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Understanding Lewis structures is fundamental to grasping the behavior, bonding, and properties of
molecules and ions in chemistry. In this article, we will focus on drawing the Lewis structure of the
pentachlorophosphite ion, PCI6-, and then explore various related questions to deepen your
understanding of its electronic structure, geometry, and reactivity. Drawing accurate Lewis structures
helps chemists predict molecular polarity, bond strengths, and how molecules interact in different
chemical environments.

Understanding the Lewis Structure of PCl6-

What is PCl6-?

The PCI6- ion, known as hexachlorophosphide or hexachlorophosphonium ion, is a negatively charged
polyhalogenated phosphorus compound. It consists of a phosphorus atom bonded to six chlorine
atoms, carrying an overall charge of -1.

Key Features of PCI6-

Before drawing the Lewis structure, it's essential to understand the key features of PCI6-:
- Central atom: Phosphorus (P)

- Surrounding atoms: Six chlorine (Cl) atoms

- Charge: -1, indicating an extra electron beyond the neutral configuration

- Valence electrons:

- Phosphorus has 5 valence electrons

- Each chlorine has 7 valence electrons

- The overall charge adds one extra electron

Steps to Draw the Lewis Structure of PCl6-

Drawing the Lewis structure involves several systematic steps:



Step 1: Count Total Valence Electrons

Calculate the total number of valence electrons in the molecule:
- Phosphorus: 5 valence electrons

- 6 Chlorines: 6 x 7 = 42 valence electrons

- Extra electron for the negative charge: 1 electron

Total valence electrons =5 + 42 + 1 = 48 electrons

Step 2: Arrange the Atoms

- Place the central atom: Phosphorus
- Surround it with six chlorine atoms in an octahedral arrangement, as phosphorus can expand its
octet due to available d-orbitals

Step 3: Connect the Atoms with Single Bonds

- Draw single bonds from phosphorus to each chlorine atom
- Each single bond accounts for 2 electrons, so:

Number of electrons used in bonds = 6 x 2 = 12 electrons
Remaining electrons:

48 - 12 = 36 electrons

Step 4: Complete the Octets of the Outer Atoms

- Distribute the remaining electrons to satisfy the octet rule for each chlorine (which needs 6 more
electrons to complete 8 electrons around each Cl)

- Each Cl already has 2 electrons in bonding, so:

Remaining electrons for lone pairs on Cl: 36 electrons

- Assign 6 electrons (3 lone pairs) to each chlorine atom:

6 Cl x 6 electrons = 36 electrons

- All electrons are now assigned, and the structure is complete.

Step 5: Check Formal Charges and Overall Charge

- Verify if the structure satisfies formal charge considerations.
- Formal charge formula:

\[
\text{Formal charge} = \text{Valence electrons} - \left( \text{Lone pair electrons} + \frac{1}{2}



\text{Bonding electrons} \right)
\]

- For phosphorus:

\[
5-(0 +\frac{1}{2} \times 12)=5-6=-1
\]

- For each chlorine:

\[
7-(6 +\frac{1}{2} \times2)=7-(6+1)=0
\]

- The total formal charge sums to -1, matching the ion's overall charge.

Optimized Lewis Structure of PCI6-

The final Lewis structure shows phosphorus at the center, bonded to six chlorine atoms via single
bonds, with lone pairs on each chlorine. The phosphorus atom is surrounded octahedrally, with 12
bonding electrons and no lone pairs on phosphorus itself. The negative charge resides primarily on
the entire structure, with formal charges distributed as shown.

Questions and Key Concepts About PCI6-

1. What is the molecular geometry of PCI6-?

- The molecular geometry of PCl6- is octahedral.
- This geometry results from six bonding pairs around the phosphorus atom, minimizing repulsion
according to VSEPR theory.

2. What is the hybridization of the phosphorus atom in PCIi6-?

- The phosphorus atom adopts sp3d? hybridization.
- This hybridization allows for six sigma bonds arranged octahedrally.



3. Is PCI6- polar or nonpolar?

- PCI6- is nonpolar in terms of overall molecular polarity because the octahedral geometry is
symmetric, and the dipoles cancel out.
- However, individual P-Cl bonds are polar due to differences in electronegativity.

4. How does the negative charge affect the stability of PCl6-?

- The negative charge indicates an extra electron, which can influence the molecule's reactivity.
- It can act as a Lewis base, donating electron density in chemical reactions.
- The stability depends on the environment and the ability to delocalize or accommodate the charge.

5. What are the bonding characteristics of PCI6-?

- All six bonds are single sigma bonds.
- The phosphorus atom expands its octet, which is common for elements in period 3 or below.
- The structure is stabilized by the symmetric distribution of bonds and lone pairs on chlorine atoms.

Applications and Significance of PCI6- Lewis Structure

Understanding the Lewis structure of PCI6- provides insights into its chemical behavior, potential
reactivity, and role in various chemical processes such as:

- Coordination chemistry: PCI6- can act as a ligand or a precursor in synthesis.

- In inorganic reactions: Its ability to donate electron density makes it useful in reactions involving
nucleophiles.

- Material science: Its structure influences the properties of materials or reagents derived from it.

Summary of Key Points

- The PCl6- ion features a phosphorus atom at the center with six chlorine atoms arranged
octahedrally.

- It has a total of 48 valence electrons, with the formal charge of -1 distributed mainly on phosphorus.
- The hybridization of phosphorus is sp3d?, consistent with octahedral geometry.

- The molecule is overall nonpolar due to its symmetric structure, although the bonds are polar.

- Its Lewis structure helps predict reactivity, stability, and interactions with other molecules.



Conclusion

Drawing the Lewis structure of PCI6- is a fundamental exercise that illustrates key concepts in
inorganic chemistry, including electron counting, molecular geometry, hybridization, and formal
charges. By understanding these foundational principles, chemists can predict the properties and
behaviors of complex ions like PCl6-. Such knowledge is essential in fields ranging from materials
science to catalysis, where the structure-property relationship governs the development of new
materials and chemical processes.

Further Reading and Resources

- VSEPR Theory: Understanding molecular shapes and electron pair repulsions.

- Hybridization Concepts: Exploring sp3d? hybridization for expanded octets.

- Inorganic Chemistry Textbooks: Detailed discussions on polyhalogen ions.

- Online Lewis Structure Tools: Interactive platforms for practicing structure drawing.
- Research Articles: Applications of PCI6- in synthesis and catalysis.

By mastering the process of drawing Lewis structures and analyzing their implications, students and
professionals can better understand the intricate world of molecular chemistry and design
experiments or materials with desired properties.

Frequently Asked Questions

What is the total number of valence electrons in PCl6-?

Phosphorus has 5 valence electrons, each chlorine atom has 7, and the negative charge adds 1
electron, totaling 5 + (6 x 7) + 1 = 48 valence electrons.

How many bonding pairs and lone pairs are present in the
PCI6- Lewis structure?

There are 6 bonding pairs (one for each P-Cl bond) and no lone pairs on the phosphorus atom; the
chlorine atoms each have three lone pairs.

What is the geometry of the PCI6- ion based on its Lewis
structure?

The PCI6- ion adopts an octahedral geometry due to six bonding pairs arranged symmetrically around
phosphorus.



Why is the PCI6- ion considered an expanded octet?

Because phosphorus accommodates more than eight electrons around it by forming six bonds,
exceeding the octet rule, which is possible for elements in period 3 or beyond.

What is the formal charge distribution in PCI6-?

In the Lewis structure, phosphorus has a formal charge of 0, and each chlorine atom has a formal
charge of 0; the negative charge is delocalized over the entire ion.

How does the negative charge affect the stability of the PCI6-
ion?

The negative charge stabilizes the ion by delocalizing over the entire structure, and the octahedral
geometry helps minimize electron-electron repulsions, enhancing stability.

Additional Resources
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Understanding the Lewis structure of complex ions like PCle~ is fundamental in inorganic chemistry,
providing insights into molecular geometry, bonding, and reactivity. This article delves into the step-
by-step process of drawing the Lewis structure for the hexachlorophosphide ion (PCls~), followed by a
comprehensive analysis of its electronic structure, shape, and properties. Whether you're a student
seeking clarity or a professional brushing up on molecular modeling, this guide offers a detailed yet
accessible approach.

The Basics of Lewis Structures: Foundations and Significance

Before tackling PCle~ specifically, it's essential to understand what Lewis structures represent. Lewis
structures, also known as electron dot structures, depict the bonding between atoms of a molecule
and the lone pairs of electrons that may exist. They are instrumental in predicting molecular
geometry, polarity, and reactivity.

The fundamental principles include:

- Valence electrons: Count the total number of valence electrons available.

- Electron pairing: Electrons are arranged to satisfy the octet rule for main-group elements.
- Bond formation: Shared pairs of electrons form covalent bonds.

- Formal charges: Calculated to determine the most stable resonance structure.

Applying these principles allows for an accurate depiction of molecules and ions such as PCle~.

Step-by-Step: Drawing the Lewis Structure of PCle~



1. Determine the Total Number of Valence Electrons

The first step in constructing the Lewis structure is counting valence electrons:

- Phosphorus (P): Belongs to group 15 (or 5A), contributing 5 valence electrons.

- Chlorine (Cl): Each atom belongs to group 17 (or 7A), contributing 7 valence electrons.
- Number of Cl atoms: 6.

- Charge of the ion: The negative charge indicates an extra electron.

Calculating total valence electrons:

- P: 5 electrons

- Cl: 6 x 7 = 42 electrons

- Extra electrons due to negative charge: 1 electron

Total valence electrons =5 + 42 + 1 = 48 electrons

2. Arrange the Atoms and Connect the Ligands

Since phosphorus is the central atom bonded to six chlorine atoms, arrange the P atom at the center

with six Cl atoms surrounding it:
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(Visualized in 3D, but initially as a skeletal structure.)

3. Connect the Atoms with Single Bonds

Form single covalent bonds between P and each Cl atom:

- Each P-Cl bond uses 2 electrons.
- With six bonds, electrons used: 6 x 2 = 12 electrons.

Remaining electrons:
- 48 total - 12 used = 36 electrons.

Distribute remaining electrons to satisfy the octet:
- Place lone pairs on Cl atoms to complete their octets.
Since each Cl needs 3 lone pairs (6 electrons) to complete the octet after forming a single bond:

- 6 Cl atoms x 6 electrons each = 36 electrons.



Electrons used for lone pairs on Cl:
- 36 electrons, exactly the remaining electrons.

4. Check the Octet Rule and Formal Charges

- Phosphorus: bonded to six Cl atoms with single bonds, giving P 6 bonding pairs.
- Each Cl atom: 1 bonding pair + 3 lone pairs.

Phosphorus now has 12 electrons around it (6 bonds), exceeding the octet rule. But phosphorus can
have expanded octets because it's in period 3, where d-orbitals are available.

Calculate formal charges:

- Formal charge on P:

- Valence electrons: 5

- Non-bonding electrons: 0

- Bonding electrons: 6 bonds x 2 electrons = 12; sharing electrons equally, so each bond contributes
1 electronto P

- Formal charge =5-(0+6) =-1

- Formal charge on each Cl:

- Valence electrons: 7

- Non-bonding electrons: 6 (three lone pairs)
- Bonding electrons: 1 (shared in a bond)
-Formal charge=7-(6 +1)=0

Total charge check:
- Sum of formal charges: (-1) + 6x0 = -1, matching the overall charge of PCls~.

5. Recognize the Expanded Octet and Resonance
Since phosphorus exceeds the octet, and the structure is stable with expanded octets in period 3

elements, the Lewis structure is valid. Resonance structures are typically not necessary here because
the bonding is localized.

The Geometry of PClé~: Shape and Bonding
1. Electronic Geometry

The arrangement of electron pairs around the central phosphorus atom determines the molecular
geometry. With six bonding pairs and no lone pairs on P, the electron geometry is octahedral.

2. Molecular Shape
Based on VSEPR (Valence Shell Electron Pair Repulsion) theory:
- Six bonding pairs repel each other equally.

- The shape of the molecule is octahedral.
- Bond angles are approximately 90° and 180°.



This symmetry contributes to the overall stability and non-polar nature of the ion, assuming similar
electronegativities.

3. Bond Lengths and Strengths
In PCle~, the P-Cl bonds are equivalent due to the symmetrical octahedral structure. The bond length

and strength are influenced by the electron distribution, with the expanded octet facilitating specific
bonding characteristics.

Electronic and Physical Properties of PCle~
1. Charge Distribution

The negative charge is delocalized over the entire ion, primarily residing on the chlorine atoms, which
are more electronegative than phosphorus. The partial negative charge on Cl atoms stabilizes the ion.

2. Reactivity and Stability

- PCle~ is relatively stable due to its symmetric structure.

- It can act as a ligand in coordination complexes, especially with transition metals.

- Its reactivity depends on the environment—acidic or basic conditions can influence its behavior.

3. Applications and Occurrences

While PCle~ isn't a common ion in everyday chemistry, understanding its structure provides insights
into phosphorus chemistry and the behavior of related polyhalogenated ions.

Broader Implications and Related Structures

1. Comparison with Other Phosphorus Halides

- PHs: P has a lone pair, tetrahedral shape with 3 bonding pairs.

- PCls: Phosphorus in period 3 can expand its octet further, forming a trigonal bipyramidal structure.
- PCle~: An octahedral structure with six bonds, exemplifying phosphorus's ability to form expanded
octets.

2. Significance in Coordination Chemistry

PCle~ can participate in complex formation, acting as a ligand that donates electron density to metal
centers, influencing the properties of coordination compounds.

Common Challenges and Misconceptions

- Expanding the octet: Some students mistakenly assume octet rule applies strictly; however,
elements in period 3 and beyond can have expanded octets.



- Charge assignment: Ensuring the formal charges sum correctly to the overall charge is crucial.
- Bonding vs. lone pairs: Recognizing the distinction between bonding electrons and lone pairs helps
in predicting geometry accurately.

Final Thoughts

Drawing the Lewis structure for PCle~ is a straightforward process once the valence electrons are
counted and the bonding pattern is established. The key steps involve understanding electron counts,
the ability of phosphorus to expand its octet, and applying VSEPR theory to predict molecular shape.
The resulting octahedral structure exhibits symmetry and stability, making PCle~ a fascinating
example of phosphorus chemistry's versatility.

In practical applications, such structures deepen our comprehension of molecular interactions,
bonding theories, and the behavior of complex ions in various chemical contexts. Mastery of these
concepts not only aids in academic pursuits but also enriches understanding of inorganic chemical
systems at large.

In summary, the Lewis structure of PCle~ features a central phosphorus atom bonded to six chlorine
atoms in an octahedral arrangement, with expanded octets accommodated by phosphorus. The
formal charges align with the overall negative charge, and the molecule's symmetry influences its
properties and reactivity. This detailed exploration underscores the importance of foundational
principles in interpreting complex chemical structures.
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