Bond Order Inferences

Bond order is a concept that indicates the strength, stability, and number of bonds between atoms in
a molecule. Here are some inferences that can be drawn from the bond order:

1. Bond Strength:

o Higher bond order means stronger bonds between atoms.
o A bond order of 3 (triple bond) is stronger than a bond order of 2 (double bond), which in
turn is stronger than a bond order of 1 (single bond).

2. Bond Length:
o Bond order is inversely related to bond length.
o Higher bond order results in a shorter bond length due to stronger attraction between the
bonded atoms.
o For example, a triple bond (N=N) is shorter than a double bond (O=0).
3. Stability of Molecules:
o A higher bond order generally indicates greater stability of the molecule.
o Molecules with bond order greater than zero are stable, while a bond order of zero
indicates that the molecule or species does not exist in a stable form.
4. Reactivity:
o Molecules with lower bond order tend to be more reactive because the bonds are weaker.
o For example, diatomic nitrogen (N,) has a bond order of 3, making it very stable and less
reactive compared to oxygen (O,) with a bond order of 2.
5. Magnetism:

o Molecules with fractional bond orders can be paramagnetic, meaning they have unpaired
electrons.

o For instance, dioxygen (O,) has a bond order of 2 and is paramagnetic because of the
presence of unpaired electrons in its molecular orbital configuration.

6. Resonance:

o In molecules with resonance structures, the bond order is often fractional.
o For example, in benzene (CsHg), the bond order is 1.5 due to resonance, indicating
delocalized 1t bonds across the ring.

~

. Stability of Ions:

o Bond order can also help predict the relative stability of molecular ions.
o Forinstance, comparing NO*, NO, and NO-, the bond orders are 3, 2.5, and 2, respectively,
suggesting that NO* is more stable than NO-.

8. Bond Order Calculation (using Molecular Orbital Theory):
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o Bond order can be calculated as:

Bond Ord (Number of Bonding Electrons) — (Number of Anti-bonding Electron
ond Order =
2

o Positive bond orders indicate stable bonds, whereas zero or negative bond orders imply
that the molecule is unlikely to be stable.

9. Bond Order in Conjugated Systems:

o Conjugated systems like butadiene exhibit partial double bond character, leading to an
average bond order between 1 and 2, indicating delocalized bonding.

10. Bond Order in Diatomic Molecules:

o For diatomic molecules like H,, N, O,, bond order directly correlates with the type of bond
(single, double, triple) that exists between the two atoms.

In summary, bond order provides valuable insights into the strength, length, stability, and reactivity of
chemical bonds in a molecule.
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