
molecular orbital diagram for he2 2

molecular orbital diagram for he2 2 is a fundamental concept in molecular
orbital theory, particularly relevant when studying the bonding
characteristics of the helium dimer ion. Understanding this diagram provides
insight into the electronic structure, bond order, and stability of the
He2^2+ species. This article will explore the detailed construction of the
molecular orbital diagram for He2 2, explain its electron configuration, and
discuss the implications of its bonding and antibonding orbitals.
Additionally, the role of molecular orbitals in predicting the physical
properties and reactivity of this ion will be examined. The discussion will
also cover the comparison of He2 2 with other diatomic molecules and ions to
contextualize its significance in chemical bonding theories. The following
sections will guide the reader through a comprehensive overview of the
molecular orbital diagram for He2 2.
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Bonding and Antibonding Orbitals in He2 2

Stability and Physical Properties of He2 2
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Overview of Molecular Orbital Theory

Molecular Orbital (MO) theory provides a quantum mechanical framework for
understanding the electronic structure of molecules. Unlike valence bond
theory, which focuses on localized electron pairs between atoms, MO theory
describes electrons as delocalized over the entire molecule. This
delocalization allows for the formation of molecular orbitals, which are
combinations of atomic orbitals from bonding atoms. Each molecular orbital
can hold up to two electrons with opposite spins, and these orbitals are
categorized into bonding, antibonding, and nonbonding types based on their
energy and electron density distribution.

The molecular orbital diagram visually represents the relative energies and
occupancy of these orbitals, helping chemists predict molecular stability,
magnetic properties, and reactivity. For diatomic molecules and ions such as
He2 2, MO theory is particularly useful in determining whether a stable bond
exists and the nature of that bond. The diagram shows how atomic orbitals
from each helium atom combine to form molecular orbitals, which then
accommodate the total number of electrons in the system.

Constructing the Molecular Orbital Diagram for



He2 2

Building the molecular orbital diagram for He2 2 involves combining the
atomic orbitals of two helium atoms, each contributing electrons to the
molecular system. Helium atoms have an electronic configuration of 1s², with
two electrons occupying the 1s atomic orbital. The He2 2 ion has a total of
four electrons, since it represents a doubly charged species derived from two
helium atoms.

Atomic Orbitals of Helium

Each helium atom contributes its 1s orbital to the molecular orbital
formation. Since helium’s 1s orbital is fully occupied, these orbitals serve
as the basis for the molecular orbitals in the dimer ion. The 1s orbitals
overlap to form two primary molecular orbitals:

σ1s (bonding molecular orbital): Resulting from constructive
interference of the 1s atomic orbitals, characterized by increased
electron density between the nuclei.

σ1s* (antibonding molecular orbital): Resulting from destructive
interference, characterized by a node between the nuclei and decreased
electron density.

Energy Ordering and Orbital Interaction

In the molecular orbital diagram for He2 2, the bonding σ1s orbital is lower
in energy than the original atomic 1s orbitals, while the antibonding σ1s*
orbital is higher in energy. The diagram arranges these orbitals vertically
according to their relative energies, with the total number of electrons
filled from the lowest energy orbital upwards. This ordering is crucial for
determining the overall stability and bond order of the molecule.

Electron Configuration and Bond Order of He2 2

Understanding the electron configuration in molecular orbitals is essential
for interpreting the bonding characteristics of He2 2. With four electrons in
total, these electrons occupy the molecular orbitals according to the Aufbau
principle and Hund’s rule.

Filling the Molecular Orbitals

The four electrons of He2 2 will fill the molecular orbitals in the following
manner:

Two electrons occupy the bonding σ1s molecular orbital.1.

Two electrons occupy the antibonding σ1s* molecular orbital.2.

This electron filling results in equal numbers of electrons in bonding and



antibonding orbitals, which directly impacts the bond order calculation.

Calculating Bond Order

Bond order is a quantitative measure of the number of chemical bonds between
two atoms and relates to the molecule’s stability. It is calculated using the
formula:

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

For He2 2:

Electrons in bonding orbitals = 2 (σ1s)

Electrons in antibonding orbitals = 2 (σ1s*)

Therefore, the bond order is (2 - 2) / 2 = 0. A bond order of zero indicates
no net bond formation, implying that the He2 2 ion is not a stable molecule
under normal conditions.

Bonding and Antibonding Orbitals in He2 2

The interaction between bonding and antibonding orbitals plays a pivotal role
in determining the chemical and physical behavior of the He2 2 species. The
balance between these orbitals dictates whether the molecule experiences net
attraction or repulsion between its atomic centers.

Characteristics of Bonding σ1s Orbital

The bonding σ1s molecular orbital is formed by the constructive overlap of
the 1s atomic orbitals of each helium atom. This overlap increases electron
density in the internuclear region, which typically stabilizes the molecule
by lowering the energy. Electrons in this orbital contribute to bond
formation by holding the nuclei together through electrostatic attraction.

Characteristics of Antibonding σ1s* Orbital

Conversely, the antibonding σ1s* orbital results from destructive
interference of the 1s atomic orbitals, characterized by a nodal plane
between the nuclei where electron density is zero. Electrons in this orbital
destabilize the molecule by increasing the energy and counteracting the
bonding effect. In He2 2, the presence of electrons in the antibonding
orbital negates the stabilization from the bonding orbital.

Impact of Equal Occupation of Bonding and Antibonding
Orbitals

Because the four electrons in He2 2 are evenly distributed between bonding
and antibonding orbitals, the net bonding effect is canceled out. This equal
occupation leads to a bond order of zero, indicating no net bond formation



and explaining why He2 2 is generally considered an unstable or non-existent
molecular ion under typical conditions.

Stability and Physical Properties of He2 2

The molecular orbital diagram for He2 2 provides critical insight into its
stability and expected physical properties. The zero bond order derived from
the electron configuration suggests that He2 2 does not form a stable
chemical bond under standard conditions.

Implications for Stability

Since the bonding and antibonding electrons neutralize each other’s effects,
the He2 2 ion lacks the cohesive force necessary to hold the two helium
nuclei together. As a result, this species is highly unstable and unlikely to
be isolated or observed in normal laboratory conditions. Any transient
formation of He2 2 would rapidly dissociate into separate helium atoms or
ions.

Physical and Chemical Behavior

The instability of He2 2 translates into negligible chemical reactivity as a
diatomic molecule. Helium, as a noble gas, already exhibits minimal bonding
tendencies due to its closed-shell electron configuration. The presence of
antibonding electrons in He2 2 further reduces the likelihood of bond
formation, supporting the inert nature of helium in molecular contexts.

Experimental Observations and Theoretical Predictions

While He2 2 is generally theoretical, advanced spectroscopic techniques and
quantum chemical calculations have been employed to explore its properties.
These studies confirm that the ion does not form a stable bond and remains a
transient species at best. The molecular orbital diagram remains a crucial
tool for predicting and rationalizing these observations.

Comparative Analysis with Other Diatomic
Molecules

Evaluating the molecular orbital diagram for He2 2 alongside other diatomic
molecules helps contextualize its bonding characteristics and stability.
Common diatomic molecules such as H2, N2, and O2 exhibit different electron
configurations and bond orders that explain their respective stabilities.

Comparison with H2

In hydrogen molecule (H2), two electrons occupy the bonding σ1s orbital with
no electrons in the antibonding orbital, resulting in a bond order of 1. This
leads to a stable covalent bond between the two hydrogen atoms, contrasting
sharply with the zero bond order in He2 2.



Comparison with He2

The neutral helium dimer (He2) also has four electrons but without the
additional positive charge present in He2 2. Its molecular orbital diagram
similarly shows equal electrons in bonding and antibonding orbitals,
resulting in a bond order of zero. This confirms the general instability of
helium dimers under normal conditions.

Comparison with Ions Having Positive Bond Orders

Other diatomic ions such as Be2^2+ or B2^- have electron configurations that
favor higher bond orders, contributing to greater stability. These examples
highlight how the occupation of molecular orbitals influences chemical
bonding and molecular existence, reinforcing the conclusions drawn from the
molecular orbital diagram for He2 2.

H2: Bond order 1, stable molecule

He2: Bond order 0, unstable dimer

He2 2: Bond order 0, unstable ion

Be2^2+: Bond order 1, stable ion

Frequently Asked Questions

What is a molecular orbital diagram for He2 2+?

A molecular orbital diagram for He2 2+ shows the combination of atomic
orbitals from two helium atoms resulting in bonding and antibonding molecular
orbitals. Since He2 2+ has two electrons removed from He2, only two electrons
occupy the bonding σ1s orbital, resulting in a bond order of 1.

How do you determine the bond order from the
molecular orbital diagram of He2 2+?

Bond order is calculated as (number of bonding electrons - number of
antibonding electrons) / 2. For He2 2+, there are 2 electrons in bonding
orbitals and 0 in antibonding orbitals, so bond order = (2 - 0)/2 = 1,
indicating a stable bond.

Is He2 2+ a stable molecule based on its molecular
orbital diagram?

Yes, He2 2+ is considered stable because its bond order is 1, indicating a
net bonding interaction between the two helium atoms.



Why is He2 neutral molecule not stable, but He2 2+ is
stable according to molecular orbital theory?

He2 neutral has 4 electrons filling both bonding σ1s and antibonding σ1s*
orbitals equally, resulting in a bond order of zero. In contrast, He2 2+ has
2 fewer electrons, removing electrons from antibonding orbitals and leading
to a bond order of 1, making it stable.

What atomic orbitals combine to form molecular
orbitals in He2 2+?

The 1s atomic orbitals from each helium atom combine to form a lower-energy
bonding σ1s molecular orbital and a higher-energy antibonding σ1s* molecular
orbital.

How many electrons are present in the molecular
orbitals of He2 2+?

He2 2+ has a total of 2 electrons, both occupying the bonding σ1s molecular
orbital.

Can you explain the energy order of molecular
orbitals in He2 2+?

In He2 2+, the molecular orbitals are arranged with the bonding σ1s orbital
at lower energy and the antibonding σ1s* orbital at higher energy. Electrons
first fill the bonding orbital before occupying antibonding orbitals.

What role does ionization play in the stability of
He2 2+ as seen from its molecular orbital diagram?

Ionization removes electrons from antibonding orbitals, increasing the bond
order. For He2 2+, removing two electrons eliminates occupation of the
antibonding σ1s* orbital, resulting in a net bonding interaction and greater
stability.

Additional Resources
1. Molecular Orbital Theory and Its Applications to Diatomic Molecules
This book provides a comprehensive introduction to molecular orbital theory,
with detailed chapters on diatomic molecules such as He2 2+. It explains the
construction of molecular orbital diagrams and their significance in
predicting molecular stability and properties. The text includes examples and
exercises to deepen the reader's understanding of molecular bonding concepts.

2. Quantum Chemistry: Molecular Orbitals of Simple Molecules
Focusing on the quantum mechanical approach to molecular orbitals, this book
discusses how molecular orbital diagrams are derived and interpreted. It
covers the helium dimer ion He2 2+ extensively, illustrating the principles
of bonding and antibonding interactions. The author presents theoretical
foundations alongside computational techniques.

3. Fundamentals of Molecular Orbital Theory for Diatomic Ions



This work explores the molecular orbital configurations of various diatomic
ions, including He2 2+. It breaks down the electron filling order and energy
level diagrams, highlighting why certain ions are stable or unstable. The
book serves as a valuable resource for students studying molecular bonding in
ionic species.

4. Advanced Molecular Orbital Diagrams: Case Studies in Small Molecules
Through detailed case studies, this book examines the molecular orbital
diagrams of small molecules and ions such as He2 2+. It emphasizes the
interpretation of orbital interactions and the resulting chemical properties.
Readers gain insight into advanced concepts like spin states and electronic
excitation.

5. Introduction to Molecular Orbital Diagrams: The Helium Dimer Ion
Designed for beginners, this text introduces the basics of molecular orbital
diagrams using the helium dimer ion He2 2+ as a primary example. It explains
how to draw and analyze molecular orbitals and the implications for molecular
bonding. The clear, step-by-step approach makes complex ideas accessible.

6. Computational Approaches to Molecular Orbitals in Diatomic Systems
This book focuses on computational methods used to generate and analyze
molecular orbital diagrams for diatomic molecules like He2 2+. It covers
software tools and algorithms for simulating electronic structures. The
practical guidance helps readers apply theory to real-world molecular
systems.

7. The Chemistry of Helium and Its Molecular Ions
A specialized text exploring the unique chemistry of helium and its molecular
ions, including He2 2+. It discusses the challenges of bonding in noble gas
species and the role of molecular orbitals in explaining their properties.
The book combines experimental findings with theoretical insights.

8. Electron Configuration and Molecular Orbitals: He2 2+ and Related Species
This book delves into electron configurations and molecular orbital theory as
applied to He2 2+ and similar diatomic ions. It explains how electron pairing
and orbital symmetry influence molecular stability. Detailed diagrams and
explanations help readers visualize complex electronic structures.

9. Molecular Orbital Diagrams in Chemical Bonding: Applications to Helium
Dimers
Covering the application of molecular orbital diagrams in chemical bonding,
this text uses helium dimers like He2 2+ to illustrate key concepts. It
discusses bonding versus antibonding orbitals and their effect on molecular
interactions. The book is well-suited for advanced undergraduates and
graduate students studying molecular chemistry.
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