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Supplementary Figures 

 

Supplementary Figure S1 | Generalization of the tripole models for the EPs of dihalogen 

molecules (F2, Cl2 and Br2) (distances in pm; 2n-pole moments in e·Ån). 
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Supplementary Figure S2 | van der Waals radius of CO and COt  

 

Anisotropic hard wall distance rw and van der Waals radius rvdw (pm) of an atom C/O in singlet CO 

and triplet COt for four different orientations (00C, 900C, 900O, 00O) at the CCSD(T)/CBS level. rw: 

CO (346, 326, 324, 314) and COt (280, 328, 310, 301). rv: CO (388, 368, 366, 356) and COt (324, 373, 

352, 342) at the CCSD(T)/CBS level. The van der Waals interactions composed of dispersion energies 

(Edisp) and exchange repulsion energies (Eexch) determine the molecular size. The van der Waals radii 

of atoms are generally treated isotropically because their features are considered to be hardly 

susceptible to the environmental effects. Nevertheless, we note a significant anisotropy in van der 

Waals radius (rv) of C and O, namely, a significant difference between the θ=0o direction (atom-ends) 

and the θ=90o direction (Figure S2). By excluding the hard wall radius (rw) of Ar (rw=169 pm; rv=188 

pm), the rw values (in Å) for the cases (C:θ=0o/C:θ=90o/O:θ=90o/O:θ=0o) in the singlet CO are (177, 

157, 155, 145), and those in the triplet COt (111, 159, 141, 132) at the CCSD(T) complete basis set 

(CBS) limit value (based on the extrapolation scheme using the single-point CCSD(T)/aVTZ and 

CCSD(T)/aVQZ energies on the CCSD(T)/aVTZ optimized geometry). Their van der Waals radii are 

similar to but slightly larger than 1.122(=21/6) times that of the rw: rv: CO (200, 180, 178, 168) and COt 

(136, 185, 164, 154). A drastic change in rw along the C atom-end (00C) between CO and COt (200 pm 

vs. 136 pm) should be noted. 
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Supplementary Figure S3 | Structures of benzene(singlet)...CO(triplet) 
 

 

         S1-Bz        S2-Bz 

                 (277)  -15.56          (264)  -16.93 

   

 

     T|OCt-Bz        T|COt-Bz 

                  (271)  -17.70          (317)  -1.75 

 

The CCSD(T)/aVTZ interaction distances are given in pm in parentheses. 

The CCSD(T)/CBS interaction energies are given in kJ/mol in bold characters. 
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Supplementary Figure S4 | Geometry for the triplet benzene 
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Supplementary Figure S5 | Structures of benzene(triplet)...CO(singlet) 

 

 

             S1-Bz            S2-Bz 

          (334)  -6.45               (336)  -6.16 

 

 

    S3-Bz      S4-Bz 

          (332)  -6.40               (327)  -7.19 

 

  
        T|OC-Bz          T|CO-Bz 

          (342)  -2.60               (315)  -2.91 

 

The CCSD(T)/aVTZ interaction distances are given in pm in parentheses. 

The CCSD(T)/CBS interaction energies are given in kJ/mol in bold characters.  

Two longer C-C bond distances are shown to be the shortest in the triplet benzene. 

 


