REVERSIBILITY OF THE DATIVE BOND
A coordinate or dative bond is any covalent bond that arose because one atom brought
a pair of its electrons and donated them to another.

Figure AB5.1. Formation of a dative bond or coordinate bond between ammonia and boron trifluoride.

When the nitrogen donates a pair of electrons to share with the boron, the boron gains
an octet. Both atoms are electronically saturated. In addition, a pair of non-bonding
electrons becomes bonding; they are delocalized over two atoms and become lower in
energy. This development acts as a driving force for formation of the dative bond.
·

Formation of dative bonds can be driven by electronic saturation; that means
octets become filled.

·

Dative bond formation is also driven by the fact that bond formation allows
nitrogen's lone pair to become delocalized.

However, sometimes bonds can be broken again. In the case of dative bonds, that
means a pair of electrons that were donated from one atom to another can be taken
back again. This event is called dissociation. In dissociation, two atoms that were
connected to each other become disconnected.

Figure AB5.2. Dissociation of a Lewis acid-base complex.

Why might a dative bond be broken? From one point of view, maybe the nitrogen
atom's positive charge in the Lewis acid-base complex is unfavourable. Nitrogen is a
relatively electronegative element, and so it is easy to imagine the nitrogen pulling
this pair of electrons back to itself, leaving the boron behind without an octet.
There is another reason Lewis-acid complexes can dissociate. That reason is entropy,
or the distribution of energy. One of the fundamental laws of thermodynamics is that

increased entropy is favourable. Looked at very loosely, that means it is favourable to
have energy distributed in more states or packages. One of the ways of accomplishing
this goal is to divide the available energy up between multiple molecules.
Even though it costs energy to break the B-N bond in the Lewis acid-base complex,
doing so can still be energetically favourable if that increased amount of energy can
be distributed better between two molecules than it was in one molecule. Exactly
how that energy distribution is accomplished is the subject of statistical mechanics,
and is beyond the scope of this course. However, energy distribution is generally
related to the ability of atoms to move. In molecules, that means it is related to the
ability of bonds to stretch and compress, of bond angles to squeeze down and widen
out, and for molecules to tumble and zip around. There are more ways to tumble and
zip around if two molecules are doing it, rather than one. That means energy may be
better distributed by two molecules than by one.
·

Entropy factors favour the dissociation, or break-up, of Lewis acid-base
complexes.

The fact that there is a good reason for Lewis acid-base complexes to form, and also a
good reason for them not to form, may be very unsatisfying. However, it simply
means that there is a balance between a nucleophile and electrophile coming together
(association) and going apart (dissociation). Which direction the system will go
depends on the relative importance of these two factors. The relative importance of
each factor will vary from one case to another. In many cases, there is a dynamic
equilibrium between the two possible cases. That means that after complexes form,
they will come apart again. After complexes come apart, they will form again. This
process does not stop, but continues as long as there is enough energy around to keep
things moving.

Figure AB5.3. The balance between the dissociated and associated compounds.

If it were possible to take a picture of a collection of molecules, the picture might
show some of the molecules coordinated together and some of them wandering on
their own. The ratio between the associated pairs and the dissociated molecules is
related to the point of equilibrium. At the point of equilibrium, different factors
driving the reaction to one side or the other balance each other out.

·

Equilibrium is the balance between two possible states. For example, it is the
balance between dissociated and associated ammonia and boron trifluoride.

In this case, the equilibrium heavily favours the Lewis acid-base complex. A picture
of millions of ammonia and boron trifluoride molecules would show most of them
coordinated together. A few molecules would be found on their own, however.
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