chemistry in forces examples

chemistry in forces examples are fundamental to understanding the molecular world
and how substances interact. From the macroscopic forces we experience daily to the
invisible bonds that hold matter together, chemistry plays a crucial role. This article will
delve into the diverse applications and scientific principles behind chemistry in forces,
exploring how chemical principles govern phenomena such as adhesion, cohesion, surface
tension, and chemical reactions. We will examine real-world scenarios where these forces
are evident, providing detailed explanations and illustrative examples. Understanding
these concepts is vital for fields ranging from material science and engineering to biology
and everyday phenomena.
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Intermolecular Forces and Their Role in Physical
Properties

Intermolecular forces (IMFs) are attractive or repulsive forces that exist between
molecules. These forces are significantly weaker than intramolecular forces, which are the
forces that hold atoms together within a molecule (covalent or ionic bonds). However,
IMFs are critical in determining the physical properties of substances, such as their
boiling points, melting points, viscosity, and solubility. The strength and type of
intermolecular forces present dictate how readily molecules can overcome these
attractions to change state or dissolve in other substances.

There are several types of intermolecular forces, each with varying strengths. These
include London dispersion forces, dipole-dipole interactions, and hydrogen bonding.
London dispersion forces are the weakest and are present in all molecules, arising from
temporary fluctuations in electron distribution that create instantaneous dipoles. Dipole-
dipole interactions occur between polar molecules, which have permanent partial positive



and negative charges. Hydrogen bonding is a particularly strong type of dipole-dipole
interaction that occurs when hydrogen is bonded to a highly electronegative atom
(oxygen, nitrogen, or fluorine) and is attracted to a lone pair of electrons on another
electronegative atom in a different molecule.

London Dispersion Forces

London dispersion forces, also known as instantaneous dipole-induced dipole forces, are
the weakest type of intermolecular force. They arise from the random movement of
electrons within a molecule. At any given moment, the electron cloud around an atom or
molecule can be unevenly distributed, creating a temporary, instantaneous dipole. This
temporary dipole can then induce a dipole in a neighboring molecule by attracting or
repelling its electrons. This creates a transient attraction between the two molecules.

The strength of London dispersion forces increases with the size and number of electrons
in a molecule. Larger molecules with more electrons have a greater probability of
developing temporary dipoles, leading to stronger intermolecular attractions. This is why
nonpolar substances like methane (CH4) have very low boiling points, while larger
nonpolar hydrocarbons like octane (C8H18) have significantly higher boiling points. The
cumulative effect of these weak forces becomes substantial in larger molecules.

Dipole-Dipole Interactions

Dipole-dipole interactions occur between polar molecules, which possess a permanent
dipole moment due to an unequal distribution of electron density. The positive end of one
polar molecule is attracted to the negative end of another polar molecule. These forces are
stronger than London dispersion forces for molecules of similar size. For instance,
hydrogen chloride (HCI), a polar molecule, has a higher boiling point than methane (CH4),
a nonpolar molecule of similar molar mass, because of the presence of dipole-dipole
attractions.

The polarity of a molecule is determined by its molecular geometry and the
electronegativity difference between the bonded atoms. Molecules with polar bonds that
are arranged symmetrically may not have a net dipole moment and are therefore nonpolar.
For example, carbon dioxide (CO2) has polar C=0 bonds, but its linear geometry results in
cancellation of the bond dipoles, making it a nonpolar molecule. Conversely, water (H20)
has polar O-H bonds and a bent geometry, resulting in a significant net dipole moment and
strong dipole-dipole interactions (specifically, hydrogen bonding).

Hydrogen Bonding

Hydrogen bonding is a special, exceptionally strong type of dipole-dipole interaction. It
occurs when a hydrogen atom covalently bonded to a highly electronegative atom (oxygen,



nitrogen, or fluorine) is attracted to a lone pair of electrons on another electronegative
atom in an adjacent molecule. This creates a particularly strong attractive force due to the
significant partial positive charge on the hydrogen and the partial negative charge on the
electronegative atom. Hydrogen bonding is responsible for many unique properties of
water, such as its high boiling point, surface tension, and its ability to act as a universal
solvent.

The presence of hydrogen bonds drastically increases the melting and boiling points of
substances. For example, water (H20), with its extensive hydrogen bonding, boils at
100°C, whereas hydrogen sulfide (H2S), a similar molecule but lacking hydrogen bonding,
boils at -60°C. The ordered structure formed by hydrogen bonds in ice also explains why
solid water is less dense than liquid water, a phenomenon that is crucial for aquatic life in
cold climates. Many biological molecules, such as DNA and proteins, rely on hydrogen
bonds for their structure and function.

Adhesion: The Force of Attraction Between
Different Substances

Adhesion refers to the tendency of dissimilar particles or surfaces to cling to one another.
This force arises from the intermolecular attractions between molecules of different
substances. Adhesion is a crucial phenomenon in many natural and industrial processes,
influencing everything from how liquids spread on surfaces to the effectiveness of glues
and coatings.

The strength of adhesive forces depends on the chemical nature of the two surfaces in
contact and the presence of any intervening medium. For instance, polar surfaces tend to
adhere better to other polar surfaces due to dipole-dipole interactions or hydrogen
bonding. Similarly, nonpolar surfaces interact through weaker London dispersion forces.
In some cases, chemical reactions can occur at the interface, creating even stronger
adhesive bonds.

Capillary Action

Capillary action is a direct consequence of adhesion and cohesion working together. It is
the ability of a liquid to flow in narrow spaces without the assistance of, or even in
opposition to, external forces like gravity. This phenomenon occurs when the adhesive
forces between the liquid and the walls of the narrow tube are stronger than the cohesive
forces within the liquid. The liquid "climbs" the walls of the tube, drawing the bulk of the
liquid up with it.

A classic example of capillary action is seen when a thin tube is placed in water. The water
level inside the tube rises above the surrounding water level. This is because the water
molecules are attracted to the polar surface of the glass (adhesion) more strongly than
they are attracted to each other (cohesion). The upward pull of adhesion along the edges



of the tube overcomes gravity, drawing the water column higher. This principle is vital in
plants for drawing water from the soil into their roots and up to their leaves, and in many
industrial processes involving fluid transport.

Wetting and Non-Wetting Phenomena

The degree to which a liquid wets a solid surface is determined by the balance between
adhesive and cohesive forces. If the adhesive forces between the liquid and the solid are
stronger than the cohesive forces within the liquid, the liquid will spread out and wet the
surface. This results in a low contact angle between the liquid and the surface.

Conversely, if the cohesive forces within the liquid are stronger than the adhesive forces
between the liquid and the solid, the liquid will bead up and will not wet the surface
effectively. This results in a high contact angle. For example, water wets glass because of
strong adhesive forces (hydrogen bonding between water and silanol groups on the glass
surface). However, water beads up on a waxed surface because the cohesive forces in
water are stronger than the adhesive forces between water and the nonpolar wax
molecules. This phenomenon is exploited in waterproofing materials and in the behavior of
raindrops on leaves.

Cohesion: The Force of Attraction Between
Similar Substances

Cohesion is the tendency of similar molecules or particles to cling to one another. It is the
result of intermolecular attractive forces between molecules of the same substance.
Cohesion is responsible for many of the bulk properties of liquids and solids, such as their
ability to maintain a shape and their resistance to deformation.

The strength of cohesive forces dictates how well a substance holds together. In liquids,
strong cohesive forces allow them to form droplets and resist breaking apart. In solids,
strong cohesive forces are responsible for the material's structural integrity. The cohesive
forces in water, particularly hydrogen bonding, are exceptionally strong and are
responsible for its unique properties.

Formation of Droplets

The spherical shape of liquid droplets is a direct manifestation of cohesive forces.
Molecules at the surface of a liquid experience a net inward pull because they are
surrounded by fewer molecules on the air or vacuum side. This inward pull causes the
surface to contract and minimize its surface area. For a given volume, a sphere has the
smallest surface area, which is why liquids naturally form spherical droplets when not
influenced by external forces like gravity or adhesion to a surface.



The stronger the cohesive forces, the more pronounced this effect will be. Mercury, with
its very strong metallic bonding leading to high cohesive forces, forms almost perfect
spherical droplets. Water, with its strong hydrogen bonding, also forms distinct droplets,
though gravity can distort them into flatter shapes when the volume is large. This
tendency to form droplets is important in processes like spraying, atomization, and even in
the formation of rain.

Viscosity

Viscosity is a measure of a fluid's resistance to flow, and it is directly related to the
strength of cohesive forces between its molecules. Fluids with strong cohesive forces
resist deformation and flow more slowly. For example, honey is much more viscous than
water because the large sugar molecules in honey have stronger intermolecular
attractions (including hydrogen bonding) that impede their movement past one another.

In liquids, viscosity generally decreases with increasing temperature. This is because the
increased thermal energy allows molecules to overcome the cohesive forces more easily,
leading to a decrease in resistance to flow. Conversely, in gases, viscosity typically
increases with temperature as molecules move faster and collide more frequently,
increasing momentum transfer. Understanding viscosity is crucial in the design of
lubricants, pipelines, and in the study of fluid dynamics.

Surface Tension: A Consequence of Cohesive
Forces

Surface tension is a property of liquids that describes the tendency of liquid surfaces to
shrink into the minimum surface area possible. It is essentially a measure of the energy
required to increase the surface area of a liquid by a unit amount. Surface tension is a
direct result of the cohesive forces within the liquid.

At the surface of a liquid, molecules are attracted to each other by cohesive forces.
However, molecules in the bulk of the liquid are attracted to molecules in all directions.
Molecules at the surface lack neighbors above them, so they experience a net inward pull
from the molecules below and to the sides. This imbalance of forces pulls the surface
molecules inward, creating a taut, elastic-like membrane on the liquid's surface.

Examples of Surface Tension in Action

Surface tension has several observable effects in our daily lives. For instance, it allows
small insects, such as water striders, to walk on the surface of water without sinking. The
water strider's weight is distributed over a large enough surface area, and the surface
tension of the water provides enough upward force to support it.



Another common example is the formation of a convex meniscus in a test tube containing
mercury, where cohesive forces in mercury are stronger than adhesive forces with glass,
leading to surface tension pulling the liquid inward. Conversely, water forms a concave
meniscus in glass due to strong adhesion to the glass, but surface tension still plays a role
in the curvature. Boiling water also demonstrates surface tension effects as bubbles form
and rise, and the surface tension affects their shape and stability.

Factors Affecting Surface Tension

Several factors can influence the surface tension of a liquid. The most significant is the
nature of the intermolecular forces. Liquids with strong intermolecular forces, like water
with its extensive hydrogen bonding, exhibit high surface tension. Conversely, liquids with
weaker IMFs, such as diethyl ether or gasoline, have lower surface tension.

Temperature also plays a role; as temperature increases, the kinetic energy of molecules
increases, weakening the cohesive forces. Consequently, the surface tension of a liquid
generally decreases as its temperature rises. The presence of dissolved solutes can also
alter surface tension. Surfactants, for example, are substances that lower the surface
tension of a liquid by disrupting the cohesive forces at the surface. This property is
essential in soaps and detergents, allowing them to spread and emulsify oils and grease.

Chemical Reactions and Energy Forces

Chemical reactions involve the breaking and forming of chemical bonds, which are
associated with significant energy changes. These energy changes can be viewed as forces
that drive or resist the reaction. Understanding the energetic forces involved is crucial for
predicting the spontaneity and outcome of chemical transformations.

Energy is released or absorbed during chemical reactions as the potential energy stored in
chemical bonds is converted. This energy exchange is governed by fundamental
thermodynamic principles. The forces at play are not mechanical in the everyday sense but
rather relate to the stability of electron configurations and the potential energy of
molecular structures.

Enthalpy and Activation Energy

Enthalpy (AH) is a thermodynamic property that represents the total heat content of a
system. In a chemical reaction, the change in enthalpy indicates whether energy is
released (exothermic reaction, AH < 0) or absorbed (endothermic reaction, AH > 0).
Exothermic reactions release energy into the surroundings, often as heat or light,
representing a net decrease in potential energy. Endothermic reactions absorb energy
from the surroundings, representing a net increase in potential energy.



Activation energy (Ea) is the minimum amount of energy required for reactants to
overcome the energy barrier and initiate a chemical reaction. This energy is needed to
break existing bonds and rearrange atoms to form new ones. It acts like a repulsive force
that must be overcome before the attractive forces leading to product formation can take
over. Catalysts work by lowering the activation energy, thereby speeding up a reaction
without being consumed.

Bond Breaking and Bond Forming Forces

The processes of bond breaking and bond forming are fundamental to all chemical
reactions and involve significant energy considerations. Breaking chemical bonds requires
an input of energy because you are working against the attractive forces holding the
atoms together. This is an endothermic process.

Conversely, forming new chemical bonds releases energy because the atoms are moving to
a more stable, lower-energy state due to attractive forces. This is an exothermic process.
The net energy change in a chemical reaction is the difference between the energy
released during bond formation and the energy absorbed during bond breaking. If more
energy is released than absorbed, the reaction is exothermic. If more energy is absorbed
than released, the reaction is endothermic. These energy exchanges are driven by the
fundamental electromagnetic forces governing electron-nucleus interactions.

Forces in Biological Systems

Biological systems are intricate networks where numerous chemical forces operate at the
molecular level, governing everything from cellular structure to biochemical processes.
These forces are essential for life, enabling complex interactions between molecules and
ensuring the proper functioning of organisms.

The forces at play in biology are predominantly intermolecular forces, but also include
specific ionic interactions and enzymatic catalysis. These forces dictate how proteins fold,
how DNA replicates, how enzymes catalyze reactions, and how cells interact with their
environment.

Protein Folding and Enzyme Activity

The three-dimensional structure of a protein, which is crucial for its function, is
determined by a complex interplay of various forces. Hydrogen bonds play a significant
role in stabilizing secondary structures like alpha-helices and beta-sheets. Hydrophobic
interactions, where nonpolar amino acid side chains cluster together in the interior of the
protein away from water, are also major driving forces for folding. Ionic interactions
between charged amino acid side chains and disulfide bonds (covalent bonds between
sulfur atoms in cysteine residues) further stabilize the protein's tertiary structure.



Enzymes, which are biological catalysts, rely heavily on precise molecular recognition and
binding. The active site of an enzyme is specifically shaped to bind to its substrate, often
through a combination of hydrogen bonds, ionic interactions, and hydrophobic
interactions. These forces facilitate the lowering of activation energy, allowing the
reaction to proceed rapidly. Disruptions in these forces, perhaps due to changes in pH or
temperature, can lead to enzyme denaturation and loss of function.

Cellular Adhesion and Signaling

Cellular adhesion, the process by which cells stick to each other or to the extracellular
matrix, is mediated by specialized protein molecules on the cell surface. These adhesion
molecules form transient or stable connections, enabling the formation of tissues and
organs. The forces involved include specific protein-protein interactions, often involving
electrostatic forces, hydrogen bonds, and van der Waals forces.

Cell signaling, the communication between cells, also involves chemical forces. When
signaling molecules (ligands) bind to receptor proteins on the cell surface, they induce
conformational changes in the receptor. This binding is driven by specific molecular
interactions similar to those in enzyme-substrate binding. These interactions, often subtle
but highly specific, trigger downstream cellular responses, demonstrating the critical role
of chemistry in forces in biological communication.

Everyday Examples of Chemistry in Forces

Chemistry in forces is not just confined to laboratories or complex biological systems; it is
omnipresent in our daily lives. Understanding these forces helps us appreciate the science
behind common phenomena and technologies.

From the simple act of washing dishes to the functioning of our vehicles, chemical forces
are silently at work, shaping our experiences and enabling modern conveniences.
Recognizing these examples can foster a deeper appreciation for the underlying scientific
principles.

Soaps and Detergents

Soaps and detergents are prime examples of chemistry in forces, specifically leveraging
the properties of surfactants to overcome the immiscible nature of oil and water.
Surfactants are molecules with a hydrophilic (water-attracting) head and a hydrophobic
(water-repelling) tail. When used in water, the hydrophobic tails cluster around grease or
oil molecules, while the hydrophilic heads face outwards, forming micelles. These micelles
encapsulate the grease, allowing it to be suspended in water and washed away.

The effectiveness of soaps relies on their ability to reduce surface tension. By disrupting



the cohesive forces between water molecules at the surface, surfactants allow water to
spread more easily and penetrate fabrics and grease more effectively. This action is a
direct application of controlling intermolecular forces to achieve a desired outcome.

Adhesives and Glues

Adhesives and glues work by forming strong bonds between surfaces, demonstrating
powerful examples of adhesion. Most adhesives are polymers that, when applied, form a
liquid layer that can spread and conform to the microscopic irregularities of the surfaces
being joined. As the adhesive dries or cures, the polymer chains interact with each other
and with the surfaces through a combination of intermolecular forces, including van der
Waals forces, dipole-dipole interactions, and in some cases, hydrogen bonding or even
covalent bonding.

The strength of the bond depends on the chemical nature of the adhesive and the surfaces,
as well as the area of contact. Cyanoacrylates (super glues), for instance, polymerize
rapidly in the presence of moisture (a slight chemical reaction), forming strong, rigid
bonds through extensive intermolecular attractions. This is a testament to how precisely
engineered chemical interactions create robust adhesive forces.

Water Behavior

The everyday behavior of water is a rich source of examples of chemistry in forces. Its
high surface tension allows it to form droplets and creates phenomena like capillary action
in plants. The adhesive forces between water molecules and glass are why water “climbs”
the sides of a glass, forming a concave meniscus. The cohesive forces within water,
primarily hydrogen bonds, give it a relatively high boiling point, preventing it from
evaporating too quickly in many conditions.

Even simple actions like drinking through a straw rely on these principles. When you suck
on a straw, you reduce the air pressure inside it. The atmospheric pressure pushing down
on the surface of the liquid then becomes greater than the pressure inside the straw,
forcing the liquid up into the straw and into your mouth. While atmospheric pressure is a
physical force, the liquid's ability to form a continuous column and rise is governed by its
cohesive and adhesive properties, driven by intermolecular chemistry.

FAQ

Q: How do intermolecular forces relate to the states of
matter?

A: Intermolecular forces (IMFs) are the primary determinants of a substance's state of
matter at a given temperature and pressure. In solids, IMFs are strong enough to hold
molecules in fixed positions, giving them a definite shape and volume. In liquids, IMFs are
strong enough to hold molecules close together, allowing them to flow but maintaining a



definite volume. In gases, IMFs are weak, and molecules move freely with no definite
shape or volume.

Q: What is the difference between adhesion and
cohesion in the context of chemistry?

A: Adhesion is the attraction between molecules of different substances, while cohesion is
the attraction between molecules of the same substance. For example, water adhering to
the sides of a glass is adhesion, while water droplets forming due to their attraction to
each other is cohesion. Both are governed by intermolecular forces.

Q: How does temperature affect intermolecular forces
and thus the forces in chemistry?

A: Increasing temperature increases the kinetic energy of molecules, allowing them to
overcome the attractive intermolecular forces more easily. This leads to a decrease in the
strength of cohesive and adhesive forces, often resulting in a change of state (e.g., solid to
liquid, liquid to gas) or a decrease in properties like surface tension and viscosity.

Q: Can chemical reactions be explained in terms of
forces?

A: Yes, chemical reactions involve the breaking and forming of chemical bonds, which are
governed by electromagnetic forces. Activation energy, the energy barrier to a reaction,
can be viewed as a force that must be overcome. The overall energy change of a reaction
(enthalpy) reflects the net effect of these attractive and repulsive forces as bonds
rearrange.

Q: How do intermolecular forces contribute to the smell
of a substance?

A: The ability of a substance to produce an odor is related to its volatility, which in turn
depends on its intermolecular forces. Substances with weaker IMFs evaporate more
easily, releasing molecules into the air. These molecules then reach olfactory receptors in
our nose, where specific chemical interactions (driven by IMFs) trigger the sensation of
smell.

Q: What role do hydrogen bonds play in the properties
of DNA?

A: Hydrogen bonds are crucial for the structure of DNA. They form between
complementary base pairs (Adenine with Thymine, and Guanine with Cytosine) on
opposite strands of the DNA double helix. These specific hydrogen bonding interactions
hold the two strands together and are essential for DNA replication and the transmission



of genetic information.

Q: How do surfactants work to clean surfaces, in terms
of chemical forces?

A: Surfactants reduce the surface tension of water by weakening the cohesive forces
between water molecules. They also have hydrophilic heads that attract water and
hydrophobic tails that attract grease and oil. This allows the water to spread and
penetrate grease, while the surfactant molecules form micelles that encapsulate the
grease, lifting it from the surface and allowing it to be washed away.

Q: Why are strong intermolecular forces important in
liquid crystals?

A: Liquid crystals exhibit properties between those of conventional liquids and solid
crystals. Their unique behavior, such as their response to electric fields used in displays, is
due to the anisotropic nature of their molecules and the specific intermolecular forces
(like dipole-dipole and London dispersion forces) that allow them to align in ordered
structures while still maintaining some fluidity.
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