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onance Theory
e Lewis structurc of a compound pr

b a
behaviour. For example, a compound with the structure CH,—CH=CH—CH,0H wil]
a i | ’

add a molecule of bromine (due to carbon-—garbon double bond) and will react with acetc
anhydride to yield an ester (due to alcohollc group). The. b(:md length of the bond a wi]|
be 1.54 A and that of the bond b will be 1.33 A. Similarly, if the properties of 2
compound are known, a I ewis structure can be drawn for it. But this 1s nat true for a
compound having a delocalised system of bonding, and the behaviour of such a
compound sometimes differs so widely from what we expect from the Lewis structure
ordinarily written for it that this structure becomes of little value and, in fact, does not
seem to be the real structure of that compound. For example, the structure I ordinarily

written for benzene is expected to add three molecules of bromine, but in actual practice
it does not do so. Neither the bond length of the bond @ is 1.54 A and that of the bond 5 is

1.33 A. rather both bond lengths are equal and are in between 1.54 A and 1.33 A.
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In such cases we have to include some more structures so that all the structures
together are in a better position to explain the behaviour of the compound, but none of
them is the real structure of the compound. For example, the structure II and some others
(III-V) are also considered along with the structure I to better explain the characteristics
of benzene. All these structures may not be of equal importance and may differ in the
extent of their contribution toward explaining the properties of the compound. The real
structure of the compound is considered to be a weighted average of all the contributing

structures. The representation of a real structure as a weighted average of two or more
contributing structures is called resonance. The contributing structures are called

canonical forms and the real structure is called resonance hybrid.

Sometimes, the actual structure of a molecule can only be expressed by making
reference to certain Lewis structures (canonical forms) and assuming that the actual
structure is a resonance hybrid of them all. The canonical forms have no real physic®
existence. On the other hand, the structure of the molecule which does exist physica”)’ 15
not really known to us. For example, there is no substance any where in the world havi"é

structure I, and the actual structure of benzene is not known.

Previously, we have used only the molecular-orbital method of approxim an.ﬂﬁ;j

solve the Schrodinger wave equation (Chapter ). There is another general met? ,
_ known as the valence-bond method of approximation for solving the wave ¢quaﬂﬂa]'
which is particularly useful when more than one structure are written to express th 3G:huﬂt
S .

structure of a compﬁlfnd- In this method, various Lewis structures (canonical for™ )h of
a molecule may possibly have, are drawn and a wave equation () is written for €
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them. The wave equat;
l '
wave equations szu thznci?;;hc ll'eal StrucFUTe (¥) is obtained by taking the sum of the
Ical forms with their corresponding weighting factors (O

bk = Cavat oy + Coyre + ...
this equation, each C represen

&M ’ ts t *

contributes to the actual stryep: vhe extent to which the corresponding canonical form

0sing the solution that gives lowest energy, as in the

, both methods give similar solutions for

alized bonds. F in: -
bonds, the val ¥ - For compounds containing delocalized
ence-bond method becomes much more difficult to apply as the structures

become mor - .

IS rr‘:o::c:)fl:lori‘ Cﬁmpllcateq, a_nd In that case the molecular-orbital method is
ettt sl 2 €n for the quantitative solution of wave equation. However, for the

q scription of the structure of molecules, the valence-bond method is often

used. The structure of benzene is best represented when canonical forms I-V with double

headed arrows in between them, are put together. This is the resonance method of writing
the structure of a molecule.

S0 -0

When the wave equation is solved by considering that all these canonical structures
contribute to the resonance hybrid, the energy value obtained is lower than that of any of
the canonical forms. The difference in energy between the resonance hybrid and the
canonical form of lowest energy is called the resonance energy. The contribution of
structures I and II to the actual structure has been calculated to be 39% each, whereas that
of III, IV and V is 7.3% each. The carbon-carbon bond length is more than that of a
double bond and less than that of a single bond, i.e., its character is in between a double

bond and a single bond, but all the bonds have the same length.

The resonance method of describing the structure nf a mo]_ecule, as shown abov::: in
the case of benzene, does not mean that the structure rapidly shl_ﬂs between the canonical
forms, neither it means that some molecules have one canonical form and some have
another. In fact, all the molecules of 2 substance have the same structure anc} fo; all tﬂl::
times, in which the electrons are delocalized over the who.Ic system involved in

résonance.
drawing the canonical forms to €xpress the actual structure of

Canonical forms. For es which are as follows:

a molecule we are guided by certain rul |
I bonafide Lewis SIructures. Each canonical form
it should not have more than two electrons in the

lements (e.g., H), more than eight electrons ?n the
C. N, O) and more than twelve electrons in the

S). Thus, the structure VI, not being a valid
onical form of trimethylamine oxide.

1. All the canonical forms mus! be
should follow the rules of valence, 1.€.,
outer shell (valence shell) of first-row €
outer shell of second-row elements (€-8-;
outer shell of third-row elements (€-8-, P,
Lewis structure, cannot be considered as a can
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