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1.2.4: Polarizability
The term polarizability refers to the tendency of molecules to generate induced electric dipole moments when subjected to an
electric field. It originates from the fact that nuclei and electrons are generally not fixed in space and that when molecules are
subject to an electric field, the negatively charged electrons and positively charged atomic nuclei are subject to opposite forces and
undergo charge separation. Polarizability allows us to better understand the interactions between nonpolar atoms and molecules and
other electrically charged species, such as ions or polar molecules with dipole moments.

Introduction
Neutral nonpolar species have spherically symmetric arrangements of electrons in their electron clouds. When in the presence of an
electric field, their electron clouds can be distorted (Figure ). The ease of this distortion is the polarizability of the atom or
molecule. The created distortion of the electron cloud causes the originally nonpolar molecule or atom to acquire a dipole moment.
This induced dipole moment is related to the polarizability of the molecule or atom and the strength of the electric field by the
following equation:

where  denotes the strength of the electric field and  is the polarizability of the atom or molecule with units of C m V .

Figure : A neutral nonpolar species's electron cloud is distorted by an externally applied electric field. (top) Before the
electric field is turned on the electron cloud is isotropically distributed. (bottom) Once the electric field is turned on, an induced
dipole moment is generated. If we turn off the electric field, the dipole moment goes away (not shown). (CC BY-NC 4.0; Ümit
Kaya via LibreTexts).

In general, polarizability correlates with the interaction between electrons and the nucleus. The amount of electrons in a molecule
affects how tight the nuclear charge can control the overall charge distribution. Atoms with fewer electrons will have smaller,
denser electron clouds, as there is a strong interaction between the few electrons in the atoms’ orbitals and the positively charged
nucleus. There is also less shielding in atoms with fewer electrons contributing to the stronger interaction of the outer electrons and
the nucleus. With the electrons held tightly in place in these smaller atoms, these atoms are typically not easily polarized by
external electric fields. In contrast, large atoms with many electrons, such as negative ions with excess electrons, are easily
polarized. These atoms typically have very diffuse electron clouds and large atomic radii that limit the interaction of their external
electrons and the nucleus.

The relationship between polarizability and the factors of electron density, atomic radii, and molecular orientation is as
follows:

1. The greater the number of electrons, the less control the nuclear charge has on charge distribution, and thus the increased
polarizability of the atom.
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2. The greater the distance of electrons from nuclear charge, the less control the nuclear charge has on the charge distribution,
and thus the increased polarizability of the atom.

3. Molecular orientation with respect to an electric field can affect polarizability (labeled Orientation-dependent), except for
molecules that are: tetrahedral, octahedral or icosahedral (labeled Orientation-independent). This factor is more important
for unsaturated molecules that contain areas of electron-dense regions, such as 2,4-hexadiene. Greatest polarizability in
these molecules is achieved when the electric field is applied parallel to the molecule rather than perpendicular to the
molecule.

Polarizability Influences Dispersion Forces

The dispersion force is the weakest intermolecular force. It is an attractive force that arises from surrounding temporary dipole
moments in nonpolar molecules or species. These temporary dipole moments arise when there are instantaneous deviations in the
electron clouds of the nonpolar species. Surrounding molecules are influenced by these temporary dipole moments and a sort of
chain reaction results in which subsequent weak, dipole-induced dipole interactions are created (Figure ).

Figure : A neutral nonpolar species's electron cloud (yellow) can be distorted by the electric field of a nearby ion (e.g.,
sodium cation) or polar molecule (e.g., hydrogen chloride) to induce a dipole moment. (CC BY-NC 4.0; Ümit Kaya via
LibreTexts).

These cumulative dipole-induced dipole interactions create attractive dispersion forces. Dispersion forces are the forces that make
nonpolar substances condense to liquids and freeze into solids when the temperature is low enough.

Polarizability affects dispersion forces in the following ways:

As polarizability increases, the dispersion forces also become stronger. Thus, molecules attract one another more strongly and
melting and boiling points of covalent substances increase with larger molecular mass.
Polarizability also affects dispersion forces through the molecular shape of the affected molecules. Elongated molecules with
electrons that are delocalized (e.g., with double or triple bonds) will have some of those electrons easily shifted over a greater
distance. This is manifested in an greater polarizability and thus greater dispersion forces.

The influence of polarizability on the strength of the dispersion forces is also modulated by the 3-D structure of the molecules.
For example, neo-pentane and n-pentane (Figure ) exhibit comparable polarizabilities, but have different boiling points.
The lack of polar bonding in both indicates that dispersion is the dominant interaction responsible in both substances.  The
higher boiling point of n-pentane indicates there are stronger intermolecular interactions.

Table : Properties of neopentane and n-pentane

molecule Boiling Points (ºC)  (Å )
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 Structure Dependence to Dispersion Forces
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molecule Boiling Points (ºC)  (Å )

neopentane 9.5 10.24

n-pentane 36.0 9.879

Both neopentane and n-pentane would be expected to exhibits comparable dispersion forces since they have comparable
polarizabilities. However, the structure of the n-pentane molecule facilitates greater dispersion forces due to more contacts
between n-pentane molecules. In contrast, neopentane has a smaller dispersion force since the interactions between neopentane
are reduced since neopentane is more compact and symmetrical.

Figure : (left) Neopentane, an isomer of n-pentane, is an example of a more compact and less polarizable molecule.
(right) n-Pentane is an example of an elongated molecule that is more easily polarized.

The relationship between polarizability and dispersion forces can be seen in the following equation, which can be used to quantify
the interaction between two like nonpolar atoms or molecules (e.g.,  with ):

where  is the distance between the atoms or molecules,  is the first ionization energy of the atom or molecule, and  is the
polarizability constant expressed in units of m .

This expression of  is related to  by the following equation:

To quantify the interaction between unlike atoms or molecules (  and ), Equation  becomes:
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