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Table 1: Types of electrostatic interactions and their interaction energies.[1, 2] 
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U: interaction energy, q: charge, µ: dipole, α: polarizability, ε: dielectric constant of the medium, ε0: vacuum 

permittivity (ε0 = 8.85 · 10-12 C2 N-1 m-2), r: distance, θ: angle between dipole vector and vector connecting 

centers of mass of interacting particles, φ: polar angle of second dipole, I: first ionization potential, k: Boltzmann 

constant, T: temperature 

 



Table 2: Association constants Ka and free ion-pair interaction 

enthalpies ∆G for tetra(n-butyl)ammonium perchlorate in different 

solvents with dielectric constants ε.[3] 

solvent ε Ka (l mol-1) -∆G (kJ mol-1) 

dioxane 2.2 ca. 1019 109 

benzene 2.3 3 · 1017 100 

anisole 4.4 109 52 

1,2-dichloroethane 10.1 6,500 22 

1-butanol 20.4 2,200 19 

acetone 20.7 200 13 

acetonitrile 37.5 53 10 

water 78.4 - - 

 

 Table 3: Gas-Phase Cation-π Interaction Strengths.[4]  

cation molecule ∆H (kJ mol-1) 

Li+ C6H6 160.1 

Na+ C6H6 117.0 

K+ C6H6 79.4 

K+(benzene) C6H6 75.2 

K+(benzene)2 C6H6 60.2 

K+(benzene)3 C6H6 52.7 

K+ H2O 74.8 

NH4
+ 1,4-C6H4F2 54.3 a 

NH4
+ C6H5F 60.2 a 

NH4
+ C6H6 80.7 

NH4
+ 1,3,5-C6H3(CH3)3 91.1 

NH4
+ C2H4 41.8 

CH3NH3
+ C6H6 78.6 

CH3NH3
+ cyclohexene 48.5 

(CH3)4N+ C6H6 39.3 

(CH3)4N+ C6H5CH3 39.7 
 a geometry unknown, may not be cation-π complex. 

 



Table 2.4: Properties of hydrogen bonds.[3] 

 strong moderate weak 

A-H•••B interaction mainly covalent mainly electrostatic electrostatic 

bond energy (kJ mol-1) 60 - 160 15 - 60 < 12 

bond legths (Å)    

 H•••B 1.2 - 1.5 1.5 -2.2 2.2 - 3.2 

 A•••B 2.2 - 2.5 2.5 -3.2 3.2 - 4.0 

bond angles (o) 175 - 180 130 - 180 90 - 150 

1H NMR shifts (∆ppm) 14 - 22 < 14  

IR vibration shifts (%) 25 % 10 - 25 % < 10 % 

 

 

Table 2.5: Typical bond energies and bond lengths of 

moderate hydrogen bonds as they often occur in 

biomolecules.[5] 

A-H•••B -∆G (kJ mol-1) bond length (Å) 

O-H•••O 22 2.70 

O-H•••O- 15 2.63 

O-H•••N 15 – 20 2.88 

N+-H•••O 25 – 30 2.93 

N-H•••O 15 – 25 3.04 

N-H•••N 17 3.10 

S-H•••S 7  
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