
2.2  Forma@on of Single Bonds



Reading Recommenda@ons
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• Clayden, Greeves, Warren, Organic Chemistry, Oxford University Press, 2nd ed., 2012, pp 88–106. 

• Jamart, Bodiguel, Brosse, Les cours de Paul Arnaud - Cours de chimie organique, Dunod, 19th ed., 
2015, pp 79–86.



Forma@on of Single Bonds (Valence Bond Model)
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• in-phase combina@on of atomic or hybrid orbitals 

• single bonds are σ-bonds (rota@onal symmetry) between sp3, sp2, sp, or s orbitals 

• due to rota@onal symmetry of the σ-orbital, rota@on is free without breaking the bond

• according to valence bond model, covalent bonds form by pairing electrons of atomic orbitals
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Interac@on of Atomic Orbitals upon Approach
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• upon decreasing the interatomic distance, atomic orbitals interact and split energe@cally 

• number of orbitals conserved, LCAO with one “in phase” and one “out of phase” 

• energy in fact not quite conserved, overall raise of both levels due to electrosta@c repulsion
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Molecular Orbital Energy Diagrams
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• energy spliÄng increases with atomic orbital overlap  

• number of orbitals preserved but sum of orbital energies (electron density) increases 

• bond energy is stabiliza@on of filled bonding orbital σ (due to electron delocaliza@on) 

• an@bonding orbital σ* is energe@cally destabilized but remains empty

• schema:c molecular orbital energy diagram for a symmetric diatomic molecule (such as H2)

E

H HH H

H H

H H

H HH H

1s 1s

σ (bonding)

1 H t 1 H t

σ* (antibonding)

real shape LCAO simpli"ed

real shape LCAO simpli"ed

1s(H) + 1s(H)

1s(H) – 1s(H)

½ΔEσ

σ*

σ



Molecular Orbital View of the Covalent Bond in Mul@atom Molecules
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• linear combina@on of atomic orbitals may start from LCAO hybrid orbitals 

• interac@ons between orbitals or orbital sets of matching symmetry

• simplified and schema:c molecular orbital energy diagram of the methane molecule
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Molecular Orbital View of the Covalent Bond in Mul@atom Molecules
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• a more correct approach would start from atomic orbitals instead of hybrid orbitals 

• result will be (almost) the same due to “mixing” of orbitals 

• VSEPR model and hybridiza@on are useful and valid simplifica@ons

• simplified and schema:c molecular orbital energy diagram of the methane molecule
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Polariza@on of Covalent Bonds
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unpolarized σ-bond polarized σ-bond ionic bond
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Molecular Orbital Representa@on of Polarized Bonds
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• atomic orbitals of more electronega@ve atoms lower in energy (higher electron affinity) 

• increasing energy difference between bonding partners implies less electronic interac@on 

• bonding MO closer in energy to, “look more like” AO from more electronega@ve element 

• an@bonding MO closer in energy to, “look more like” AO from less electronega@ve element

• simplified and schema:c molecular orbital diagrams of the C–C and the C–F bond
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Learning Outcomes
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• covalent bond can be described by linear combina@on of atomic orbitals 

• interac@ons only between orbitals or orbital sets of matching symmetry 

• number of orbitals preserved but sum of all orbital energies increases  

• bond energy is stabiliza@on of bonding orbital σ (electron delocaliza@on) 

• an@bonding orbital σ* energe@cally destabilized but remains empty 


