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ABSTRACT 
The Dopamine has been studied theoretically at the B3LYP/6-31G* level were performed in gas 
phase. We calculated physical parameters like atomic charges, energy (∆Ε), asymmetry parameter 
(η), chemical shift σiso, dipole moment and  isotropic NMR determinant and in this work we used 
Gaussian 03 at NMR and calculation by  using  B3LYP methods with 6-31G* basis set.  
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INTRODUCTION
1Dopamine, like most amines, is an organic 
base. A dopamine molecule consists of a 
benzene ring with two hydroxyl side 
groups. Dopamine is a hormone and 
neurotransmitter that plays a number of 
important roles in the human brain and 
body [1,2]. In the brain, dopamine 
functions as a neurotransmitter—a 
chemical [3] released by nerve cells to 
send signals to other nerve cells [4]. 

Several important diseases of the 
nervous system are associated with 
dysfunctions of the dopamine system. 
Parkinson's disease (PD), causing tremor 
and motor impairment, is caused by loss of 
dopamine-secreting neurons in the 
midbrain area [4,5,6]. There is evidence 
that schizophrenia (SPh) involves altered 
levels of dopamine activity [7] that are 
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frequently used to treat it have a primary 
effect of attenuating dopamine activity [8]. 
Attention deficit hyperactivity disorder 
(ADHD) be associated with decreased 
dopamine activity [9].       
 We will focus here on the 
mesencephalic dopamine centers and 
Energy Levels of dopamine molecules, the 
reaction of chlorine and bromine, and 
iodine atoms with the molecule dopamine. 
 
COMPUTIONAL METHODS 
The structure of dopamine was designed 
primarily using of Chem. Bio Draw 12.0 
(Fig 1). The geometry of the systems has 
been optimized at the B3LYP [10,11] and 
6-31G* [12] computational level. Mullikan 
charges on the nitrogen atom and the 
dipole moments, and geometry parameters  
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such as bond lengths were also determined 
and the data are listed in Table 1. All the 
calculations have been performed with the 
Gaussian-09 program [13]. 
 

RESULTS AND DISCUSSION 
The optimized structural parameters of 
dopamine has been calculated by 
DFT/B3LYP level with the 6-31G* basis 
set and are listed in Table 1. The optimized 
molecular structure along with the 
numbering atom of dopamine is as shown 
in Fig. 1.            
 The reported geometry and molecular 
properties, such as the equilibrium energy, 
HOMO-LUMO band gap, dipole moment 
etc. after the geometry optimization. The 
basic electronic parameters related to the 
frontier orbitals in a molecule are the 
highest occupied molecular orbital 
(HOMO) and the lowest unoccupied 
molecular orbital (LUMO) and their 
resulting energy gap. Both the HOMO and 
LUMO are the main orbital take part in 
chemical stability [14].       
 The optimization and NMR calculation 
of all systems are done by density 
functional theory (DFT) using B3LYP 
method and the standard 6-31G* basis set, 
by Gaussian03 suit of programs were done 
in the gas phase. Quantum chemical 
calculations yield chemical shielding 
tensors in the principal axis system with 
the order of ��� � ��� � ���; hence, Eqs. 
(1) And (2) are used to convert the 
calculated chemical shielding tensors to 
the absolute isotropic (����) and 
anisotropic (∆�) chemical shielding 
parameters: 
 
���� 
 ���� � ��� � ���
 3⁄ �1
 

∆� 
 ��� � ���� � ���
 2⁄ �2
 

Table 2 presents the computed chemical 
shift for selected hydrogen, nitrogen and 

carbon atoms. The shielding tensor 
asymmetry parameter (η) which is given 
by: 

� 
 |��� � ���|
|��� � ����| �3
 

The span (�) describes the maximum 
width of the powder pattern. The skew (�)
of the tensor is a measure of the amount 
and orientation of the asymmetry of the 
tensor [15, 16]. 
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Table 2 presents the computed chemical 
shift for selected hydrogen, nitrogen and 
carbon atoms. The graphs of calculated 
isotropic shielding values, anisotropic 
chemical shift tensor (∆�), asymmetry 
parameter (η), skew (the amount and 
orientation of the asymmetry of the tensor) 
and total atomic charge of propose atoms 
versus the atomic number are also drawn 
in Figure 2a to e, respectively. As shown in 
Figure 2, the N nucleus has more negative 
total atomic charge and a larger isotropic 
chemical shift tensor (σiso), anisotropic 
chemical shift tensor (∆σ) and the amount 
and orientation of the asymmetry of the 
tensor (κ) for the N atom (Fig 2a, b and d).   
 
CONCLUSION         
The optimized structure of dopamine that 
studied in this work, has been shown in Fig 
1. Dipole moment, E, HOMO, and LUMO, 
band gap, ∆G and ∆H reported in Table 1. 
We calculated chemical shifts for each 
atom and these parameters are reported in 
Table 2.  
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Table 1. Hybrids, geometry and molecular properties of dopamine by the B3LYP method 
with 6-31G*(d) basis set 

Symbol charge of 
nitrogen(a.u) 

∆G
(kcal/mol) 

∆H
(kcal/mol) 

Energy of band 
gap (kcal/mol) 

E(kcal/mol) Dipole 
Moment(D) 

(OH)2-DOP* -0.71468 91.41632 122.3273 -130.942 324198.5 1.3422 

* (OH)
2
-DOP: dopamine 

 
Fig. 1. The Structure of dopamine. 

 

Fig. 2. Graphs of the isotropic shielding values (σiso) versus atomic number; (a) anisotropic 
shielding value(∆σ) versus atomic number; (b) η versus atomic number; (c)  skew (the 
amount and orientation of the asymmetry of the tensor)( κ) versus atomic number; (d) total 
atomic charge (a.u) versus atomic number; (e) for selected atoms of dopamine at the level of 
B3LYP/6-31G* theories in GIAO method. 
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Table 2. Computed chemical shifts for selected atoms 
atom 

number 
σiso(ppm) ∆σ(ppm) η(ppm) κ(ppm) Charge(a.u) 

C1 52.8371 115.1234 0.552007 0.378372093 0.327738 
C2 54.07326667 114.7742 0.52375621 0.405457 0.315797 
C8 74.16563333 144.2458 0.128023138 0.836289 -0.128391 
N 122.7373667 179.9705 -0.554212496 1.906395171 -0.714647 

H19 31.71467 14.4569 0.43501 0.493439335 0.296342 
H20 32.2225 11.3277 0.743319474 0.20571089 0.290714 

REFERENCES 

[1]. T.M. Tzschentke, Pharmacology and 
behavioral pharmacology of the 
mesocortical dopamine system, 
ProgNeurobiol, 63 (2001) 241. 

[2]. A.T. Gulledge, D.B. Jaffe, Dopamine 
decreases the excitability of layer V 
pyramidal cells in the rat prefrontal 
cortex, J Neurosci, 18 (1998) 9139. 

[3]. S.M. Nicola, J. Surmeier, R.C. 
Malenkam, Dopaminergic modulation 
of neuronal excitability in the striatum 
and nucleus accumbens, Annu Rev 
Neurosci, 23 (2000) 185. 

[4]. P.S. Goldman-Rakic, E.C. Muly, 3rd, 
G.V.Williams, D(1) receptors in 
prefrontal cells and circuits, Brain Res 
Rev, 31 (2000) 295-301. 

[5]. A.M. Thierry, T.M. Jay, S. Pirot, J. 
Mantz, R. Godbout, J. Glowinski. 
1994, 35-50. New York: Springer-
Verlag. 

[6]. A.G. Goodman, J.G. Hardman, L.T. 
Limbird (Eds.), Goodman and 
Gilman's the Pharmacological Basis of 
Therapeutics 9, McGraw-Hill, New 
York, 1995 ISBN: 0-07-026266-7. 

[7]. O. Hornykiewicz, Pharmacol. Rev. 18 
(1996) 825. 

[8]. A. Imperato, A. Mele, M.G. Scrocco, 
Eur. J. Pharmacol. 212 (1992) 299. 

[9]. J.A. Gingrich, M.G. Caron, Annu. Rev. 
Neurosci. 16 (1993) 299. 

[10]. C. van Valkenburg, Jacques van der 
Krogt, P. Moleman, H. van Berkum, U. 
Tjaden, J. de Jong, Journal of 
Neuroscience Methods 11 (1984) 29. 

[11]. A.M. Thierry, T.M. Jay, S. Pirot, J. 
Mantz, R. Godbout, J. Glowinski, 
1994, In: Motor and Cognitive 
Functions of the Prefrontal Cortex 
(Thierry A.M., Glowinski J., Goldman- 
Rakic P.S., Christen Y., eds), pp 35-50. 
NewYork: Springer-Verlag. 

[12]. M. J. Frisch, J. A. Pople, J. S. 
Binkley., J. Chem. Phys., 80 (1984) 
3265. 

[13]. Gaussian 03, Revision A.02, M. J. 
Frisch, G. W. Trucks, H. B. Schlegel, 
G. E. Scuseria,  M. A. Robb, J. R. 
Cheeseman, G. Scalmani, V. Barone, 
B. Mennucci, G. A. Petersson, H. 
Nakatsuji, M. Caricato, X. Li, H. P. 
Hratchian, A. F. Izmaylov, J. Bloino, 
G. Zheng, J. L. Sonnenberg, M. Hada, 
M. Ehara, K. Toyota, R. Fukuda, J. 
Hasegawa, M. Ishida, T. Nakajima, Y. 
Honda, O. Kitao, H. Nakai, T. Vreven, 
J. A. Montgomery, Jr., J. E. Peralta, F. 
Ogliaro, M. Bearpark, J. J. Heyd, E. 
Brothers, K. N. Kudin, V. N. 
Staroverov, R. Kobayashi, J. Normand, 
K. Raghavachari, A. Rendell, J. C. 
Burant, S. S. Iyengar, J. Tomasi, M. 
Cossi, N. Rega, J. M. Millam, M. 
Klene, J. E. Knox, J. B. Cross, V. 
Bakken, C. Adamo, J. Jaramillo, R. 
Gomperts, R. E. Stratmann, O. Yazyev, 
A. J. Austin, R. Cammi, C. Pomelli, J. 
W. Ochterski, R. L. Martin, K. 
Morokuma, V. G. Zakrzewski, G. A. 
Voth, P. Salvador, J. J. Dannenberg, S. 
Dapprich, A. D. Daniels, O. Farkas, J. 



M. Mehdizadeh Barforushi and K. Zare /J. Phys. Theor. Chem. IAU Iran, 11 (2) 57-61: Summer 2014 
 

61 
 

B. Foresman, J. V. Ortiz, J. ioslowski, 
and D. J. Fox, Gaussian, Inc., 
Wallingford CT, 2003. 

[14]. S. Gunasekaran, R. A. Balaji, S. 
Kumaresan, et al., Can. J. Anal. Sci. 
Spectrosc. 53 (2008) 149. 

[15]. Chemical and Physical Properties. 
"Methamphetamine". Pub Chem 

Compound. National Center for 
Biotechnology Information.Retrieved 
31 December 2013. 

[16]. S. Gunasekaran, R. A. Balaji, S. 
Kumaresan, et al., Can. J. Anal. Sci. 
Spectrosc. 53 (2008) 149. 

 


