
Which represents sp3 orbitals?

(1) (2) (3)



Which is the unused p orbital?

(3)

(2)

(1)

sp2 hybridization



p. 416

sp2 sp2



What is shown in red?

ethylene

1) Two π bonding orbitals
2) One π bonding and one p antibonding orbital
3) One π bonding orbital
4) One π antibonding orbital
5) Two p orbitals



See in 3D!

What is shown in red?

ethylene

1) Two π bonding orbitals
2) One π bonding and one p antibonding orbital
3) One π bonding orbital
4) One π antibonding orbital
5) Two p orbitals
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Fig. 9-8, p. 414

sp2 hybridization
View in 3D!
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Fig. 9-8, p. 414

sp2 hybridization
View in 3D!
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Fig. 9-8, p. 414

sp2 hybridization
Left over (unused) 
atomic orbital

View in 3D!
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Fig. 9-10, p. 417

See in 3D!
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Fig. 9-9, p. 415

sp hybridization
See in 3D!
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Fig. 9-9, p. 415

sp hybridization
See in 3D!
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Fig. 9-9, p. 415

sp hybridization
Left over (unused) 
atomic orbitals

See in 3D!
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Fig. 9-12, p. 419

See in 3D!
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Free Rotation



Restricted Rotation
Formation of pi bonds requires good overlap



p. 421

Restricted Rotation
cis-trans isomers do not interconvert readily



Fig. 9-16, p. 424

Back to H2
Conserve energy when “mixing” orbitals



Fig. 9-16, p. 424



Fig. 9-17, p. 424

He2



Fig. 9-17, p. 424

He2

Doesn’t 
exist



Fig. 9-18, p. 425

Li2

Li - 1s22s1



Fig. 9-18, p. 425

Li2

Does
exist

Li - 1s22s1



Fig. 9-19, p. 426



Fig. 9-19, p. 426

Atomic Orbitals



Fig. 9-19, p. 426

Atomic Orbitals
Bonding and Antibonding 

Orbitals



Fig. 9-19, p. 426

Atomic Orbitals
Bonding and Antibonding 

Orbitals

Sigma bonds



Fig. 9-18, p. 425

Li - 1s22s1

Li2



Fig. 9-18, p. 425

Li - 1s22s1

Li2

Why not hybrid 
atomic orbitals?

Not worth it in 
diatomics

But we will in 
everything larger



Fig. 9-20, p. 427



Fig. 9-21a, p. 427



Fig. 9-21a, p. 427



Fig. 9-21a, p. 427



Fig. 9-21a, p. 427



Fig. 9-21a, p. 427



Fig. 9-21a, p. 427



Fig. 9-21a, p. 427



Fig. 9-21a, p. 427



Fig. 9-21a, p. 427



Fig. 9-21a, p. 427

Each N brings 7 total electrons: 14 total



Fig. 9-21a, p. 427

Each N brings 7 total electrons: 14 total
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Fig. 9-21a, p. 427

Each N brings 7 total electrons: 14 total



Fig. 9-21a, p. 427

Each N brings 7 total electrons: 14 total



Fig. 9-21a, p. 427

We can ignore things below 
the valence level



Fig. 9-21a, p. 427

Each N brings 5 valence electrons: 10 total

We can ignore things below 
the valence level



Fig. 9-21a, p. 427

Each N brings 5 valence electrons: 10 total

We can ignore things below 
the valence level



Table 9-1, p. 428
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bonding



Table 9-1, p. 428

bonding
antibonding
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bonding
antibonding



Table 9-1, p. 428

bonding
antibonding

1 bond
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bonding
antibonding

1 bond 2 bonds



Table 9-1, p. 428

bonding
antibonding

1 bond 2 bonds 3 bonds



Table 9-1, p. 428

bonding
antibonding

1 bond 2 bonds 3 bonds 3-1=2



Table 9-1, p. 428

bonding
antibonding

1 bond 2 bonds 3 bonds 3-1=2 3-2=1


