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Hardly anything is located in our body in its pure form. Most substances are
chemical compounds. Knowledge of the structure and properties of different
types of bonds makes it easier to understand complex processes in
biochemistry. The following article presents the 3 types of chemical bonds and
thus provides a good exam preparation for the chemical internship and exam.

Element vs. Compound
Atoms of the same atomic number are called elements. They are chemically inseparable
and exist in atomic (e.g., noble gas atoms exist individually), molecular (e.g., nitrogen,
oxygen, with atoms of the same element connected), and polymeric (atoms of the same
element developing multiple/branched chains) forms.

The 3 basic types of chemical bonds are:

Atomic
Ionic
Metallic

A compound is a pure substance comprising different atoms in a fixed ratio. They can be
separated into elements. A compound may exist in different forms:

Molecular
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Polymeric
Ionogenic

During atomic bonding, the interaction between the valence or the outer electrons leads
to the formation of compounds. The type of bond is easily determined by the
electronegativity (EN) of the element, which is the energy that attracts electrons from the
nucleus and is displayed in the periodic table next to each element. The difference in EN
of the elements should be calculated. EN of 0 suggests a metal bond, whereas EN ranging
between 0 and 2 indicates an atomic bond, and a value greater than 2 represents an
ionic bond.

The Ionic Bond
In an ionic bond, ions (= charged atoms) are arranged in a 3-dimensional lattice.
Cations are referred to as positively charged particles, whereas the negatively charged
particles are called anions. They are generated by the complete transfer of the valence
electron of an element (metal) to another (non-metal), resulting in a stable noble gas
configuration. The bond is based on electrostatic attractive forces, which are non-
directional spatially.

Since an ionic bond is formed due to increasing proximity of the 2 particles and the
repulsion between atomic nuclei of similar charge and electron shells, the charges are
reversed at a certain stable distance at which both repulsive and attractive forces
are equal. This is also referred to as the equilibrium distance.

Ionic bonds form crystals and exist in salts and salt-like compounds. Since the
electrostatic forces are very strong, their boiling and melting temperatures are high. In
their molten and aqueous solutions, the cations and anions are free or no longer bound in
the ionic lattice, resulting in appropriate electrical conductivity.

The charged ions become charge carriers. Salts are also very brittle due to the ionic
arrangement, e.g., common salt (NaCl). Ions with similar charges at another position in
the lattice repel each other.

The Atomic Bond
An atomic or covalent bond is based on the interaction between a common pair of
electrons between 2 atoms, with each partner contributing a single electron. The
atomic bond is directional, i.e., the attractive forces act only in 1 direction.

The goal of electron ‘sharing’ is to achieve a full outer shell and thus a steady-state
configuration. Overlapping of molecular orbitals leads to the selection of energetically
more favorable atomic orbital.

Wide variation in EN between the 2 atoms generates the so-called charge centers (= δ).
In the water molecule, for example, 1 O and 2 H atoms utilize a total of 2 electron pairs.
The electronegativity of hydrogen is 2.2. Oxygen carries an EN of 3.44. The electron pairs
are thus strongly attracted to oxygen, which results in a negative charge center (δ-),
whereas hydrogen carries a positive charge center (δ+). Such atomic bonds are called
polar atomic bonds.

Hydrogen bonds can be generated between individual molecules with polar covalent
bonds, which are stronger intermolecular forces of attraction (no further type of bonds!)
compared to the Van der Waals forces. The valency is the number of possible bonds in an



atom.

A coordinate atomic bond is a special form, in which the pair of electrons originates from
a single binding partner. The coordinate atomic bond carries a free electron pair
suggesting the need for an atomic orbital with 2 electrons, while the acceptor contains an
electron gap, i.e. a blank atomic orbital. The coordinate atomic bond is equal to the
covalent atomic bond.

The Metallic Bond
In a metallic bond, the metal cations also carry solid lattice sites, with their valence
electrons free to move in the lattice as electron gas. The metallic bond is based on non-
directed, electrostatic attractive forces between cations and electrons. Unlike the ionic
bond, the materials are easily malleable and ductile, as the mechanical action and
the resulting atomic displacement does not alter the relationship with their neighbors.
The bond is very stable and shows high melting and boiling temperatures.

Due to the delocalized electrons moving together and acting as charge carriers, metals
are very good electrical conductors. The cations oscillate upon exposure to heat, i.e.
power supply, and exchange heat. Metals are also good conductors of heat. Most of the
known elements are metals.

The Covalent Bond
Covalent bonding occurs as a result of electron sharing between atoms. The atoms
involved in this type of bonding belong to the same element or have proximity to each
other in the periodic table. Primarily, this type of bond occurs between non-metals
although it has also been observed between non-metals and metals but to a lesser
extent.

Similar EN between atoms results in covalent bond formation, i.e. since both atoms
exhibit similar affinity for electrons, neither atom loses its electrons readily but only
shares them to attain stability. Further, covalent bonds are favored by low electron
affinity of the atom while large ionization energy is required for the formation of ionic
bonds. For instance, carbon rarely forms ionic bonds since it contains 4 valence electrons.
Such a scenario requires the loss of 4 valence electrons by a carbon atom or the gain of 4
additional electrons, which is highly unfavorable.

Accordingly, carbon shares its valence electrons via single, double, and triple bonds to
achieve the octet electron configuration. Further, covalent bonds entail interactions
between pi and sigma orbitals.
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