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covalent bonding and london dispersion forces are fundamental concepts in
chemistry that dictate how atoms interact to form molecules and how these molecules
subsequently behave. Understanding these principles is crucial for comprehending
everything from the properties of water to the intricate structures of biological molecules.
This article will delve into the nature of covalent bonds, exploring how electrons are
shared to create stable molecular structures. We will then transition to the subtle yet
significant phenomenon of London dispersion forces, examining how they arise from
temporary electron fluctuations and their pervasive influence on molecular interactions.
By exploring these two pillars of chemical bonding, we aim to provide a comprehensive
overview that illuminates the forces shaping our molecular world.
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Covalent Bonding: The Sharing of Electrons

At its heart, covalent bonding is about collaboration between atoms. Instead of one atom
completely giving up an electron or another taking one, in covalent bonds, atoms decide to
share their valence electrons. This sharing creates a stable electron configuration, often
fulfilling the octet rule, where each atom effectively possesses eight electrons in its
outermost shell. This sharing is a dance, a way for atoms to achieve a more stable, lower-
energy state. Think of it like two people needing a specific tool; instead of one person
buying it and the other borrowing, they pool their resources and share the tool, both
benefiting from its use.

The Formation of Covalent Bonds

Covalent bonds typically form between nonmetal atoms. These atoms have similar
electronegativities, meaning they have a comparable pull on electrons. When two such
atoms approach each other, their atomic orbitals begin to overlap. This overlap allows the
valence electrons to become delocalized, spending time around both nuclei. The attraction



between the positively charged nuclei and the negatively charged shared electrons is what
holds the atoms together, forming a stable covalent bond. This process is energetically
favorable, as the resulting molecule is more stable than the individual, unbonded atoms.

Single, Double, and Triple Covalent Bonds

Covalent bonds can vary in their strength and the number of electron pairs shared. A
single covalent bond involves the sharing of one pair of electrons, represented by a single
line between the atoms (e.g., H-H in H2). A double covalent bond involves the sharing of
two pairs of electrons, shown as two parallel lines (e.g., O=O in O2). Triple covalent
bonds, the strongest and shortest type, involve the sharing of three pairs of electrons,
depicted by three parallel lines (e.g., N≡N in N2). The number of shared electron pairs
directly impacts the bond length and strength; more shared pairs mean a shorter and
stronger bond.

Polarity in Covalent Bonds

While many covalent bonds involve an equal sharing of electrons, leading to nonpolar
covalent bonds, this isn't always the case. When two atoms with different
electronegativities form a covalent bond, the sharing becomes unequal. The more
electronegative atom pulls the shared electrons closer to itself. This creates a partial
negative charge on the more electronegative atom and a partial positive charge on the less
electronegative atom. This uneven distribution of charge is known as a polar covalent
bond, and it gives the molecule a dipole moment. Water (H2O) is a classic example of a
molecule with polar covalent bonds, where oxygen is more electronegative than hydrogen.

London Dispersion Forces: The Weakest, Yet
Widest Reaching

Now, let's shift our focus from the strong, direct attractions of covalent bonds to a more
subtle, yet incredibly widespread intermolecular force: London dispersion forces, also
known as Van der Waals forces. Even in molecules that are perfectly nonpolar and don't
exhibit dipole moments, there are still attractions between them. These forces arise from
temporary, instantaneous fluctuations in electron distribution within atoms and molecules.
It’s like a ripple effect that causes a fleeting imbalance of charge.

The Origin of Temporary Dipoles

Electrons in an atom or molecule are constantly in motion. At any given instant, by random
chance, the electrons might be more concentrated on one side of an atom or molecule
than another. This creates a temporary, instantaneous dipole – a fleeting separation of



positive and negative charge. This temporary dipole in one molecule can then induce a
dipole in a neighboring molecule. The negative end of the temporary dipole attracts the
positive end of the induced dipole in the adjacent molecule, leading to a weak, short-lived
attraction between the two. This is the genesis of London dispersion forces.

Factors Influencing the Strength of London Dispersion
Forces

The strength of London dispersion forces is not uniform; it depends on several key factors.
Primarily, the more electrons an atom or molecule has, the greater the likelihood of
significant electron cloud distortion and thus stronger dispersion forces. This means larger
molecules or atoms generally exhibit stronger London dispersion forces than smaller ones.
Another crucial factor is the shape of the molecule. Long, linear molecules have more
surface area for interaction compared to compact, spherical ones, leading to stronger
dispersion forces. Think of it like two pieces of velcro – a larger surface area of contact
means a stronger connection.

Number of electrons in the atom or molecule.

Surface area available for interaction between molecules.

Molecular shape and how closely molecules can pack together.

The Ubiquity of London Dispersion Forces

What's truly remarkable about London dispersion forces is their universality. They exist
between all atoms and molecules, regardless of whether they are polar or nonpolar. While
polar molecules also experience dipole-dipole interactions and hydrogen bonding, London
dispersion forces are always present as an additional, cumulative attraction. In fact, for
nonpolar molecules, London dispersion forces are the only type of intermolecular
attraction. This makes them incredibly important for understanding the physical
properties of substances composed of nonpolar molecules, such as noble gases and
diatomic nonmetals like nitrogen and oxygen.

The Interplay Between Covalent Bonding and
London Dispersion Forces

It's crucial to understand that covalent bonding and London dispersion forces operate at
different scales and have different roles. Covalent bonds are intramolecular forces,
meaning they hold atoms within a molecule together. They are strong and determine the



chemical identity and structure of the molecule itself. London dispersion forces, on the
other hand, are intermolecular forces, acting between separate molecules. They are
significantly weaker than covalent bonds but are responsible for many of the macroscopic
physical properties we observe, such as boiling points, melting points, and viscosity.

How Covalent Bonding Influences Molecular Properties

The nature of covalent bonds, particularly their polarity, directly influences the types and
strengths of intermolecular forces a molecule can participate in. A molecule with polar
covalent bonds will exhibit dipole-dipole interactions in addition to London dispersion
forces. If it also contains hydrogen bonded to a highly electronegative atom like oxygen,
nitrogen, or fluorine, it can form even stronger hydrogen bonds. The presence and
strength of these various intermolecular forces dictate whether a substance will be a gas,
liquid, or solid at room temperature and its solubility in different solvents. The strong
covalent framework defines the molecule, while the intermolecular forces dictate how
those molecules behave when clustered together.

The Cumulative Effect of Weak Forces

While individual London dispersion forces are weak, their cumulative effect can be
substantial, especially in large molecules. Consider long hydrocarbon chains, like those
found in waxes or oils. These molecules are nonpolar, so only London dispersion forces are
present between them. However, due to their large size and extensive surface area, the
sum of all these weak attractions becomes significant enough to keep these substances in
a liquid or even solid state at room temperature. This highlights how even seemingly
insignificant forces can have a profound impact when acting in concert across many
molecular interactions.

Real-World Implications

The concepts of covalent bonding and London dispersion forces are not just abstract
academic theories; they have tangible effects on our everyday lives and in various
scientific and industrial applications. From the way water flows to the performance of
lubricants, these forces are at play. Understanding them allows us to engineer materials
with specific properties and to predict the behavior of chemical systems.

In the Realm of Biology

In biological systems, covalent bonds form the backbone of essential molecules like DNA,
proteins, and carbohydrates. These strong bonds hold the complex structures together,
providing stability. However, the interactions between these large biomolecules, and
between different parts of the same large molecule, often involve weaker forces like



London dispersion forces, along with dipole-dipole interactions and hydrogen bonds. For
instance, the folding of a protein into its functional three-dimensional shape is influenced
by a delicate balance of these intermolecular forces, including dispersion forces, which
help stabilize the overall structure. Even the way enzymes bind to their substrates can be
influenced by these subtle attractions.

Materials Science and Engineering

In materials science, manipulating intermolecular forces is key to creating new materials
with desired properties. For example, the choice of polymer in plastics is influenced by the
strength of the forces between the polymer chains. Stronger intermolecular forces can
lead to materials that are more rigid and have higher melting points. Similarly, in the
design of lubricants, understanding dispersion forces helps in selecting molecules that can
effectively reduce friction between surfaces. The nonpolar nature of many lubricants,
relying on dispersion forces for their properties, is a direct application of these principles.

Environmental Chemistry

The behavior of gases in the atmosphere, the solubility of pollutants in water, and the
properties of aerosols are all influenced by the intermolecular forces present. For
instance, the relatively low boiling point of oxygen (O2) and nitrogen (N2) is due to the
weak London dispersion forces between these nonpolar molecules. This understanding is
vital for predicting atmospheric chemistry and developing strategies for pollution control.
The way substances interact with their environment is fundamentally governed by these
attractive and repulsive forces at the molecular level.

FAQ

Q: What is the primary difference between covalent
bonds and London dispersion forces?
A: The primary difference lies in their nature and strength. Covalent bonds are strong
intramolecular forces that hold atoms together within a molecule by sharing electrons.
London dispersion forces are weak intermolecular forces that occur between molecules
due to temporary fluctuations in electron distribution.

Q: Are London dispersion forces present in all types of
molecules?
A: Yes, London dispersion forces are present in all atoms and molecules, regardless of
whether they are polar or nonpolar. They are the only intermolecular forces present in
nonpolar molecules.



Q: How does the size of a molecule affect the strength of
London dispersion forces?
A: Larger molecules with more electrons generally exhibit stronger London dispersion
forces because their electron clouds are more easily distorted, leading to larger and more
frequent temporary dipoles.

Q: Why are polar covalent bonds important when
considering intermolecular forces?
A: Polar covalent bonds create permanent dipoles within a molecule, leading to dipole-
dipole interactions. This is in addition to the London dispersion forces that are always
present, making the overall intermolecular attractions stronger than in nonpolar
molecules of similar size.

Q: Can London dispersion forces alone hold a substance
together in a condensed phase (liquid or solid)?
A: Yes, in nonpolar molecules, London dispersion forces are the sole intermolecular forces.
If these forces are sufficiently strong, due to large molecular size and effective packing,
they can hold the substance together in a liquid or solid state.

Q: How do London dispersion forces relate to the boiling
point of a substance?
A: Substances with stronger London dispersion forces require more energy to overcome
these attractions and transition from liquid to gas. Therefore, stronger dispersion forces
generally lead to higher boiling points.

Q: What is an example of a substance where London
dispersion forces are the dominant intermolecular
force?
A: Noble gases like Helium (He) and Argon (Ar), and diatomic nonmetals like Nitrogen
(N2) and Oxygen (O2) are excellent examples where London dispersion forces are the
dominant, and often only, intermolecular forces.

Q: Are hydrogen bonds stronger or weaker than London
dispersion forces?
A: Hydrogen bonds are generally much stronger than London dispersion forces. They are a
specific type of dipole-dipole interaction involving a hydrogen atom bonded to a highly
electronegative atom (N, O, or F) and an attraction to a lone pair on another



electronegative atom.
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