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Abstract

The compounds 4-benzyldine-2-phenyl-5(4H)-oxazolone and (4-methoxy)-4-benzyldine-2-phenyl-
5(4H)-oxazolone were prepared. Infrared spectroscopy and mass spectra were used to confirm the
structures of the two compounds. The dipole moment values of the ground electronic states were
experimentally studied in benzene solution, where the results indicated that the methoxy-substituted
compound reduced dielectric values, meaning it aided in forming double layers compared to the
unsubstituted compound. However, at the same time, it had no clear effect on the results of the
permanent dipole moment values, indicating that the electron-donating methoxy group did not
noticeably affect the electronic and geometric structures of the compounds because its molar mass is
much smaller than the molar mass of the entire compound. The fluorescence spectra of the two
prepared compounds were measured in the wavelength range (200-900) nm in solvents of different
polarities (acetonitrile, acetic acid, and ethyl acetate). The measured spectra indicated red-shifts in
fluorescence emission peaks, any toward longer wavelengths as solvent polarity increased. The study
showed that the dipole moment values of the excited state did not exhibit significant differences
between the two compounds. The results of Stokes shift less than 100 nm indicated that the geometric
shape of the compounds did not change, meaning that the presence of the electron-donating group
in the compound, despite differences in its electrical properties, did not cause any disturbances in the
compound’s energy levels overall. The electronic absorption spectra were measured in hexane and
methanol, where no clear spectral shifts were observed when transitioning from a polar to a nonpolar
solvent. The experimentally measured spectra in hexane were analyzed into ten linearly overlapping
spectral bands using Gaussian fitting. To determine the nature of the electronic transitions, molecular
orbital calculations were performed using the PM3 wavefunction, which was considered the best
mathematical function for determining the geometric shape corresponding to the lowest energy.

Keywords: oxazolone; dipole moment; red shift; hyperchromic; ground electronic state; excited
electronic state

1. Introduction

Oxazolone derivatives are considered heterocyclic compounds containing nitrogen and oxygen,
playing a vital role as antibacterial, antiviral agents, in addition to their role in manufacturing pain
relievers, anti-inflammatory, antidepressant, and anticancer drugs. They have been used in treating
some types of diabetes [1]. They are used in manufacturing semiconductors that convert light into
electrical charges, such as laser printers and photocopying machines, and in manufacturing nonlinear
optical materials that depend on optical refractive coefficients [2]. Oxazolone derivatives contain
many active sites that make them chemically modifiable, but due to their important applications, they
are considered excellent raw materials for developing medical probes. They are also used as catalysts
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in preparing chromophore analogs based on imidazolin-5-one and green fluorescent protein, and in
many applications such as micro-environmental sensors, molecular switching, microfabrication,
early-stage corrosion detection, and photodynamic therapy [3]. The study showed that oxazolone
derivatives are fluorescent molecules, especially when linked to electron-donating groups, and that
fluorescence emission depends on solvent polarity, where it was observed that as solvent polarity
increases, fluorescence shifts toward the long-wavelength region. The study also showed that the
excited state is more polarizable than the ground state [4]. Recent studies indicate that modified
oxazolone derivatives possess multiple potentials in various applications, as they can be used as
monomers to produce light-conducting polymers, improving photoconversion efficiency to reach
15% [5]. Research has also proven that these compounds have a positive effect on polymerization
processes, enhancing polyethylene polymerization speed by 30% when used as catalysts,
contributing to improving the industrial performance of this process [6]. Additionally, polymer
membranes containing oxazolone derivatives have been developed for use in gas sensors,
characterized by high sensitivity reaching 0.1 PPM, making them an ideal choice in advanced
detection technologies. These discoveries enhance the potential of oxazolone derivatives in optical,
catalytic, and sensing industries, opening new horizons for their use in future applications [7].

2. Research Importance and Objectives

e  Synthesize two oxazolone derivatives and confirm their structures using IR and mass
spectroscopy.

e  Calculate the permanent dipole moment of the ground electronic state using a benzene solution
in a capacitor.

¢  Determine the dipole moment of the excited electronic state using fluorescence and absorption
spectra in solvents of varying polarity.

e  Study Stokes shifts in solvents with different dielectric constants.

e  Analyze electronic absorption spectra in hexane and methanol to investigate the electronic
effects of substituents on energy levels and charge transfer mechanisms.

e  Data deconvolution in hexane using Gaussian analysis.

e Compute geometric configurations and energetic constants using the PM3 wavefunction in
MOPAC.

3. Instruments Used

e  FS-2 fluorescence spectrophotometer (SCINCO).

¢  LCR meter for capacitance measurement.

e  UV-VIS double-beam spectrophotometer (PG Instruments Ltd., Model T90).
e  FT-IR spectrometer (JASCO, Model 4200).

4. Materials Used

e  Hippuric acid (Alfa Aesar, 99% purity).

e  Benzaldehyde (SCP, 97% purity).

e  4-Chlorobenzaldehyde (SIGMA-ALDRICH, 97% purity).
e  4-Methoxybenzaldehyde (Alfa Aesar, 98% purity).
e  4-Nitrobenzaldehyde (Alfa Aesar, 99% purity).

e  Glacial acetic acid (99% purity).

e Acetic acid (95% purity).

e  Acetonitrile (Lap-Scan, 99.8% purity).

e  Ethanol (SIGMA-ALDRICH, 99.8% purity).

e  Ethyl acetate (99% purity).

e  Chloroform (95% purity).

e n-Hexane (Acros Organics, 99% purity).
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e  Methanol (Laboratory Rasayan, 99.5% purity).

4-1-. Synthesis of Compounds

The two compounds with the following general formula were prepared:

0 O
(0] @]
O/k = O/k —_—
> A
N N
OCH;,

(4methoxy) -4-benzyldine-2-phenyl 4-benzyldine-2-phenyl-5(4H) — oxazolone
-5(4H) -oxazolone

Step 1: Added to a 50 mL round-bottom flask: 0.01 mol of hippuric acid, 0.01 mol of
benzaldehyde derivative, 20 mL of glacial acetic acid, and 5 mL of pure acetic acid as a reaction
medium. The mixture was heated under reflux at 80°C for four hours. Afterward, the mixture
transformed from liquid to solid with a yellow color.

Step 2: The mixture was cooled to room temperature. If the prepared compound was in liquid
form, the mixture was placed in an ice bath with stirring for half an hour until precipitates formed.
The mixture was then slowly filtered to obtain a yellow precipitate.

Step 3: Recrystallization of the compounds was performed by dissolving them in the minimum
possible amount of hot ethanol, then filtering the hot solution and leaving the samples in a
refrigerator to cool well. The cold solution was filtered, the crystals were washed with ethanol, and
then dried for 4 hours in an oven at 100°C, yielding pure yellow crystals [8].

4-2-. Mechanism:

1. Deprotonation: Hippuric acid reacts with acetic anhydride, undergoing deprotonation of the
amide group (-NH-) to form a reactive carboxylate anion.

2. Cyclization: The nucleophilic oxygen attacks the adjacent carbonyl carbon, leading to ring
closure and formation of an unstable oxazolone intermediate.

3. Benzaldehyde addition: The intermediate reacts with benzaldehyde in acetic acid medium, with
subsequent proton abstraction to generate a new intermediate compound.

4. Dehydration: Water elimination occurs via condensation, yielding the final stable oxazolone
derivative product.
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Figure 1. Formation mechanism of oxazolones derivative.[8]

5-. Physical Properties of Synthesized Compounds:

The prepared compounds differed in the intensity of their yellow color depending on the
substituent, as shown in Table 1 [9].

Table 1. Reaction yield and some properties of the prepared compounds:.

Substituent, Overall Molecular Melting The color  Reaction
X . . . . . Solvent
formula weight point intensity yield
-H CisH;1NO, 249 165 Bright yellow 54 Ethanol
-OCHs C;7H;3N O3 279 155 Bright yellow 80 Ethanol

5. -1-IR Spectra

The infrared spectra (IR) were recorded to confirm the structures of the two prepared
compounds using KBr disks in the spectral range of 450-3500 cm™.
For the unsubstituted compound (Figure 2):

e A peak at 3432 cm™ corresponds to the O-H stretching vibration, indicating free or hydrogen-
bonded hydroxyl groups.

e  Peaks at 1796.85 cm™ and 1768.84 cm™ correspond to C=O stretching, characteristic of the
oxazolone ring. The presence of two peaks suggests multiple tautomeric forms or interactions
with the environment.

e A peak at 1652 cm™ corresponds to C=N stretching, part of the heterocyclic oxazolone ring.

e A peakat1596.27 cm™ corresponds to C=C stretching in aromatic rings (benzene rings).

For the methoxy-substituted compound (Figure 3):

e A peak at 3424.32 cm corresponds to O-H stretching, with a slight shift compared to the
unsubstituted compound due to the methoxy group's effect.

e Peaksat1789.16 cm™ and 1770.7 cm™ correspond to C=O stretching, with slight shifts due to the
methoxy group.

e Apeakat1653.37 cm™ corresponds to C=N stretching, with a small positional change compared
to the unsubstituted compound.
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e  Peaks at 1602.04 cm™ and 1512.12 cm™ correspond to C=C stretching in aromatic rings, with
shifts due to the methoxy group.

e  Distinctive peaks at 1266.49 cm™ and 1162.07 cm™ correspond to C-O stretching in the methoxy
group, a hallmark of this substituent [9].

Table 2. Interpretation of IR Spectra.

Wavenumber (cm™?)
Methoxy-Substituted

Group Unsubstituted Compound Compound
C=0 1768.84cm!  51796.85cm!  1770.70cm 51789.16cm™!
C=N 1652cm! 1653.37cm!
C=C 1596.27cm! 1512.12cm! 51602.04cm!
C-O - 1162.07cm! 51266.49cm!
O-H 3432cm! 3424.32cm!
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Figure 2. IR of the substituent -H.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2427.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 July 2025 d0i:10.20944/preprints202507.2427.v1

6 of 25

100

_\Hv/ ﬁm—.ﬁ_vv]ru—wn——w—mrvﬂﬂh _‘II

B0 a0
L
—
J—
—_—
s
2
—

T0
1

50
1

Transmittance [%)

40
L

30

il

)
i | | |
& EREEY BRERCELINDYRREES RIS EEEAT xaran ma T om
= BExo3 EIgsEsaNcacassRecrsneT b bR e
o mEARR [fggapat =4 oo Ce e e bk bl b —4 = e b e e R
T T T T T
3500 3000 2500 2000 1500 1000 500

Wiarenumber cm-1

Figure 3. IR of the substituent -OCH3.

5. -2-Mass Spectra

The mass spectra (Figures 4 and 5) demonstrate a clear relationship between molecular structure
and fragmentation patterns, confirming the successful synthesis of both target compounds.

The key difference is evidenced by the m/z=279 peak in Figure 5 compared to m/z=249 in Figure
4, reflecting the impact of the additional methoxy group on molecular mass.

The peaks at m/z=172 and 202 indicate molecular fragment stability following phenyl group loss
in both compounds, supporting the molecular design.

The m/z=248 peak in Figure 5 is characteristic of the methoxy group, representing its loss (OCHs)
during fragmentation.

The spectra confirm the shared core structure through the consistent m/z=77 peak in both
compounds, representing the phenyl ion.

The more complex fragmentation pattern in Figure 5 reflects the methoxy group's influence on
molecular stability and ionization behavior.

These results provide strong experimental evidence supporting the theoretical analyses and
conclusions regarding the properties of these oxazolone derivatives presented in the study.
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Figure 4. Spectrum of the substituent -H.
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Figure 5. Spectrum of the substituent -OCHa.

6-. Calculation of Dipole Moment for Ground Electronic State

A 25 mL benzene solution containing 0.02 g of each compound was prepared. From this, 1 mL
was taken and diluted again with benzene to 25 mL. The solution was placed between the plates of a
capacitor with specific dimensions (Figure 4), connected to an LCR meter to measure its capacitance
under a low-voltage DC electric field (0.5 V).[13-10]

The dipole moment (1) was calculated using the following equations:
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Where:
e  M: Molar mass
e 0:Density
e  k: Dielectric constant
¢ Na: Avogadro's number
e ¢o: Vacuum permittivity
¢  K:Boltzmann constant
e T: Absolute temperature
Table 3. Some physical and electrical constants for oxazolone derivatives.
-H -OCH:s
Cr (Pico. farad) 6.2095 6.7
Pm.104 (m3.mol-1) 1.61 1.887
u(Debye) 2.807 3.039

The methoxy group, as an electron-donating group, reduced the dielectric value and increased
the capacitor's capacitance compared to the unsubstituted oxazolone. However, no significant
changes were observed in the permanent dipole moment of the ground electronic state due to the
substituent's small molar mass relative to the entire compound. The table shows no significant
differences between the dipole moment values, indicating similarity in geometric structure despite
the presence of different substituents [14].

7-. Calculation of Dipole Moment for Excited Electronic State Using
Fluorescence

7-1-. Fluorescence Spectra of Unsubstituted Oxazolone

Fluorescence spectra of the unsubstituted oxazolone were recorded in solvents of different
polarities (acetonitrile, acetic acid, and ethyl acetate) in the spectral range of 200-900 nm.

e In ethyl acetate: Excitation at 405 nm yielded a fluorescence peak at 435 nm, with a Stokes shift
of 30 nm (Figure 7).

e Inacetic acid: Excitation at 410 nm yielded a fluorescence peak at 441 nm, with a Stokes shift of
31 nm (Figure 8).

¢  In acetonitrile: Excitation at 415 nm yielded a fluorescence peak at 480 nm, with a Stokes shift
of 65 nm (Figure 9).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The table shows a red shift in fluorescence spectra when transitioning from ethyl acetate to acetic
acid to acetonitrile, corresponding to increasing dielectric constants (6.02, 6.15, and 37.5, respectively)
[15,16].
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Figure 7. Fluorescence and excitation spectrum of unsubstituted oxazolone in ethyl acetate.
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Figure 8. Fluorescence and excitation spectrum of unsubstituted oxazolone in acetic acid.
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Figure 9. Fluorescence and excitation spectrum of unsubstituted oxazolone in acetonitrile.

The results indicated that the excited electronic state is more stable in polar solvents, confirming
its higher polarity compared to the ground state. The increased interaction between the excited state's
polarity and the solvent's polarity led to a physical stabilization of the excited state, accompanied by
a red shift in fluorescence spectra [17].

The study also observed Solvatochromism, where fluorescence spectra shifted toward longer
wavelengths when moving from less polar to more polar solvents. The dielectric constant played a
key role in Solvatochromism and the morphology of the studied compounds. The red shift in
fluorescence spectra resulted from the coupling of the two benzene rings (electron-donating groups)
with the heterocyclic oxazolone ring, leading to intramolecular charge transfer (ICT) when the
compound is in the excited electronic state [18].

7-2-. Fluorescence Spectra of Methoxy-Substituted Oxazolone

Similarly, fluorescence spectra of the methoxy-substituted oxazolone were recorded. Excitation
wavelengths were 461 nm, 458 nm, and 457 nm, yielding Stokes shifts of 35 nm, 31 nm, and 25 nm in
ethyl acetate, acetic acid, and acetonitrile, respectively (Figures 10-12).

No clear changes were observed in excitation wavelengths, but a red shift and band broadening
were noted when transitioning from less polar to more polar solvents. The excited state's polarity
was evident, similar to the unsubstituted oxazolone, due to the strong electron-donating nature of
the methoxy group.
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Figure 10. Fluorescence and excitation spectrum of methoxy-substituted oxazolone in ethyl acetate.
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Figure 11. Fluorescence and excitation spectrum of methoxy-substituted oxazolone in acetic acid.
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Figure 12. Fluorescence and excitation spectrum of methoxy-substituted oxazolone in acetonitrile.

Table 4. Spectral values of fluorescence of unsubstituted and methoxy-substituted.

unsubstituted methoxy-substituted
BEXA FLA Sto%(es BXA FLA Stokes shift
Solvent shift
(nm) (nm) (nm) (nm) AA(nm)
AA(nm)
ETHYL
ACETATE 405 435 30 457 450 25
ACETIC ACID 410 441 31 458 489 31
ACETONITRIL 415 480 65 461 496 35

Aex: excitation wavelength in nanometers (nm). Ar.: Fluorescence wavelength in nanometers (nm).

8-. Calculation of Dipole Moment for the Excited Electronic State:

Different solvents of varying polarity were employed to perturb the first excited electronic state
for the determination of m, and m; values. To calculate m,, the relationship was plotted as a function
of Fs(e,n), while form;, the relationship was plotted against F,(¢,n) (Figures 13-16).

The dipole moment of the excited electronic state (1*) was calculated using equations (2-5):

2
= 2t Hg)

' hca® (2)

2 2
_ 2Ape-pg)
m,= “head
ca (3)
where p* and p represent the dipole moments of the excited and ground states, respectively; h is

Planck's constant, c is the speed of light in vacuum, and a, is a constant known as the Onsager cavity
radius.

o _(mym) {hcas T’”
g .
2 2m, @
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— (mz+m1) x
B (mz'ml) ’

e

(5)
A fundamental requirement for applying equation (5) is that m, > m;, as the ground state must

be in equilibrium with the excited state. The obtained results are presented in Tables 5 and 6.
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Figure 13. Calculate mi1 of the oxazolone without substituent by drawing the relationship va-v¢ in terms of F2(D,

n).
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Figure 14. Calculate m2 of the oxazolone without substituent by drawing the relationship va +v¢/2 in terms of
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Figure 15. Calculate the mi of oxazolone with a substitute methoxy by drawing the relationship va-viand in

terms of F2(D, n).
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Figure 16. Calculate the m2 of oxazolone with a substitute methoxy by drawing the relationship va +vi/2 and in
terms of F3(D, n).

Table 5. Experimental values of dipole moment in excited and ground states for the studied compounds.

titut
Parameters unsubstituted substitute
methoxy
u(Debye) Dipole moment of the ground state 2.807 3.039
u*(Debye) Dipole moment of the excited State 3.014 3.022

The table reveals a slight increase in dipole moment for both compounds, attributed to the
greater polarity of the excited electronic state compared to the ground state. This enhancement stems
primarily from hydrogen bond formation, along with two key contributing factors:

First: The photophysical transition in these molecules is of the localized excitation (LE) type,
where excited electrons remain confined to their original molecular region without significant
redistribution of overall charge density [19].

Second: The methoxy group exerts a dual opposing influence - while its electron-donating
capability increases the dipole moment, steric constraints simultaneously limit this effect by
impeding complete charge reorganization during excitation [20].

Table 6. Shows the experimental results of fluorination of the compounds prepared using ethyl acetate, acetic

acid and acetonitrile solvents.

Solvent ethyl acetate acetic acid acetonitrile
Compoun unsubstitute methoxy- unsubstitute methoxy- unsubstitute methoxy-
d d substituted d substituted d substituted
Jax107 405 457 410 457 415 461
x107 435 500 441 489 480 496
Va-Vt 1703 1882 1715 1432 3263 1531
(Va +ve)/2 23840 20940 23530 21170 22460 20930
F2(D, n) 0.095 0.115 0.104 0.124 0.562 0.578
Fs3(D, n) 0.773 0.761 0.777 0.766 1.006 0.993

9. -Electronic Absorption Spectra Analysis:

9-1-. For 4-Benzylidene-2-phenyl-5(4H)-oxazolone:

The electronic absorption spectra of 4-benzylidene-2-phenyl-5(4H)-oxazolone were measured in
methanol and n-hexane across the 200-500 nm wavelength range. The spectra exhibited similar
overall profiles in both solvents, despite their differing polarities, with no significant shifts in spectral
band positions. This indicates that the conjugated m-system remains largely unaffected by solvent
polarity.
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However, the spectrum in methanol showed hyperchromic effects (increased molar
absorptivity) at key absorption bands. This enhancement arises from hydrogen bonding between
methanol’s Auxochromic -OH group and the carbonyl oxygen of the oxazolone ring, which bridges
the phenyl and hydrocarbon moieties [21].

Spectroscopic measurements revealed two distinct absorption bands:

e A primary peak at 360 nm (attributed to the m—mt* transition of the conjugated system)

e A secondary peak at 260 nm (likely due to localized aromatic transitions), as shown in Figure 17
for the n-hexane spectrum.
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150000 ——Methanol

ses+Hexane
120000

90000

Molar Extenction Coefficient, L/mol.cm
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o
.....

215 230 245 260 275 290 308 320 335 350 365 380 395 410
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Figure 17. Electronic absorption spectrum of 4-benzylidene-2-phenyl-5(4H)-oxazolone in methanol and n-

hexane.

The spectral features can be explained by two resonance structures:

- The primary resonance form (extended conjugation) corresponds to the main absorption band
at 360 nm, exhibiting a redshift due to decreased energy transition.

0 0
oAy OJ&H
ATy —t ™

G N .

- -The secondary resonance form (shorter conjugation) corresponds to the 260 nm band, showing
a blueshift from reduced conjugation length.
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Figure 17 reveals three intense absorption bands at 380, 360, and 342 nm (t—t* transitions),
along with three weaker bands at 260, 247, and 239 nm (n—t* transitions) that were more distinct in
n-hexane. These features arise from hydrogen bonding interactions in methanol and the compound's
electronic structure.

Gaussian deconvolution of the n-hexane spectrum (Figure 18) revealed ten linearly
superimposed absorption bands with varying intensities, resulting from multiple electronic
transitions of different chromophores within the molecular framework [22,23].
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Figure 18. Gaussian deconvolution analysis of the electronic absorption spectrum for 4-benzylidene-2-phenyl-

5(4H)-oxazolone in n-hexane solution.

To interpret the Gaussian deconvolution results for the studied compound, we used the
MOPAC-2016 program, which specializes in investigating excited electronic states, calculating
certain geometric constants for the ground state, and studying the computed electronic transitions
that simulate the Gaussian deconvolution results. To conduct this study, it was necessary to
determine the optimal molecular geometry corresponding to the lowest energy state, based on the
experimentally measured permanent dipole moment value of 2.807 Debye provided in Table 5. We
employed a set of parameterized wavefunctions programmed within the MOPAC software to
calculate the dipole moment value of the studied compound, including AM1, PM6, STO-3G, PM7,
and PM3 [24]. The results are presented in Table 7.

Table 7. Calculated versus experimental dipole moments (in Debye units) for oxazolone in benzene solution

using various quantum chemical methods implemented in MOPAC.

4-Benzylidene-2-phenyl-5(4H)-

Dipole Moment( Debye)
oxazolone
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Decalculated.- am1 3.244
Decalculated.- sTO-3G 2.633
Dcalculated.- PmM7 2.633
Dcaiculated.- PM6 3.210
Dcalculated.- PM3 2.707
D(Experiment) 2.807

Table 7 demonstrates that the PM3 calculation method yielded a dipole moment value of 2.707
Debye, which is the closest to the experimentally measured value of 2.807 Debye. Consequently, this
method was employed to perform structural calculations on the ground electronic state in order to
obtain the optimal molecular geometry corresponding to the lowest energy state, as shown in Figure
19.

Figure 19. The optimal three-dimensional configuration corresponding to the lowest energy state for the

compound 4-benzyldine-2-phenyl-5(4H)-oxazolone, calculated using the PM3 method.

The excited electronic states were studied to interpret the Gaussian deconvolution results using
the optimal geometric configuration corresponding to the lowest energy state, which was calculated
via the PM3 wavefunction within the MOPAC 2016 program. For this study, four filled molecular

orbitals (HOMO) Yo Wi ¥ Vi Vg Vs Vg

were selected (after multiple calculations employing various combinations of filled and empty

4 and four empty molecular orbitals (LUMO)

molecular orbitals) to investigate the theoretical spectral transitions corresponding to singlet states
(Singlet). The results are presented in Tables 8 and 9.
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Table 8. The maximum absorption wavelengthsimax resulting from Gaussian deconvolution analysis and
theoretically calculated using the PM3 method, along with their molar extinction coefficients & and oscillator
strengths (f) for the compound 4-benzyldine-2-phenyl-5(4H)-oxazolone.

f (OSCIHatora(mol'l.L.cm-l) Amax(eV) Solvents
strengths) calculated measured

4.387 40160.0 3.17 3.26

6.047 54770.0 3.81 3.44

7.953 52040.0 3.84 3.62

6.294 49030.0 3.90 3.76

2.099 30460.0 4.12 4.02

0.831 24720.0 4.55 4.68 Hexane
2.519 55510.0 4.86 4.79

7.615 89990.0 4.96 4.96

11.851 170000.0 5.20 5.15

9.575 115000.0 5.49 5.39

Table 9. Electronic transitions corresponding to singlet states (singlet) between bonding molecular orbitals
(HOMO) and antibonding molecular orbitals (LUMO), calculated using the PM3 method, along with their
experimentally corresponding energies from Gaussian deconvolution analysis of the unsubstituted oxazolone

spectrum in n-hexane.

(eV)

lcul . .
measured o ate Types and Components of Electronic Transitions = Percent

d

3.17

HOMO 5 — LUMOg5:C,N4C,4C5CeCoCroCoCos . | = C7CgCioC: n*L
3.26  (46-50) 46 50:CoNiCyCsCaCoCaoCanCos T, | = C1CoCaoCn w5y Lo

*
3.81  HOMO > LUMO,;:C;CeCioCuy (s, | CoN C4CsCig016Can (n ,,Z]

4%
3.44 (45-47)  HOMO 5 — LUMO,5:C,NoC,CoCeCoCioCrnCos [“pzj = N L£4C6CoCo0C0C03C05 (“}5@)
(46-48)
3.84

*
HOMO, 5 — LUMO,7:C;C4C1Cyy (“PZ) = C3 N L£4CsC1g019Co3 (“ PZJ
362  (45-47) 4%
(46-49) HOMO4s — LUMO45:CN5C,CsCoCoC1oConCas (7e, | = Ca1C22CasCis (n 149

3.90
(45-47) HOMO 5 —> LUMO,;;:C;CqC1Cry (1, | = C; NCoCsC16016Cra [n*,,zj

%
3.76 (46-50)  HOMO,5 — LUMO4:C,N;C4CsCCoCioCa0Cas T, | > C7CCioCit (n*;l%

%

412 HOMO;5 - LUMO,5:C;CeC10Cpy (”pzj = N L4CsCyCr0C21C23C 5 [”*PZLQ
%

4.02 (45-48)  HOMO ;5 — LUMOG):C,N;C,4CsCeCoCioCaoCos (s, | > CrCoCaoCis (7'
(46-50)

4.55
4.68 (44-47)  HOMO,, — LUMO;:NyCoC;CoC1oCo0CrCosCas (o, | = C2N 3c4c5c18019c?4€*,,2]

4.86 .
4.79 HOMO,, — LUMO 1:N4C¢C;CoC10C20C21C3Crs [ Mo | = C1CrrCruC ng
(44_49) 44 49-1¥3~6~7~910~20~21~23 24( Pz] 212224 25[ P, 5%
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5.20

5.15 (44-47) o

*
HOMO,; = LUMO,7:N3C6C7C4C10C20C2C23C 4 (“pz) = €N L£4CsC1019Ca3 [“ le
*
(46-49) HOMO 5 — LUMO 45:C;N3C,4C5CsCoC15C5Cos (npzj — CCpC0%Css [’T PZ] 14%

5.49 . *
5.39 (44-48) HOMO,4 = LUMO 45:N3CC7CoC10C20C21C23Co4 (“pzj = NCsCoCoCoC1Ca3Css [7‘ PZJD
. - (]
(46-50) HOMOus > LUMOx; CNsC,CoCeCeCioCarCrs (%, )= C1CoC0Car (n*PZ] 16%

From Table 9, we observe the following:

1. The spectral band resulting from Gaussian deconvolution at 4.79 eV (theoretically calculated at
4.86 eV) shows a charge transfer percentage of approximately 25%. This represents the highest
electronic charge transfer within the compound, occurring from the heterocyclic ring to the
benzene ring on the right side of the heterocyclic ring. This transition results from the electronic
excitation from bonding molecular orbital type number 44 (HOMO) to antibonding molecular
orbital number 49 (LUMO).

2. Another electronic transition with 15% contribution originates from the oxazolone ring which
connected to the carbonyl group towards the benzene ring in the right section.

3. Additionally, a relatively minor electronic transition of 5% occurs from the oxazolone ring
connected to the carbonyl group towards the benzene ring. Notably, a 2% contribution indicates
negligible electronic transition. This pattern explains the remaining electronic transitions, where
most transitions occur from bonding orbitals 44, 45, and 46 to antibonding orbitals 47, 48, 49, and
50, representing the predominant contribution of these transitions.

4. The table further demonstrates that most electronic transitions are not localized to specific
functional groups but rather delocalized across the entire molecular framework. This
observation aligns with the resonance structures interpreted through spectroscopic
measurements of the compound, indicating significant electron delocalization throughout the
molecular components.

5. The theoretical computational results show excellent agreement with the measured spectra of
the compound in solvents of varying polarity (methanol and n-hexane).

9. -2-The Absorption Spectrum and Electronic Structural Properties of the Compound (4-Methoxy)-4-
benzylidene-2-phenyl-5(4H)-oxazolone:

The electronic absorption spectra of the compound (4-methoxy)-4-benzylidene-2-phenyl-5(4H)-
oxazolone were measured using the same previous method in methanol and hexane solvents within
the wavelength range of 200-500 nm. The measured spectra show a similarity in their general
appearance in both methanol and hexane. However, a shift in the main peak was observed in the
spectrum recorded in methanol by 20 nm in the 380-400 nm wavelength region and by 40 nm in the
260-300 nm wavelength region, along with an increase in molar absorption coefficient values
compared to the spectrum measured in hexane (Figure 20). This is attributed to the formation of some
hydrogen bonds between the studied compound and methanol, due to the presence of the
Auxochromic (-OH) group of methanol, which forms a hydrogen bond with the oxygen in the
carbonyl group linking the benzene ring and the hydrocarbon chain with the benzene ring [25].

The spectroscopic measurements indicated the presence of two absorption peaks: a main peak
at 380 nm and a secondary peak at 260 nm in the spectrum recorded in hexane (Figure 20).
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Figure 20. The absorption spectrum of the compound (4-methoxy)-4-benzylidene-2-phenyl-5(4H)-oxazolone in
methanol and hexane.

Comparison of Figure 20 with the absorption spectrum of 4-benzylidene-2-phenyl-5(4H)-
oxazolone reveals a red shift of 45 nm. This shift is attributed to the electron-donating contribution
of the methoxy group through resonance effects, resulting in an extended conjugated system. A
Gaussian analysis was performed for the studied compound in hexane. The fitting results
demonstrated the appearance of ten linearly superimposed absorption bands with varying intensities
and positions. These bands arise from electronic transitions associated with multiple chromophores

within the compound, along with the additive influence of the methoxy group (Table 11 and Figure
21).
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Figure 21. Gaussian deconvolution spectrum of (4-methoxy)-4-benzylidene-2-phenyl-5(4H)-oxazolone in

hexane solution.

Table 10 shows that the PM3 calculation method yielded a dipole moment value of 3.863 Debye,
which is closest to the experimentally measured value of 3.039 Debye. Based on this, it was used to
perform structural calculations at the natural electron population level to obtain the optimal
geometric configuration corresponding to the lowest energy state, as shown in Figure 22.

Table 10. Calculation of permanent dipole moment (in Debye units) using different quantum methods via
MOPAC program, compared with experimentally measured values in benzene for (4-methoxy)-4-benzylidene-

2-phenyl-5(4H)-oxazolone.

(4methoxy)-4-benzyldine-2-phenyl-5(4H)-

Dipole Moment( Debye)
oxazolone
Dcalculated.- am1 4.414
Dcalculated.- sTO-3G 4.375
Dcalculated.- pM7 4.375
Decalculated.- PM6 5.211
Dacalculated.- PM3 3.863
D(Experiment) 3.039
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Figure 22. The optimal predicted stereochemical configuration corresponding to the lowest energy state of (4-
methoxy)-4-benzylidene-2-phenyl-5(4H)-oxazolone calculated using the PM3 method.

To interpret the Gaussian deconvolution results, excited electronic states were studied using the
PM3 wavefunction within MOPAC 2016 software. For this study, four filled molecular orbitals Ve

LP 52 \P 51 and four empty molecular orbitals ‘P 53 ‘P 56 \P 5 LP 5 jwere selected (after multiple
calculations using various combinations of filled and empty molecular orbitals) to investigate
theoretical electronic transitions corresponding to singlet spin states. The results are presented in
Tables 11 and 12.

Table 11. Wavelengths of maximum absorption bands (Amax) obtained from Gaussian deconvolution and
theoretically calculated by PM3 method, along with their molar extinction coefficients (¢) and oscillator strengths

(f) for (4-methoxy)-4-benzylidene-2-phenyl-5(4H)-oxazolone.

i )\.max V
f (Oscillator g(mol.L.cm™) (eV) Solvents
strengths) calculated  measured

10.882 1104000 2.90 3.08
8.053 958700 3.41 3.25
3.218 309700 3.51 3.43

0.73 36270 3.77 3.61

1.87 408500 3.94 3.38 Hexane
1.003 408500 4.28 4.68
4.135 205100 4.46 478
2.877 235700 4.76 4.96

1.998 181500 5.01 5.19

1.53 155200 5.17 5.47
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Table 12. Electronic transitions corresponding to singlet spin states between the bonding molecular orbitals
(HOMO) and antibonding molecular orbitals (LUMO) calculated by the PM3 method, along with their
experimentally matched energies from Gaussian deconvolution analysis of the absorption spectrum of methoxy-

substituted oxazolone in hexane.

AeV)
measured calculated Types and Components of Electronic Transitions  Percent

2.90

3.08 (52-55) HOMOs, — LUMOg;:C7NgCyCy5Cy4Ci5C16C17C15C 08 [“PZ] - C2C3ngggz*|:z]

3.41

305 5156 HOMOs~ LUMO4q:C,C3C4C5NgC1eCrrCroOss (7o, ) —> clsclscmcﬁt%ﬂz]

3.51 :
(51-53) HOMOg; — LUMO4;:C,C4C4C5NgC14C17C150s [”pzj ->GGN sC9C10C12C15C17C19029) TE*PZJ
- (]
3.43 (52-54) HOMOs; - LUMOg,:C7NgCoC15C14C1sC16CirCrsCon [“pzj = GGCCs N LoCraCry ;b/&]
3.77
*
(51-54) HOMOy; — LUMOg,:C;CC,CsNgCuyCrrCaqOss (s, | > CLC1C4C5N Bcgcmcﬂén ,,Z)
(]
3.61 (52-55) HOMOs;, — LUMO45:C7NgCqC15C14C15C16C17C15C 5 (“pzj = CGCsCe [“ P18%
3.94
51.55) HOMOg; — LUMO45:C;C5C,C5NgC1yCarCagOig (s, | > C2C5CsCo [n*nggo
- (0]
3.38 (52-56) HOMOg; — LUMOg4:C7NgCoC15C14C15C16C17C15C 28 (“pzj = Ci5Ci6C1sG 0% pZ]
4.28
*
N (50-54) HOMOg; — LUMOg,:C,C4CsCs (5, | > C1C3C,Cs N CaC1aCiz ;5% PZ]
446 _ N
178 (50.55) HOMOs0 — LUMO5:C,C5CsC (7, ) — C2C3CsC @%PZ)
4.76 _ .
196 (50.56) HOMOso — LUMOs5:C;C4C4Co (e, ) = C15C16C16C10 Q% b,
5.01 *
5053) HOMOg; — LUMOX;:C,C4C5Cs 7, | - C1Cr N CoCroCizCisCarCasOrn [ 7, | 149,
5.19 (52-54) HOMOg — LUMOG,:C/NCoC1,C1yCisCisCrrCraCos s, | > CiCICaCs N Bcgcug‘,ﬁ*%]
5.04 .
(50-53) HOMOs; —> LUMOG;:C,C4CsCs (T, | —> C1C7 N Bcgcloclzclscﬂclgom(% PZ]
5.47

(52-55)  HOMOy; — LUMOss:C;NgCoC15C14Ci5C16Ci7CaaCrs (mp, | = CZCBCsdsg(%n*PZ]

From Table 12, we observe the following:

e  The spectral band obtained from Gaussian deconvolution at 3.08 eV (theoretically calculated at
2.90 eV) exhibits a charge transfer ratio of approximately 18%, directed toward the right side of
the compound (bearing the methoxy group) from the oxazolone ring. This transition arises from
the electronic excitation from bonding molecular orbital No. 52 (HOMO) to antibonding
molecular orbital No. 55 (LUMO). Additionally, a 15% electronic transfer occurs from the
oxazolone ring (linked to the carbonyl group) toward the benzene ring on the right side.
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e  The spectral band from Gaussian deconvolution at 4.66 eV (theoretically calculated at 4.28 eV)
is localized by 27% on the left side of the compound, originating from the left benzene ring
directly connected to the oxazolone ring and extending toward the benzene ring on the right
terminus. This transition results from the excitation from bonding molecular orbital No. 50
(HOMO) to antibonding molecular orbital No. 54 (LUMO).

e A minor electronic transfer (5%) is observed from the left benzene ring (attached to the
oxazolone) toward the benzene ring on the right terminus. Notably, a 1% contribution indicates
negligible electronic transfer. Similar interpretations apply to other transitions, where most
electronic excitations occur from bonding orbitals 50, 51, and 52 to antibonding orbitals 53, 54,
55, and 56, representing the dominant contributions.

e  The table further reveals that most electronic transitions are not localized on specific functional
groups but rather delocalized across the entire molecule, consistent with the resonance
structures inferred from spectroscopic measurements. This suggests electron delocalization
throughout the molecular framework.

e  Experimental results demonstrate that the absorption spectra of the compound in solvents of
different polarities (methanol and hexane) show no significant shift in spectral band positions
(Figure 20). This behavior indicates that solvent polarity has no pronounced effect on the
electronic properties of the compound, supporting the hypothesis that the oxazolone ring
inhibits resonance effects.

Conclusions

e  The methoxy-substituted oxazolone did not significantly alter dipole moments.

e  Three primary spectral bands were observed at 380 nm, 360 nm, and 342 nm, indicating m—*
transitions.

e  Three low-intensity bands at 260 nm, 247 nm, and 239 nm in methanol were attributed to n—m*
transitions.

e Ared shift was observed in methoxy-substituted oxazolone due to extended conjugation.

e  No major geometric changes were observed, as confirmed by small Stokes shifts.

e calculations accurately predicted dipole moments and electronic transitions.
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