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Molecular Shapes: The VSEPR Model

Step 1

• Write an electron-dot structure for the molecule, and 

count the number of electron charge clouds 

surrounding the atom of interest.

Step 2

• Predict the geometric arrangement of charge clouds 

by assuming that the charge clouds are oriented in 

space as far away from one another as possible.
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Molecular Shapes: The VSEPR Model

Two Charge Clouds
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Molecular Shapes: The VSEPR Model

Three Charge Clouds
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Molecular Shapes: The VSEPR Model

Four Charge Clouds
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Molecular Shapes: The VSEPR Model

Four Charge Clouds
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Molecular Shapes: The VSEPR Model

Five Charge Clouds
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Molecular Shapes: The VSEPR Model

Five Charge Clouds
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Molecular Shapes: The VSEPR Model

Five Charge Clouds



© 2016 Pearson Education, Inc.Instructor’s Resource Materials (Download only) for Chemistry, 7e

John E. McMurry, Robert C. Fay, Jill Robinson

Molecular Shapes: The VSEPR Model

Six Charge Clouds
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Molecular Shapes: The VSEPR Model

Six Charge Clouds
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Molecular Shapes: The VSEPR Model

Six Charge Clouds



© 2016 Pearson Education, Inc.Instructor’s Resource Materials (Download only) for Chemistry, 7e

John E. McMurry, Robert C. Fay, Jill Robinson



© 2016 Pearson Education, Inc.Instructor’s Resource Materials (Download only) for Chemistry, 7e

John E. McMurry, Robert C. Fay, Jill Robinson



© 2016 Pearson Education, Inc.Instructor’s Resource Materials (Download only) for Chemistry, 7e

John E. McMurry, Robert C. Fay, Jill Robinson

Valence Bond Theory

Valence Bond Theory: A quantum mechanical model that 

shows how electron pairs are shared in a covalent bond
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Valence Bond Theory

Valence Bond Theory: A quantum mechanical model that 

shows how electron pairs are shared in a covalent bond
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• Covalent bonds are formed by overlap of atomic 

orbitals, each of which contains one electron of 

opposite spin.

• Each of the bonded atoms maintains its own 

atomic orbitals, but the electron pair in the 

overlapping orbitals is shared by both atoms.

• The greater the amount of overlap, the stronger 

the bond.

Valence Bond Theory
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How can the bonding in CH4 be explained?

4 valence electrons

2 unpaired electrons

Hybridization and sp3 Hybrid Orbitals
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How can the bonding in CH4 be explained?

4 valence electrons

2 unpaired electrons

Hybridization and sp3 Hybrid Orbitals
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How can the bonding in CH4 be explained?

4 nonequivalent orbitals

Hybridization and sp3 Hybrid Orbitals
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How can the bonding in CH4 be explained?

4 equivalent orbitals

Hybridization and sp3 Hybrid Orbitals
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Hybridization and sp3 Hybrid Orbitals
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Hybridization and sp3 Hybrid Orbitals
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Other Kinds of Hybrid Orbitals
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Other Kinds of Hybrid Orbitals
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Other Kinds of Hybrid Orbitals



© 2016 Pearson Education, Inc.Instructor’s Resource Materials (Download only) for Chemistry, 7e

John E. McMurry, Robert C. Fay, Jill Robinson

Other Kinds of Hybrid Orbitals
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Other Kinds of Hybrid Orbitals
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Polar Covalent Bonds and Dipole Moments
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Polar Covalent Bonds and Dipole Moments
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C—Cl bond has a bond dipole because of a 

difference in electronegativities.

Polar Covalent Bonds and Dipole Moments
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The individual bond polarities do not cancel. 

Therefore, the molecule has a dipole moment. In 

other words, the molecule is polar.

Polar Covalent Bonds and Dipole Moments
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The individual bond polarities cancel. Therefore, the 

molecule does not have a dipole moment. In other 

words, the molecule is nonpolar.

Polar Covalent Bonds and Dipole Moments
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Intermolecular Forces: Attractions between 

“molecules” that hold them together. These forces 

are electrical in origin and result from the mutual 

attraction of unlike charges or the mutual repulsion 

of like charges.

Types of Intermolecular Forces

• Ion–dipole forces

• Van der Waals forces

• Dipole–dipole forces

• London dispersion forces

• Hydrogen bonds

Intermolecular Forces
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Ion–Dipole Forces: The result of electrical 

interactions between an ion and the partial charges 

on a polar molecule

Intermolecular Forces
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Dipole–Dipole Forces: The result of electrical 

interactions among dipoles on neighboring 

molecules

Intermolecular Forces
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Intermolecular Forces

Dipole–Dipole Forces

As the dipole moment increases, the intermolecular 

forces increase.

As the intermolecular forces increase, the boiling point 

increases.
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Intermolecular Forces

London Dispersion Forces: The result of the 

motion of electrons that gives the molecule a short-

lived dipole moment. This induces temporary 

dipoles in neighboring molecules.
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Intermolecular Forces

London Dispersion Forces

As the dispersion forces increase, the intermolecular 

forces increase.

As the intermolecular forces increase, the boiling point

increases.
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Intermolecular Forces

London Dispersion Forces
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Intermolecular Forces

Hydrogen Bond: An attractive force between a 

hydrogen atom bonded to a very electronegative 

atom (O, N, or F) and an unshared electron pair on 

another electronegative atom



© 2016 Pearson Education, Inc.Instructor’s Resource Materials (Download only) for Chemistry, 7e

John E. McMurry, Robert C. Fay, Jill Robinson

Intermolecular Forces

Hydrogen Bond
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Intermolecular Forces

Hydrogen Bond
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Intermolecular Forces
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Molecular Orbital Theory: The Hydrogen 

Molecule

Atomic Orbital: A wave function whose 

square gives the probability of finding an 

electron within a given region of space in an 

atom

Molecular Orbital: A wave function whose 

square gives the probability of finding an 

electron within a given region of space in a 

molecule
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Molecular Orbital Theory: The Hydrogen 

Molecule

σ bonding orbital

σ* antibonding orbital
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Molecular Orbital Theory: The Hydrogen 

Molecule

σ* antibonding orbital

σ bonding orbital

Bond order =
(# bonding e– – # antibonding e–)

2
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Molecular Orbital Theory: The Hydrogen 

Molecule

= 1
2

2 – 0
Bond order =
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Molecular Orbital Theory: The Hydrogen 

Molecule

= 2
2

2 – 1
Bond order: = 0

2

2 – 2
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Diamagnetic: All electrons are spin-paired. 

Diamagnetic substances are weakly repelled by 

magnetic fields.

Paramagnetic: There is at least one unpaired electron. 

Paramagnetic substances are weakly attracted by 

magnetic fields.

Oxygen, O2, is predicted to be diamagnetic by electron-

dot structures and valence bond theory.

Molecular Orbital Theory: Other Diatomic 

Molecules

O2 OO
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However, it is known to be paramagnetic.

Molecular Orbital Theory: Other Diatomic 

Molecules

O2 OO
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Molecular Orbital Theory: Other Diatomic 

Molecules
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Molecular Orbital Theory: Other Diatomic 

Molecules
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Molecular Orbital Theory: Other Diatomic 

Molecules
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Combining Valence Orbital Theory and 

Molecular Orbital Theory


