Inorganic Chemistry

Introduction to Inorganic Chemistry

Understanding the fundamentals of inorganic compounds and their applications

What is Inorganic Chemistry?

Inorganic chemistry is the branch of chemistry that deals with the study of
inorganic compounds, which include metals, minerals, and organometallic
compounds. It focuses on their properties, structures, and reactions.

Scope and Importance of Inorganic Chemistry

Understanding the behavior of metals and non-metals.

e Applications in various industries such as pharmaceuticals, energy, and
materials science.

e Role in environmental chemistry for pollution control and waste
management.

e Essential in the development of new materials and catalysts.

Key Concepts in Inorganic Chemistry

Periodic Table: Understanding elements and their properties.

Chemical Bonding: lonic, covalent, and metallic bonds.

Coordination Compounds:Ligands, coordination number, and geometry.
Acid-Base Chemistry: Concepts of Lewis acids and bases.

Redox Reactions: Oxidation and reduction processes.

Applications of Inorganic Chemistry



Inorganic chemistry is widely used in various fields such as:

Medicine: Development of drugs and diagnostic agents.

Energy: Fuel cells, batteries, and solar panels.

Environmental Science: Water purification and air pollution control.
Material Science: Superconductors, ceramics, and polymers.

Branches of Inorganic Chemistry

Bioinorganic Chemistry: Role of metals in biological systems.
Organometallic Chemistry: Study of compounds with metal-carbon
bonds.

Solid State Chemistry: Properties of solid materials.

Coordination Chemistry: Study of metal-ligand interactions.

The Periodic Table and Periodic Trends
An overview of element organization and trends in chemical properties
Introduction to the Periodic Table

The periodic table is an organized arrangement of chemical elements, ordered by
their atomic number, electron configuration, and recurring chemical properties. It
provides valuable insights into element behavior.

History of the Periodic Table

The periodic table was first proposed by Dmitri Mendeleev in 1869. Over time, it
evolved with the discovery of new elements and understanding of atomic
structure.

Structure of the Periodic Table

e Groups: Vertical columns representing elements with similar properties.



e Periods: Horizontal rows representing elements with increasing atomic
number.

e Blocks: Division of elements into s, p, d, and f blocks based on electron
configuration.

Major Periodic Trends

e Atomic Radius: Decreases across a period and increases down a group.
lonization Energy: Increases across a period and decreases down a
group.

e Electronegativity: Increases across a period and decreases down a
group.

e Electron Affinity: Becomes more negative across a period and less
negative down a group.

e Metallic and Non-Metallic Character: Metallic character increases down
a group, non-metallic character increases across a period.

Importance of Periodic Trends

Understanding periodic trends helps predict the properties of elements and their
compounds, aiding in chemical reactions and material design.
Applications of the Periodic Table

e Predicting chemical reactivity and bonding behavior.
e Identifying element groups with similar properties for industrial applications.
e Determining trends for scientific research and development.

Atomic Structure and Electronic Configuration

Understanding the fundamental building blocks of matter

Introduction to Atomic Structure



The atomic structure refers to the composition of an atom, which consists of
protons, neutrons, and electrons. The arrangement of these particles defines the
properties of elements.

Subatomic Particles

e Protons: Positively charged particles found in the nucleus.
e Neutrons: Neutral particles also located in the nucleus.
e Electrons: Negatively charged particles orbiting around the nucleus.

Atomic Models

e Dalton's Atomic Theory: Early model considering atoms as indivisible
particles.

e Thomson's Plum Pudding Model:Described electrons embedded in a
positively charged sphere.
Rutherford’s Nuclear Model:Discovered the nucleus as a dense core.
Bohr's Model: Proposed fixed orbits for electrons with quantized energy
levels.

e Quantum Mechanical Model:Modern model describing electron clouds
and orbitals.

Electronic Configuration

The arrangement of electrons in an atom's orbitals is called electronic
configuration. It follows the principles of quantum mechanics.

e Aufbau Principle: Electrons fill orbitals in order of increasing energy
levels.

e Pauli Exclusion Principle: No two electrons can have the same set of
quantum numbers.

e Hund's Rule: Electrons occupy degenerate orbitals singly before pairing
up.



Quantum Numbers

Principal Quantum Number (n):Determines energy level.
Azimuthal Quantum Number (l):Defines the shape of the orbital.
Magnetic Quantum Number (m,):Specifies orbital orientation.
Spin Quantum Number (m):Indicates electron spin direction.

Applications of Electronic Configuration

e Explains chemical bonding and reactivity of elements.
e Helps in predicting element properties and periodic trends.
e Useful in spectroscopy and quantum mechanics.

Chemical Bonding: lonic. Covalent. and Metallic
Bonds

Understanding how atoms bond to form compounds

Introduction to Chemical Bonding

Chemical bonding refers to the force that holds atoms together to form molecules
and compounds. The type of bond formed determines the physical and chemical
properties of the substance.

lonic Bonding

An ionic bond is formed when electrons are transferred from one atom to
another, resulting in positively and negatively charged ions that are attracted to
each other.

e Formation: Between metals and non-metals.
e Examples: Sodium chloride (NaCl), Magnesium oxide (MgO).
e Properties:

o High melting and boiling points.

o Soluble in water.



o Conducts electricity in molten or dissolved state.

Covalent Bonding

A covalent bond is formed when atoms share electrons to achieve a stable
electron configuration.

e Formation: Between non-metal atoms.

e Examples: Water (H:O), Carbon dioxide (CO-).

e Properties:
o Lower melting and boiling points compared to ionic compounds.
o Poor conductivity of electricity.
o Insoluble in water but soluble in organic solvents.

Metallic Bonding

Metallic bonding occurs when metal atoms share their outer electrons freely,
forming a 'sea of electrons' that binds the atoms together.

e Formation: Among metal atoms.

e Examples: Copper (Cu), Aluminum (Al).

e Properties:
o High electrical and thermal conductivity.
o Malleability and ductility.
o Shiny and reflective surfaces.

Comparison of Bond Types

Property lonic Bond Covalent Bond Metallic Bond
Formation Transfer of Sharing of Sea of electrons
electrons electrons




Conductivity High (when Poor High
molten or
dissolved)

Melting Point High Low Variable

Molecular Geometry and VSEPR Theory

Understanding the shape of molecules based on electron pair repulsion

Introduction to Molecular Geometry

Molecular geometry refers to the three-dimensional arrangement of atoms in a
molecule, which affects physical and chemical properties such as reactivity,
polarity, and phase of matter.

VSEPR Theory Overview

Valence Shell Electron Pair Repulsion (VSEPR) Theory explains molecular
shapes by assuming that electron pairs around a central atom repel each other
and arrange themselves to minimize repulsion.

Basic Postulates of VSEPR Theory

e Electron pairs (bonding and non-bonding) repel each other.
e Molecules adopt a shape that minimizes repulsion.
e Lone pairs occupy more space than bonding pairs.

Common Molecular Geometries

Linear: 180° bond angles (e.g., CO.).

Trigonal Planar: 120° bond angles (e.g., BF:).

Tetrahedral: 109.5° bond angles (e.g., CHa).

Trigonal Bipyramidal: 90° and 120° bond angles (e.g., PCls).



e Octahedral: 90° bond angles (e.g., SFs).

Effect of Lone Pairs on Molecular Geometry

Lone pairs exert greater repulsion than bonding pairs, which can alter bond
angles and lead to geometries such as bent (H:O) and trigonal pyramidal (NH:).

Applications of Molecular Geometry

e Predicting molecular polarity and dipole moment.
e Understanding reaction mechanisms.
e Determining physical properties like boiling and melting points.



