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Abstract: Density functional theory (DFT) calculations were performed to provide insights
into a facile adsorption of fluorouracil (FU) anticancer by the assistance of a
representative boron nitride (BN) nanoflake. The singular models were optimized to
prepare the minimized energy structures and their combinations were re-optimized to
obtain the models of FU@BN complexes. Three complexes were found with different
levels of adsorption strengths based on the orientation of molecular site of FU towards
the BN surface. In this case, the models were achievable based on the structural energies
and additional electronic features evaluations showed possibility of distinguishing the
models by their frontier molecular orbitals (FMO) features. As a consequence, the models
of FU@BN complexes were achievable and their electronic features indicated both of
sensing and distinguishing features for confirming a facile adsorption of FU anticancer by
the assistance of a boron nitride (BN) nanoflake.
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Introduction

The issue of drug design and delivery is very important by the need of novel treatments protocols for
those earlier wild diseases or newly appeared ones [1-3]. In this case, several efforts have been always
dedicating to the exploration of new drugs or treatments for the patients [4-7]. Not only the drug related
issues, but also dealing with the biological media is always a challenging area of research [8-10]. To this
aim, further investigations are still required to provide further insights especially for those materials
which want to be involved in the biological related systems [11-13]. In a general note, exploring the
topics of biological and biomedical applications is an essential work of several researchers to reveal new
insights on the maintenance of health systems [14-16]. Accordingly, the drug design and delivery issues
are also very important for approaching novel treatments for an enhanced health maintaining level [17-
20]. Among the known diseases, cancer is indeed a wild disease without any certain treatment for years
and several people around the world are affected by the serious adverse effects of cancer and even its
treatments [21]. To this point, learning details of cancer and anticancer are very important for
developing novel treatments for the patients with fewer symptoms of adverse effects [22]. In this case,
modifications of chemical structures of anticancers or combining them with other substances are two
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main methods of current drug enhancements [23-25]. To combine with other substances,
nanostructures have been seen useful for working as carriers of drugs in managing the processes of drug
delivery [26]. Indeed, nanostructures have been become very famous very soon after their pioneering
innovation because of showing unique features such as wide surface areas and electronic behaviors [27].
Additionally, several types of nanostructures including both of carbon and non-carbon compositions
have been characterized to approach brighter information for developing nano applications [28-30].
Combined compositions of boron and nitrogen atoms yielded boron nitride (BN) nanostructures with
excellent electronic features in addition to their heteroatomic surface [31]. In the case of drug delivery,
BN nanostructures have been also proposed as useful carriers of drugs in a targeted process, but further
information are still required to approach a successful process [32]. Within the current work, a
representative model of BN nanoflake was employed for adsorbing the very well-known fluorouracil
(FU) anticancer along with performing density functional theory (DFT) calculations. Due to the
complexity of investigating such models, employing DFT tools could help to provide detailed information
for analyzing such a complex FU@BN system [33-35].

Fluorouracil or 5-fluorouracil (FU) (Figure 1) is among the most prescribed anticancers for various types
of cancers with single-standing treatment or in conjugation with other complimentary anticancers [36].
In this case, several efforts have been done to enhance the treatment level of FU for approaching a more
successful medication of cancer patients [37]. Employing the nanostructures as carriers has been also
examined with several works for providing a targeted drug delivery platform [38]. To this aim, the
current work was done to investigate the adsorption process of FU by the assistance of a BN nanoflake
for providing more insights into the drug delivery processes of FU in the form of FU@BN complex
formation (Figure 2). DFT calculations were performed for optimizing the structures and evaluating their
features, details were summarized in Table 1 and Figures 1-3.
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Figure 1: Fluorouracil or 5-fluorouracil (FU).

Materials and Methods

The models of this work included the 3D structures of FU and a representative model of BN nanoflake,
which were obtained from ChemSpider [39]. For preparing the BN nanoflake, the original model of
coronene was obtained and it was decorated by the combinations of B and N atoms (Figure 2). Then,
the formula of employed BN nanoflake was B12N12H12, in which the roles of H atoms were as edge
saturators. The formula of employed FU was the original one as C4H3FN20;. The singular models were
first optimized to obtain their minimized energy geometries. Next, their combinations were investigated
by re-optimizing the bimolecular models of FU@BN complexes to explore the adsorption processes.
Besides the minimized energy structures, additional structural and electronic features were evaluated
to analyze details of the investigated systems, especially in the cases of singular and complex models.
The obtained results were included in Table 1 to show the characteristic features of the models. Since
the frontier molecular orbitals (FMO) are essential for recognition of the chemical systems, the highest
occupied and the lowest unoccupied molecular orbitals (HOMO and LUMO) were evaluated for the
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investigated models in both terms of quantitative values (Table 1) and qualitative representations of
distribution patterns (Figure 3). All calculations of current work including geometries optimizations and
properties evaluations were performed employing the B3LYP-D3/6-31G* level of DFT calculations as
implemented in the Gaussian program [40].
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Figure 2: Models of FU@BN complexes.

Results and Discussion

The main goal of this work was the investigation of FU adsorption by the assistance of BN nanoflake. To
this aim, the models of this work (Figure 2) were optimized to obtain the minimized energy systems. The
models were in two sets of the singular state including FU and BN models and the complex state
including FU@BN complexes, in which three complexes were obtained for the interacting systems; C1,
C2, and C3. The models were recognized based on their calculated minimized energy level among all
possibilities of energies variations. In this case, the singular models were easier to obtain than the
complex models with various possibilities of interacting configurations. By examining the possible
starting configurations, three complexes were found regarding the orientation of FU molecular sites
towards the BN surface. After performing optimization calculations, the complex models were obtained
and their features were evaluated. By comparing the values of adsorption energy (Ea.gs) for the
complexes, it was found that the models were in different strengths of adsorption processes with such
order: C1 > C2 > C3. The results were based on the comparing energies of each complex and its singular
counterparts, in which the results indicated changes of such adsorption strengths in the models.
Accordingly, the optimized geometrical configurations indicated the shortest distance of two interacting
molecules in C1 and the longest one in C3. In this regard, the models were recognized and their features
indicated benefits of performing such DFT calculations to learn details of interacting FU@BN complexes.
The models of C1 and C2 were in similar H...N interaction from the FU counterpart to the BN surface,
but the involving molecular site of FU towards the BN surface indicated a different chemical environment
for managing the adsorption process. For the case of C3, H...N and F...B interactions were found from
the FU counterpart to the BN counterpart and this model was found at the lowest level of adsorption
strength among the obtained complexes.
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Table 1: Evaluated features of minimized singular and complex models.

Model Eags kcal/mol HOMO eV LUMO eV Egap €V
FU n/a -6.79 -1.38 5.41
BN n/a -6.73 0.20 6.93
C1 -4.19 -6.55 -1.16 5.38
Cc2 -3.60 -6.61 -1.29 5.33
Cc3 -2.79 -6.66 -1.27 5.39
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Figure 3: HOMO-LUMO patterns of singular FU and BN models and their FU@BN complexes; C1, C2, and C3.

in addition to the obtained structural features, the FMO features were evaluated to recognize the
electronic systems of investigated models. As could be found by the quantities of Table 1 and
representative patterns of Figure 3, the models were distinguishable by such features. Although the
molecular counterparts of complexes were the same, but it was found that the adsorption strengths
were different. In this regard, the patterns of HOMO-LUMO were distributed in different models of
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localizations by sharing the patterns among the counterparts such as C2 or by a single standing
localization of patterns at the site of only one counterpart such as C1 and C3. Changes of energy levels
of HOMO and LUMO for the complexes in comparison with the singular models were obvious and their
differences were also meaningful. Energy gap (Egap) stands for the energy distance of HOMO and LUMO
levels, in which its value could help to make a sensing possibility for the occurrence of adsorption
process. On the other hand, the models were also achievable by examining the variations of such
features of electronic systems. In this case, formations of complexes and their recognitions were found
suitable to manage a facile adsorption process of FU be the assistance of a BN nanoflake.

Conclusion

An idea of exploring a facile adsorption of FU by the assistance of BN nanoflake was investigated within
this work along with performing DFT calculations. The results were evaluated to show possibility of
managing a targeted drug delivery platform of FU anticancer by the employed BN nanoflake. The singular
models were optimized to obtain the minimized energy structures and their combinations were
subsequently investigated. Three models of FU@BN complexes were found for the interacting FU and
BN counterparts, in which the orientation of FU towards the BN surface was dominant of such complex
formations. The adsorption strengths of the models were different and their evaluated features were
also different. Based on the achievements, formations of FU@BN complexes were achievable to manage
the adsorption processes of FU by the assistance of BN nanoflake. The models were also suitable for
being recognized by their electronic features, in which their FMO features were distinguishable by
changes from the singular to the complex state. In this case, a promising sensing function was also
considerable for the investigated models. As a consequence, the idea of managing a facile adsorption
process of FU by the BN nanoflake was achievable by both of structural and electronic features.
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