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ABSTRACT  ARTICLE INFO 

Computational chemistry approaches were used to manage the phenazone molecule. 
The phenazone molecule was optimized at the 3-21G (d) level. The structural 
parameters were investigated. IR and NMR techniques, which are spectroscopic 
approaches, were used to determine the structure. The highest occupied molecular 
orbital (HOMO) energy, the lowest unoccupied molecular orbital (LUMO) energy, 
hardness (η), softness (σ), chemical potential (μ), electronegativity (χ), 
electrophilicity index (ω), nucleophilicity index (ε), the electron accepting power 
(ω+), electron-donating power (ω-), and polarizability of the propyphenazone 
molecule were investigated. NMR spectra for 1H and 13C, as well as UV-Vis spectra 
were obtained. HOMO-LUMO and molecular electrostatic potential (MEP) analyses 
were carried out. The theoretical calculations for the molecular structure and 
spectroscopy were done using the Gaussian 09 software with HF and 3-211G (d) 
basis set calculations. The GaussSum 3 software was used to compute the density of 
state (DOS). 
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Introduction 

Phenazone and its metabolites following the discovery of 
phenazone 120 years ago, the pharmaceutical industry 
attempted to develop it in three ways. It was chemically 
changed to produce a more effective combination, a water-
soluble derivative for parenteral administration, and a 
mixture that is removed faster and more consistently than 
phenazone. The most well-known outcomes of these efforts 
are aminophenazone, dipyrone, and propyphenazone. 
Aminophenazone is no longer in use. The other two 
chemicals differ from phenazone in terms of potency and 
elimination half-life [1], water solubility (dipyrone is a 
water-soluble prodrug of methylaminophenazone), and 
toxicity in general (propyphenazone and dipyrone do not 
produce nitrosamines in the acidic environment of the 348 
stomachs). 

Phenazone, propyphenazone, and dipyrone are widely used 
antipyretic analgesics in various nations across the world 
(Latin America, many countries in Asia, Eastern Europe, and 
Central Europe). Dipyrone has been linked to 

agranulocytosis. Even though there appears to be a 
statistically significant correlation, the incidence is low (1 
instance per million treatment sessions) [2, 3]. Stevens-
Johnson syndrome, Lyell's syndrome, and shock responses 
have all been linked to antipyretic analgesics. According to 
new statistics, the frequency of these incidents is on par 
with, for example, penicillin [4, 5, 6]. All non-acidic 
phenazone derivatives are non-inflammatory and have no 
gastrointestinal or (acute) renal damage. In comparison to 
paracetamol, dipyrone is safe in excess [7]. 
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Figure 1. The chemical structure of Phenazone 

Paracetamol is regarded as one of the safest antipyretics and 
analgesics, except for mild hepatotoxicity in rare cases when 
taken over an extended length of time or in an overdose. 
Paracetamol is largely processed in the liver into toxic and 
non-toxic compounds. The molecular structure of phenazone 
is seen in Figure 1. The molecule is known chemically as N-
(4-hydroxyphenyl) ethanamide [8]. Bond lengths, bond 
angles, and discrepancies between IR and NMR data are 
analyzed for structural analysis. Quantum chemical 
characteristics are compared to predict the biological 
activities of the substances under consideration [9]. 

Methods 

Calculation Method 

GaussView 6.0.16 [10] was used to plot the propyphenazone 
molecule. The Gaussian 09: AS64L-G09RevD.01 software 
was used for all computations, and an imaginary frequency 
could not be achieved [11]. In the computations, the HF 
approach was utilized [12–14]. The base set is chosen as 3–
21G (d) [15]. It is possible to approximate quantum chemical 
descriptors like hardness, softness, chemical potential, and 
electronegativity using the HF. The following equations were 
obtained after considering parameters and finite difference 
techniques to associate the ground state ionization energy 
and electron affinity values of chemical compounds [16, 17]. 

Hartree-Fock Method 

The Hartree-Fock assumption is the biggest basic reciprocal 
system used in practically every quantitative calculation, 
particularly in chemical sequence calculations [18]. This 
indicates a shift in Hartree's conduct. For single-electron 
wave functions, the wave function of multiple electrons is an 
asymmetric element (slater determination). Because of the 
normal positions of electrons, the travel of each electron in 
the spin-orbital interplanetary is free, and it experiences 
repulsion-repulsion amongst electrons (Coulombic 
repulsion) [19]. 

The accurate solution of the Schrödinger equation in the 
many-electron system cannot be determined using the 
current mathematical technique. HF techniques were 
developed to approach solving the time-independent 
Schrödinger equation. Much of the electronic structure 
theory is based on the HF theory [20,21]. 

The Hartree-Fock wave function may be calculated 
computationally by solving the radial integrodifferential HF 
equations [22]. Algebraic techniques can also be used. They 
include converting the one-fermion orbitals into an 
appropriate collection of analytical basis functions, with the 
goal of obtaining the numerical Hartree-Fock limit if the 
basis is large enough and complete about square-integrable 
functions. The molecular orbitals in molecular polyatomic 
systems are extended into a set of atomic orbitals, the 

expansion coefficients of which are the variational 
parameters. The Hartree-Fock equations are rewritten as the 
Roothaan-Hall self-consistent field equations [23] in this 
system. 

In addition to the Fermi correlation recognized in the HF 
model, the instantaneous correlation in electron motions due 
to mutual repulsion, which is neglected in the HF model's 
average field picture, is frequently critical to obtaining an 
accurate description of electronic phenomena in atoms, 
molecules, and solids. The HF solution frequently accounts 
for more than 99% of total electronic energy in atomic and 
molecular systems and has a 95% overlap with wave 
functions derived using more advanced approaches. The 5% 
remaining in the latter situation is difficult to quantify and 
can have a significant impact on observables other than 
energies, such as isotope shifts, hyperfine structures, and 
transition probabilities [24]. 

The Hartree-Fock approach is frequently used to provide an 
approximation of excited states that do not have the lowest 
symmetry [24]. In this example, stationary energy is 
calculated by selecting the orbital solution with the 
necessary number of radial nodes [24]. Although the HF 
technique can not provide the accuracy necessary today in 
the description of nuclei, atoms, and molecules, it is 
frequently employed as the starting point for numerous more 
sophisticated methods [25, 26]. 

Spectroscopy 

Spectroscopy is the study of the absorption and emission of 
electromagnetic radiation by atoms and molecules in their 
gas, liquid, or solid states [27]. Although the terms light, 
radiation, and electromagnetic radiation can all be used 
interchangeably, visible electromagnetic radiation is referred 
to as light. Since the quantum mechanical description of 
molecular properties [28], spectroscopy has played an 
important role in the development of quantum mechanics 
and is fundamental to understanding molecular 
characteristics. It is also a technique for determining the 
structure of a substance by the investigation of the 
interaction of matter and electromagnetic radiation, such as 
infrared, ultraviolet-visible, and nuclear magnetic resonance 
spectroscopy. Understanding the characteristics of the 
molecule is critical for understanding the interaction between 
matter and electromagnetic radiation. This will provide us 
with information about the molecule's structure and physical 
characteristics. 

Result and Discussion 

Geometry Optimization 

Geometry optimization, in its most basic form, is a two-step 
procedure that predicts the three-dimensional spatial 
arrangement of atoms in a molecule. The ideal molecular 
shape of the propyphenazone molecule was calculated using 
the 3-21G level and is displayed in Figure 2. 
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Figure 2. The optimized structures of Propyphenazone molecule 

 

Frontier Molecular Orbital Analysis 

The HOMO and LUMO orbital energies can be used to 
compare molecules' electron-donating and electron-
accepting abilities. It has been shown that the HOMO orbital 
indicates electron-donating capacity and that high values 
correspond to a good inhibitor. Low LUMO molecular 
orbital energy and large energy gaps between HOMO and 
LUMO orbitals suggest that the molecule does not wish to 
contribute electrons and that electron exchange is simple. 

The quantum chemical parameters hardness, softness, and 
polarizability can be lighted in the light of numerical values 
with electronic structural principles of the molecule's activity 
behaviors. Chemical hardness is defined as a molecule's 
resistance to electron cloud polarization or deformation [29]. 
Pearson defines hard molecules as having an energy gap 
between the high-energy HOMO and LUMO orbitals. The 
geometries of the HOMO and LUMO molecular orbitals 
reveal that the compounds' electron-donating orbitals are 
distinct, while the electron acceptor areas may be classified 
into comparable lobes. 

The molecules' global softness is equivalent to the inverse 
sign of their hardness. Soft, polarizable molecules have a 

high level of activity. Electronegativity denotes the electron-
withdrawing forces of molecules as well as the chemical 
potential of electron-donating forces. The electrophilicity 
index measures a chemical species' proclivity to receive 
electrons from electron-rich chemical species. The 
nucleophilicity index measures a chemical species' proclivity 
to give electrons. In terms of biological activities, 
compounds with low electronegativity, electrophilicity 
index, high chemical potential, and nucleophilicity index are 
more beneficial. 

Furthermore, the metrics known as electron donation 
strength and electron-accepting strength give crucial 
information about molecules' electron-donating and electron-
accepting properties. A chemical with strong biological 
activity should be able to quickly give electrons. HOMO 
represents orbitals that may donate electrons, whereas 
LUMO is an electron acceptor that can collect excited 
electrons from HOMO. The total energy, energy gap, and 
dipole moment all have an impact on a molecule's stability. 
To comprehend the bonding system of the present 
compound, the surfaces of the border orbitals were drawn. 
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Figure 3. HOMO, LUMO orbitals contour diagram for Propyphenazone molecule 
 
In biological activity studies, quantum chemical parameters 
such as the highest occupied molecular orbital (HOMO) 
energy, the lowest unoccupied molecular orbital (LUMO) 
energy, hardness, softness, chemical potential, 
electronegativity, electrophilicity index, nucleophilicity 
index, electron accepting power, and electron donating 
power play an important role. Table 1 shows the quantum 
chemical characteristics derived at the 3-21G (d) level for 
the propyphenazone molecule under consideration. 
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Table 1. The calculated quantum chemical descriptors for 
Propyphenazone molecule 

Compound 1 

EHOMO (eV) -8.2107 

ELUMO (eV) 3.3649 

ΔE (eV) 11.5756 

η (eV) 5.7878 

σ (eV-1) 0.1727 

χ (eV) -2.4229 

μ (eV-1) 2.4229 

ω 0.5071 

ɛ 1.9719 

ω+ 0.0191 

ω- 2.4420 
 

Vibrational Spectroscopic Analysis 

Molecule infrared spectra are one of the most essential 
approaches in structural characterization. The IR spectra of 
the fundamental structures of the propyphenazone molecule 
were determined at the 3–21G (d) level. Figure 4 depicts the 
obtained spectra. The vibrational spectra of propyphenazone 
molecule compounds' peaks were sized. 
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Figure 4. FT-IR Spectrum of at the Propyphenazone 
Molecule 

NMR Spectroscopy 

Nuclear magnetic resonance (NMR) is a well-established 
technique for analyzing complex macromolecules [30]. 
Magnetic shielding estimates utilizing high-frequency 
approaches significantly increase the size of molecules [31, 
32]. Close electronegative groups diminish the surrounding 
electron density, concealing the peak location from the 
external magnetic field and shifting the signal to higher ppm. 
Chemical shifts may be used to investigate intermolecular 
effects, and this investigation reveals how electron density 
and electronegativity of nearby groups impact the chemical 
shift detected for the molecule. Figure 5 depicts a plotted 
comparison of computed 13C-NMR chemical shifts at the 3–
21G level of examined compounds. 

Understanding the NMR spectrum requires the ability to 
distinguish chemical equivalent and non-equivalent protons 
in a molecule. We should be able to anticipate how many 
signals are there in the 1H NMR spectra for the chemical 
with the specified structure. If, on the other hand, the 1H 
NMR spectrum of an unknown drug is available, counting 
the number of signals in the spectrum gives us the number of 
distinct sets of protons in the molecule, which is critical 
information for determining the structure of the substance. 
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Figure 5. NMR Spectrum of Propyphenazone Molecule 

 

Figure 6. 1H-NMR Spectrum of Propyphenazone Molecule 

 

Figure 7. 13C-NMR Spectrum of Propyphenazone Molecule 

 

Because of the non-equivalence of the various carbon atoms, 
the 13C NMR spectrum of the investigated molecules 
reveals some prominent peaks corresponding to distinct 
carbon atoms, as seen in Figure 6. Figure 7 shows that in the 
case of the propyphenazone molecule, there are virtually 

intense peaks with overlapping peak locations. However, in 
the case of the propyphenazone molecule, only one strong 
peak arises due to the lack of symmetry in the system. The 
electro negative’s efficiency, on the other hand, is based on 
far-near and direct-indirect interactions between the 
electronegative atoms and their nearby carbons. 

Because the negatively charged nitrogen atom pulls more 
electrons from nearby α-carbons, the carbon cores are less 
shielded. The chemical shift values of the less protected 
carbon atoms are higher than those of the other carbon atoms 
in the ring [33]. 

 

UV–Visible analysis 

The UV-Vis spectra were theoretically synthesized using the 
time-dependent TD-DFT approach with the 3–21G basis set. 
The excited states of the propyphenazone molecule were 
computed using the TD-DFT method. Figure 8 depicts the 
theoretical UV-visible spectrum of the title chemical. The 
title molecule's optical absorption maximum, which 
corresponds to electron transitions between border orbitals, 
was estimated using molecular orbital geometry calculations. 
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Figure 8. UV-Vis spectra of Propyphenazone Molecule 

 

Molecular Electrostatic potential (MEP) 

Electrostatic potential calculations may provide some 
benefits in analyzing the reactivity of molecules against 
positively or negatively charged reactants to have a detailed 
interpretation of their reactivity. Figure 8 depicts the 
computed Molecular Electrostatic Potential Surfaces. The 
high-density sections of the electrostatic potential energy 
values are shown in red in this image, whereas the lowest 
component is blue [34]. 
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Figure 9. MEP of Propyphenazone Molecule 

 

Figure 9 depicts 3D plots of the propyphenazone molecule's 
molecular electrostatic potential (MEP) map with a constant 
electron density surface. The MEP is a valuable 
characteristic for investigating the reactivity of approaching 
electrophiles. Negative places will attract it (where the 
electron distribution effect is dominant). The maximum 
negative region chose the site for electrophilic attack 
indications as the red color in the MEP plot, whereas the 
highest positive region preferred the location for 
nucleophilic attack symptoms as the blue color. 

The MEP map is significant because it indicates molecule 
size and structure as well as positive, negative, and neutral 
electrostatic potential zones in color grading. It is extremely 
beneficial in the study of molecular structures and the links 
between their physiochemical properties [35-38]. On the 
MEPs map, different electrostatic potential levels at the 
surface are depicted by different colors. When the color 
shifts from red to blue, the potential grows. The color code 
maps in the compound range between -0.09545 a.u. (dark 
red) and 0.09545 a.u. (dark blue), with blue indicating the 
highest attraction and red indicating the strongest repulsion. 

 

Density of States (DOS) 

The approach allows for the density of states to be calculated 
while recognizing three or four peaks and properly defining 
their shape and size. Some spectral information located 
inside a specific limited area cannot be detected successfully. 
The approach to addressing the inverse issue of rebuilding 
the function g(ω) allows the degree of ambiguity of the 
acquired answer to be determined. The Gauss-Sum 3 
algorithm was used to compute group contributions to 
molecular orbitals and generate the density of states 
spectrum shown in Figure 9. 

 

Figure 10. DOS of Propyphenazone Molecule 

The density of states of the propyphenazone molecule was 
displayed in Figure 10 to assure an illustrated portrayal of 
molecule orbital compositions. The Gauss-Sum 3 software 
was used to calculate the full width at half maximum 
(FWHM) of 0.3 eV by convoluting molecular orbital 
information with Gaussian curves of unit height [20]. The 
DOS spectrum's most important application is to illustrate 
molecular orbital compositions and their contributions to 
chemical bonding via the OPDOS spectra. A positive 
OPDOS score indicates a bonding contact, whereas a 
negative value indicates an antibonding interaction, and a 
zero value indicates a nonbonding interaction [39, 40]. 

 

Conclusion 

The propyphenazone molecular diagram can be described as 
consisting of an aryl ring that has been fused with two 
benzene rings and with two pyridine rings, along with two 
methyl groups attached to the benzene rings. The 
compounds' fundamental structures were optimized at the 3–
21G (d) level. The obtained structural parameters revealed 
differences in the cyclopentadienyl ring in comparison to the 
propyphenazone molecule. It was investigated whether the 
compounds of the propyphenazone molecule were stable. IR 
and NMR techniques, which are spectroscopic methods, 
were used in-depth for structural characterization, and the 
variations in the obtained spectra were compared. Quantum 
chemical parameters like the highest occupied molecular 
orbital (HOMO) energy, the lowest unoccupied molecular 
orbital (LUMO) energy, hardness, softness, chemical 
potential, electronegativity, electrophilicity index, 
nucleophilicity index, the electron accepting power, the 
electron donating power, and polarizability were considered 
when estimating activity. According to the level of 
uncertainty, it is predicted that activity will rise. If 
compounds are isolated, which was the case for 
propyphenazone and its two propionyl salts, it is clear that 
the approach will yield results. The propyphenazone 
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molecule was analyzed using DOS, 1H, and 13C NMR 
spectroscopy. The HF method with 3–21G (d) basis sets was 
employed to optimize the geometry. The theoretical values 
of chemical shifts for 1H and 13C were compared. The 
absorption wavelengths of the molecule were calculated and 
the UV-Vis spectra were shown. The results of the HF 
calculations of the propyphenazone molecule showed good 
agreement. 
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