
Lecture 11 Topics 

• Atoms coming together 
• Bonding of atoms 

– Valence bond approach 
– Molecular orbital approach 

• Bonding and antibonding states 
• Bonding types: sigma and pi and others 
• Diatomic molecules 
• Hybridized orbitals: sp3 and sp2 

• Molecular energy quantization due to  
– Rotation 
– Vibration 

• Molecular spectra 
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So, when atoms come together 



Molecules 

• Two or more atoms together 

• A molecule forms when it gives a more stable 
arrangement than individual atoms 

• Bonded via valence electrons 

– Inner electrons are relatively stable 

• Two approaches 

– Valence bond approach 

– Molecular orbital approach 

 

 



Valence bond approach 

• Each bond consists of two electrons of 
opposite spins; each electron is provided by 
an atom in the molecule. 

• The bond is called covalent bond. 

• Use dots or lines to represent a bond. 

• Hund’s rule allows the availability of unpaired 
valence electrons in each atom for bonding. 

 



Valence band approach 

 



Valence band approach 

 



Valence band approach 

 



Valence band approach 

 



Molecular orbital approach 

• Electrons can be shared in two ways: 

– Bonding state 

– Antibonding state 
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Using atomic orbitals to add up 

Which atomic orbitals can bond together? 



Sigma (σ) Bonding/antibonding 



Pi Bonding/antibonding (𝜋)  



Fill up molecular orbitals 

•From lower energy states to higher energy states 
•Spreading electrons when degeneracies exist 
•Bonding states are lower in energy than antibonding states, thus fill them first 
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Ionic Bond 



sp3 hybridized orbital 
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sp2 hybridized orbital 



sp2 hybridized orbital 



Energies in molecules 

• Energy levels electrons occupy in their 
molecular orbitals (order of greater than 1eV) 

• Rotations (order of .001 eV) 

• Vibrations (order of .1 eV) 



Diatomic Molecule 

m1, m2 
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Diatomic molecule: Potential 



Molecular energy quantization 



Molecular energy quantization 



Compare zero-point vib vs. rot 
energies 

• Estimate the temperature where the rot E is 1/10 of 
the zero-point vib E in a system of the HD molecule 



Heat capacity of the H2 



Degrees of freedom in a diatomic 
molecule 
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Translation: center of mass moving in three directions 



Degrees of freedom in a diatomic 
molecule 
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Rotation:  
-rotating on the x-y plane (𝜙) 
-rotating on the y-z plane (𝜭) 
 



Degrees of freedom in a diatomic 
molecule 
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Vibration along the y-axis 
-displacement  from equilibrium position (x2-x1) 
-momentum 



Heat capacity of the H2 



Molecular spectra 
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Molecular spectra 



Molecular energy levels 


