
what is london dispersion forces in chemistry

what is london dispersion forces in chemistry is a fundamental concept that plays a crucial role in the
interactions between molecules. These forces, also known as dispersion forces or induced dipole-induced dipole
interactions, are one of the weakest types of intermolecular forces but are significant in determining the
physical properties of substances, particularly nonpolar molecules. Understanding London dispersion forces is
essential for students and professionals in chemistry, as they influence boiling and melting points, solubility,
and molecular behavior in various states. This article will explore the definition, significance, and
characteristics of London dispersion forces, along with practical examples and comparisons to other types of
intermolecular forces.
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Definition of London Dispersion Forces

London dispersion forces are a type of intermolecular force that arises from the temporary fluctuations in
electron density within molecules. These fluctuations create instantaneous dipoles, which can induce dipoles in
neighboring molecules, resulting in a weak attractive force. This phenomenon occurs in all molecules,
regardless of whether they are polar or nonpolar, although the effects are most pronounced in nonpolar
substances where other types of intermolecular forces are absent.

Origin of the Name

The term "London dispersion forces" is named after the German-American physicist Fritz London, who first
described these interactions in the 1930s. London proposed that all atoms and molecules exhibit a tendency to
develop temporary dipoles due to the movement of electrons. This theory highlighted the importance of these
forces in intermolecular interactions and set the stage for further research in molecular chemistry.

Characteristics of London Dispersion Forces

London dispersion forces have several distinct characteristics that differentiate them from other
intermolecular forces. Understanding these characteristics is vital for grasping their role in chemical behavior.

Weakness: Compared to dipole-dipole interactions and hydrogen bonds, London dispersion forces are
relatively weak. However, they become significant in large molecules with many electrons.

Universality: These forces are present in all molecules, whether polar or nonpolar, making them a
common characteristic of chemical interactions.



Temporary Nature: The forces are transient, arising from momentary dipoles, which means they vary with
changes in molecular orientation and electron distribution.

Dependence on Molecular Size: Larger and more complex molecules exhibit stronger dispersion forces due
to an increased number of electrons and greater polarizability.

Factors Affecting London Dispersion Forces

Several factors influence the strength of London dispersion forces between molecules. Understanding these
factors helps predict the behavior of substances under various conditions.

Molecular Size

The size of a molecule significantly affects the strength of London dispersion forces. Larger molecules with
more electrons have a greater probability of developing temporary dipoles, leading to stronger dispersion
forces. For example, larger hydrocarbons like octane have higher boiling points than their smaller counterparts
like butane due to increased London dispersion forces.

Molecular Shape

The shape of a molecule also impacts the strength of dispersion forces. Molecules that are more elongated or
have larger surface areas can interact more effectively with neighboring molecules, resulting in stronger
forces. In contrast, spherical molecules may have weaker interactions due to reduced contact surface area.

Polarizability

Polarizability refers to the ease with which the electron cloud of a molecule can be distorted to form a
temporary dipole. Molecules with high polarizability tend to exhibit stronger London dispersion forces. For
instance, iodine (I2), a larger and more polarizable molecule, demonstrates stronger dispersion forces than
smaller halogens like fluorine (F2).

Comparison with Other Intermolecular Forces

To fully appreciate London dispersion forces, it is essential to compare them with other types of
intermolecular forces, including dipole-dipole interactions and hydrogen bonds.

Dipole-Dipole Interactions

Dipole-dipole interactions occur between polar molecules that have permanent dipoles due to differences in
electronegativity. Unlike London dispersion forces, which are temporary, dipole-dipole interactions are more
stable and generally stronger. However, in nonpolar molecules, only London dispersion forces are present.

Hydrogen Bonds

Hydrogen bonds are a specific type of dipole-dipole interaction that occurs when hydrogen is bonded to highly
electronegative atoms like nitrogen, oxygen, or fluorine. These bonds are significantly stronger than London



dispersion forces and play a vital role in the properties of water and biological molecules. Understanding the
relative strength of these forces is crucial in predicting molecular behavior in different environments.

Practical Examples

London dispersion forces can be observed in various substances and phenomena, providing a tangible
understanding of their effects in chemistry.

Noble Gases: The noble gases, such as argon and xenon, are nonpolar and primarily interact through
London dispersion forces. Their low boiling points illustrate how these forces operate in the absence of
other intermolecular interactions.

Hydrocarbons: Alkanes, which are nonpolar hydrocarbons, rely solely on London dispersion forces. As
the carbon chain length increases, so do the boiling points due to stronger dispersion forces.

Biological Molecules: While hydrogen bonds and other forces dominate in proteins and nucleic acids,
London dispersion forces contribute to the overall stability and behavior of these large biomolecules.

Significance in Chemistry

The significance of London dispersion forces in chemistry cannot be overstated. These forces are fundamental to
understanding molecular interactions, influencing various physical properties, such as boiling and melting
points, solubility, and viscosity. They also play a crucial role in the behavior of gases, liquids, and solids,
impacting everything from industrial processes to biological functions.

In summary, London dispersion forces are a critical aspect of molecular chemistry, providing insight into the
interactions that govern the behavior of substances. Recognizing their influence allows chemists to make
predictions about material properties and chemical reactions, underscoring their importance in both theoretical
and applied chemistry.

Q: What are London dispersion forces?

A: London dispersion forces are weak intermolecular forces that arise from temporary fluctuations in electron
density within molecules, leading to the formation of instantaneous dipoles that induce dipoles in neighboring
molecules.

Q: How do London dispersion forces compare to hydrogen bonds?

A: London dispersion forces are weaker than hydrogen bonds, which are a specific type of dipole-dipole
interaction occurring between hydrogen and highly electronegative atoms. Hydrogen bonds are more stable and
stronger than the transient nature of London dispersion forces.

Q: What factors affect the strength of London dispersion forces?

A: The strength of London dispersion forces is influenced by molecular size, shape, and polarizability. Larger,
more polarizable molecules exhibit stronger dispersion forces due to increased electron cloud fluctuations.



Q: Are London dispersion forces present in all molecules?

A: Yes, London dispersion forces are present in all molecules, whether they are polar or nonpolar. They are
particularly significant in nonpolar substances where other intermolecular forces are absent.

Q: Why are London dispersion forces important in chemistry?

A: London dispersion forces play a critical role in determining the physical properties of substances, such as
boiling and melting points, solubility, and molecular behavior, making them essential for understanding chemical
interactions.

Q: Can London dispersion forces affect biological molecules?

A: Yes, while hydrogen bonds and other forces are more dominant in biological molecules, London dispersion
forces contribute to their overall stability and interactions, influencing molecular functions and behaviors.

Q: How do London dispersion forces impact the properties of noble gases?

A: Noble gases, which are nonpolar, primarily interact through London dispersion forces. Their low boiling
points are a direct result of the weak nature of these forces, highlighting the significance of dispersion forces in
determining physical properties.

Q: Do larger molecules always have stronger London dispersion forces?

A: Generally, yes. Larger molecules with more electrons tend to have stronger London dispersion forces due to
increased polarizability and the likelihood of forming temporary dipoles. However, molecular shape can also
influence the strength of these interactions.
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