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Abstract: To the need to develop theoretic treatments for infectious diseases, this work was performed 

based on quantum processes of complex formations of favipiravir (FAV) antiviral drug and a model of 

beryllium-oxygen (BeO)-decorated carbon nanocone (BOC). The models were stabilized, and their 

features were evaluated. Regarding the achievements of optimization calculations, eight models of 

FAV@BOC complexes were found to affirm the idea of such complex formation between the 

interacting substances. The models with O…Be, N…Be, and H…O interactions were found at higher 

strengths of adsorption in comparison with the models with F…Be interactions. Details of interactions 

indicated a level of physical adsorption for the FAV substance at the tip of the BOC substance with a 

dominant role of the BeO-decorated region for conducting the adsorption process. Additionally, 

molecular orbital features indicated significant changes from the singular to complex states, in which 

the models were able to be recognized based on measurements of such features. In this regard, 

formations of FAV@BOC complexes were achieved by the benefits of managing the future functions 

of adsorbed FAV substance, especially for approaching a desired drug delivery purpose. 
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1. Introduction 

Favipiravir is a pyrazine-carboxamide derivative with antiviral activity against 

influenza and other viral infections [1]. It has become well known, especially soon after the 

coronavirus disease (COVID-19) appearance in late 2019 [2]. Besides its expected higher 

efficiency for treating novel influenza infestations compared to the seasonal types of influenza, 

several attempts have been dedicated to improving it for treating specific viral infections [3-5]. 

Additionally, the adverse effects of favipiravir medication for the infected patients showed a 

need to develop more efficient medication methods for this drug [6]. To this aim, earlier works 

examined the benefits of employing combinations of favipiravir and nanostructures to approach 

a drug delivery platform [7, 8]. The idea was initiated by the roles of nanostructures for 

conducting the targeted drug delivery systems to enhance medication efficiency [9-11]. In this 

case, the nanostructure could work as a carrier for the adsorbed drug to deliver it to the correct 

target [12-14]. Accordingly, learning details of drug-nanostructure combinations could help to 

propose a novel carrier/adsorbent for the specified drug [15-17]. This is very important 
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regarding drug design, discovery, and development to reach an appropriate point of efficient 

medication [18-20]. Although there are considerable improvements in drug issues, the 

successes of pharmaceutical treatments are not certain yet [21-23]. Accordingly, several efforts 

are still required to enhance drug efficiency and rely on pharmaceutical treatments [24-26]. For 

the cases of nanostructures, several architectures based on different shapes and compositions 

with specified applications have been identified up to now [27-30]. Accordingly, their 

modifications with other atomic and molecular substances yielded newly decorated 

nanostructures [31].  

In addition to the pioneering innovation of carbon nanostructures, decorating the 

original carbon compositions yielded new substances with enhanced features, especially for 

working as adsorbents towards other substances [32-36]. To this point, a carbon nanocone was 

investigated in this work to adsorb the favipiravir substance for approaching insights into 

conducting drug delivery platforms. The apex architecture of conical nanostructures could 

provide a tip for communicating with other substances [37-39]. Based on such characteristic 

features, the tip of the employed nanocone was decorated by beryllium and oxygen atoms to 

create a Be-O-C nanocone for interacting with the favipiravir substance. As shown in Figure 

1, the singular models of favipiravir (FAV) and modified nanocone (BOC) were involved in 

the various configurations of interactions to yield the FAV@BOC complexes, indicated by F1-

F8. To generate the required information, quantum processing of molecular models in singular 

and complex formats was done to optimize the structural geometries and obtain their related 

features [40-42]. As a consequence, an idea of favipiravir-nanocarbon complex formations was 

assessed in this work using the quantum processing tools to provide more insights on 

conducting the drug delivery platforms.  

2. Materials and Methods 

In Figure 1, the investigated models of this work were exhibited in their singular and 

complex formats, including favipiravir (FAV), beryllium-oxygen decorated carbon nanocone 

(BOC), and eight configurations of FAV@BOC complexes, F1-F8. The singular models were 

optimized to reach their minimized energy geometries, and they were subsequently combined 

with each other to produce complex models during the optimization of various interacting 

configurations. Accordingly, eight models were obtained based on the geometrical 

optimizations of bimolecular models as indicated by F1-F8. Besides performing such 

optimization calculations, interaction details of complex models were identified using the 

quantum theory of atoms in molecules (QTAIM) analyses by the MultiWfn software [43, 44]. 

As included in Table 1, types of interactions (Int.), distances (Dis.), total electron density (ρ), 

Laplacian of electron density (∇2ρ), energy density (H), and energy of formation (EF) were 

evaluated for each of the FAV@BOC complexes. Next, further analyses were done by 

evaluating the molecular descriptors, including the energy of the highest occupied molecular 

orbital (EH), the energy of the lowest unoccupied molecular orbital (EL), the energy gap (EG), 

and dipole moment (DM) (Table 2). To evaluate the required information of this work, density 

functional theory (DFT) quantum processes were done to optimize the models and obtain their 

descriptors. The B3LYP-D3/6-31G* level of DFT calculations was performed using the 

Gaussian program [45]. Next, the models were visualized using the ChemCraft software [46]. 

It could be briefly described here that the methodology of this work was based on employing 

computational tools and theories to obtain stabilized structures first and evaluate their features 
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next. In this regard, computations and visualizations were done to approach the purpose of 

performing a quantum processing study. 

 
 

Figure 1. Optimized models of this work, F1 to F8 are the obtained models of FAV@BOC complexes. 
 

  
Table 1. Interactions descriptors of FAV@BOC models; F1-F8.* 

FAV@BOC Int. Dis. Å ρ au ∇2ρ au H au EF kcal/mol 

F1 
 

O2…Be 
H…O 

1.571 
1.762 

0.0735 
0.0342 

0.6554 
0.1267 

0.0194 
0.0007 

-47.160 
 

F2 
 

O2…Be 
H…O 

1.609 
1.791 

0.0715 
0.0341 

0.5901 
0.1306 

0.0129 
0.0005 

-36.392 
 

F3 N1…Be 1.732 0.0644 0.3948 0.0021 -39.207 

F4 N1…Be 1.736 0.0635 0.3927 0.0018 -39.068 

F5 

 

F…Be 

H…O 

1.671 

2.191 

0.0472 

0.0156 

0.4142 

0.0589 

0.0128 

0.0011 

-19.100 

 

F6 

 

 

F…Be 

N2…O 

H…O 

1.715 

2.798 

2.401 

0.0419 

0.0141 

0.0090 

0.3479 

0.0482 

0.0329 

0.0099 

0.0008 

0.0006 

-21.206 

 

 

F7 

 

N2…Be 

H…O 

1.737 

1.799 

0.0638 

0.0381 

0.3868 

0.1202 

0.0014 

-0.0013 

-38.006 

 

F8 F…Be 1.687 0.0453 0.3897 0.0117 -18.204 
*The models are shown in Figure 1. 

 

3. Results and Discussion 

The current research work aimed to perform quantum processes on the formations of 

favipiravir-nanocarbon complexes. As shown in Figure 1, the investigated nanocarbon was a 

carbon nanocone with Be-O-C composition yielding the BOC substance towards adsorbing the 

FAV substance. The role of Be-O was to decorate the original carbon composition nanocone 
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to provide a doped nanostructure for participating in interactions with the FAV substance. It is 

worth mentioning that the nanostructures with Be-O compositions were reported before [47], 

and such decoration was done for making a specific region of interactions for the nanocone of 

this work. On the other hand, formations of complexes of FAV and nanostructures were 

examined by the earlier works [7, 8], and the combination of FAV and BOC was aimed to be 

examined in this work. Indeed, the importance of exploring novel treatments for novel viral 

infections caused the initiation of this work to find the benefits of such complex formations for 

approaching the delivery purposes of FAV antiviral drugs. To approach the goal, the 

investigated models were carefully analyzed at their molecular and atomic scales to reveal 

insights into the formations of FAV@BOC complexes. 

F3 and F4 involved one N…Be interaction, in which the strength of that interaction was 

strong enough to produce a FAV@BOC complex model. Based on Table 1, F3 was found in a 

slightly higher level of formation strength in comparison with F4, with values of -39.207 and -

39.068 kcal/mol, respectively. Comparing the strength of complex formations with F1 and F2 

indicated this order: F1 > F3 > F4 > F2. Further analyses of interaction details indicated a 

higher electronic portion for F3 than F4. The values of each of ρ, ∇2ρ, and H could help to show 

the strengths of interactions regarding the electronic portions, in which the models were 

suitable in the case of physical interactions. 

For F5, F6, and F8 complexes, the fluorine atom of FAV was involved in interactions 

with the BOC substance. As shown in Figure 1, F…Be interaction was found for all of the three 

mentioned complexes. F8 included only one F…Be interaction, F5 included two F…Be and 

H…O interactions, and F6 included three F…Be, N2…O, and H…O interactions. Comparing 

the values of EF indicated this strength order F6 > F5 > F8 for the models. Details of Table 1 

indicated meaningful portions of electrons for the involving interactions, in which substances 

of the models were in physical modes of interactions. Comparing with other discussed 

complexes could yield this order of formation strength: F1 > F3 > F4 > F2 > F6 > F5 > F8. 

F7 was found with two N…Be and H…O interactions, in which the complex model 

was stabilized through the involved interactions. The strength of this complex was found to be 

comparable with those of F1-F4, in which a new order of strength could be defined here: F1 > 

F3 > F4 > F7 > F2 > F6 > F5 > F8. This model's electronic portions of interactions (Table 1) 

also affirmed a form of the physical complex. Indeed, interactions of the investigated models 

were in physical modes of formations with a possibility of conducting a reversible complex 

formation. In this regard, the models were found strong enough for the formation, and their 

details of infarctions (Table 1) showed features of electron portions for achieving the targeted 

FAV@BOC complexes. As a consequence, formations of FAV@BOC complexes were 

affirmed by the obtained results to this point.  

Molecular descriptors of the optimized models were summarized in Table 2 to show 

the features of molecular orbitals and dipole moments. The results showed significant effects 

on the molecular orbitals features of the singular FAV model after the complex formation. 

However, less significance of effects was observed for the molecular orbitals features of the 

singular BOC model after the complex formation. In this regard, a dominant role of BOC 

substance for conducting the adsorption process of FAV substance was found, which could 

also be applied to measure the features to recognize the occurrence of the adsorption process. 

Not only the adsorption process but also the adsorbed configuration could be achievable in this 

case. Interestingly, the values of EH, EL, and EG were meaningful differences to be detectable 
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regarding the occurrence of the adsorption process. In this regard, the models were found 

suitable to be recognized based on the adsorbed configurations. 

Additionally, the calculated values of DM could reveal the effects of general electronic 

distribution on the molecular surface. A higher or a lower value could show the way of such 

an electronic distribution system. Consequently, FAV@BOC complexes were available based 

on different formation strengths, and their electronic molecular orbitals also affirmed variations 

of electronic features for the investigated models. Based on measurements of EG, it could be 

possible to separate the desired complexes by inserting them in a specified drug delivery 

platform. Hence, the formation of FAV@BOC complexes could be proposed for conducting a 

drug delivery process based on the required features of interactions for each of obtained 

configurations. A protective role of BOC could also be considered for managing the future 

interactions of the adsorbed FAV substance. 

 

 

Table 2. Molecular descriptors of FAV, BOC, and FAV@BOC models.* 
Model EH eV EL eV EG eV DM Debye 

FAV -8.893 -0.523 8.370 3.391 

BOC -7.101 -1.000 6.101 2.572 

F1 -6.567 -1.651 4.917 6.079 

F2 -6.491 -1.584 4.906 8.254 

F3 -6.439 -1.979 4.460 10.079 

F4 -6.378 -1.968 4.411 10.021 

F5 -6.724 -1.328 5.396 5.494 

F6 -6.760 -1.272 5.488 0.459 

F7 -6.744 -1.898 4.846 1.338 

F8 -6.694 -1.376 5.318 3.221 
*The models are shown in Figure 1. 

 

4. Conclusions 

The idea of the formation of FAV@BOC complexes was examined in this work by 

performing quantum processes on the molecular models. The models were optimized, and their 

features were evaluated to learn the details of such complex formations. The Be-O doped region 

of nanocone worked as an active site of interactions towards the FAV substance, in which eight 

complexes were found accordingly. The results indicated different configurations of relaxation 

for the FAV substance on the BOC surface. Involving O…Be, N…Be, and H…O interactions 

from FAV to BOC were at the highest level of strength. 

On the other hand, involving F…Be and other complementary interactions helped to 

produce some complexes with lower levels of adsorption strengths. Analyses of molecular 

orbital features also indicated the benefits of employing BOC for recognizing the adsorbed 

configuration of FAV, in which the values of EG could help to distinguish the complexes. As 

a consequence, the models of FAV@BOC complexes were suitable for formation, and they 

were separable by the molecular orbitals features. A dominant role of protective of FAV was 

also found for the BOC substance proposing it for employment in a desired drug delivery 

process. 
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