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Chapter One
Atomic structure

1.1. Composition of an atom
Early concepts of the structure of matter
Discovery of elementary particles: electron,
proton and neutron
Relative mass and charge of elementary
particles
Alpha, beta and gamma radiation
Rutherford’s experiment
Contemporary model of the atom
1.2. Atomic mass and isotopes
Atomic number
Atomic mass
Isotopes
Relative abundance
Mass spectrometry: spectrometer, spectra of
isotopes and simple molecules
1.3. Atomic spectra
Continuous and line spectra
Energy levels
Electron transitions
Energy absorption and emission
1.4. Electron configuration of an atom
Energy levels and sub-levels
S, p, d, f sub-levels, orbital shapes
Energies of sub-levels
Rules for filling the orbitals
Electron configuration of selected atoms
1.5 Ions and ionisation energy
Positive and negative ion formation
Electron configuration of ions
First and subsequent ionisation energies
Variation of ionisation energy with atomic
number
Variation of first ionisation energy across
periods 2 and 3
Variation of first ionisation energy down group
2

Chapter Two
Bonding

2.1. Types of bonding
Ionic bonds
Structure of ionic compounds
Covalent bonds
Multiple bonds
Co-ordinate (dative) bonds
Metallic bonding

2.2. Electronegativity and polarity
Electronegativity
Variation across periods 1, 2, 3
Polarity of bonds
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Prediction of the nature of a bond
Halides of period 3 elements
Halides of group II elements
2.3 Molecular shapes
VSEPR theory
Basic molecular shapes
Lone pairs
Double bonds
2.4 Hybridisation
The concept of hybridisation
Sp?, sp? and sp hybridisation
Sigma and pi bonds

Chapter Three
States of matter

3.1 Phases
Basic properties and structure of gases, liquids
and solids
3.2 Phase changes
Phase transitions, macro- and microscopic
view
Heating and cooling curves
Energetic effects
3.3 Intermolecular forces
Van der Waals forces
Permanent dipole-dipole forces
Hydrogen bonding
Hydrogen bonding in water and ethanoic acid
3.4 Gases
Kinetic theory of gases
Gas laws
Ideal gas equation
Deviations from ideal gas behaviour
3.5 Structure of solids
Ionic crystals - structure and properties
Metallic crystals - structure and properties
Molecular crystals - structure and properties
Macromolecular crystals - structure and
properties

Chapter Four
Stoichiometric calculations

4.1 The mole
The mole concept
Avogadro’s number
Molar mass
Molar volume of gases
4.2 Chemical equations and reacting

quantities
Types of chemical equation
Balancing chemical equations
Using equations for calculations of reacting
quantities
4.3 Uses of mole concept
Empirical and molecular formulae



4.4

Determination of the composition of mixtures
Reactions in the gas phase
Concentration
Molarity
Units
Calculations
Titration as determination of concentration
Standardisation

Chapter Five
Periodic Table

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

Periodic table
Early classification attempts
Mendeleev’s table
Contemporary table: periods, groups, s,p,d
and f blocks
Position in periodic table and electron
configuration
Trends across 3™ Period
Atomic radius
Ionisation energy
Electronegativity
Conductivity
Melting and boiling point
Chemical properties across a period
Chemical properties of compounds and
electronegativity
Elements and water
Oxide formation, structure and properties
Chloride formation, structure and properties
S-Block group trends
Electron configuration
Atomic radii
Ionic radii
Ionisation energy
Electronegativity
Melting points
Reactivity
Ionic character of compounds
Group II elements
The elements
Physical properties
Reaction with water
Reaction with oxygen
Solubility of oxides and sulphates
Stability of carbonates
Beryllium as an atypical element

Group VII elements
The elements
Physical properties
Chemical properties
Group trends
Reactions of halogens
Halides and their reactions
Photography
Halogens in disinfection
Other uses of halogens
Properties of transition metals
The metals
Electron configuration
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Oxidation states
Changes in oxidation state
Changing redox properties
5.9 Complexes of transition metals
Complex ions
Ligands
Mono- and polydentate ligands
Geometry of complexes
Charge of complex ions
Naming of complexes
Important transition-metal complexes

Chapter Six
Oxidation and reduction

6.1 Oxidation state
Oxidation
Reduction
Oxidation state
Determination of oxidation state

Nomenclature of inorganic compounds and

ions
Oxidation states of the most common
elements

6.2 Redox equations
Half equations
Balancing redox equations
Redox titration

6.3 Extraction of metals. Part I
Extraction by reduction with carbon
Iron extraction
Steel production
Environmental issues
Titanium extraction
Economic considerations
Recycling

6.4 Extraction of metals. Part 11
Limitations of reduction with carbon
Extraction by electrolysis
Aluminium
Extraction by reaction with other metals
Titanium
Recycling

Chapter Seven
Electrochemistry

7.1 Electrochemical cell
Reactions in an electrochemical cell
Origin of potential difference
Redox equilibria
Electrochemical cells
Batteries

7.2 Standard electrochemical potential
The standard hydrogen electrode
Measuring of potential
Secondary electrodes



7.3

Calculating cell potential

Predicting net redox reactions
Electrochemical series

Table of reduction potentials

Relative redox behaviour of reductant-oxidant

pairs

Predicting net redox reactions

Chapter Eight
Thermodynamics

8.1

8.2

8.3

8.4

8.5

8.6

8.7

Enthalpy
The concept of enthalpy
Exo- and endothermic reactions
Enthalpy diagrams
Standard enthalpy changes
Calorimetry
Measuring enthalpy changes
Calorimeters
Heat capacity
Calculations
Hess's law
Hess's law
Using Hess’s law for determining enthalpy
Enthalpy of formation
Enthalpy of combustion
Enthalpy change of a reaction
Lattice enthalpy and the Born-Haber
cycle
Atomisation
Ionisation
Electron affinity
Lattice enthalpy
Enthalpy of formation
Born-Haber cycle - calculations
Hydration
Mechanism of dissolution of ionic compounds
Enthalpy of hydration
Hydration of cations and anions
Calculations of enthalpy changes
Solubility of ionic compounds
Enthalpy changes
Limitations of calorimetric measurements
Methods for enthalpy determination
Using mean bond enthalpies

Entropy and free energy
Spontaneous changes
Entropy
Free energy
Predicting the feasibility of a reaction
Entropy and phase changes

UNIVERSALCurriculum.com

Content & eLearning Technologies for K-12 Education

Chapter Nine
Reaction kinetics

9.1

9.2

9.3

9.4

9.5

9.6

9.7

Reaction rate
Reaction rates
Experimental methods for determining
reaction rates: gas volume, mass technique,
titrimetric, colorimetric, conductometric, initial
rate
Collision theory
Collision theory of reaction
Maxwell-Boltzmann distribution
Activation energy
Energetic profile of the reaction
Factors affecting reaction rates. Part I.
Temperature
Concentration, pressure
Surface area
Catalysts
Examples of catalytic processes
Factors affecting reaction rates. Part II.
Catalysts
Catalysts and activation energy
Examples of catalytic processes
Rate equations. Part I
Deriving the rate equation
Rate constant
Order of reaction
Graphical representation of the course of a
reaction
Rate-limiting step
Rate equations. Part 2.
Zero-order reactions
First-order reactions
Second-order reactions
Effect of temperature on the rate constant
Catalysts
Heterogeneous catalysts
Catalyst poisoning
Industrial processes
Homogeneous catalysts
Autocatalysis
Enzymes

Chapter Ten
Chemical equilibria

10.1 Chemical equilibrium

Reversible reactions
Dynamic equilibrium
Factors affecting equilibrium

10.2 Equilibria in industrial processes

Economic considerations
Haber-Bosch process
Contact process

10.3 Equilibrium constant

Reaction quotients

Definition of equilibrium constant
Units

Calculations



10.4 Factors affecting equilibrium
Concentration
Pressure
Temperature
Catalysis
Rate/yield compromise

Chapter Eleven
Acids, bases and salts

11.1 Acids and bases
Acids and bases as proton donors/acceptors
Acid properties
Strong and weak acids
Base properties
Strong and weak bases
Ammonia - a weak base
Neutralisation
11.2 Bronsted-Lowry theory of acids and

bases
Arrhenius theory
Dissociation of acids and bases
Conjugate pairs of acids and bases
Ionic equations
11.3 Autodissociation of water. Ph concept.
Dissociation of water
Kw
Ph, poh
Pk,
Ph range
11.4 Strong and weak acids and bases
Strong and weak acids
Ka,r pka
Ph of acid solutions
Strong and weak bases
Kb, Pk
Poh and ph of alkaline solutions
11.5 Salt hydrolysis
Hydrolysis
The ethanoate anion
The ammonium cation
Ph of solutions of salts
11.6 Buffers
Buffers
Ph buffer
Effect of strong acid/base on the buffer ph

11.7 Acid-base titration. Part 1
Idea of titration
Ph changes during the titration
Ph curve for strong acid-strong base titrations
Indicators
Titration equipment

11.8 Acid-base titration. Part 2
Weak acid-strong base titrations
Titration of sodium carbonate solution
Other titrations
Selecting an indicator
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Chapter Twelve
Reaction of metal ions in water
solution

12.1 Metal ions as Lewis acids
Lewis theory of acids and bases
Hydration of metal ions
Acidity of hydrated metal ions
Charge density and pk, value
12.2 Reaction of aqua ions with base and

with carbonate
Strong base
Ammonia
Carbonate
Visible reaction effects

12.3 Ligand substitution
Substitution mechanism
Effects of changing ligands
Types of ligand
Stability of complexes

Chapter Thirteen
Hydrocarbons

13.1 Petroleum as the source of

hydrocarbons
Origin of petroleum
Extraction of petroleum
Distillation
Cracking
Reforming
13.2 Hydrocarbons as fuel
Combustion of hydrocarbons
Combustion products
Energetic effect of combustion
Environmental effects of fuel combustion
Catalytic converters
13.3 Alkanes and cycloalkanes
Names
Homologous series
Isomers
Variation in physical properties
13.4 Chemistry of alkanes and cycloalkanes
Homolytic fission of C-C bonds
Free radical substitution — mechanism
13.5 Alkenes
Names
Isomers
Homologous series
Structure of double bonds
Geometric isomerism
13.6 Reactions of alkenes
Hydrogenation
Addition reactions - halogens, hydrogen
Halides, water, sulphuric acid - mechanisms
Addition to unsymmetrical alkenes
Polymerisation



Chapter Fourteen
Haloalkanes, alcohols and epoxides

14.1 Haloalkanes
Structure
Nomenclature
Isomers
Preparation
Physical properties
Uses
14.2 Reactions of haloalkanes
Carbon-halogen bonds

Nucleophilic substitution: hydroxide, ammonia,

cyanide
Elimination reactions
Substitution vs. Elimination
14.3 Alcohols
Structure
Names
Homologous series
Primary, secondary tertiary alcohols
Mono-, di- and trihydric alcohols
Manufacture of ethanol
14.4 Ethanol
Hydrogen bonding and solubility in water
Manufacture by fermentation
Manufacture from ethene
Economic considerations
Uses
14.5 Properties of alcohols
Solubility
Boiling points
Reaction with sodium
Oxidation
Elimination reactions
14.6 Epoxyethane
Structure of epoxyethane
Manufacture
Hazards
Physical properties
Reactions with water and with alcohols
Diols

Chapter Fifteen
Compounds with the carbonyl group

15.1 Aldehydes and ketones
Structure and features of the carbonyl group
Aldehydes and ketones - structure, names
Preparation of aldehydes and ketones
Physical properties
Nucleophilic addition of hydrogen cyanide
Oxidation and reduction
Tests for aldehydes
Uses

15.2 Reactions of aldehydes and ketones
Oxidation and reduction
Tests for aldehydes
Nucleophilic addition of hydrogen cyanide and
Sodium sulphite
Nucleophilic addition/elimination - Brady’s
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Reagent
15.3 Carboxylic acids
Structure and features of the carboxyl group
Names
Physical properties
Acid properties
Esterification reactions
15.4 Acyl chlorides and acid anhydrides
Structure
Names
Reactivity
Addition-elimination reaction with alcohols
Acylation in drug preparation
15.5 Esters
Structure
Preparation
Physical properties and uses
Ester hydrolysis
15.6 Fats and soaps
Fats as esters
Properties of fats
Hydrogenation of fats
Hydrolysis
Soaps
Washing properties of soaps

Chapter Sixteen
Aromatic compounds

16.1 Benzene
Structure of benzene
Resonance structures
Delocalisation energy
Hydrogenation of benzene

16.2 Electrophilic substitution
Nitration of benzene
Uses of nitro products
Alkylation and acylation of benzene

Chapter Seventeen
Organic compounds of nitrogen

17.1 Amines
Structure
Primary, secondary, tertiary amines
The quaternary ammonium ion
Preparation of amines

17.2 Properties of amines
Solubility
Base properties - aliphatic, aromatic
Nucleophilic properties
Acylation
Amides and their properties

17.3 Amino acids

Structure
Names



Natural amino acids
Optical isomerism
Zwitterions and solubility
Physical properties
17.4 Peptides and proteins
The peptide bond
Peptide bond hydrolysis
Hydrogen bonding in a peptide molecule
Tertiary structure of proteins
Denaturation of proteins

Chapter Eighteen
Polymers

18.1 Polymer types. Addition polymers.
Structure of polymers
Internal structure vs. Polymer properties
Polymerisation of alkene derivatives
Polyethylene
PVC, Teflon and other addition polymers
18.2 Condensation polymers
Polycondensation reactions
Polyamides
Polyesters
Nylon, kevlar, PET, dacron, mylar, etc.

Chapter Nineteen
General topics in organic chemistry

19.1 Chemistry of carbon
Organic chemistry versus inorganic chemistry
Chain molecules
Molecular shapes
Homologous series
Isomerism
Naming of isomers
19.2 Formulae of organic compounds
Empirical formula
Molecular formula
Structural formula
Types of structural formula
Determination of formulae
19.3 Nomenclature of organic compounds
IUPAC rules for naming alkanes, alkenes,
haloalkanes, alcohols, aldehydes, ketones,
acids, acid derivatives, amines
Names of functional groups
Practical problems
19.4 Isomerism
Structural isomerism
Functional group isomerism
Geometric isomerism
Optical isomerism
19.5 Analytical tests for organic compounds
Combustion
Double bond
Presence of a halogen
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Ph tests

Reaction with sodium
Reaction with Brady’s reagent
Presence of amino group

Chapter Twenty
Spectrometric techniques

20.1 Infrared spectroscopy. Part I.
Infrared radiation
Why compounds absorb infrared radiation
Infrared spectrometer
Infrared spectrum

20.2 Infrared spectroscopy. Part II.
Detection of functional groups
Hydrogen bonding
Fingerprint region
Most useful information from the IR spectrum
Limitations of IR spectroscopy
20.3 Mass spectrometry. Part I.
Idea of mass spectrometry
Mass spectrometer
Mass spectra of elements and compounds
Fragmentation
20.4 Mass spectrometry. Part II.
Molecular ions
Fragmentation ions
Problems
High-resolution mass spectrometry

20.5 Nuclear magnetic resonance

spectroscopy. Part I.
Spins in a magnetic field
Mass spectrometer
Energy absorption
Chemical shift
Low-resolution spectra

20.6 Nuclear magnetic resonance

spectroscopy. Part I.
Nature of coupling
Origin of multiplets
High-resolution spectra
Problems
20.7 Determination of molecular structure
Combined use of empirical formula, IR, NMR,
Mass spectrometry, analytical tests
Problems to solve
20.8 UV/visible spectrophotometry
Absorption of light
Colour
Spectrometer
Absorption and concentration
Colorimetry



Chapter Twenty One
Environmental pollution by chemical
products

21.1 Pollution of atmosphere
Dust
Smog
Acid rain
Ozone depletion
Greenhouse effect

21.2 Water pollution
Industrial waste
Sewage
Waste-water treatment
Petroleum spills
Fertilisers

21.3 Pollution of land environment
Litter
Plastic
Metals
Biodegradability
Recycling
Litter burning - dioxines
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