
molecular orbital diagram of co
molecular orbital diagram of co is an essential tool in understanding the bonding, electronic
structure, and chemical properties of the carbon monoxide molecule. This article delves into the
detailed construction and interpretation of the molecular orbital diagram of CO, highlighting the
interaction between atomic orbitals of carbon and oxygen atoms. By exploring the energy levels,
bonding and antibonding orbitals, as well as the electron configuration, readers will gain a
comprehensive insight into the nature of the CO molecule. Additionally, the article discusses the
significance of molecular orbital theory in explaining the stability and bond order of carbon monoxide.
This detailed examination also includes a comparison with valence bond theory and the impact of
molecular orbitals on spectroscopic and chemical behavior. The following sections provide a
structured overview of the molecular orbital diagram of CO and its various facets.
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Fundamentals of Molecular Orbital Theory
The molecular orbital (MO) theory is a fundamental concept in quantum chemistry that explains how
atomic orbitals combine to form molecular orbitals when atoms bond together. Unlike valence bond
theory, which focuses on localized electron pairs, MO theory treats electrons as delocalized over the
entire molecule. This approach provides a more accurate description of bonding, especially in
molecules like carbon monoxide where electron distribution affects chemical properties significantly.
In the context of the molecular orbital diagram of CO, this theory helps visualize the formation of
bonding, antibonding, and non-bonding orbitals derived from the atomic orbitals of carbon and
oxygen.

Key Principles of Molecular Orbital Theory
Several principles govern the formation of molecular orbitals from atomic orbitals:

Linear Combination of Atomic Orbitals (LCAO): Atomic orbitals combine mathematically to
form molecular orbitals.

Conservation of Orbitals: The number of molecular orbitals formed equals the number of



atomic orbitals combined.

Bonding and Antibonding Orbitals: Constructive interference leads to bonding orbitals with
lower energy, while destructive interference leads to antibonding orbitals with higher energy.

Electron Filling: Electrons occupy molecular orbitals following the Aufbau principle, Pauli
exclusion principle, and Hund’s rule.

Atomic Orbitals of Carbon and Oxygen
To understand the molecular orbital diagram of CO, it is crucial to analyze the valence atomic orbitals
of the constituent atoms: carbon and oxygen. Carbon has the electronic configuration 1s² 2s² 2p²,
whereas oxygen has 1s² 2s² 2p⁴. The valence electrons in the 2s and 2p orbitals participate in
bonding, with the 1s orbitals generally considered core and non-bonding in this context.

Valence Orbitals of Carbon
Carbon's valence orbitals include one 2s and three 2p orbitals (2px, 2py, 2pz). These orbitals are
relatively close in energy and can hybridize or interact to form molecular orbitals. In the molecular
orbital diagram of CO, the 2s and 2p orbitals from carbon combine with those of oxygen to form
bonding and antibonding orbitals.

Valence Orbitals of Oxygen
Oxygen, with a higher electronegativity, has valence orbitals 2s and 2p that are slightly lower in
energy compared to carbon's orbitals. This energy difference plays a significant role in the formation
of molecular orbitals, influencing the relative energies of bonding and antibonding orbitals in the CO
molecule.

Constructing the Molecular Orbital Diagram of CO
The construction of the molecular orbital diagram of CO involves combining the valence atomic
orbitals of carbon and oxygen based on their symmetry and energy compatibility. Due to the
difference in electronegativity between carbon and oxygen, the molecular orbitals formed are
somewhat polarized, with electron density shifted towards the oxygen atom.

Steps in Building the Diagram

Identify Atomic Orbitals: Select the valence orbitals (2s and 2p) of both carbon and oxygen.1.

Order Orbitals by Energy: Recognize that oxygen's orbitals are lower in energy than carbon's2.
due to electronegativity differences.



Combine Orbitals by Symmetry: Match orbitals of similar symmetry (σ or π) to form bonding3.
and antibonding molecular orbitals.

Assign Energy Levels: Bonding orbitals have lower energy than the original atomic orbitals,4.
while antibonding orbitals have higher energy.

Fill Electrons: Place the 10 valence electrons of CO into the molecular orbitals following the5.
Aufbau principle.

Types of Molecular Orbitals in CO
The molecular orbital diagram of CO includes several key orbitals:

σ(2s) and σ*(2s): Bonding and antibonding orbitals formed from 2s atomic orbitals.

σ(2pz) and σ*(2pz): Bonding and antibonding orbitals formed from the 2pz orbitals, aligned
along the internuclear axis.

π(2px) and π(2py), and π*(2px) and π*(2py): Degenerate bonding and antibonding orbitals
formed from 2px and 2py orbitals perpendicular to the bond axis.

Electron Configuration and Bond Order in CO
Understanding the electron configuration within the molecular orbital diagram of CO is vital to
determining its bond order, magnetic properties, and overall stability. CO has a total of 10 valence
electrons, which occupy molecular orbitals in order of increasing energy.

Electron Filling in Molecular Orbitals
The 10 valence electrons fill the molecular orbitals as follows:

Two electrons occupy the bonding σ(2s) orbital.1.

Two electrons occupy the antibonding σ*(2s) orbital.2.

Two electrons occupy the bonding σ(2pz) orbital.3.

Four electrons fill the degenerate π(2px) and π(2py) bonding orbitals.4.

Notably, the antibonding π* orbitals remain unoccupied in the ground state, resulting in a stable bond.



Calculating Bond Order
The bond order is calculated using the formula:

Bond Order = (Number of electrons in bonding orbitals - Number of electrons in antibonding orbitals) /
2

Applying this to CO:

Bonding electrons: 8 (2 in σ(2s), 2 in σ(2pz), 4 in π bonding orbitals)

Antibonding electrons: 2 (2 in σ*(2s))

Bond order = (8 - 2) / 2 = 3, which corresponds to a triple bond between carbon and oxygen,
consistent with experimental observations.

Significance of the Molecular Orbital Diagram of CO
The molecular orbital diagram of CO provides deep insights into the molecule’s chemical behavior,
spectroscopic properties, and reactivity. It explains the strong triple bond, the polarity of the
molecule, and its unusual bonding characteristics compared to other diatomic molecules.

Polarity and Dipole Moment
Despite oxygen’s higher electronegativity, the molecular orbital diagram shows that the highest
occupied molecular orbital (HOMO) is largely localized on the carbon atom. This results in a dipole
moment with the positive end on oxygen and the negative end on carbon, which is counterintuitive
but explained by the MO theory.

Reactivity and Ligand Behavior
Carbon monoxide acts as a strong ligand in coordination chemistry, often bonding through the carbon
atom. The molecular orbital diagram helps explain this behavior by illustrating the availability of the
lone pair on carbon in the HOMO, enabling effective bonding with transition metals.

Comparison with Valence Bond Theory
While valence bond (VB) theory provides a localized view of bonding using hybrid orbitals and
electron pairs, the molecular orbital diagram of CO offers a delocalized perspective that captures the
electronic structure more accurately. Both theories have merits, but MO theory better explains
magnetic properties and bond order in CO.



Strengths and Limitations of Valence Bond Theory
Valence bond theory accounts for the triple bond in CO using sp hybridization and localized lone pairs.
However, it does not adequately describe the molecular polarity or explain the relative energies of
molecular orbitals involved in bonding.

Advantages of Molecular Orbital Theory
The molecular orbital diagram of CO provides a comprehensive explanation for bond order, magnetic
behavior, and the unusual polarity of the molecule. It accounts for electron delocalization and predicts
spectroscopic features that valence bond theory cannot fully describe.

Frequently Asked Questions

What is a molecular orbital diagram for CO?
A molecular orbital diagram for CO shows the combination of atomic orbitals from carbon and oxygen
to form bonding and antibonding molecular orbitals, arranged by increasing energy. It typically
includes sigma and pi bonding orbitals as well as their corresponding antibonding orbitals, illustrating
the electron distribution in the molecule.

How are the atomic orbitals of carbon and oxygen combined
in the CO molecular orbital diagram?
In the CO molecular orbital diagram, the 2s orbitals of carbon and oxygen combine to form sigma
bonding and antibonding orbitals. The 2p orbitals combine to form sigma and pi bonding and
antibonding orbitals. Because oxygen is more electronegative, its atomic orbitals are lower in energy,
which affects the ordering and character of the resulting molecular orbitals.

Why does the CO molecule have a bond order of 3 according
to its molecular orbital diagram?
The bond order is calculated as (number of bonding electrons - number of antibonding electrons)/2. In
the CO molecular orbital diagram, there are 10 bonding electrons and 4 antibonding electrons, giving
a bond order of (10-4)/2 = 3, which corresponds to a triple bond between carbon and oxygen.

How does the difference in electronegativity between carbon
and oxygen affect the molecular orbital diagram of CO?
The higher electronegativity of oxygen lowers the energy of its atomic orbitals relative to carbon's.
This causes the molecular orbitals formed to be asymmetrical in energy, with orbitals having more
oxygen character being lower in energy. This results in a molecular orbital diagram where the
electron density is shifted toward the oxygen atom.



What explains the polarity of the CO molecule based on its
molecular orbital diagram?
The molecular orbital diagram shows that the highest occupied molecular orbital (HOMO) has more
electron density on carbon, despite oxygen being more electronegative. This uneven distribution
leads to a dipole moment with a partial positive charge on oxygen and a partial negative charge on
carbon, explaining the polarity of the CO molecule.

Additional Resources
1. Molecular Orbital Theory of Transition Metal Complexes
This book delves into the principles of molecular orbital theory with a focus on transition metal
complexes such as cobalt. It explains the construction and interpretation of molecular orbital
diagrams, highlighting bonding, antibonding, and non-bonding interactions. Readers will gain insights
into electronic structures and how these relate to chemical properties and reactivity.

2. Advanced Inorganic Chemistry: Molecular Orbitals and Complexes
A comprehensive resource for understanding the electronic structure of inorganic molecules, this text
covers detailed molecular orbital diagrams of metal complexes including cobalt. It bridges
fundamental theory with practical examples, emphasizing spectroscopic and magnetic properties
derived from MO analysis. The book is ideal for upper-level students and researchers.

3. Transition Metals and Coordination Chemistry: Molecular Orbital Perspectives
This book provides a thorough examination of coordination compounds using molecular orbital theory.
It includes step-by-step construction of MO diagrams for cobalt-containing complexes, analyzing
bonding patterns and electron configurations. The discussion extends to catalytic and magnetic
behaviors influenced by molecular orbitals.

4. Electronic Structure and Bonding in Metal Complexes
Focused on the electronic aspects of metal complexes, this book explains how molecular orbital
diagrams describe bonding in species like cobalt complexes. It covers ligand field effects, metal-ligand
interactions, and the resulting spectroscopic signatures. The text integrates theory with experimental
data to enhance understanding.

5. Fundamentals of Molecular Orbital Theory in Organometallic Chemistry
This title explores the application of MO theory in organometallic systems, highlighting complexes of
cobalt. It explains the formation of molecular orbitals from metal d and ligand orbitals, detailing
bonding and antibonding interactions. The book also discusses how these insights impact reactivity
and catalysis.

6. Inorganic Chemistry: Structure and Bonding
A widely used textbook that includes chapters on molecular orbital theory applied to transition metal
complexes. It presents detailed molecular orbital diagrams of cobalt-containing complexes, explaining
their electronic structures and chemical behavior. The book balances theoretical concepts with
practical examples.

7. Symmetry and Spectroscopy: An Introduction to Molecular Orbital Theory
This book introduces molecular orbital theory using symmetry principles, with examples from
transition metal complexes like cobalt. It guides readers through constructing MO diagrams by



applying group theory, enhancing understanding of electronic transitions and bonding. The approach
is accessible for students with a background in inorganic chemistry.

8. Computational Approaches to Molecular Orbital Analysis of Metal Complexes
Focusing on computational methods, this book covers how molecular orbital diagrams of cobalt
complexes are generated and interpreted using quantum chemistry software. It discusses the
correlation between computed electronic structures and experimental observations. The text is useful
for researchers applying computational tools in inorganic chemistry.

9. Molecular Orbital Diagrams of Diatomic and Coordination Compounds
This book offers a focused study on constructing and analyzing molecular orbital diagrams for
diatomic molecules and coordination compounds, including those of cobalt. It explains bonding
theories and electronic configurations with clear diagrams and examples. The book serves as a
practical guide for students studying molecular orbital theory in inorganic chemistry.
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