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Bond EnergiesBond Energies

C H+ C H + heat (ΔH°)

What is the order of following reactions with respect to 
increasing heat released (∆H˚)? 
What is the order of following reactions with respect to 
increasing heat released (∆H˚)? 

A. i < ii < iii
increasing heat
f ti

C C
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+ H C C

H H

i sp2sp2
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of reaction

B. i < iii < ii
increasing heat
of reaction

C. ii < iii < i
increasing heat
of reaction

D. iii < i < ii
increasing heat
of reaction
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What are the relative energies of s and p What are the relative energies of s and p orbitalsorbitals??

C

ppxx

ss
ppyy ppzz

energyenergy
s orbitals are more electronegative than p orbitalss orbitals are more electronegative than p orbitals

electrons in orbitals with more s character are more stableelectrons in orbitals with more s character are more stable

bonds using orbitals with more s character are strongerbonds using orbitals with more s character are stronger

a lot of success but a lot of success but 
still under development.  still under development.  

•• molecular orbital theory molecular orbital theory 

•• valence bond theory valence bond theory 

ss

from the application of quantum from the application of quantum 
mechanics to H· we can derive all mechanics to H· we can derive all 
of the atomic orbitals as well as of the atomic orbitals as well as 
their hybrids.their hybrids.

pp spsp33

success!success!

33

HH··

quantum quantum 
mechanicsmechanics

CHCH44 and larger and larger 
moleculesmolecules

HH HH

resonance (Lewis)resonance (Lewis)
structuresstructures

•• molecular orbital theory molecular orbital theory 

•• valence bond theory valence bond theory 

44

HH1s1s HH1s1s

OrbitalOrbital
EnergyEnergy HH HH

resonance (Lewis)resonance (Lewis)
structuresstructures

HH HH

HH HH

•• molecular orbital theory molecular orbital theory •• valence bond theory valence bond theory 

antibondingantibonding
MOMO

55

HH1s1s HH1s1s

OrbitalOrbital
EnergyEnergy

435 kJ/mol435 kJ/mol
(104 kcal/mol)(104 kcal/mol)

HH HHbondingbonding
MOMO

For a C=C bond choose the π-antibonding molecular 
orbital from the following list.
For a C=C bond choose the π-antibonding molecular 
orbital from the following list.

CCCC(A)(A)

(B)(B)

σ-antibonding molecular orbitalσ-antibonding molecular orbital

σ-bonding molecular orbitalσ-bonding molecular orbitalCC CC

6

CC CC

CCCC

(C)(C)

(D)(D) π-antibonding molecular orbitalπ-antibonding molecular orbital

π-bonding molecular orbitalπ-bonding molecular orbital
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CC CC

CCCC

•• molecular orbital theory molecular orbital theory 

antibondingantibonding

OrbitalOrbital
EnergyEnergy

CCspsp22 CCspsp22

CC CC

CC CC

420 kJ/mol420 kJ/mol
(100 kcal/mol)(100 kcal/mol)

bondingbonding

CC CCCC CC

CC CC

•• molecular orbital theory molecular orbital theory 

antibondingantibonding

What role do What role do antibondingantibonding
orbitalsorbitals play in your life?play in your life?

Photochemistry!Photochemistry!

88

CC2p2p CC2p2p

OrbitalOrbital
EnergyEnergy

CC CC

CC CC

bondingbonding

CC CC

CC CC

•• molecular orbital theory molecular orbital theory 

antibondingantibonding

What role do What role do antibondingantibonding
orbitalsorbitals play in your life?play in your life?

CC CC

CC CC

bondingbonding

colorcolor

visionvision

CC CC

CC CC

•• molecular orbital theory molecular orbital theory 

antibondingantibonding

What role do What role do antibondingantibonding
orbitalsorbitals play in your life?play in your life?

CC CC

CC CC

bondingbonding
solar energy 
conversion
solar energy 
conversion

CC CC

CC CC

•• molecular orbital theory molecular orbital theory 

antibondingantibonding

What role do What role do antibondingantibonding
orbitalsorbitals play in your life?play in your life?

electric motorelectric motor
CC CC

CC CC

bondingbonding
solar energy 
conversion
solar energy 
conversion

CC CC

CC CC

•• molecular orbital theory molecular orbital theory 

antibondingantibonding

What role do What role do antibondingantibonding
orbitalsorbitals play in your life?play in your life?

electric generatorelectric generator
CC CC

CC CC

bondingbonding
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CC CC

CC CC

•• molecular orbital theory molecular orbital theory 

antibondingantibonding

What role do What role do antibondingantibonding
orbitalsorbitals play in your life?play in your life?

CC CC

CC CC

bondingbonding

displaysdisplays
light emitting 
diodes (LEDs)
light emitting 
diodes (LEDs)

CC CC

CC CC

•• molecular orbital theory molecular orbital theory 

antibondingantibondingresonance resonance 
(Lewis)(Lewis)
structuresstructures

An alternative An alternative 
view of bondingview of bonding

•• valence bond theory valence bond theory 

1414

CC CC

CC CC

bondingbonding

gg

formamideformamide

Draw the best Lewis (resonance) 
structure for formamide (CH3NO).
Draw the best Lewis (resonance) 
structure for formamide (CH3NO).

H
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N
H
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start with correct structurestart with correct structure
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notnot

C N

H

H

H

O

nitrosomethanenitrosomethane

formamideformamide

Draw the best Lewis (resonance) 
structure for formamide (CH3NO).
Draw the best Lewis (resonance) 
structure for formamide (CH3NO).

H
C

O

N
H

H

33 44 55 66 77

BB CC
ClCl

NN OO FF
SSPPSiSi

BrBr
II

1.  add electrons1.  add electrons
2.  maximize bonding2.  maximize bonding
3.  add formal charges3.  add formal charges

1616

formamideformamide

Choose the best Lewis (resonance) 
structure for formamide.
Choose the best Lewis (resonance) 
structure for formamide.

H
C

O

N
H

H

O O O

33 44 55 66 77

BB CC
ClCl

NN OO FF
SSPPSiSi

BrBr
II

1.  add electrons1.  add electrons
2.  maximize bonding2.  maximize bonding
3.  add formal charges3.  add formal charges

O
H
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O
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N
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AA BB CC DD
H

C

O

N

H

formamideformamide

Choose the structure that is not a 
resonance structure of formamide.
Choose the structure that is not a 
resonance structure of formamide.

O O O

H
C

O

N
H

H

O
H

Resonance structures are different 
electronic configurations of the 
same structure.

Resonance structures are different 
electronic configurations of the 
same structure.
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AA BB CC DD

H
C

O

N
H

H

H
C

O

N
H

H

H
C

O

N
H

H

H
C

O

N

H



9/9/2009

4

O

Choose the order that has the following 
structures arranged with respect to 
increasing stability.

Choose the order that has the following 
structures arranged with respect to 
increasing stability.

O O

33 44 55 66 77

BB CC
ClCl

NN OO FF
SSPPSiSi

BrBr
II

1.  maximum bonding (very important)1.  maximum bonding (very important)

2.  minimize charge separation.2.  minimize charge separation.

3. charges on electronegative atoms. 
⊕ charges on electropositive atoms.

3. charges on electronegative atoms. 
⊕ charges on electropositive atoms.

H
C

O

N
H

H
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H
C

O

N
H

H

H
C

O

N
H

H

11 22 33

A 1 2 3
increasing

stability

B 1 3 2
increasing

stability

C 2 1 3
increasing

stability

D 2 3 1
increasing

stability

E 3 2 1
increasing

stability

F 3 1 2
increasing

stability

OO

Arrange the following compounds in 
order of increasing stability.
Arrange the following compounds in 
order of increasing stability.

O

33 44 55 66 77

BB CC
ClCl

NN OO FF
SSPPSiSi

BrBr
II

1.  maximum bonding (very important)1.  maximum bonding (very important)

2.  minimize charge separation.2.  minimize charge separation.

3. charges on electronegative atoms. 
⊕ charges on electropositive atoms.

3. charges on electronegative atoms. 
⊕ charges on electropositive atoms.
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H
C

O

N
H

H

increasing increasing 
stabilitystability

OO O

the complete storythe complete story

OO O

H
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N
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H
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N
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H
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H
C

O

N
H

H

a good storya good story an excellent storyan excellent storya true but 
incomplete 
story

a true but 
incomplete 
story
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Predict the more acidic compound.Predict the more acidic compound.

AA

Draw both products and their resonance structures.Draw both products and their resonance structures.
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+ HH
C

O

N
H

H
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Predict the major product of the following reaction.Predict the major product of the following reaction.

AA BB
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N
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H
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The product with the best resonance structures is 
predicted to be most stable.
The product with the best resonance structures is 
predicted to be most stable.

Draw both products and their resonance structures.Draw both products and their resonance structures.
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Which of the following C=O compounds is more 
stabilized by resonance?
Which of the following C=O compounds is more 
stabilized by resonance?

H3C
C

CH3

O

AA
H3C

C
CH3

O

non octet structuresnon octet structures
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Which of the following C=O compounds would you expect to Which of the following C=O compounds would you expect to 
react faster with methyl lithium?react faster with methyl lithium?

Li

CH3 C OCH3

O

CH3

CH3Li

CH3
C

OCH3

O

AA

2
7

BB
CH3

C
CH3

O
Li

CH3 C CH3

O

CH3

CH3Li

The molecule below is called acetaldehyde.  Remove the The molecule below is called acetaldehyde.  Remove the 
indicated proton from the molecule and draw the single indicated proton from the molecule and draw the single 
most important Lewis representation of the resulting anion.  most important Lewis representation of the resulting anion.  

H

O

H

H H

remove this protonremove this proton

+ H??H

O

H

H
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H
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O

H
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O

H

H H

H

O

H H

A.                  B.                   C.                 D.  A.                  B.                   C.                 D.  

Draw a full set of Lewis structures and predict the Draw a full set of Lewis structures and predict the 
geometry of geometry of hydrazoichydrazoic acid, HNNN. acid, HNNN. 

H N N N H N N NH N N N

30

H
N

N
N H

N
N

NN N NH H N N
N

A.                  B.                 C.                  D.A.                  B.                 C.                  D.


