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Computational studies on the electronic structure of the Histidine (His) and Single-walled carbon
nanotubes (SWCNT) were done using HF/6-31G method before and after interaction. These
calculations showed that interactions are week. HOMO and LUMO and atomic charges studies proved
that no charge transfer interaction was in the interactions. We have used the zigzag (7, 0) single wall
carbon nanotube with a length of 20A and zwitterions through the charged carboxylate and amine

groups.
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1. INTRODUCTION

Single-walled carbon nanotubes (SWNTs) have potential biological and biochemical
applications ranging from biomedical sensors to tissue supports to drug delivery [1-3]. Recently the
interaction between amino acid and base paires with carbon nanotubes (SWCNTs) has been the focus
of much attention due to their functionality in biological systems [4-5].

Due to the small size of the nanomaterials, they can penetrate and travel to different parts of
body causing tissue injury. They may also deposit to undesirable and highly protected many parts of
human system. In addition, they could pollute environment by increasing the concentration of
nanoparticles in air, at least in the localized region. Nanoparticles (nanomaterials) can also cause
allergic reactions to human and may enter into the food chain cycle. Nanomaterials or nanoparticles



Int. J. Electrochem. Sci., Vol. X, 2010 1613

including carbon nanotubes, upon prolonged exposure, can also cause asbestosis type of diseases in
human [6-8]. So, interaction between amino acids and nanoparticles are very interesting.

One of the major areas of SWCNT research is the field of biomedical materials and devices
special in drug delivery. Many applications for SWCNT have been proposed including biosensors,
drug, and vaccine delivery vehicles and novel biomaterials [9].

However, the nature of biological-nanotube interactions is less well known, and this knowledge
will be important in understanding their environmental and biological activity as well as their potential
for application to nanostructure fabrication. Recently, adsorption of the glycine on (3, 3) armchair
SWCNTs has been investigated through calculations based on density functional theory (DFT) [10].
Rajesh et al reported a study on the interaction between four amino acids with SWCNT [11]. In the
recent years computational methods were applied in different branches of chemistry [12-26].

Prediction of the interaction strength between amino acids and nanotubes with changes in
electronic structures is very important. In the present work, we have considered the electronic
properties (atomic charges , HOMO and LUMO and dipole moment) before and after interaction
between Histidine and the zigzag (7, 0) single wall carbon nanotube.

2. COMPUTATIONAL DETAILS

The structure of histinie and SWCNT were fully optimized by HF with the 6-31G basis set. A
complex between Histidine and SWCNT were also fully optimized. To begin with, the gas phase
geometry of Histidine was fully optimized. Full geometry optimizations and frequency calculations
were performed and each species was found to be at minima, by having no negative values in the
frequency calculation. Once the optimized geometries of the Histidine molecule and SWCNT are
established adsorption of the aromatic rings on the substrate and SWCNT was carried out. Initially, for
full geometry optimization, the aromatic ring of Histidine were placed in parallel to the SWCNT at a
height of 4.0 A, and allowed to relax freely.

The highest occupied molecular orbital (HOMO), the lowest unoccupied molecular orbital
(LUMO) and dipole moment calculated at HF level in 6- 31G basis set, were summarized in Table 1.
All calculation was performed using the Gaussian 98 program package [27].

3. RESULTS AND DISCUSSION

Optimized structures of the His, SWCNT and SWCNT-HIS complex is shown in Fig. 1, 2 and
3. It is evident that SWCNT-His complex is formed by the stacking interaction between the Histidine
and the SWCNT.

The optimized distances between the aromatic ring plane of Histidine and the SWCNT were
done. The lowest energy structure thus obtained was reoptimized to obtain the most favored
configurations, which are shown in Fig. 3. Moreover, we note that the geometrical parameters such as
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bond lengths and bond angles of the Histidine and SWCNT molecules remain almost unaltered even
after the interaction with together. The C—C bond length was found to be 1.48 A which is found to be
consistent with previous observations [28-29].

0.157

Figure 1. Optimized structure and atomic charges of Histidine before and after the complex formation
(Parentheses include the changes after the complex formation)

This is attributed to the weak interaction between these systems. The goal is to investigate the
changes in the HOMO, LUMO, dipole moment and atomic charges after interaction. Table 1 show the
HOMO, LUMO and dipole moment of Histidine, SWCNT and SWCNT-His complex. Since, HOMO
and LUMO energies of the Histidine and SWCNT are not close, charge transfer interaction did not
occur. Although effect of Histidine on the HOMO and LUMO energies of the SWCNT is very low and

is not significant.

Table 1. Dipole moment [D], HOMO and LUMO energies (in eV) of the Histidine, SWCNT and His-

SWCNT complex
Compound HOMO LUMO Dipole moment
His -6.25 4.08 10.68
SWCNT -4.62 -0.81 8.62

His-SWCNT -4.62 -1.08 18.81
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Laver 4 Laver 3 Lavyer?2 Laver 1 Laver 2 Laver3 Laver4
-0.081 -0.027 -0.01 -0.003 -0.01 -0.027 -0.081

Figure 2. Optimized structure and average layer charges of SWCNT before the complex formation

Figure 3. The full optimized structure of Histidine-SWCNT
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The study of atom charges in SWCNT and SWCNT-His show that changes in atomic charges
are law that shows interaction between SWCNT and His is week. Atomic charges for SWCNT and His
are shown in Figures 1 and 2. Colors of the atoms in Figure 2 show the amount of charges. For
example carbon atoms in layer 4 that have the most negative charges are red.

4. CONCLUSIONS

HF calculation with 6-31G basis set were performed for His-SWNT complex to obtained Mulliken
charges, bond length, dipole moment and HOMO and LUMO energy. These results clearly indicated
that electronic structures can be used for prediction of strength interactions between amino acids and
SWCNT. In addition, there aren’t charge transfer interactions between amino acids and SWCNT.
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