
Int. J. Nano Dimens., 6 (5): 479-486, 2015 (Special Issue for NCNC, Dec. 2014, IRAN) 2015

479

ABSTRACT: Having conducted fundamental projects, scientists have expressed their hope to develop the use of
carbon nanotubes to release drugs. It is important to release drugs in cell without damaging healthy cells of tissues under
study. Researchers have shown the fact that nanotubes can perform this function perfectly. To this objective, in the
present study the interactions between four anti-cancer drugs with a carbon nanotube (CNT) (6,6), containing 60 carbon
atoms, have been investigated. It is noteworthy that all of these drugs have functional groups, from which the reaction
with the nanotube can take place. The Density Functional Theory (DFT) calculations have been performed by Beck,
three-parameter, Lee-Yang-Parr (B3LYP) method and 6-31G(d) basis set for full optimization of drugs, nanotube and
the formed complexes. The Natural Bond Orbital (NBO) analysis and frequency calculations have been also performed
for all structures using B3LYP method and 6-31G(d) basis set in 298K. According to the results, among all drugs under
study, only two complexes between Carmustine and nanotube can be thermodynamically formed in 298K. The stability
constants are calculated thereby showing a considerably large amount. Therefore, the nanotube can be a useful container
for this drug. Also, NBO analysis shows that there exist hyperconjugative effects arising from an overlap between
occupied orbitals in drugs and unoccupied orbitals in nanotube.
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INTRODUCTION
The outstanding mechanical and electronic

properties of carbon nanotubes make them interesting
candidates for drug delivery. Nowadays, in the modern
world of medicine, the carbon nanotubes have proved
their capability of passing through the cell shell. This
has made scientists believe the point  that such tubes
can be used in releasing active drug molecules in the
cells, especially the sensitive and essential molecules
for particular diseases like cancer, AIDS and etc.  To
prepare these materials for such an important function,
their physical and chemical properties have been
investigated by many scientists [1]. Regarding to this
interest, insoluble drug release from silica nanotubes
[2] and the interaction of amphetamine and nanotubes
[3] were investigated in drug delivery. Also the
adsorption of leflunomide on zigzag carbon and boron
nitride nanotubes has been studied [4]. Simultaneously,
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the adsorption of pristine and Al-doped boron nitride
nanotubes with some platinium- based drugs [5] and
application of a doped carbon nanotube composite in
selective determination of an anticancer drug were
investigated [6]. The ability of carbon nanotubes to
release small molecule was among the first researches
which have been done in drug delivery [7].

Applying different functional groups with their
particular properties in various body cells is a concept
that is issued in the field of biomedicine. However,
identification of these functional groups and covalent
or non-covalent bonds between nanotubes and these
functional groups is a noticeable subject in chemistry
[9]. The main aim in drug delivery is to release drugs in
destroying cells (such as cancer cells) without
damaging healthy cells of the tissue that is being
treated [8]. To achieve this goal, this work has made
endeavors to investigate the interactions between a
nanotube and some anti-cancer drugs. The selected
drugs are described in the following. The first one is
Carmustine or BCNU (bis-chloroethylnitrosourea),
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simply defined as a mustard  â-chloro-nitrosourea
compound which is used in chemotherapy that is also
applied in the treatment of several types of brain cancers,
multiple myeloma and lymphoma [9]. Regarding the
second category, it can be noted that
Cyclophosphamide or cytophosphane, is nitrogen
mustard obtained from the oxazaphosphorine group.
Furthermore, it is used to treat some diseases like
cancers and autoimmune disorders. The main use of
cyclophosphamide is to treat lymphomas, brain cancers
and leukemia [10]. The third one is Dacarbazine, an
antineoplastic chemotherapy drug which treats
malignant melanoma, pancreas carcinoma, sarcoma, and
Hodgkin�s lymphoma. Dacarbazine is used as an agent

in metastatic melanoma treatment [10]. Doxorubicin, the
fourth drug noted above, is used in cancer
chemotherapy. Notably, it is derived from bacterial
species. Doxorubicin is used for treatment of leukemia
and Hodgkin�s lymphoma, stomach, breast, lung,

thyroid, ovaries cancers and so on [11,12].
Similarly, like many chemotherapy drugs, these drugs

may have numerous serious side effects because they
not only interfere with cancer cell growth but also with
normal cell growth. Among the significant and serious
side effects are birth defects, immune defect, headache,
fatigue and diarrhea [10].

To prevent these side effects, in this work the
interacting ability of an armchair nanotube (6,6)

(length=6 ), containing 60 Carbon atoms, with the

mentioned drugs is investigated. So far, the probability
of occurring covalent interaction between the
mentioned drugs and carbon nanotubes (CNTs) has
not been reported. This chemical interaction is studied
in this work as a new approach to drug delivery.

EXPERIMENTAL
All calculations were performed using Density

Functional Theory [13] with a hybrid functional B3LYP
[14] and 6-31G(d) basis set in 298K. The work was
carried out on a personal computer using ab initio
quantum chemistry package (Gaussian 03) [15],
Nanotube Modeler05 [16], GaussView05 [17] and
Hyperchem7 [18] in order to study the possible
reactions between C

60
H

12
 nanotube with the functional

groups of the above-mentioned drugs.
 It is considerable that some of these drugs have

more than one functional group which can react with
CNTs. For example Carmustine has two chloride groups

as the sites where the reaction of nanotube with the
drug can take place from. After full geometry
optimizations, the frequency and Natural Bond Orbital
(NBO) studies [19] were performed.

RESULTS AND DISCUSSION
Interaction with Carmustine

As it can be seen in Fig. 1, Carmustine has two sites
to interact with the selected nanotube. Figs 2 and 3
show the formed complexes (complex 1 & 2) obtained
from Carmustine (as an anti-cancer drug) and the
mentioned nanotube. The obtained results, calculated
from frequency study and NBO analysis, are indicated
in Tables 1 and 2 respectively.

Frequency Analysis: It is clear that the enthalpy of

a reaction ( ) shows how much heat flows in or out

of the reaction. The entropy ( ) shows whether

reactants are more disordered than products or not.

 
Fig. 1: Carmustine molecule and its two mentioned sites

for reaction.

Fig. 2: The formed complex between first site of Carmustine
and nanotube (6,6) (Complex 1).
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Fig. 3: The formed complex between second site of Carmustine and nanotube (6,6) (Complex 2).

Table 1: The frequency results for complexes formed between Carmustine and nanotube (6,6).

 

Finally, not only does the standard Gibbs free energy

( ) tell us about whether the reaction takes place or

not, but also it is employed to yield the stability
constant of the reaction [20]. The results obtained from
frequency study reveal that ,  and  of both complexes
formed from Carmustine and mentioned nanotube are
negative. This means that the complex formations are
performed thermodynamically. The calculated stability
constants are shown in Table 1. The reactions are
exothermic and less disordered. So the enthalpy is a

suitable factor and the entropy is an ill-suited factor to
form the complexes thermodynamically. According to
the results, the stability constant for formation of
complex 2 is much more than that of complex 1.
Therefore, it can be proved that site 2 in Carmustine is
more suitable for reacting with nanotubes. As a result,
it can be noted that the interaction between nanotube
and Carmustine takes place in this site.

NBO Analysis: In this work, a study of
hyperconjugative interactions has also been
completed. Hyperconjugation can be a stabilizing effect

A gent Donor O c cupancy H ybrid A cceptor  E 2/ kca lmol- 1  Ó E2 /kcalmol- 1  

 
Com plex 1 

óC 1- C2  óC 1- C2  óC 1- C2  

 
1.97223 

 
SP 2. 91  

ó C1 - C72*  óC 65- C 72*  ðC 71- C 72*  

1.10 
1.65 
2.19 

 
17.11 

óC 1- H12  óC 1- H12  
 

1.98122 
 

SP 3. 14  
ó C1 - C72*  óC 71- C 72*  

0.59 
3.55 óC 1- H13  óC 1- H13  

 
1.97595 

 
SP 3. 36  

óC 65- C 72*  óC 71- C 72*  
1.88 
2.09 ó C1- C 72  ó C1- C 72  

 
1.97248 

 
SP 2. 65  

óC 65- C 72*  óC 71- C 72*  
1.49 
2.57 

Com plex 2 

ó C9- H19  ó C9- H19  
 

1.97149 
 

SP 3. 68  
óC 28- C 30*  ðC 28- C 30*  

1.46 
3.40 

 
 
 

15.31 

óC 9- H20  óC 9- H20  
 

1.97247 
 

SP 3. 45  
ó C9- C30*  óC 28- C 30*  

0.67 
6.23 ó C9- C 30 ó C9- C 30  

1.97696 
 

SP 2. 49  
óC 28- C 30*  óC 29- C 30*  

0.91 
2.64 

Table 2. The NBO results for complexes formed between Carmustine and nanotube (6,6).
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which is made from an overlap between occupied and
unoccupied orbitals, when they are properly oriented.
This bonding-antibonding interaction which is
noncovalent can be quantitatively presented as NBO
approach. A second order perturbation interaction
energy (E2) can describe this interaction [19]. The
results reveal that hyperconjugation effect in complex
1 is more than the one in complex 2. This noncovalent
bonding-antibonding interaction is produced by
overlapping between the orbitals of selected drug and

the  or  orbitals of Carbon atom in the mentioned
nanotube. The calculated occupancy and hybrids are
shown in Table 2.

Interaction with Cyclophosphamide
Fig. 4 shows that Cyclophosphamide has one site

to interact with the selected nanotube. Indeed, it has
two chloride groups which are the same. Fig. 5 shows
the formed complex (complex 3) obtained from
Cyclophosphamide (as an anti-cancer drug) and
nanotube. The obtained results, calculated from
frequency study and NBO analysis, are shown in
Tables 3 and 4, respectively.

Frequency Analysis: The results obtained from
frequency study reveal that andof the complex formed

between Cyclophosphamide and mentioned nanotube,
are positive. Whereas is negative. This means that this
complex formation is not performed thermodynamically.
Thus, the stability constant cannot be calculated. The
formation is endothermic and less disordered, so the
enthalpy and the entropy are unsuitable factors to form
this complex thermodynamically.

NBO Analysis: According to the results, there exist
hyperconjugative effects in this complex. This
noncovalent bonding-antibonding interaction is
produced by overlapping between the orbitals of the
selected drug and the * or orbitals of Carbon atom in
the mentioned Nanotube. The calculated occupancy
and hybrids are provided in Table 4.

Interaction with Dacarbazine
Fig. 6 indicates that Dacarbazine has two sites to

interact with the selected nanotube. It has two amine
groups in which the reactions with the nanotube take
place. Fig.s 7 and 8 show the formed complexes
(complex 4 & 5) obtained from Dacarbazine (as an anti-
cancer drug) and this nanotube. The obtained results,
calculated from frequency study and NBO analysis,
are shown in Tables 5 and 6 respectively.

Fig. 4: Cyclophosphamid molecule and its mentioned site
for reaction.

 

Fig. 5: The formed complex between Cyclophosphamide
and nanotube (6,6) (Complex 3).

 

Fig. 6: Dacarbazine molecule and its two mentioned
sites for reaction.

 

Fig. 7: The formed complex between first site of
Dacarbazine and nanotube (6,6) (Complex 4).
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Table 3: The frequency results for complex formed between Cyclophosphamide and nanotube (6,6).

Table 4: The NBO results for complex formed between Cyclophosphamide and nanotube (6,6).

Table 5: The frequency results for complexes formed between Dacarbazine and nanotube (6,6).

Table 6: The NBO results for complexes formed between Dacarbazine and nanotube (6,6).Arc
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Fig. 8: The formed complex between second site of Dacarbazine and nanotube (6,6) (Complex 5).

Frequency Analysis: As it can be seen, andof the
complexes formed from Dacarbazine and mentioned
nanotube are positive, but is negative. This means that
the complex formation is not performed
thermodynamically.  The stability constant therefore
cannot be calculated; the formations are endothermic
and less disordered. So the enthalpy and the entropy
are ill-suited factors to form the complexes
thermodynamically.

NBO Analysis: The results show that
hyperconjugation effect in complex 4 is less than that of
complex 5. This noncovalent bonding-antibonding
interaction is produced by overlapping between the lone
pair electron of Nitrogen in Dacarbazine and the or 
orbitals of Carbon atom in nanotube.  Table 6 shows the
calculated occupancy and hybrids.

Interaction with Doxorubicin
As it can be seen in Fig. 9, Doxorubicin has several

functional groups to interact with the selected
nanotube. At first, one of its alcoholic groups was
selected as the interaction site. The reason of
selecting this functional group among the other
functional groups is the fact that it has less steric
hindrance in comparison with that of the other ones.
Fig. 10 shows the formed complex (complex 6)
obtained from Doxorubicin (as an anti-cancer drug)
and the mentioned nanotube. The obtained results,
calculated from NBO analysis, are shown in Table 7.

Frequency Analysis: Unfortunately, as a result of

 the enormous size, steric hindrance and the
complexity of the molecule under study, the applied
computer in this work did not manage to calculate the
frequency data. Therefore, the other sites of this drug
have not been investigated.
NBO Analysis: According to the results, a large
hyperconjugative effect can be discovered in this
complex between the lone pair of electron in Oxygen
of Doxorubicin and the * or orbitals of Carbon atom in
nanotube. The calculated occupancy and hybrids are
shown in Table 7.

CONCLUSION
In this study, the complex formation probability

between some anti-cancer drugs and an armchair
nanotube was investigated. According to the results,
among all drugs under study, only two complexes
between Carmustine and the mentioned nanotube can
be thermodynamically formed in 298 K. The stability
constants are calculated thereby showing a
considerably large amount. So the nanotube can be a
useful container to release this drug in the special
cells without showing side effects as a result of
damaging healthy cells. In all complexes, the
hyperconjugation effect can be observed.
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Table 7: The frequency results for complex formed between Doxorubicin and nanotube (6,6).

 
Fig. 9: Doxorubicin molecule and its mentioned site for reaction.

 
Fig. 10: The formed complex between Doxorubicin and nanotube (6,6)  (Complex 6).
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