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ABSTRACT

The research conducted on the applicability of fullerene (C.4) as a nano-carrier, adsorbent, and sensing
material for the drug delivery, removal, and detection of fosfomycin has provided valuable insights. The
findings suggest that fullerene (C.s) shows promise in various applications related to fosfomycin. The
negative values of adsorption energies, Gibbs free energy changes, and enthalpy variations indicate that
the interaction between fosfomycin and fullerene is not only possible but also spontaneous and
exothermic. This suggests that Cos has the potential to be an effective adsorbent for the removal of
fosfomycin from environmental samples. Furthermore, the NBO computations revealed that the existing
interactions between fosfomycin and C,s have a physisorption nature. This information is crucial in
understanding the mechanism of interaction between the two substances. The computed frontier
molecular orbital parameters showed a significant decline in the bandgap of fullerene from 7.687 eV to
4.389 eV when fosfomycin adsorbs on its surface. This finding indicates that C24 can be utilized as an
electrocatalytic modifier for the development of a novel sensor for the electrochemical detection of
fosfomycin. This has significant implications for the development of new and improved methods for
detecting this antibiotic. This suggests that Cas can serve as an appropriate carrier for the targeted
delivery of fosfomycin. This finding opens up possibilities for the development of targeted drug delivery
systems using Co4 as a carrier.

Keywords: Density functional theory, Adsorption, Fosfomycin, Drug delivery

*Corresponding author email address: Anita.azimian@yahoo.com

159


http://www.ijnc.ir/

International Journal of New Chemistry, 2025, 12 (2), 159-165 Sattari alamdar et al

Introduction

Fosfomycin (Fig. 1) is an antibiotic that plays a crucial role in the treatment of various bacterial
infections, particularly urinary tract infections caused by resistant strains of bacteria [1]. Its
importance extends beyond its therapeutic effects; the removal and detection of fosfomycin in
environmental and clinical settings are vital for ensuring public health and safety [2]. Proper
detection methods are essential for monitoring its presence in wastewater and natural water
bodies, as well as in food products, to prevent potential ecological harm and to ensure that
antibiotic residues do not contribute to the growing issue of antibiotic resistance [3, 4].
Additionally, effective removal techniques in wastewater treatment facilities can help mitigate
the risk of fosfomycin entering the environment [5]. As antibiotic resistance continues to be a
significant global health concern, understanding the dynamics of fosfomycin's presence and
developing efficient strategies for its detection and removal are critical to maintaining the
efficacy of this important antibiotic and protecting both human health and the environment [6-8].
Fullerenes are a fascinating class of carbon molecules that have garnered significant interest in
the fields of chemistry, materials science, and nanotechnology [9-13]. Among them, Czs, or the
dodecahedral fullerene, stands out due to its unique structure and potential applications.
Composed of 24 carbon atoms arranged in a geometric configuration reminiscent of a soccer ball
(Fig. 1), this molecule exhibits intriguing properties [14-16]. Its symmetrical shape contributes to

its stability and allows for various chemical modifications, making it a versatile candidate for

\) = |

Flurazepam Ca

research and development [17].
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Figure 1. The optimized structures of flurazepam and BN nanocage
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Fullerenes like C24 have been explored for use in drug delivery systems, as they can encapsulate
other molecules, and in the creation of advanced materials with enhanced electrical and thermal
conductivity [18]. The ongoing study of fullerenes continues to unveil their potential in various
technological advancements, highlighting the importance of carbon allotropes in modern science
[19].

Computational Methods

The structures of Cas, fosfomycin, and their complexe were created using GuassView 6 [20] and
Nanotube Modeler 1.3.0.3 [21]. The calculations were performed with the density functional
theory (DFT) method in Gaussian 16 [22] software at the B3LYP/6-31G (d) level of theory [23].

The parameters were determined following a method outlined in [20].
Results and Discussion
Structural Analysis

As the provided initial and optimized structures of fosfomycin and Ca4 in Fig. 2. show clearly.
There are not sharp structural deformations, therefore, it can be concluded that adsorption
process is not completely chemisorption. The calculated adsorption energies show the
interactions are experimentally possible and the dipole moment of fosfomycin enhances
significantly after its interaction with fullerene. IR calculations were also performed on the
structures and the obtained data show no negative values. Hence, all of the scrutinized structures

are a true local minimum.

Initial Structure Optimized Structure

A-Conformer

Figure 2. Initial and optimized structures of fosfomycin- C24 complex

161




International Journal of New Chemistry, 2025, 12 (2), 159-165

Thermodynamic and FMO Parameters

Sattari alamdar et al

In order to gain further insight into the thermochemistry of the adsorption process, various

adsorption thermodynamic parameters were calculated and are presented in Table 2. It is evident

that both conformers, exhibit negative values for AHag and AGag, indicating the exothermic and

spontaneous nature of the interactions. Furthermore, the negative values of ASad indicate that

aggregation occurs in the complexes following the interaction of drug with nanocage [20]. The

results obtained demonstrate that the adsorption process is more favorable at lower temperatures

[16]. Furthermore, the bandgap of fullerene experiences a tangible decline from 7.687 eV to

4.389 eV when fosfomycin adsorbs on its surface, which show this nanostructure can be

employed as an electrocatalytic sensing material for the detection of fosfomycin.

Table 1. The calculated structural properties of fosfomycin, C24 and their complex

Adsorption ZPE Vmin Vmax Dipole Moment
energy
(kcal/mol) (cm™) (cm™) (Debye)
NO (kcal/mol)
Fosfomycin-Vacuum 71.034 88.098 3871.374 1.89
C24-Vacuum 128.906 301.187 1576.647 0.00
Complex-Vacuum -111.016 171.189 99.870 2127.148 3.87

Table 2. The calculated thermodynamic parameters in vacuum phase in the temperature range of 298-318

K
NO AHag (kcal/mol)  AGag (kcal/mol)  ASaq (cal/mol)
Complex -Vacuum-298 -45.887 -80.271
-56.225
Complex -Vacuum-308 52.133 -31.426 -70.117
Complex -Vacuum-318 -60.483 -24.005 -60.083
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Conclusion

The research on fullerene (C24) as a nano-carrier, adsorbent, and sensing material for
fosfomycin has yielded promising results. The study indicates that C24 exhibits a strong
potential for various applications concerning fosfomycin, particularly in drug delivery and
environmental remediation. The analysis of adsorption energies, Gibbs free energy changes, and
enthalpy variations reveals that the interaction between fosfomycin and fullerene is not only
feasible but also spontaneous and exothermic, highlighting C24's effectiveness as an adsorbent
for removing fosfomycin from environmental samples. Additionally, Natural Bond Orbital
(NBO) computations suggest that the interactions are characterized by physisorption, providing
insight into the interaction mechanisms between the two substances. Notably, the computed
frontier molecular orbital parameters demonstrate a significant reduction in the bandgap of
fullerene from 7.687 eV to 4.389 eV upon the adsorption of fosfomycin. This reduction implies
that C24 could function as an electrocatalytic modifier, paving the way for novel sensors aimed
at the electrochemical detection of fosfomycin. Such advancements hold considerable promise
for enhancing detection methods for this antibiotic. Furthermore, the findings suggest that C24
may serve as an effective carrier for targeted drug delivery systems, opening new avenues for
developing innovative therapeutic strategies utilizing fullerene as a delivery vehicle for

fosfomycin.
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