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 The FTIR and Raman spectra of dopamine were also recorded in the spectral region 20 - 4000 
cm-1 and 400 - 4000 cm-1 respectively. The optimized molecular geometry and fundamental 
vibration frequencies are interpreted using structural optimizations based on the DFT method. 
The B3LYP / 6-311G (d, p) was used to determine the calculations of the chemical descriptor. 
The dopamine (DA) molecule can acquire a maximum charge of 0.513 eV from its environment. 
To understand the molecular interactions of Dopamine, the MEP is a crucial tool. Nonlinear 
optical descriptors (NLO) and the lengths, bond angles are also determined by DFT and MP2 
methods. The DFT method was used to determine the chemical shifts of 1H and 13C of the 
product. These constants have been calculated by employing the GIAO (Gauge-Including-
Atomic-Orbit), CSGT (Continuous Set of Gauge Transformations) and IGAIM (Individual 
Gauges for Atoms In Molecules) methods at the B3LYP/6-311G (d, p). The comparison of the 
theoretical chemical shifts with the experimental ones shows that the CSGT method is the best. 
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1. Introduction  

     
            DA (Fig. 1) is a neurotransmitter, a biochemical molecule that enables communication within the nervous system, 
and one that directly influences behavior. DA reinforces usually beneficial actions such as eating healthy food by inducing 
the sensation of pleasure, which thus activates the reward/reinforcement system.1 It is therefore essential for the survival of 
the individual. More generally, it plays a role in motivation and risk-taking in mammals, and therefore in humans as well.2 
This molecule belongs to the group of catecholamines and is derived from two amino acids tyrosine or phenylalanine. In 
the central nervous system, it activates postsynaptic and presynaptic dopamine receptors. It is mainly produced in the 
substantia nigra and in the ventral tegmental area, located in the midbrain.3 Although dopamine, along with norepinephrine 
and serotonin, is very minor in the brain, since together they concern less than 1% of neurons, they play an essential final 
modulating role of motor and psychic outputs. It is also a neurohormone produced by the hypothalamus. Its main hormonal 
function is to inhibit the release of prolactin from the anterior lobe of the pituitary gland.4 Dopamine was designated with a 
motivational function based on the Ungerstedt 18 report that food and drink deficits similar to those induced by pains of the 
lateral hypothalamus can be caused by damage selective to the dopamine fibers that pass through this region, while selective 
deterioration to the mesolimbic dopamine fibers diminishes the forward locomotion that is similar to majority rewards. The 
development of dopamine antagonists has found that the compromise in dopaminergic function affects the instrumental 
response to food more adequately than it alleviates free eating.5  The density functional theory (DFT) plays an interesting 
role in studies on freezing and melting transitions.6,7 The liquid-crystal interface,8 nucleation,9 glass transition,10 and quasi-
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crystals 11 are also treated within the framework of the DFT. NMR spectroscopy has become an extraordinary tool for 
studying molecular structure. The DFT computing of shielding NMR has very precise levels of approximation and is 
available in the literature.12 There are many more methods to calculate chemical shifts such as: Continuous Set of Gauge 
Transformations (CSGT), a slight variation on the CSGT method (IGAIM) and gauge independent gold invariant gold 
including atomic orbital (GIAO). The GIAO/DFT approach is known to give acceptable chemical shifts for different nuclei 
with larger molecules.13,14  
 

 
Fig. 1. Optimized molecular structure of dopamine 

     This work investigated the structural and spectroscopic properties of DA. We used the DFT method with different 
functionalities to calculate the lengths and angles of the links. Determining molecular orbitals, the MEP surface can lead to 
an understanding of the properties and activity of DA. We calculate the chemical shifts by different methods to find the 
most reliable.  
 
2. Results and discussion  
 
2.1 Infrared vibration spectra of the dopamine molecule 
 

  FT-IR is a method founded on the vibrations of the atoms of a molecule.15 The infrared (IR) spectrum of the dopamine 
neurotransmitter has been registered in the range of fingerprints (0–4000 cm-1). Spectroscopic studies are supplemented by 
quantum chemical calculations at the levels of the B3LYP theory by the basic set 6-311G (d, p).16  

 
       FT-IR spectrum (Table 1) shows characteristic vibrational peaks at wavenumber 3657 cm-1 and 2047 cm-1 that were 
assigned to N-H and C-H stretching, respectively. Further, IR peaks that appeared at 1558 cm-1 were attributed to C=C 
(phenolic) multiple peaks. The C-C stretching peaks were observed at 1287 cm-1. The C-OH (phenolic) stretching was 
assigned to IR peaks that appeared at 1117 cm-1. The vibrational peaks that appeared at 485 cm-1 were attributed to =C-H 
bending. The FT-IR data observed for dopamine by the DFT method are similar to their experimental counterparts. 
 

for dopamine (ν,  1-Calculated and experimental vibrational low frequencies in the region up to 4000 cm Table. 1.
17 plane bending).-stretching; δ, in 

plane bending-) / δ, in1-ν, stretching (cm Calculated ‘’FT-IR’’ Experimental ‘’FT-IR’’  
H-N ν 3657 3348 
H-Cν 2047 2954 

C=Cν 1598 1640 
C-Cν 1287 1287 
O-Cν 1117 1145 

OH-Cν 485 475 

 
2.2 Theoretical chemical displacements 1H and 13C NMR of the dopamine molecule 
 
     NMR spectroscopy is a method that exploits the magnetic properties of certain atomic nuclei. It is based on the 
phenomenon of nuclear magnetic resonance (NMR), also utilized in medical imaging under the name of MRI, NMR is a 
property of certain atomic nuclei with nuclear spin (for example 1H, 13C, …), placed in a magnetic field. The molecular 
structure of dopamine is optimized by B3LYP/6-311G (d, p) method with the Gaussian 09 program. Then, the 13C and 1H 
NMR chemical shifts of DA are calculated and compared to the experimental data are shown in Table 2. It has been 
confirmed from Table 2 that the calculated values are similar to experimental values. 
 
According to the data of Table 2 we managed to draw a curve of the experimental displacements according to the theoretical 
displacements, we obtained a line of the following equation: Y = a X + b (Fig. 3). It seems that the chemical shifts calculated 
for the carbon and hydrogen atoms are similar to experimental results.  
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Table. 2. The theoretical 13C NMR and 1H NMR chemical shifts of the molecule calculated using GIAO/CSGT/IGIAM / 
B3LYP, (Experimental values for the dopamine structure).18 

H1C , 13Nuclei  l expδ ca GIAOδ CSGTδ IGIAMδ 
C1 145.19 144.5 144.0 144.6 
C2 117.53 115.9 115.1 115.5 
C3 122.18 122.8 121.0 121.0 
C4 130.27 131.5 131.8 131.0 
C5 117.56 116.4 115.9 115.6 
C6 148.98 145.6 144.9 143.9 

C14 32.93 39.3 38.6 37.6 
C17 41.62 41.9 41.2 41.5 
H7 6.90 6.73 6.72 6.52 
H8 6.84 6.68 6.75 6.65 

H13 3.22 5.15 5.01 5.04 
H16 2.86 2.83 2.54 2.14 

 

 
Fig. 2. Graphic correlation of the chemical shift between the values calculated at basic level 6-311G (d, p) and experimental 
 

 
Regression analysis was used to determine a, b and R2 parameters of the linear correlation shown in Fig. 3 between the 
experimental and the theoretical chemical shifts of 1H and 13C calculated according to GIAO, CSGT and IGIAM methods 
for the dopamine. The obtained slope, intercept and the correlation coefficients, R2, are summarized in Table 3. It is shown 
that the correlation coefficients R2 for the CSGT are closer to one than that of the GIAO and IGIAM method. From these 
results, it appears that the CSGT method better describes the NMR 13C (R2 = 0.9982) and 1H (R2 = 0.984) chemical shifts 
calculation for the dopamine compound investigated in this work. 
 
Table 3. The parameters of the equation a, b and R2 of the GIAO, IGAIM, CSGT methods at the level of the basis set 6-
311G (d, p) 

Method Nuclei Equation /Correlation GIAO CSGT IGAIM 
DFT/6-311G (d,p) C13 a 0.9559 0.9652   0.9568  

b 9.0279 6.9952 18.744 
2R 0.9979 0.9982 0.9975 

H1 a 0.8563  0.9762 0.9359 
b 3.8633 0.0625 2.2093 

2R 0.9541  0.984 0.9108 

 
2.3 Quantum chemical calculation 
 

     Quantum chemical calculations have been executed using the DFT with a basic set 6-311G (d, p) implemented in the 
Gaussian 09 software package. The distribution of charges of NBO in B3LYP / 6-311G (d, p) of the DA molecule shows 
that the most negative charges are found on the oxygen atom and nitrogen. This observation is due to the electronegativity 
of the oxygen atom (O10, O12) and nitrogen (N20). Border molecular orbitals (FMO) (HOMO and LUMO) are interesting 
for describing chemical reactivity. The HOMO which does not have electrons represents the capacity of (EHOMO) to give an 
electron, while the LUMO does not have electrons, which represents the capacity of (ELUMO) to accept an electron .19 
Distribution charges, HOMO and LUMO calculated for dopamine are presented in (Fig. 4). 
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     The electrostatic potential is a physical observable which can be obtained by calculation. It has been used to predict 
regioselectivity.20 In the electrostatic potential, the regions of potential rich in electrons represent the sites of protonation 
and nucleophilic attack, the regions of potential poor in electrons represent the electrophilic sites. Fig. 5 indicates the 
molecular electrostatic potential (MEP) and the electrostatic potential of the potential Maps. It seems that the electrostatic 
potentials on the surface of the molecule are represented by different colors. The red regions represent the negative 
electrostatic potential, the blue parts indicate the positive electrostatic potential and the green color indicates the zero 
potential. On the other hand, the red-colored regions indicate the electrophilic reactivity and the nucleophilic reactivity for 
the positive parts . 
 

 
A 

  
B C 

 
 

Fig. 3. (A) NBO charges distribution, (B) HOMO and (C) LUMO of dopamine 
 
 

  
 

Fig. 4. Contour electrostatic potential and electrostatic potential maps around the DA 
 

Based on the functional density theory, several properties of dopamine are represented in Table 4. 21  
 

Ionization potential:        I = -EHOMO Electronic affinity:                  A = -ELUMO 

Absolute electronegativity :     χ  Overall hardness:                     η I − A 
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Overall softness:       σ = =  Electronic chemical potential:     µ = − ( )                         
Maximum charge transfer:     ΔNmax = − µ                          Overall electrophilicity:          ω = µ𝟐ɳ                                     

 
Overall nucleophilia N:     N = EHOMO – EHOMO(TCE) with EHOMO(TCE) = -9.3686 eV calculated by DFT/B3LYP 6-311G (d, p). 
 
Table. 4. Quantum theoretical parameters of dopamine calculated by B3LYP/6-311G (d, p) 

Parameters (eV) LUMOE (eV) HOMOE ∆E (eV) I (eV) A (eV) µ (eV) 
dopamine -0.143 -11.060 10.917 11.060 0.143 -5.601 

Parameters χ (eV) η (eV) )1-σ (eV ω (eV) N (eV) (eV)maxΔN 
dopamine 5.601 10.917 0.091 1.436 -1.691 0.513 

 
     In this paper, an alternative approach to the evaluation of local electric dipole moments (μ), the polarizability (α), first 
hyperpolarizability (β) and second hyperpolarization are calculated using a basic set of DFT and MP2 (Table 5). Complete 
equations to calculate the amplitude of the total static dipole moment, the average polarizability, and the first and second 
hyperpolarizability (γ), using the x, y, z components of 09W The Gaussian exit is as follows.22 
 μ = (μ + μ + μ )  α = (α + α + α )3  β = (β + β + β )  β = β + β + β  β = β + β + β  β = β + β + β  < 𝛾 > = 15 (𝛾 + 𝛾 + 𝛾 + 2 𝛾 +  𝛾 + 𝛾 ) 

      The μ of the DA is calculated using DFT / MP2 and method B3LYP with a basic set 6-311G (d, p). μ reflects the 
distribution of molecular charges and is given as a three-dimensional vector. Consequently, it can be utilized as a descriptor 
to represent the charge movement through the molecule as a function of the negative and positive charge centers. Dipole 
moments are necessarily determined for neutral molecules. For charged molecules, its values depend on the orientation and 
the choice of the origin of the molecule. The value of the μ and the first polarizability calculated by the DFT method is 
greater than that calculated by the MP2 method. The polarizability calculated by the two methods is almost the same. The 
second hyperpolarizability obtained by the DFT method is lower than that found by the MP2 method. The difference 
sometimes in the values calculated by the two methods is explained by the MP2 method is an Ab initio method based on 
the calculation of the wave function which depends on 4N variables (three spatial coordinates and the fourth of spin) and 
energies of molecular orbitals. While the density functional theory (DFT) goes beyond reducing the number of variables by 
replacing the wave function with a function which is the electronic density ρ (x, y, z) which does not depend on 3 variables 
only. 
 
Table 5. Electric dipole moments (Debye) by two methods DFT and MP2 of dopamine calculated using B3LYP / 6-311G 
(d, p) 

  Parameters DFT MP2 
Dipole moment (Debye) xµ 0.5428 0.5013 

yµ -1.7468 -1.7050 
zµ 1.0655 1.0233 

µ 2.1168 2.0507 
 

Polarizability (Debye) 
xxα -54.8451 -50.7512 
yyα -63.7261 -63.7051 
zzα -67.9888 -66.5811 

 α -57.260 -60.3458 
First hyperpolarizability (Debye) xxxβ 40.2463 38.2463 

xyyβ 9.7492 8.4062 
xzzβ -4.5695 -4.2134 
yyyβ -14.4696 -13.5621 
xxyβ 7.6557 8.5648 
yzzβ 3.4453 3.2215 
zzzβ 6.4694 5.9875 
xxzβ 27.6194 20.6548 
yyzβ 2.3612 3.0001 
β 58.144 51.7967 

Second hyperpolarizability (Debye) xxxxγ -2057.8593 -200.8453 
yyyyγ -509.5370 -501.1470 
zzzzγ -153.9081 -150.5621 
xxyyγ -405.7996 -410.5686 
yyzzγ -114.7490 -100.7490 
xxzzγ -389.3145 -356.5625 
γ -908.206 -517.6603 
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2.5 Bond length and angle properties of dopamine 
 
     Their lengths and connections to the angles were optimized at B3LYP / CAMB3LYP / HCTH / HSEH1PBE / WB97XD 
by the DFT method based on levels 6-311G (d, p), the purpose of which is to describe the molecular chemical and physical 
properties. The optimized geometric parameters are listed in Table 6, Table 7 and Table 8, respectively, as experimental 
results available for comparison. As we can see on these tables the results of the band lengths and band angles of the same 
molecule at the DFT level (B3LYP/ CAMB3LYP / HCTH / HSEH1PBE / WB97XD) are very similar and in good condition 
according to the experimental structure. The C4-C14 bond length is longer than the C5-C6 bond length and these were 
optimized to 1.514 Å and 1.389 Å respectively because the C6 bond is bound by OH. The length of the C3-C4-C14-C17 
bond is 95.2° in the side chains constitutes 4 carbons and is consistent with the experimental value. The study of the 
geometric product, therefore, showed excellent agreement between experimental23 and theoretical results. 
 
Table 6. Bond lengths (Å) of dopamine by the DFT based on 6-311G (d, p). 

Bond length (Å) B3LYP CAMB3LYP HCTH HSEH1PBE WB97XD  Exp 
4C-5C 1.405 1.405 1.399 1.404 1.401 1.399 
6C-5C 1.389 1.389 1.382 1.39   1.384 1.393 
1C-6C 1.401 1.400 1.393 1.402 1.396 1.403 
2C-1C 1.388 1.388 1.393 1.389 1.384 1.389 
3C-2C 1.400 1.400 1.395 1.398 1.396 1.396 
4C-3C 1.402 1.402 1.394 1.402 1.397 1.395 
10O-6C 1.388 1.388 1.380 1.385 1.379 1.357 
12O-1C 1.406 1.406 1.398 1.401 1.396 1.372 
14C-4C 1.514 1.514 1.508 1.509 1.505 1.510 
17C-14C 1.543 1.543 1.534 1.539 1.533 1.521 
20N-17C 1.469 1.467 1.458 1.459 1.456 1.490 

 
Table 7. Bond angle (°) of dopamine by the DFT based on 6-311G (d, p) 

Bond angle (°) B3LYP CAMB3LYP HCTH HSEH1PBE WB97XD Exp 
1C-6C-5C 119.87 119.87 119.91 119.71 119.85 119.91 
6C-5C-10O 119.93 119.93 120.20 119.58 120.20 118.63 

2C-1C-6C 120.39 120.39 120.47 120.13 120.44 119.78 
12O-1C-2C 114.29 125.30 125.37 125.10 125.41 116.73 
3C-2C-1C 119.50 119.50 119.42 119.77 119.49 119.93 
4C-3C-2C 120.90 120.90 120.87 120.97 120.85 120.89 
5C-4C-3C 118.60 120.90 118.69 118.33 118.68 118.87 
17C-14C-4C 112.98 112.98 112.74 113.52 112.62 110.75 
20N-17C-14C 110.52 110.52 110.55 111.01 110.53 110.84 

14C-4C-3C 120.85 120.85 120.85 120.93 120.86 120.73 
6C-5C-4C 120.71 120.71 120.61 121.06 120.67 120.6 

 
Table 8. Dihedral angle (°) of dopamine by the DFT based on 6-311G (d, p) 

Dihedral angle (°) B3LYP CAMB3LYP HCTH HSEH1PBE WB97XD Exp 
4C-5C-6C-10O 179.85 179.85 179.84 179.87 179.81 179.98 

12O-1C-6C-5C 179.86 179.86 179.85 179.85 179.85 177.53 
3C-2C-1C-6C -0.1157 -0.1157 -0.0836 -0.1433 -0.1983 -0.21 
14C-4C-3C-2C -178.14 -178.14 -178.10 -178.24 -177.93 -176.20 
17C-14C-4C-3C 95.21 95.21 95.60 94.19 96.45 100.47 
20N-17C-14C-4C -178.32 -178.32 -178.77 -177.44 -178.29 -171.77 
6C-5C-4C-14C 178.10 178.10 178.08 178.16 177.90 176.67 
3C-2C-1C-12O -179.88 -179.88 -179.85 -179.90 -179.87 -177.85 

 
3. Conclusion  
 

      In this work, we have studied the determination of theoretical molecular structures of dopamine by B3LYP / 6-311G (d, 
p) with DFT and MP2 methods.  We have given a good approach to calculating the dipole moments. According to the tables, 
the results of the lengths and angles of the connections of the same molecule at the DFT level (B3LYP/ CAMB3LYP / 
HCTH / HSEH1PBE / WB97XD) are very similar and in good condition according to the experimental structure. The study 
of the geometric product has therefore shown an excellent agreement between the experimental and theoretical results.  We 
used the DFT method to reproduce the nuclear magnetic properties of the 13C and 1H of dopamine. The theoretical 
calculation of chemical shifts of dopamine compounds shows that the theoretical values calculated by the CSGT method 
are similar to the experimental results. The density functional theory can be used as an effective approach to chemical shift 
calculations to NMR 13C and NMR 1H. The FT-IR data observed for dopamine by the DFT method are similar to their 
experimental counterparts. 

 
4. Theoretical section 
    
      In this work, our objective is to analyze all the density functions implemented in the Gaussian 09 program suite - a more 
widely used quantum chemistry program. Quantum molecular descriptors (QMD) and the following quantum chemical 
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indices have been taken into account: the energy of the highest occupied molecular orbital (EHOMO), the energy of the lowest 
occupied molecular orbital (ELUMO), the energy band gap ΔE = ELUMO - EHOMO, The electrostatic potential Contour and the 
potential maps electrostatic. 24,25,26 The IR and vibrational simulation spectra of dopamine have been done on the DFT using 
the Gaussian program 09. 
 
     The 1H and 13C chemical shifts were calculated by the B3LYP/6311G (d, p) at optimized geometries by 
GIAO/CSGT/IGAIM methods. 27,28  Water was used as a reference in calculating the 1H and 13C chemical shifts. Linear 
correlation analyses were performed by the program and the visualization of the output files is carried out by the software 
Gauss-View 09. The quality of each correlation was given by the value R (Pearson's correlation coefficient).29,30  
      
    The isotropic chemical shift calculation δiso can be found as:  
 

molécule
iso xx yy zz

1σ (σ σ σ )
3

= + +  

where, σxx, σyy and σzz are the main normal constraints coefficients. The isotropic chemical shifts were calculated from the 
following formula:   

molécule
iso

réf
isoiso σ−σ=δ

 
where σref is the tensor of corresponding electronic form a reference water substance. 
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