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Abstract In this work, we report the geometrical parameters and the 
13

C and 
1
H chemical shift of two 

thiosemicarbazones. The calculation are carried out by using DFT/6-31G(d,p) for the optimization of the 

geometrical parameters. The global reactivity indices are calculated for both molecule. For NMR calculation 

DFT method with 6-311G(d,p) and cc-PVTZ basis set and GIAO method are used. To take account the solvent 

the Polarizable Continuum Model (PCM) is used, but it not modify significantly the result obtained in gas 

phase. The results obtained are close with the experimental data. The 
13

C NMR is best estimated than the 
1
H 

NMR. 
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1. Introduction  

Schiff bases that contain an imino group (–RC=N–) are formed by the condensation of a primary amine with an 

active carbonyl group. A number of Schiff bases containing the imino functionality have been shown to have a 

wide range of biological activities, including antibacterial, antifungal, antidiabetic, antitumor, antiproliferative, 

anticancer, anticorrosive and anti-inflammatory activities [1,2]. It is believed that the biological activity is 

related to the hydrogen bonding through the imino group of Schiff bases with the active centers of the cell 

constituents [3]. Semicarbazones, thiosemicarbazones and their derivatives are the major subgroups of 

hydrazones (-C=N-N-) alongside thioaroylhydrazones and oxyaroylhydrazones. Thiosemicarbazones (TSCs) 

encompasses a class of compounds relevant in the pharmacological context. Their specific applicability varies in 

function of the appropriated chemical modification and their binding to different transition metals [4]. They 

have been studied for their antitumor, antiviral (including against HIV), antibacterial, antimalarial, antifungal, 

anti-inflammatory properties [5–10]. They were used in the analysis of metals for device applications relative to 

telecommunications, optical computing, optical storage and optical information processing [11]. The reasons for 

such pharmacological activities were due to the ability of thiosemicarbazones to chelate strongly with transition 

metal ions in biological systems binding through thio-ketosulphur and hydrazine nitrogen atoms. They represent 

validated drug leads that kill several species of protozoan parasites through the inhibition of cysteine proteases 

as well as other novel targets [12]. Their interest in medicinal chemistry has stimulated the development of new 

methods of preparing these molecules. 



Bienvenu G et al                                     Journal of Scientific and Engineering Research, 2021, 8(12):129-136 

 

Journal of Scientific and Engineering Research 

130 

 

After the synthesis of the molecules, it is important to characterize then. The spectroscopy methods are useful 

for this target. The computational chemistry can predict some parameters as geometrical parameters [13,14], 

chemical shift [15–20], and reactivity indices [21–23]. There is several work using Density Functional Theory 

(DFT) method [24,25] to predict NMR data. In this work we use DFT method with functional B3LYP in 

different basis set. The aim of this work is to determine the correlation between the 
13

C NMR and 
1
H NMR 

calculated and the experimental data.   

 

2. Computational details  

The geometry of the molecules were fully optimized using the DFT and B3LYP functional [26], with different 

basis set 6-311G(d,p) and  cc-PVTZ). The PCM model [27] (solvent DMSO-d6 and chloroform) was used to 

take into account the solvent effect on the equilibrium structures. Harmonic frequency calculations were carried 

out for geometries optimized to characterize the located stationary points on the potential energy surface as true 

minimum (all frequencies are real). Then, calculations of 
1
H  and 

13
C magnetic shielding constants (σ), with 

chemical shifts (δ), obtained on a δ-scale relative to the TMS, taken as reference, were carried out using the 

Gauge-Independent Atomic Orbital (GIAO) method implemented by Wolinski et al. [28]. All calculations have 

been done with the Gaussian-09 package [29]. 

The molecules are   

O

N

H
N NH2

S

 

O

N

H
N

H
N

S

 

7-methoxy-1-tetralone thiosemicarbazone (Mol 1) 7-methoxy-1-tetralone 4-phenyl-3-thiosemicarbazone (Mol 2) 

Figure 1: Structure of studies molecules 

The reactivity indices are obtained by the following formula: 

the chemical potential
( ) / 2HOMO LUMOE E  

,  

the hardness LUMO HOMOE E 
,  

the softness
1/  

 

the electrophilicity

2

2


 


 

 

3. Results and Discussion 

3.1 Geometries and Reactivity Indices   

Both molecules are optimized with 6-31G(d,p) basis set in DFT. There is no imaginary frequencies in the 

calculation of the vibration, the obtained geometries are the single point. The parameters are in table 1.  

Table 1: Geometry parameters of molecules on DFT/6-31G(d,p) level 

Mol1 Mol2 

Length (Ǻ) 

C
1
C

2 
1.39 

C
1
C

6
 1.40 

C
3
C

7
 1.49 

C
4
C

8
 1.51 

C
7
N

13
 1.29 

N
13

N
14

 1.42 

N
14

C
15

 1.37 

Length (Ǻ) 

C
1
C

2 
1.39 

C
1
C

6
 1.40 

C
3
C

7
 1.48 

C
4
C

8
 1.51 

C
7
N

13
 1.29 

N
13

N
14

 1.35 

N
14

C
15

 1.38 
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C
15

N
16

 1.36 

C
15

S
17

 1.68 

Angle (°) 

C
2
C

1
O

11
 115.92 

C
6
C

1
O

11
 124.69 

C
3
C

7
N

13
 116.90 

C
10

C
7
N

13
 124.77 

C
7
N

13
N

14
 115.56 

N
13

N
14

C
15

 123.01 

N
14

C
15

S
17

 121.06 

N
16

C
15

S
17

 123.13 

dihedral (°) 

C
7
N

13
N

14
C

15 
-86.18 

N
13

N
14

C
15

N
16

 16.66 

N
13

N
14

C
15

S
17

 -166.21 
 

C
15

N
16

 1.35 

C
15

S
17

 1.68 

Angle (°) 

C
2
C

1
O

11
 115.74 

C
6
C

1
O

11
 124.69 

C
3
C

7
N

13
 117.73 

C
10

C
7
N

13
 122.77 

C
7
N

13
N

14
 119.51 

N
13

N
14

C
15

 121.98 

N
14

C
15

S
17

 117.50 

N
16

C
15

S
17

 129.87 

dihedral (°) 

C
7
N

13
N

14
C

15 
-178.57 

N
13

N
14

C
15

N
16

 0.58 

N
13

N
14

C
15

S
17

 -179.63 
 

 

The difference between the two molecules is the substitution of on hydrogen in NH2 group by the aryl radical. 

So the geometries are difference in this part of the molecules. We notice that the length of N
13

N
14

 bond is about 

1.42 Ǻ in Mol1 and 1.35 Ǻ in Mol2, and some angles are lightly different. The presence of the phenyl group 

allowed the C
7
N

13
N

14
C

15
chain to be almost flat just like the N

13
N

14
C

15
S

17
 and N

13
N

14
C

15
N

16
 chains. 

The electronic surface potential (ESP) of the molecules are showed on figure 2 and 3.The electronic surface 

potential (ESP) of the molecules are showed on figure 2 and 3. 

 

 
Figure 2 : ESP of Mol1 

 

Figure 3 : ESP of Mol2 

 

The red color represents the maximum negative charge density and the blue that of the positive charge. The 

sulfur atom concentrates the electron density in the two molecules. But in molecule 2 the phenyl group shows 

also a negative charge density. 
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HOMO LUMO 

Figure 4 : Orbitales of Mol1 

The HOMO orbital which is of type π is almost located on the sulfur atom which will play the donor role in 

molecule 1. While LUMO is also of type π and involves several atoms of the molecule which can be acceptors 

of electrons. 

 

 

 

HOMO LUMO 

Figure 5 : Orbitales of mol2 

In molecule 2, the HOMO is of type π and is distributed over the whole molecule, which could be due to the 

long conjugation with a strong presence on sulfur. LUMO is also distributed over the entire molecule and is of 

type π. 

The global reactivity indices are given in table 2.  

Table 2: Reactivity indices of molecules (DFT/6-31G(d.p) level) 

 EHOMO ELUMO Μ η ω ς 

Mol1 -0.1978 -0.0605 -0.1292 0.1373 0.0607 7.2833 

Mol2 -0.2060 -0.0576 -0.1318 0.1484 0.0585 6.7385 

The presence of the phenyl group did not induce a significant change in the calculated reactivity indices. 

However, we notice a downward shift of the frontier orbitals on the increasing energy axis. The chemical 

potential of molecule 2 is greater than that of molecule 1, which means that molecule 2 has a greater tendency to 

gain or lose electrons than molecule 1. The values of electrophilicity and chemical potential show that molecule 

2 has a greater tendency to lose electrons. 

 

3.2 
1
H-NMR calculation 

The tables 3 and 4 show the results of the calculation of 
1
H-NMR. 

Table 3: Calculated 
1
H-NMR of Mol1 

 

Exp 6-311G(d,p) 6-311 in DMSO cc-PVTZ cc-PVTZ in DMSO 

H
18

 8.05 8.24 8.02 8.31 8.11 

H
19

 7.75 7.25 7.48 7.32 7.55 

H
20

 8.3 6.74 7.05 6.93 7.23 
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H
21

 1.7 2.70 2.82 2.81 2.93 

H
22

 1.7 2.85 2.93 2.89 2.96 

H
23

 2.5 1.70 1.73 1.72 1.77 

H
24

 2.5 1.90 1.98 1.96 2.05 

H
25

 2.65 2.18 2.27 2.27 2.37 

H
26

 2.65 3.46 3.28 3.61 3.45 

H
27

 3.8 3.56 3.72 3.64 3.79 

H
28

 3.8 3.57 3.72 3.65 3.79 

H
29

 3.8 4.05 4.1 4.02 4.07 

H
30

 10.09 7.10 7.24 7.46 7.59 

H
31

 6.9 4.28 4.85 4.66 5.21 

H
32

 7.1 4.66 5.06 4.95 5.32 

 

Note that the chemical shifts of hydrogen atoms are well estimated. But the H
20

 and H
30

 atoms show significant 

differences between the calculated values and the experimental values. Indeed, the H
30

 atom carried by a 

nitrogen atom is close to another nitrogen atom whose free doublet is available, this hydrogen atom can 

establish a hydrogen bond which could explain the observed difference. . 

For each level of calculation, the correlations between the experimental and theoretical values are as follows: 

 Equation R2 

6-311G(d,p) 
exp 1.211 0.302theo   

 
0.81 

6-311G(d,p) in DMSO 
exp 1.233 0.561theo   

 
0.85 

cc-PVTZ  
exp 1.208 0.445theo   

 
0.84 

cc-PVTZ in DMSO 
exp 1.222 0.671theo   

 
0.88 

The greatest correlation is obtained for the calculation carried out in the cc-PVTZ basis set and in the presence 

of the solvent.  

Table 4: Calculated 
1
H-NMR of Mol2 

 Exp 6-311G(d.p) 6-311G(d.p) in CDCl3 cc-PVTZ cc-PVTZ in CDCl3 

H
27

 2.00 2.68 2.79 2.78 2.86 

H
28

 2.00 2.75 2.78 2.74 2.77 

H
29

 2.65 1.73 1.72 1.75 1.75 

H
30

 2.65 2.05 2.15 2.11 2.18 

H
31

 2.79 2.26 2.44 2.29 2.42 

H
32

 2.79 2.6 2.75 2.72 2.82 

H
33

 3.87 3.64 3.78 3.71 3.8 

H
34

 3.87 3.62 3.75 3.69 3.78 

H
35

 3.87 4.08 4.15 4.05 4.1 

H
36

 9.46 8.02 8.29 8.53 8.7 

H
37

 8.80 9.36 9.65 9.93 10.14 

The calculated values correlate with the experimental values in the different calculation levels and with whether 

or not the solvent is taken into account. 

The five hydrogen atoms of the phenyl group have their chemical shifts between 6.92 and 7.78 ppm according 

to the experimental data, we note that these values are well estimated by the different levels of calculation. 

Theoretical values are between 6.98-10.12 ppm. The highest chemical shift is that of H
39

, which is closer to the 

sulfur atom. The smallest chemical shift is that of the H
40

 atom. 
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3.3 
13

C-NMR calculation 

The tables 5 and 6 show the results of the calculation of 
1
H-NMR. 

Table 5: Calculated 
13

C-NMR of Mol1 

 

Exp 6-311G(d,p) 6-311G(d,p) in DMSO cc-PVTZ cc-PVTZ in DMSO 

C
1
 157.73 165.99 166.29 166.31 166.59 

C
2
 108.3 120.91 119.6 120.5 119.22 

C
3
 132.55 138.49 138.32 139.01 138.82 

C
4
 132.71 140.46 143.18 141.08 143.84 

C
5
 129.45 135.01 136.92 134.96 136.8 

C
6
 116.3 117.05 119.82 117.09 119.74 

C
7
 147.98 184.78 187.65 184.78 187.78 

C
8
 28.11 33.93 34.13 34.03 34.23 

C
9
 25.72 27.28 27.84 27.43 27.99 

C
10

 21.57 31.69 32.73 31.71 32.7 

C
12

 55.27 56.09 57.28 56.19 57.3 

C
15

 178.64 190.98 191.48 192.43 193.21 

 

The calculated chemical shifts of carbon are in agreement with the experimental data in all the calculation levels 

used. The coefficients of determination are all equal to 0.98. The relationship between the calculated values and 

the experimental values is given below. 

 Equation R
2
 

6-311G(d,p) 
exp 0.917 0.299theo   

 
0.98 

6-311G(d,p) in DMSO 
exp 0.912 0.120theo   

 
0.98 

cc-PVTZ 
exp 0.914 0.391theo   

 
0.98 

cc-PVTZ in DMSO 
exp 0.908 0.068theo   

 
0.98 

Table 6: Calculated 
13

C-NMR of Mol2 

 Exp 6-311G(d.p) 6-311G(d.p) in CDCl3 cc-PVTZ cc-PVTZ in CDCl3 

C
1
 157.94 166.52 166.87 166.75 167.19 

C
2
 108.60 118.47 118.14 117.82 117.85 

C
3
 131.94 140.35 140.16 141.11 141.18 

C
4
 132.84 138.35 141.48 138.88 141.33 

C
5
 129.52 134.51 136.1 134.47 135.68 

C
6
 116.04 113.74 116.47 113.8 115.81 

C
7
 146.77 145.58 152.08 145.69 150.7 

C
8
 28.23 33.76 34.07 33.72 34.12 

C
9
 25.17 26.42 26.9 26.7 27.18 

C
10

 21.37 28.18 29.13 28.44 29.28 

C
12

 55.19 56.14 57.32 56.22 57.17 

C
15

 175.84 180.09 179.79 181.27 181.49 

C
18

 137.62 146.45 146.98 146.8 147.42 

C
19

 125.87 123.28 125.56 123.11 124.79 

C
20

 125.87 123.0 122.07 122.79 122.43 

C
21

 128.56 133.52 135.75 133.47 135.08 

C
22

 128.56 134.68 135.14 134.75 135.22 

C
23

 123.91 129.1 130.69 128.75 129.88 

 

Taking the solvent into account in the calculations does not significantly modify the results obtained. The 

estimation of chemical shifts of carbon could be done without taking into account the solvent. 
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 Equation R
2
 

6-311G/gaz 
exp 0.988 2.577theo   

 
0.99 

6-311/solvent 
exp 0.983 3.292theo   

 
0.99 

CC-pVTz/gaz 
exp 0.985 2.459theo   

 
0.99 

CC-pVTz/solvent 
exp 0.982 3.092theo   

 
0.99 

The calculated values have good relationship with the experimental data, the correlation coefficient is R
2
=0.99, 

for all the calculation level.  

 

4. Conclusion  

In the present study, we reported DFT with GIAO calculations of 
13

C and 
1
H NMR chemical shifts with respect 

to TMS, using 6-311G(d,p) and cc-PVTZ basis sets and employing the PCM model to describe solvent effects. 

The calculation of the chemical shift presents the good correlation with the experimental data. It confirms the 

structure and the attribution of the chemical shift for each atom. Even if, the calculation in solvent not modify 

significantly the result in the gas phase, the high correlation was obtained in B3LYP/cc-PVTZ level that take the 

solvent for calculation of 
1
H NMR. For the reactivity, the sulfur atom would be the most nucleophilic center of 

the two molecules. 
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