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Adsorption properties of sulfamethoxazole drug on the pristine (Ceo) and functionalized (CeoHNH2) fullerenes in different situations were
calculated by density functional theory calculations using the ®B97XD method and 6-31G(d) standard basis set in gas and solution phase.
Based on the adsorption and Gibbs free energies, the adsorption of sulfamethoxazole on the pristine Ceo, in all situations, was unfavorable,
but its adsorption on the functionalized fullerene was spontaneous and favorable, in two situations. Also, in agreement with the Gibbs free
energy data, functionalized fullerene has negative solvation energy in two situations, therefore, it can be suitable as a nano-carrier in drug
delivery systems. In addition, the nature of interaction between sulfamethoxazole and functionalized fullerene in the most favorable situation
was analyzed by the independent gradient model based on Hirshfeld partition (IGMH). The [4+2] cycloaddition reactions of SMX with the

fullerenes were also studied and the results ruled out the possibility of chemical adsorption via such reactions.
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INTRODUCTION

Drug delivery is a nanotechnology method in medicine to
improve the drug solubility and its lifetime, to control the
drug release in the vivo tissues, and eventually to design safe
and effective drugs [1-6]. It has been found that the fullerenes
are appropriate candidates for drug delivery systems due to
their properties such as unique spherical structure,
hydrophobic characteristic, less side effects in the body
tissue, and efficient drug loading. Among fullerenes, Cqo is
the most stable and the most abundant and has received more
attention in drug delivery [7-14].

So far, the interaction of different drugs on fullerene
Ceo and its derivatives has been investigated, including
amantadine [5], arginine, leucine, and tryptophan [15],
cyclophosphamide derivatives [16], 5-fluorouracil [17],
amphetamine [18],

adenine [19], favipiravir [20],

*Corresponding author. E-mail: dashti@abru.ac.ir

phenylpropanolamine [21], temozolomide, procarbazine,
[22], (23],
penicillamine [24], metronidazole [25], ornidazole [26], and

carmustine, and lomustine hydroquinone
cyclopropylpipezarine [27].

In addition, Salimi et al. [28] studied the adsorption
properties of letrozole drug onto pristine and Ge- and
Si-doped Cgo fullerene in different states in both gas and
solution phases by using DFT calculations (B3PW91 method
and 6-311G(d,p) basis set. They concluded that letrozole
incorporating Si-doped Ceo can be considered as a drug
delivery system. The interaction of gemcitabine drug with
Ceo and Cyo fullerenes was also investigated by Ashrafi and
his coworkers [29] wusing DFT calculations at a
B3LYP/ccpvdz level, and the ability of these Al-doped
fullerenes to deliver gemcitabine was demonstrated. Besides,
[30] studied the interaction of

chloroquine, as an effective drug in the control of COVID-19

Bagheri Novir et al.

infection, with pristine and B-, Al-, Si-doped Cs fullerenes.
Based on their studies, Al-, Si-doped fullerenes can be
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considered as the better drug delivery for chloroquine.
Meanwhile, the interaction of metformin drug with Ceo, Cas,
and doped fullerenes was performed by Ebrahimzadeh Rajaei
and his coworkers [31] using density functional theory at the
level of B3PWO91 and 6-311G(d,p) basis set in both gas and
solvent phases. They concluded that among the studied
fullerenes, SiCso can be extended as a drug delivery system
for metformin.

Sulfamethoxazole (SMX) (Scheme 1) is a sulfa drug and
a common antibiotic which have been widely used for the
treatment of bacterial infections in humans, such as
prostatitis, bronchitis, and urinary tract infections. SMX
inhibits the formation of the dihydropteroate synthase
enzyme, thus, preventing the synthesis of folic acid and
therefore, stops the bacterial growth [32,33].

The aim of this work is to investigate the interaction
between sulfamethoxazole drug and the pristine and HNHo-
functionalized Cgo fullerenes in both gas and solvent (water)
phases by DFT using ®B97XD method and 6-31G(d)
standard basis set. Also, the structural and electrical
properties variations are calculated for different adsorption
situations of SMX on the Cso and CsoHNH: fullerenes before
and after the adsorption, to find the best drug situation for the
drug delivery system. In addition, the possibility of using
pristine and functionalized Cg fullerene as the drug delivery
system is evaluated.

Methods

All calculations were performed by using the Gaussian 09
program [34]. The structure of sulfamethoxazole drug, Ceo,
CeoHNHo,, transition states, and cycloadducts was optimized
using ®B97XD method and 6-31G(d) standard basis set.
While the absence of any imaginary frequencies confirmed
the geometrical minima of sulfamethoxazole drug, Ceo,
CsoHNH>, and cycloadducts, the transition states showed one
imaginary frequency.

The adsorption energy (E.qs) of the sulfamethoxazole drug
and the pristine and functionalized fullerenes was calculated
using the Eq. (1):

AEvads = Ecomplex - (ESMX + Efullerene) (1)

where Esmx, Efulierene, and Ecomplex Tefer to the energies of the
sulfamethoxazole, the pristine or functionalized fullerene,
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Scheme 1. Chemical structure of sulfamethoxazole

and SMX-+fullerene complex, respectively.

Furthermore, the polarizable continuum model (PCM)
was used to study the effect of the solvation effect of water
on the interactions of fullerenes. This reliable model is widely
used to investigate the solvent (such as water) effects on
molecular properties [35-40]. The stability of complexes was
determined by calculating the solvation energy (AEso1v) using
the Eq. (2) [41]:

AEvsolv = Esolution - Egas (2)

where Esouion 18 the total energy of the compound in the
solution phase and Egs is the total energy of the compound in
the gas phase.

In addition, the independent gradient model based
on Hirshfeld partition (IGMH) analysis was carried out by
using Multiwfn software [42].

Natural population analysis (NPA) was applied to
calculate the natural atomic charges and the global electron
density transfer (GEDT) values [43,44].

RESULTS AND DISCUSSION

To Find the Most Stable Conformer of SMX

It seems that SMX has two important conformers
including eclipsed and staggered, in which the two aromatic
are mutual and away from, respectively. Thus, at the first
step, a conformational analysis was performed on the
molecule over the Cph-S-N-Cox dihedral angle (ox refers to
the oxazole ring), in which the molecule was rotated by 5° in
each step around this dihedral angle for a complete 360°
cycle and the molecular energy was calculated. Figure 1
displays the diagram of the molecular energies of SMX
relative to the Cpn-S-N-Cox dihedral angle rotation.
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Fig. 1. The ®B97XD/6-31G(d) computed molecular energies for scanning of Cpy-S-N-Cox dihedral angle of SMX.

An overview of the diagram presented in Fig. 1, shows
that by rotation of SMX around the Cpy-S-N-Cox dihedral
angle, two minima are observed at 60 and 305°. Thus, the
conformer relevant to the dihedral angle of 305° (which is
very slightly more stable relative to that of 60°) was
considered for further studies. In this conformer, the aromatic
rings are located mutually near. The structure of this
conformer is depicted in Fig. 2.
Adsorption and  Solvation and
Thermodynamics Parameters

In the current work, the adsorption of SMX drug on the

Energies

pristine Ceo and its functionalized form i.e. CooHNH, has
been studied to clarify whether these adsorbents can be
potentially applicable for drug delivery of SMX. Figure 2
depicts the optimized forms of SMX, Cs, and CsoHNH,.

In the first step, different adsorption situations of SMX on
the Ceo fullerene were designed as follows:

a) SMX-pristine-Ceo:

1. NH; group near the fullerene; 2. Six-membered ring, NH»,
and SO, groups near the fullerene; 3. NH and SO, groups
near the fullerene; 4. Five-membered ring and NH group near
the fullerene.

b) SMX- CsoHNH,:

1. Drug NH; group near the NH, group of the fullerene; 2.
SO, oxygen atom near the hydrogen atom in the NH, group
of the fullerene; 3. SO, oxygen atom and nitrogen atom near
the hydrogen atom in the NH, group of the fullerene; 4.
Nitrogen atom near the hydrogen atom in the NH, group of
the fullerene; 5. Nitrogen and oxygen atoms in the five-
membered ring near the NH, group of the fullerene; 6.
Nitrogen atom in the five-membered ring near the NH, group
of the fullerene; 7. Hydrogen atom in the NH group near the
NH; group of the fullerene; 8. Six-membered ring near the
fullerene; 9. Five-membered ring near the fullerene; 10. SO,
oxygen atom near the hydrogen atom of the fullerene,
hydrogen atom in the NH group near the nitrogen atom in the
NH; group of the fullerene; 11. SO, oxygen atom near the
hydrogen atom in the NH; group of the fullerene, the nitrogen
atom in the NH group near the hydrogen atom of the
fullerene; 12. Nitrogen atom in the NH group near the
hydrogen atom in the NH; group of the fullerene, nitrogen
atom in the five-membered ring near the hydrogen atom of
the fullerene; 13. Six-membered ring near the NH, group of
the fullerene.
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SMX

CepHNH;
Fig. 2. The optimized structures of SMX, Cgo and CsoHNHo.

Table 1. Different Adsorption Situations of SMX on the Ceo Fullerene Together with the Corresponding Parameters

Including Gibbs Free Energies AGags, Enthalpies AHags, Entropies ASags and Adsorption Energies AE.q, in the Gas Phase

(Values in Parenthesis) and Aqueous Solution at Room Temperature. The Adsorption Situations are Given in S1

Entry AG AH AS AFE s
(kJ mol") (kJ mol') (kJ K''molh (kJ mol")
1 6.01 -34.36 -0.135 -40.12
(11.86) (-35.92) (-0.160) (-43.81)
2 16.18 -38.02 -0.182 -40.96
(9.38) (-39.25) (-0.163) (-44.81)
3 20.46 -33.06 -0.179 -36.36
(15.54) (-36.93) (-0.176) (-39.35)
4 - - - .
(8.30) (-36.64) (-0.151) (-41.91)
Then, corresponding thermodynamic  parameters 2) The entropies are decreased during the adsorption process

including Gibbs free energies, enthalpies, and entropies were
calculated after optimization of the geometries. Also, the
adsorption energies AE,4s were calculated by using Eq. (1).
The calculations were carried out in both gaseous and
aqueous phases at room temperature. Table 1 summarizes the
different adsorption situations of SMX on the Cgo fullerene
together with the corresponding parameters including Gibbs
free energies AGads, enthalpies AH,gs, entropies AS,ss and
adsorption energies AE,qs in both gas phase and solution.
An analysis of the results presented in Table 1 suggests that:
1) For both gas and solution phases and in all situations, the
enthalpies and adsorption energies are negative in value
indicating the adsorption process is exothermic.
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due to the reduction of the freedom degrees of the interacting
species.

3) The Gibbs free energies are positive in values suggesting
that the adsorption process is unfavorable for all situations,
which can be attributed to the overcoming of the unfavorable
entropy term on the enthalpy one.

Thus, apparently, the pristine Ceo fullerene cannot be
considered as a suitable adsorbent for SMX drug.

At the next step, the adsorption of SMX drug on a
functionalized Ceo, namely CsoHNH,, was studied to evaluate
the effect of the functional groups on the adsorption process.
The results for the adsorption of SMX drug on CeoHNH; are
given in Table 2 for solution and gaseous phases at room
temperature.
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Table 2. Different Adsorption Situations of SMX on C¢oHNH> Together with the Corresponding Parameters Including

Gibbs Free Energies AGads, Enthalpies AHags, Entropies ASags and Adsorption Energies AE,¢s in the Gas Phase (Values in

Parenthesis) and Aqueous Solution at Room Temperature. The Adsorption Situations are Presented in S2

Entry AG AH AS AE,qs AEoy
(kJ mol'h (kJ mol'h (kJ K" mol'h (kJ mol™h (kJ mol'h
1 2.18 -49.40 -0.173 -56.78 -61.03
(-3.36) (-58.49) (-0.185) (-66.26)
2 6.94 -41.47 -0.162 -47.72 -61.96
(-:3.63) (-50.23) (-0.156) (-56.28)
3 8.96 -39.40 -0.162 -45.92 -91.50
(17.90) (-18.85) (-0.123) (-24.94)
4 1.12 -47.10 -0.162 -52.83 -55.70
(-18.02) (-62.61) (-0.150) (-67.64)
5 9.01 -37.11 -0.155 -42.92 -60.68
(1.05) (-46.85) (-0.161) (-52.76)
6 4.90 -42.17 -0.158 -48.43 -60.58
(-1.61) (-51.70) (-0.168) (-58.36)
7 -10.34 -60.17 -0.167 -65.78 -57.73
(-16.44) (-75.37) (-0.198) (-78.57)
8 4.77 -43.72 -0.163 -49.62 -61.94
(-3.25) (-52.26) (-0.164) (-58.20)
9 6.56 -45.47 -0.174 -48.39 -61.60
(-0.63) (-51.00) (-0.169) (-57.31)
10 -14.63 -60.25 -0.153 -65.70 -59.13
(-25.50) (-71.42) (-0.154) (-77.08)
11 11.38 -44.47 -0.187 -47.46 -58.64
(-6.20) (-54.00) (-0.160) (-59.33)
12 5.68 -38.24 -0.147 -44.50 -59.83
(-1.02) (-49.04) (-0.161) (-55.19)
13 0.88 -51.96 -0.177 -59.48 -50.00
(-15.79) (-71.74) (0.188) (-80.00)

An analysis of the results summarized in Table 2 suggests
that the adsorption energies and enthalpies are negative for
all situations showing that the adsorption process is
exothermic. On the other hand, the Gibbs free energies are
negative only for situations 7 and 10, which indicates that the
adsorption process is favorable for these situations.
Although, both situations possess identical values for
adsorption energies (~ -66.00 kJ mol"), situation 10 with a
more negative value of Gibbs free energy (-14.63 against
-10.34 kJ mol'") is more favorable relative to 7 one. In
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addition, a comparison between the results of Gibbs free
energies for the gas phase relative to the solution indicates
that in contrast to the solution, the adsorption processes are
more favorable in the gas phase. This probably can be
attributed to the formation of the hydrogen bond between the
water as solvent and SMX or C¢oHNH: in solution which
reduces the strength of intermolecular interactions between
SMX and CsoHNH,. However, such solvent hydrogen bonds
are absent in the gas phase and the SMX ... CeoHNH,
interaction becomes important [45].
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A comparison between the results obtained for the
adsorption of SMX on pristine Cg (Table 1) with those
obtained for functionalized fullerene CsoHNH, (Table 2)
clearly indicates that the functionalization of the fullerene
with the polar groups improves significantly the adsorption
process because of appearance of the stronger attraction
forces between the interacting species.

Meanwhile, the solvation energy values were calculated
by Eq. (2) and given in Table 2. The high solvation energy of
their
applicability as nano-carriers in drug delivery systems [41].

the adsorbed drug on fullerenes strengthens
As stated above, among the interactions between SMX and
CeoHNH,, only situations 7 and 10 are spontaneous and
favorable, and among them, in agreement with the Gibbs
energy, situation 10 has more negative solvation energy than
situation 7, therefore, it seems to be more suitable for the drug
delivery systems.

IGMH Analysis on the Adsorption Process

Recently, Hénon et al. introduced an independent
gradient model (IGM) to analyze interaction regions between
two interacting species. To identify visually different types
of interactions, the interaction regions are presented by using
different values of the isosurface dg function and sign(A»)p
as a mapped function [42]. Then, the new version of IGM,
namely IGMH, was proposed by Lu and coworkers in 2022
in terms of the Hirshfeld partition of actual molecular density
[46]. In the last method, free-state atomic densities in the
IGM method are replaced by atomic densities obtained from
the Hirshfeld partition of actual molecular electron density.
Thus, at the next step, the adsorption process was analyzed
by the IGMH method in order to evaluate the interactions.

Since for adsorption of SMX on the pristine Csp and
CeoHNHo,, situations 1 (in Table 1) and 10 (in Table 2) gave
the best results, the IGMH analysis was performed on these
geometries in solution. Figure 3, depicts the color-mapped
isosurfaces of the inter-fragment IGMH for the above-
mentioned situations together with the colored scale bar.
The appearance of an extended green isosurface between the
phenyl ring of SMX and the pristine Ceo fullerene portrayed
in sections A and B of Fig. 3, clearly suggests the presence
of an interaction between the two fragments. According to
the colored scale, this interaction is classified as a weak van
der Waals attraction, which explains the weak adsorption
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Fig. 3. Representation of IGMH isosurfaces portraying
interactions between SMX and pristine Ceo (A and B) as well
as CooHNH; (C, D, and E) in solution together with the
colored scale bar.

between the two molecules. Due to the presence of the n-
system in the phenyl ring of SMX as well as in the Ceo
fullerene, the corresponding interaction can be considered as
a 7...7 stacking one.

IGMH analysis on the adsorption of SMX on
functionalized C¢oHNH, for the situation 10 (sections C, D,
and E in Fig. 3) suggests stronger interactions relative to the
adsorption of SMX on the pristine Cso fullerene. The most
important interaction is observed between the hydrogen atom
of NH in SMX and the nitrogen atom of the NH» group in
CsoHNH, with the appearance of a blue isosurface in this
region, which is portrayed with a red arrow. According to the
colored scale, the appearance of such isosurface is indicative
the presence of a hydrogen bond. In addition, the presence of
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a green isosurface between the oxygen atom of the SO, group
in SMX and the hydrogen atom of the C-H group in C¢oHNH,
specified by a pink arrow suggests a weak van der Waals
interaction for this region.

Figure 4 depicts the two-dimensional diagram of geiner/intra
against sign(A2)p for adsorption situation 10 of SMX on
CeoHNH,.

Taking Fig. 4 into account, the presence of a red spike
around sign(A2)p = -0.040 a.u. suggests the formation of a
hydrogen bond between the hydrogen atom of NH in SMX
and the nitrogen atom of the NH, group in C¢oHNH>. In
addition, the presence of a short spike in the right hand of the
N...H spike, is attributed to the O...H interaction between
the oxygen atom of the SO, group in SMX and the hydrogen
atom of the C-H group in CeoHNH,. This interaction is
weaker relative to the N...H one because it possesses a more
positive value of sign(A2)p.

Charge Transfer Study in Adsorption

Since the interaction of the molecules is usually
accompanied by charge transfer, the magnitude of this
parameter can affect the interaction energies. Global electron
density transfer (GEDT) can be considered as a criterion for
the evaluation of charge transfer and polarity of the species.
Thus, at the next step, the GEDT values were calculated for
the most favorable adsorption of SMX on both pristine Cgo
and C¢qoHNH>, which the results are given in Fig. 5 along with
the corresponding molecular electrostatic potential (MEP)
map. In a MEP map, the regions with high and low electron
density are represented by red and blue colors, respectively.

Given the results in Fig. 5, the GEDT value for adsorption
of SMX on pristine Cgo was found to be 0.014 ¢, in which the
electron density fluxes from SMX toward the fullerene. It is
expected that this adsorption is weak because of the low value
of GEDT. The adsorption energies given in Table 1 also
confirm this conclusion. The appearance of a dark blue region
on the phenyl group of SMX, the adsorption region, confirms
electron transfer from SMX toward fullerene. On the other
hand, for the adsorption of SMX on the functionalized
fullerene, there are two important issues. First, the GEDT
value is increased approximately four times relative to the
adsorption on Cgp, which is responsible for stronger
adsorption in agreement

with adsorption energies

summarized in Table I, and second, in contrastto the
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adsorption on Cgo, the electron density fluxes from the
CeoHNH; toward SMX. The appearance of a dark blue region
around the NH; group in CqoHNH; and a red one around the
sulfonamide group in SMX confirms electron transfer from
the former toward the latter.
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Fig. 4. Two-dimensional diagram of &&erinm aoaingt
sign(A.2)p for adsorption of SMX on CsoHNHo. The black and
red points refer to 5g™™ and dg™, respectively.

GEDT=10.014e

GEDT=-0.052

Fig. 5. Molecular electrostatic potential (MEP) map along
with the GEDT values for the most favorable adsorption of
SMX on both pristine Ce (up, situation 1) and CeoHNH>
(down, situation 10).
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Fig. 6. Molecular electrostatic potential map for SMX
obtained by ®B97XD/6-31G(d) method.

Figure 6 shows the MEP map for SMX. It is clear that the
region around the SO» group is red which suggests high
electron density. Thus, the oxygen atoms of this group can
interact with the hydrogen atom of the CqoHNH, which is
confirmed by the IGMH analysis in the adsorption situation
10. Also, this region along with the six-membered ring can
interact with the pristine Ceo fullerene.

To Study the Possibility of Chemical Adsorption via
[4+2] Cycloaddition of Fullerene and SMX

Since the five-membered ring in SMX possesses two
conjugated double bonds, it may participate in [4+2]
cycloaddition reaction as a diene. On the other hand, the C60
fullerene can participate in such reactions as a dienophile [47,
48].

Thus, at the next step, the [4+2] cycloaddition reaction of
the pristine and functionalized Cso fullerenes with SMX was
studied in order to shed light on the possibility of chemical
adsorption (Scheme 2). For the pristine fullerene Ceo, one
cycloaddition reaction and for the functionalized fullerene,
CeoHNH>, 16 cycloaddition reaction paths were considered
and the geometries of the [4+2] cycloadducts and the
corresponding transition states were optimized. Table 3
summarizes the optimized geometries of the transition states
and products and the corresponding kinetics and
thermodynamics parameters including relative Gibbs free
energies, enthalpies, and entropies in the presence of water at
room temperature.
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Scheme 2. [4+2] cycloaddition reaction of the fullerene as
dienophile with SMX as diene

An overview of the results summarized in Table 3
suggests that all reaction paths are endothermic with high
activation barriers. However, among the reaction paths, that
which is related to the interaction of the C3-C4 bond of
CeoHNH (relative to the C1 carbon atom possessing NH»
group) with SMX has less activation barrier and is less
endothermic relative to the others. In addition, due to the
reduction of the freedom degrees of the reactants, all
entropies are negative values. Accordingly, due to the
unfavorable enthalpies and entropies, the cycloaddition
reaction of SMX with the pristine and functionalized
fullerenes is ruled out.

CONCLUSIONS

In this study, the interaction of sulfamethoxazole drug on
the pristine and functionalized Cg fullerenes in different
situations was calculated by density functional theory. The
calculations  showed  unfavorable  adsorption  of
sulfamethoxazole on the pristine Cgo surface but based on the
adsorption and Gibbs energies, its adsorption on the
functionalized fullerene (CsoHNH,) was spontaneous and

favorable, in two situations. Among these situations, the
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Table 3. Optimized Geometries of Transition States (TSs) and Cycloadducts (CAs) of the [4+2] Cycloaddition Reaction
between the SMX and C60 as well as CqoHNH, Together with the Kinetics and Thermodynamics Parameters in the Presence

of Water at Room Temperature. The Adsorption Situations are Given in S3

Reaction path® A At AGH AH AS: ac
(kJ mol™) (kJ mol™) (kJ mol™) (kJ mol™) (kJ mol™) (kJ mol™)

1 167.98 -0.212 230.99 126.14 -0.221 191.75
1 271.24 -0.219 336.15 260.98 -0.206 322.13
2 94.58 -0.209 156.75 13.17 -0.232 82.15
3 139.52 -0.228 207.34 69.92 -0.224 136.44
4 114.03 0212 177.09 28.17 -0.231 96.72
5 264.70 -0.215 328.67 254.05 -0.223 230.30
6 108.79 -0.209 171.12 28.77 -0.210 93.28
7 155.76 -0.211 218.52 102.22 -0.228 170.07
8 290.56 -0.207 252.27 157.98 -0.225 224.85
9 167.06 -0.217 231.51 116.10 -0.230 184.54
10 178.33 -0.217 242.86 128.27 -0.227 195.78
11 208.87 -0.209 271.03 179.39 -0.223 245.76
12 175.84 -0.227 243.36 126.09 -0.230 194.49
13 180.34 -0.219 245.45 138.88 -0.228 206.60
14 175.40 -0.215 239.50 134.78 -0.224 201.38
15 173.46 -0.213 236.94 130.11 -0.215 194.22
16 107.56 -0.214 170.98 38.61 -0.227 106.03

2The first row is related to the reaction of SMX with Cgo and the further rows are related to that with CsoHNHo.

situation 10 (SO, oxygen atom near to hydrogen atom of the
fullerene, hydrogen atom in NH group near the nitrogen atom
in NH; group of the fullerene) is more favorable relative to 7
one (hydrogen atom in NH group near to NH, group of the
fullerene) due to be more negative value of Gibbs free energy
(-14.63 against -10.34 kJ mol"). In addition, a comparison
between Gibbs free energies in the gas and solution phases
indicated that in contrast to the solution, the adsorption
process is more favorable in the gas phase. This probably can
be attributed to the formation of the hydrogen bond between
the water as solvent and SMX or CsoHNH in solution which
reduces the strength of intermolecular interactions between
SMX and CeHNH,. Also, in agreement with the Gibbs
energy, the functionalized Cso in two situations, has negative
solvation energy, therefore, it can be suitable as the nano-
carrier in drug delivery systems. In addition, analysis of the
interaction of sulfamethoxazole with the functionalized Cq,
in the most favorable situation, by the independent gradient

model based on Hirshfeld partition (IGMH) confirmed the
strong interaction between the two fragments of SMX and
CeoHNH,. Meanwhile, the analysis of the global electron
density transfer (GEDT) showed that the electron density
fluxes from SMX toward the fullerene for the Ceo, and vice
versa for the CsHNH,. The possibility of chemical
adsorption of SMX on the pristine and functionalized
fullerenes using [4+2] cycloaddition reactions was also
investigated and the resulting thermodynamic and kinetics
parameters ruled out such adsorption.
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