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Cyclodextrin is a cyclic molecule that contains the three essential six, seven, and eight glucose molecules, called 
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the secondary face, while the C
6
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the primary face of the incomplete cone. The C
1 

group, a glucoside oxygen ring, and another ring of C-H groups  

make up the inside of the cyclodextrin cone, making it rather nonpolar. Hydrophobic fullerenes C
n 
[n= 60, 70, 76,  

 

82, and 86] have been chosen for the guest molecules and different parameters like first to fourth free activations, Keywords: 
the kinetic rate constant, the energies of electron transfer (k

et(n)
), and ∆G 

et(n) 
where (n=1-4), were calculated and 

# Fullerenes 

discussed in detail. All the computed results showed the best coherence with the Marcus theory. Different analyses β–Cyclodextrins 

suggested that free energy is lowered due to an efficient electron transfer, which begins with the first step (the first The electron transfer energies 

of the four activate free energy values). Rate constants 
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1. Introduction 

 
In the pharmaceutical industry, appropriate materials as a carrier are 

employed to decrease the unfavorable qualities of drug molecules; while 

 

designing enhanced dosage forms [1]. Cyclodextrins are cyclic oligosac- 

charides with a surface hydrophilic and a core lipophilic cavity that form 

inclusion complexes with molecules to change their physical, chemi- 

cal, and biological properties. Therefore, as a pharmaceutical excipient, 

β-Cyclodextrin (β-CD) has been included in pharmaceutical formula- 

tions. Because of β-CD’s capacity to boost the solubility and stability 

of pharmaceuticals by forming solid-state complexes, Cyclodextrins 

frequently employed in the pharmaceutical industry [2, 3]. Additionally, 

cyclodextrins can minimize gastrointestinal drug sensitivity, convert liq- 

uid drugs to crystalline or amorphous powders, and avoid drug-drug and 

drug–excipient interactions [4]. 

Seven D-(+)-glucopyranose monomers are combined and produce 

2-hydroxypropyl-β-cyclodextrin, a cyclic oligosaccharide with in- 

creased water solubility of numerous compounds, including those that 

have a phenyl group. Structural units of cyclodextrins are made up of 5 

or more types of α-D-glucopyranoside, such as attilosis (a structure of 

starch) [5]. Different kinds of cyclodextrins contain a variety of glucose 

monomers (with six to eight units per ring) which are the most com- 

mon ones. Complete hydrolysis of starch produces the sugar D-glucose, 

or dextrose, as it is more frequently known. Soluble starch, maltose, 

and different dextrins have all been mentioned. Saccharide is produced 
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Fig. 2. The concentration on the β-CD and electron transfer with fullerenes. The 

imaginary ET process between β–CD, and fullerenes has been demonstrated 

separately. 

by the enzymatic hydrolysis of starch [6]. Chemically, β-CD has a hy- 

drophobic interior and a hydrophilic exterior and is commonly used in 

pharmaceuticals and industrial goods for its ability to improve the bio- 

availability and solubility of guest compounds [7] Such examples are 

hydrocortisone [8], prostaglandin [9], nitroglycerin [10], itraconazole 

[11], and chloramphenicol [12]. Cyclodextrin maintains solubility and 

stability for these drugs. β-CDs also act as prebiotics. Supplementing 

with β-CD may also improve intestinal health and immunity, as pop- 

ulating the gut with beneficial microbes has improved intestinal health 

and immunity. Although most hydrophobic molecules are unable to 

permeate the body’s tissues, cyclodextrins with these compounds can 

penetrate the body’s tissues and are thus helpful for transporting active 

biomolecules in a specific area [13]. Alternatively, complexes can be 

disrupted by heating or the activity of enzymes capable of cleaving the 

α -1,4 links between glucose monomers. Cyclodextrins have also been 

shown to enhance the mucosal penetration of drugs [14]. 

Fig. 3. Diagram of potential levels of reactants and products. 

. 

tron acceptors instead of nucleophiles or electron givers. As a result, 

polar reactions with a range of nucleophiles have been used to derivatize 

fullerenes. Due to its unique qualities, including its electron donor or ac- 

ceptor capability and photophysical and photochemical behavior, fuller- 

ene is widely regarded as a potent building block in material sciences 

and medicinal chemistry [15, 16]. The Diels–Alder reaction of C60 with 

anthryl-β-CD is used to synthesize the β-CD -C60 complex conjugated 

in this paper. Even though it is [4+2], cycloaddition is one of the most 

efficient ways for the selective synthesis process of C60 fullerene at the 

6,6-ring junctions. 

The quantitative structure-activity relationship (QSAR) and the 

quantitative structure-property interaction are both successfully deter- 

mined by graph theory (QSPR). In this regard, over 3000 topological 

graphs indices are registered in Chemical Databases of high significance 

all over the universe. Perhaps the Wiener index is the best known and 

most widely dependent on the topological vertices distances in the re- 

spective graph [17]. QSAR creates correlations between a compound’s 

structural features or characteristics and a molecular response derived 

from experimental data to support molecular design. Physical property 

is a property of matter that has nothing to do with its chemical com- 

position [18]. Excellent mathematical approaches build good relation- 

ships between various chemical properties [19]. Modeling performance 

should be assessed based on validating model predictions and accept- 

ability of predictions for untested compounds using validation criteria 

that ensure the credibility of created QSAR models and give acceptance 

to predictions for compounds that have not been screened, presented in 

Figure 1. Using QSAR modeling is a continuous approach to minimiz- 

ing the anticipated residues of the substances under investigation. The 

carbon atoms involved in the structure of fullerenes were considered 

in this study to address this. The Rehm-Weller equation (Eq.1) is used 

to calculate the free energy of electron transfer (ΔGet (n); n=1–4) for 

Electrochemically, fullerenes like C60 
are easy to reduce but chal- supramolecular Fullerene Cn complexes. The calculations for the four 

lenging to oxidize. Therefore, they’re classified as electrophiles or elec- 

Table 1. 

The link between the Cn index of fullerenes and the one to four free-energy 

values of transfer of electrons is represented by the second-order polynomial 

equation (ΔGet(n). 

ΔG
et(n) 

of [β-CD].C
n 

 ΔG
et(n

)=a(n) +b(n)+c 
2  

n R2 A B C 

1 0.987 -0.0235 2.9196 -52.2080 

2 0.992 -0.0281 3.5028 -61.8920 

3 0.938 -0.0025 0.0081 66.1910 

4 0.947 -0.0039 0.1112 75.5480 

reduction potentials are proposed (Red.E1 to Red.E4). 

Many types of research focused on the physicochemical and me- 

chanical properties of empty fullerenes and their internal angles [20]. In 

this research, the 4 free electron transfer energies (∆Get (1) to ∆Get (4)) 

for β-CD supramolecular complexes of these electron transfer radicals 

have been calculated for the combination of the drug with C60 to C300 

fullerenes. The activation energies of electron transfer and the kinetic 

rate of electron transfer constant are of the four reduced potential en- 

ergies (Red.E1 to Red.E4) of fullerenes reported for (C60, C70, C76, C82, 

and C86), respectively. The data used in the graph drawing are from C60 

to C86 fullerenes. Using the number of carbon atoms in this way, accom- 

panied by the equations derived from this model, could be a reasonable 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The conjectured structures model for fullerene (n) with β-CD. (n= 60, 

70, 76, 82, and 86) which create [β-CD].Cn. The theoretical electron transfer has 

been shown separately between the β-CD (1-4) and fullerens. 
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Fig. 4. A simple co-relation among the carbon atoms in fullerene and one to four 

free-energy of the ET process (ΔGet(n), n=1–4) of [β –CD]. Cn (C60, C70, C76, 

Fig. 5. The 1st, 2nd, 3rd, and 4th free energies of electron transfer is all related 

to the number of carbon atoms in fullerenes (n). Obtain(n) ΔGet (n = 4-1) con- 

nects to the Cn complex with β-CD. 

and C -2 [24]. According to the orbital analysis of C , the LUMO (the 

lowest unoccupied molecular orbital) can take up to six electrons to cre- 

ate C -6. Cathode reduction of C  is performed in six single-electron 
reversible steps with −0.97 V vs. F /F + (F = ferrocene) to create C -6. 

c  c c 60 

C82, and C86), compound complexes have structures similar to a, b, c, and d, 

[β –CD]. Cn. 

structural relationship between the physical and chemical information 

mentioned. By using the equations in this method with an appropriate 
approximation, ∆G # (1) to ∆G # (4)) can be used for the nano-complex 

Regarding fullerenes’ incapacity to perform anodic electrochemistry, 

some fullerene substructures are well known to have electronic features 

similar to their aromatic analogs. Hence, this fact matches the electronic 

fullerene’s structure. Because the resulting C60 anions (such as C60, C260, 

et et or C ) have remarkable stability compared to other multiply charged 
structure of β-CD and fullerenes (C60 to C 

300
). 

360 

organic ions, multiple and bidirectional electron additions are conceiv- 
The compressed mechanical features of fullerene molecules have 

been studied using quantum molecular dynamics (QMD), and in this 

study Cn where (n=60, 70, 76, 82, 86, 78, 84, 120, 132, 140, 146, 150, 

160, 162, 240, 276, 288 and 300) [20]. Carbon-based compounds, such 

as fullerenes, were discovered due to unique molecules such as C70 and 

C60. The electrochemical properties of fullerenes C60 were investigat- 

ed before 1990, when they were first usable in microscopic quantities 

[21, 22]. After discovering the C60 structure, As a new hybridization 

method, the arranging of molecules in capsules for molecule-molecule 

or SWCNT (Single-walled carbon nanotubes) molecule interaction has 

been investigated [23]. It has already been shown that electrochemical 

methods (cathodically method) in dichloromethane reduce C60 to C -1 

able. The HOMO (highest occupied molecular orbital) cannot be force- 

fully doped using electrochemical conditions [25]. In the presence of a 

photon, a molecule can undergo a physical transformation that consists 

of an electron jumping from a ground state to a higher-energy orbital. 

Electrons in the ground-state orbital are then allowed to fill this empty 

ground-state orbital with an electron donor [26] An electron is generated 

in a high-energy orbital. It can be supplied to another electron acceptor 

[27, 28] reaction where electrons are transferred due to the application 

to a particular substance that possesses photoactive properties, such as 

semiconductors which can be photo-activated, for example, in solar 

cells, photosynthesis, some molecular complexes presented in Figure 2 

Table 2. 

The data coefficients of the macrocycles β-CD and the free energy of electron transfer (∆Get) between Macrolides in kcal.mol–1. 

 
C

n 

 β -CD   

Row  ∆G
et(1)

* ∆G
et(2)

* ∆G
et(3)

* ∆G
et(4)

* 

A C
60 

31.06 39.86 50.34 60.98 

B C
70 

29.74 38.40 47.19 57.07 

C C
76 

26.69 34.83 45.06 54.36 

D C
82 

21.95 29.24 42.75 51.38 

E C
86 

17.85 24.39 41.10 49.23 

F C
78 

25.30 33.19 44.31 53.40 

G C
84 

19.99 26.92 41.94 50.32 

H C
120 

-47.33 -53.16 23.89 26.08 

I C
132 

-83.29 -96.04 16.43 15.79 

J C
140 

-111.02 -129.12 11.05 8.33 

K C
146 

-133.80 -156.29 6.80 2.41 

L C
150 

-149.92 -175.53 3.87 -1.69 

M C
160 

-193.50 -227.56 -3.81 -12.48 

N C
162 

-202.79 -238.64 -5.41 -14.73 

O C
240 

-711.25 -846.09 -83.41 -126.29 

P C
276 

-1042.28 -1241.76 -129.74 -193.47 

Q C
288 

-1166.15 -1389.83 -146.64 -218.06 

R C
300 

-1296.78 -1546 -164.26 -243.76 
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[29-31]. 

Considering Figure 3, we can find the general schematic of the fuller- 

ene structure with cyclodextrin. Electron transfer energy between select- 

ed facilitators and fullerene structures can also be imagined. In Figure 3, 

properties in light of their conformational restriction compared to a cor- 

responding saturated system, as well as the sizes of their cavities has 

been conducted [33]. 

Based on previous DFT studies, functionalized carbon nanotubes, 

the conjugation between β-CD and fullerenes C (C , C , C , C and and fullerenes can be used as nano vectors for drug delivery of antitu- 

C ) creates [β–CD]@C complex. 
n 60 70  76 82, 

bercular compounds. Results from the binding energies of boron nitride 
86 n 

In a study by Taherpour et al., structural relationships and theoretical 

study of the free energies of electron transfer, electrochemical proper- 

ties, and electron transfer kinetics of cephalosporin antibiotics deriva- 

tives with fullerenes in the nanostructure of [R].Cn (cefadroxil, cefepime, 

cephalexin, cefotaxime, cefoperazone, and ceftriaxone) supramolecular 

complexes have been conducted. Results showed the photo-electron 

transfer process to find more medicinal activity properties for the ceph- 

alosporin antibiotics 1–6 in the presence of the selected fullerenes by 

performing the supramolecular complexes [cephalosporin antibiotics 

1–6]Cn. The cephalosporin–fullerene supramolecular complexes and the 

clusters indicate that it is possible thermodynamically to bind isoniazid 

to functionalized carbon nanotubes and functionalized fullerenes cova- 

lently, it being easier to bind isoniazid to functionalized fullerenes than 

to functionalized carbon nanotubes. From solvation energies calcula- 

tions, the solubility of functionalized carbon nanotubes is higher than 

functionalized fullerenes, and both dissolutions in water are thermody- 

namically favorable [34]. 

The innovative aspect of our study is that topological indices have 

been successfully used to construct mathematical methods that relate 

structural data to various chemical and physical properties in pharma- 

calculated values of ∆G (n), ∆G#, and k  (n) (n = 1–4) corresponding to ceutical fields [35, 36]. In this study, to establish a good relationship 

these complexes also have not been reported before [32]. 

In another study by Taherpour et al., free energies of electron trans- 

fer, electron transfer kinetic theoretical and quantitative structural rela- 

tionships, and electrochemical properties studies of gadolinium nitride 

cluster fullerenes Gd3N@Cn in [X-UT-Y][Gd3N@Cn](n = 80, 82, 84, 86 

and 88) supramolecular complexes have been evaluated. The electron 

transfer between C80, C82, C84, C86 and C88 derivatives such as nitride 

Gadolinium cluster [Gd3N@C80 (n = 80, 82, 84, 86 and 88)] and other 

molecules is thought to involve the transfer of electrons between mole- 

cules surrounding the fullerene cage. One of the most important class- 

es of electron-transfer molecules is the [X-UT-Y][Gd3N@Cn](n = 80, 

82, 84, 86 and 88). The supramolecular complexes [X-UT-Y] 1–9 and 

Gd3N@C80 (n = 80, 82, 84, 86 and 88) possess a previously unreported 

host-guest interaction for electron transfer processes. The unsaturated, 

cis-geometry, thiocrown ethers, (1–9), (described as [X-UT-Y], where 

X and Y indicate the numbers of carbon and sulfur atoms, respective- 

ly), are a group of crown ethers that display interesting physiochemical 

Table 3. 

between the cyclodextrins and fullerenes structures, the relationships be- 

tween this index and oxidation potential (oxE1), as well as the first and 

second free energies of electron transfer (ΔGet (n), for n = 1, 2, which is 

given by the Rehm-Weller equation) has been conducted. 
 

2. Graphs and the mathematical method 

 
A way of generating mathematical or computational models em- 

ploying chemometrics approaches such as partial least squares (PLS) is 

known as a quantitative structure-activity relationship, which attempts 

to create a meaningful statistical relationship between structure and 

function. It’s a principal component regression-related statistical ap- 

proach. It finds a linear regression model by projecting the predicted 

and observed variables to a new space rather than finding hyperplanes 

of maximum variance between the response and independent variables. 

Many researchers have used topological indicators for effective 

construction and helpful mathematical approaches for determining the 

Values of data coefficients of macrocycles β-CD and free energy of electron transfer (ΔGet) between supramolecules in kcal mol–1. 

β-CD 

Row Formula of 

∆G
et(1) 

# 

∆G
et(2) 

# 

∆G
et(3) 

# 

∆G
et(4) 

# 

A C
60 

43.98 62.30 96.16 133.58 

B C
70 

41.15 61.47 86.26 119.11 

C C
76 

34.96 52.60 79.87 109.58 

D C
82 

26.34 40.10 73.21 99.54 

E C
86 

19.87 30.62 68.64 92.61 

F C
78 

32.30 48.76 77.67 106.29 

G C
84 

23.13 35.41 70.95 96.09 

H C
120 

39.35 52.32 29.27 33.78 

I C
132 

148.68 204.28 17.84 16.96 

J C
140 

280.85 389.61 11.14 8.35 

K C
146 

420.62 586.20 6.96 3.67 

L C
150 

536.52 749.61 4.65 1.54 

M C
160 

920.36 1.2910+3 0.79 0.29 

N C
162 

1.0110+3 1.4310+3 0.39 0.82 

O C
240 

1.3310+4 1.9010+4 149.16 371.43 

P C
276 

2.8910+4 4.1210+4 393.65 920.06 

Q C
288 

3.6310+4 5.1710+4 511.79 1.1810+3 

R C
300 

4.4910+4 6.4010+4 654.65 1.4910+3 
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K = Aexp( 
k T 

) → ⎯ 

et 

 

link between these complexes’ structural and physical data character- 

istics [29-31]. The fullerenes with a different number of carbons (Cn) 

were used as a structural indicator to quantify the number of carbons in 

these substances [33]. All calculations and graphs were done in MAT- 

LAB-7.4.0 (R2007a). To analyze the numerous beneficial qualities of 

the fullerenes, the number of carbons in the Cn fullerenes must be con- 

sidered. In addition, electron transport theory was used in this investi- 

gation [38]. The free energy changes between an electron donor (D) and 

an electron acceptor (A) are calculated using the Rehm-Weller equation 

(Eq. 1): 

ning and final levels in electron transport is described by the Arrhenius 

equation (Eq. 3). (e.g., the electron’s overlap waves or parabolic dia- 

gram). In this regard, the ket electron transfer velocity, the HPR pair of 

electron intensity between the initial and final surfaces, ∆Go is the total 

free energy of Gibbs, kb Boltzmann constant, and λ energy of structure 

change (Figure 3). 

In the second approach, activation energy is estimated using a cal- 

culation formula that considers the energy change involved in a struc- 

tural change and Gibbs free energy. The structural change energy is the 

amount of energy necessary to reconstruct the structure of a system from 

G  = e[E − E ] − E* +  Eq . 1 the beginning to the end state without affecting the electronic state. 
et D A 1 

e: electric charge 

ED°: Potential reduction of electron donor 

EA°: Potential oxidation electron acceptor 

ΔE *: Excited-state singlet or triplet energy 

ω1: Work required to enter a range of donors and acceptors electron 

transfer. 

ED° and EA° denote the electron donor and acceptor reduction po- 

tentials; accordingly, E* signifies the energy of the excited singlet or 

triplet state, and 1 represents the work necessary to move the donor and 

acceptor nearer to the electron transfer (ET) gap. This formula has a ze- 

ro-work factor if an electrostatic complex forms before the ET process. 

Marcus’ electron transfer theory predicts a weak (0.05 eV) electrical 

connection between the initial locally energized (LE) and final charge 

transfer (CT) states, with the transition state located around the point in 

which the LE and CT terms cross [35]. The value of the electron transfer 

rate constant ket is determined by the activation of free energy ∆G# , 

which is a function of the reorganization energy (L/4) and the electron 

transfer driving force ΔGet (Equation 2): 

The physical meaning of the energy of the structure change is the 

amount of energy required to convert the configuration of the nucleus of 

the reactants to the configuration of the product core without any change 

in the electronic state. The maximum electron transfer velocity occurs 

when the opposite energy equals the energy free of the structure change. 

Free energy is negative for spontaneous electron transfer, and structure 

change energy is positive. At this point, the sum of these two numbers 

is zero. According to the square formula, this sum with a negative sign 

causes the speed constant to be maximum. 
 

 

3. Results and discussion 

It is feasible to determine the values of ΔGet(1) # to ΔGet(4)#of [β- 

CD]@[Cn] supramolecular complexes using the equations (Eq. 1-4) uti- 

lized in this modeling. The equations (1-2) [39] are used to compute 

ΔGet(n)# (n=1-4) for [β-CD]@[Cn] supramolecular complexes of Cn 

where (n=60, 70, 76, 82, 86, 78, 84, 120, 132, 140, 146, 150, 160, 162, 

240, 276, 288 and 300). The electron transfer energies of ΔGet(n)# (n=1- 

 

G# = L(1+ 
G0 

) 
L 

Eq . 2 
4) of the complexes between β -CD derivatives and fullerenes like Cn 

(n=60, 70, 76, 82, 86, 78, 84, 120, 132, 140, 146, 150, 160, 162, 240, 

276, 288 and 300) were estimated calculated based on these data (Table 
ΔG# : The activation of free energy 

(L): The reorganization of ‘energy’s function 

∆Go: the total free energy of Gibbs 

1-3). The equations were used to explain the estimated values of free 

electron transfer energies ΔGet(n)# (n=1-4) for the selected [β-CD]@ 

[Cn] supramolecular complexes (n = 60, 70, 76, 82, and 86). Table 1 

−G# ⎯⎯→ 
 

et 

b 

−(G+ L)2 

Ket = Ae 4 LRT Eq . 3 
shows that the approximated and estimated values were inconsistent 

with the result. The values of ΔGet(n#) (n=1-4) drop as the number of 

carbon atoms in the fullerene structure rises. The complex supramolecu- 
ΔG# , The activation of free energy 

kb: Boltzmann constant 

HPR: pair of electron intensity between the initial and final surfaces 

ket: electron transfer velocity 

Organic molecules have a reorganization energy of between 0.1 and 

0.3 eV. We used the smallest value of reorganization energy possible in 

our study [39]. Planck’s formula is used to estimate the wavelength of 

an electromagnetic photon (λ(n); n=1-2) of the supramolecular nanostruc- 

ture complexes used in the electron transfer process as follows: G#  = (l / 4)(1+ G / l )
2 

lar systems presented here and the computed values of ΔGet(n)# (n=1-4) 

have never been synthesized or published. 

In this regard, due to their ability to form these complexes, cyclodex- 

trins used pharmaceutical and chemical sensors. The composed com- 

plexes increase the physical and chemical stability of the drug and allow 

it to be available for biological systems, especially for low-soluble or 

insoluble drugs in water [41, 42]. Therefore, it can provide a drug deliv- 

ery system with controlled and targeted release, greatly benefiting from 

the properties mentioned above. 
et et Eq. 4 *Curves are related to C complexes. β-CD (n=1-4) is related to the 

The Marcus theory, devised by Rudolph A. Marcus in 1956 to de- 

scribe the rates of electron transfer processes, is used to determine the 

energy of restructuring [37]. This hypothesis explains the velocity of 

the transfer of electrons. An electron donor and an electron acceptor 

are involved in electron transfer, one of the most significant chemical 

reactions. When this happens, all valence electrons on the much more 

electropositive element are eliminated, revealing the atom’s core. Mar- 

cus’ hypothesis, which is based on the Arrhenius equation, has two ap- 

proaches to determining the rate of chemical reactions: the 1st method 

is to obtain a formula for determining an indicator based on the initial 

definition of the electron equation that the electron pair of electrons be- 

tween the primary and final surfaces in electron transport is presented 

in two ways [40]: 

The first method to obtain a formula for determining an index is 

based on the initial definition of electronic coupling between the begin- 

n 

curve corresponding to the Cn complex. 

Estimating the values of ΔGet(n), n=1–4, of [β-CD] is essential in 

this study. Cn using Eq. 1-3. The estimated free energy values of the 

transfer of electrons (ΔGet(n), n=1–4, in kcal /mol) between the β-CD 

and fullerenes Cn in the complexes are shown in Tables 2 and 3. The 

ΔGet(n) values for [-CD] (n=1–4). Eq. 1-3 and the Rehm-Weller equa- 

tion estimate Cn (n=60, 70, 76, 82, 86, 78, 84, 120). (Eq.1, Table 3). 

These equations establish the correlation between the number of car- 

bon atoms in fullerenes and the first to the fourth free energy of electron 

transfer for such supramolecular complexes [β-CD.Cn]. All diagrams 

have been developed using the MATLAB-7.4.0 and Excel 2016 Micro- 

soft Office programs presented in Figures 4 and 5. 

As mentioned before, cyclodextrin structures, particularly β-CD, can 

enhance drug solubility and stability by generating solid-state complex- 

2 
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es, frequently used in pharmaceutical applications [16]. Electron trans- 

port increases as the number of electrons in the Cn structure grow. These 

results depend on the levels of HOMO and LUMO. The values obtained 

also point to the negative energy values of the complexes and conduc- 

tance properties. This work reported the electrochemical data of these 

selective chemical carriers and fullerenes (supermolecule complexes). 

All equations with values are listed in Table 3. the electron transfer 

energy between the specified transporters and the fullerene structures 

have been computed in Tables 1-3 to use these results (Equations 1-4) 

and the Rehm-Weller equation (Eq.1). The calculated values of free en- 

ergy of electron transfer for these molecular cloud sets are shown in the 

equations and equations of Rehm-Weller in Table 3. After the calcula- 

tions were performed and the predicted values were matched favorably. 

Electron transfer appears to increase as the electron population in the Cn 

structures increases (Table 3), which is related to the HOMO and LUMO 

gap of the fullerenes. These results depend on the level of HOMO and 

LUMO fullerenes. The above analysis shows that designed systems are 

good candidates for medical applications. A similar report is present 

in the valuable literature suggesting that designed systems expressed 

practical medical and pharmaceutical applications. Presenting a model 

for quantitative communication of structure and free energy activity of 

electron exchange at the nanoscale in the compounds introduced in this 

project. Also, to use mathematical methods to correlate several chemical 

properties. 
 

4. Conclusions 

Cyclodextrin compounds, despite having hydrophobic holes in their 

structure, are water-soluble. Different molecules can enter these holes 

to form new compounds called tangled complexes. In turn, this led to 

the developing of medical and pharmaceutical application systems. To- 

pological indicators generally indicate the relationship between chemi- 

cal structures and physicochemical properties. Computational methods 

have been used successfully to prove the relationship and dependence 

between the structure and physicochemical characteristics of these 

advanced materials. This report highlights the number of carbons in 

fullerenes as an indicator of communication between β-CD compound 

and fullerenes. The redox systems and molecular conductors have been 

identified as key electron transfer qualities. Calculations are presented 

[β –CD]. Cn supramolecular complexes data by applying equations in 

the methods used in this study with a good approximation were reported. 

The results include the four free energies of electron transfer (ΔGet(1) 

to ΔGet(4)), which were calculated using the Rehm-Weller equation and 

ΔG# (n) as well as λ (n) (n = 1–4) using the Marcus theory equations 

for the supramolecular complexes between the selected β-CD and the 

fullerenes. 
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