
what is dispersion forces in chemistry

what is dispersion forces in chemistry is a fundamental question when exploring intermolecular interactions
that influence the physical properties of substances. Dispersion forces, also known as London dispersion forces,
are a type of van der Waals force arising from temporary fluctuations in electron distribution within atoms
or molecules. These weak intermolecular attractions play a critical role in the behavior of nonpolar
molecules and noble gases, affecting phenomena such as boiling points, melting points, and solubility.
Understanding what dispersion forces are in chemistry involves examining their origin, mechanism, and significance
in various chemical contexts. This article provides a detailed overview of dispersion forces, their
characteristics, and their importance in molecular chemistry. The discussion includes comparisons with other
intermolecular forces, examples of substances influenced by dispersion forces, and their relevance in chemical
and physical processes.
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Definition and Origin of Dispersion Forces

Dispersion forces in chemistry refer to the weak intermolecular forces that arise due to temporary dipoles
induced in atoms or molecules. These forces are a subset of van der Waals forces and are present in all
molecular interactions, although they are the dominant force in nonpolar molecules. The origin of dispersion
forces lies in the instantaneous fluctuations of electron density around an atom or molecule, which create
momentary dipoles. These temporary dipoles induce similar dipoles in neighboring particles, resulting in an
attractive force between them. Dispersion forces are named after Fritz London, who first explained their
quantum mechanical basis, and are often called London dispersion forces.

Historical Context

The concept of dispersion forces was developed in the early 20th century as scientists sought to explain
attractions between inert gases and nonpolar molecules that could not be explained by permanent dipole
interactions. London's theoretical work provided the first quantitative explanation of how electron
correlation leads to these instantaneous dipoles and the resulting weak attractions.

Fundamental Characteristics

Dispersion forces are characterized by their universality and relatively weak strength compared to other
intermolecular forces. They are always attractive and increase with the size and polarizability of the
molecules involved. These forces contribute significantly to the condensed phases of noble gases like argon and
krypton, which lack permanent dipoles.



Mechanism of Dispersion Forces

The mechanism of dispersion forces involves the creation of instantaneous dipoles due to the dynamic movement
of electrons within atoms or molecules. At any given instant, electrons may be unevenly distributed, causing a
temporary dipole.

Instantaneous Dipole Formation

Electron clouds around nuclei are in constant motion. This motion can cause a momentary imbalance in the
electron distribution, leading to an instantaneous dipole moment. These temporary dipoles are fleeting but
sufficient to influence neighboring atoms or molecules.

Induced Dipoles and Attraction

The instantaneous dipole in one atom induces a dipole in a neighboring atom by repelling or attracting its
electrons. This induced dipole then interacts with the original dipole, resulting in a net attractive force
between the two particles. The strength of this interaction depends on the polarizability of the atoms or
molecules involved.

Quantum Mechanical Explanation

From a quantum mechanical perspective, dispersion forces arise due to correlated fluctuations in the electron
distributions of interacting particles. The London formula quantifies these forces based on polarizability and
ionization energy, highlighting their dependence on electronic properties rather than permanent charges.

Factors Affecting Dispersion Forces

Several factors influence the magnitude of dispersion forces in chemical systems, affecting how substances
interact and their resulting physical properties.

Molecular Size and Mass

Larger and heavier molecules have more electrons and more easily distorted electron clouds, increasing
polarizability. As a result, dispersion forces strengthen with increasing molecular size and mass.

Molecular Shape

The shape of molecules affects how closely they can approach each other. Linear or elongated molecules tend
to have stronger dispersion forces than compact or spherical molecules due to a larger contact area.

Polarizability

Polarizability measures how easily the electron cloud around an atom or molecule can be distorted. Atoms
with loosely held outer electrons, such as those in lower electronegativity elements or heavier atoms, exhibit
higher polarizability and consequently stronger dispersion forces.



Distance Between Molecules

Dispersion forces decrease rapidly with increasing distance, following an inverse sixth power law (r⁻⁶).
Therefore, close proximity between molecules results in stronger dispersion interactions.

Summary of Factors

Molecular size and electron count

Molecular shape and surface contact area

Polarizability of the electron cloud

Intermolecular distance

Dispersion Forces Compared to Other Intermolecular Forces

Dispersion forces are one of several types of intermolecular forces that govern molecular interactions.
Understanding how dispersion forces compare to others is essential for a comprehensive grasp of molecular
behavior.

Dipole-Dipole Interactions

Dipole-dipole forces occur between molecules with permanent dipoles. These forces are generally stronger than
dispersion forces but only present in polar molecules. Dispersion forces are universal and exist even in nonpolar
substances.

Hydrogen Bonding

Hydrogen bonding is a specialized and stronger type of dipole-dipole interaction involving hydrogen atoms
bonded to highly electronegative atoms like oxygen, nitrogen, or fluorine. Hydrogen bonds significantly
influence the properties of water and biological macromolecules and are much stronger than dispersion forces.

Ion-Dipole and Ion-Induced Dipole Forces

These forces involve ions interacting with polar or induced dipoles and are stronger than dispersion forces.
They play important roles in solutions containing electrolytes.

Relative Strength and Importance

Although dispersion forces are the weakest intermolecular forces, their cumulative effect can be substantial,
especially in large, nonpolar molecules. They are crucial for the condensation of noble gases and the physical
properties of hydrocarbons and other nonpolar compounds.



Examples and Applications in Chemistry

Dispersion forces influence many chemical and physical processes, particularly in systems where other
intermolecular forces are weak or absent.

Noble Gases and Nonpolar Molecules

Noble gases like helium, neon, and argon exist as monatomic gases with no permanent dipoles. Their liquefaction
and solidification at low temperatures are solely due to dispersion forces. Similarly, nonpolar molecules such
as nitrogen (N₂), oxygen (O₂), and methane (CH₄) rely on dispersion forces for intermolecular attraction.

Hydrocarbons and Organic Compounds

In hydrocarbons, which are typically nonpolar, dispersion forces determine boiling and melting points. Larger
alkanes exhibit stronger dispersion forces due to increased molecular size and surface area, resulting in higher
boiling points.

Polymer Chemistry

Dispersion forces contribute to the physical properties of polymers, influencing flexibility, melting temperature,
and solubility. Manipulating these forces through molecular design can tailor polymer behavior.

Pharmaceuticals and Molecular Recognition

While hydrogen bonding and ionic interactions dominate in biological systems, dispersion forces complement these
interactions and contribute to the binding affinity and selectivity of drugs with their targets.

Summary of Applications

Liquefaction of noble gases

Boiling and melting points of nonpolar substances

Physical properties of polymers

Molecular interactions in pharmaceuticals

Frequently Asked Questions

What are dispersion forces in chemistry?

Dispersion forces, also known as London dispersion forces, are weak intermolecular forces arising from
temporary fluctuations in the electron distribution within molecules or atoms, leading to temporary dipoles
that attract each other.



How do dispersion forces differ from dipole-dipole interactions?

Dispersion forces occur between all molecules regardless of polarity due to temporary induced dipoles,
whereas dipole-dipole interactions happen only between molecules with permanent dipoles.

Why are dispersion forces important in nonpolar molecules?

In nonpolar molecules, which lack permanent dipoles, dispersion forces are the primary type of intermolecular
attraction that influences properties like boiling and melting points.

How do molecular size and shape affect dispersion forces?

Larger and more elongated molecules have greater electron clouds that are more easily polarized, resulting in
stronger dispersion forces compared to smaller or more compact molecules.

Can dispersion forces affect the physical state of substances?

Yes, dispersion forces contribute to the physical state of substances by influencing intermolecular
attractions; stronger dispersion forces can lead to higher boiling and melting points, affecting whether a
substance is solid, liquid, or gas at room temperature.

Additional Resources
1. Intermolecular and Surface Forces
This book by Jacob N. Israelachvili provides a comprehensive overview of the forces that act between
molecules, including dispersion forces. It explains the physical origin of van der Waals forces, hydrogen
bonding, and electrostatic interactions, making it essential for understanding molecular interactions in
chemistry and biology. The text combines theoretical background with practical applications, ideal for
students and researchers.

2. Physical Chemistry: Principles and Applications in Biological Sciences
Authored by Ignacio Tinoco Jr., this book covers fundamental physical chemistry concepts, including an in-depth
discussion of intermolecular forces such as dispersion forces. It links these forces to biological systems,
illustrating their significance in protein folding and membrane formation. The approachable style makes complex
topics accessible to students in chemistry and related fields.

3. Molecular Quantum Mechanics
Peter Atkins and Ronald Friedman’s text explores the quantum mechanical basis of molecular interactions,
detailing how dispersion forces arise from electron correlation. The book bridges the gap between quantum
theory and practical chemistry, explaining how weak forces influence molecular behavior. It is suited for
advanced undergraduates and graduate students.

4. Van der Waals Forces: A Handbook for Biologists, Chemists, Engineers, and Physicists
This handbook by V.A. Parsegian delves specifically into van der Waals forces, including London dispersion
forces, with a multidisciplinary perspective. It offers detailed mathematical models and experimental evidence,
helping readers understand the role of these forces in various scientific fields. The book is a valuable reference
for professionals and researchers.

5. Introduction to Modern Statistical Mechanics
By David Chandler, this book introduces statistical mechanics concepts crucial for explaining dispersion forces
at the molecular level. It discusses how fluctuations in electron density lead to instantaneous dipoles and
resultant attractive forces. The text balances theory with applications, aiding in the comprehension of
molecular interactions.

6. Essentials of Computational Chemistry: Theories and Models
Christopher J. Cramer’s book explains computational methods used to model dispersion forces in molecules. It



covers density functional theory (DFT) and other approaches that account for weak intermolecular
interactions. This resource is ideal for chemists interested in simulating and predicting molecular behavior.

7. Physical Chemistry for the Life Sciences
Peter Atkins and Julio de Paula provide a clear explanation of physical chemistry principles, including the
nature of dispersion forces. The book emphasizes their importance in biological contexts, such as the stability
of biomolecules and cellular structures. It is tailored for students in biochemistry and molecular biology.

8. Supramolecular Chemistry
Jonathan W. Steed and Jerry L. Atwood discuss the role of non-covalent interactions, including dispersion
forces, in the assembly of supramolecular structures. The book illustrates how these weak forces enable the
formation of complex molecular architectures. It is useful for chemists interested in molecular design and
nanotechnology.

9. Chemical Bonding at Surfaces and Interfaces
By Anders Nilsson, Lars G.M. Pettersson, and Jens K. N�rskov, this book explores chemical bonding phenomena at
surfaces, emphasizing the influence of dispersion forces. It integrates surface science with molecular
interactions to explain adsorption and catalysis processes. This text is valuable for researchers working in
surface chemistry and materials science.
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