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Self-Linking The Four-Way PTt-PTL
(Catenation) Anchor Connectivity
Carbon atoms covalently bond With four valence electrons, a Carbon’s small size enables
to one another, forming near- single carbon atom acts as a highly effective lateral orbital
infinite continuous chains, versatile structural junction, overlap, allowing it to form
branched structures, and bonding simultaneously to four stable double and triple bonds

complex rings. other atoms or groups. with itself, oxygen, and nitrogen.




Tetravalence: A
The Quantum Mechanism

Ground State (C,) Excited / Hybridised State

Excitation &

Hybridisation

In its lowest energy state, carbon
only has two unpaired electrons.

One 2s electron is promoted to the
empty 2p orbital. The s and p orbitals
This falsely suggests it should only mix to create four identical, half-

form two bonds. filled sp3 hybrid orbitals, perfectly
primed for four equivalent bonds.
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The Hybridisation Matrix:
Mixing Dictates Geometry

sp® (Methane - CH,)

Orbital Mix: 1s + 3p

Geometry: Tetrahedral (109.5°)
Bond Profile: 4 o bonds |0 mt bonds

Defining Trait: Complete 3D spatial
distribution; single bonds only.

sp? (Ethene - C,H )

Orbital Mix: 1s + 2p (one unhybridized
p-orbital remains)

Geometry: Trigonal Planar (120°)

Bond Profile: 3 o bonds |11 bond (per
Carbon)

Defining Trait: Flat, planar structure locked
by the lateral  overlap.
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sp (Ethyne - C,H,)

Orbital Mix: 1s + 1p (two unhybridized
p-orbitals remain)

Geometry: Linear (180°)

Bond Profile: 2 o bonds | 2 m bonds (per
Carbon)

Defining Trait: A straight structural rod
surrounded by a cylinder of it electron density.



How Orbital Mixing Controls
Physical Properties

Because s-orbitals are closer to the nucleus, higher
‘ s-character pulls the electron cloud inward. ‘

sp3 Sp? sp

(25% s-character) (33.3% s-character) (50% s-character)

Bond Length Bond Enthalpy (Strength) Electronegativity
As s-character increases, bonds Electrons held closer to the nucleus The closer the hybrid orbital is to
shrink. form stronger, more stable bonds the nucleus (50% in sp), the more
requiring more energy to break. aggressively that carbon atom pulls

sp? C-H=sp2.C-H = sp C-H shared electrons toward itself.



Revision Frame: The Geometry Master Rule L
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Hybridisation State = (Number of o bonds) + (Number of Lone Pairs)

Warning: i bonds NEVER participate in hybridisation. Ignore them when counting.

Quick-Look Prediction Grid
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Tetrahedral Geometry
(All single bonds)
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Trigonal Planar
Geometry

(One double bond
present)

Total Count = 2
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sp Hybridised

l

Linear Geometry
(One triple OR two
double bonds present)

Pro-Tip

To find the hybridization
of any carbonin a
complex chain, count
the single bonds
directly connected to it.

If it has a double bond,
it's sp?. If it has a triple,
it's sp.
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