exceed
the limits of gas-phase vertical excitation calculations. The
two basis sets capture the main experimental feature, but the
(3-21G) basis set shows better accuracy for wavelength and
intensity measurements, which makes it the better choice for
quantitative UV–Vis predictions in brominated, heteroatom-
containing conjugated systems [[30, 31, 32]].
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Figure 3. The Mulliken charge distribution for the (A2) (C17H14BrN3O) molecule using DFT/B3LYP (STO-3G* and 3-21G).

Figure 4. Experimental IR spectrum of compound A1 (C17H15N4O).

Figure 5. Theoretical IR spectrum of compound A1 (C17H15N4O) using (DFT/B3LYP/STO-(DFT/B3LYP/STO-3G∗).
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Figure 6. Theoretical IR spectrum of compound A1 (C17H15N4O) using(DFT/B3LYP/STO-(DFT/B3LYP/3-21G).

Figure 7. Experimental IR spectrum of compound A2 (C17H14BrN3O).

Figure 8. Theoretical IR spectrum of compound A2 (C17H14BrN3O) using (DFT/B3LYP/STO-3G*).
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Figure 9. Theoretical IR spectrum of compound A2 (C17H14BrN3O) using (DFT/B3LYP/3-21G).

Figure 10. Experimental UV-Vis absorption spectrum compared with theoretical results calculated at DFT/B3LYP/STO-3G*
and DFT/B3LYP/3-21G levels for C17H15N3O.

Figure 11. Experimental UV-Vis absorption spectrum compared with theoretical results calculated at DFT/B3LYP/STO-3G*
and DFT/B3LYP/3-21G levels for (C17H14BrN3O).
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5. Conclusion:

This dual experimental and computational work charac-
terizes the coherent structural and electronic behavior of the
synthesized indole derivatives (A1 and A2). From experi-
mental IR, there is confirmation of other specific functional
groups, while UV-Vis measurements act as ancillary eviden-
tial sources in determining substitution patterns for the studied
molecules. The DFT/B3LYP calculations also provide an ad-
ditional contribution in establishing optimized geometries,
Mulliken charge distributions, vibrational frequencies, and
energies of the frontier orbitals, providing more ground for
interpretation of the stability and reactivity of the various com-
pounds. Of the two basis sets, (3-21-G) was the most consis-
tent in providing stronger correlation with direct experimental
data and hence, claimed increased accuracy as compared to
(STO-3G*). Besides this, an analysis of HOMO-LUMO gaps
and electron density distribution has enlightened the electronic
behavior of the compounds and their propensity for under-
going chemical interactions. Indeed, the experimental and
theoretical data are interspersed to convince themselves of the
structures of the molecules, explain the physicochemical prop-
erties of indoles, and reiterate the powerful impact of coupling
spectroscopic with computational practices on modern chem-
ical research. The optimized geometries, Mulliken charge
distributions, vibration frequency, and electronic properties
simulated using computational methods are in agreement with
available experimental data for compound A; they can be used
to predict properties of similar compounds with a reasonably
high degree of accuracy.
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