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Introduction 

 

Non-covalent interactions play a fundamental role in many areas of modern chemistry. 

In particular, anion-n interactions are strong non-covalent binding forces with deficient 

olefinic and aromatic centers. The anion–n interaction has been discussed by electrostatic 

and anion-induced polarization terms. The nature of the electrostatic component has been 

explained by the means of positive quadruple moment of aromatic ring. These interactions 

would be expected to be repulsive; however theoretical studies have demonstrated that 

they are energetically favorable. The theoretical results have greatly encouraged the 

exploration of anion molecular recognition due to the importance of the phenomenon in 

biology, medicine, catalysis and environment, for instance. 

In this work, the interaction between the NO3
- anion and para-chloranil (P-CA) was 

studied by standard and CP-corrected methods. Herein, we investigate the center, 

strength, and nature of the interaction by energetic and population analysis. 

 

 

Computational methods 

 

The geometry of this complex was fully optimized at the B3LYP/6-31++G** level of 

theory by standard and CP-corrected methods using the GAUSSIAN 03 program 

package. Single point calculation has also been performed at B3LYP/aug-cc-PVTZ level 

of theory. The value of binding energy obtained by standard method was corrected for 

BSSE and the zero point energy. BSSE has been estimated using the Boys–Bernardi 

counterpoise technique. The topological electron charge density were analyzed by the 

atoms in molecules(AIM) method using AIM 2000 program on the obtained wave 

function at B3LYP/6-31++G (d,p) level. Also, the population analysis has also been 
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performed by the natural bond orbital method at B3LYP/6-31++G (d,p) level of theory 

using NBO 03 programi under Gaussian 03 program package. 

 

Results and discussion 

 

The optimized structure of this complex is shown in Fig. 1. This figure shows that two 

oxygen atoms of anion interact with oxygen-substituted carbon atoms of ring. The most 

important structural parameter of complex is the distance between anion and the center 

of ring obtained by the standard (Rstd=3.24 Å) and CP-corrected (RCP=3.27 Å) methods. 

RCP is longer than Rstd. 

The binding energy calculated at the B3LYP/6-31++G (d,p) level by standard method 

(∆ESTD) equals -20.89 kcal/mol. This value decreases by BSSE (∆EBSSE = - 19.59) and 

BSSE+ZPE (∆EBSSE+ZPE = -18.97) corrections. The value of OEBSSE (~ -19.59 kcal/mol, 

the complexation energy obtained for standard structure and corrected for BSSE) is 

approximately equal to OECP (~ -19.57 kcal/mol, the complexation energy acquired for 

CP-corrected structure) for this complex. The result of single point calculation at 

B3LYP/aug-cc-PVTZ level, on optimized structure at B3LYP/6-31++G (d,p) level do not 

change substantially the binding energy (-20.37). The value of ∆ESTD approaches the 

value of ∆EBSSE with increasing basis set. 

Topological properties of electron charge density obtained from AIM analysis 

indicated some bond and ring critical points (BCP and RCP) between anion and aromatic 

ring. Two BCPs and two RCPs are distributed symmetrically. The BCPs connect the 

anion to the two O-substituted carbon atoms and the RCPs are located between the anion 

and ClC-CCl bonds (see Fig. 1). The values of q(r) ×102 and ∇ 2q(r) 

×102 (see Table 1) are 1.694 and 5.562 au at BCPs, 0.690 and 2.810 au at the RCPs, 

respectively. The Laplacian of electron charge density of the BCPs is positive, indicating 

a depletion of the electron density, as is common in closed-shell interactionsi. Finally, the 

interaction is further described by the presence of a CCP located over the P- CA along 

the C2 axis, connecting the anion to the center of the ring and the values of q(r) ×102 and 

∇ 2q(r) ×102 are 0.554 and 2.640 au at this CP. The oxygen substituted carbon atoms better 

stabiles the negative charge of the anion. The interaction between anion and these carbon 

atoms is stronger than other carbon atoms. 

Some results of NBO analysis are reported in Table 1. nX→ n*CO is the most important 

donor-acceptor interaction in this complex. Corresponding interaction energy E(2) is equal 

to 3.930 kcal mol-1. The occupancy of lone pair nx is equal to 1.848. The 
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occupancy of n*, which enter in mentioned donor-acceptor interaction is equal to 0.209. 

The natural charges (n.c.) calculated on the carbon atoms of ring are equal to 0.504 and 

-0.102 on the O-substituted C atoms and Cl-substituted C atoms, respectively. On the 

other hand, the BCPs are observed between anion and O-substituted C atoms in AIM 

analysis. The n.c. values are positive on these carbon atoms. 

 
Table 1. The topological properties of 

electron charge density calculated at 

B3LYP/6-31++G(d,p) level of theory . 

 

 

 

 

 

 

 
Figure 1. the optimized structure and the molecular 

graph obtained for P-CA···NO3
- complex. 

 

 

Conclusions 

 

Theoretical study of interaction between the NO ¯ anion and the P-CA rings at B3LYP/6-

31++G (d,p) level indicates that the distance between anion and the center of ring in the 

structure optimized with CP-corrected method is longer than standard method. Despite this, 

complexation energy obtained by standard method is higher in comparison with the value 

obtained from CP-corrected. The result of single point calculation at B3LYP/aug-cc-PVTZ 

level indicates that the change of ∆E value is small (~0.5 kcal/mol). The value of ∆E 

approaches the BSSE corrected value with increasing basis set. The ZPE correction 

decreases the complexation energy. The entropy of complexation is negative. The AIM 

analysis in this complex indicates two BCPs between anion and two oxygen substituted 

carbon atoms. Most important donor-acceptor interaction (between anion and ring) obtained 

from NBO analysis is nX→ n*CO. 
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