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The formation of hybrid orbitals is a fundamental concept in understanding
molecular geometry and bonding behavior in chemistry. Specifically, sp2
hybridization involves the mixing of atomic orbitals to produce a set of
three equivalent hybrid orbitals that lie in a plane, typically associated
with trigonal planar geometries. A common question among students and
chemists alike is: How many atomic orbitals contribute to the formation of
these three sp2 hybrid orbitals? The answer hinges on understanding the
nature of atomic orbitals and the hybridization process. In this article, we
will explore the origin of sp2 hybrid orbitals, their formation process, and
the atomic orbitals involved, providing a comprehensive understanding of this
fundamental concept in chemical bonding.

Understanding Atomic Orbitals and Hybridization

Atomic Orbitals: The Building Blocks

Atomic orbitals are mathematical functions describing the regions in an atom
where electrons are most likely to be found. These orbitals are characterized
by quantum numbers and are classified into different types:

e s orbital: Spherical symmetry, one per principal energy level.

e p orbitals: Dumbbell-shaped, three per principal energy level, oriented
along x, y, and z axes.

ed and f orbitals: More complex shapes, involved in transition metals and
lanthanides/actinides.

For main-group elements involved in sp2 hybridization, the primary orbitals
of interest are the s and p orbitals.



What is Hybridization?

Hybridization refers to the concept where atomic orbitals mix to form new,
equivalent hybrid orbitals. This process explains molecular geometries that
cannot be described solely by pure atomic orbitals. For example, carbon,
which has the ground state electron configuration of 1s2 2s2 2p2, undergoes
hybridization to form bonds in organic molecules.

In the case of sp2 hybridization:

- One s orbital and two p orbitals mix.

- The result is three equivalent hybrid orbitals called sp2.

- These hybrid orbitals arrange themselves in a trigonal planar geometry,
120° apart.

Formation of sp’ Hybrid Orbitals: Which Atomic
Orbitals Are Involved?

Initial Atomic Orbitals Involved

The formation of sp2 hybrid orbitals involves the mixing of specific atomic
orbitals from a single atom:

1. One s orbital (the 2s orbital):
Spherical in shape.
Provides the baseline for hybridization.

2. Two p orbitals (typically 2px and 2py):
Dumbbell-shaped.
Oriented perpendicular to each other and to the s orbital.

3. The third p orbital (2pz):

Also dumbbell-shaped.

Remains unhybridized in the case of sp2 hybridization.
Maintains p-character for pi bonding.

Key Point:

In sp2 hybridization, the 2pz orbital remains unhybridized and is oriented
perpendicular to the plane of the hybrid orbitals. The hybridization involves
only the 2s, 2px, and 2py orbitals.



Number of Atomic Orbitals Contributing

Answer:
Three atomic orbitals contribute to the formation of the three sp2 hybrid
orbitals:

- 1 s orbital
- 2 p orbitals (specifically, two of the three p orbitals, for example, 2px
and 2py)

Why Only These Three?

The hybridization process involves the combination of atomic orbitals that
are energetically similar and have suitable orientations to produce
equivalent hybrid orbitals. The 2s, 2px, and 2py orbitals meet these
criteria. The remaining 2pz orbital is not involved in hybridization in this
case, instead remaining as a pure p orbital to participate in pi bonding.

Step-by-Step Process of Hybridization Formation

1. Starting Orbitals

- Atom's valence shell contains one 2s orbital and three 2p orbitals.
- For sp2 hybridization, the focus is on the 2s, 2px, and 2py orbitals.

2. Mixing of Atomic Orbitals

- The 2s orbital combines with 2px and 2py orbitals.
- This mixing results in three equivalent hybrid orbitals, each with a
specific orientation in space.

3. Formation of Hybrid Orbitals

- The three hybrid orbitals are called sp2 orbitals.

- They are arranged at 120° angles in a plane, forming a trigonal planar
geometrical arrangement.

- The unhybridized 2pz orbital remains perpendicular to this plane.

Implications of the Number of Orbitals



Contributing

Understanding the Electron Geometry

- The three hybrid orbitals each contain a single electron, ready to form
sigma bonds.

- The unhybridized 2pz orbital can participate in pi bonding, essential in
double bonds.

Bonding in Organic Molecules

- The hybridization explains the geometry of molecules like ethene (C2H4),
where each carbon atom is sp2-hybridized.

- The sigma bonds are formed by overlaps of hybrid orbitals, while pi bonds
involve the unhybridized p orbitals.

Summary: How Many Atomic Orbitals Contribute To
Form The Three sp’ Hybrid Orbitals?

- Number of atomic orbitals involved: Three
- 1 s orbital (from the valence shell)
- 2 p orbitals (specifically, two of the three available p orbitals, such as

px and py)
- Remaining p orbital: Remains unhybridized and participates in pi bonding.

This process allows for the formation of three equivalent sp2 hybrid
orbitals, which are arranged in a planar trigonal geometry, vital for
understanding the structure and bonding of many organic molecules.

Conclusion

The formation of sp2 hybrid orbitals is a classic example of atomic orbital
mixing in chemistry. It involves the combination of three atomic orbitals:
one s orbital and two p orbitals. The third p orbital remains unhybridized,
serving as a p orbital for pi bonding. This hybridization explains many
molecular geometries and bonding behaviors, especially in organic chemistry.
Therefore, three atomic orbitals—one s and two p orbitals—contribute to form
the three sp2 hybrid orbitals, with the remaining p orbital remaining
unhybridized for pi bonding interactions.



Frequently Asked Questions

How many atomic orbitals combine to form the three
sp2 hybrid orbitals?

Three atomic p orbitals combine with one s orbital to form the three sp?
hybrid orbitals.

Which atomic orbitals are involved in creating sp?
hybrid orbitals?

One s orbital and three p orbitals (px, py, pz) contribute to the formation
of the three sp? hybrid orbitals.

Are d orbitals involved in the formation of sp?
hybrid orbitals?

No, d orbitals are not involved; sp? hybridization involves only one s and
three p orbitals.

How many atomic orbitals are used in total to form
the three sp? hybrid orbitals?

Four atomic orbitals (one s and three p orbitals) combine to form the three
sp? hybrid orbitals.

What is the hybridization type responsible for
forming three sp? hybrid orbitals?

sp? hybridization involves the mixing of one s orbital and two p orbitals to
create three equivalent hybrid orbitals.

Do all p orbitals contribute equally to the
formation of sp2? hybrid orbitals?

No, only two of the three p orbitals (usually px and py) hybridize with the s
orbital; the third p orbital (pz) remains unhybridized.

Why are only three atomic orbitals involved in
forming sp? hybrid orbitals instead of four?

Because sp? hybridization involves the mixing of one s and two p orbitals,
leaving one p orbital unhybridized for pi bonding.



What is the geometrical arrangement of the three sp?
hybrid orbitals?

They are arranged in a trigonal planar geometry, approximately 120° apart.

Can the three sp? hybrid orbitals be considered as
formed from purely atomic orbitals?

Yes, they are formed by the linear combination of one s and three p atomic
orbitals, hybridized to produce three equivalent orbitals.

Additional Resources

Hybridization: Unlocking the Secrets of Atomic Orbitals in SP? Hybridization

Introduction

In the realm of chemical bonding and molecular structure, the concept of
hybridization serves as a foundational pillar, bridging the gap between
atomic orbitals and the shapes of molecules. Among the various
hybridizations, sp? hybridization is particularly significant because it
explains the planar structures of molecules like ethene (Cz2Hs4) and boron
trifluoride (BFs). A fundamental question often posed by students and
chemists alike is: How many atomic orbitals contribute to form the three sp?
hybrid orbitals?

This article aims to delve deeply into this question, exploring the
underlying principles, the atomic orbitals involved, and the implications for
molecular geometry. We will analyze the process from the basic atomic
orbitals to the formation of hybrid orbitals, providing a comprehensive,
expert-level understanding.

Understanding Atomic Orbitals: The Building Blocks

Before exploring the formation of hybrid orbitals, it’'s essential to
understand the atomic orbitals involved in the process.

Atomic Orbitals Overview
Atomic orbitals describe the regions in space where electrons are most likely
to be found around an atom's nucleus. These orbitals are characterized by

quantum numbers and come in different shapes and energies:

- s orbital: Spherical shape, spherical symmetry, one per energy level.



- p orbital: Dumbbell-shaped, oriented along the x, y, or z axes; three per
energy level.

- d and f orbitals: More complex shapes, relevant in transition metals and
beyond.

In the context of hybridization, the focus primarily lies on s and p

orbitals, especially for elements involved in covalent bonding like carbon,
boron, nitrogen, etc.

The Concept of Hybridization: Merging Atomic Orbitals

Hybridization is the process of combining atomic orbitals to form new,
equivalent hybrid orbitals suitable for bonding.

Key points:

- The goal of hybridization is to explain molecular geometries and bonding
properties that cannot be adequately described using pure atomic orbitals.
- Hybrid orbitals are mathematically constructed linear combinations of
standard atomic orbitals.

- The number of hybrid orbitals formed equals the number of atomic orbitals
mixed.

How Many Atomic Orbitals Contribute to Form sp? Hybrid Orbitals?

This question is central to understanding the nature of sp? hybridization. To
answer it comprehensively, we need to analyze the process step-by-step.

Formation of sp? Hybrid Orbitals: The Core
Principles

The Basic Premise: Combining Atomic Orbitals

Hybrid orbitals are formed by the linear combination of atomic orbitals
(LCAO). For sp? hybridization, the process involves:

- One s orbital
- Two p orbitals

These three atomic orbitals combine to produce three hybrid orbitals that are



equivalent in energy and shape, lying in a plane, at 120° angles, suitable
for forming sigma bonds in planar molecules.

The Atomic Orbitals Involved

The atomic orbitals contributing to the formation of sp? hybrid orbitals are:
- One s orbital: The spherical orbital (usually the 2s orbital in carbon or
other elements).

- Two p orbitals: Two of the three p orbitals (e.g., 2px and 2py) are used;
the third p orbital (e.g., 2pz) remains unhybridized for pi bonding.

Thus, a total of three atomic orbitals contribute to the formation of the
three sp? hybrid orbitals.

Detailed Breakdown: How Many Atomic Orbitals
Contribute?

Number of Atomic Orbitals Involved

| Type of Atomic Orbitals | Number of Orbitals Contributing | Role in
Hybridization |

| s orbital | 1 | Provides a spherical component |
| p orbitals (px and py) | 2 | Planar components in the hybrid orbitals |
| p orbital (pz) | 1 (remains unhybridized) | Available for pi bonding |

Total atomic orbitals involved in forming the three sp? hybrid orbitals: 3

Note: The third p orbital (pz) remains unhybridized and is involved in pi
bonding, which is essential in double bonds.

The Hybridization Process in Context

For a typical carbon atom undergoing sp? hybridization:

1. Start with the atomic orbitals:
- 1 s orbital (2s)
- 3 p orbitals (2px, 2py, 2pz)



2. Select the orbitals to hybridize:
The 2s orbital
Two of the 2p orbitals (say, 2px and 2py)

3. Form three sp? hybrid orbitals:
- These hybrid orbitals are linear combinations of the selected s and p
orbitals.

4. Leave one p orbital (e.g., 2pz) unhybridized:

- This p orbital overlaps side-by-side with another unhybridized p orbital
from a neighboring atom to form a pi bond.

Mathematical Perspective: Linear Combinations
of Atomic Orbitals

Constructing sp? Hybrid Orbitals

The three sp? hybrid orbitals are formed via linear combinations:

\ [
\text{sp}"2 = c s \times 2s + c {px} \times 2px + c {py} \times 2py
\1]

where \( c s, c {px}, c {py} \) are coefficients determined through

mathematical methods (e.g., Gram-Schmidt orthogonalization) to produce three
equivalent hybrid orbitals oriented 120° apart in a plane.

Resultant Hybrid Orbitals

The three hybrid orbitals are:

- Equal in energy and shape
- Planar in nature
- Directed at 120° angles

The unhybridized p orbital (e.g., 2pz) remains orthogonal and perpendicular
to the hybrid plane, ready for pi bonding.



Implications for Molecular Geometry and Bonding

Geometry of sp2? Hybridized Molecules

- Planar structure: The three sp? hybrid orbitals lie in a single plane,
forming an equilateral triangle.

- Bond angles: Approximately 120°, consistent with the symmetry of the
orbitals.

- Bonding: Each hybrid orbital overlaps with a similar orbital from another
atom to form sigma bonds; the unhybridized p orbital overlaps side-by-side to
form pi bonds in double bonds.

Summary of Orbitals Involved

- Atomic orbitals contributing to sp? hybrid orbitals:
- One s orbital
- Two p orbitals

- Atomic orbital remaining unhybridized:
- The third p orbital (perpendicular to the hybrid plane)

Conclusion: How Many Atomic Orbitals
Contribute?

In essence, three atomic orbitals contribute to form the three sp? hybrid
orbitals:

- One s orbital
- Two p orbitals (px and py)

These three orbitals combine through the process of linear combination to
produce three equivalent, planar hybrid orbitals, facilitating the formation
of sigma bonds with bond angles of approximately 120°. The remaining p
orbital (pz) remains unhybridized, ready to participate in pi bonding, which
distinguishes double bonds from single bonds.

Final Takeaway
The formation of three sp? hybrid orbitals involves the contribution of

exactly three atomic orbitals—one s and two p orbitals—highlighting the
elegant simplicity and precision of atomic orbital hybridization in



explaining molecular geometry and bonding.
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In summary, understanding the number and nature of atomic orbitals involved
in sp? hybridization is fundamental to grasping molecular structure and
reactivity. The precise combination of one s orbital and two p orbitals forms
the three sp? hybrid orbitals, a concept that remains central to modern
chemistry and materials science.
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