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Inductive Effect: Polarization of electron density in bonds, caused primarily by electronegativity
                           differences.

Electrostatic Effect: Interaction between atomic charges in various parts of a molecule..
                                The effect is transmitted through space (i. e. a field effect).  

Ion-Dipole Interaction:

for r > l: point-dipol approximation (l→0) 

Charge-Charge Interaction:    Coulomb Law



repulsion between like charges

attraction between unlike charges

between a unit charge (Q = e) and
a dipol (u = ql = 1 D) in vacuum (ε = 1)

no interaction energy

Solid line:  energy for l = 0.1 nm 
and l = 0.2 nm

dashed line:  energy for l = 0 

maximal Interaction Energy for cations
with  a H2O molecule at 300 K

Na+: w(r, θ = 0°) = 22.9 kcal/mol (39kT)

Li+: 29.8 kcal/mol

Mg2+: 59 kcal/mol

Charge-Dipol Interaction Energy

Some Examples:



Bond Dissociation Energy (BDE)

Pauling Electronegativities
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S
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difference in electronegativity leads to bond polarisation 
(charge separation)

coulombic attraction increases bond strength

bond polarisation affects σ and π bonds
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K. B. Wiberg et al. J. Chem. Edu. 1996, 73, 1089.



Stabilization in Polyfluorinated Compounds

CF4 + 3 CH4 4 CH3F !H = +53 kcal/mol
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Atomic Charges at Fluorine

why is CF4 more
 stable than CH3F?

F is a poor lone pair donor

Increased positive charge at carbon leads
to stronger electrostatic attraction
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Amide Resonance and CO-X Interactions
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rotational barrier: ~ 15 kcal/mol

π Electron Interactions

K. B. Wiberg et al. Acc. Chem. Res. 1999, 32, 922.



H3C

O

X

+ H3C CH3
H3C

O

CH3

+ H3C X

F

OH

NH2

Cl

+16.7

+22.7

+19.3

+6.8

0.0

+11.5

+13.9

0.0

+16.7

+11.2

+5.4

+6.8

GSE !H" !H#

H

S

X

+ H3C CH3
H

S

CH3

+ H3C X

F

OH

NH2

Cl

+4.7

+15.7

+18.4

+0.1

0.0

+12.3

+18.0

0.0

+4.7

+3.5

+0.5

+0.1

GSE !H" !H#

H3C
C+

X

O-

Electrostatic Interactions more important
for electronegativ X (F, OH)

H3C
C

X+

O-

C=S bond less polarized
π bond contributions more important



Me-X BDE (kcal/mol)

°
•

planar structure

90° rotated structure (without ΔHπ)

Slope of ~1.5: increased positive charge at carbon leads to stronger CO-bond

negative charge at carbon destabilizes the compound e.g. CO-Si, CO-CF3,…
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stabilisation by resonance electrostatic stabilisation

P. R. Rablan J. Am. Chem. Soc. 2000, 122, 357.



H3C

X

H3C X

E favored by 1.1 kcal/mol Z favored X = OMe

X = Cl

0.53 kcal/mol

0.68 kcal/mol

X = Br 0.45 kcal/mol

Nonbonded Interactions in 1-substituted Propenes

H3C

CH3

H3C CH3

Relative Energies (E→Z) in kcal/mol

HF calculations do not include electron
correlations (no attractive van der Waals terms)

DFT allows some correction for electron correlation
CCSD(T) gives superior correction for this effect.

Energie difference in HF and MP2 calculations for X = Cl, Br, SMe: attractive van der Waals interaction?

calculated Energies independend from used method for X = F, OMe

K. B. Wiberg et al. J. Chem. Theory Comput. 2009, 5, 1033.
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 (X = F, OMe)

Dispersion
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calculated C=C-CH3 angeles

cis-bond angels larger than trans

difference in bond angles increases
with size (F→Cl)

contributions to relative energies (kcal/mol)

cis preference is combination of
Coulombic attraction and 

dispersion interactions
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Electrostatic Gauche Effect

stereoelectronic effect: σ(CH) → σ*(CF)
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D. O‘Hagan et al. Angw. Chem. Int. Ed. 2007, 46, 5904.



N

H H

HH

F

H

H N

HH

F

N+

H H

HH

OH

H

H N+

HH

OH

R = H:         0.0 kcal/mol -3.7 kcal/mol

-3.1 kcal/mol

0.0 kcal/mol -0.05 kcal/mol

0.0 kcal/mol -3.7 kcal/mol

N
+

H H

HH

F

R

H

H N
+

HH

F

R

R = NMe2:   0.0 kcal/mol

N-(2-fluoroethyl)pyridinium cation 

no preference in uncharged system

N-(2-hydroxyethyl)pyridinium cation 

C2‘ endo C3‘ endo

NAD+ 



NH2
+

HO
HO

OH

OH
NH2

+

OH

OH

 favored by
 4.0 kcal/mol

 favored by
 0.6 kcal/mol

 pKa = 7.5

 pKa = 9.5

 exo favored by
 3.4 kcal/mol

 endo favored by
 4.1 kcal/mol

N
+

Me

Me

F

N
+

Me

Me F

Me

Me F

Me

Me

F

NN

CN

F

H

H

O

O

N+N

CN

H

H

O

O

H

F

H+

favored by 0.4 kcal/mol

O

MeO

!+
!-

!-

O

MeO

Electrostatic Effects and Conformational Analysis

electrostatic stabilization through space

shorter distance between axial-OMe
and carbonyl carbon

K. A. Woerpel et al. Org. Biomol. Chem. 2006, 4, 1195.
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Electrostatic Effects in Oxocarbenium Chemistry
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K. A. Woerpel et al. Org. Biomol. Chem. 2006, 4, 1195.
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hyperconjugation from C2-H-bond

K. A. Woerpel et al. J. Org. Chem. 2009, 74, 545.

Oxocarbenium Chemistry
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Electrostatic stabilisation of an anionic intermediate

electrostatic interaction between enolate and
electropositive silicon stabilizes transition state

J. P. Konopelski et al. Org. Lett. 2002, 4, 4121.



Nucleophilic Additions to 4,4-disubstituted 2,5-Cyclohexadienones
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P. Wipf et al. Chem. Rev. 1999, 99, 1469.
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dipol-controlled nucleophilic addition
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