
Introduction to Materials Chemistry

Key concepts, definitions, and foundational ideas

1. What Is Materials Chemistry?

Aspect Description

Definition

The branch of chemistry that studies the relationship between the structure of

materials and their properties, and uses this knowledge to design new functional

substances.

Goal
To understand, synthesize, and manipulate solids, liquids, and hybrid systems for

applications such as energy storage, catalysis, electronics, and biomaterials.

Scope

• Inorganic solids (metals, oxides, ceramics)

• Organic polymers and small?molecule crystals

• Hybrid/metal?organic frameworks (MOFs)

• Nanostructured materials (nanoparticles, nanowires, 2?D layers)

2. Core Concepts

Concept Why It Matters Typical Examples

Structure–Property

Relationships

Predict how atomic/molecular

arrangement influences

mechanical, electronic, optical,

and magnetic behavior.

Crystal lattice ? band gap; polymer

chain packing ? tensile strength

Bonding Types
Determines stability, conductivity,

and reactivity.

Covalent (SiO?), ionic (NaCl),

metallic (Cu), coordination (Fe?

EDTA)

Crystal Structures
Provides a framework for

describing periodic solids.

Face?centered cubic (FCC), body?

centered cubic (BCC), hexagonal

close?packed (HCP), perovskite

(ABX?)

Defects & Disorder
Defects control conductivity,

diffusion, and catalytic activity.

Vacancies, interstitials, dislocations,

grain boundaries
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Concept Why It Matters Typical Examples

Phase Diagrams

Map stability regions of different

phases as a function of

temperature, pressure,

composition.

Fe?C diagram (steel), binary alloy

diagrams

Thermodynamics &

Kinetics

Governs material synthesis, phase

transformations, and degradation.

Gibbs free energy ?G, activation

energy E?, diffusion coefficients

Surface & Interface

Chemistry

Surface atoms have distinct

reactivity; interfaces dictate

heterostructure performance.

Catalytic active sites,

electrode/electrolyte interfaces

3. Classes of Materials

Class Representative Materials Key Properties
Typical

Applications

Metals & Alloys
Fe, Al, Ti, stainless steel, Ni

?Ti shape?memory alloy

High electrical/thermal

conductivity, ductility,

metallic bonding

Structural

components,

wiring, aerospace

Ceramics &

Oxides
Al?O?, SiC, ZrO?, TiO?

Hard, brittle, high melting

point, ionic/covalent

bonding

Cutting tools,

refractories,

photocatalysis

Polymers

Polyethylene, polystyrene,

Kevlar, conductive polymers

(PEDOT)

Low density, tunable

mechanical flexibility,

processability

Packaging, textiles,

organic electronics

Semiconductors
Si, GaAs, CdTe, perovskite

CH?NH?PbI?

Controlled band gap,

charge carrier mobility

Solar cells,

transistors, LEDs

Nanomaterials

Au nanoparticles, carbon

nanotubes, MoS?

monolayers

Quantum confinement, high

surface?area, size?

dependent properties

Catalysis, sensors,

energy storage

Hybrid Materials

Metal?Organic Frameworks

(MOFs), Covalent?Organic

Frameworks (COFs)

Porous, modular, tunable

chemistry

Gas separation,

drug delivery,

catalysis

**
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