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Understanding Lewis structures is fundamental in chemistry, as they provide a
visual representation of how valence electrons are distributed in molecules
and ions. One key aspect of Lewis structures is determining whether the
central atom obeys the octet rule, which states that atoms tend to be
surrounded by eight electrons in their valence shell, achieving a stable
electron configuration similar to noble gases. This article explores the
criteria for the central atom obeying the octet rule, methods to analyze
Lewis structures, and examples of molecules and ions that conform to this
rule.

What Is the Octet Rule?

Definition and Significance

The octet rule is a chemical principle that predicts the bonding behavior of
main-group elements. It suggests that atoms tend to form bonds until they are
surrounded by eight electrons, either through sharing, gaining, or losing
electrons. This rule explains the stability of noble gases, which naturally
have complete octets in their outer shells.

Limitations of the Octet Rule

While the octet rule applies well to many elements, especially second-period
elements like carbon, nitrogen, oxygen, and fluorine, it has notable
exceptions:

- Elements in periods beyond the second can expand their valence shell (e.g.,
sulfur, phosphorus).

- Some molecules exhibit incomplete octets (e.g., boron compounds).

- Certain ions and molecules involve odd numbers of electrons (radicals).

Understanding these limitations is vital for correctly analyzing Lewis
structures and determining if the central atom obeys the octet rule.



Analyzing Lewis Structures for Octet Compliance

Step-by-Step Approach

To determine if the central atom obeys the octet rule in a given Lewis
structure, follow these steps:

1. Identify the Central Atom: Usually the atom with the lowest
electronegativity or the atom to which other atoms are bonded.

2. Count Valence Electrons: Sum the valence electrons of all atoms, adjusting
for charge if dealing with ions.

3. Draw a Skeletal Structure: Connect the central atom to surrounding atoms
with single bonds.

4. Distribute Remaining Electrons: Complete octets on terminal atoms first,
then assign any leftover electrons to the central atom.

5. Check the Central Atom's Electron Count: Count the total electrons around
the central atom. If it has 8 electrons, it obeys the octet rule; if fewer or
more, analyze further.

Common Indicators of Octet Violation

- Central atom has fewer than 8 electrons (incomplete octet).
- Central atom has more than 8 electrons (expanded octet).
- The presence of odd numbers of electrons (free radicals).

Examples of Species Where The Central Atom
Obeys The Octet Rule

This section highlights typical molecules and ions where the Lewis structure
analysis confirms that the central atom obeys the octet rule.

1. Carbon Dioxide (CO0,)

- Structure: 0=C=0

- Analysis: Carbon is the central atom, bonded to two oxygen atoms via double
bonds. Carbon has four electrons in each double bond (total 8 electrons),
fulfilling the octet rule. Both oxygen atoms also have complete octets.

2. Ammonia (NH,)

- Structure: N with three bonds to hydrogen atoms.

- Analysis: Nitrogen has five valence electrons, forms three single bonds
with hydrogen atoms, and has one lone pair, totaling 8 electrons around
nitrogen—obeying the octet rule.



3. Methane (CH,)

- Structure: Carbon bonded to four hydrogens.
- Analysis: Carbon shares four single bonds, reaching a total of 8 electrons
around it, satisfying the octet rule.

4. Water (H,0)

- Structure: Oxygen bonded to two hydrogens.
- Analysis: Oxygen has two lone pairs and two bonding pairs, totaling 8
electrons, thus obeying the octet rule.

5. Nitrogen Gas (N,)

- Structure: N=N triple bond.
- Analysis: Each nitrogen atom has a triple bond and a lone pair, resulting
in 8 electrons around each nitrogen atom, satisfying the octet rule.

Species Where The Central Atom Does Not Obey
The Octet Rule

While the focus is on species where the octet rule is obeyed, it’s equally
important to recognize species where the central atom violates this rule for
completeness.

1. Boron Trifluoride (BF,;)

- Analysis: Boron has only six electrons in its valence shell, making it an
electron-deficient species.

2. Sulfur Hexafluoride (SF;)

- Analysis: Sulfur expands its octet to accommodate 12 electrons, which is an
example of an expanded octet.

3. Free Radicals (e.g., NO)

- Analysis: Nitric oxide (NO) has an odd number of electrons, resulting in an
unpaired electron and an incomplete octet on nitrogen.



Factors Influencing Whether The Central Atom
Obeys the Octet Rule

Understanding the factors that determine whether the central atom obeys the
octet rule helps predict molecular behavior and stability.

1. Period of the Element

- Elements in the second period (like C, N, 0, F) typically obey the octet
rule.
- Elements in higher periods can expand their octet.

2. Electronegativity

- Atoms with higher electronegativity tend to hold electrons more tightly,
influencing electron distribution.

3. Number of Bonds and Lone Pairs

- The number of bonds and lone pairs around the central atom determines its
electron count.

4. Presence of Charge

- Tonic species with positive or negative charges can alter electron counts,
affecting octet compliance.

Common Strategies to Predict Octet Obedience 1in
Lewis Structures

- Use of Formal Charges: Minimize formal charges to identify the most stable
Lewis structure.

- Resonance Structures: Consider resonance forms where electrons are
delocalized, which can influence octet arrangements.

- Expanded Octet Possibility: Recognize that elements in period three or
beyond can have more than 8 electrons around the central atom.

Conclusion

In summary, analyzing Lewis structures to determine whether the central atom
obeys the octet rule involves careful electron counting and understanding the



bonding patterns. Most main-group elements in molecules like C02, NH3, CH4,
H20, and N2 obey the octet rule, which contributes to their stability and
predictable behavior. Recognizing situations where the octet rule is
violated—such as in molecules with expanded octets or electron
deficiencies—is equally crucial for a comprehensive understanding of chemical
bonding. This knowledge aids in predicting molecular geometry, reactivity,
and properties, forming a foundational aspect of inorganic and organic
chemistry.

Remember: Always analyze each Lewis structure step-by-step to accurately
determine if the central atom obeys the octet rule, considering the element’s
position in the periodic table, the number of bonds, lone pairs, and overall
charge distribution.

Frequently Asked Questions

From the Lewis structures provided, which species
show the central atom obeying the octet rule?

Species where the central atom has a complete octet (8 electrons) around it,
such as CO02 and CHa.

How can you determine if the central atom obeys the
octet rule from Lewis structures?

By counting the number of electrons around the central atom; if it has 8
electrons (or 2 for hydrogen), it obeys the octet rule.

Are there species in the given Lewis structures
where the central atom exceeds the octet rule?

Yes, molecules like SFe¢ show the central atom exceeding the octet due to
expanded valence shells.

In the provided Lewis structures, which species have
a central atom with less than an octet?

Species like boron trifluoride (BFs), where the boron has only 6 electrons
around it, do not obey the octet rule.

What is the significance of a central atom obeying
the octet rule in Lewis structures?

It indicates a stable electron configuration, which often correlates with
molecular stability and typical bonding patterns.



Can the Lewis structures show species where the
central atom obeys the duet rule instead of the
octet?

Yes, molecules like H: and BeCl: have the central atom obeying the duet rule,
with only 2 electrons around hydrogen or beryllium.

From the given species, which are exceptions where
the central atom does not obey the octet rule?

Exceptions include molecules with incomplete octets like BFs or molecules
with expanded octets like SFs.

Why is it important to identify whether the central
atom obeys the octet rule in Lewis structures?

Because it helps predict molecular stability, reactivity, and bonding
patterns, which are crucial in understanding chemical behavior.

Additional Resources

From The Lewis Structures Of The Species Given, Pick All Of Those In Which
The Central Atom Obeys The

Understanding molecular structure is fundamental in chemistry, especially
when it comes to predicting the behavior, reactivity, and properties of
molecules. One key aspect of molecular structure analysis involves examining
Lewis structures to determine whether the central atom obeys the octet rule,
duplet rule, or other stability rules. In this guide, we will explore from
the Lewis structures of the species given, pick all of those in which the
central atom obeys the stability rules, focusing on the octet rule in
particular. This comprehensive overview aims to help students and
professionals alike identify stable molecules and understand the significance
of the central atom’s electron configuration.

Introduction to Lewis Structures and Central Atoms

Lewis structures, also known as Lewis dot diagrams, are visual
representations of molecules showing how valence electrons are shared or
transferred among atoms. They help predict molecular geometry, bond types,
and overall stability.

What is a Central Atom?

The central atom in a Lewis structure is typically the atom that is less



electronegative (excluding hydrogen, which is almost always terminal) and is
surrounded by other atoms or groups. It often acts as the core to which other
atoms are bonded.

Why Does Obeying the Octet Rule Matter?

The octet rule states that atoms tend to form bonds until they are surrounded
by eight electrons in their valence shell (or two in the case of hydrogen).
When the central atom obeys the octet rule, it generally indicates a stable
molecule, as it has achieved a noble gas electron configuration.

How to Determine if the Central Atom Obeys the Octet Rule

To analyze whether the central atom obeys the octet rule based on Lewis
structures, follow these steps:

Draw the Lewis structure of the molecule or ion.

Identify the central atom and count its valence electrons.

Count the electrons around the central atom in the Lewis structure.
Check if the central atom has 8 electrons (or 2 for hydrogen).
Determine if the molecule is stable based on this electron count.
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Step-by-Step Analysis: Identifying Species Where the Central Atom Obeys the
Octet Rule

Step 1: List the Species Given
Suppose we are provided with the following molecules and ions:

- Methane (CHa)

- Ammonia (NH3)

- Water (H20)

- Boron trifluoride (BF3)

- Carbon dioxide (CO02)

- Sulfur hexafluoride (SFs)

- Nitrogen gas (N2)

- Hydrogen chloride (HC1)

- Phosphorus pentachloride (PCls)
- Chlorate ion (Cl03-)

Step 2: Draw Lewis Structures and Identify the Central Atom
For each species, draw the Lewis structure and note the central atom:
| Species | Central Atom | Lewis Structure Features |

|-l
| CHs | Carbon | Carbon at center, bonded to 4 hydrogens |



| NHs | Nitrogen | Nitrogen at center, bonded to 3 hydrogens |

| H20 | Oxygen | Oxygen at center, bonded to 2 hydrogens |

| BFs | Boron | Boron at center, bonded to 3 fluorines |

| CO2 | Carbon | Carbon at center, double bonds to 2 oxygens |

| SFe | Sulfur | Sulfur at center, bonded to 6 fluorines |

| N2 | Nitrogen | Both N atoms bonded by triple bond (diatomic) |

| HCU | Chlorine | Chlorine terminal, hydrogen terminal |

| PCls | Phosphorus | Phosphorus at center, bonded to 5 chlorines |

| CLOs- | Chlorine | Chlorine central, bonded to 3 oxygens, with a negative
C

Step 3: Electron Count Around the Central Atom
Evaluate whether the central atom in each species obeys the octet rule:

- CHa: Carbon has 4 single bonds to H, total 8 electrons. Obeys octet.

- NHs: Nitrogen has 3 bonds + 1 lone pair (if counted), total 8 electrons.
Obeys octet.

- H20: Oxygen has 2 bonds + 2 lone pairs, total 8 electrons. Obeys octet.

- BFs: Boron has 3 bonds, no lone pairs, total 6 electrons. Does not obey
octet.

- CO2: Carbon has 2 double bonds, total 8 electrons. Obeys octet.

- SFe: Sulfur has 6 bonds, exceeding octet (expanded octet). Does not obey
octet but obeys expanded octet rule.

- N2: Both N atoms share a triple bond, each with 3 bonding pairs and 1 lone
pair, each obeys octet.

- HCl: Chlorine has 1 bond + 3 lone pairs, total 8 electrons. Obeys octet.

- PCls: Phosphorus has 5 bonds, no lone pairs, total 10 electrons, an
expanded octet. Does not obey octet.

- Cl0s-: Chlorine has 3 bonds + 1 lone pair (or 2 lone pairs?), but typically
in Cl0s-, Cl has 3 bonds and a lone pair, totaling 10 electrons, so it
exceeds octet. Does not obey octet.

Step 4: Identify Which Species Have Central Atoms Obeying the Octet Rule

From the above analysis, the species where the central atom obeys the octet
rule are:

- Methane (CHa4)

- Ammonia (NHs)

- Water (H20)

- Carbon dioxide (CO0:2)

- Hydrogen chloride (HC1)
- Nitrogen gas (N2)

Species like BFs, SFe, PCls, and ClOs- involve central atoms that either have
less than an octet (boron) or expanded octet (sulfur, phosphorus, chlorine),
hence they do not obey the octet rule.



Deep Dive: Why Some Species Obey and Others Do Not
Obeying the Octet Rule

Atoms like carbon, nitrogen, oxygen, and hydrogen tend to obey the octet rule
because their valence shells are filled with 8 electrons when they form
stable molecules. These atoms often form covalent bonds to share electrons
until the octet is achieved, leading to stable and predictable structures.

Violations and Expanded Octets

- Boron compounds (e.g., BFs3): Boron forms only 3 bonds, resulting in 6
electrons around it. Such molecules are stable despite not obeying the octet
rule because boron is electron-deficient.

- Phosphorus and sulfur compounds (e.g., PCls, SFe): These elements can
expand their octet beyond 8 electrons because they have access to d-orbitals,
allowing for more than 8 electrons around the central atom.

- Ions (e.g., Cl0s3-): Additional electrons (charge) can lead to expanded
octets or electron-rich centers that do not strictly obey the octet rule.

Summary: Picking Out the Molecules Where the Central Atom Obeys the Octet
Rule

Based on the analysis, the species where the central atom obeys the octet
rule are:

- Methane (CHa)

- Ammonia (NHs)

- Water (H:20)

- Carbon dioxide (CO02)

- Hydrogen chloride (HC1)
- Nitrogen gas (N2)

These molecules are generally considered more stable due to their adherence
to the octet rule and are foundational in understanding molecular stability
and bonding.

Final Remarks

From the Lewis structures of the species given, picking all of those in which
the central atom obeys the octet rule provides valuable insights into the
stability and reactivity of molecules. Recognizing whether the central atom
obeys the octet rule helps chemists predict molecular geometry, bonding
patterns, and chemical properties. While many molecules do obey the octet
rule, others involve expanded or incomplete octets, illustrating the diverse
ways atoms achieve stability.



Understanding these principles is essential for advanced studies in
chemistry, including molecular orbital theory, reactivity mechanisms, and
material design. Always remember to evaluate each molecule carefully,
considering its Lewis structure and electron count, to determine whether the
central atom obeys the octet rule.
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