
molecular orbital diagram for c2 2
molecular orbital diagram for c2 2 is a fundamental concept in understanding the
electronic structure and bonding characteristics of the dicarbon molecule with a double
negative charge. This article explores the detailed construction and interpretation of the
molecular orbital (MO) diagram specifically for the C2 2− ion, highlighting its differences
from neutral C2 and other diatomic molecules. The molecular orbital theory provides a
quantum mechanical explanation of how atomic orbitals combine to form molecular
orbitals, which governs bond order, magnetism, and stability. By analyzing the MO diagram
for C2 2−, insights into its bond order, electron configuration, and magnetic properties can
be gained. This article also covers the energy ordering of molecular orbitals, the impact of
electron filling, and the significance of antibonding and bonding orbitals. A clear
understanding of these principles is essential for students and professionals in chemistry
and related fields. The following sections break down the molecular orbital diagram for C2
2− into comprehensible parts.

Understanding Molecular Orbital Theory

Construction of the Molecular Orbital Diagram for C2 2−

Electron Configuration in C2 2−

Bond Order and Magnetic Properties of C2 2−

Comparison with Neutral C2 and Other Diatomic Molecules

Understanding Molecular Orbital Theory
Molecular Orbital (MO) theory is a key framework in quantum chemistry used to describe
the electronic structure of molecules. Unlike valence bond theory, which focuses on
localized bonds between atoms, MO theory considers electrons in molecules as delocalized
over the entire molecule. Atomic orbitals from individual atoms combine mathematically to
form molecular orbitals, which can be bonding, antibonding, or nonbonding.

The combination depends on the symmetry and energy compatibility of the atomic orbitals.
Bonding orbitals result from the constructive interference of atomic orbitals, leading to
increased electron density between nuclei and a stabilizing effect. Antibonding orbitals
arise from destructive interference, reducing electron density between nuclei and
destabilizing the molecule. Nonbonding orbitals remain largely unaffected by bonding
interactions.

In the case of diatomic molecules such as C2 and its ions, the valence atomic orbitals
involved are primarily the 2s and 2p orbitals. The molecular orbitals formed from these
atomic orbitals dictate the molecule's chemical and physical properties, such as bond
strength, bond length, and magnetism.



Key Principles of MO Theory
The following principles guide the formation of molecular orbitals in diatomic molecules:

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

Energy Ordering: Molecular orbitals are arranged by increasing energy, affecting
electron filling.

Pauli Exclusion Principle: Each molecular orbital can hold a maximum of two
electrons with opposite spins.

Aufbau Principle: Electrons occupy molecular orbitals starting from the lowest
energy level.

Hund’s Rule: Electrons occupy degenerate orbitals singly before pairing.

Construction of the Molecular Orbital Diagram for
C2 2−
The molecular orbital diagram for C2 2− builds upon the general MO theory principles,
tailored to the specific electronic structure of the dicarbon dianion. The C2 molecule
consists of two carbon atoms, each contributing six electrons, for a total of 12 electrons in
the neutral molecule. With an addition of two electrons for the 2− charge, C2 2− has 14
valence electrons to place in the molecular orbitals.

The energy ordering of molecular orbitals in C2 2− differs subtly from other diatomic
molecules due to the interaction between 2s and 2p orbitals and changes in electron-
electron repulsions caused by the extra electrons. The MO diagram must reflect this to
accurately predict properties.

Energy Level Ordering in C2 2−
For molecules like C2 and its ions, the energy levels of molecular orbitals derived from 2s
and 2p atomic orbitals are generally ordered as follows:

σ2s (bonding)1.

σ*2s (antibonding)2.

π2p (bonding, degenerate)3.

σ2p (bonding)4.

π*2p (antibonding, degenerate)5.



σ*2p (antibonding)6.

However, for C2 and its ions, the σ2p orbital is typically higher in energy than the π2p
orbitals due to the s-p mixing effect, leading to the π2p orbitals filling before σ2p. This
ordering is essential for understanding the electron configuration in C2 2−.

Steps to Build the MO Diagram for C2 2−

Identify the valence atomic orbitals involved from each carbon atom: 2s and 2p
orbitals.

Combine the 2s orbitals to form σ2s and σ*2s molecular orbitals.

Combine the 2p orbitals to form π2p and σ2p bonding orbitals, and their antibonding
counterparts.

Arrange the molecular orbitals in order of increasing energy, considering s-p mixing.

Place 14 electrons into the molecular orbitals according to the Aufbau principle and
Hund’s rule.

Electron Configuration in C2 2−
The C2 2− ion contains 14 valence electrons that occupy molecular orbitals formed from
the combination of the two carbon atoms’ 2s and 2p orbitals. Properly assigning electrons
to these orbitals reveals important chemical properties.

Filling the Molecular Orbitals
The electron filling sequence for C2 2− follows the energy ordering established earlier,
taking into account the extra two electrons compared to neutral C2. The electrons fill the
orbitals as:

σ2s – 2 electrons (bonding)1.

σ*2s – 2 electrons (antibonding)2.

π2p_x and π2p_y – 4 electrons (bonding, degenerate)3.

σ2p – 2 electrons (bonding)4.

π*2p_x and π*2p_y – 4 electrons (antibonding, degenerate)5.



This configuration shows that the additional two electrons in C2 2− occupy the π*2p
antibonding orbitals, which affects the bond order and magnetic behavior compared to
neutral C2.

Implications of Electron Configuration

The presence of electrons in antibonding orbitals reduces the overall bond strength.

Electron pairing in π* orbitals leads to diamagnetic behavior.

The electron configuration explains observed spectroscopic and magnetic properties
of C2 2−.

Bond Order and Magnetic Properties of C2 2−
Bond order is a crucial parameter derived from the molecular orbital diagram that indicates
the stability and strength of the bond between two atoms. It is calculated as half the
difference between the number of electrons in bonding and antibonding orbitals.

Calculating Bond Order for C2 2−
Using the electron configuration described, the bond order calculation is as follows:

Total bonding electrons: 2 (σ2s) + 4 (π2p) + 2 (σ2p) = 8

Total antibonding electrons: 2 (σ*2s) + 4 (π*2p) = 6

Bond order = (8 – 6) / 2 = 1

A bond order of 1 suggests a single bond character in C2 2−, which is weaker than the
double bond typically found in neutral C2 (bond order of 2).

Magnetic Properties
The molecular orbital diagram also predicts the magnetic nature of C2 2−. Since all
electrons are paired in the orbitals, including the antibonding π* orbitals, C2 2− is
diamagnetic. This contrasts with some other molecules with unpaired electrons that exhibit
paramagnetism.



Comparison with Neutral C2 and Other Diatomic
Molecules
Understanding how the molecular orbital diagram for C2 2− differs from neutral C2 and
other diatomic molecules provides insight into how additional electrons affect molecular
properties.

Neutral C2 vs C2 2−
Neutral C2 has 12 valence electrons and an electron configuration that fills bonding orbitals
up to the π2p level without populating antibonding orbitals. Its bond order is calculated as
2, indicating a double bond with strong bonding characteristics. Neutral C2 is also
diamagnetic due to all electrons being paired.

In contrast, C2 2− with 14 electrons includes electrons in antibonding π* orbitals, reducing
bond order to 1 and slightly weakening the bond. Both species are diamagnetic, but their
bond strengths and lengths differ.

Comparison with Other Diatomic Molecules
Other diatomic molecules, such as N2, O2, and F2, exhibit different molecular orbital
diagrams reflecting their unique electron counts and orbital interactions:

N2: Has a bond order of 3, forming a strong triple bond and is diamagnetic.

O2: Contains two unpaired electrons in π* orbitals, resulting in a bond order of 2 and
paramagnetism.

F2: Has a bond order of 1 with fully paired electrons, making it diamagnetic but less
stable than N2.

The molecular orbital diagram for C2 2− shares characteristics with F2 in terms of bond
order and diamagnetism but differs markedly from molecules like O2, which are
paramagnetic due to unpaired electrons.

Frequently Asked Questions

What is a molecular orbital diagram for the C2 2- ion?
A molecular orbital (MO) diagram for the C2 2- ion shows the energy levels and electron
filling of molecular orbitals formed from the atomic orbitals of two carbon atoms, with two
extra electrons compared to neutral C2, leading to a total of 14 valence electrons.



How does the addition of two electrons affect the
molecular orbital diagram of C2 to form C2 2-?
Adding two electrons to C2 to form C2 2- fills higher energy antibonding orbitals
(specifically the π* orbitals), which affects the bond order by decreasing it compared to
neutral C2.

What is the bond order of the C2 2- ion according to its
molecular orbital diagram?
The bond order of C2 2- is 2, calculated as (number of bonding electrons - number of
antibonding electrons) divided by 2, reflecting a double bond between the two carbon
atoms.

Why is the molecular orbital ordering in C2 and C2 2-
different from that in O2?
In C2 and C2 2-, the σ2p orbital lies higher in energy than the π2p orbitals due to smaller
nuclear charge and different orbital interactions, whereas in O2 the σ2p orbital is lower in
energy; this changes the order in which orbitals are filled.

How many unpaired electrons are present in the C2 2-
ion based on its molecular orbital diagram?
The C2 2- ion has zero unpaired electrons, as all molecular orbitals are fully paired after
adding the two extra electrons, making it diamagnetic.

What experimental evidence supports the molecular
orbital configuration of C2 2-?
Spectroscopic data and magnetic susceptibility measurements show that C2 2- is
diamagnetic with a bond order of 2, consistent with the molecular orbital diagram
predictions of filled bonding and antibonding orbitals.

Additional Resources
1. Molecular Orbital Theory: An Introduction to Chemical Bonding
This book offers a comprehensive introduction to molecular orbital theory with a focus on
diatomic molecules, including detailed discussions on the C2 molecule. It explains how
atomic orbitals combine to form molecular orbitals and the impact on bonding properties.
The text includes diagrams and examples for better understanding of molecular orbital
configurations such as those in C2 2-.

2. Advanced Inorganic Chemistry: Molecular Orbital Approach
Focusing on advanced concepts in inorganic chemistry, this book delves into the molecular
orbital diagrams of various molecules, with a dedicated section on C2 2-. It explores



electron distribution, bond order, and magnetic properties in detail. The book is suitable for
graduate students and researchers interested in electronic structure analysis.

3. Quantum Chemistry and Molecular Orbital Theory
This textbook bridges quantum chemistry principles with molecular orbital theory,
emphasizing practical applications in molecular systems like C2 2-. It explains the
mathematical foundations behind molecular orbitals and provides step-by-step construction
of molecular orbital diagrams. Readers gain insights into how these theories predict
molecular behavior and bonding.

4. The Chemistry of Diatomic Molecules
Dedicated entirely to diatomic molecules, this book covers the molecular orbital theory as
applied to species such as C2 and its ions. It discusses the properties, bonding
characteristics, and spectroscopy of these molecules, with detailed molecular orbital
diagrams. The text is enriched with experimental data and theoretical models.

5. Electronic Structure and Bonding in Molecules
This book provides a thorough examination of electronic structures using molecular orbital
theory, highlighting molecules like C2 2-. It covers the construction and interpretation of
molecular orbital diagrams and their correlation with chemical properties. The approach
combines theory with computational methods to analyze bonding.

6. Molecular Orbitals in Chemistry: A Guide to Understanding Chemical Bonding
Designed as a practical guide, this book simplifies molecular orbital concepts and applies
them to molecules including C2 2-. It uses clear diagrams and examples to illustrate how
molecular orbitals determine bond order and magnetic behavior. The text is accessible to
upper-level undergraduates studying chemical bonding.

7. Computational Molecular Orbital Methods for Diatomic Molecules
This book focuses on computational techniques used to generate and interpret molecular
orbital diagrams for diatomic molecules such as C2 2-. It covers various quantum chemical
methods and software tools for analyzing molecular orbitals. The content is geared towards
researchers using computational chemistry to study molecular bonding.

8. Inorganic Chemistry: Molecular Orbital Perspectives
Offering a modern perspective on molecular orbital theory in inorganic chemistry, this text
discusses bonding in diatomic molecules including C2 2-. It integrates experimental findings
with theoretical explanations and molecular orbital diagrams. The book is suitable for
advanced students and professionals seeking in-depth understanding.

9. Fundamentals of Molecular Orbital Diagrams: Applications to Carbon Species
This specialized book focuses on the molecular orbital diagrams of carbon-containing
species, with extensive coverage of C2 2-. It explains how molecular orbitals influence
bonding, stability, and reactivity in carbon molecules. The clear illustrations and detailed
analyses make it an excellent resource for chemistry students and researchers.
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