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ABSTRACT 

 

For determine the metal complex structure used is the costly and complicated spectrum method but due to 

DFT method, fast computer we can interested to sketch of metal complex with patuletin ligand in proper 

solvent over the calculation of geometrical properties by DFT method. The interested result is outcome that, 

only optimization and charge density properties explain by the probable side attack of metal on ligand.   
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I. INTRODUCTION 

 

Computational chemistry is used in a number of 

different ways [1]. One particularly important way is 

to model a molecular system prior to synthesizing the 

target molecule in the laboratory [2]. Although 

computational models may not be precisely accurate, 

but they are often good enough to rule out 90% of 

possible compounds as being unsuitable for their 

intended use [3]. This is very useful information 

because synthesizing a single compound may require 

months of labour, raw materials cost and also generate 

toxic waste. A second use of computational chemistry 

is in understanding a problem more completely [4]. 

There are some properties of a molecule such as 

electronic charge distribution, dipoles and vibrations 

frequency that can be obtained computationally more 

easily than by experimental means. There are also 

insights into molecular bonding, which can be 

obtained from the results of computations, which 

cannot be obtained from any experimental method. 

In 2011, Jadhao N.U. and Rathod S.P. were done the 

quantum mechanical calculation for Schiff bases by 

DFT method which shows the appropriate result to 

experimental data and they shows the type of 

electronic state of UV-Visible spectrum and clear the 

transition type by the TD-DFT method [5]. 

For determine the metal complex structure used is the 

costly and complicated spectrum method but we have 

been interested to sketch of metal complex with 

patuletin ligand in proper solvent over the calculation 

of geometry properties by DFT method. For the above 

mentioned reasons, optimization in gas phase and 

water phase will be carried out. Computational 

calculations will be employed to study charge density 

properties for patuletin dye. 

 

II. MATERIAL AND METHODS 

 

Computation work was done using the GAUSSIAN 

03W program suite. The patuletin studied in C1 

symmetry and molecule was fully optimized with the 

tight criteria using the DFT (PBE1) level of theory 

with basis set 3-21G used without solvent and same 
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parameters are used to optimize the patuletin in water 

as a solvent with IEFPCM model. 

The following is structure of patuletin. 

 
Figure 1.1 Structure of Patuletin 

 

III. RESULT AND DISCUSSION 

 

3.1. MOLECULAR OPTIMIZATION GEOMETRY 

We started the geometry optimization of patuletin, 

without symmetry constraints. Optimized structure 

converged to C1 symmetrical species. The geometry 

was optimized in a singlet ground state by the DFT 

method with the PBE1function using 3-21G** basis set 

in gas phase and water phase using with IEFPCM 

model.  The optimized structure in gas phase shown 

in figure 1.2a and in water phase shown in figure 1.2b. 

 

 
Figure 1.2 a) Optimized structure in gas phase of 

patuletin. 

 
 

Figure 1.2 b) Optimized structure in water phase of 

patuletin 

In both phases the molecule behaves the planner 

structure only methyl group is out of plane. The bond 

length of all O-H bond are higher in water phase as 

compare to gas phase because in water phase, the H-

bonding was occurred due to this bonding all O-H 

bond length are changed as compare to gas phase 

moiety are shown in table 1. 

 The large effect show in 26 – O and 27- H that is in 

gas phase the bond length between these atoms is 

0.984836 Å and in water phase the bond length 

between these atoms is 1.011795 Å. 

So the 27-hydrogen atom in water phase is goes long 

from 26-oxygen atom and it is good intense towards, 

breaking of bond with low energy and formation of 

metal complex. 

 

The optimized geometric all parameters are gathered 

in following table. 

Table 1. Bond length of O-H in  Å in water and gas 

phase  

Sr.no. No. of atom Bond length of O-H in  Å 

In water phase In gas 

phase 

1.  22,23 1.023189 1.024274 

2.  24,25 1.006361 0.998632 

3.  26,27 1.011795 0.984836 

4.  28,29 1.009733 0.997015 

5.  35,36 1.010088 0.997357 

The optimized geometric all parameters are 

gathered in following table. 
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Full optimized parameter in gas phase  

 
 

Full optimized parameter in water phase  

 
3.2. Charge Density: 

The atomic charge density gives the information 

about the oxidation state of atoms and oxidation state 

is very important to formation of metal complexes.  

The figure 1.3 and 1.4 shows the charge density of all 

atoms present in the patuletin dye in gas phase and 

water phase respectively. 

 
Figure 1.3. Charge density of patuletin in gas phase. 

Table 2. Charge density of O-H atom  in water and 

gas phase 

Sr.

no. 

No. of 

atom 

Charge density in 

water phase 

Charge density 

in gas phase 

Oxyge

n 

Hydroge

n 

Oxyge

n 

Hydr

ogen 
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1.  22,23 -0.652 0.490 -0.639 0.470 

2.  24,25 -0.633 0.502 -0.613 0.479 

3.  26,27 -0.680 0.544 -0.658 0.483 

4.  28,29 -0.641 0.520 -0.614 0.473 

5.  35,36 -0.630 0.517 -0.596 0.472 

 

 
Figure 1.4. Charge density of patuletin in water phase. 

  

In table 2 show the charge density on Oxygen and 

Hydrogen atom which is involve in O-H bond. From 

the table 2 , charge density in water phase are higher 

than gas phase moiety. The large effect show on 26-O 

and 27-H in water phase that are -0.680 and 0.544 

respectively. Due to large negative charge on 26-

Oxygen atom, it attract the metal towards itself.  

The charge density presented in 26-O and 27-H atoms 

showing the good intense towards metal complex 

formation. So the charge density is very much 

important to study in the metal complex formation. 

 

IV. CONCLUSION 

 

From the present work, we concluded that, the 

quantum mechanical calculation is very much helpful 

to sketch the probable metal complex structure with 

patuletin ligand in water solvent for this only use the 

optimization and charge density properties by DFT 

method instead of complicated and costly spectrum 

method. 
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