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Gefitinib, a well-known epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor used in the
treatment of non-small cell lung cancer, was investigated in this study using density functional theory
(DFT). The molecular structure was optimized at the B3LYP/6-311G(d,p) level of theory, and the
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absence of imaginary frequencies confirmed the stability of the optimized structure. Vibrational
analysis provided detailed insight into the characteristic functional groups of the molecule. The
electronic properties were analyzed using frontier molecular orbital analysis. The HOMO and LUMO
energies were calculated to be -6.0734 eV and -1.8243 eV, respectively, with an energy gap of 4.2491
eV, indicating the good kinetic stability of the molecule. TD-DFT studies demonstrated a main
absorption band at approximately 325 nm, which was mainly attributed to m — m* electronic
transitions in the conjugated quinazoline framework. Solvent-phase analysis using the PCM model
revealed a slight red shift in the absorption wavelength, confirming the effect of solvation on the
electronic excitation characteristics of gefitinib. The calculated nonlinear optical parameters showed
significant polarizability and first hyperpolarizability values, which can be attributed to effective
intramolecular charge transfer and extended m-conjugation.

1. Introduction

Cancer is a leading cause of death worldwide [1]. Non-
small cell lung cancer (NSCLC) accounts for roughly 85%
of lung cancer cases [2]. Conventional chemotherapy often
lacks selectivity and causes significant side effects, which
has motivated the development of targeted therapies that
attack specific molecular mechanisms in tumors. One such
mechanism is the epidermal growth factor receptor
(EGFR) signaling pathway, which is frequently overactive
in NSCLC. Gefitinib is a selective EGFR tyrosine kinase
inhibitor that blocks this pathway [3]. It is FDA-approved
for patients with metastatic NSCLC harboring activating
EGFR mutations [4] and is listed on the WHO Essential
Medicines List [5], underscoring its clinical importance. By
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inhibiting mutated EGFR, gefitinib can suppress the
growth of these tumor cells, improving patient outcomes
compared with standard chemotherapy.

Computational chemistry offers powerful tools for
understanding drug molecules at the atomic level. Density
functional theory (DFT) has become a standard method
for predicting the structure, spectra, and electronic
properties of complex organic compounds. Numerous DFT
studies have investigated small-molecule therapeutics to
reveal their stability, reactivity, and optical behavior [6].
However, to our knowledge, a complete quantum-
chemical analysis of gefitinib has not been reported. In
particular, its nonlinear optical (NLO) response and
noncovalent interaction (NCI) characteristics remain
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unexplored, despite their potential relevance to material
applications.

Addressing this gap, a detailed DFT investigation of the
gefitinib molecule was conducted at the B3LYP/6-
311G(d,p) level of theory in this study. The resulting
optimized molecular geometry was then confirmed as a
true energy minimum using vibrational frequency data to
verify its stability. Electronic and optical properties were
investigated using frontier molecular orbital (FMO)
analysis and time-dependent DFT (TD-DFT) calculations
to evaluate electronic transitions and charge-transfer
behavior.

Molecular electrostatic potential (MEP) was calculated
to identify electron-rich and electron-deficient reactive
regions, and global reactivity descriptors were analyzed to
describe molecular stability and chemical reactivity. In
addition, the NLO parameters were determined to analyze
the electronic polarization properties of gefitinib.

NCI and reduced density gradient (RDG) analyses were
also performed to visualize weak intramolecular
interactions and steric effects within the molecular
structure. The obtained results provide comprehensive
insight into the structural, electronic, spectroscopic, and
reactive characteristics of gefitinib. The calculated HOMO-
LUMO energy gap and global reactivity descriptors
suggest good kinetic stability and moderate sensitivity to
intramolecular charge transfer.

2. Methodology

All quantum chemical simulations were carried out
using the Gaussian 09 program package [7,8]. The
molecular geometry of gefitinib was optimized within the
framework of density functional theory (DFT), employing
the  B3LYP  exchange-correlation functional in
combination with the 6-311G(d,p) basis set [9-11]. The
optimization process was performed without imposing
any symmetry restrictions, allowing the molecule to attain
its lowest-energy configuration on the potential energy
surface.

To verify the nature of the optimized structure,
harmonic vibrational frequency calculations were
performed at the same level of theory. The absence of
imaginary frequencies confirmed that the structure
corresponded to a true minimum [12]. These calculations
also provided infrared (IR) intensities and Raman
activities, which were used to interpret the vibrational
behavior of the molecule [13].

The electronic structure was further explored through
frontier molecular orbital (FMO) analysis, focusing on the
HOMO and LUMO obtained from the converged
wavefunction [14]. In addition, the density of states (DOS)
profile was generated using the GaussSum program to
examine the distribution of energy levels among the
molecular orbitals [15].

To investigate the charge distribution and chemically
active regions, molecular electrostatic potential (MEP)
surfaces were mapped [16]. Global reactivity parameters,
including chemical potential, hardness, softness, and the
electrophilicity index, were evaluated using frontier
orbital energies within the conceptual DFT framework
[17,18].

NLO properties, such as the dipole moment,
polarizability, and first hyperpolarizability, were
determined using the finite-field approach available in
Gaussian 09 [19], providing insight into the response of
the molecule to an applied electric field.

Finally, weak intramolecular interactions were
analyzed using RDG analysis in combination with the NCI
method [20]. This approach enables the identification and
visualization of van der Waals interactions, hydrogen
bonding, and steric effects that contribute to molecular
stability.

3. Results and Discussion

3.1.Molecular Structure Optimization and Analysis

The molecular geometry of gefitinib was optimized
using density functional theory (DFT) with the B3LYP
exchange-correlation functional in combination with the
6-311G(d,p) basis set, as implemented in the Gaussian 09
program package. The optimization was carried out
without imposing any symmetry restrictions, allowing the
molecule to attain its lowest-energy configuration on the
potential energy surface. The convergence criteria for
energy and forces were satisfactorily met within the
default thresholds of the Gaussian program, confirming
that the optimized structure corresponds to a stable
equilibrium configuration (Figure 1).

The total electronic energy of the optimized structure
was calculated to be -1857.8527 a.u. The dipole moment
of the molecule was found to be 5.26 D, with components
of ux = 4.66 D, py = 2.09 D, and pz = 1.26 D along the
respective Cartesian axes. The relatively large dipole
moment indicates significant charge separation within the
molecular framework, primarily arising from the presence
of heteroatoms and electron-withdrawing functional
groups. This uneven distribution of electron density
contributes to the overall polarity of the molecule, which
may significantly influence its intermolecular interactions
and potential biological activity.
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Fig. 1. Optimized structure of Gefitinib molecule.
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3.2.Vibrational Properties and Frequency Analysis

Vibrational analysis provides valuable insight into the
functional groups and structural features present in the
optimized molecular geometry. The simulated IR and
Raman spectra are presented in Figures 2 and 3,
respectively, and display several characteristic bands
corresponding to various stretching and deformation
modes associated with the aromatic rings, heterocyclic
quinazoline core, and aliphatic substituents.

The high-frequency region of the spectrum is
dominated by N-H and C-H stretching vibrations. A broad
band observed around 3400 cm-1 can be attributed to N-H
stretching vibrations associated with the amine group
present in the quinazoline framework. Aromatic and
aliphatic C-H stretching modes appear in the region of
2956-2808 cm-1, arising from the alkyl and aromatic
hydrogen atoms attached to the carbon skeleton.
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Fig. 2. IR graph of Gefitinib molecule.
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Fig. 3. Raman Activity Spectrum of Gefitinib molecule.

In the mid-frequency region, several prominent bands
are observed that correspond to ring vibrations and
heteroatom stretching modes. The strong band near 1625
cm-1 is assigned to C=N stretching vibrations within the
quinazoline heterocyclic ring system. Another intense

band appearing at 1578 cm-1 corresponds to aromatic
C=C stretching vibrations, which are characteristic of
conjugated aromatic systems. A significant peak at 1530
cm-1 is also attributed to aromatic C=C skeletal stretching,
confirming the presence of the conjugated ring structure
in the molecule.

Additional bands appearing around 1500 cm-1 and
1472 cm-1 are associated with aromatic ring deformation
and C-H bending vibrations. The peak observed at 1429
cm-1 can be assigned to C-N stretching vibrations, while
the band near 1398 cm-1 is related to C-H bending modes
of the aromatic framework [21-22].

In the lower frequency region, several bands
correspond to heteroatom-carbon vibrations and skeletal
modes. The absorption peaks around 1227 cm-1 and 1219
cm-1 are attributed to C-O stretching vibrations associated
with the methoxy, and ether groups present in the
molecular structure. The strong band appearing at 1110
cm-1 corresponds to C-O-C stretching vibrations within
the ether linkage.

The detailed vibrational assignments are summarized in
Table 1, which lists the calculated frequencies along with
their corresponding molecular vibrations.

Table 1. Theoretical vibrational frequencies (cm-1) and corresponding
assignments for the gefitinib molecule.

Frequency (cm1) Assignment

3400 N—H stretching

2956 Aromatic/aliphatic C—H stretching
2921 Aliphatic C—H stretching
2808 C—H stretching

1649 C =N stretching

1625 C =N ring stretching
1578 Aromatic C =C stretching
1530 Aromatic ring stretching
1500 Aromatic C—H bending
1472 Ring deformation
1429 C—N stretching

1398 C—H bending

1227 C—O stretching

1110 C—0—C stretching
1028 C—F stretching

847 Aromatic C—H out-of-plane
542 Ring deformation
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Furthermore, the peak around 1028 cm-1 can be
assigned to C-F stretching vibrations, which arise due to
the presence of the fluorine substituent on the aromatic
ring. Lower-frequency bands observed at 847 cm-1 and
542 cm-1 correspond to out-of-plane aromatic C-H
bending and ring deformation modes, respectively.

The vibrational modes calculated for C-0, C-F, and for
aromatic ring deformations also agreed with the
experimental spectral features reported for gefitinib.
Minor deviations between theoretical and experimental
frequencies may arise from anharmonic vibrational
effects, intermolecular interactions, and the difference
between isolated gas-phase calculations and condensed-
phase experimental measurements [23].

The good agreement between the calculated and
experimental vibrational spectra indicates the reliability
of the B3LYP/6-311G(d,p) level of theory employed in the
present investigation for describing the structural and
spectroscopic properties of gefitinib.

3.3.UV-Visible Absorption Analysis

The electronic absorption characteristics of gefitinib
were characterized by the time-dependent density
functional theory (TD-DFT) calculations at the theory's
B3LYP/6-311G(d,p) level. UV-Visible spectra enable
important information on the electronic excitation
response, frontier molecular orbital engagement and
intramolecular charge transfer of the molecular system.
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Fig. 4. UV-Vis Spectrum of Gefitinib molecule.

Visualisation of the calculated UV-Visible absorption
spectra of gefitinib in gas and aqueous media is given in
Figure 4. Solvent effects were included according to the
Polarizable Continuum Model (PCM) with water as
solvent. The observed spectrum demonstrates a
significant absorption band at about 325 nm, strongly
related to m — 7™ electronic transitions in the conjugated
aromatic and quinazoline structure of the molecule. The
transition is predominantly related to electron excitation
from the highest occupied molecular orbital (HOMO) to
the lowest unoccupied molecular orbital (LUMO).
Electron-donating and electron-withdrawing substituent
groups localized to the quinazoline ring increase -

electron delocalization around the molecule and thereby
improve electronic excitation and charge shifting. Other
absorption bands present, which lie in the wavelength
range from 260-300 nm, are largely ascribed to m — =©*
transitions involving aromatic carbon-carbon groups and
heterocyclic moieties of the molecule. Weak absorption
features at the wavelength range of 220-240 nm can be
attributed to transition n — ©* associated with the lone
pair electrons in nitrogen and oxygen atoms [24].

Table 2. Theoretical UV-Visible absorption bands and electronic
transition assignments for gefitinib.

. Major .
Medium Amax (nm) Transition Assignment
Gas phase ~320-325 HOMO—LUMO T—or
Water Slight] m— " with
(le\i) hi h%r )\y HOMO—LUMO solvent
g max stablization
Higher-
energy 220-290 HOMO-1—LUMO n—omnt
bands

These transitions require relatively higher excitation
energies and therefore appear at shorter wavelengths.
Comparison of the gas-phase and solvent-phase spectra
reveals a slight bathochromic/red shift of the principal
absorption band in aqueous medium, as shown in Table 2.
This shift can be attributed to the stabilization of the
excited electronic states by the polar solvent environment,
which slightly lowers the excitation energy. Such behavior
is characteristic of the electronic distribution of gefitinib
and reflects its response to solvent-induced polarization.
The electronic transitions indicate pronounced m-electron
delocalization within the aromatic and heterocyclic rings,
which contributes to the stabilization of the electronic
structure and promotes intramolecular charge transfer.

The absorption band observed at around 325 nm for
gefitinib is in good agreement with previous experimental
UV-Visible reports, in which two intense absorption peaks
were recorded at 331 and 345 nm in ethanol medium [23].
Minor  discrepancies  between  theoretical and
experimental wavelengths may arise from solvent effects,
vibronic interactions, and the inherent approximations
associated with the DFT functional and basis set used in
the calculations.

These results are also consistent with the frontier
molecular orbital analysis and support the conjugated
nature of the gefitinib molecular framework. In
conclusion, the UV-Visible spectral analysis highlights the
critical role of the quinazoline core and the associated
substituent groups in determining the electronic and
optical properties of gefitinib, which may influence its
photophysical behavior and potential optoelectronic
applications.
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3.4. Density of States (DOS) Analysis

DOS analysis provides essential information about
occupied and unoccupied molecular orbitals and their
contributions to the overall electronic behavior. The
obtained DOS spectrum clearly separates the occupied
valence region from the unoccupied conduction region
[25].

The highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO) were
calculated to be -6.0734 eV and -1.8243 eV, respectively,
resulting in an energy gap of 4.2491 eV. The large HOMO-
LUMO energy gap indicates good kinetic stability and a
moderate intramolecular charge transfer character of the
molecule within its conjugated framework. Frontier
orbital analysis further reveals that the major electronic
contributions originate from m orbitals localized on the
aromatic rings and the quinazoline heterocyclic core,
while heteroatoms such as nitrogen and oxygen also
contribute to the electronic distribution.
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Fig. 5. Density of States (DOS) spectrum of gefitinib calculated at the
B3LYP/6-311G(d,p) level of theory, showing the distribution of
occupied and unoccupied molecular orbitals and the HOMO-LUMO

energy gap.
The observed orbital distribution indicates widespread
m-electron delocalization throughout the molecular
network, which is of significant importance for the optical
and electronic properties of gefitinib. As shown in Figure
5, the electronic states within the frontier orbital region
are relatively closely spaced, so that it is likely that
intramolecular charge redistribution occurs between
electron-rich aromatic sections and electron-deficient
heteroatomic regions. These electronic interactions are
consistent with frontier molecular orbital and UV-Visible
spectral analyses, indicating moderate intramolecular
charge transfer in the molecule in general.
On the whole, the DOS analysis is in line with the reported
existence of an extended conjugated electronic system for
gefitinib and further elucidates the electronic distribution
which controls both structural rigidity and spectroscopic
performance.

3.5.FMO, MEP, and Global Reactivity Descriptor
Analysis

Frontier molecular orbital (FMO) analysis was conducted
to investigate the molecular structure, charge-transfer

behavior, and chemical reactivity of gefitinib. The highest
occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) are particularly
important for understanding the electron-donating and
electron-accepting properties of the molecule, since these
frontier molecular orbitals are strongly associated with
molecular excitation and intermolecular interactions [26].

The calculated HOMO and LUMO energies at the
B3LYP/6-311G(d,p) level of theory were -6.0734 eV and
-1.8243 eV, respectively, resulting in a HOMO-LUMO
energy gap of 4.2491 eV, as presented in Figure 6. The
relatively large energy gap indicates good kinetic stability
and moderate intramolecular charge-transfer capability.
These electronic characteristics can be attributed to the
conjugated nature of the molecular framework,
particularly the aromatic systems and heteroatomic
substituents.

The Global Reactivity Descriptor analysis is shown in
Table 3. The calculated chemical potential was -3.9488
eV, indicating the tendency of the molecule to attract
electrons. The chemical hardness was found to be 2.1246
eV, while the corresponding chemical softness was 0.2353
eV™'. The relatively moderate hardness value suggests
that the molecule exhibits a balanced relationship
between stability and reactivity.

Furthermore, the electrophilicity index was calculated
to be 3.6697 eV, indicating that gefitinib possesses a
considerable ability to accept electrons during chemical
interactions. The maximum electronic charge-transfer
value of 1.8587 further supports the potential of the
molecule to participate in charge-transfer processes.

The spatial orientation of the frontier orbitals indicates
that the HOMO is largely concentrated around the
aromatic rings and nitrogen heterocyclic regions, a clear
representation of electron-rich areas of the molecule. The
LUMO, on the other hand, is primarily distributed into the
quinazoline core and adjacent substituent groups,
indicating a preferential distribution of electrons through
that unit. This observed orbital separation may imply
potential intramolecular charge redistribution from
electron-rich aromatic regions to electron-deficient
heteroatomic regions upon electronic excitation.
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Fig. 6. Frontier molecular orbitals of gefitinib calculated at the
B3LYP/6-311G(d,p) level of theory.
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Table 3. Global reactivity parameters of Gefitinib molecule.

Maximum

Chemical Chemical Energy Electronic

](-L%l;/[o t‘g‘%l 0 Potential Hardness ﬂg‘;:??;g; ity :‘Eg;i;s Gap Eg Charge
u(eV) 1 (eV) (eV) Transfer
ANmax
-3.9488 2.1246 3.6697 0.2353 42491 1.8587

6.0734 1.8243

Table 4. Calculated polarizability and hyperpolarizability tensor components of the gefitinib molecule at the B3LYP/6-311G(d,p) level of theory.

Nonlinear Optical ax 10-2¢ and x 10-33 (in esu)

Value (in a.u.)

Parameters
Aa 227.6548 33.7384
QAsotropic 313.2200 46.4192
Xy 429.1343 63.5977
Py 8.2345 1.2203
Ayy 328.1376 48.6300
Az 45677 0.6769
y, 42.4157 6.2860
Az 182.3882 27.0299
Brotal 1361.6429 11763.6419
Brxx 1099.7474 9500.9378
By -603.5153 -5213.8892
By -30.7779 -265.8964
Byyy -115.6183 -998.8497
Bz -140.3912 -1212.8676
Bryz -44.3313 -382.9866
Byy. -59.8287 -516.8720
Bz 97.1363 839.1803
Byzz 26.4688 228.6694

Bz 79.8697 690.0101
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Fig. 7. Molecular electrostatic potential (MEP) surface of gefitinib
showing electron-rich (red) and electron-deficient (blue) regions.

As a second step towards investigating charge
distribution and the reactive regions of the molecule, the
molecular electrostatic potential (MEP) surface was
generated based on the optimized geometry. The MEP
map is a graphical representation of the electrostatic
potential distribution across the molecular surface and is
useful for identifying electrophilic and nucleophilic
reactive sites. The MEP surface exhibits regions of
negative electrostatic potential, shown in red, which
correspond to electron-rich regions mainly localized
around oxygen and nitrogen atoms, owing to their high
electronegativity. Positive electrostatic potential domains,
shown in blue, on the other hand, are largely localized
around hydrogen atoms and some peripheral carbon
atoms, signifying relatively electron-deficient regions [27].
Heteroatoms, as shown in Figure 7, play an important role
in the molecule’s intermolecular properties and local
charge distributions within the molecule.

In addition to the FMO analysis, also referred to as
global reactivity descriptors were determined by means of
the HOMO and LUMO energy in the conceptual density
functional theory. These descriptors quantify the stability,
electronic softness, electrophilicity and chemical reactivity
of the molecular characteristics of the gefitinib molecule.

3.6. Nonlinear Optical Properties Analysis

The nonlinear optical (NLO) properties of the gefitinib
molecule were evaluated using the B3LYP functional in
conjunction with the 6-311G(d,p) basis set. The
polarizability and hyperpolarizability tensors were
obtained directly from the Gaussian output based on the
finite-field approach. All computed NLO parameters were
initially expressed in atomic units (a.u.) and subsequently
converted to esu.

The finite-field method is based on a Taylor series
expansion of the total energy of the system in the presence
of an external electric field, as described by Kurtz et al.
[28,29]. The energy E(F) and dipole moment y; (F) can be
expressed as:

1 1
E(F) = E(0) — uF; _EaijFiFj _gﬁiijiFij

1
- EYijleiFijFz —

(1)

1 1
wi(F) = u;(0) + a;;F; + Eﬁiijij + ;VijkszFsz )

where E(0) is the energy of the molecule in the absence of
an external electric field, p,(0) is its permanent ith dipole
moment, a;; is the dipole polarizability, and ,Bijk and Vijki
are the first- and second-order hyperpolarizabilities.

The isotropic polarizability a is described by a second-
rank tensor, whereas the first § and second y order
polarizability are represented by higher-rank tensors with
many components.

The isotropic polarizability is calculated as the mean
value as given in the following equation [30-33]:

1
(a) = §(axx + ayy, + azz2) (3)

And the polarizability anisotropy invariant is:

1
Ad = [(axx - ayy)z + (ayy = azz)z + (@, — ax)?|’

2 (4)

The total static first hyperpolarizability f was obtained
from the relation:

Brot = /(ﬁ% + By + B2) (5)

Upon calculating the individual static components,

1
bi=3 Z Bikke + Brix + Prri);  wherei=x,y,z (6)

k=x,y,z

Due to the Kleinman symmetry:

'Bxyy = .Byxy = .Byyx ; .Byyz = ,Byzy = .Bzyy T
We can finally obtain the equation that has been
employed:

ﬁtot
= \/(/Bxxx + /Bxyy + /szz)2 + (/Byyy + ﬁyzz + ﬂyxx)z + (Bzzz + Bzxx + ﬂzyy)z (7)

Table 4 shows the calculated NLO parameters of
gefitinib. Both the isotropic polarizability and first
hyperpolarizability values indicate that the molecule
possesses appreciable electronic polarization
characteristics. The relatively high polarizability can be
attributed to the presence of an extended m-conjugated
system, together with heteroatoms incorporated within
the quinazoline framework.

The aromatic rings and heteroatomic substituents
facilitate the redistribution of electron density under an
external electric field, thus contributing to the overall
molecular polarization. In particular, the presence of
electron-rich and electron-deficient regions in the
molecular framework facilitates intramolecular charge
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transfer, which plays an important role in determining the
nonlinear optical response of the molecule.

The calculated first hyperpolarizability suggests that
gefitinib exhibits moderate nonlinear optical activity due
to m-electron delocalization and structural asymmetry.
Conjugated molecular pathways establish donor-acceptor
interactions, thereby enhancing electronic communication
across the molecule and contributing to the observed
hyperpolarizability values.

The calculated first hyperpolarizability of gefitinib was
found to be considerably larger than that of urea, a
commonly used reference NLO material. The obtained
Biota value is approximately 31 times higher than the
reported hyperpolarizability of urea ($=0.3728x10-30
esu=372.8x10-33 esu), [34] indicating appreciable
nonlinear optical response arising from extended -
conjugation and intramolecular charge transfer within the
molecular framework.

While gefitinib is known as an anticancer therapeutic
agent, the present theoretical study suggests that the
molecule possesses promising electronic response
properties. These results indicate that heteroatomic
aromatic frameworks in conjugated pharmaceutical
molecules may exhibit useful optical polarization behavior
relevant to molecular optoelectronic research.

3.7.NCI and RDG Analysis

The non-covalent interaction (NCI) analysis was
performed to investigate weak intermolecular and
intramolecular interactions within the gefitinib molecule
using the reduced density gradient (RDG) approach. A
variety of interactions (e.g., van der Waals forces, steric
effects, and weak attractive interactions) are instrumental
in modulating molecular stability, conformational effects,
and intermolecular recognition systems. RDG analysis was
conducted by plotting the reduced density gradient as a
function of sign(A2)p, where A2 is the second eigenvalue of
the electron-density Hessian matrix. This allows to
identify attractive and repulsive interaction structures in
the molecular system [35,36].
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Fig. 8. NCI isosurface and RDG scatter plot of the gefitinib molecule
illustrating non-covalent interactions. Blue, green, and red regions
correspond to attractive interactions, van der Waals interactions, and
steric repulsion, respectively.

The RDG scatter plot, along with the NCI isosurface of
gefitinib, is presented in Figure 8. As shown in Figure 8,
negative sign(A;)p values correspond to attractive

interactions, near-zero values indicate weak van der
Waals interactions, and positive values represent steric
repulsion. The NCI isosurface was constructed using an
RDG isovalue of 0.5 a.u., with blue, green, and red regions
corresponding to attractive interactions, weak dispersive
interactions, and steric repulsion, respectively. The NCI
surface shows many green regions surrounding the
aromatic rings and heteroatomic substituent regions,
suggesting weak van der Waals interactions within the
conjugated molecular structure. These interactions
stabilize the molecular conformation and are prominent in
the quinazoline heterocyclic region and nearby aromatic
moieties [37,38].

Small blue areas near nitrogen and oxygen atoms
indicate weak attractive interactions in localized electron-
rich centers. Such interactions may influence
intermolecular recognition behavior and may affect the
binding features of the molecule in biological
environments. In contrast, the presence of red-colored
regions in localized portions of the molecular surface is
associated with steric repulsion owing to the proximity of
atomic contacts in neighboring substituent groups.

These steric interactions contribute to maintaining the
three-dimensional molecular geometry and spatial
arrangement of the substituents. In conclusion, the RDG
and NCI analyses clearly indicate that both weak
dispersive  interactions and localized attractive
interactions strongly affect the conformational stability
and electronic organization of the gefitinib molecule.

4. Conclusions

This study conducted a comprehensive quantum
chemical investigation of the anticancer drug gefitinib
using density functional theory (DFT) at the B3LYP/6-
311G(d,p) level of theory. Vibrational frequency analysis
confirmed that the optimized molecular geometry
represents a true minimum-energy structure.

The IR and Raman spectra were found to reproduce all
the characteristic vibrational features of the quinazoline
framework and associated functional groups, showing
reasonable agreement with experimental studies. TD-DFT
UV-Visible analysis revealed that the main absorption
bands mainly originate from m—m* transitions within the
electronic structure of the conjugated aromatic system.
The inclusion of solvent effects using the PCM water
model induced a small bathochromic shift in the
absorption spectrum, indicating the stabilization of the
excited electronic states in a polar solution.

Frontier molecular orbital analysis showed HOMO and
LUMO energies of -6.0734 eV and -1.8243 eV,
respectively, with a HOMO-LUMO energy gap of 4.2491
eV. The computed energy gap indicates satisfactory kinetic
stability as well as moderate intramolecular charge-
transfer character. The mapping of the molecular
electrostatic potential (MEP) surface indicated that
electron-rich regions are mainly concentrated around the
nitrogen and oxygen atoms, indicating potential sites for
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intermolecular interactions. The evaluated global
reactivity descriptors also confirmed the electronic
stability of the molecule and its moderate electrophilic
character.

DOS analysis also provided further insight into the
electronic distribution across the frontier orbital region
and provided evidence for m-electron delocalization as a
key factor controlling the electronic properties of gefitinib.
Nonlinear optical (NLO) parameters were calculated,
revealing significant molecular polarizability and first
hyperpolarizability due to the increased m-conjugation
and asymmetric distribution of electrons.

Moreover, NCI and RDG analyses showed that, in
addition to weak van der Waals interactions, favorable
local attractive interactions and steric effects are also
present, contributing to the conformational stability of the
molecule. Therefore, the current study provides detailed
insight into the structural, spectroscopic, electronic, and
reactive properties of gefitinib. This approach not only
demonstrates the capability of quantum chemical methods
to improve our understanding of biologically relevant
heterocyclic systems, but may also provide a useful
theoretical foundation for future investigations into
pharmaceutical reactivity and molecular optoelectronic
applications.
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