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Covalent Bonding in Molecules

Covalent Bond: A bond that results from the sharing 

of electrons between atoms
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Strengths of Covalent Bonds
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Polar Covalent Bonds: Electronegativity

Electronegativity: The ability of an atom in a molecule to 

attract the shared electrons in a covalent bond
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Polar Covalent Bonds: Electronegativity
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Polar Covalent Bonds: Electronegativity
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Polar Covalent Bonds: Electronegativity
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Polar Covalent Bonds: Electronegativity
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A Comparison of Ionic and

Covalent Bonds
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Electron-Dot Structures: The Octet Rule

Electron-Dot Structure (Lewis Structure): Represents 

an atom’s valence electrons by dots and indicates by 

the placement of the dots the way the valence electrons 

are distributed in a molecule
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Electron-Dot Structures: The Octet Rule
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Procedure for Drawing Electron-Dot 

Structures

The Octet Rule
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Procedure for Drawing Electron-Dot 

Structures

Step 1: Valence Electrons

• Find the total number of valence electrons 

for all atoms in the molecule.

• Add one additional electron for each 

negative charge in an anion, or subtract 

one for each positive charge in a cation.
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Procedure for Drawing Electron-Dot 

Structures

Step 2: Connect Atoms

• Draw lines to represent bonds between 

atoms.

• Hydrogen and halogens usually form only 

one bond.

• Elements in the second row usually form a 

certain number of bonds based upon the 

column they occupy.
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Procedure for Drawing Electron-Dot 

Structures
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Procedure for Drawing Electron-Dot 

Structures

Step 2: Connect Atoms

• Draw lines to represent bonds between atoms.

• Hydrogen and halogens usually form only 

one bond.

• Elements in the second row usually form the 

number of bonds given in the next table.

• Elements in third row and lower are often a 

central atom around which other atoms are 

grouped and form more bonds than predicted by 

the octet rule.
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Procedure for Drawing Electron-Dot 

Structures

Step 3: Assign Electrons to the Terminal 

Atoms

• Subtract the number of electrons used for 

bonding from the total number calculated 

in Step 1 to find the number that remain.

• Complete each terminal atom’s octet 

(except for hydrogen’s).
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Procedure for Drawing Electron-Dot 

Structures

Step 4: Assign Electrons to the 

Central Atom

• If unassigned electrons remain after 

Step 3, place them on the central atom.
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Procedure for Drawing Electron-Dot 

Structures

Step 5: Multiple Bonds

• If no unassigned electrons remain after 

Step 4 but the central atom does not yet 

have an octet, use one or more lone pairs 

of electrons from a neighboring atom to 

form a multiple bond (either a double or a 

triple).
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Procedure for Drawing Electron-Dot 

Structures

Draw an electron-dot structure for H2O.

Step 1: 2(1) + 6 = 8 valence electrons

Step 2:

Bonding pair of electrons

Lone pair of electrons

HO

H

HO

H

Step 4:
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Procedure for Drawing Electron-Dot 

Structures

Draw an electron-dot structure for CCl4.

Step 1: 4 + 4(7) = 32 valence electrons

Step 2: Step 3:ClC

Cl

Cl

Cl

ClC

Cl

Cl

Cl
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Procedure for Drawing Electron-Dot 

Structures

Draw an electron-dot structure for H3O
1+.

Step 1: 3(1) + 6 – 1 = 8 valence electrons

Step 2: Step 4: HO

H

HHO

H

H

+
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Procedure for Drawing Electron-Dot 

Structures

Draw an electron-dot structure for CH2O.

Step 1: 4 + 2(1) + 6 = 12 valence electrons

Step 2:

Step 3:

Step 5:HC

O

H

HC

O

H

HC

O

H

HC

O

H
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Procedure for Drawing Electron-Dot 

Structures

Draw an electron-dot structure for SF6.

Step 1: 6 + 4(7) = 34 valence electrons

Step 2: Step 3:

F

F

S

FF

F F

F

F

S

FF

F F
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Procedure for Drawing Electron-Dot 

Structures

Draw an electron-dot structure for ICl3.

Step 1: 7 + 3(7) = 28 valence electrons

Step 2:

Step 3:

Step 4:

Cl

I

ClCl

Cl

I

ClCl

Cl

I

ClCl
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Drawing Electron-Dot Structures for 

Radicals

• A few substances have an unpaired 

electron. These are called radicals, or free 

radicals.

• Drawing electron-dot structures for radicals 

follows the steps we have seen.

• There will always be an unfilled octet on 

one atom.
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Drawing Electron-Dot Structures for 

Radicals

• As an example, NO2

– Each oxygen provides 6 electrons.

– The nitrogen provides 5 electrons.

– Thus, there are 17 electrons.

– Note the lone electron on the nitrogen.
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Electron-Dot Structures of Compounds 

Containing Only Hydrogen and Second-

Row Elements

Two Charge Clouds
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Electron-Dot Structures and Resonance

Draw an electron-dot structure for O3.

Step 1: 3(6) = 18 valence electrons

Step 2:

Step 3:

Step 4:OOO OOO

OOO OOOStep 5:
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Electron-Dot Structures and Resonance

Step 4: OOO

Or move a lone pair from this oxygen?

Move a lone pair from this oxygen?

OOO OOO

Resonance
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Formal Charges

# of

bonding

e–

Formal

charge

# of

valence e–

in free atom
––

# of

nonbonding

e–

=

Calculate the formal charge on each atom in O3.

OOO

6 – (2) – 6 = –16 – (4) – 4 = 0
1

2
6 – (6) – 2 = +1

1

2

1

2

1

2


