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ABSTRACT 
The study examined a group of antibiotics  called nitrofurans ,  Nitrofurantoin( NFT) and Nitrofurazone (NFZ )  used to 
treat urinary and reproductive tract infections . A Gaussian mechanics program was used to arrive at theoretical 
information related to these compounds. The study relied on the use of density function theory (DFT, B3LYP) with the 
Gaussian program (09). It was applied to calculate the balanced geometric shape of nirofurazone e compound, as well as 
calculating the thermodynamic functions (E0, H0, A0, S0, CV), as well as some physical properties (EHOMO, ELUMO,  
IP). The vibrational spectra and frequencies were also studied. The aim of the study is to obtain theoretical information 
that will help researchers in the practical field to reach the most effective compounds of nitrofurans and those with the 
least harm to the human body. 
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INTRODUCTION 
Nitrofurans are a class of  antimicrobial  drugs containing  
a furan ring with one or more nitro groups in their 
chemical structure [1].  The most clinically important  and 
were used to treat bacterial infections in livestock 
representative of this drug class is nitrofurantoin [2]. 
Nitrofurans are widely used as antibiotics against various 
types of bacteria. They have been used to treat bacterial 
infections in cattle and a range of other animals [4]. The 
active component in their structure is the nitrofuran ring  
[5]. Nitrofurantoin belongs to the nitrofuran class and is 
used to treat uncomplicated urinary tract infections[6] . 
Nitrofurantoin's structure contains hydantoin ring [ 2,4-
imidazolidinedione ] associated with an imine group ( 
N=CH) a  to [5-nitofuran ring ] with nitro group in 5th 
position[7]  . Nitrofurantoin is produced by bacterial 
enzymes and intermediate electrophilic compounds are  
formed  hindering metabolic processes within the bacterial 
cell   such as inhibiting the citric acid cycle ( Krebs cycle ) 
and the synthesis of nuclic acids ( DNA , RNA ) as well as 
breaking down cell wall therefore [8] , it prevents bacterial 
proliferation and growth within the bladder .  This drug is 
more resistant to the development of   bacterial resistance 
because it acts on several targets simultaneously [9]. It is 
an antibiotic effective against various types of bacteria and 
has been widely available since 1953 [10]. Its effects are 
limited to treating urinary tract infections and do not affect 
other body systems[11]. Nitrofurantoin is one of the 
antibiotics that can cause liver problems . It can cause 
acute or chronic hepatitis syndrome, which can be severe 

and lead to cirrhosis and liver failure [12] .Nitrofurazone 
is a semi carbazone resulting from the formal 
condensation of semi carbazide with 5-nitrofuraldehyde. A 
broad spectrum antibacterial drug [13] . Although studies 
have shown it to be antibacterial, there are potential health 
risks associated with its use, particularly cancer (such as 
causing tumors in the breast, ovaries, and skin) and 
allergic reactions. Due to these concerns, it has been 
banned in many food-producing animals [14]. The main 
component of nitrofurazone is oxacillin, which has the 
ability to inhibit bacterial growth within the urinary tract. 
It prevents the formation of the bacterial cell wall, leading 
to bacterial death or inhibiting their growth and 
reproduction [15] . Previous studies have not shown that 
nitro causes chromosomal aberrations in rats or congenital 
malformations in sperm [16], while chromosomal 
aberrations have been recorded in mammals, with both 
positive and negative results obtained. While some studies 
have indicated an increase in breast fibroids 
whenNitrofurazone  is taken orally in mammals, other 
studies have shown no evidence of such an increase[17]. 

Action of nitrofurans 
The action of nitrofurans involves  bacterial enzymes 
reactive  intermediate compounds. These intermediate 
compounds bind nonspecifically to the ribonucleic acid 
(DNA) and ribonucleic acid (RNA) in bacteria  lead to 
damage  and inhibits their synthesis . The active 
ingredients also inhibit key bacterial enzymes involved in 
the citric acid cycle and protein synthesis [18]. The drug's 



Page: 2 4 4   

A Comparative DFT (B3LYP)Analysis of the Spectroscopic and Thermodynamic properties of Nitrofurantoin and Nitrofurazone 
antibiotic 

IJDDT, Volume 16 Issue 1, 2026 
 
 
 

effectiveness stems from this inhibition of bacterial 
enzyme activity, making it more difficult for bacteria to 
develop resistance . Bacterial cells can metabolize 
nitrofurantoin. Bacterial enzymes nitroeductases convert 
nitrofurantoin into highly  active intermediate such as ( 
nitro-anion-free radical )  that damage and   inhibits vital 
cellular processes such as protein synthesis, DNA and 
RNA synthesis, and cell wall synthesis  . These enzymes 
then damage bacterial ribosomes, proteins, and other 
macromolecules, such as DNA, RNA, and cell wall 
components.. It also inhibits other metabolic prosses such 
as those involved in the citric acid cycle. As a result, this 
damage  the bacteria's vital functions leading to cell 
death[19]   . Some mutations in nitroreductase genes may 
lead to strong resistance against nitrofurans . Nitrofuran 
compound   in particular, exhibit high activity against 
Gram-positive and  Gram-negative bacteria, with narrow 
toxicity to human cells and indications of carcinogenic 
effects. Furthermore, the clear identification of nitrofurans 
using functional groups and molecules can enhance the  
efficacy of these compounds [20]. 

 
Fig 1:  Action of nitrofurans 

Density functional theory (DFT) 
Theoretical chemistry is a discipline derived from 
theoretical physical chemistry, using computational 
programs and algorithms to develop a deep understanding 
of the molecular structure[21] and chemical reactions of 
certain complex compounds that are difficult to determine 
experimentally because they are costly and time-
consuming It utilizes quantum mechanics and advanced 
computer applications to determine the[22]. properties of 
complex systems that are difficult to understand 
experimentally . The theoretical density function theory is 
considered one of the methods of quantum calculations in 
chemistry and physics, and one of the means of computer 
modeling for contemporary theoretical calculations[23] , 
This theoretical approach allows us to identify the intrinsic 
properties of relatively large, complex multi-particle 
systems; including the total energy of the system, the 
electron density of the orbitals, vibrational energies, and 
dynamical properties., physical and optical parameters of 
matter...). It is also one of the most widely used methods 
in quantum chemistry calculations because it can be 
applied to multi-particle systems at low cost and high 
speed[24].  Density Function Theory (DFT) in quantum 
mechanics is a method for calculating the quantum 
databases of complex particles, and its calculations rely on 

the density function of electrons ρ(r) instead of the wave 
function(ψ) . This simplifies the calculations because it 
transforms the problem from a multi-particle system to a 
single-particle system and relies on the Cohn-Sam 
potential. This simplifies the calculations because it 
transforms the problem from a multi-particle system to a 
single-particle system and relies on the Kohn - sham 
potential [25] . 

Kohn–Sham equation for the electronic structure is given 
by 

∇2 ϕi(r) + Veff (r) = Eiϕi(r)                         !	# 

∇2 Laplacian Operator	(𝝏𝟐/𝝏𝒙𝟐 + 𝝏𝟐/𝝏𝒚𝟐 + 𝝏𝟐/𝝏𝒛𝟐 

ϕ (Phi): A scalar field, meaning it assigns a single value 
(like temperature or potential) to every point in space. 

i: Often denotes the i-th component of a vector or field, 

, 

Veff(r): The potential that affects a single electron and all 
other electron. 

it is consist of  Vext  ( The external potential attracts the 
nucleus to the electron) and VH (Hartree potential 
represents electrostatic repulsion 

In density function theory calculations [26], the system and 
electronic structure are first determined, and then the 
appropriate exchange-Correlation  functional, such as  
B3LYP( Slater[26] . Hartree -Fock , Bck s , and Lee- Yang 
-parr function  )  or GGA ( Generalized Gradient 
Approximation ) , LDA ( Local Density A approximation) 
, The function is chosen based on the nature of the system 
and the electronic structure of the molecules being studied. 
To calculate thermodynamic functions using density 
function theory (DFT), the complex wave function is 
replaced by electron density as the underlying variable [27], 
where energies (e.g., total energy) and density are 
calculated and then used to evaluate thermodynamic 
properties [28]. These functions are calculated using 
functionals that describe chemical exchange and bonding , 
and VASP and Gaussian software are used to solve the 
Kohn-Sham equation in order to obtain the electron 
density and then the thermodynamic functions with high 
accuracy Gibbs energy , entropy , and total energy . One 
of the advantages of the density function theory method is 
dimensionality reduction by transforming the multi-body 
wave function problem into a three-dimensional electron 
density problem, thus reducing computational complexity 
[29], in addition to the method's efficiency, low cost, and 
accuracy . Density function theory (DFT) is commonly 
applied in computational chemistry to study chemical 
reactions, particularly organic reactions. Density function 
theory (DFT) is widely applied in computational chemistry 
to study many chemical reactions, especially organic 
reactions. DFT can also be used to calculate the electronic 
energies of various active compounds, making it easier for 
chemists to determine the thermal and kinetic properties of 
most chemical reactions with great accuracy[30]. 
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RESULTS AND CALCULATIONS 

Geometric Paramedic 
In this theoretical  study , the geometric shape has been 
calculated (bond lengths and bond angels ) of nitrofurans  
compound  using DFT method    (Fig 1 ,  Fig 2 , table 1  
table 2 ) 

Nitrofurantion  structure 
Macrobid, Macrodantin and others 

Chemical formula C8H6N4O5 (NFT) 

 
Fig 2:  [(E)-(5-nitrofuran-2-

yl)methylideneamino]imidazolidine-2,4-dione    

Nitrofurazone structure 

Chemical formula C₆H₆N₄O4  (NFZ) 

 
Fig 3: [(E)-(5-nitrofuran-2-yl)methylideneamino]urea      

 
Bond lengths and angles: 
In table 1 and table 2 we  observe that there is a great 
similarity with a few differences , the bonds between C 
and NO2 group in both compounds rang 1.418A0 - 
1.415A0  , the bonds in NO2 group ranged 1.27A0- 1.26 A0 , 
the bonds in C=N group ranged 1.304A0-1300 A0 .  and the 
bonds in  C=O group 1.233A0- 1.246A0 . 

The bond lengths calculated from theoretical study  by 
using DFT method  help estimate the energy of diuretics 
Homo and Lumo , which may increase the drug's efficacy 
in inhibiting bacterial DNA . Knowing the bond energies 
allows us to determine the biological activity, chemical 
stability, and reactivity of the functional groups of both 
compounds. This explains the difference in the medical 
use of the two antibiotics, This explains the difference in 
the use of the two antibiotics in medicine, where is 
nitrofurantoin (NFT)  is  used to treat urinary tract 
infections while the nitrofurazone (NFZ) is used for 
localized infections. Even slight differences in angles, due 
to the presence of functional groups and hydrogen bonds, 
may alter the energy gap between the  Homo and Lumo, 
affecting the stability of the antibiotic or potentially 
increasing its biological activity against bacteria. It may 
also influence the entropy value and its activity against 
bacterial enzymes. 

Table 1: Geometric parameters (bond lengths, angles) in 
Angstrom for  nitrofurantoin 
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Table 2: Geometric parameters (bond lengths, angles) in 
Angstrom for  nitrofurazone 

 
Charge and electronic density 
In table 3,4 we observe that nitrogen and oxygen atoms 
have the highest electron density And high electronic 
cloud , which makes the carbon atoms bonded to them 
more positive and bond between them more polar   . The 
oxygen atoms in the hydantoin ring (nitrofurantoin) more 
electronegative than the oxygen atoms in  nitrofurazone)  
due to the double bond in  C=O  group in  hydantoin ring  . 
Therefore nitrofurantoin antibiotic more polar than 
nitrofurazone, as the electron density in nitrofurazone 
distribution along the side chain. this electron density 
distribution is the reason for difference in the  
effectiveness  of the tow antibiotics and there ability to 
bind to bacterial proteins and enzyme. 

Table 3: Charges and Electronic densities of nitrofurantoin 
NFT (C8H6N4O5) 

 
 

Table 4: Charges and Electronic densities of nitrofurazone 
NFZ   (C₆H₆N₄O4) 

 
Physical properties 

Homo and Lumo are types of molecular orbital, Homo 
(highest occupied  molecular orbital ) 

and Lumo (lowest unoccupied  molecular orbital) , the 
energy difference (LUMO - HOMO) reprecents to energy gap 
that can be used to determine the chemical stability and 
biological activity of the antibiotics against bacterial 
proteins and enzymes .The results in this study indicate 
that the energy gap in   Nitrofurantoin equal  3.384 while 
the energy gap in  Nitrofurazone equal  3.418 . 

the energy gap reflected chemical stability and charge 
transfer capacity , which contributes to the antibiotic ,s  
activity against  bacteria. When the energy gap is small, 
the compound's activity increases, making it easier to 
oxidation-reduction reactions to generate free radicals that 
kill bacteria. Therefore, the results show that 
Nitrofurantoin is more effective than   Nitrofurazone 
against bacteria.( table 5 ) 

Table 5: E HOMO , E lumo  and cap energy,  (IP) of  NFT and 
NFZ    in (ev) unite 
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Thermodynamic Functions 
The study showed higher thermodynamic values G( Gibbs 
free energy ) , A (Helmholtz energy ), H (Enthalpy ) for 
NFT  compared to NFZ  due to  NFT  having additional 
sites for strong hydrogen bonds compared to the linear 
structure of  NFT   . Since these functions are indicators of 
chemical stability and activity so  NFT is more active 
against bacteria . An increase in the entropy of  
nitrofurantoin compound may indicate multiple pathways 
through which the antibiotic weakens the bacterial cell. It 
targets vital pathways within the bacterial cell (protein 
synthesis, cell wall construction, DNA synthesis) , thus 
hindering bacterial growth and leading to bacterial death. 
In other words, the greater the entropy, the stronger the 
antibiotic's effect on bacteria .(Table 6 ) 

Table 6: Standard Thermodynamic Function at 298.15K 
of the NFTand NFZ 

 
IR intensities 
In (table 7), The study showed agreement between the 
values calculated theoretically using density function 
theory DFT  and the experimental values, noting a slight 
difference in the theoretical calculations since they are 
performed at standard temperature and in the gaseous 
phase, while the experiments are carried out under 
laboratory conditions , in addition to the effect of 
hydrogen bonds which leads to a shift in the vibrations.  

The measurement coefficient can be used to adjust the 
frequencies to accurately match the experimental results . 
The table 7 shows the most important infrared spectral 
values for compound NFT and compound NFZ, which 
reflect the unique structure of these two compounds. These 
spectra are used to confirm the identity of the antibiotic 
and compare them with experimental values. 

Table 7: Comparison of the most Important infrared 
spectral values for NFT compound and NFZ compound 

experimentally and theoretically using DFT 

 
Table 8: IR intensities and Frequency cm-1 of NFT 

 
 
 
 
 
 
 

Table 9: IR intensities and Frequency cm-1 of NFZ 
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Studying the infrared absorption spectra of antibiotics is 
theoretically a powerful tool in pharmaceutical chemistry 
for investigating biological activity, monitoring antibiotic 
quality, detecting impurities, and saving time and effort in 
developing antibiotics. 

 
Fig 4: nitrofurantoin of IR Spectrum of Important values 

 
Fig 5: Nitrofurazone of IR Spectrum of Important values 

AIM OF RESEARCH 
The aim of theoretically studying furan compounds using 
DFT is to predict their properties, behavior, electronic 
structure, and physical characteristics without the need for 
costly and complex laboratory methods. It also helps in 
interpreting and analyzing laboratory results, which 
accelerates the development of nitrofuran derivatives and 
the design of more effective, less toxic, and less side-
effect-producing derivatives.. 

RECOMMENDATIONS 
In theoretical studies, density function theory is preferred  
with B3LYP due to its high ability to predict balanced 
geometric structures. Therefore, we recommend further 
theoretical studies of nitrofurans and comparing them with 
laboratory results to determine their biological activity and 
identify the antibiotic with the lowest toxicity, fewest side 
effects, and most effective targeting of bacteria. 
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