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Bonding

Bonding is the process by which atoms combine to form compounds. Bonds hold atoms
together, creating structures with distinct properties. Understanding the different types of
bonding—ionic, covalent, and metallic—is essential for understanding how matter is
organized at the atomic and molecular level.

Types of Bonding: Ionic, Covalent, and Metallic

1. Ionic Bonding

Definition: Ionic bonding occurs between metals and non-metals, where electrons are
transferred from one atom to another, creating charged particles called ions.

Process:

The metal atom loses electrons, forming a positively charged ion (cation).

The non-metal atom gains electrons, forming a negatively charged ion (anion).

Oppositely charged ions attract each other through electrostatic forces, forming a strong
bond.

Example: Sodium (Na) and chlorine (C1) combine to form sodium chloride (NaCl).
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2. Covalent Bonding

Definition: Covalent bonding occurs between non-metal atoms, where electrons are shared
between atoms.

Process: Each atom contributes one or more electrons to a shared pair, creating a bond that
holds the atoms together.
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Types of Covalent Bonds:

Covalent Bond Types

Single Bond Double Bond Triple Bond
C;0R0: 0O R0I0:
Hydrogen (H,) Carbone dioxide (CO,) Nitrogen (N,)

Single Bond: One pair of electrons is shared (e.g., Hz).

Double Bond: Two pairs of electrons are shared (e.g., O2).

Triple Bond: Three pairs of electrons are shared (e.g., N2).

Example: Water (H:O) 1s formed by sharing electrons between hydrogen and oxygen atoms.

3. Metallic Bonding

Definition: Metallic bonding occurs between metal atoms, where valence electrons are free to
move throughout a lattice of positive metal ions.

Process: Electrons are delocalized, creating a “sea” of electrons around metal ions that hold

them together.
Example: Iron (Fe) and other metals exhibit metallic bonding, giving metals unique
properties such as conductivity and malleability.
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Properties of Ionic and Covalent Compounds

Ionic Compounds

High Melting and Boiling Points: Due to strong electrostatic forces between ions, ionic
compounds require a lot of energy to break the bonds.

Solubility: Generally soluble in water, as water molecules can stabilize the 1ons.
Conductivity: Conduct electricity in molten or aqueous states, as ions are free to move.

Hard and Brittle: Tonic compounds are hard due to strong ionic bonds but brittle as ions may
shift when force 1s applied, leading to repulsion and breakage.

Example: Sodium chloride (NaCl).

Examples of lonic Compounds
in everyday life
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sodium chloride sodium bicarbonate sodium hydroxide
NaCl ) NaHCO , NaOH

table salt baking soda Q lye
drain cleaner

=

magnesium sulfate sodium hypochlorite
MgSO, NaOCl
Epsom salt bleach

sciencenotes.org

Covalent Compounds

Low Melting and Boiling Points: Covalent compounds often have lower melting and boiling
points due to weaker intermolecular forces.

Solubility: Usually insoluble in water but may dissolve in non-polar solvents.
Non-Conductive: Covalent compounds do not conduct electricity as they lack free ions or
electrons.

Flexibility: Covalent compounds can form both simple molecular structures and complex
macromolecules.

Example: Methane (CHs) and carbon dioxide (CO3).
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Simple Molecular Structures and Giant Structures

Simple Molecular Structures

Composed of small molecules held together by covalent bonds.

Intermolecular Forces: Weak forces between molecules result in low melting and boiling
points.

Examples:

Water (H:0): Simple structure with hydrogen bonds.

Oxygen (O:): Simple diatomic molecule with double bonds between oxygen atoms.
Properties: These structures are generally soft and have low melting/boiling points.

Giant Structures (Macromolecules)

Composed of an extensive network of atoms held together by covalent bonds.

Giant Ionic Lattice: A three-dimensional structure formed by alternating positive and
negative ions. High melting and boiling points are typical, as large amounts of energy are
required to break the ionic bonds.

Giant Covalent Structures:

Examples:

Diamond: Each carbon atom is covalently bonded to four others in a tetrahedral structure,
resulting in high hardness.

Graphite: Carbon atoms form layers held by weak forces, allowing the layers to slide over
each other, making graphite a good lubricant.

Properties: These structures have high melting points and are often very hard and durable.
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Formation of Ions and Ionic Lattices

Formation of Ions

Cations: Formed when an atom loses one or more electrons, resulting in a positive charge.
Example: Sodium (Na) loses one electron to form Na*.

Anions: Formed when an atom gains one or more electrons, resulting in a negative charge.
Example: Chlorine (Cl) gains one electron to form CI".

Octet Rule: Atoms form ions to achieve a full outer shell of electrons, typically with 8
electrons (octet configuration).

Ionic Lattices

Definition: An ionic lattice is a large, repeating structure of alternating positive and negative
1ons, held together by strong electrostatic forces.

Properties: Ionic lattices give ionic compounds their distinct properties, such as high melting
points, hardness, and solubility in water.

Example: Sodium chloride (NaCl) forms a cubic lattice structure, with each sodium ion
surrounded by six chloride ions and vice versa.

Tonic Bonding: Involves the transfer of electrons, creating a strong electrostatic attraction
between ions. Results in high-melting compounds that can conduct electricity in liquid form.



Covalent Bonding: Involves the sharing of electrons, forming either simple molecules or
giant structures with distinct properties based on the arrangement and strength of covalent
bonds.

Metallic Bonding: Characterized by a sea of delocalized electrons, giving metals their
conductivity and malleability.

Metallic bonding

free electrons from outer shells of metal atoms

metal ions

Conclusion

Understanding the types of bonding—ionic, covalent, and metallic—helps explain the
structure, properties, and behavior of substances. Bonding plays a central role in chemistry by
determining how elements and compounds interact and react. Mastery of bonding concepts
forms the foundation for studying chemical reactions, material science, and various
applications in technology and industry.



