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⎯ 

In spite of being quite different substances, benzene and water can form similar noncovalent interactions. Analysis of the 

data in the crystal structures in the Cambridge Structural Database (CSD) revealed similarities in benzene/benzene and 

water/water interactions, since both benzene/benzene and water/water can form antiparallel interactions.   

The quantum chemical calculations of potential surface of water/water interactions showed that the minimum is hydrogen 

bond. Analysis of the data in the crystal structures in the Cambridge Structural Database (CSD) revealed antiparallel 

water/water interactions, in addition to classical hydrogen bonds (1). The geometries of all water/water contacts in the CSD 

were analyzed and for all contacts interaction energies were calculated at accurate CCSD(T)/CBS level. The results 

showed that the most frequent water/water contacts are hydrogen bonds; hydrogen bonds are 70% of all attractive 

water/water interactions. In addition, water/water contacts with antiparallel interactions are 20% of all attractive water/water 

contacts. In these contacts O-H bonds of water molecules are in antiparallel orientation (Figure).  

The quantum chemical calculations of potential surface of benzene/benzene interactions showed two minima stacking 

(parallel displaced) geometry and T-shaped geometry. Analysis of all benzene/benzene contacts in the crystal structures 

in the CSD revealed the most frequent benzene/benzene geometries (2). Majority of the benzene/benzene interactions in 

the CSD are stacking interactions with large horizontal displacements, and not geometries that are minima on 

benzene/benzene potential surface. In benzene/benzene interactions at large horizontal displacements two C-H bonds are 

in the antiparallel orientation (Figure).   

Figure. Water–water antiparallel O-H interaction and benzene/benzene antiparallel C-H interaction 

In these O-H and C-H antiparallel interactions two dipoles are in antiparallel orientation enabling close contact of positive 

and negative regions of the dipoles. Symmetry Adapted Perturbation Theory (SAPT) analysis showed that electrostatic is 

the largest attractive force in the antiparallel interactions. Antiparallel interactions are also possible between O-H and C-H 

bonds; in the crystal structures from the CSD these interactions are observed as one of the types of water benzene 

interactions (3).     
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