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Abstract: In this work, an analysis has been done in order to describe the structural, electronic, nature and 

reactivity properties of the Non-steroidal anti-inflammatory drug Aceclofenac in detail.  A great agreement is 

seen between experimentally and theoretically obtained structures and their parameters.  The atomic charges 

which have been obtained from AIM, Mulliken, Hirshfeld and natural population analysis give better 

understanding towards the distribution of charges in the molecule. The NBO analysis provides path way to find 

out the charge transfer within the molecules and the strongest interaction and the details of various contributions 

of the atoms which involve in the bonding formation.  The electrostatic potential predicts the sites of 

electrophilic and nucleophilic attack in the molecule. 
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1. Introduction 
 Aceclofenac(ACF) chemically named [2-[2-[2-[(2,6dichloro phenyl)amino]phenyl]-acetyl]oxyacetic 

acid which is powerful in the treatment of symptomatic treatment of rheumatoid arthritis and ankylosing 

spondylitis[1]. It is an efficacy non-steroidal anti-inflammatory drug (NSAID) which diminishes pain and 

inflammation in many disorders and it is also a carboxylic derivative.  The investigation on the structural, 

electronic, nature and reactivity of the ACF molecule leads us not only to obtain better knowledge about the 

existing drug but also paves way for the design of new potential and efficient drugs.  In that sense this study 

throws light into the structure related things, charges, HOMO(Highest occupied molecular orbital)-

LUMO(Lowest unoccupied molecular orbital) analysis, NBO analysis, electrostatic potential and dipole moment 

in order to obtain better interpretation on the character and reactivity properties of the ACF molecule. 

 

2. Theoretical methodology 
The optimization of structure of Aceclofenac has been done at B3LYP level [2] and (6311G++ (d, p) 

basis set which also includes diffusion and polarization using DFT theory[3] to obtain the minimum energy 

structure with the help of GAUSSIAN09[4]software.  The convergence is reached once the self-consistent field 

is obtained.   

 

3. Results and discussion 
3.1. Structural aspects 

 The optimization for the molecule Aceclofenac(C16H13Cl2NO4) was converged with the electronic 

spatial extent value of 10154.67a.u. and nuclear repulsion energy value of 2177.60 Hartrees.  The ACF molecule 

has 102 degrees of freedom, 91 alpha as well as 91 beta electrons.   The theoretically calculated structural 

parameters such as bond lengths, bond angles and torsion angles agree well with the experimentally derived 

parameters from single crystal XRD. From the optimized figure 1, the trace of occurrence of delocalization in 

both the aromatic rings is evidently noticeable and the double bonds such as C14=O4 and C16=O2 are clearly 

visible.   

Figure 1: The optimized structure of the ACF molecule. 
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3.2. Electronic properties 

3.2.1. Charges 

 In order to know how the charges are distributed in the molecule, an analysis on charges has been 

calculated through AIM[5], Mulliken(MPA), Hirshfeld(HPA) and Natural population analysis(NPA). A very 

good correlation is found between the four different schemes and they lead us to acquire better understanding of 

the charge distribution. Among all, the highest positive peak corresponds to the C5 atom which has highest 

positive charge. 

Figure 2: Charge distribution from AIM, MPA, HPA and NPA analysis. 

 
 

3.2.2. NBO analysis  

 NBO analysis describes the bonding orbitals quantitatively and it gives information on the 

intermolecular interactions of the molecule and interpreting the hyper conjucative interaction and electron 

density transfer from the filled lone pair electron.  According to the analysis, the strongest interactions are due to 

the electron donation from a lone pair orbital to the π bond of the O4-C12 bond (LP(2)O3→π*(O4-C12)) which 

has stabilization energy of 49.44 kcal/mol and the interaction is the provider of the stronger stabilization of the 

structure of the molecule.  In this bond, the contribution of O atom is more than C atom in both σ as well as π 

bond and the bonding details are (64.42%)0.8027*O4s(41.25%) p1.42(58.62%) d0.00(0.13%) and (69.16%) 

0.8316* O4 s(0.00%) p1.00(99.87%) d0.00(0.13%) respectively.  

 

3.3. Reactivity properties 

 The analysis on HOMO-LUMO plays a vital role in explaining the charge transfer within the molecule. 

The HOMO-LUMO energy gap characterizes the kinetic stability and chemical reactivity of the molecule.  

Some global reactivity descriptors such as electron affinity[6], ionization potential, hardness[7-9], softness, 

electronegativity[10] and electrophilicity index[11,12] help us to characterize the nature and interaction of the 

molecule.  The very low electron affinity(0.034eV) and low ionization potential(0.216eV) says that the molecule 

has low kinetic stability as well as high chemical reactivity.  The very low global hardness(0.091eV) and very 

high softness(10.99eV) pronounces that the molecule is ready to share electrons and it is termed as very soft 

molecule. 

 The very low electronegativity(0.125eV) predicts that the molecule has very less attraction for 

electrons.  Moreover the low electrophilicity index(0.086eV) tells that the molecule can acts as nucleophile 

which could donate electrons while interacting with the bio-molecule. 

 

Table 1: Reactivity descriptors of the ACF molecule. 

Molecular descriptor Energy(eV) 

Electron affinity 

A=[-ELUMO] 

Ionization potential 

I=[-EHOMO] 

Global hardness 

η=(I-A)/2 

softness 

S=1/η 

Electronegativity 

χ=(I+A)/2 

Electrophilicity index 

ω=μ
2
/2η 

HOMO energy 

LUMO energy 

 

 0.034 

 

 0.216 

  

 0.091 

 

10.99 

 

 0.125 

 

 0.086 

-0.216 

-0.034 
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3.4. Electrostatic potential 

 The electrostatic potential helps us to identify the site and chemical reactivity of the molecules[13].  In 

this, the nucleophilic regions are found at the vicinity of carboxylic and esteric O atoms which are prone to 

electrophilic attack and the electrophilic regions are found near H and remaining other atoms which are prone to 

nucleophilic attack. 

 The calculated dipole moment value is low and is found to be 1.64Debye which suggests that the 

molecule is slightly polar and is poorly soluble in water. 

 According to the docking studies[14], it could be understood that the nucleophilic regions of ACF 

interacts with the residues of amino acids such as Arg79(A) and Arg83(A) which present in the protein 1PGE 

which causes swelling and inflammation. 

Figure 3: The electrostatic potential map of the molecule ACF.  

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion 
 The analysis on structural, electronic, nature and reactivity of the molecule has been interpreted in 

detail which supplies better understanding towards the nature and reactivity of the molecule.  This study helps 

us to obtain the chemical characteristic features of the molecule that ACF has low kinetic stability, high 

chemical reactivity, very soft and it has less attraction towards electrons.   Finally ACF qualifies itself as a fast 

interacting and powerful NSAID drug which interacts actively with the protein 1PGE and the nucleophilic 

region of ACF interacts with the electrophilic region of 1PGE and the electrophilicity of the new molecule gets 

modified through the process of electronic charge transfer.  
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