
Bond Order Inferences

If bond order is negative, zero, or fractional, the inferences regarding the nature of the molecule or
bond can be summarized as follows:

1. Negative Bond Order

No Stable Bond Formation:
A negative bond order is generally theoretical and indicates that there are more anti-
bonding electrons than bonding electrons.
It implies that the molecule or molecular ion is extremely unstable or does not exist.
Essentially, the repulsive interactions outweigh attractive bonding, meaning that the atoms
would not form a stable bond.

2. Bond Order = Zero

No Bond Formation:
A bond order of zero means that there are an equal number of bonding and anti-bonding
electrons.
In this situation, the attractive forces are completely cancelled out by repulsive forces, and
as a result, no net bond is formed.
Molecules or molecular species with a bond order of zero do not exist as stable entities.
Example: In molecular orbital theory, if the net bonding interactions are zero due to equal
numbers of bonding and anti-bonding electrons, the bond order is zero and the molecule
will dissociate.

3. Fractional Bond Order

Partial Bond Formation:
A fractional bond order arises when the bond strength between atoms is intermediate
between a single and a double bond, or due to the delocalization of electrons.
Bond Strength and Stability:

A fractional bond order indicates partial bond formation, meaning that the molecule
or ion has some stability, though not as stable as those with an integer bond order (1,
2, 3, etc.).

Resonance and Delocalization:
Fractional bond orders often occur in molecules with resonance structures or
delocalized electrons.
In such cases, electrons are not confined to a single bond but are spread out across
multiple bonds, leading to an average bond order.
Example: In benzene (C₆H₆), each carbon-carbon bond has a bond order of 1.5 due to
delocalization of π electrons across the ring.

Stability:
The molecule with a fractional bond order can be stable but not as strong as those
with an integer bond order. Stability depends on how effectively electrons are
delocalized.

Intermediate Bond Length:
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The bond length in a molecule with a fractional bond order will be intermediate
between typical single and double bond lengths.
For example, in O₂⁺ (superoxide ion), the bond order is 1.5, suggesting that the bond
is stronger than a single bond but weaker than a double bond.

Summary of Inferences:

Negative Bond Order: No stable bonding; molecule unlikely to exist.
Bond Order = Zero: No net bond formation; molecule is not stable and does not exist.
Fractional Bond Order:

Intermediate Bond Strength and Length.
Occurs due to resonance or delocalization.
Molecule or ion is generally stable but less stable compared to those with higher integer
bond orders.

These characteristics provide insight into whether a particular species can exist, how stable it might
be, and how strong its bonds are.
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