
Gas-phase data and computations suggest K+ ion is selectively (de)solvated by multiple aromatic rings; 
implication for ion channels and transmembrane transport



Solvent effects on weak intermolecular forces

enthalpy of 
desolvation 
(binding sites)

Main source of enthalpy-entropy compensation



Enthalpy-entropy compensation: Case Studies
Case II: Porphyrin hosts with variable guests in nonpolar solutions

Hayashi et al, JACS, 1997, 119, 7281

2 HB’s 2 HB’s +
1 bifurcated HB

2 HB’s +
2 bifurcated HB



Enthalpy-entropy compensation: Case Studies

Case I: β-Cyclodextrin (n=7) with variable guests in aqueous solution

Inoue et al, JACS, 1993, 115, 475

Entropically driven complexation

Enthalpically driven complex.



Enthalpy-entropy compensation: Summary

Main driving force for complexation:
Release of bound water molecules,
not host-guest interaction

Assuming a constant (linear) 
relation between ∆S and ∆H:

Implies that better enthalpy of binding leads to 
drop in overall binding energy!



Enthalpy-entropy compensation: Solvent effects
Case IV: Cyclophane host with pyrene guest in variable solutions:
∆Hcomp, ∆Scomp remains constant

Smithrud et al, JACS, 1991, 113, 5420

Observations: 
1) host-guest complex formation is enthalpically driven (in most cases)
2) enthalpy-entropy compensation is in effect (α = 0.72)

Cases where ∆So > 0: possibly due to release of caged solvent 
(∆Ho > 0 as well, due to differences in van der Waals)



due to differences
In binding modes
(see next slide)



π−π interactions: X-ray crystal structures

Hamilton and van Engen, JACS, 1987, 109, 5035
Mueldorf et al, JACS, 1988, 110, 6561

Electron-donating substituents (-OR)
Increase edge-to-face interactions!

Tyrosine‒guanosine 
stacking complex

Synthetic thymine 
receptor



(i.e., donor-acceptor interactions)

(π−π stacking favored by e-deficient 
systems)

Hunter and Sanders, JACS, 1990, 112, 5525

π‒σ orbital attraction dominates in edge-to-face stacking

(C‒H…π interaction)

(H)



Hunter and Sanders, JACS, 1990, 112, 5525

Hunter–Sanders Rules for π−π interactions

Edge-to-face binding
interaction Edge-to-face interactions 

in a quinone receptor:
Hunter, Chem. Commun., 1991, 749(C‒H…π interaction)
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Complexation is entropically driven, but stabilized by vdW forces
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