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7.2.3: Theoretical Interpretation of HSAB Theory

The Theoretical Interpretation of the Hard Soft Acid-Base Principle is that hard-hard preferences reflect superior electrostatic
stabilization while soft-soft preferences reflect superior covalent stabilization. The hard-hard and soft-soft preferences in Lewis

acid-base interactions reflect that

o The lone pair of a hard base is strongly stabilized electrostatically by a hard acid
e The lone pair of a soft base is strongly stabilized by forming a covalent bond with a soft acid

e The lone pair of a hard or soft base is comparatively weakly stabilized by an acid opposite to it in hardness or softness since the

overall electrostatic and covalent stabilization of the adduct is comparatively weak.

To see why this is the case it is helpful to divide the contributions to the interaction energy between an acid and a base as follows:
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(7.2.3.1)

Of the three contributions to the interaction energy, only the ionic and covalent terms directly relate to the hardness of the
interacting acid and base. One approach to thinking about how hardness influences the ionic and covalent contributions is to
consider the frontier orbitals involved in the acid-base interaction. This is sometimes done through the use of the Salem-Klopman
equation,* although in the treatment which follows a more qualitative approach will be employed.

Both hard acids and bases will have comparatively low energy HOMO levels and high energy LUMO levels, with a
correspondingly high HOMO-LUMO gap. In contrast, soft acids and bases will have comparatively high-energy HOMO levels and
low-energy LUMO levels, giving a comparatively smaller HOMO-LUMO gap.
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Given this, consider the frontier orbital interactions involved in the formation of an acid-base complex for the possible cases, as
illustrated schematically below.
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The large gap in energy between hard bases’ highly stabilized HOMO lone pairs and the high energy LUMO of hard acids ensures
that in hard acid-hard base adducts the dominant stabilizing interaction will involve electrostatic attraction between the
base lone pair and the electropositive Lewis acid center. Fortunately, since the electron clouds in hard bases are relatively dense
and electron rich while hard Lewis acids are highly charged and small these electrostatic interactions are strong.

In contrast, in soft acid-soft base adducts the dominant stabilizing interaction will be covalent. This is because the small gap in
energy between a soft base HOMO and soft acid LUMO enables the formation of a well-stabilized bonding orbital with significant
electron density between the acid and base.

The orbitals interactions between hard acids and soft bases and soft acids and hard bases are intermediate between the hard acid-
hard base and soft acid-soft base cases.
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This means that the adducts are stable relative to free acid and base — just not as well stabilized as in the hard acid and hard base
case. In the case of hard acids and soft bases the hard acids are less able to stabilize the soft bases’ relatively diffuse electron pair
electrostatically and there isn’t as much covalent stabilization as in adducts of soft acids and bases due to hard acid’s high energy.

Notes

T1 For more on the Salem-Klopman equation see Fleming, I., Molecular orbitals and organic chemical reactions. Reference ed.;
Wiley: Hoboken, N.J., 2010; pp. 138-143.
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