The Molecular Blueprint: What MO Configuration Predicts

Nature of Bond: Predicts

Stability: Determines if a single, double, or triple

molecule can exist. b orE
Electronic
Configuration
The distribution of electrons -
among various molecular Bond Length: Indicates
orbitals. the physical distance

between nuclei.

Bond Order: Quantifies
the net bonding effect.

Magnetic Nature: Reveals

A diamagnetic or
paramagnetic properties.
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The Stability Threshold: Bonding vs. Antibonding
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The Variables

N .

The Outcomes

Ny

Number of electrons in
bonding orbitals

(Stabilizing influence)

Number of electrons in
antibonding orbitals

(Destabilizing influence)

Stable Molecule

Unstable Molecule

Na

N, >N,

More bonding orbitals
occupied; bonding
influence is stronger.

N,<N,ORNp=N,

Antibonding influence
overcomes or neutralizes
bonding.




Calculating Bond Order (B.O.) A
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Bond Order: One half the The Pair Factor: Accounts for Net Bonding Electrons: The
difference between bonding and the fact that two electrons make surplus of stabilizing electrons

antibonding electrons. up a single chemical bond. over destabilizing ones.
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The Rules
NegatvearZeo B0, (R B
Stable molecule. Unstable molecule. X y gle,

double, or triple bonds.
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The Inverse Relationship: Order vs. Length 4
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The bond order between two atoms in a
molecule may be taken as an approximate
measure of the bond length. The bond length
decreases as bond order increases.
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Magnetic Diagnostics: Paired vs. Unpaired

Diamagnetic

Definition: Repelled by a magnetic
field.

Condition: All molecular orbitals are
doubly occupied (paired).

Paramagnetic

Definition: Attracted by a magnetic
field.

Condition: One or more molecular
orbitals are singly occupied (unpaired).

The Oxygen (O,) molecule is a
classic paramagnetic example.




Analytical Workflow: The Oxygen (0,) Example

Step 1: Total Step 2: Fill Step 3: ’_f;tep 4.
Fl g I\/Iole.cular Calculate Dlagno_se
Orbitals Bond Order Magnetism
Oxygen atom =8 e~. Follow Aufbau N, =10, N, = 6. Two unpaired
Therefore, sequence. B.O.=%(10-6)=  electronsin the
O,=16¢e". [fii~2'2,, 2 (Double Bond). 7" antibonding
A A0 orbitals =
"2k (Mo, 2P Paramagnetic. Q
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Revision Frame: MO Predictive Rules

Stability & Bond Order
B.0.= %—(Nb i

e N, > N, = Stable T
e N, < N, = Unstable |

Bond Length

Bond Nature

e B.O.1=Single Bond —
e B.O.2 =Double Bond ==
e B.O.3=Triple Bond =—

Magnetic Nature

Length < . e [Td] All Paired = ) @_

Bond Order Diamagnetic (Repelled

A "‘B.O. =) ‘,Length
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e [T 1 Any Unpaired = @,,
Paramagnetic (Attracted)
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