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ABSTRACT 
 
Two Bis-Schiff Bases 1 and 2 are ligands that can coordinate with manganese metal to form 
stable complexes and have biological activity. Thermodynamic parameters, HOMO-LUMO 
energy levels and FTIR spectra of two ligands have been computed using B3LYP/6-
311++G(d,p) functional of the DFT calculations. Both ligands are favored thermodynamically, 
and the ligand 1 has been shown to be more stable than ligand 2. The Polarizability values 
of two ligands have been investigated. The results refer that ligand 2 interacts earlier than 
ligand 1 to the metal ion. The FTIR spectra of two ligands have been evaluated. All results 
show the good agreement between the theoretical and experimental data. 
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1. INTRODUCTION 
 
Schiff bases are organic compounds contain the substituted imine. The condensation of 
aldehydes or ketones with a diamine produce the bis-Schiff base compounds. All bis-Schiff 
bases can be coordinated as ligands with the central transition metal such as manganese 
ion to form complexes. The Schiff bases and bis-Schiff ligands and their complexes have 
been studied widely due to interesting and important applications. They are used as irregular 
binding model in peptides [1], and have antibacterial activity [2], are able to bind toxic and 
heavy metal atoms [3], and exhibit photo-chromisms [4]. These properties of the bis-Schiff 
ligands and their complexes can be related to the molecular structure of these compounds. 
 
On the other hand, a density functional theory DFT is a very important computational method 
to investigate and calculate structures and energies in many medical systems [5]. The 
molecular structures of some organic compounds were studied using DFT methods such as 
nitroaniline [6], vanillins [7-9], diazo dyes [10-14], and Schiff bases [15-18]. Some bis-Schiff 
bases and their complexes [19-20] were also reported and investigated using DFT methods. 
 
Recently, we have been synthesized, characterized and studied the antibacterial activity of 
new tetradentate ligands 1-2 and their complexes with manganese

II
 3 and 4, Fig. 1 [2]. 

Moreover, we have been reported the synthesis, characterize of some diazo dyes [21], 
investigated an intramolecular hydrogen bonds and the dipole interaction of them [22], 
studied their electronic structure using density functional theory DFT [23], and molecular 
docking with human serum albumin HSA of those compounds [24]. In this work, the 



 

 

electronic and the spectroscopic parameters of compounds 1 and 2 are computed using 
DFT method at B3LYP/6-311++G(d,p) level. 
 

  

  

 
Fig. 1. The chemical structures of bis-Schiff bases 1 and 2, and their manganese

II
 

complexes 3 and 4. 
 

2. EXPERIMENTAL PARTS 
 
2.1 General 
 
All FTIR spectra were recorded on a JASCO FTIR 4600 spectrometer, Single beam, Path 
Laser, using KBr disk technique in the frequency range of 4000–400 cm

-1
. The instrumental 

equipment is performed at PCB Research Laboratory, Faculty of Science, Hadhramout 
University, Mukalla, Hadhramout, Yemen. 
 

2.2 Synthesis of bis-Schiff bases 1-2 
 
Bis-Schiff bases 1-2 were synthesized as described previously [2,25-27]. 
 

2.3 Synthesis of Complexes 3-4 

 
The complexes 3-4 were synthesized by the methods described earlier [2,28]. 
 

2.4 Computational Methods 

 
The starting structures of the studied compounds were built using GaussView while the DFT 
calculations were conducted using Gaussian09 software [29]. The combination of the 
functional, B3LYP with the basis set 6-311++G(d,p) has shown good correlation between the 
cost of the calculations and the accuracy of the results. The geometry of the studied 
compounds was optimized to the ground state and that was confirmed by the calculations of 
the vibrational frequencies and in specific by the missing of imaginary frequencies. For the 
optimized structures, the frontiers molecular orbitals, HOMO and LUMO were elucidated 
using the optimized wave function and visualized using GaussView software [29]. 
 



 

 

3. RESULTS AND DISCUSSION 
 
The newly bis-Schiff bases ligands 1 and 2 were synthesized and identified using elemental 
analysis, mass, UV-Vis, and IR spectroscopic techniques, previously [2]. The synthesized 
ligands are soluble in ethanol, and stable at room temperature in the solid state. They have 
melting points 397.15 

ο
K and 472.15 

ο
K, respectively. The electronic structure of two ligands 

were studied and performed on the basis set B3LYP/6-311++G(d,p) level of the DFT 
calculations, Fig. 2. 
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Fig. 2. The chemical structures of bis-Schiff bases 1 and 2. 

 
The thermodynamic parameters that are electronic energy E, enthalpy change ∆H, entropy 
change ∆S, and Gibbs free energy change ∆G of the two ligands were obtained and 
summarized in Table 1. All values of thermodynamic data reflect the thermal stability of 
ligands 1 and 2, and revealed that they are preferred thermodynamically. The entropy 
change value of ligand 2 is more positive, whereas its heat formation and Gibbs free energy 
change values are more negative than the ligand 1. 
 
The highest occupied molecular orbital HOMO and the lowest unoccupied molecular orbital 
LUMO of ligands are studied at the same level of theory and their molecular orbitals are 
shown in Fig. 3. The Energy gap, dipole moment, and polarizability are also listed in Table 1. 
The obtained energy gap values between HOMO and LUMO suggest that ligand 1 is more 
stable than ligand 2. In contrast, the ligand 2 has high polarizability value that reflects its 
ability to interact earlier with the ion metal in the complex formation reaction as compared to 
the ligand 1. Experimentally, both ligands can coordinated with the Mn

II
 to produce stable 

manganese complexes 3 and 4 [2]. 
 
Table 1. Energy, thermodynamic parameters, dipole moment and polarizability as 
determined for ligands 1 and 2 at B3LYP/6-311++G(d,p) level 
 

Physical Properties Compounds 

1 2 

Electronic Energy a.u. - 2,198.302992 - 2,350.736305 

Entropy ∆S cal/mol 
ο
K 267.87 275.59 

Enthalpy ∆H a.u. - 2,197.72 - 2,350.13 

Free Energy ∆G a.u. - 2,197.85 - 2,350.26 

Energy gap KJ/mol 307.18 257.30 

 
 



 

 

  
HOMO – 0.221 a.u. of 1                                            LUMO – 0.104 a.u. of 1 

 

  
HOMO – 0.203 a.u. of 2                                         LUMO – 0.105 a.u. of 2 

 

 
Fig. 3. The molecular orbitals (HOMO and LUMO) of compounds 1 and 2. 

 
The FTIR spectra of the studied ligands have been computed at the B3LYP/6-311++G(d,p) 
level of theory and shown in Fig. 4. Both spectra show the intense O-H stretching 
absorptions centered around 3500 cm

-1
. The absorptions characteristic double bonds at 

about 1600 cm
-1

, the C-H stretch near 3150 and 3100 cm
-1

. The spectra of the two ligands 
also reveal the presence of the imine groups at around 1650-1600 cm

-1
. In addition to the 

stretching vibrations of the azo –N=N– and nitro functional groups at frequencies just near 
1350 and 1450 cm

-1
, respectively. Both spectra were in good agreement with the 

experimental FTIR spectra [2]. 
 

  

 
Fig. 4. The calculated IR frequencies of compounds 1 and 2. 

 

4. CONCLUSION 
 
Density functional theory DFT at B3LYP/6-311++G(d,p) level was used to calculate the 
thermodynamic parameters, HOMO-LUMO energy levels and FTIR spectra of two ligands 1 
and 2. The results suggest that two ligands prefer thermodynamically due to the positive 
value of entropy and negative values of both Gibbs free energy and heat of formation. The 
ligand 1 was found to have higher energy gap that reflects the stability of this ligand as 
compared to the ligand 2. Polarizability values of two ligands indicate the ability of them to 
interact with the ion metal in the complex formation reaction, and ligand 2 interacts earlier 



 

 

than ligand 1. The computational FTIR spectra give the characteristics absorptions of the 
most functional groups in the two ligands. In conclusion, it was found that these theoretical 
data are in the good agreement with our results available experimental data. This is worth to 
indicate the ability of the B3LYP/6-311++G(d,p) to evaluate the molecular structure and 
spectroscopic data of the ligand 1 and ligand 2. 
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