how to draw resonance structures in organic
chemistry

How to draw resonance structures in organic chemistry is a fundamental skill for anyone
studying organic chemistry. Resonance structures help illustrate the delocalization of electrons in
molecules, providing a more complete understanding of their behavior and reactivity. This article
will guide you through the steps of drawing resonance structures, the rules to follow, and common
examples to solidify your understanding.

Understanding Resonance

Resonance is a concept used to describe the electronic structure of molecules that cannot be
adequately represented by a single Lewis structure. Instead, a molecule might be better depicted by
multiple structures, known as resonance structures, which contribute to the overall hybrid structure
of the molecule.

The actual structure of the molecule is a resonance hybrid, which is a combination of the possible

resonance forms. These forms differ only in the placement of electrons, not the arrangement of
atoms.

Why Do We Use Resonance Structures?

Resonance structures are essential for several reasons:

1. Stability: Many molecules are more stable when their electrons are delocalized over several
atoms. This delocalization lowers the overall energy of the molecule.

2. Reactivity: Understanding resonance can help predict how a molecule will react in chemical
reactions. Regions of high electron density can indicate potential reactive sites.

3. Properties: Resonance influences physical and chemical properties such as acidity, basicity, and
color.

Steps to Draw Resonance Structures

Drawing resonance structures involves systematic steps that help maintain the integrity of the
molecules' electronic configuration. Below are the steps you should follow:

Step 1: Draw the Lewis Structure



Begin by drawing the complete Lewis structure of the molecule. This includes:
- Counting the total number of valence electrons.

- Placing atoms in the correct arrangement based on their bonding preferences.
- Distributing electrons to satisfy the octet rule (or duplet rule for hydrogen).

Step 2: Identify Possible Resonance Contributors

Once you have the Lewis structure, look for areas where electrons can be rearranged. This may
involve:

- Moving lone pairs to form double bonds.

- Moving double bonds to create lone pairs.
- Shifting charges while keeping the overall charge of the molecule the same.

Step 3: Apply Resonance Rules

When drawing resonance structures, certain rules must be adhered to:

1. Same Atom Connectivity: The arrangement of atoms must remain constant in all resonance
structures. Only electrons are moved.

2. Preserving Charge: The overall charge of the molecule should remain the same across all
resonance forms.

3. Octet Rule: Avoid violating the octet rule for second-row elements (C, N, O, F) in the resonance
structures.

4. Minimize Formal Charges: Structures with fewer formal charges (or more stable charges) are
preferred.

5. Electronegativity Considerations: Negative charges should reside on more electronegative atoms,
while positive charges should be on less electronegative atoms.

Step 4: Draw the Resonance Structures

Using the information gathered, you can now draw the resonance structures. Be sure to:

- Clearly show the movement of electrons with arrows (curved arrows) to indicate how the electrons
are shifting.
- Use brackets to denote resonance forms and indicate the overall charge if applicable.



Step 5: Evaluate Each Structure

Not all resonance structures contribute equally to the resonance hybrid. Evaluate each structure
based on the following criteria:

- Stability: More stable structures contribute more to the resonance hybrid.

- Charge Distribution: Structures that minimize charge separation are more stable.
- Octet Rule: Structures that follow the octet rule are preferred.

Common Examples of Resonance Structures

To better understand resonance structures, let’s explore a few common examples that are frequently
encountered in organic chemistry.

Benzene (CesHs)

Benzene is a classic example of resonance. The actual structure of benzene is a hybrid of two
resonance forms:

1. Draw the two resonance structures by alternating the double bonds.
2. Indicate that these structures are equivalent and contribute equally to the resonance hybrid.

Acetic Acid (CH3COOH)

In acetic acid, the resonance structures can be drawn by moving the electrons from the carbonyl
(C=0) bond to the O-H bond, creating a structure with a positive charge on carbon and a negative
charge on oxygen.

1. Draw the Lewis structure for acetic acid.
2. Identify the potential movement of electrons from the C=0 double bond.
3. Show the resonance structures with arrows indicating electron movement.

Nitromethane (CH3NO2)

Nitromethane features resonance due to the nitro group. Here are the steps:

1. Draw the Lewis structure for nitromethane, including the nitro group.

2. Show the resonance structures where electrons are delocalized between the nitrogen and oxygen
atoms.

3. Evaluate the stability of each resonance form.



Conclusion

Understanding how to draw resonance structures is an essential skill in organic chemistry that
enhances comprehension of molecular behavior and stability. By following the systematic steps of
drawing Lewis structures, identifying possible resonance contributors, and applying resonance
rules, you can effectively illustrate the resonant nature of various organic compounds.

With practice, recognizing and drawing resonance structures will become an intuitive part of your
organic chemistry toolkit, allowing you to predict molecular behavior and reactivity with greater
confidence. Remember that resonance is not just a tool for drawing; it’s a way to think about the
electronic nature of molecules and their interactions in chemical reactions.

Frequently Asked Questions

What are resonance structures in organic chemistry?

Resonance structures are different Lewis structures for the same molecule that show the
delocalization of electrons. They help illustrate the stability and distribution of electrons within a
molecule.

How do you determine if a molecule has resonance structures?

To determine if a molecule has resonance structures, check for the presence of double bonds, lone
pairs, or charged atoms that can be rearranged while maintaining the overall connectivity of the
molecule.

What are the steps to draw resonance structures?

To draw resonance structures, follow these steps: 1) Identify the atoms and bonds in the molecule.
2) Move electrons (lone pairs or pi bonds) to create different valid Lewis structures. 3) Ensure that
all structures obey the octet rule and that the total charge remains the same.

What rules should be followed when drawing resonance
structures?

When drawing resonance structures, follow these rules: 1) Only electrons can be moved, not atoms.
2) Maintain the same number of unpaired electrons. 3) Avoid violating the octet rule for second-row
elements. 4) Structures with full octets and minimal charge separation are preferred.

How do resonance structures affect the stability of a
molecule?

Resonance structures contribute to the overall stability of a molecule by allowing electron
delocalization, which lowers the energy of the molecule. The more resonance structures a molecule
has, the more stable it generally is due to this delocalization effect.
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