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Understanding the nature of chemical bonds in organic molecules is
fundamental to chemistry. In particular, the sigma bond between carbon atoms
in alkenes like propylene (Ch2=CH-CH3) provides insight into their structural
and electronic properties. The question "What atomic or hybrid orbitals make
up the sigma bond between C2 and C3 in propylene?" invites a detailed
examination of atomic orbital hybridization and bonding in this molecule. In
this article, we explore the hybridization states of the involved carbons,
the atomic orbitals contributing to the sigma bond, and how these concepts
elucidate the molecular structure of propylene.

Understanding Propylene (Ch2=CH-CH3) and Its
Carbon Framework

Before diving into the specifics of the sigma bond, it’s essential to
familiarize ourselves with the structure of propylene:

e Propylene, also known as propene, is an unsaturated hydrocarbon with the
molecular formula C3H6.

e The structure consists of a double bond between the first two carbons
(C1l and C2) and a methyl group attached to C2.

e Designation of carbons: Cl (terminal carbon in the double bond), C2
(internal carbon of the double bond), C3 (methyl group).

The structure can be represented as:

Ch2=CH-CH3

In this notation:

— Cl: the terminal alkene carbon (with two hydrogens)

- C2: the alkene carbon double-bonded to Cl1 and single-bonded to C3
- C3: the methyl group attached to C2

Our focus lies on the bond between C2 and C3.

Hybridization of the Carbon Atoms in Propylene

The hybridization state of each carbon atom influences the shape and type of
orbitals involved in bonding.



Hybridization of C2 (the internal alkene carbon)

- C2 is double-bonded to Cl1l and single-bonded to C3.

- To form the double bond with C1, C2 undergoes sp2 hybridization.

- This involves mixing one s orbital and two p orbitals to form three sp2
hybrid orbitals.

— These hybrid orbitals arrange themselves in a trigonal planar geometry
around C2.

— The remaining unhybridized p orbital on C2 is perpendicular to the plane of
the sp2 orbitals and participates in pi bonding.

Hybridization of C3 (the methyl group carbon)

- C3 1is bonded to C2 and three hydrogens.
- It forms four sigma bonds, indicating sp3 hybridization.
— C3’s orbitals are sp3 hybrid orbitals arranged tetrahedrally.

Atomic Orbitals Involved in the Sigma Bond
Between C2 and C3

The sigma bond between C2 and C3 results from the overlap of specific hybrid
orbitals.

Hybrid Orbitals of C2

— The three sp2 hybrid orbitals on C2 are responsible for:
e Forming sigma bonds with the hydrogen attached to C2
e Forming the sigma bond with C3

e Creating the planar structure of the double bond with Cl1

— The unhybridized p orbital on C2 participates in pi bonding, which forms
the double bond with C1.

Hybrid Orbitals of C3

— The four sp3 hybrid orbitals of C3 form sigma bonds with:
e The C2 atom

e Three hydrogen atoms

Overlap Leading to Sigma Bond Between C2 and C3

— The sigma bond between C2 and C3 is formed by the end-to-end overlap of:

e The sp’ hybrid orbital on C2 that points toward C3



e The sp’ hybrid orbital on C3 that points toward C2

— This head-on overlap of hybrid orbitals creates a strong sigma bond,
ensuring a stable single bond between the carbons.

Visualizing the Hybrid Orbital Overlap

To better understand, picture the orbitals:

e The sp’ orbital on C2 is oriented in a plane and points directly toward
C3, facilitating overlap.

e The sp3 orbital on C3 extends in a tetrahedral arrangement, with one of
its orbitals directed toward C2.

e The overlap of these two orbitals forms a sigma bond, which is
cylindrically symmetrical around the bond axis.

This overlap is crucial for the stability and strength of the sigma bond
between C2 and C3 in propylene.

Summary of Atomic or Hybrid Orbitals Making Up
the Sigma Bond

Based on the hybridizations:

e The sigma bond between C2 and C3 is primarily formed by the overlap of:
o The sp’ hybrid orbital on C2

o The sp’ hybrid orbital on C3

e This orbital overlap results in a stable sigma bond, characteristic of
single bonds in organic molecules.

Key Points:

- C2 is sp2 hybridized, with three hybrid orbitals in a plane and one
unhybridized p orbital involved in pi bonding.

- C3 is sp3 hybridized, with four hybrid orbitals arranged tetrahedrally.

— The sigma bond between C2 and C3 is formed by the overlap of an sp2 orbital
from C2 and an sp3 orbital from C3.



Implications for the Properties of Propylene

Understanding the hybrid orbitals involved in bonding within propylene helps
explain its chemical reactivity and physical properties:

e The double bond's pi component, involving unhybridized p orbitals,
contributes to reactivity at the C=C site.

e The sigma bond between C2 and C3 provides structural stability and
defines the molecule's geometry.

e The hybridization states influence bond angles:
o Approximately 120° around the sp’~hybridized carbons.

o Tetrahedral angles (~109.5°) around the spg—hybridized carbon (C3).

Conclusion

In propylene, the sigma bond between C2 and C3 is a fundamental component
that stabilizes the molecule's structure. This bond results from the end-to-
end overlap of an sp2 hybrid orbital on C2 with an sp3 hybrid orbital on C3.
Recognizing the hybridization states and the specific atomic orbitals
involved provides a clearer understanding of the molecule’s geometric
configuration, reactivity, and overall chemical behavior. Such insights are
invaluable in organic chemistry, where the nature of bonds dictates the
pathways and mechanisms of chemical reactions.

Frequently Asked Questions

What types of atomic or hybrid orbitals are involved
in forming the sigma bond between C2 and C3 in
propylene (CH2=CH-CH3)?

The sigma bond between C2 and C3 in propylene is formed by the overlap of sp2
hybrid orbitals from both carbon atoms.

Which carbon atoms in propylene utilize sp2 hybrid
orbitals to form the sigma bond?

Both C2 and C3 in propylene use sp2 hybrid orbitals to form the sigma bond.

How does the hybridization of carbon atoms influence



the sigma bond between C2 and C3 in propylene?

The sp2 hybridization of C2 and C3 results in a strong sigma bond formed by
the head-on overlap of their sp2 orbitals, contributing to the molecule's
planar structure.

Is the sigma bond between C2 and C3 in propylene a
sigma or pi bond, and which orbitals contribute to
it?

The bond is a sigma bond formed by the overlap of sp2 hybrid orbitals from C2
and C3; pi bonds involve unhybridized p orbitals.

What is the significance of hybrid orbitals in the
bonding of propylene, specifically between C2 and C3?

Hybrid orbitals like sp2 enable effective overlap and strong sigma bonding
between carbon atoms, stabilizing the molecule's structure and influencing
its reactivity.

Additional Resources

What Atomic Or Hybrid Orbitals Make Up The Sigma Bond Between C2 And C3 In
Propylene (CH2=CH-CH3)?

Propylene, also known as propene, is a fundamental hydrocarbon in organic
chemistry characterized by a double bond between two carbon atoms and a
methyl group attached to one of those carbons. Understanding the nature of
the bonding in propylene provides deeper insight into its reactivity,
stability, and physical properties. In particular, examining the sigma bond
between the second and third carbons (C2 and C3) reveals the hybridization
and atomic orbital contributions that underpin the molecule's structure. This
article delves into the atomic and hybrid orbitals involved in forming the
sigma bond between C2 and C3 in propylene, exploring the concepts of
hybridization, molecular orbital theory, and their implications.

Overview of Propylene’s Structure and Bonding

Propylene (CH2=CH-CH3) is a three-carbon molecule featuring a double bond
between carbons Cl and C2, and a methyl group attached to C2. The molecule’s
structure can be represented as:

H2C=CH-CH3

- Cl and C2 are involved in the double bond.
- C3 is part of the methyl group attached to C2.

The bonding in propylene involves covalent bonds formed through the overlap
of atomic orbitals, which can be described using hybridization and molecular



orbital (MO) theories.

Hybridization of the Relevant Carbon Atoms

Understanding the hybridization of the carbon atoms involved is essential to
deciphering the sigma bond’s makeup.

Hybridization of C2

- C2 1is attached to:

— The Cl1 carbon through a double bond.

— The C3 methyl group through a single bond.

- The double bond indicates that C2 is sp? hybridized:

— One p orbital forms the nm bond.

- Two sp? hybrid orbitals form o bonds with C1 and C3 and contain lone pairs
or bonding electrons.

Hybridization of C3

- C3 is part of a methyl group (CH3).
- It is sp® hybridized, forming:

— Three o bonds with hydrogen atoms.
- One o bond with C2.

Atomic and Hybrid Orbitals Involved in Sigma
Bond Formation

The sigma bond between C2 and C3 is primarily a result of the overlap of
hybrid orbitals from each carbon atom.

Hybrid Orbitals on C2

- sp? hybrid orbital on C2:

— This orbital overlaps with the orbital on C3 to form the sigma bond.

- The sp?® orbital is constructed from one s orbital and two p orbitals,
resulting in a trigonal planar arrangement.

— The unhybridized p orbital on C2 remains available for m bonding with C1.

Hybrid Orbitals on C3

- sp® hybrid orbital on C3:



— Formed from one s orbital and three p orbitals.
- The orbital involved in sigma bonding with C2 is one of these sp?® hybrids,
which overlaps with the C2’s sp? orbital.

Nature of the Sigma Bond: Overlap of Atomic
Orbitals

The sigma bond between C2 and C3 is characterized by the end-to-end overlap
of hybrid orbitals.

Orbital Overlap Details

- C2’s sp? orbital overlaps with C3’s sp’ orbital.

— This overlap occurs along the internuclear axis, creating a strong sigma
bond.

— The bond is stabilized by the constructive overlap of these orbitals, which
maximizes electron density between the nuclei.

Features of the Sigma Bond

— Strength: Sigma bonds are generally stronger than pi bonds because of the
direct overlap.

- Symmetry: They are cylindrically symmetric around the bond axis.

— Rotation: Sigma bonds allow free rotation about the bond axis, although in
propylene, the double bond restricts rotation around the Cl1=C2 bond.

Implications of Hybridization on Molecular
Geometry and Reactivity

The hybridization influences the molecular geometry and reactivity of
propylene.

Geometric Features

- The sp? hybridization on C2 results in a trigonal planar arrangement around
C2, with bond angles close to 120°.

- The sp® hybridization on C3 leads to a tetrahedral geometry with bond
angles around 109.5°.



Reactivity Considerations

— The sigma bond between C2 and C3 is relatively stable but can be broken
during reactions such as addition or substitution.

— The n bond between Cl and C2 is more reactive due to its electron density
being above and below the plane of the sigma framework.

Summary of Atomic and Hybrid Orbitals in the
C2-C3 Sigma Bond

| Atom | Hybridization | Orbitals Involved in Sigma Bond | Features |

| === |- |- |- |

| C2 | sp? | One sp? orbital overlapping with C3's sp® orbital | Trigonal
planar, planar geometry, participates in n bonding |

| C3 | sp® | One sp® orbital overlapping with C2's sp? orbital | Tetrahedral
geometry, saturation with hydrogen |

Pros and Cons of the Hybridization Model in
Explaining the C2-C3 Sigma Bond

Pros:

— Provides a clear geometric picture of molecular shape.

- Explains bond strengths and bond angles.

— Correlates well with spectroscopic data and reactivity patterns.

— Useful in predicting the behavior of molecules during chemical reactions.

Cons:

— Simplifies the actual electron distribution, ignoring some electron
correlation effects.

— Does not account for resonance or hyperconjugation effects comprehensively.
— Assumes idealized hybridization, which may vary slightly in real molecules.

Conclusion

The sigma bond between C2 and C3 in propylene is primarily formed by the
overlap of an sp’? hybrid orbital from the C2 atom and an sp® hybrid orbital
from the C3 atom. The hybridization states reflect the molecular geometry and
influence the reactivity of the molecule. Understanding these atomic orbital
contributions is essential for grasping the fundamental bonding framework in
propylene and similar alkenes. The hybridization model offers a robust,
intuitive explanation for the sigma bonding framework, guiding chemists in
predicting molecular properties and reactivity patterns.
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