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Welcome to Chapter 6: Chemical Bonds – The Foundation of Matter

Every atom in the universe is a participant in a grand dance of electrons and nuclei. The forces that hold atoms

together, whether in a simple diatomic molecule or in the complex architecture of a living cell, are known as

chemical bonds. Chapter 6 of our chemistry journey focuses on these bonds, with a special emphasis on the

covalent bond, the most common type of bond in organic and many inorganic compounds. By exploring the nature,

strength, and behavior of covalent bonds, you’ll gain a deeper appreciation for how elements combine to create the

diverse materials that surround us.

1. What Is a Chemical Bond?

A chemical bond is a stable attraction between two or more atoms that enables the formation of molecules. This

attraction arises from the interaction of electrons, which are negatively charged particles orbiting the nucleus. When

atoms share, transfer, or delocalize electrons, they create different types of bonds that dictate the physical and

chemical properties of substances.

•  Covalent Bond – Electrons are shared between atoms, usually between nonmetals.

•  Ionic Bond – Electrons are transferred from one atom to another, forming oppositely charged ions.

•  Metallic Bond – A “sea” of delocalized electrons surrounds a lattice of metal cations.

•  Hydrogen Bond – A weak attraction between a hydrogen atom bonded to a highly electronegative atom and 

another electronegative atom.

•  Van der Waals Forces – Weak, temporary dipole-dipole interactions between molecules.

From the water you drink to the plastics in your phone, chemical bonds determine how substances behave. The

covalent bond, for instance, forms the backbone of organic molecules like carbohydrates, proteins, and nucleic

acids. Understanding these bonds is essential for fields ranging from pharmaceuticals to materials science.

2. Covalent Bond Fundamentals

The covalent bond is the most prevalent bonding type in organic chemistry. It involves the sharing of electron pairs

between atoms to achieve a stable electron configuration, typically the octet rule for main-group elements.

When two atoms approach each other, their valence electrons interact. If the atoms are similar in electronegativity,

they share a pair of electrons fairly equally, resulting in a nonpolar covalent bond. If one atom is more

electronegative, the shared electrons are drawn toward it, producing a polar covalent bond.

Atoms can share more than one pair of electrons:

•  Single bond (–) – One shared pair; the simplest covalent bond.

•  Double bond (=) – Two shared pairs; common in alkenes and carbonyl groups.

•  Triple bond ("a) – Three shared pairs; found in alkynes and nitrogen gas (N ‚).

Each additional shared pair increases the bond strength and decreases the bond length, influencing the molecule’s

reactivity.

Some molecules cannot be represented by a single Lewis structure. In these cases, electrons are delocalized

across multiple atoms, leading to resonance structures. A classic example is the benzene ring, where <� electrons



are shared over six carbon atoms, creating a stable aromatic system.

3. Bond Polarity and Electronegativity

Electronegativity, the tendency of an atom to attract shared electrons, is a key concept in understanding covalent

bond polarity.

When the difference in electronegativity between two bonded atoms is small (1.7) typically results in an ionic bond.

Polar covalent bonds generate dipoles—regions of partial positive and negative charge. The overall dipole moment

of a molecule depends on both the magnitude of individual bond dipoles and the molecule’s geometry. Molecules

like water (H ‚O) exhibit a net dipole, making them polar, whereas methane (CH „) is nonpolar due to its symmetrical

tetrahedral shape.

Polarity influences boiling and melting points, solubility, and electrical conductivity. Polar molecules often have

higher boiling points due to stronger intermolecular forces, while nonpolar molecules rely primarily on London

dispersion forces.

4. Bond Energies and Stability

Bond dissociation energy (BDE) measures the energy required to break a bond homolytically, producing two

radicals. It’s a useful metric for predicting reaction pathways and stability.

1.  Bond Order – Triple bonds are stronger than double bonds, which in turn are stronger than single bonds.

2.  Bond Length – Shorter bonds usually indicate higher bond strength.

3.  Hybridization – sp hybrids form stronger <2�&öæG2�F†�â�7�2�€ybrids.

4.  Resonance Stabilization – Delocalized electrons lower the overall energy of the molecule.

Reactions can be visualized on an energy diagram, where reactants and products are plotted against potential

energy. Transition states represent the highest energy points, and the activation energy is the difference between

reactants and the transition state. Covalent bond formation and cleavage are central to these energy changes.

5. Molecular Geometry and VSEPR Theory

The arrangement of atoms around a central atom is governed by the Valence Shell Electron Pair Repulsion

(VSEPR) theory, which predicts molecular shapes based on minimizing repulsion between electron pairs.

•  Tetrahedral – Four bonding pairs; example: methane.

•  Trigonal Planar – Three bonding pairs; example: boron trifluoride.

•  Trigonal Bipyramidal – Five bonding pairs; example: phosphorus pentachloride.

•  Octahedral – Six bonding pairs; example: sulfur hexafluoride.

Hybrid orbitals (sp, sp², sp³) dictate bond angles: 109.5°, 120°, and 180° for tetrahedral, trigonal planar, and linear

geometries, respectively. Deviations occur due to lone pairs, which occupy more space and push bonding pairs

closer together.

Molecular geometry affects reactivity, polarity, and intermolecular interactions. For instance, the bent shape of

water leads to a strong dipole, while the linear shape of carbon dioxide results in a nonpolar molecule.

6. Chemical Bonding in Biological Molecules

Covalent bonds are the backbone of all biological macromolecules, enabling the complex structures necessary for

life.

Proteins are polymers of amino acids linked by peptide bonds, a type of covalent bond formed through a



condensation reaction between the carboxyl group of one amino acid and the amino group of another. The side

chains of amino acids vary widely, leading to diverse protein structures.

In nucleic acids, the sugar-phosphate backbone is held together by phosphodiester bonds. Hydrogen bonding

between complementary base pairs (A–T, G–C) stabilizes the double helix, while the covalent bonds maintain the

integrity of the strands.

Carbohydrates consist of carbon, hydrogen, and oxygen atoms linked by covalent bonds. Monosaccharides like

glucose form glycosidic bonds during polymerization, producing disaccharides and polysaccharides essential for

energy storage and structural support.

7. Advanced Topics in Covalent Bonding

While basic covalent bonding concepts cover most everyday molecules, advanced chemistry explores more

complex bonding scenarios.

Some molecules, such as PF … and XeF „, contain central atoms that exceed the octet rule. These hypervalent species

are explained by expanded valence shells, d-orbital participation, or three-center four-electron (3c–4e) bonds.

Transition metals utilize d-orbitals to form coordination complexes. These complexes exhibit a variety of geometries

and electronic properties, influencing catalysis and material science.
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