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CHAPTER V1 
 

QUANTUM CHEMICAL INSIGHT INTO STRUCTURE 
ACTIVITY RELATIONSHIP OF (2E)-1-(3-CHLOROPHENYL)-

3-(4-CHLOROPHENYL) PROP-2-EN-1-ONE: A COMBINED 
DENSITY FUNCTIONAL THEORY, HIRSFELD SURFACE 
ANALYSIS, ULTRA-VIOLET SPECTRAL ANALYSIS AND 

MOLECULAR DOCKING APPROACH 
 

Nowadays, chalcones one of the major natural food products finds wider 

applications in the field of pharmacology. For the synthesis of heterocyclic 

compounds, these chalcones are used as intermediate agents. (2E)-1-(3-

Chlorophenyl)-3-(4-chlorophenyl) prop-2-en-1-one (CCL) used as food 

preservative and flavonoids with widespread distribution in vegetables, fruits, tea 

and soy. Many chalcones have been assessed for their high antimalarial activity, 

which is due to the addition of nucleophilic species to the double bond of the enone 

[107,108]. Chalcone derivative have been associated with antimicrobial, antifungal, 

antioxidant, cytotoxic and anticancer activities [109]. Prostate cancer, the second 

most frequent cause of cancer death in men, is treated with anti-androgens such as 

that antagonize the androgen receptor (AR) pathway, preventing androgen-

dependent cell growth. To explore the electronic structural investigation of the 

molecule DFT was used. NBO has been used for investigating charge transfer and 

substantiates the possible intra and intermolecular interactions in the molecular 

system. Vibrational spectral analysis has been studied using Fourier transform infra 

red, Fourier transform Raman and ultra violet spectra.  Prediction and computation 

of molecular crystal structure through intermolecular interaction also aroused 

attention [54,110,111]. Inter and intra molecular interactions play a crucial role in 
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stabilizing the molecular structure. Hirsfeld surface analysis has been used in 

analyzing the intermolecular interactions of the studied compound. The quantitative 

structure-activity relationships (QASAR) approach has been used to explore the 

feasible interactions between the Androgen receptor and CCL and how it stops 

androgen-dependent cell growth by binding to active site of androgen receptor. 

Moreover, integrated molecular docking has been performed to characterize a model 

for recounting the interactions between them. Multiple linear regression method was 

used to find and confirm the best regression relation that can correlate the changes 

in biological activity of the compound. 

 

6.1 MATERIAL SYNTHESIS  

50% of KOH was added to a mixture of 3-chloroacetophenone (0. 01 mol) 

and p-chlorobenzaldehyde (0. 01 mol) in 25 ml of ethanol. The mixture was stirred 

for an hour at room temperature and the precipitate was collected by filtration and 

purified by re crystallization from ethanol. The title compound was thus prepared 

and it is used for further studies [112].  

 

6.2 PHYSICAL MEASUREMENT 

The FT-IR spectrum of CCL was recorded in the region 4000–450 cm 1 

using a Perkin Elmer FT-IR spectrometer equipped with the standard KBr pellet 

technique. The FT Raman spectrum was recorded with 2 cm 1 resolution on a Bruker 

RFS 100 spectrometer in the range of 3500-100 cm-1. Radiation of 1064 nm from an 

Nd: YAG laser with an output power of 100 mW was used for excitation.   
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6.3 METHODOLOGY   

By employing Gaussian 09 program package (M. J. Frisch, G. W. Trucks, H. 

B. Schlegel et.al. Wallingford CT) all the DFT computation has been performed 

[71]. Using MOLVIB program suggested by Pulay et al, the normal coordinate 

analysis gives the potential energy distribution on the basis of which the vibrational 

modes were assigned [72,49].  In this work, detailed vibrational and electronic 

structure theory studies of CCL was performed using the SQMFF technique based 

on DFT calculations [73]. NBO calculations has been carried out at B3LYP/6-31G** 

level of theory using NBO 3.1 program (Glendenning et. al.  University of 

Wisconsin, Madison). Crystal Explorer provides a new way of visualizing 

interactions in molecular crystals using the full suite of Hirshfeld surface tools [18]. 

Computational docking has been performed to analysis the binding pattern of CCL 

into in active site of human receptor. Auto Dock Tools 1.5.4 was used to assign 

hydrogen, Gustier charges and rotatable bonds to CCL (ligand) [56]. The most 

popular algorithm, Lamarckian Genetic Algorithm (LGA) available in 

AutodockVina was employed for docking [57]. 

 

6.4 OPTIMIZED GEOMETRY 

Optimized molecular structure of CCL is revealed in Fig. 6.1. On comparison 

with the XRD data [112] the optimized parameters are summarized in Table 6.1 and 

6.2. 
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Fig. 6.1 Optimized structure of (2E)-1-(3-Chlorophenyl)-3-(4-chlorophenyl) 
pop 2-en-1-one by Becke three Lee-Yang-Parr /6-31G** in 

comparison with X-Ray diffraction data. 
 

 
The increase of C3-C4 (1.394 Å), C4-C5 (1.397 Å) of phenyl ring1 and C21-

C22 (1.397 Å), C22-C23 (1.388 Å) of phenyl ring 2 from the C-C bond distance is due 

to the electron withdrawing halogen substituent chlorine atom attached to the phenyl 

ring1 and 2 in the place of phenyl hydrogen. The computed bond length of C4-Cl9 

(1.75 Å) and C22-Cl27 (1.76 Å) at B3LYP method agrees well with earlier reported 

values [113,114], however there is a slight increase from the experimental value due 

to the neglect of intermolecular contacts. The interplanar angles (C14-C16-C18-C19) 

and (C14-C12-C1-C6) between the prop-en-one group and the phenyl rings amounts 

to -11.05! (phenyl1) and -12.85! (phenyl2). The planarity is also affected as indicated 

by the torsion angle C2-C1-C6-C5 (-0.03!)"and"C19-C18-C23-C22 (0.63!)."Substitution"

with halogen atoms leads to some changes in the charge distribution of the carbon 
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atom in the phenyl ring. The C3-C4-C5 (121.03!)"and"C23-C22-C21 (121.38!) bond 

angle at the position of the halogen substituent are greater than the typical hexagonal 

angle"120!. DFT calculation, performed on a single molecule, could not predict the 

elongation of C=O bonds due to intermolecular interactions. However, the C=O 

bond elongates by 0.008 Å. The X- ray data shows that the C-H is involved in weak 

intermolecular interaction of the kind C-H…#."  

Table 6.1: Optimized geometrical parameters of CCL in comparison with X 
Ray diffraction data 

 

Bond 
length 

Cal. 
(Å) 

Expt. 
(Å) 

Bond angle Cal. 
(•) 

Expt. 
(•) 

C1-C2 1.407 1.401 C2-C1-C6 117.88 118.25 
C1-C6 1.409 1.405 C2-C1-C12 118.61 119.44 
C1-C12 1.460 1.468 C6-C1-C12 123.50 122.32 
C2-C3 1.392 1.385 C1-C2-C3 121.59 121.61 
C2-H7 1.086 0.950 C1-C2-H7 119.16 119.15 
C3-C4 1.394 1.389 C3-C2-H7 119.24 119.25 
C3-H8 1.084 0.950 C2-C3-C4 118.95 118.48 
C4-C5 1.397 1.387 C2-C3-H8 120.85 120.77 
C4-Cl9 1.754 1.743 C4-C3-H8 120.18 120.75 
C5-C6 1.388 1.386 C3-C4-C5 121.01 121.65 
C5-H10 1.085 0.950 C3-C4-Cl9 119.60 119.25 
C6-H11 1.085 0.950 C5-C4- Cl9 119.38 119.10 

C12- H13 1.088 0.951 C4-C5-C6 119.31 119.27 
C12-C14 1.348 1.335 C4-C5-H10 119.93 120.40 
C14-H15 1.084 0.950 C6-C5-H10 120.75 120.33 
C14-C16 1.483 1.480 C1-C6-C5 121.23 120.72 
C16-O17 1.229 1.221 C1-C6-H11 120.06 119.66 
C16-C18 1.505 1.495 C5-C6-H11 118.69 119.62 
C18-C19 1.402 1.398 C1-C12-H13 116.09 116.61 
C18-C23 1.404 1.405 C1-C12-C14 128.05 126.70 
C19-C20 1.395 1.393 H13-C12-C14 115.84 116.69 
C19-H24 1.085 0.950 C12-C14-H15 121.17 119.11 
C20-C21 1.394 1.385 C12-C14-C16 119.80 121.72 
C20-H25 1.086 0.950 H15-C14-C16 119.00 119.17 
C21-C22 1.397 1.391 C14-C16-O17 121.18 121.66 
C21-H26 1.084 0.950 C14-C16-C18 119.21 117.92 
C22-C23 1.388 1.386 O17-C16-C18 119.59 120.42 
C22-Cl27 1.758 1.741 C16-C18-C19 123.96 122.00 
C23-H28 1.083 0.949 C16-C18-C23 116.75 118.56 



116 

 

Table 6.1 (cont.) 
 

   

   C19-C18-C23 119.27 119.42 
   C18-C`19-C20 120.25 120.02 
   C18-C19-H24 120.84 119.98 
   C20-C19-C24 118.89 120.00 
   C19-C20-C21 120.57 120.94 
   C19-C20-H25 119.95 119.54 
   C21-C20-C25 119.47 119.52 
   C20-C21-C22 118.85 118.61 
   C20-C21-H26 121.04 120.70 
   C22-C21-H26 120.10 120.69 
   C21-C22-C23 121.33 121.81 
   C21-C22-Cl27 119.15 118.60 
   C23-C22-Cl27 119.51 119.59 
   C18-C23-C22 119.70 119.18 
   C18-C23-H28 118.74 120.40 
   C22-C23-H28 121.55 120.42 

 

Table 6.2: Optimized geometrical parameters of CCL in comparison with X 
Ray diffraction data 

 

Dihedral angle Cal. (•) Expt. (•)  
C6-C1-C2-C3 0.03 2.20 
C6-C1-C2-H7 -179.98 -177.83 
C12-C1-C2-C3 -179.93 177.09 
C12-C1-C2-H7 0.04 2.87 
C2-C1-C6-C5 -0.03 -1.69 
C2-C1-C6-H11 179.99 178.31 
C12-C1-C6-C5 179.93 177.58 
C12-C1-C6-H11 -0.039 -2.42 
C2-C1-C12-H13 -0.18 -16.66 
C2-C1-C12-C14 179.83 160.55 
C6-C1-C12-H13 179.84 -164.07 
C6-C1-C12-C14 -0.13 -18.72 
C1-C2-C3-C4 -0.009 -0.78 
C1-C2-C3-H8 179.99 179.28 
H7-C2-C3-C4 -179.98 179.26 
H7-C2-C3-H8 0.01 -0.68 
C2-C3-C4-C5 -0.01 -1.22 
C2-C3-C4-Cl9 179.99 176.33 
H8-C3-C4-C5 179.98 178.72 
H8-C3-C4-Cl9 -0.008 -3.73 
C3-C4-C5-C6 0.017 1.72 
C3-C4-C5-H10 -179.96 -178.27 
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Table 6.2 (cont.) 
 

 

Cl9-C4-C5-C6 -179.99 -175.80 
Cl9-C4-C5-H10 0.026 4.15 
C4-C5-C6-C1 0.008 -0.23 
C4-C5-C6-H11 179.98 179.77 
H10-C5-C6-C1 179.98 179.76 
H10-C5-C6-H11 -0.03 -0.24 
C1-C12-C14-H15 0.65 4.12 
C1-C12-C14-C16 179.41 -175.87 
H13-C12-C14-H15 -179.32 178.73 
H13-C12-C14-C16 -0.56 1.28 
C12-C14-C16-O17 -3.57 -5.53 
C12-C14-C16-C18 177.06 174.49 
H15-C14-C16-O17 175.22 174.47 
H15-C14-C16-C18 -4.13 -5.51 
C14-C16-C18-C19 -11.05 -1.30 
C14-C16-C18-C23 169.90 179.82 
O17-C16-C18-C19 169.57 178.72 
O17-C16-C18-C23 -9.46 -0.16 
C16-C18-C19-C20 -179.28 178.90 
C16-C18-C19-H24 -0.49 1.10 
C23-C18-C19-C20 -0.26 -0.01 
C23-C18-C19-H24 178.52 179.99 
C16-C18-C23-C22 179.71 179.96 
C16-C18-C23-O28 -0.16 -1.13 
C19-C18-C23-C22 0.63 0.03 
C19-C18-C23-O28 -179.25 179.94 
C18-C19-C20-C21 -0.27 -0.08 
C18-C19-C20-H25 179.65 179.95 
H24-C19-C20-C21 -179.08 179.92 
H24-C19-C20-H25 0.83 -0.05 
C19-C20-C21-C22 0.44 0.16 
C19-C20-C21-H26 -179.71 -179.87 
H25-C20-C21-C22 -179.48 -179.87 
H25-C20-C21-H26 0.36 0.10 
C20-C21-C22-C23 -0.07 -0.14 
C20-C21-C22-Cl27 179.84 179.87 
H26-C21-C22-C23 -179.91 179.88 
H26-C21-C22-Cl27 -0.00 -0.11 
C21-C22-C23-C18 -0.46 0.05 
C21-C22-C23-H28 179.41 -179.86 
Cl27-C22-C23-C18 179.61 179.96 
Cl27-C22-C23-H28 -0.50 0.13 
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6.5 NBO ANALYSIS 

The NBO analysis can be used to estimate the effect of delocalization of 

electron density and various interactions within the molecule. Second order 

perturbation theory allows building conclusions about the potency of these 

interactions and they are given in Table 6.3. In the n-#*" interaction," the"electron"

withdrawing Cl atom attached to phenyl1 and 2 lowers the energy. Lp (1) Cl9 with 

$*"(C3-C4),"$*"(C4-C5), and Lp (1) Cl27 with"$"* (C21-C22)"and"$* (C22-C23)  give a 

decreasing energy of 4.52, 4.48, 4.43 and 4.48 kJ/ mol respectively, which shows 

that the resonance of the two phenyl rings are affected and the bond lengths are 

increased."The"$"(C3-C4) bond (4.6!), $"(C4-C5) bond (6.2!),"$"(C21-C22) bond (4.5!) 

and" $" (C22-C23) bond (6.0!) bent far away from the line of centre due to the 

substitution of Cl atom. The stabilization energy 43.09 kcal/mol and 41.58 kcal/mol 

arises due to the interaction of lone pair Lp (3) (Cl9) and Lp (3) (Cl27)"in"to"#* (C3-

C4)"and"#* (C22-C23) shows the presence of charge transfer from lone pair in to the 

anti" bonding" orbital." The" energy" due" to" #*(C16-O17) - #*" (C18-C19) interaction is 

711.7 kJ/mol which increases the electron density (0.1985e) in C-O anti bonding 

orbital that weakens the respective bond.    

 

 

 

 

 

 

 



119 

 

Table 6.3: Donor-acceptor interactions results of (2E)-1-(3-Chlorophenyl)-3-(4 
Chlorophenyl) prop-2-en-1-one: followed by Fock matrix in Natural 

bond orbital basis 
 
 

 Donor(i) EDa  
(i) (e) 

Energy 
(i) 

(a.u) 

Acceptor 
(j)  

ED 
(j) 
(e) 

Energy 
(j) 

(a.u) 

E(2)b 
(kJ/ 
mol) 

E(j)-
E(i)c 
(a.u) 

F(i,j) d 
(a.u) 

 LP (1) Cl9 1.99 -0.92 $*"(C3-C4) 0.03 0.57 4.52 1.49 0.036 
LP (1) Cl9 1.99 -0.92 $*"(C4-C5) 0.03 0.56 4.48 1.49 0.036 
Lp (1) Cl27 1.99 -0.92 $"*(C21-C22) 0.03 0.57 4.48 1.48 0.036 
Lp (1) Cl27 1.99 -0.92 $*(C22-C23) 0.02 0.59 4.44 1.50 0.036 
Lp(3) Cl9 1.94 -0.32 #*(C3-C4) 0.38 0.01 43.09 0.33 0.057 
Lp(3) Cl27 1.94 -0.32 #*(C22-C23) 0.34 0.01 41.59 0.33 0.055 
$"(C4- C5) 1.98 0.75 $(C3-C4) 1.98 0.71 16.69 1.32 0.065 
$"(C4- C5) 1.98 0.75 $*"(C5- C6) 0.02 0.58 11.13 1.32 0.052 
$"(C4- Cl9) 1.99 -0.68 $*"(C2- C3) 0.02 0.57 10.79 1.26 0.051 
$"(C4- Cl9) 1.99 -0.68 $*"(C5- C6) 0.02 0.58 10.71 1.26 0.051 
#(C5- C6) 1.68 -0.27 #*(C3-C4) 0.38 0.01 88.66 0.28 0.069 
#(C12-C14) 1.84 -0.28 #*(C1-C2) 0.37 0.02 45.65 0.30 0.054 
#(C12-C14) 1.84 -0.28 #*(C16-O17) 0.20 0.01 87.32 0.30 0.071 
LP (2) O17 1.89 -0.26 $*(C14-C16) 0.06 0.45 78.83 0.71 0.105 
LP (2) O17 1.89 -0.26 $*(C16-C18) 0.06 0.44 80.79 0.70 0.105 
#(C3- C4) 1.67 -0.28 #*(C5- C6) 0.30 0.02 79.87 0.30 0.068 
#*(C3- C4) 0.38 0.01 #*(C5- C6) 0.30 0.02 1021 0.01 0.082 
#*(C16-O17) 0.19 0.01 #*"(C18-C19) 0.36 0.02 711.7 0.01 0.070 
#*(C18-C19) 0.36 0.02 #*(C16-O17) 0.20 0.01 72.96 0.28 0.065 
#(C22-C23) 1.67 -0.28 #"*(C20-C21) 0.32 0.02 88.62 0.30 0.071 
#(C20-C21) 1.65 -0.27 #*(C22-C23) 0.34 0.02 83.09 0.28 0.067 

 

b E(2) means energy of hyper conjugative interactions. 
c E(j)-E(i) means the energy difference between donor and acceptor i and j Natural 
bond orbitals. 
dF(i,j) is the Fock matrix element between i and j Natural Bond orbitals. 
 

6.6 VIBRATIONAL ANALYSIS  

The experimental molecule consists of 28 atoms, which undergoes 78 normal 

modes of vibrations. Vibrational assignments were performed by means of density 

functional theory with B3LYP/6-31G** basis set. Using normal coordinate analysis, 

a detailed vibrational description can be made. The precise assignment to each wave 

number is given based on the results obtained from PED. Fig. 6.2 shows the observed 
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and simulated FT-IR and FT-Raman spectra. Non-redundant set of 78 internal 

coordinates Table 6.4 for CCL has been defined. Selective scaling was incorporated 

using a set of 12 transferable scale factors Table 6.5 with a reasonable RMS error of 

9.9 cm-1. Table 6.6 has been reported the observed and calculated wave numbers 

together with vibrational assignments, the calculated scaled quantum mechanical 

frequencies, Infrared and Raman intensities and the normal mode description.  

 

Fig. 6.2 Simulated (C, A) and experimental (D, B) Fourier Transform Infra 
red and Raman spectra of (2E)-1-(3-Chlorophenyl)-3-(4-chlorophenyl) 

prop-2-en-1-one at Becke three Lee-Yang-Parr /6-31G** basis set. 
 
 

6.6.1 Phenyl Ring Vibration 

In the vibrational spectra of benzene and its derivative the ring stretching 

vibrations are very prominent. In all aromatic compounds the carbon hydrogen 
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stretching vibration provide band at the region 3100-3000 cm-1. C-H stretching mode 

appears in IR at 3095, 3068 cm-1 as weak band whereas its Raman counterpart 

appears at 3078 cm-1 as a weak band and at 3067 cm-1 as a medium band. The 

potential energy distribution of 92% is ascribed to this stretching vibration is shown 

in Table 6.6. The theoretical stretching vibrations lie within the range and it is in 

good agreement with the experimental one. The C-H in plane bending, which occurs 

in the range 1300-1000 cm-1 [102] usually coupled with C-C ring stretching 

vibrations. The in plane bending vibration appears as a strong peak in IR at 1210, 

1093 cm-1 and a strong and weak peak in Raman at 1206 and 1094 cm-1 respectively. 

The carbon-carbon stretching vibration is generally predictable in the region 1400-

1625 cm-1 [115].  Normally the five modes 8a, 8b, 19a, 19b and 14 are allowed for 

C-C stretching which are dependent on the substituent. IR bands observed at 1604, 

1489, 1404 and 1328 cm-1 and Raman bands at 1603, 1404 and 1315 cm-1 

corresponds to the C-C stretching vibrations.   

 

6.6.2 Carbonyl Group Vibrations 

Carbonyl group vibrations induce characteristic bands in vibrational spectra 

and for this reason; such bands have been subject to extensive studies [85-87]. The 

carbonyl stretching is expected in the range 1750-1680 cm-1. A sharp intense band 

at 1660 cm-1 in IR and a weak band in Raman at 1657 cm-1 has been assigned to 

C=O stretching vibration. Red shifting of C=O (~20 cm-1)) spectral band provides 

the spectral evidence for the formation of weak intermolecular hydrogen bonding 

which contributes to the stability of the molecule.  The conjugation of C=O with C14-

C16, increase its single bond character resulting a decreased in wave number. The 
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C=O deformation bands are observed in IR at 796 cm-1, and 726 cm-1 and in Raman 

at 729 cm-1, 673 cm-1 and 635 cm-1. 

 

6.6.3 C-CL Vibration  

The C-CL stretching vibrations generally appear in the region 750-550 cm-1 

[116]. The wave numbers computed by DFT at 731 cm-1 has been assigned to C-CL 

stretching vibrations. Bands identified in IR band at 726 cm-1, 695 cm-1, 634 cm-1, 

and 553 cm-1 and medium bands  in Raman spectrum at 729 cm-1, 673 cm-1, 635 cm-1, and 

554 cm-1 has been assigned to C-CL stretching vibrations. 

 

Table 6.4: Definition of internal coordinate of (2E)-1-(3-Chlorophenyl)-3-(4 

Chlorophenyl) prop-2-en-1-one 

 
 

NO Symbol Type Definition 

Stretching 

1-6 Ri C-C(ring1) C1-C2,C2-C3,C3-C4,C4-C5, C4-C5,C6-C1 
7-12 Ri C-C(Rig2) C18-C19,C19-C20,C20-C21,C21-C22,C22-

C23,C23-C18 
13-16 ri C-H(Ring1) C2-H7,C3-H8,C5-H10,C6-H11 

17-20 ri C-H(Ring2) C19-H24,C20-H25,C21-H26,C23-H28 
21-22 Ri C-Cl(1,2) C4-CL9, C22-CL27 
23-26 Ri C-C(1,2) C1-C12,C12-C14,C14-C16,C16-C18 
27 Ri C=O C16-O17 
28-29 ri C-H C12-H13,C14-H15 

Bending 

 30-35 %i C-C-C(Ring1) C6-C1-C2,C1-C2-C3,C2-C3-C4,C3-C4-
C5,C4-C5-C6,C5-C6-C1 
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Table 6.4 (cont.) 
 

 

36-41 %i C-C-C(Ring2) C23-C18-C19,C18-C19-C20,C19-C20-
C21,C20-C21-C22,C21-C22-C23,C22-C23-C18 

42-49 &i C-C-H(Ring1) C1-C2-H7,C3-C2-H7,C2-C3-H8,C4-C3-
H8,C4-C5-H10,C6-C5-H10,C5-C6-H11,C1-
C6-H11 

50-57 &i C-C-H(Ring2) C18-C19-H24,C20-C19-H24,C19-C20-
H25,C21-C20-H25,C20-C21-H26,C22-C21-
H26,C22-C23-H28,C18-C23-H28 

58-61 $i C-C-CL(1,2) C3-C4-Cl9,C5-C4-Cl9,C21-C22-Cl27,C23-
C22-Cl27 

62-64 %i C-C-C C1-C12-C14,C12-C14-C16,C14-C16-C18 
65-66 'i  C-C=O C14-C16-O17,C18-C16-O17 
67-70 'i  C-C-H C1-C12-H13,C14-C12-H13,C12-C14-

H15,C16-C14-H15 
71-74 +i C-C(Ring1,2) C6-C1-C12,C2-C1-C12,C19-C18-C16,C23-

C18-C16 
Wagging 
75-78 -i  C-C(Ring1) H7-C2-C1-C3,H8-C3-C2-C4,H10-C5-C4-

C6,H11-C6-C5-C1 
79-82 -i  C-C(Ring2) H24-C19-C18-C20,H25-C20-C19-C21,H26-

C21-C20-C22,H28-C23-C22-C18 
83-84 -i  C-C(1,2) C12-C1-C2-C6,C16-C18-C19-C23 
85-86 -i  C-CL(1,2) Cl9-C4-C3-C5,Cl27-C22-C23-C21 
87-88 -i  C-H(1,2) H13-C12-C1-C14,H15-C14-C12-C16 
89 -i  3C-O O17-C16-C14-C18 
Torsion 
90-95 /i  t(C-C)Ring1 C6-C1-C2-C3,C1-C2-C3-C4,C2-C3-C4-

C5,C3-C4-C5-C6,C4-C5-C6-C1,C5-C6-C1-
C2 

96-101 /i  t(C-C)Ring2 C23-C18-C19-C20,C18-C19-C20-C21,C19-
C20-C21-C22,C20-C21-C22-C23,C21-C22-
C23-C18,C22- C23-C18-C19 

102-105 /i  t(C-O) C23-C18-C16-O17,C23-C18-C16-C14,C19-
C18-C16-O17,C19-C18-C16-C14 

106-109 /i  tCCH C6-C1-C12-H13,C2-C1-C12-H13,C6-C1-
C12-C14,C2-C1-C12-C14 

110-113 /i  tCH C1-C12-C14-H15,C1-C12-C14-C16,H15-C14-
C12-H13,C16-C14-C12-H13 

114-117 /i  tCHO C12-C14-C16-O17,H15-C14-C16-O17,C18-
C16-C14-H15,C18-C16-C14-C12 
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Table 6.5: Definition of local symmetry coordinates (much like the natural 
symmetry coordinates) and the corresponding force constant (mdyne 

/Å) with scale factors used 
 

No Symbol Definition 
Scale 

factors 

Force 
constant 

(mdyne/Å) 
Stretching 
1-6 C-C 

(Ring1) 
R1,R2,R3,R4,R5,R6 0.932 6.59 

7-12 C-C 
(Ring2) 

R7,R8,R9,R10,R11,R12 0.948 6.77 

13-16 C-H 
(Ring1) 

r13,r14,r15,r16 0.922 5.20 

17-20 C-H 
(Ring2) 

r17,r18,r19,r20 0.922 5.24 

21 C-Cl (1) R21 0.867 3.11 
22 C-Cl (2) R22 0.867 3.06 
23 1CCSS R23+R24  0.948 7.33 
24 1C-CaSS R23-R24 0.932 6.25 
25 2CCSS R25+R26 0.916 4.56 
26 2CCaSS R25-R26 0.916 3.98 
27 C=O R27 1.028 11.49 
28-29 1CH r28,r29 0.922 5.23 
Bending   
30 Rtrid1 (%30-%314%32-%334%34-

%35)576 
1.028 1.38 

31 Rtrid2 (%36-%374%38-%394%40-
%41)576 

0.989 1.29 

32 Rasyd1 (2%30-%31-%3242%33-%34-
%35)576 

1.028 1.49 

33 Rasyd2 (2%36-%37-%384%39-%40-
%41)576 

1.028 1.40 

34 Rasydo1\ (% 31-% 32+% 34-% 35)"576 0.989 1.28 
35 Rasydo2\ (%37- %384"%40- %41)"576 1.028 1.35 
36-39 bCCH1 (&42- &43)"572,"(&44- &45) 

572,"(&46- &47) 572,"(&48- 
&49)"572 

0.954 0.52 

40-43 bCH2 (&50- &51)"572,"(&52- &53) 
572,"(&54- &55)"572,"(&56- 
&57)"572 

0.831 0.44 

44 bCCCL(1) ("$58- $59)"572" 1.055 0.93 
45 bCCCL(2) ("$60- $61)"572  0.93 
46 CCCde1 (2%62-' 65- ' 66)"576 1.055 0.91 
47 CCCde2 (2%63-' 67- ' 68)"576 1.055 0.94 
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Table 6.5 (cont.) 
 

   

48 CCOde3 (2%64-' 69- ' 70)"576 1.028 1.35 
49 COrock3 (' 65- ' 66)"572 0.954 1.40 
50 CHrock1 (' 67- ' 68)"572 0.954 0.55 
51 CHrock2 (' 69- ' 70)"572 1.028 0.52 
52 bCCC1 (+71- +72)"572 1.055 1.04 
53 bCCC2 (+73- +74)"572 1.132 1.31 
wagging 
54-57 gCH1 - 75, - 76, - 77, - 78 0.963 0.44 
58-61 gCH2 - 79, - 80, - 81, - 82 0.963 0.45 
62 gCC1 - 83 0.954 0.58 
63 gCC2 - 84 0.831 0.43 
64 gCCL(1) - 85  0.954 0.53 
65 gCCL(2) - 86  0.54 
66 1gCH - 87 0.962 0.28 
67 2gCH - 88 0.962 0.24 
68 3gCO - 89 0.954 0.52 
Torsion 
69 Rpuck1 (/ 90- / 914"/92- / 934"/94- / 95)

/76 
0.962 0.358 

70 Rpuck2 (/ 96- / 974" /98- / 994" /100-
/ 101) /76 

0.962 0.368 

71 Rasyt1 (/ 90- / 924"/93 –/95)  /2 1.132 1.334 
72 Rasyt2 (/ 96- / 984"/99–/101)  /2 1.028 1.345 
73 Rasyto1 (-/ 90-42/91- / 92-/ 934" 2/94-

/ 95)"5712 
0.989 1.234 

74 Rasyto2 (-/ 95-42/96- / 97-/ 984" 2/99-
/ 100)"5712 

0.989 1.204 

75 t(C-O) (/ 1024/ 1034"/1044"/105) /2 0.880 0.01 
76 tCH2 (/ 1064/ 1074"/1084"/109) /2 0.880 0.02 
77 tCH1 (/ 1104/ 1114"/1124"/113) /2 0.880 0.01 
78 tCHO (/ 1144/ 1154"/1164"/117) /2 0.880 0.02 

 
 

Table 6.6: Calculated vibrational wavenumbers, observed IR and Raman 

frequencies, IR and Raman intensities and their assignments with PED% for 

(2E)-1-(3-Chlorophenyl)-3-(4-Chlorophenyl) prop-2-en-1-one 

 

Experimental  SQM I IR IRa 
Assignment with PED% 

(!10%)  
 IR 

(cm-1) 
 Raman 
(cm-1) 

    

- - 3108 5.38 2.72 8"(CH)"ring2"(99) 
- - 3099 17.10 6.01 8"(CH)"ring2"(:3)482"(CH)""(22) 
3095w - 3095 1.72 5.67 8"(CH)"ring1"(92) 
- - 3094 2.38 5.33 8(CH)ring1(;<)48(CH)ring2(13) 
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Table 6.6 (cont.) 
 

   

- - 3092 5.88 4.42 8"(CH)"ring2(:2)4"8"(CH)"ring1"
(19) 

- - 3080 1.79 1.84 82"(CH)""(<2)4"8"(CH)"
ring2(33)4"8"(CH)"ring1"(13) 

- 3078w 3071 5.40 3.32 8"(CH)"ring1"(;=)4"82"(CH)""(10) 
3068w 3067w 3066 7.68 3.93 82"(CH)""(92) 

- - 3065 4.12 3.71 8"(CH)"ring1"(9:) 
- 3035 3043 0.51 39.8 8"1(CH)""(9:) 

1660s 1657m 1703 105.30 0.27 8"3(CH)""(43)4"8"CO(30) 
1604s 1603vvs 1612 219.76 0.58 8"CO(30)4"8(CC)ring1(1:) 

- 1589vs 1587 199.38 0.57 8(CC)ring1(=9)4"&(CH)ring1"
(16)+ 1CCass(11) 

- - 1583 11.17 0.38 8(CC)ring2(:0) 
1562 1564m 1564 50.99 0.27 8(CC)ring2(<;) 

- - 1558 99.17 0.33 8(CC)ring1(<6)4&(CH)ring1(11) 
1489.m - 1487 69.90 0.18 &(CH)ring1(58)+8(CC)ring1(33) 
1420m - 1420 8.44 8.65 8(CC)ring2(=0)4&(CH)ring2(3;) 
1404m 1404m 1411 92.61 0.26 8(CC)ring1(3:)4&(CH)ring1(31) 

- - 1399 57.79 0.19 8(CC)ring2(=3)4&(CH)ring2(29) 
- - 1332 9.96 7.27 1CHrock(40)+2CHrock(21)+1C

Css(11) 
1328s 1315m 1317 151.30 0.41 &(CH)ring1(29)41CHrock(22)4"

8(CC)ring1(1:) 
- - 1296 66.06 0.19 &(CH)ring1(=:)48(CC)ring1(13) 
- - 1286 2.38 55.4 8(CC)ring2(93) 
- - 1265 13.99 5.02 8(CC)ring1(:=) 

1210s - 1211 12.30 7.26 &(CH)ring2(6=) 
- 1206s 1203 23.43 0.10 8(CC)ring1(2:)4&(CH)ring1(16)

+1CCss(15)+CHrock(11)+ 
&(CH)ring1(10) 

- - 1180 39.35 0.64 &(CH)ring1(6<)48(CC)ring1(1;) 
- 1177s 1176 360.66 1.00 2CCass(26)4"&(CH)ring2(20)4"

8(CC)ring2(10) 
- - 1114 16.87 6.16 &(CH)ring2(=2)4&(CCH)ring1(3

2)4"8(CC)ring1(16) 
1093s 1094m 1108 5.88 4.75 &(CH)ring2(=<)4"&"

(CH)ring1(2:)4"8(CC)ring1(16)" 
- - 1069 39.48 0.25 &(CH)ring2(29)448(CC)ring2(2

;)4"8(CC)ring1(1<) 
- - 1067 62.70 0.26 8(CC)ring1(=0)48(CL)ring1(16)

4"&(CH)ring2(1<)4"
&(CH)ring1(10)48(CC)ring2(10) 

1046s 1044m 1049 24.65 9.91 8(CC)ring2(39)4&(CH)ring2(32)
4"8(CL)ring2(1=) 
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Table 6.6 (cont.) 
 

   

- - 1031 43.56 0.17 &(CH)ring2(21)4"
8(CC)ring2(1;)42CCass(13)42C
Css(13) 

1011m - 1023 63.64 0.21 Rtrgd1(59+) + 8(CC)ring1(2=) 
- 999w 1005 19.81 7.77 1(CH)wag(57)+t(CH2)(26) 

982s 986m 1000 4.44 5.08 Rtd2(6:)4"8(CC)ring2(2;) 
  965 0.21 64.8 (CH1)wag(54)+Rasyto(23)+Ras

yt1(22) 
- - 960 0.20 60.0 (CH2)wag(68)+Rasyt2(18)+Ras

yto(11) 
- - 935 1.15 79.1 (CH1)wag(84)+Rpuck112) 

909m - 916 4.56 2.47 (CH2)wag(75) 
- - 910 9.83 3.39 2(CCH)def(22)48(CC)ring1(1=)

+1(CCH)def(13)+2CCss(11) 
- - 892 1.65 95.4 (CH2)wag(84)+Rasyto(11) 
- - 860 2.17 1.04 2(CH)wag(40)+ 

(CH1)wag(15)+t(CH)ring2 (10)  
823s - 823 45.58 0.12  (CH1)wag(61)+Rasyt1(11) 

- - 815 0.59 4.12  (CH1)wag(97) 
- 812w 813 2.27 3.34 8(CC)ring1(20)42CCss(1<)4Ras

yd1(12)+1CCss(10) 
796s - 774 37.10 0.103 (CH2)wag(67)+Rpuck2(11) 
726s 729w 731 145.18 0.38 Rasyd2(1;)4""8(CL)ring2(16)4"

Rasyd1(14)+ Rasydo(14)+ 
COrock(13) 

- - 716 8.75 6.11 3(CO)wag(24)+Rpuck1(24)+ 
(CH2)wag(16) 

- 673w 673 4.84 1.82 Rasydo(42)+ Rasyd2(10)+ 
- - 663 2.16 1.23 Rpuck1(61)+ 

(CH1)wag(10)+(CCL1)wag(10) 
- - 645 3.06 1.59 Rasydo(55) 
- 635w 638 2.24 2.06 Rpuck2(67)+ 

(CH2)wag(11)+(CCL2)wag(10) 
- - 634 5.91 2.21 Rpuck2(22)+ Rasydo(11)+ 

Rasyd1(11)+ 
8(CL)ring1(10)4COrock(10)" 

553s 554w 553 10.00 4.61 Rasyt1( 32)+3( CCO)def ( 15)+ 
Rasyto(14) 

- - 550 9.88 4.45 Rasyt1( 52)+ Rasyto(24) 
495s 492w 488 1.92 70.3 Rasyto(53)+ 

(CCL2)wag(17)+Rasyt2(12) 
- - 465 5.49 2.00 Rasyto(43)+ Rasyt2(17)+ 

Rasyto(15) 
- - 462 1.94 1.73 Rasyt2(27)+ Rasyto(25)+ 

Rasyto2(12) 
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Table 6.6 (cont.) 
 

   

- 450w 444 1.09 57.4 Rasyt2(63)+ Rasyto(252 
- - 403 1.44 2.60 8(CL)ring2(3=)4"Rasyd2(2=)4"

Rasydo(13)+ 
- - 392 48.62 0.12 8(CL)ring1(2=)4"Rasyd1(16)4"

&(CCC)ring2(1=) 
- - 371 1.51 1.12 &(CCCL)ring2(3<)4"

&(CCC)ring2(1=) 
- - 346 0.36 30.3 (CCL)wag(26)+Rpuck1(19)+(C

C1)wag(14)+(CH1)wag(11) 
- - 315 1.13 38.3 &(CCCL)ring1(<<)4"

&(CCCL)ring2(10) 
- - 238 0.86 26.4 (CCH)def2(20)+ 

&(CCCL)ring2(20)4"
&(CCCL)ring1(1=) 

- 193w 198 0.15 846 Rasyto(63) 
- - 180 0.45 18.3 Rasyto(17)+ Rasyt2(10) 
- - 174 0.26 15.7 Rasyto(15)+(CCL)wag(13) 
- 160m 158 0.31 12.9 (CC2)wag+ Rasyt2(16) 
- 118m 134 0.72 21.5 &(CCC)ring2(21)4"

&(CCCL)ring2(1<)4"
&(CCC)ring1(1=)4 

- - 83 0.82 25.1 T(CH)ring1(21)+2t(CCOH)(16)
+(CH)ring1(10) 

- - 58 1.64 46.0 (CC1)wag(19)+ 
2t(CCOH)(18)+(CH1)wag(10) 

- - 43 0.38 16.2 (CCH)def1(27)+( 
CCH)def2(26)+( 
CCO)def3(17)+ 
&(CCC)ring1(10) 

- - 19 0.11 655 t(CH)ring1(49)+2t(CCOH)(19) 
- - 11 0.10 589 2t(CO)(46)+Rasyt2(13) 

 
8 IR- Frequency of Infrared  

8 Raman- Frequency of Raman  

8 SQM –Scaled frequency 

IIR- Infrared intensity 

IRa- Raman intensity 

PED- Potential energy distribution 
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Abbreviation used: vvs: very very strong; vs: very strong; s: strong; m: medium; w: 

weak. 8>"stretching?"&>"bending?"ass>"asymmetric"stretching?"ss>"symmetric"stretching?"

rock: rocking; trgd: trigonal deformation; wag; wagging; puck: puckering; asyt: 

assymtotic torsion; asyto: assymtotic torsion outplane; asyd: assymtotic 

deformation; asydo>"assymtotic"deformation"outplane?"/>"torsion. 

 

6.7 UV-VIS ABSORPTION SPECTRA 

Time dependent DFT method needed a very small computing time to 

calculate the absorption wavelength. In the case of solvents [117] these absorption 

wavelength corresponds to vertical electronic transitions. TD-DFT/ B3LYP/6-

31G** calculations of vertical excitation energies, oscillator strength and absorption 

wavelength have been done. Table 6.7 summarizes" @max (the most intense 

wavelength), f (the oscillator strength) and the frontier orbitals involved in each 

transition. By considering the effect of ethanol as solvent, all calculations have been 

carried out. According to Frank Condon principle, the maximum absorption peak 

corresponds in the UV-Visible spectrum to vertical excitation. Calculations of the 

molecular orbital geometry show that the visible absorption maxima of this molecule 

correspond to the electron transition between frontier orbitals such as translation 

from HOMO to LUMO. The calculated absorption maxima values have been found 

to be 369 nm, 328 nm, 300 nm in ethanol solvent and 384 nm, 317 nm, 302 nm in 

gas phase at B3LYP/6-31G**" method" ." These" excitations" correspond" to" #-#*"

transition, which is in good agreement with the observed maxima value of ethanol 

at 319 nm as shown in Fig. 6.3. In general, the"occupied"orbitals"have"#"character"

while" unoccupied" ones" have" #*" character."The transition is mainly due to the 
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transition HOMO-LUMO"that"is"the"#"–#*"transition predicted. The absorption band 

at (319 nm) corresponds to the transition from the ground to the second excited state 

in ethanol solvent. It is mainly discussed by one electron excitation from the highest 

occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital 

(LUMO). This calculation agrees well with experimentally observed band at (319 

nm) for ethanol solvents. Fig. 6.3 shows the experimental UV-Visible spectrum of 

CCL molecule. 

 

Fig. 6.3 Tauc plot of (2E)-1-(3-Chlorophenyl)-3-(4-chlorophenyl) prop-2- en-1-
one. 
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Table 6.7: Comparison of experimental and calculated absorption wavelength 

(",  nm), excitation energies (E, ev) and oscillator strength (f) of (2E)-1-(3 

Chlorophenyl)-3-(4-Chlorophenyl) prop-2-en-1-one 

 

 

 
    TD-DFT-Time dependent density functional theory 

E- Energy 

ev- electron volt 

a.u- atomic unit 

@- Wavelength 

nm- nanometer 

 

6.8 OPTICAL BAND GAP DETERMINATION  

           The optical constants were deduced from the absorption spectra of the given 

compound in the spectral region (200-800 nm). Fig.6.3 shows the optical absorption 

spectra of CCL. The"plot"(Ah8)2 versus"h8"(Inset"of"figure"6.3) was used to determine 

the value of opt
gE  the"compound"under"study."Bs"shown,"(Ah8)2 vary"linearly"with"h8"

TD-DFT/B3LYP/6-31G** Experimental  

"#(nm) E (ev) f (a.u) Major contribution "#(nm) Absorbance 
Ethanol      

369.90 3.3518 0.0071 H-1      L   

328.32 3.7764 0.8647 H       L 319 1.8 

300.23 4.1296 0.0404 H-2       L 225 0.9 

Gas phase      

384.80 3.2220 0.0019 H-1      L   

317.13 3.9095 0.7070 H        L   

302.49 4.0988 0.0884 H-2       L   
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in the higher energy regions, which are in a good agreement with the classical theory 

of the band to band transition. Extrapolating the straight part, the optical band gap 

of the sample can be determined from the x-intercept. The obtained optical band gap 

value is 2.568 eV.  

 

6.9 HISHFELD SURFACE ANALYSIS 

The molecular Hirshfeld surfaces of the title molecule is created with the 

help of a standard (high) surface resolution with the 3-D dnorm surfaces mapped over 

a fixed color scale of -0.085 (red) to 1.113 Å (blue) is illustrated in Fig. 6. 4. The 

fingerprint plot of molecule is shown in Fig. 6.5. The hydrogen bond contact in the 

molecule is shown by red colour which is seen on the mapped surface of dnorm Fig. 

6.4 (a). Two intermolecular interactions are observed in the molecule by means of 

Hirshfeld surface diagram. The H-H interactions give significant contribution of 

22.8% and it occupies most area in the fingerprint plot. C-H intermolecular 

interaction contribute 17.3% and appears as a small single kite in the fingerprint 

region with di=1.6 Å and de=1.1 Å. CL-H interaction having a single spike with 

di=1.7 Å and de=1.1 Å. For the studied compound H-H interactions has significant 

contribution in the Hirshfeld surface.  
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Fig. 6.4 Molecular Hirshfeld surfaces (dnorm, back, de, di , shape index and 

curvedness) of (2E)-1-(3-Chlorophenyl)-3-(4-chlorophenyl) prop-2-en 
1-one. The different colour indicates the distance shorter or equal or 

longer than Van der walls radii. 
 

 
 

Fig. 6.5 2-Dimensional fingerprint plot of (2E)-1-(3-Chlorophenyl) 
chlorophenyl) prop-2- en- 1one. 2-Dimensional plot highlight 

atom pair close contact. 
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6.10 MOLECULAR DOCKING 

The ligand binds to receptor in Fig.6.6 and 6.7 by hydrogen and hydrophobic 

bond interactions Table 6.8 CCL (ligand) forms two hydrogen bonds with the 

distance of 2.23 Å and 2.41 Å. Ligand form hydrogen bonds with receptor’s"amino"

acids which were glutamine 711 and glycine 708. The ligand also forms hydrophobic 

bond with the distance of 3.86 Å and 3.91 Å between amino acid tryptophan741 and 

isoleucine 899 of receptor with ligand respectively. Other amino acids are greater 

than 4 Å in length. Amino acid composition of receptor helps to predict ligand-

binding sites [118].  

 

 

Fig. 6.6 Comprehensive perception of receptor and (2E)-1-(3- 
Chlorophenyl)-3-(4-chlorophenyl) prop-2-en-1-one (ligand) 

interaction after docking. The ligand binds to receptor 
via hydrogen and hydrophobic bonds. 
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Fig. 6.7 Docked protocol reproduces the conformation of receptor and ligand 
the Hydrogen bond (green), $-alkyl# (pink),# and# $-$# (magenta)# are#
shown indots, and the receptor was shown as Hydrogen bond acceptor 
donor surface. The ligand binds to receptor via hydrogen and 
hydrophobic bonds. 

 
 

Table 6.8: Interaction analysis of docking 
 

Bond Name Distance 
(Å) 

Bond 
category 

Bond type 

    

A:GLN711:HE22 - ligand:O6 2.22809 Hydrogen 
Bond 

Conventional 
Hydrogen Bond 

A:GLY708:HA2 - ligand:O6 2.41006 Hydrogen 
Bond 

Carbon 
Hydrogen Bond 

A:TRP741 - ligand 3.86291 Hydrophobic #- #"Stacked 

ligand:Cl11 - A:ILE899 3.91471 Hydrophobic Alkyl 

ligand - A:MET742 4.13621 Hydrophobic #-Alkyl 

ligand:Cl10 - A:MET749 4.19352 Hydrophobic Alkyl 

A:MET745:C,O;VAL746:N - 
ligand 

4.29119 Hydrophobic Amide- #"Stacked 

A:ALA877 - ligand:Cl11 4.44705 Hydrophobic Alkyl 
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Table 6.8 (cont.)    

A:PHE764 - ligand:Cl10 4.68767 Hydrophobic #"-Alkyl 

A:TRP741 - ligand 4.81569 Hydrophobic #"- #"Stacked 

ligand - A:MET745 4.87203 Hydrophobic #"-Alkyl 

A:MET742:SD - ligand 4.92627 Other #"-Sulfur 

A:HIS874 - ligand:Cl11 4.97032 Hydrophobic #"-Alkyl 

ligand - A:ALA877 5.20422 Hydrophobic #"-Alkyl 

ligand:Cl10 - A:LEU707 5.28843 Hydrophobic Alkyl 

A:MET895:SD - ligand 5.58886 Other #"-Sulfur 

A:MET787:SD - ligand 5.86199 Other #"-Sulfur 

 
Å-Armstrong 

 

6.11 QUANTITATIVE STRUCTURE –ACTIVITY RELATIONSHIP 

(QSAR): (MLR)  

QSAR is used for quantitative correlation of physicochemical attributes of 

drug like molecules ligand [61]. It has transformed into an extensively used tool, 

significantly contributing to the drug discovery process. Multi linear regression 

(MLR) is used as a chemo-metric method for variable selection and statistical fitting 

[119]. MLR takes a group of random variables and tries to find a mathematical 

association among them. MLR of 34 molecules (bioactive Lipinski’s" rule"passed"

structure analogues of (2E)-1-(3-Chlorophenyl)-3-(4-chlorophenyl) prop-2-en-1-

one from pubchem database) have been observed [120]. Drug likeness properties 

such as  (Molecular weight, hydrogen acceptor, hydrogen donor, XLogP3 , rotatable 

bond and topological polar surface area retrieved from pubchem database) of these 

molecules have been taken  and CCL as independent variable and docking score as 
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dependent variable for MLR. Open office used for MLR calculation. The MLR result 

showed that R value is 0.7362 and R2 is 0.5419. The values of R and R2 are close to 

+1, and so imply positive and good correlation between drug likeness and docking 

score [121]. 73.6% of the change can be explained by the change in the 6 

independent variables. The docking score is changing along with drug likeness 

properties; hence there is a relationship between structure analogues of CCL 

structural properties and their activity. 

 

 6.12 CONCLUSION  

Using quantum chemical calculations and vibrational spectral studies the 

structural and bonding features accountable for the bioactivity of the molecule has 

been studied. Red shifting of C=O spectral band provides the spectral evidence for 

the formation of weak intermolecular hydrogen bonding which contributes to the 

stability of the molecule. TD-DFT calculated electronic absorption spectra has been 

analyzed in comparison with the experimental UV-Vis spectrum and infers that the 

main" contribution" arises" from" #-#*" bands." The" optical" band" gap" measurements"

shows that the band gap energy is about 2.568 eV and the absorption coefficient 

changes with increasing values of optical band gap. The multi linear regression ratio 

shows that the R and R2 values are close to 1 and so implies good correlation between 

drug likeness and docking scores. The changing docking score confirms the relation 

between structure and activity.    

 
 
 
 


