how to do resonance structures organic chemistry

how to do resonance structures organic chemistry is a fundamental skill that unlocks a deeper
understanding of electron delocalization and its impact on molecular properties. This article will guide
you through the process of drawing resonance structures, explaining the underlying principles,
identifying common structural features that indicate resonance, and illustrating the application of these
concepts with clear examples. We will delve into the rules governing the movement of electrons, the
significance of curved arrows, and how to evaluate the relative stability of different resonance
contributors. Mastering resonance is crucial for predicting reactivity, understanding acidity and basicity,

and interpreting spectroscopic data in organic chemistry.
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Understanding Electron Delocalization in Organic Chemistry

Electron delocalization is a key concept in organic chemistry that describes the spreading of electron
density over more than two atoms or within a pi system. This phenomenon is directly represented by
resonance structures, which are hypothetical Lewis structures that collectively describe the true
electronic structure of a molecule or ion. The actual molecule is a hybrid of these contributing
structures, possessing a lower energy state due to the delocalization of electrons. Understanding

electron delocalization is paramount for predicting chemical behavior and stability.



When electrons are localized between two atoms, they form a specific covalent bond. However, in
certain molecular arrangements, electron pairs (either lone pairs or pi electrons) can be shared by
multiple atoms. This sharing leads to a distribution of electron density that cannot be accurately
depicted by a single Lewis structure. Resonance structures are our way of visualizing this dynamic
electron movement, even though no single resonance structure truly exists independently. The true
structure, the resonance hybrid, is a weighted average of these contributors, with more stable

contributors contributing more significantly to the hybrid's properties.

The Rules of Drawing Resonance Structures

To accurately represent resonance, chemists follow a set of specific rules governing the movement of
electrons. These rules ensure that the overall charge and the connectivity of atoms remain constant
between different resonance contributors. Adhering to these principles is essential for generating
correct and meaningful representations of electron delocalization. Violating these rules will lead to

invalid resonance structures that do not reflect the actual electronic distribution.

The core principle is that only electrons (lone pairs or pi electrons) can move; the positions of the
atomic nuclei and the sigma bonds between atoms must remain unchanged. This distinction is critical
because moving atoms would imply a chemical reaction, not just a redistribution of electron density
within the same molecule. Therefore, all resonance structures for a given species must have the same
skeletal structure. The number of valence electrons must also be conserved across all resonance

contributors.

Conservation of Atomic Nuclei and Sigma Bonds

When drawing resonance structures, it is imperative to remember that the atoms themselves do not
move, nor do the sigma bonds that hold them together. Resonance is purely about the delocalization
of pi electrons and lone pairs. Any representation that shows a change in atom positions or the

breaking or formation of sigma bonds is not a valid resonance structure but likely represents a different



molecule or a reaction intermediate.

Conservation of Total Charge

A fundamental rule of resonance is that the net charge of the molecule or ion must be the same in all
valid resonance structures. While the distribution of formal charges may differ between contributors,
the sum of these charges must always equal the overall charge of the species. This conservation of
charge is a direct consequence of only moving electrons, which carry charge, and not altering the

atomic framework.

Conservation of Valence Electrons

The total number of valence electrons in the Lewis structure must also remain constant across all
resonance forms. Since resonance involves the rearrangement of existing electrons, no electrons are
added or removed. This means that the total count of electrons, including those in bonds and as lone

pairs, must be identical for every resonance structure drawn for a particular species.

Identifying Atoms and Bonds Involved in Resonance

Certain structural features are strong indicators that resonance is occurring within a molecule or ion.
Recognizing these patterns allows chemists to predict where electron delocalization is likely to take
place and to initiate the process of drawing resonance structures. These features typically involve

adjacent regions of electron density and electron deficiency.

The most common scenario involves a pi bond adjacent to a lone pair of electrons. This arrangement
allows the lone pair to be pushed into the pi system, forming a new pi bond and moving the existing pi
electrons onto another atom. Similarly, a pi bond next to a positive charge can accommodate the pi

electrons, neutralizing the charge or shifting it. The presence of conjugated systems, where alternating



single and multiple bonds exist, is another hallmark of extensive resonance.

Pi Bonds Adjacent to Lone Pairs

When a lone pair of electrons is on an atom directly adjacent to a carbon atom involved in a pi bond,
resonance can occur. The lone pair can be donated to form a new pi bond, pushing the pi electrons
onto the adjacent atom, often resulting in a negative charge. This is a very common pattern, as seen

in the resonance of carboxylate ions or amines.

Pi Bonds Adjacent to Positive Charges

A positive charge on an atom adjacent to a pi bond can also participate in resonance. The pi electrons
can move to the positively charged atom, forming a new pi bond and delocalizing the positive charge.
This process helps to stabilize carbocations, such as in allylic or benzylic systems, by spreading the

positive charge over multiple atoms.

Pi Bonds Adjacent to Pi Bonds (Conjugation)

When pi bonds are separated by only a single bond, a conjugated system exists. Electrons in these pi
systems are delocalized across multiple atoms. This conjugation is responsible for the color of many
organic molecules (dyes) and the stability of aromatic compounds like benzene. Examples include

conjugated dienes and polyenes.

Pi Bonds Adjacent to Radical Centers

Similar to positive charges, a lone electron (radical) adjacent to a pi bond can also be involved in
resonance. The pi electrons can shift to delocalize the radical, spreading the unpaired electron over a

larger area and increasing the stability of the radical species.



Using Curved Arrows to Show Electron Movement

Curved arrows are the indispensable tool for illustrating the hypothetical movement of electrons when
drawing resonance structures. Each arrow depicts the pathway of an electron pair. Understanding how
to use them correctly is crucial for generating valid resonance forms and comprehending the flow of
electron density. The tail of the arrow originates from the electron source (a lone pair or a bond), and

the head points to the atom or bond where the electrons end up.

There are specific conventions for using curved arrows in resonance. An arrow originating from a lone
pair indicates that these electrons are forming a new bond or becoming part of a pi system. An arrow
originating from a bond indicates that these pi electrons are being pushed onto an adjacent atom,
typically forming a lone pair or moving to accommodate a new pi bond elsewhere. The process is
iterative; one electron movement can trigger another, leading to a sequence of transformations that

result in a different resonance contributor.

Arrow Originating from a Lone Pair

When a lone pair of electrons is shown to move, the curved arrow originates from the pair of dots
representing the lone pair. If these electrons form a new bond, the arrow will point to the space
between two atoms that will form the new bond. If they move to an adjacent atom to become a lone

pair, the arrow will point to the lone pair position on that atom.

Arrow Originating from a Pi Bond

A curved arrow originating from the middle of a pi bond signifies that these pi electrons are moving.
Typically, this movement results in the formation of a lone pair on one of the bonded atoms or the
creation of a new pi bond in a different location. The arrow will point to the atom where the lone pair

forms or to the space between atoms where a new pi bond is created.



Arrow Originating from a Bond to an Adjacent Atom

This represents the breaking of a pi bond and the subsequent movement of those electrons. The arrow
typically points to the adjacent atom, indicating that the pi electrons are becoming a lone pair on that

atom, often leading to the formation of a negative charge.

Drawing Resonance Structures: Step-by-Step Examples

Let's illustrate the process of drawing resonance structures with practical examples. By following a
systematic approach, we can accurately depict electron delocalization in various organic species. The
key is to identify the regions of electron-richness (lone pairs, pi bonds) and electron-deficiency (positive
charges, carbocations, electron-deficient atoms) and to move electrons accordingly, while strictly

adhering to the established rules.

Resonance in the Acetate lon

Consider the acetate ion (CH3COO-). The negative charge is distributed between the two oxygen
atoms. To show this, we can draw a curved arrow from the lone pair on the negatively charged oxygen
to form a pi bond between that oxygen and the carbon. Simultaneously, we must move the electrons
of the existing C=0 pi bond onto the other oxygen atom, which now bears the negative charge. This
results in an equivalent resonance structure where the negative charge is on the other oxygen. The
true structure is a hybrid with partial double bond character on both C-O bonds and the negative

charge delocalized over both oxygens.

Resonance in a Carboxylate Anion

A carboxylate anion, with the general structure RCOO-, is a classic example of resonance stabilization.
The negative charge resides on one of the oxygen atoms. A lone pair from the negatively charged

oxygen can be delocalized to form a pi bond with the carbonyl carbon. This forces the electrons of the



existing C=0 pi bond to move onto the other oxygen atom, generating a lone pair and a negative
charge on that oxygen. This movement, depicted by curved arrows, results in two equivalent
resonance structures, indicating that the negative charge is equally shared between the two oxygen

atoms in the resonance hybrid.

Resonance in Allyl Carbocation

The allyl carbocation, CH2=CH-CH2+, exhibits resonance. The positive charge is on one terminal
carbon, and a pi bond is adjacent to it. We can draw a curved arrow from the pi bond, indicating that
its electrons move to form a new pi bond between the central carbon and the positively charged
terminal carbon. This movement results in the positive charge shifting to the other terminal carbon.
Thus, the positive charge is delocalized over both terminal carbons, making the allyl carbocation more

stable than a primary carbocation.

Evaluating the Stability of Resonance Structures

Not all resonance structures contribute equally to the overall resonance hybrid. More stable resonance
structures are those that more accurately represent the true electronic distribution and lower the overall
energy of the molecule. By evaluating the relative stability of different contributors, we can predict

which ones are most significant and understand the properties of the actual molecule or ion.

Several factors contribute to the stability of a resonance structure. Structures with a complete octet on
all atoms are generally more stable than those with incomplete octets. Furthermore, structures with
fewer formal charges are more stable. If formal charges are present, structures where negative
charges reside on more electronegative atoms and positive charges reside on less electronegative

atoms are preferred. Structures with more covalent bonds are also typically more stable.



Structures with Complete Octets

A fundamental rule for stability is that all atoms (especially those in the second period like C, N, O, F)
should strive to achieve a complete octet of valence electrons. Resonance structures where all atoms
have a full octet are generally more stable and contribute more significantly to the resonance hybrid

than those where one or more atoms lack a complete octet.

Structures with Fewer Formal Charges

The fewer the number of formal charges in a resonance structure, the more stable it is. A neutral
molecule is inherently more stable than a charged one. Therefore, resonance structures that minimize

the separation of positive and negative charges are preferred.

Structures with Negative Charges on More Electronegative Atoms

When formal charges are unavoidable, their placement significantly impacts stability. A negative formal
charge is more stable when located on an atom that is more electronegative. For example, a negative
charge on oxygen is more stable than the same negative charge on carbon, because oxygen is more

electronegative and can better accommodate the extra electron density.

Structures with Positive Charges on Less Electronegative Atoms

Conversely, a positive formal charge is more stable when located on an atom that is less
electronegative. A positive charge on carbon is generally more stable than on oxygen, as carbon is

less electronegative and can better tolerate electron deficiency.

Structures with More Covalent Bonds

Generally, resonance structures that contain a greater number of covalent bonds are more stable. This



is because covalent bonds represent shared electron pairs, which are typically lower in energy than

localized lone pairs or separated charges.

Common Pitfalls to Avoid When Drawing Resonance Structures

While the rules for drawing resonance structures are well-defined, certain common mistakes can lead
to incorrect representations. Being aware of these pitfalls can help chemists avoid errors and ensure
accurate depictions of electron delocalization. Careful attention to detail and a solid understanding of

the underlying principles are key to success.

One of the most frequent errors is moving atomic nuclei or sigma bonds, which is not allowed in

resonance. Another common mistake is changing the total number of valence electrons or the overall
charge of the species. Overextending the octet rule for elements in the second period is also a critical
error to avoid. Ensuring that each curved arrow represents the movement of an electron pair and that

the head of the arrow points to the correct destination are also vital details.

Moving Atomic Nuclei or Sigma Bonds

Resonance is solely about the movement of electrons, not atoms. Any depiction that shows atoms
shifting positions or sigma bonds breaking or forming is incorrect and does not represent resonance.

The connectivity of atoms must remain identical in all valid resonance structures.

Changing the Total Number of Valence Electrons

The total number of valence electrons in the Lewis structure must be conserved across all resonance
contributors. Adding or removing electrons during the resonance process is a common error that

invalidates the structures.



Changing the Overall Charge of the Molecule or lon

As mentioned earlier, the net charge of the species must remain constant. If you start with a neutral
molecule, all its resonance structures must also be neutral. Similarly, a charged ion must retain its

charge in all contributing resonance forms.

Violating the Octet Rule for Second-Period Elements

Elements in the second period (e.g., carbon, nitrogen, oxygen, fluorine) generally cannot have more
than eight valence electrons around them. Expanding the octet for these elements in resonance
structures is a fundamental error. While elements in the third period and beyond can sometimes
expand their octets, this is not applicable to standard resonance drawings involving second-period

elements.

Incorrect Placement of Curved Arrows

The origin and destination of curved arrows are critical. An arrow must start from the source of the
electron pair (a lone pair or a bond) and point to where those electrons are moving. Misplaced arrows

can lead to incorrect electron counts, charges, or even changes in atom connectivity.

Drawing Multiple Electron Movements in a Single Step Incorrectly

While multiple electron movements can occur simultaneously to form a single resonance structure from
another, it's crucial to ensure that each implied step adheres to the rules. Often, breaking down

complex electron movements into sequential steps can help avoid errors.

FAQ



Q: What is the primary purpose of drawing resonance structures in

organic chemistry?

A: The primary purpose of drawing resonance structures is to represent the delocalization of electrons
within a molecule or ion that cannot be adequately described by a single Lewis structure. These
structures help to visualize how electron density is spread over multiple atoms, which in turn influences

the molecule's stability, reactivity, and physical properties.

Q: Are resonance structures real molecules?

A: No, resonance structures are not real molecules. They are hypothetical contributing structures that,
when averaged, represent the actual molecule or ion, known as the resonance hybrid. The hybrid is

the true electronic configuration, and it is more stable than any single contributing resonance structure.

Q: How do | know when resonance is possible in a molecule?

A: Resonance is possible when there are adjacent regions of pi electrons and atoms with lone pairs or
positive charges. Common patterns include a pi bond next to a lone pair, a pi bond next to a positive

charge, or conjugated pi systems (alternating single and multiple bonds).

Q: What do curved arrows represent in resonance structures?

A: Curved arrows in resonance structures represent the hypothetical movement of electron pairs. The
tail of the arrow originates from the electron source (a lone pair or a pi bond), and the arrowhead

points to where those electrons move to form a new bond, a new lone pair, or to delocalize charge.

Q: Can carbon atoms in the second period expand their octet in



resonance structures?

A: No, carbon atoms in the second period cannot expand their octet. They are limited to a maximum of
eight valence electrons. Any resonance structure that shows a carbon atom with more than eight

valence electrons is incorrect.

Q: How does resonance affect the stability of a molecule?

A: Resonance generally increases the stability of a molecule or ion. This is because the delocalization
of electrons spreads the electron density over a larger area, lowering the overall potential energy of
the system. Molecules with significant resonance are often more stable and less reactive than

analogous structures without resonance.

Q: What is the difference between resonance and tautomerism?

A: Resonance involves the delocalization of electrons within the same molecule, where the atomic
nuclei do not change position. Tautomerism, on the other hand, involves the migration of a proton and
a simultaneous rearrangement of electrons, resulting in structural isomers. While both involve electron

movement, tautomerism leads to distinct, interconverting molecular structures.
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