Van der Waals Forces
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Van der Waals is named after the Dutch physicist Johannes Diderik van der Waals. The
importance of Van der Waals forces cannot be underestimated because it plays a
fundamental role in physical chemistry, physics, and nanotechnology. To put it simply,
Van der Waals forces are one of many different types of forces that hold matter together
within a cell ). However, compared to the ionic bonds that hold the crystal sodium
chloride together or the covalent bonds in a diamond, they are weaker in electrostatic
force. Van der Waals forces do have unique properties that make them the dominant
force in certain situations ().

Dispersion forces are considered a type of Van der Waals force because dispersion
forces are the weakest of all intermolecular forces. The dispersion force is called the
London dispersion force, and it is named after Fritz London, who first proposed its
existence in 1930¢s). London dispersion forces are intermolecular forces that occur
between atoms and nonpolar molecules, resulting from the electrons' motion. However,
van der Waals forces are described as a mixture of London dispersion forces which are
instantaneously induced dipoles, Debye forces between the induced and permanent
dipoles, and the Keesom force, which are between permanent molecular dipoles whose
rotational orientations are averaged over time (3). The three most known van der Waals
forces are the already discussed London dispersion forces, dipole-dipole, and Hydrogen
bonding. The interactions between two atoms for van der Waals and London dispersion
forces are that they only occur in molecules with permanent dipoles. Hydrogen bonding
can only be bonded to oxygen or nitrogen (sometimes fluorine), and it has unique
properties of high boiling point and surface tension. An example of a molecule that
undergoes hydrogen bonding is water (H20).

Van der Waals forces have many different characteristics. Firstly, it is additive, which is
just saying that many intermolecular interactions are joined together to form a singular
force. Secondly, they are non-directional, which means they can attract molecules from
all directions. Most importantly, they can only occur over a short range, and the
interaction is more significant when the molecules are closer to one another.

Van der Waal forces are electrostatic forces that attract neutral molecules to one
another in solids, liquids, and gases. When neutral particles collide with one another
within a threshold distance, the electrons from one patrticle are pulled toward the
nucleus of the other particle, which causes polarization (2. This is where the electron-
deficient domain (8+) of one particle attracts the electron-rich domain (d-) of another
particle (London dispersion force which is a process known as the Brownian motion ().

Van der Waal forces have attractive interaction between atoms, resulting from induced
dipoles, and repulsive interactions due to the overlap of the electron clouds between
two atoms when they get past the threshold distance. "Van der Waals forces are
nonspecific interactions that can form between any kinds of molecules, regardless of
chemical structure" (Schwarzenbach et al., 2003) (). Individual van der Waal bonds are



short-lived, but van der Waals bonding can achieve strong bonds If many bonds are
formed across the substance and the surface, which has its advantages because at any
given time van der Waals forces can prevent desorption. An example where this links
with a real-life example would be the binding of a high molecular weight matter like
protein to a surface ).

The total energy of Van der Waals interactions

The total energy of Van der Waals forces can be approximated by the Lennard-Jones
expression (Figure 1), where the x-axis is the distance (r) or y-axis energy potential (7).
The commonly used expression for Lennard-Jones potential is given in figure 1 but can
also be written as:
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Where V(r) is the energy potential, € is the depth of the potential well (usually referred to
as the "dispersion energy"), and the potential well is a region surrounding the local
minimum of the potential energy, which can be thought of as a unit of energy. o is the
distance where the particle-particle potential energy V is zero (usually referred to as the
"size of the particle™) and is a unit of length, and r is the distance between the two
centers of the molecules. To find the minima of the energy potential you set:

Dv(r) 0
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The Lennard-Jones potential has a minimum (7):
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where the potential energy has the value of (7).
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The Lennard-Jones potential is a simplified model that describes the interactions
between simple atoms and molecules. As seen in figure 1, when the two particles are at
an infinite distance apart, the probability of the two particles interacting is minimal (at the
lowest value). As the distance of separation decreases, the probability of the two
particles interacting increases until it reaches a certain threshold where the two particles



reach the region of separation where the particles are bound together, and the potential
energy decreases from zero to a negative value (7).

While the two particles have bounded, the distance between the centers will
continuously decrease until it reaches equilibrium which is the separation distance
where the minimum potential energy is reached.

Suppose the particles are pushed toward one another past. In that case, the region of
separation (equilibrium distance) repulsion starts to occur because particles are too
close to each other that their electrons are forced to occupy each other's orbitals (2).

Van der Waals interactions

Van der Waals forces come from weak attraction forces between two atoms from atomic
or molecular dipoles. The weak forces lead to a weak and short-range force. The form
of Van der Waals interactions is usually a repulsive interaction and the London
dispersion force energy of the dipole-dipole interaction. The interactions can be
modeled by using the functions below:
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"Where n is often given as 12 as in the Lennard-Jones potential" (Douglas et al.,1993)
®). The sum to find all the pairwise forces acting between the two bodies is required to
calculate the surface force between the two bodies (g). To calculate the net force
between the two flat plates would be:
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6md3

"Where AH is the Hamaker constant and d is the separation between 2 surfaces" (Horn,
1990; Wan et al.,1992). The Hamaker constant completely depends on the medium of
contact. Assuming constant separation between two surfaces d,. Wv, which is the
specific interaction energy per unit area, is (s):
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A typical value of Wv due to van der Waals would be <0.01 Jm-2. With the given
expressions and functions, it is possible to model the repulsion energy and the attractive
potential energy while finding the net force and specific interaction of the forces due to
van der Waals forces g).

Interfacial phenomena

Van Der Waals can be categorized into three different forces, which are Keesom,
Debye, and London, and using figure 2 (below), the different forces are shown how the
two different particles interact with one another.
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As seen in figure 2, Keesom forces are when two polarized molecules interact due to
their difference in charge distribution. For Debye forces, the molecule with a permanent
dipole induces charge distribution to neighbor particles that do not have any dipole
moments. London forces mainly focus on molecules that do not have permanent
dipoles. So, the fluctuations in the electron cloud would lead to temporary changes to
the charge, which leads to a charge redistribution to nearby molecules, and it can be
modeled using the expression below ().
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Where C is a constant that depends on the component and r is the intermolecular
distance ().

There exists another force between electron-poor and rich atoms called dipole-dipole
interactions, where the effect of the bond decrease as the length increases. Thus, it
would change depending on the state of the matter. Especially when it goes from vapor
to liquid or solid. Coulombic forces also develop in charged atoms to find the nature
(attraction or repulsion), and the magnitude depends on the sign (positive or negative),
charge, distance, and separation. So, an expression to find the magnitude for two
oppositely charged ions would be:
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Where Q is the charge, r is the distance between them from the center of the atom, and
€, Is the dielectric constant ).

Van der Waals forces play a significant part in the real world and have many real-life
applications that are commonly used. From the research conducted, there is an ideal
distance where the two molecules should be for interaction to occur. The amount of
energy for each type of van der Waals force can be calculated, and the attraction
forces, repulsion forces, and charge redistribution can be modeled to find how they
differ from different distances. Van der Waals is significant in real-life examples for
many different species. An example would be in animals would be that spiders and
geckos use van der Waals to scale up smooth surfaces, and for some animals, it is
used to walk on water. Van der Waals forces also play a vital role in protein structures,
especially in folding and stabilizing the structure. They are also crucial in polymer
formations, physical chemistry, and nanotechnology. These are just a couple of real-life
examples of van der Waals that occur in our everyday lives.
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