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2.6 Resonance and Formal Charge

AP Chemistry Unit 2

Learning Objectives

 Understand and apply the concept of electron delocalization in 

molecules

 Identify and draw multiple resonance structures, and determine the 

resonance hybrid.

 Calculate formal charges and use these calculations to evaluate the 

stability of different resonance structures. 

 Understand how resonance and formal charge influence molecular 

geometry, bond lengths, bond energies, and overall molecular stability, 

aiding in predicting the reactivity and properties of compounds.
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Resonance Structures

 Resonance is a condition that occurs when 

more than one valid Lewis structure can be 

written for a molecule or ion

◼ These structures differ ONLY IN THE 

PLACEMENT OF ELECTRONS, 

NOT THE ARRANGEMENT OF 

ATOMS

This figure shows three 
correct ways to draw 
the structure for 
(NO3)

-1
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Delocalized Electrons

 Electrons are 

shared over 

multiple atoms

rather than

confided to a 

single bond or lone

pair

Characteristics Resonance Structures

 Same Arrangement of Atoms: Atoms are placed in the same positions in 

all resonance structures.

 Different Electron Arrangements: Only the positions of electrons 

(particularly lone pairs and pi bonds) differ among the structures.

 Equivalence in Energy: Resonance structures usually have similar 

energies, contributing equally to the resonance hybrid.

 Resonance Hybrid: The actual structure of the molecule is a hybrid of all 

resonance structures, representing a more accurate depiction of electron 

distribution.
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Importance of Resonance
 Increased Stability: Resonance delocalizes electrons over multiple atoms, reducing 

electron repulsion and enhancing the overall stability of the molecule.

 Bond Length Uniformity: It leads to bond lengths that are intermediate between 

single and double bonds, providing a more accurate representation of molecular 

structure.

 Energy Distribution: Resonance spreads the molecule’s potential energy over a 

larger volume, lowering its overall energy.

 Predicting Reactivity: Understanding resonance helps predict how molecules will 

react, as the delocalized electrons often participate in chemical reactions.

 Explaining Molecular Properties: Resonance is key to explaining various physical 

and chemical properties, such as acidity, basicity, and color.

 Molecular Symmetry: Resonance contributes to the symmetry of certain molecules, 

which is crucial for understanding their behavior in different chemical environments.

 Chemical Bonding Theory: It is essential in advanced theories of chemical bonding, 

such as Molecular Orbital Theory, which requires an understanding of electron 

delocalization.

 Structure 1: O=O-O⁻

 Structure 2: O⁻-O=O

 In these structures, the positions of the double and single bonds switch. 

The resonance hybrid indicates that each O-O bond has a bond order of 

1.5, reflecting partial double-bond character.
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Formal Charge
 Used to determine the most accurate bonding (Lewis structure) of a 

compound or molecule that may have many nonequivalent structures

◼ Which of possible different Lewis structures is correct???. – USE 

FORMAL CHARGE

 Formal Charge - The difference between the number of valence electrons 

on the free element and the number of electrons assigned to the atom in the 

molecule. 

◼ The formal charge of a molecule or ion must equal the charge of the ion

◼ Atoms in molecules or ions should have formal charges as small as 

possible (closest to 0)

◼ A molecule or ion is most stable when any negative formal charge 

resides on the most electronegative atom. 

Formal Charge
Formal Charge answers 2 big questions!

1. Why does NH4
+ have a positive charge?

2. If multiple Lewis structures possible, which one is correct?

 More than one way to determine:

◼ Formal Charge = group number – [# of lone electrons – 2(# of 

bonding electrons)]

◼ Formal Charge = Valence electrons – (non-bonding electrons + ½ 

Bonding electrons)

 WAY EAISER (Mr Allan)

◼ FC = Velectrons – (Bond + Dots)

◼ FC = Should - Has
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Steps to Compare Resonance Structures

 Calculate Formal Charge: Determine the formal charge for each 

atom in all resonance structures.

 Minimize Formal Charges: Structures with formal charges closest 

to zero are generally more stable.

 Electronegativity Consideration: Place negative formal charges 

on more electronegative atoms and positive charges on less 

electronegative atoms.

 Avoid Like Charges: Structures that have like charges (both 

positive or both negative) on adjacent atoms are less favorable.

Example

O

FCO = VE – (bonds+Dots)

FCO =  6 – (1+6)

FCO = -1

C

FCc = 4 – (2+0)

FCc = +2

Reducing

FCO = 6 –(2+4)

FCO = 0  (BETTER!)

FCc =  4 – (3+0)

FCO = +1 (better, but….)


