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Chemotherapy is one of the most valuable and widely available option in cancer treatment. 
However, a method of delivering the drug to achieve a therapeutic effect still a considerable 
challenge. Therefore, this study seeks to identify the non-bonding interaction of 5-fluorouracil 
anticancer drug with a single walled carbon nanotube and a Cellulose bio-fiber using density 
functional theory and molecular mechanics simulations. To do that, adsorption locator and 
DMol3 modules were utilized to determine the electronic and optical properties of carriers 
before and after adsorption processes. The interaction energies indicate that the 5-fluorouracil 
molecule can physically adsorb and the optimized geometries are stable. The charge transfer 
occurs between N4-H10 bond of the 5-fluorouracil molecule and the cellulose carrier by a 
synergistic effect of hydrogen bond formation and van der Waals forces. This effect smoothly 
transforms into van der Waals interactions by O3, N4, and N5 atoms in the case of single-
walled carbon nanotubes. There is a clear difference in the absorption peak and a significant 
narrowing of the molecular energy gap of a cellulose complex because of the shifting of the 
electron accepting center to a drug molecule. The conductor-like screening model shows the 
affinity of the complexes toward hydrogen bond acceptor, which enhances their solubility in 
biological systems. A remarkable influence in the case of the cellulose complex works as a 
starting point to use natural polymers as drug delivery carriers. 
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1. Introduction 
 

Cancer disease ranks as the second cause of death in the 
world today [1]. In this regard, doctors employ many types of 
drugs to slow tumor growth and cure cancer. Among them, a 5-
fluorouracil molecule (5-FU) is still an interesting drug in 
pharmacology to remedy the cancer of lung, colon, skin, 
stomach, gastrointestinal, and breast [2]. The inhibition role of 
the 5-FU drug during nucleoside metabolism of thymidylate 
synthetase enzyme prevents the conversion of deoxyuridylic 
acid to thymidylic acid. This process can significantly decrease 
a cell cytotoxicity and slow tumor growth [3,4]. However, a very 
short biological half-life, a lower duration of drug retention in 
tumors, and drug resistance limits its clinical use [5]. In order 
to surmount these disadvantages, researches in both compu-
tational and experimental studies have focused their efforts to 
deliver a drug in a biological system using different type of 
carriers [6]. 

In the modern era of technology, nanomaterials such as 
Nanotubes considered the most attractive nano-carriers due 
their ability to cross the cell membrane, special physico-
chemical properties such as; a large surface area, a low toxicity, 
a low weight and their surface functionalization ability [7]. 
Therefore, the incorporation of a biological active molecule 
inside the nanocarrier not just protects the drug molecule from 

the degradation process, but also overcomes the mechanical, 
physicochemical, and the enzymatic resistance of the biological 
barriers [8]. 

The same possibility also observed using natural bio-fiber 
polymers such as Cellulose due to their less toxicity, high drug 
loading and encapsulation efficiency [9,10]. However, how does 
the interaction occur between Nano carrier and the 5-FU 
anticancer drug? How do the characters of the 5-FU drug can 
bring different effects on carrier properties, still a big challenge 
in the literature?  

Previous studies have indicated that 5-FU could bind to 
nanostructures carrier through physical and/or chemical 
interactions making complex systems. Khoshbayan et al. 
showed that the 5-FU molecule could attach to nanoparticles 
through N, O, F, C, and H atoms of the pyrimidine ring, which 
work as adsorption links on a possible drug delivery process 
[11]. In another effort, Kurban and Muz clarified that the 5-FU 
drug can use oxygen atoms of a pyrimidine ring as adsorption 
sites for interaction with doped carbon nanotube carriers [12]. 
In another study, the 5-FU drug molecule showed its ability to 
use carbonyl groups to make a doubly hydrogen bond with the 
graphene oxide nanosheet edge, in which O···H bond with 
donor-acceptor distances of 2.610 to 2.949 Å [4].  
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Table 1. The adsorption energy values for the most stable configurations. 
Energy (E) Kcal/mol ETotal EAdsorption ERigid adsorption EDeformation dEad/dNi 
5-FU/SWCNT -0.69 -9.86 -9.88 0.02 -9.86 
5-FU/Cellulose -0.16 -9.33 -9.34 0.01 -9.33 

 
The covalently linkage between a carrier surface and a 

nitrogen head was observed in Javan et al. study, when he 
utilized B12N12 nanocage as a drug delivery device for the free 
and tautomeric forms of the 5-FU drug [13]. Wazzan et al. 
explained that a chemisorption behavior between 5-FU drug 
and gallium nitride is due to the relocation of one Hydrogen 
atom, which belongs to N-H bond of the 5-FU ring to the nearest 
gallium nitride atoms [14]. In this context, this study aims to 
understand the adsorption behaviors of the 5-FU drug on an 
armchair single-walled carbon nanotube (SWCNT) and a 
molecular bio-fiber cellulose, which recently utilize as carriers 
for in vivo drug delivery. To do that, the (6,6) SWCNT with the 
stoichiometry of C24H24 was selected as a model of a first carrier, 
whereas the molecular cellulose biofiber with the stoichio-
metry of C18H32O16 was shown as a second one in the initial step. 
Then, a Monte Carlo (MC) simulation was carried out to 
determine the adsor-ption minimum energy and to study the 
interaction behavior of the drug attached to a carrier. In final 
step, the optical properties, density of states around molecular 
band gaps, and a solvent effect of the 5-FU anticancer drug, 
carriers and the considered complexes were analyzed using ab 
initio density functional theory (DFT) to give a clear picture of 
the interaction natural. To the best of our knowledge, no 
available literature had ever made a comparative study of 
SWCNT and the molecular Cellulose as potential 5-FU drug 
delivery carriers. 
 
2. Computational methods 
 

The non-bonded interaction between SWCNT in which its 
end atoms saturated with hydrogen atoms to reduce the 
boundary effects, and cellulose as a bio-fiber resource with an 
anticancer drug 5-FU in the solvent water was theoretical 
simulated. In detail, adsorbate, carrier and their complexes 
were initially optimized using Universal Forcite Field (UFF) 
executed in the BIOVIA Material studio software [15] using a 
smart algorithm. Geometries were converged when a gradient 
of 1.0×10-3 kcal/mol was achieved. The truncation method was 
a cubic spline with the cutoff distance of 12.0 Å. Molecular 
mechanics (MM) uses the classical physics to describe a 
molecule in terms of its internal coordinates, which makes 
Forcite module an advanced tool for quick and trustable 
configuration search. Therefore, in a second step, an adsorption 
locator module utilizes a Monte Carlo (MC) searching to find out 
low energy adsorption sites on a carrier according to 
Boltzmann probabilities [16]. To clarify the impact of the 
adsorption process, DMol3 simulation was finally used to 
elucidate the important features of the optimized 5-FU 
adsorbate before putting on the carrier, isolated carriers and 
their stable adsorption configurations [17,18]. In more detail, 
an orbital overlapping density of states (DOS) and molecular 
orbital (HOMO-LUMO) properties are acquired using the 
exchange and correlation scheme of Perde-Burke-Emzerhof 
functional with a generalized gradient (GGA/PBE) approxi-
mation. To describe the solvent and solute performance with 
respect to polar interactions, the sigma profiles of study 
systems were generated using the Conductor like Screening 
Model (COSMO), which helps to identify hydrogen bond donor 
(HBD) and hydrogen bond acceptor (HBA) regions. 
 
3. Results and discussion 
 

The theoretical results have been obtained by two methods. 
The first method involves a molecular mechanics simulation 

that was used to select the most stable configurations of 
adsorption. While in second method, quantum mechanics were 
carried out to describe the important features of the selected 
configurations. Thus, it is useful to use the same sequence to 
discuss the results in the following sections. 
 
3.1. Adsorption locator studies 
 

Adsorption locator assists to find the energetically stable 
sites for adsorption using Equation (1): 
 
𝐸𝐸Adsorption = 𝐸𝐸Rigid adsorption + 𝐸𝐸Deformation  (1) 
 
where EAdsorption is the adsorption energy releases when the 
relaxed 5-FU drug molecule was adsorbed on the carrier 
surface, ERigid adsorption is the energy released or required, when 
the unrelaxed 5-FU drug molecule was adsorbed on the carrier 
surface, i.e., before the geometry optimization step. EDeformation is 
the energy released or required, when the 5-FU drug molecule 
was relaxed on the carrier surface, i.e., after the geometry 
optimization step. The adsorption energy values for the most 
stable configurations are outlined in Table 1, which also gives 
the total energy of adsorption as the sum of the internal and 
adsorption energies and dEad/dNi, which refers to the energy of 
the 5-FU/carrier complexes when one of the 5-FU drug has 
been removed. 

The adsorption energies were estimated to be -9.86 and -
9.33 kcal/mol for 5-FU/SWCNT and 5-FU/Cellulose complexes, 
respectively. A negative value indicates that the drug can 
spontaneously adsorb on a carrier surface and the process is 
thermodynamically favorable [19]. The dEad/dNi values for the 
two carriers are quite similar, which may indicate the similarity 
of the interaction forces involved in the adsorption. These types 
of intermolecular forces can easily be observed in Figure 1. 

Figure 1 demonstrates that the intramolecular energy is the 
dominant adsorption energy for both complexes followed by 
weak van der Waals energy. The intramolecular energy for 
adsorption increases up to 9.17 kcal/mol for both complexes. 
However, the average total energy extracted from the last step 
of a Monte Carlo simulation shows an increase of the average 
total energy of 3.65 kcal/mol for the 5-FU/Cellulose complex 
compared to 2.52 kcal/mol for the 5-FU/SWCNT complex. This 
higher average total energy can be attributed to the different 
structural characteristics of drug/carrier complex. As shown in 
Figure 2, the 5-FU molecule is located inside the SWCNT tube 
through the O3, N4, and N5 atoms due to their electro-
negatively centers. These adsorption sites have been noticed 
separately in the previous literature [12]. In case of the 5-FU/ 
Cellulose complex, the 5-FU ring is located over the cellulose 
carrier, in which the N4-H10 bond of the 5-FU ring works as the 
nearest center of interaction. 

 
3.2. DMol3 study 
 
3.2.1. Structure and electronic properties 
 

To clarify the impact of 5-FU delivery on selected carriers, 
the energetically favorable UFF configuration candidate was 
subjected to further optimized by ab initio Density functional 
theory using DMol3 module implemented in a Material studio 
package at the GGA/PBE level of theory. The optimization step 
was done in a water solvent, which has a dielectric constant of 
78.4 in order to mimic the human biological system.  
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(a) 5-FU/SWCNT (b) 5-FU/Cellulose 

 
Figure 1. The interaction forces involved in the adsorption. 

 

 
 

5-FU/SWCNT 5-FU/Cellulose 
 

Figure 2. The structural characteristic of the most stable configuration drug/carrier complex on an adsorption locator module. 
 
The optimized geometries of the 5-FU/SWCNT and the 5-

FU/Cellulose complexes within the minimum intermolecular 
distance between the most active adsorption sites are depicted 
in Figure 3. 

The shortest contact distances recorded between these 
groups and the nearest hydrogen atoms of the SWCNT tube are 
3.46, 3.63, and 3.52 Å, respectively. This interaction range 
shows that the SWCNT and 5-FU do not chemically interact with 
each other, but have a physical adsorption-like bonding. For the 
5-FU/Cellulose complex, the close contact distances are 2.434 
and 2.540 Å for the 5-FU C-N4⋯H44 and the 5-FU N4-
H10⋯O10 Cellulose hydrogen bonds, respectively. These close 
contacts still less than the values of a doubly hydrogen bond 
formed between the carbonyl group of the 5-FU drug at the edge 
of Graphene Oxide Nanosheet [4]. Boraei et al. also showed that 
pyran-2,4-diones molecules could be packed in their crystals 
via N-H⋯O hydrogen bonding interactions with donor-acceptor 
distances of 2.991 Å [20]. However, there are no clear limits to 
the A-H⋯B hydrogen bond distance in the literature, where A 
and B are center atoms linked to the hydrogen. Grabowski 
(2021) showed that the Strong H-bonds interaction takes a 
range of 2.7-3.0 Å, while the weak H-bond interaction takes a 
range of 3.0-3.5 Å. This bond can easily transform into the van 
der Waals interaction if the distance increases up to 3 Å [21]. 
Based on this classification, the interaction the 5-FU/SWCNT 
complex is mainly governed via van der Waals, and there is a 
probability of hydrogen bond formation in the case of the 5-
FU/Cellulose complex. This finding implies that, the adsorption 
of the 5-FU can transform the structure, electronic properties of 
the Cellulose carrier using complex types of interactions. Our 
results in agreement with Company et al. who showed an 
existence of a cooperation behavior between H-bonding and 

usual dispersion forces during the 5-FU adsorption over 
hydrated silica [22]. 
 
3.2.2. Binding energy 
 

The binding energy (EBinding) between a 5-FU drug and 
carrier is evaluated by Equation (2): 
 
𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  =  𝐸𝐸5−𝐹𝐹𝐹𝐹/𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑏𝑏𝑐𝑐𝑐𝑐  – (𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑏𝑏𝑐𝑐𝑐𝑐   +  𝐸𝐸5–𝐹𝐹𝐹𝐹  )  (2) 
 
where E5-FU/carrier is the total electronic energy of 5-FU loaded on 
a carrier, the Ecarrier and E5–FU are the individual electronic 
energies of pure carrier and 5-FU drug, respectively, after 
DMol3 geometry optimization [23]. The binding energy of the 
5-FU/Cellulose complex is -11.56 kcal/mol. This energy 
negatively shits to -18.27 kcal/mol in the case of the 5-FU/ 
SWCNT complex. The negative values of the energy mean that 
the more energy is required to disassemble any complex, and 
the 5-FU/SWCNT complex has a greater stability. 
 
3.3. Molecular orbital analysis 
 

Figure 4 illustrates the lowest unoccupied molecular orbital 
(LUMO) and the highest occupied molecular orbital (HOMO) of 
the pure substances, 5-FU/SWCNT and 5-FU/Cellulose comp-
lexes. It is clearly observable that the HOMO and LUMO orbitals 
are localized over the axis of a nanotube, where the most 
contribution is coming from carbon atoms. The HOMO and 
LUMO orbitals of the 5-FU are generally localized over the 
whole molecule except for the N-H bond that shows anti-
bonding character in HOMO orbitals.  
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Table 2. The molecular band edge positions, band gap (Egap) and their chemical potentials of studied systems. 
Parameter eV) 5-FU SWCNT 5-FU/SWCNT Cellulose 5-FU/Cellulose 
EHOMO -5.804 -4.302 -4.450 -5.855 -5.835 
ELUMO -2.078 -2.679 -2.610 0.390 -2.228 
Egap 3.726 1.623 1.840 6.245 3.607 
µ 3.941 3.491 3.530 2.733 4.032 
 

  
5-Fluorouracil 5-FU/SWCNT 

 

 
5-FU/Cellulose 

 
Figure 3. The DMol3 optimized geometries of the 5-FU/SWCNT and 5-FU/Cellulose complexes within the minimum intermolecular distance between the most 
active sits. 

 
The bonding character over one keto carbonyl group was 

observed in LUMO orbitals. These results are in a good 
accordance with Khanmohammadi and Mohammadi, who 
investigated the effect of various solvents on 5-fluorouracil-
vitamin B3 complex interaction using the Polarized Continuum 
Model [24]. In case of the Cellulose carrier, the HOMO orbitals 
are distributed to the functional groups of a cellobiose unit in 
the area around a β-glycosidic bond, which act as centers for the 
donation of electrons to the empty orbitals located at the 
equatorial hydroxyl group. The LUMO energy value of 0.390 eV 
indicates that the Cellulose carrier can play the role of an 
electron donor to form hydrogen bonds with N-H orbitals of the 
5-FU drug. 

The donating and accepting orbitals and interaction 
behavior upon adsorption are mostly governed by the energies 
of the molecular band edge positions of a drug/carrier complex. 
The molecular band edge positions, band gap (Egap) and their 
chemical potentials, which are calculated by the Equations (3 
and 4) [25] are shown in Table 2. 
 
𝐸𝐸𝑏𝑏𝑐𝑐𝑔𝑔  = ( 𝐸𝐸𝐿𝐿𝐹𝐹𝐿𝐿𝐿𝐿 − 𝐸𝐸𝐻𝐻𝐿𝐿𝐿𝐿𝐿𝐿)    (3) 
 
𝜇𝜇 = −�𝐸𝐸𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻+𝐸𝐸𝐿𝐿𝐿𝐿𝐻𝐻𝐻𝐻

2
�    (4) 

 
As can be seen in Table 2, the frontier orbital energy values 

of the 5-FU/SWCNT complex are similar to that of pure carrier, 
which reflects the ability of the complex to reproduce the 
charge transfer of the SWCNT carrier. The HOMO and LUMO 
orbitals are mainly located in a carrier. This evidently indicates 
that the HOMO and LUMO distributions of the 5-FU drug 
completely shift to a carrier during the adsorption. The drug 
loses its reactivity. Thus, SWCNT can act as a proper carrier for 
the delivery of 5-FU drug. This agrees well with Mirali et al. 

finding [26]. In the case of the 5-FU/Cellulose complex, the 
EHOMO value is very similar to that of both pure 5-FU drug and 
the cellulose carrier.  

However, the center of donation is only localized on the 
functional groups of a cellobiose unit, which implies the ability 
of a complex to reproduce the charge transfer of a carrier. 
Differently, LUMO energy value (ELUMO) shifts from 0.390 eV in 
pure Cellulose to -2.228 eV in the complex, leading to an 
obvious decrease in the HOMO → LUMO gap of 3.607 eV. 

This negative shift can be ascribed to the transfer of 
electron acceptation center from equatorial hydroxyl groups of 
the Cellulose carrier to the 5-FU ring during the adsorption 
process as shown in Figure 4. That is a forward donation from 
the Cellulose carrier to the 5-FU drug is a main ingredient of the 
chemical bonding. The 5-FU/Cellulose may produce a semi-
conductor-like material. A lower value of frontier orbital gap 
also indicates that the 5-FU/Cellulose complex became more 
reactive to add an electron to the LUMO level and hence is more 
polarizable and chemically softer. However, the negative values 
of HOMO and LUMO levels reflect neither adding nor removing 
an electron may occur. These results elucidate that the 
electronic properties of the SWCNT carrier were preserved. 
Whereas the cellulose carrier became more sensitive to detect 
the drug and was converted to soft species upon adsorption. 
 
3.4. Optical properties 
 

Time dependent density function theory (TDDFT) calcu-
lations implemented in DMol3 module at GGA/PBE level of 
theory were used to investigate whether the interaction 
between the 5-FU drug and the carrier will produce a significant 
difference in their optical properties.  
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HOMO (H) LUMO (L) 

5-FU drug 

  
Armchair SWCNT 

  
Cellulose 

  
5-FU/SWCNT 

  
5-FU/Cellulose 

  
  

Figure 4. The HOMO (H) and LUMO (L) isosurfaces of the 5-FU drug, pure carrier and their complexes. 
 
As could be seen in Figure 5, the 5-FU anticancer drug has 

one strong absorption peak at 171 nm and three very weak 
peaks at 144, 212, and 272 nm with oscillator strengths of 
0.224, 0.155, 0.086, and 0.073, respectively. Theses charge 
transfer has been noticed from relative orbital contributions of 
H‒1 → L+2, H‒1 → L+4, H → L+1 and H → L, respectively. The 
absorption peak at a wavelength of 272 nm agrees well with the 
main peak of 266 nm obtained in the experimental spectrum 
recorded in Yusefi et al. study. This quantitative agreement 
implies a good simulation results at molecular edge positions 
[10]. In the case of SWCNT, the calculated absorption peaks 
have been observed at 287 and 406 nm with oscillator strengths 
of 0.734 and 0.782, respectively. These charge transfer can be 
ascribed to H‒3 → L+1 and H‒2 → L, respectively. The 

interaction between 5-FU drug and SWCNT carrier can only 
reproduce the second absorption peak of SWCNT at 408 nm. 
For the first absorption peak, a 26 nm red shift has been 
observed in case of the complex. Additionally, there is a clear 
decrease in peak intensity.  This decrease is due to hypo-
chromic effects arising from the π–π-stacking interaction of the 
5-FU pyrimidine ring to the tube surface in agreement with 
Karachevtsev et al. finding, who attributed the attenuation of 
the UV-Vis light absorption of the SWCNT tube to the presence 
of pyrimidine oligonucleotide in DNA structure [27]. The 
Cellulose spectrum has one considerable absorption peak at a 
wavelength of 185 nm arising from charge transfer between H‒
3 → L+1 orbital. 
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(a) (b)   
 

Figure 5. Optical spectra of the studied systems (a) the 5-FU/SWCNT complex and (b) the 5-FU/Cellulose complex compared to their isolated systems. 
 

  
HOMO-1 LUMO 

 
Figure 6. The overlapping behaviour of occupied orbitals of both drug and cellulose carrier of H-1 region. 

 

 (a)  (b)   
 

Figure 7. The density of states for (a) the 5-FU/SWCNT and (b) 5-FU/Cellulose complexes compared to their isolated systems. Vertical dashed lines indicate the 
HOMO and LUMO energy values. 
 

This peak cannot be reproduced on a complex, who gives a 
maximum absorption at a wavelength of 276 nm due to a charge 
transfer from H‒1 → L. From Figure 6, this clear difference can 
be attributed to the overlapping behavior of occupied orbitals 
of both drug and Cellulose carrier in H‒1 orbital, and to the shift 
of the electron-accepting center from Cellulose equatorial 
hydroxyl groups to the 5-FU ring in LUMO orbitals. This 
overlapped behavior can evidently be observed at the fourth 
absorption peak of the 5-FU drug. The complexes show a good 
response to UV light in the wavelength range of 250-400 nm. 
This property can use to control the release of the drug using a 
“switch-on switch-off" mechanism and offers an insight 
towards phototherapy and skin photoprotection treatments 
[28]. 
 

3.5. Density of States (DOS) 
 

Density of states analysis of the adsorption complexes, 
carriers and the isolated 5-FU drug in water media is shown in 
Figure 7. In general, the density of states does not show any 
HOMO and LUMO orbitals separation, indicating that the 
studied systems have a metallic character. The DOS shape of the 
5-FU/Cellulose is very close to that of the pure Cellulose carrier, 
however, the relative intensity of the peaks passes to high value 
due to the significant increase of available states upon adsorp-
tion. This increase makes more states for electron occupation 
and facilities the charge transfer between the 5-FU drug and the 
cellulose carrier.  
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Figure 8. The COSMO sigma profile of 5-FU drug, SWCNT, cellulose, and their complexes. 

 

 
5-FU drug 

 

  
Armchair SWCNT 

 
5-FU/SWCNT 

  

 
5-FU/SWCNT 

 
5-FU/Cellulose 

 
Figure 9. The COSMO surface for the 5-FU, SWCNT, cellulose and their complexes, respectively. 

 
Similar behaviour is observed in the 5-FU/SWCNT complex; 

however, there is a shift in the peak positions of the complex in 
the areas far from HOMO LUMO orbitals. 
 
3.6. COSMO study 
 

In the solution medium, sigma profiles describe the nature 
of the compounds based on their affinity to interact with each 
other. Generally, there are two different regions that usually use 
to describe the molecular interaction, which are the hydrogen 
bonding and the nonpolar or hydrophobic region. The 
threshold values of the hydrogen bond interaction are usually 
taken from -0.01 to 0.01 e/Å2 [29]. Any Compound possesses 

symmetrical peaks between this range interact via van der 
Waals forces. Whereas any compound possesses the value 
outside this range acts as a hydrogen bond acceptor (HBA) in a 
positive range and a hydrogen bonding donor (HBD) in a 
negative range of the sigma scale [30]. Figures 8 and 9 show the 
COSMO sigma profile and their surfaces of the 5-FU drug, pure 
carriers and their complexes implemented in DMol3 module. 

As could be seen in Figure 8, the sigma profile of the 5-FU/ 
SWCNT complex has the same symmetrical peaks as SWCNT in 
the nonpolar region. A developed COSMO peak in the positive 
range of the sigma scale means the complex has affinity toward 
HBA. The COSMO sigma profile peaks of the 5-FU/Cellulose and 
its components distributed significantly between and on either 
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side of the hydrogen bond threshold. That is, they can interact 
with each other either and with water via HBD or HBA. This 
interaction can be attributed to the presence of nitrogen and/or 
oxygen atoms, which are linked with or without hydrogen 
atoms, respectively. The peak intensity of a positive range is 
significantly looks higher than those peaks found in a negative 
range. This indicates that the complex has a better affinity 
toward HBA. In comparison with the 5-FU/Cellulose, the sigma 
profile peaks of the 5-FU/SWCNT complex reflect a hydro-
phobic effect of SWCNT carrier. The presence of the 5-FU drug 
on a carrier surface develops the affinity toward HBA both 
complexes, which enhances their solubility in biological 
systems. The 3D sigma surfaces of the solvation diagram 
represent the interaction regions by colored map in Figure 9. 
The extent of screening charge varies from -0.03 e/Å2 (blue) to 
0.03 e/Å2 (red). Using Blue-green-red colored map, the 
molecular polarity can inversely be read on the sigma scale. The 
red part represents a positive COSMO charge density, which 
arises from negative molecular regions or hydrogen bond 
acceptor (HBA). The blue part represents a negative COSMO 
charge density arising from positive molecular regions or 
hydrogen bond donor (HBD). The yellow and green parts 
represent the nearly neutral charges of the molecular regions, 
which describe the hydrophobic behavior of the surface [2,29]. 
 
4. Conclusion 
 

Herein, the adsorption behavior of the 5-FU anticancer drug 
on the surface of the SWCNT and the bio-fiber Cellulose was 
calculated by the DFT and MC simulation methods. Afterward, 
the frontier orbital energies, optical spectra, and density of 
states were analyzed in order to understand the mechanism of 
the interactions. The values of the adsorption energy indicate 
that the complexes are thermodynamically stable. The obvious 
difference of the HOMO → LUMO energies and the absorption 
peak position of the Cellulose complex indicate that the orbital 
configurations are changed. The complex became more reactive 
to add an electron to the LUMO level and more polarizable. The 
charge transfer centers completely shift to the carriers 
indicating a significant influence on their electronic structure. 
The electronic charge transfer happens in the interface of the 
electro-negatively centers of O3, N4, and N5 atoms of the 5-FU 
ring to the nearest atoms in the SWCNT tube by van der Waals 
forces. Whereas the N4 and H10 works as centers of interaction 
with a Cellulose carrier, in agreement with the formation of the 
H-bonding interactions. Based on COSMO model, the complex 
shows the affinity toward hydrogen bond acceptor, which 
enhances their solubility. These results imply that the carrier 
systems are more sensitive toward 5-fluorouracil adsorption 
and they can successfully be used as a drug delivery tool in 
biological systems. 
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