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ABSTRACT 
 
Carbon nanotubes (CNTs) have been attracting attention because they have characteristic mechanical and 
electronic properties. We investigate the deformation behavior of a tyramine molecule on surface of H-capped (5,0) 
single-walled carbon nanotubes (SWCNT) with different lengths are studied by density functional theory (DFT) 
calculations. Binding energies clearly represent, adsorption depended on tube length. Also adsorption of tyramine 
(C8H11NO) on (5, 0) carbon nanotube was performed at the B3LYP and B3PW91level of DFT. The tubetyramine 
interactions were discussed in the terms of binding energy (EB), Charge density, molecules orbitals, dipole moments 
and the natural bond orbital (NBO). The results reveal that additions of water molecules to tubetyramine system 
increase the interaction between tube and tyramine molecule. 
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INTRODUCTIONS 

 
Tyramine (4-hydroxyphenethylamine; para-tyramine, mydrial or uteramin) is a naturally occurring monoamine 
compound and trace amine derived from the amino acid tyrosine [1]. Tyramine acts as a catecholamine releasing 
agent. Notably, it is unable to cross the blood-brain barrier, resulting in only no psychoactive peripheral 
sympathomimetic effects [2].  A hypertensive crisis can result, however, from ingestion of tyramine-rich foods in 
conjunction with monoamine oxidase inhibitors (MAOIs)[3]. 

 
 

Fig. 1Adsorption configuration of tyramine on :a)CNT 10°A and b)CNT12°A 
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MATERIALS AND METHODS 
 

COMPUTATIONAL METHOD 
 

The quantum chemical calculations have doned using Gaussian 09 suite of programs. The tyramine structures have 
fully optimized at the B3LYP and B3PW91 levels with 6-31G* and 6–311G* basis sets and theoretically solvent 
effects on the structures were investigatedFig1. Then we studied electronic structures of the compounds using 
Natural Bond Orbital (NBO) analysis and calculated NMR parameters at the gas-phase [4]. Interactions  analysis 
was also calculated at the B3LYP and B3PW91 levels in the different solvents in 298.15 K temperatures and 1.00 
atmosphere pressure. 
 

 

Fig. 2HOMO and LUMO for Tyramine adsorption 12°A(5,0) zigzag CNT models 
 
The density functional theory (DFT) calculations at the B3LYP and B3PW91 level of theory on a carbon nanotube 
like (5,0) nanotubes was used to study the adsorption tyramine on its external surface. The full geometry 
optimizations, energy calculations, natural bond orbital (NBO), and density of states (DOS) analysis were donned on 
the CNT nanotubes and different Tyramine/CNT configurations.  
 
The B3LYP is one of the most popular hybrid density functional methods that have externally been used in 
nanotubes topics-related investigations [5].The adsorption energy (Ead) of Tyramine on the surface of CNT 
nanotubes is defined as follows: 
 
Eads=Etyramine-CNT-[Etyramine+ECNT] 
 
Where ETyramine/CNT is the total energy of the complex, and ECNT and ETyramine are total energies of the pristine (5,0) 
nanotubes and the tyramine molecule. According to the definition, negative value of Ead indicates the exothermic 
character of the adsorption. Solvation effects water have been investigated on the tyramine/CNT complexes by using 
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polarized continuum model (CPCM). Also, the chemical potential of a molecule pseudo in the middle of the Eg. 
Therefore, the chemical potential of a free molecule of electrons is equal to its Fermi level as traditionally defined. 
 
Herein the Fermi level of the considered systems is at the middle of the Eg. For the considered systems, Fermi level 
and work function (the potential energy difference between the vacuum level and the Fermi level, which is the 
minimum energy required for one electron to be removed from the Fermi level to the vacuum) are investigated[6]. 
 

 
Fig. 3HOMO and LUMO for teramine adsorption 10°A (5,0) zigzag CNT models 

 
RESULTS AND DISSOCIATION 

 
The optimized structure of Carbon nanotubes and its DOS plot are shown in Fig1, 4, 5. It is denoting that the CNTs 
are an insulator material with a HOMO–LUMO gap (Eg) of 0.79eV. There are two types of C-C bonds in the 
optimized CNTs, one with the bond length of 1.44 Å which is shared between two hexagon rings. 
 
 In order to determine the stable configurations of single tyramine adsorbed on the nanotube, various possible 
incipient adsorption structures were considered. The molecular electrostatic potential Fig 2. Computed electrostatic 
potentials on the molecular surfaces of a single tyramine molecule.  (MEP) plot of single tyramine is shown in Fig. 
2. Therefore, tyramine can approach the walls ofthe nanotube orientation the N atom. However, two stable structures 
for the adsorption of tyramine on the nanotube are shown in Figs. 1a and 1b. The structures can be categorized into 
two types: (I) physisorption, in which the tyramine weakly interacts with the C40H10 nanotube through van der Waals 
forces(configurations A Fig. 1), in which the tyramine strongly interacts with the  C40H10nanotube and more 
negative Ead values are obtained (configurations B, Fig. 1).The Ead value of the configuration (Fig1a) is-



Morteza Keshavarz Der Pharmacia Lettre, 2016, 8 (15):114-119 
______________________________________________________________________________ 

117 
Scholar Research Library 

3.42kcal/mol The Ead value of the configuration (Fig1b) is -0.21kcal/mol. less negative Ead shows that in this 
configuration; the tyramine undergoes a weak physical adsorption on the nanotube due to van der Waals forces. 
 
Table 1.Calculated adsorption energy (Ead, kcal/mol), HOMO energies (EHOMO), LUMO energies (ELUMO), HOMO–LUMO energy 
gap (Eg) adsorption tyramine on CNT with length 10°�,I ionization potential, An electron affinity, S global softness, ŋglobal hardness, 

�chemical potential, �electrophilicity 
 

property 
B3LYP B3PW91 

6-31G* 6-311G* 6-31G* 6-311G* 
Eads/ev -3.39 -3.41 -3.31 -3.33 

EHOMO/ev -4.24 -4.72 -4.43 -4.71 
ELUMO/ev -3.61 -3.90 -3.64 -3.90 
I=-EHOMO 4.24 4.71 4.43 4.71 
A=-ELUMO 3.61 3.90 3.64 3.90 

Egap 0.63 0.82 0.80 0.82 
μ = (I + A)/2 3.92 4.31 4.03 4.31 

(ᵑ = (I - A)/2)/eV 0.32 0.41 0.40 0.41 
S = 1/2ŋ )/eV-1 0.16 0.21 0.20 0.21 
(ω = μ2/2ŋ )/eV 2.42 3.77 3.22 3.78 

 
 

 
 

Fig. 4Models for two stable physisorption configurations and their density of states (DOSs) plots 
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Distances are in Å Calculated, DOS plot (Fig. 4,5) shows that the tyramine adsorption through this configuration has 
less sensible effects on the electronic properties of the CNT nanotube so that the Eg value of the nanotube little has 
decreased from  0.63eV in the configuration adsorption tyramine on CNT with length 10°�. This configuration has 
an Ead of -3.42kcal/mol and do not shows charge transfer to take place between the tyramine and CNT nanotube 
and the CNT with length 12°� and -1.35eV after the tyramine adsorption. 
 
physisorption cases are the other types of the interaction between the tyramine and CNT nanotube (Fig. 4) and 
adsorption of molecule has occurred, with a significant NBO charge transfers of 0.35 and 0.34eVfrom the tyramine 
to the nanotube, respectively.Therefore, the tyramine adsorption of the nanotube carbon length 10°A are more 
favorable site for the adsorption of the tyramine with nanotube carbon length 12°A. 

 
Table 2.Calculated adsorption energy (Ead, kcal/mol), HOMO energies (EHOMO), LUMO energies (ELUMO), HOMO–LUMO energy 
gap (Eg) adsorption tyramine on CNT with length 12°�,I ionization potential, An electron affinity, S global softness, ŋglobal hardness, 

�chemical potential, �electrophilicity 
 

property 
B3LYP B3PW91 

6-31G* 6-311G* 6-31G* 6-311G* 
Eads/eV -1.21 -1.25 -1.35 -1.24 

EHOMO/eV -4.32 -4.68 -4.48 -4.76 
ELUMO/eV -3.17 -3.53 -3.21 -3.44 
I=-EHOMO 4.32 4.68 4.48 4.77 
A=-ELUMO 3.16 3.45 3.21 3.43 

Egap 1.15 1.14 1.27 1.32 
μ = (I + A)/2 3.74 4.11 3.84 4.11 

(ᵑ = (I - A)/2)/eV 0.58 0.57 0.64 0.66 
S = 1/2ŋ )/eV-1 0.28 0.29 0.31 0.33 
(ω = μ2/2ŋ )/eV 4.04 4.84 4.69 5.59 

 
For deep conception into the interaction between tyramine and CNT, NBO analysis was performed for tyramine(5,0) 
CNT. The results show that the adsorption of tyramine on CNT is promoted by the interaction between the d orbital 
of tyramine and the � orbital os CNT. 

 
Table 3.NBO analysis calculation results about the tyramine(5,0) CNT by B3LYP/B3PW91 method and 6-31g*/6-311g*,E denotes 

thermal energy, BD denotes bonding orbital, BD* denotes antibonding orbital, LP denotes lone-pair 
 

 
6-31g* 6-311g* 

Donor (i) Acceptor(j) Ekcal/mol Donor(i) Acceptor(j) 
E 

kcal/mol 

B3LYP 

BD*(C67-C68) BD(N71- H72) 12.20 BD*(C67-C68) BD(N71- H72) 61.10 
BD*(C67-C68) BD(N71- H73) 40.10 BD*(C67-C68) BD(N71- H73) 79.00 
BD*(C67-C68) LP(N71) 84.21 BD*(C67-C68) LP(N61) 24.10 
BD*(C67-C68) LP(N71) 22.02 BD*(C67-C68) LP(N61) 43.20 
BD*(C67-C68) BD(N71- H72) 87.04 BD*(C67-C68) BD(N71- H72) 64.10 

B3PW91 

BD*(C67-C68) BD(N71- H72) 96.30 BD*(C67-C68) BD(N71- H72) 60.10 
BD*(C67-C68) BD(N71- H73) 90.01 BD*(C67-C68) BD(N71- H73) 78.01 
BD*(C67-C68) LP(N71) 65.10 BD*(C67-C68) LP(N71) 43.02 
BD*(C67-C68) LP(N71) 35.47 BD*(C67-C68) LP(N71) 43.12 
BD*(C67-C68) BD(N71- H72) 78.40 BD*(C67-C68) BD(N71- H72) 40.10 

 
6-311G* 6-31G*  

 
 

B3LYP 
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B3PW91 

 
Fig. 5Models for two stable physorption configurations and their density of states (DOSs) plots. Distances are in Å 

 
Based on the NBO results and geometry analysis after the adsorption process of the configurations, the new bond of 
C-C is formed with bond length of1.63and 1.62 Å, respectively in CNT with length 10 and 12°�. The Eg value for 
the configurations show a considerable change(39.42–39.71%), indicating that the electronic properties of the 
C40H10 nanotube  with length 10°�are very sensitiveto the tyramine molecule. Also, the length of 12°� the nanotube 
increased from1.44 and 1.49 Å to 1.52 and 1.57 Å in configurations (see Fig. 4), indicating almost a local structural 
deformation on the C40H10 nanotube. All above indicate that the tyramine molecule has strongly adsorbed on the 
C40H10nanotube with length 10°�. The difference between these optimization energies is defined as Eads. The Eads for 
the nanotube with length 10°�-3.42kcal/mol. The electric dipole moment (DM) is an important property that 
characterizes the structure and reactivity of many chemical systems [7].The electric dipole moment in gas phase is 
significantly increased from 0.00 Debye in the pristine nanotube to 10.37 Debye in the configurations(see Table 1).  
The results indicate that presence of gas phase increases the electron donor of tyramine molecule. 
 

CONCLUSION 
 

Adsorption of tyramine on C40H10nanotube using density functional calculations was studied. It was found that the 
tyramine molecule strongly prefers to be adsorbed on the nanotube with length 10°�with adsorption energy of 
about-3.42kcal/mol with a charge transfer of 0.35eV from the molecule to the nanotube. 
 
Adsorption of tyramine on surface of the C40H10nanotube has significant changes in the Eg of the nanotube and it is 
strongly reduced after adsorption process.  
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