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Understanding the formation of molecular orbitals from atomic orbitals is
fundamental to the study of quantum chemistry and molecular structure. When
atomic orbitals combine, they produce molecular orbitals that extend over the
entire molecule, dictating its chemical and physical properties.
Specifically, when considering the combination of three atomic p
orbitals—say, from three different atoms—the question arises: how many
molecular orbitals result from this process? This article explores this
question in depth, providing a clear explanation of the principles involved,
the expected number of molecular orbitals, and a specific example to
illustrate the concept.

Fundamentals of Atomic and Molecular Orbitals

Atomic Orbitals: The Building Blocks
Atomic orbitals are mathematical functions describing the probability
distribution of an electron around an atom's nucleus. The p orbitals are a
set of three degenerate (equal energy) orbitals oriented along the x, y, and
z axes—designated as p_x, p_y, and p_z. These orbitals are crucial in
covalent bonding because of their directional properties.

Molecular Orbitals: The Result of Atomic Orbital
Overlap
When two or more atomic orbitals from different atoms overlap, they combine
to form molecular orbitals. These molecular orbitals are classified as
bonding, antibonding, or non-bonding, depending on their energy and electron
density distribution. The total number of molecular orbitals formed equals
the total number of atomic orbitals combined.

Combining Three Atomic P Orbitals: General
Principles



Number of Atomic Orbitals Involved
In this scenario, we consider three atomic p orbitals—each from a different
atom. Typically, these are p orbitals oriented along different axes, but for
simplicity, they can be considered as p_x, p_y, and p_z from three different
atoms.

Conservation of Orbitals: The Key Principle
A fundamental principle in molecular orbital theory is that the total number
of molecular orbitals formed equals the total number of atomic orbitals
involved. Therefore, combining three atomic p orbitals will produce exactly
three molecular orbitals.

Symmetry and Interaction
While the number of molecular orbitals is straightforward, their energy
levels and symmetry depend on how the atomic orbitals interact. The relative
orientation and phase of the atomic orbitals influence whether the resulting
molecular orbitals are bonding or antibonding.

Number of Molecular Orbitals from Three Atomic
P Orbitals

Explicit Answer: Three Molecular Orbitals
Since three atomic p orbitals are combined, the total number of molecular
orbitals generated will be three. These include one bonding, one non-bonding
(if symmetry permits), and one antibonding molecular orbital, depending on
the specific combination and symmetry considerations.

Illustrative Example: The Linear Arrangement of
Three Atoms
To clarify, consider three atoms aligned linearly—atom A, atom B, and atom
C—each contributing a p orbital. When these orbitals overlap:
- The symmetric combination, where all phases align, forms a bonding
molecular orbital.
- The middle combination, with a phase change, results in an antibonding
orbital.
- The remaining combination, with a node in the middle, produces a non-
bonding or weakly bonding orbital.

This process is akin to molecular orbital diagrams for simple molecules like



triatomic systems, where the total number of molecular orbitals equals the
number of atomic orbitals combined.

Specific Example: The Triatomic Chain

Constructing the Molecular Orbital Diagram
Let's consider a simple linear triatomic chain with each atom contributing a
p orbital aligned along the chain axis:

1. Atomic Orbitals: p_A, p_B, p_C
2. Combination: These orbitals combine to form three molecular orbitals:
- Lowest energy (bonding): symmetric combination
- Intermediate energy (non-bonding): combination with a node in the middle
- Highest energy (antibonding): antisymmetric combination

Energy Level Splitting
The energies of these molecular orbitals depend on the overlap integral and
the relative phase of the atomic orbitals. The bonding orbital has the lowest
energy because of constructive interference, while the antibonding orbital
has the highest due to destructive interference.

Visual Representation
A typical diagram will show three levels:
- The lowest level corresponds to the bonding molecular orbital.
- The middle level is non-bonding or weakly bonding.
- The highest level corresponds to the antibonding molecular orbital.

This example demonstrates how three atomic p orbitals combine to form exactly
three molecular orbitals, each with distinct energy and symmetry properties.

Implications for Molecular Properties

Bonding and Stability
The nature of these molecular orbitals influences the molecule's stability.
Electrons filling the bonding molecular orbital stabilize the molecule, while
electrons in antibonding orbitals tend to destabilize it.



Electronic Configuration and Reactivity
The distribution of electrons among these molecular orbitals determines the
molecule's reactivity and magnetic properties. For example, molecules with
unpaired electrons in antibonding orbitals may be paramagnetic.

Conclusion: Summary of Key Points

- Combining three atomic p orbitals results in three molecular orbitals.
- These orbitals consist of bonding, non-bonding, and antibonding types,
depending on symmetry.
- The total number of molecular orbitals is always equal to the number of
atomic orbitals combined.
- Specific arrangements and phase relationships determine the energy and
stability of these molecular orbitals.

In essence, when three atomic p orbitals are combined, they produce exactly
three molecular orbitals, each playing a vital role in defining the chemical
nature and properties of the resulting molecule. Understanding this
fundamental concept helps in analyzing more complex molecular systems and
predicting their behavior in various chemical contexts.

Frequently Asked Questions

How many molecular orbitals are formed when three
atomic P orbitals combine?
Six molecular orbitals are formed—three bonding and three antibonding
orbitals.

What is the specific number of molecular orbitals
obtained from the combination of three atomic P
orbitals?
The combination results in six molecular orbitals in total.

Do three atomic P orbitals produce more bonding or
antibonding molecular orbitals?
They produce an equal number of bonding and antibonding molecular
orbitals—three each.



How are the energies of these molecular orbitals
arranged when three P orbitals combine?
The lowest energy corresponds to the bonding orbitals, the highest to the
antibonding orbitals, with the non-bonding orbitals in between.

What is the significance of combining three atomic P
orbitals in molecular orbital theory?
It helps explain the bonding and electronic structure of molecules like ozone
(O₃) and other triatomic molecules.

Can you give a specific example of a molecule where
three atomic P orbitals combine?
Yes, the ozone molecule (O₃) involves the combination of P orbitals from
oxygen atoms to form molecular orbitals.

What is the role of symmetry in combining three
atomic P orbitals to form molecular orbitals?
Symmetry determines how the atomic orbitals combine to form bonding, non-
bonding, or antibonding molecular orbitals.

Are the molecular orbitals obtained from three P
orbitals degenerate?
Some of the molecular orbitals are degenerate, especially the non-bonding
orbitals, depending on the symmetry and environment.

How does the combination of three P orbitals differ
from combining two P orbitals in molecular orbital
formation?
Combining three P orbitals results in more molecular orbitals—six in
total—compared to four when two orbitals combine, reflecting increased
complexity and bonding possibilities.

Additional Resources
Molecular Orbitals

Understanding how atomic orbitals combine to form molecular orbitals is
fundamental to grasping the electronic structure of molecules. Among the
various atomic orbitals, the p orbitals are particularly significant due to



their directional properties and prevalence in bonding. In this in-depth
review, we explore a specific scenario: How many molecular orbitals are
obtained when three atomic P orbitals combine? This question is not only
central to molecular orbital theory but also illustrates core principles that
underpin chemical bonding, spectroscopy, and material science.

---

Fundamentals of Atomic and Molecular Orbitals

Before diving into the specifics of combining three P orbitals, it's
essential to review the foundational concepts of atomic and molecular
orbitals.

Atomic Orbitals: The Building Blocks

Atomic orbitals are regions in space where electrons are most likely to be
found around an atom. The p orbitals are particularly notable:

- Shape: They are dumbbell-shaped, oriented along the x, y, and z axes.
- Number: Each atom has three p orbitals: \( p_x \), \( p_y \), and \( p_z
\).

These orbitals are degenerate in isolated atoms, meaning they have the same
energy before any bonding interaction.

Molecular Orbitals: Combining Atomic Orbitals

When atoms bond, their atomic orbitals combine to form molecular orbitals
(MOs). These MOs extend over the entire molecule and are classified as:

- Bonding orbitals: Lower in energy, stabilizing the molecule.
- Antibonding orbitals: Higher in energy, destabilizing the molecule.
- Non-bonding orbitals: Similar in energy to atomic orbitals, with minimal
bonding interaction.

The process of combining atomic orbitals is governed by the Linear
Combination of Atomic Orbitals (LCAO) method, which stipulates that the
number of resulting molecular orbitals equals the total number of atomic
orbitals combined.

---



Combining Three Atomic P Orbitals: The Core
Concept

The core principle in molecular orbital theory states:

> The number of molecular orbitals obtained by combining a set of atomic
orbitals equals the total number of atomic orbitals involved in the
combination.

Applying this to three atomic P orbitals, the straightforward expectation is
that three atomic orbitals will give rise to three molecular orbitals.

However, the specifics of these orbitals—how they are formed, their symmetry,
and their energy levels—depend on how the atomic orbitals are oriented and
interact.

---

Specific Scenario: Combining Three P Orbitals
in a Linear Arrangement

To make this discussion concrete, consider a typical case where three atomic
P orbitals are aligned linearly along the same axis, say the z-axis. This
arrangement is common in molecular systems such as certain triatomic
molecules or linear chains of atoms.

Initial Atomic Orbitals

- \( p_{z}^{(1)} \) from atom 1
- \( p_{z}^{(2)} \) from atom 2
- \( p_{z}^{(3)} \) from atom 3

These orbitals are identical in shape and energy in isolated atoms but may
differ in phase and symmetry when combined.

Formation of Molecular Orbitals

The process involves combining these three P orbitals to produce molecular
orbitals with specific symmetry properties:

1. Constructive and Destructive Interference:

- Atomic orbitals that are in phase combine to produce bonding molecular



orbitals.
- Out-of-phase combinations produce antibonding molecular orbitals.

2. Symmetry Considerations:

- Symmetric combinations (e.g., all in phase) lead to the lowest energy
orbital.
- Asymmetric combinations produce orbitals with nodes, higher in energy.

---

Number of Molecular Orbitals from Three P
Orbitals

Given three atomic P orbitals, the LCAO method predicts three molecular
orbitals:

| Molecular Orbital | Description | Energy Level | Symmetry |
|---------------------|----------------|--------------|-----------|
| Bonding Orbital (σ\(_g\)) | All in phase | Lowest | Symmetric, bonding |
| Non-bonding or degenerate orbitals | Mix of phases | Intermediate |
Symmetric or asymmetric |
| Antibonding Orbital (σ\(_u^\)) | Out of phase | Highest | Antisymmetric,
antibonding |

In the specific case of a linear chain, these three molecular orbitals
typically manifest as:

- One lower-energy bonding orbital where all three atomic orbitals are in
phase.
- One non-bonding orbital with a node in the middle, often called a non-
bonding or non-interacting orbital.
- One higher-energy antibonding orbital with phase reversal between the
central and terminal atoms.

Summary:

- Total molecular orbitals obtained: 3
- Distribution: 1 bonding, 1 non-bonding (or degenerate), 1 antibonding

---

Visualizing the Molecular Orbitals

To better understand, consider the wavefunctions:



- Bonding MO: All three atomic P orbitals in phase, resulting in a smooth,
constructive overlap.
- Non-bonding MO: The middle orbital has a node at the central atom, with the
two outer atomic orbitals in phase but with a phase difference at the center.
- Antibonding MO: The terminal atomic orbitals are out of phase with the
central orbital, creating a node and higher energy.

---

Implications for Bonding and Chemical
Properties

The number and nature of these molecular orbitals have profound implications:

- Bonding Strength: The bonding orbital contributes to the stability of the
molecule.
- Reactivity: The antibonding orbital can accept electrons, influencing
reactivity.
- Spectroscopy: Transitions between these orbitals produce characteristic
spectral lines.

---

Generalized Principles and Variations

While the linear combination of three P orbitals yields three molecular
orbitals, the exact nature depends on:

- Geometry of the molecule: Linear, bent, or other arrangements alter
symmetry and energy levels.
- Type of atomic orbitals involved: Combining P orbitals with S or D orbitals
increases the total number of molecular orbitals.
- Phase relationships: The initial phase and orientation of atomic orbitals
determine the symmetry of resulting molecular orbitals.

---

Conclusion: Specificity and Broader Context

In conclusion, combining three atomic P orbitals results in three molecular
orbitals. This fundamental outcome aligns with the principles of molecular
orbital theory, where the total number of molecular orbitals equals the sum
of atomic orbitals involved in the combination.



To summarize:

- Number of molecular orbitals obtained: 3
- Nature: One bonding, one non-bonding (or degenerate), one antibonding
- Relevance: Provides insight into the electronic structure, stability, and
reactivity of molecules involving multiple P orbitals.

This specific case exemplifies the elegance of molecular orbital theory: a
straightforward principle—number of atomic orbitals dictates the number of
molecular orbitals—yet with rich implications for understanding chemical
bonding across diverse molecular systems. Whether analyzing diatomic
molecules, triatomic chains, or more complex structures, this foundational
knowledge serves as a cornerstone for advanced chemical and material science
explorations.
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