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Abstract: Benefits of employing titanium (Ti)-enhanced boron nitride (BN) fullerene for the drug 

delivery of 5-fluorouracil (5FU) anticancer were investigated in this work by performing density 

functional theory (DFT) calculations. The models were optimized to obtain their stabilized geometries 

of singular states to be combined with each other to obtain the complex model of the bimolecular state. 

Six complexes of 5FU@TiBN models were obtained based on their stabilized interacting configuration 

with different electronic molecular orbital features and adsorption strength. C…Ti, O…Ti, F…Ti, and 

H…B types of interaction were found for the formation of complexes. Their details were examined by 

the evaluated features of the quantum theory of atoms in molecules (QTAIM) analyses. Based on the 

achievements, the models of 5FU@TiBN complexes were found suitable regarding the meaningful 

values of adsorption strength. However, the models of relaxed configurations showed significant 

impacts on both the complexes' structural and electronic features. Additionally, measuring variations of 

such electronic molecular orbital features could be a tool for complex recognition. In this regard, the 

investigated 5FU@TiBN complexes could be proposed for initiating a drug delivery process by 

specifying the desired configuration for approaching the purpose for the case of employing the TiBN 

adsorbent towards the 5FU anticancer.  

Keywords: boron nitride; fullerene; 5-fluorouracil; anticancer; drug delivery; DFT. 

© 2022 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Boron nitride (BN) nanostructures with the combination of boron and nitrogen atoms 

were found after the pioneering innovation of carbon nanostructures [1]. The models were 

found even at higher suitability for substituting carbon nanostructures in many applications, 

especially in the cases of interactions and adsorptions [2]. Similar to the carbon nanostructures, 

various geometrical architectures of BN nanostructures, such as tubular, planar, conical, and 

spherical, have been found up to now [3-6]. Furthermore, the heteroatomic composition of BN 

nanostructures could increase the tendency of their surface to participate in molecular 

communications in better modes than carbon nanostructures [7]. Accordingly, earlier efforts 

indicated a significant adsorbent role for the BN nanostructures for adsorbing other molecular 

and atomic substances [8-10]. 
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Additionally, inserting atomic dopants could create a specific region of interactions to 

enhance BN nanostructures' function for conducting more efficient adsorption processes [11-

13]. To this aim, metal atoms have been seen as a useful dopant for enhancing the features of 

nanostructures for approaching desired functions [14-16]. In this regard, a model of BN 

fullerene nanostructure was investigated in this work by an enhancement of titanium (Ti) 

dopant for adsorbing a known anticancer drug, 5-fluorouracil (5FU). It is worth mentioning 

that Ti-related compounds are known for employing them in medical applications [17]. The 

stoichiometry formula of the TiBN model is TiB11N11, in which its stabilized geometry was 

found by performing density functional theory (DFT) calculations. The stoichiometry formula 

of the 5FU model is C4H3FN2O2, in which its geometry was also stabilized by performing DFT 

calculations. Next, molecular combinations of 5FU and TiBN were explored by performing 

additional calculations to yield the stabilized interacting bimolecular models. The models of 

5FU, TiBN, and 5FU@TiBN are shown in Figure 1. Indeed, these examinations were done to 

learn the benefits of employing the Ti-enhanced BN fullerene for adsorbing the 5FU anticancer 

substance for initiating a drug delivery process.  

It is known that cancer patients have serious difficulties dealing with the current 

anticancers and several efforts have been done for enhancing the efficacy and reducing the 

adverse effects of anticancers to this time [18-20]. On the other hand, 5FU has been a very 

useful anticancer drug for years, and its adverse effects restrict it from showing an efficient 

treatment [21]. To this time, considerable efforts have been dedicated to improving efficiency 

of 5FU for approaching a better therapeutic treatment [22-24]. Initiating a nano-based targeted 

drug delivery platform is among the proposed protocols for approaching better results about 

therapeutic activities [25-27]. In this regard, details of interactions between nanostructures and 

drug substances should be known to find suitable adsorbents for working in the drug delivery 

platform [28]. Hence, the current work was done to analyze an enhanced model of 

nanostructure (TiBN) toward adsorbing a representative anticancer drug (5FU). The results of 

earlier works affirmed the hypothesis of employing nanostructures for adsorbing 5FU [29-31], 

and details of such an adsorption process by means of TiBN were investigated in the current 

work. To learn such details, using computational chemistry tools is helpful in recognizing the 

materials at the smallest molecular and atomic scales [32-37]. Accordingly, the models of this 

work were investigated based on the computer-based stabilized geometries and evaluated 

descriptors as exhibited in Figure 1 and Table 1. 

2. Materials and Methods 

As shown in Figure 1, the investigated models of this work, including singular TiBN 

and 5FU molecule and bimolecular 5FU@TiBN complexes, were visualized using the 

ChemCraft program [38]. All exhibited models were optimized to find their stabilized 

geometries using the wB97XD/6-31G* level of DFT calculations as implemented in the 

Gaussian program [39]. Before optimizing the bimolecular complexes, singular models were 

optimized, and they were combined with being inserted in re-optimization calculations to find 

the stabilized geometries of complexes. To investigate energies of bimolecular complexes, the 

impacts of basis set superposition error (BSSE) were examined [40]. Additionally, quantum 

theories of atoms in molecules (QTAIM) were analyzed using the MultiWfn program to detect 

involving interactions in the bimolecular complexes [41, 42]. As a result of optimization 

calculations, six configurations were found for 5FU@TiBN bimolecular complexes, as 

indicated by C1 to C6 in Figure 1. Additionally, related descriptors, including frontier 
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molecular orbital energy levels of the highest occupied and the lowest unoccupied molecular 

orbitals (HOMO and LUMO), energy gap (GAP), adsorption energy (ADS), and QTAIM 

features, were summarized in Table 1. INT, DIS, ρ, ∇2ρ, and H, implied for interaction types, 

distances, the density of all electrons, Laplacian of electron density, and energy density, 

respectively.  

 
 

Figure 1. The stabilized models of 5FU, TiBN, and C1-C6 of 5FU@TiBN complexes. 
 

3. Results and Discussion 

The main goal of this work was to investigate the benefits of employing a Ti-enhanced 

BN (TiBN) fullerene for the drug delivery of 5FU anticancer. Indeed, the goal of this work was 

followed in accordance with the importance of developing efficient applications of 

nanostructures for biological related systems [43-45]. Nanostructures have been always 

expected to work in various aspects of drug delivery processes such as drug carriers and 

sensors; however, the topic has been still under investigations and developments [46-50]. The 
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investigated singular models and their related bimolecular complexes through performing DFT 

calculations are exhibited in Figure 1. The models were optimized to obtain their stabilized 

geometries for further discussion of the goal of this work. For the state of bimolecular models, 

not only one 5FU@TiBN model but six configurations were obtained based on various routes 

of interactions between 5FU and TiBN substances. Because of the different atomic sites of the 

5FU molecule, different possibilities of interactions with the TiBN substance were examined, 

resulting in six optimized configurations of bimolecular models. The evaluated descriptors of 

all models are summarized in Table 1. 

Table 1. Evaluated descriptors for the investigated models.1 

Model TiBN 5FU C1 C2 C3 C4 C5 C6 
HOMO eV -5.582 -6.786 -4.922 -5.407 -4.639 -4.841 -6.243 -5.307 

LUMO eV -2.970 -1.378 -3.385 -2.578 -3.476 -2.903 -3.119 -2.712 

GAP eV 2.612 5.408 1.537 2.829 1.163 1.938 3.123 2.594 

ADS eV − − -1.735 -1.979 -1.775 -1.726 -1.439 -0.926 

INT1: − − O…Ti O…Ti O…Ti O…Ti C…Ti F…Ti 

 DIS Å − − 2.043 2.021 2.059 2.064 2.175 2.141 

 ρ au − − 0.073 0.074 0.065 0.064 0.081 0.048 

 ∇ 

2ρ au − − 0.411 0.447 0.406 0.396 0.138 0.298 

 H au − − -0.005 -0.006 -0.009 -0.008 -0.016 -0.007 

INT2: − − H…B H…B − − C…Ti H…B 

 DIS Å − − 2.932 2.171 − − 2.047 3.159 

 ρ au − − 0.007 0.029 − − 0.107 0.005 

 ∇ 

2ρ au − − 0.017 0.032 − − 0.175 0.013 

 H au − − -0.001 -0.004 − − -0.035 -0.001 
1The models are shown in Figure 1. 

C1 and C2 are two configurations of 5FU@TiBN bimolecular models with 

contributions of two types of O…Ti and H…B interactions. Both models were stabilized, and 

their geometries were found, as shown in Figure 1. It should be mentioned that different 

positions of 5FU were involved in interactions with the Ti-region of TiBN substance, in which 

O4 and H3 were for C1 and O2 and H1 were for C2. Accordingly, different values of 

descriptors were evaluated for the mentioned models. Examining the values of HOMO and 

LUMO could show different electronic molecular orbital features for the models with a higher 

similarity of C2 to the singular TiBN compared to that of C1. The evaluated values of GAP 

were 1.537 eV for C1 and 2.829 eV for C2 versus 2.612 eV for the singular TiBN, showing 

that mentioned similarity. The exact energy levels of HOMO and LUMO were in agreement 

with the similarity of GAP values. This achievement could imply a significant role of the TiBN 

substance in adsorbing the 5FU substance to manage the whole adsorption process. For 

examining the strength of adsorption of 5FU by the TiBN substance, energy differences of 

bimolecular and singular counterparts were compared to evaluate the values of ADS. In this 

regard, C1 showed a value of -1.735 eV, and C2 showed a value of -1.979 eV, revealing a 

higher strength of adsorption for C2 than C1. Further analyses of interactions indicated higher 

levels of contributions of both of O…Ti and H…B to the interactions in C2 in comparison with 

C1. Besides the obtained relaxation of C2 substances at a closer distance to each other, the 

evaluated QTAIM features showed a higher suitability of electronic portions of the interactions 

of C2 rather than those of C1. As a consequence, formations of C1 and C2 were found 

achievable with higher suitability for C2.  

C3 and C4 are the complexes with the optimized configurations of 5FU@TiBN in the 

interaction routes of O4…Ti and O2…Ti, respectively. It is worth mentioning that the Ti-

region was dominant in conducting the adsorption processes, in which it was significantly 

involved in interactions of all 5FU@TiBN complexes. A smaller value of GAP was found for 
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C3 (1.163 eV) in comparison with that of C4 (1.938 eV). Accordingly, energy values of HOMO 

and LUMO levels were changed in C3 and C4 bedsides compared with the singular TiBN. 

More or less significant discrepancies were observed for the molecular orbital levels of 

complexes and singular models. Based on the evaluated values of ADS, C3 (-1.775 eV) was 

found at a higher adsorption strength than C4 (-1.726 eV). The evaluated QTAIM features also 

affirmed such a higher level of strength for C3 than for C4. Comparing the obtained strengths 

of C3 and C4 with each of C1 and C2 could reveal an order of C2 > C3 > C1 > C4 for the 

models up to now. 

C5 is the obtained complex with an optimized configuration through two C…Ti 

interactions between 5FU and TiBN substances. As shown in Figure 1, the adsorbed 5FU 

substance was indeed perpendicular to the TiBN substance, different from the configurations 

of other complexes. The evaluated molecular orbital features indicated a significant 

discrepancy of values from the changes of other complexes. A wider GAP (3.123 eV) was 

found for C5 compared with other complexes and even the singular TiBN. The evaluated 

strength of adsorption (-1.439 eV) was meaningful but lower than those of C1 to C4. Details 

of interactions also indicated electronic portions of interactions for the involved C…Ti types. 

The last obtained complex is C6 with an optimized configuration of F…Ti and H…B 

interactions. This model was indeed at the lowest level of adsorption strength (-0.926 eV) but 

still meaningful. Accordingly, the models were ordered as C2 > C3 > C1 > C4 > C5 > C6 

regarding the adsorption strengths. By the evaluated QTAIM features, both of F…Ti and H…B 

types of C6 were weak interactions, and the obtained complex was placed at the weakest level 

compared to the available complexes. 

4. Conclusions 

Based on the obtained results, some achievements could be summarized regarding the 

goal of this work to study the benefits of employing the TiBN substance for the drug delivery 

of 5FU anticancer. The first achievement could be mentioned by the obtained optimized 

configurations of 5FU@TiBN complexes, in which six different configurations were found. 

The second achievement could be focused on showing the significant role of the Ti-region in 

conducting the adsorption process, in which 5FU was in interaction with this region in all 

complexes. The third achievement could be referred to as the observed variations of molecular 

orbital features of complexes and singular models to provide a possibility of an electronic-

based diagnosis of complex formations. The strength of adsorption could be laced at the fourth 

achievement, in which all complexes were in reasonable levels of strength but with different 

magnitudes compared to each other. The fifth achievement could be summarized by the 

evaluated QTAIM features showing the electronic portions of interactions for the models. And 

as a final achievement, the obtained models of 5FU@TiBN complexes were found suitable for 

formation, and their features indicated their significant roles in initiating a drug delivery 

process of 5FU anticancer. 
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