
 IB CHEMISTRY:  

TOPIC 1 QUANTITATIVE CHEMISTRY NOTES 
 

1.1 Introduction to the particulate nature of matter and 

chemical change 

Nature of Matter 

• Matter is anything that takes up space 

• Matter can either refers to the particles (pure substances) or combination of a substances 

(mixtures): 

Pure Substances 

• A pure substance has definite and constant composition 

• For a pure substance, from a particle perspective all particles will look and remain the 

same 

  

• From their definitions: All compounds are molecules, but not all molecules are 

compounds 

Mixtures 

• Mixture: A combination of pure substances  

• Mixtures contain more than one element and/or compound that are not chemically 

bonded together, so retain their individual properties 

• Mixtures can be homogeneous or heterogeneous: 

• Homogeneous mixtures are the same mixture throughout 

 They will have a uniform composition e.g. salt water 

• Heterogeneous mixtures have a different mixture throughout 

 They will have visibly different substances throughout, a non-uniform 

composition e.g. orange juice with pulp 

 

Chemical Equation 

• Chemical Equation: Describes what happens during a chemical reaction 

• A chemical reaction will always have reactants and products as well as some special 

reaction conditions if required 

Definitions 

Element – Atoms with same number of protons 

Molecule – Two or more elements chemically joined together 

Compounds – Two or more different elements chemically joined together in a fixed ratio 
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IB CHEMISTRY:  

TOPIC 2 ATOMIC STRUCTURE NOTES 

 

2.1 The nuclear atom 

Subatomic particles and atomic structure  
• Atoms are made up of a nucleus containing: 

o Positively charged protons 
o Neutrons with no charge 
o Electrons with negative charge moving around the nucleus in shells/orbitals 

• Electrons are assumed to have negligible mass. 

 

 

Nuclear Notation 
• Nuclear notation shows the mass number, atomic 

number and symbol to represent a particular isotope. 
To find: 

o Atomic Number (Z): Number of protons 
o Mass Number (A): Number of protons and 

neutrons 
o Number of electrons = atomic number – 

charge 

 

Subatomic 
particle 

Relative mass Relative charge 

Proton 1 +1 

Neutron 1 0 

Electron 1

1836
 -1 

KEY DEFINITIONS 

Mass number (A) – Sum of the number of protons and neutrons in the nucleus 

Atomic number (Z) – The number of protons in the nucleus. Since atoms are electrically 
neutral, the number of protons is also equal to the number of electrons 

Isotope – Atoms of the same element with the same number of protons, but with a different 
number of neutrons. Isotopes differ in physical properties but have the same chemical 
properties. 
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• A molecule that contains polar covalent bonds will form a dipole 
• A polar molecule must have dipoles distributed so overall there is a positive and negative 

end of the molecule 

Covalent structures 
• Covalent compounds have two types of structures: simple covalent and giant covalent 

(network covalent) structures 

Simple covalent structures 

• These contain only a few atoms held together by strong covalent bonds such as carbon 
dioxide where one atom of carbon is covalently bonded with two atoms or oxygen 

• Molecular covalent substances have low boiling points and are usually liquids and gases, 
due to the weak intermolecular forces (not intramolecular) 

• These structures are also non-conductive. This is because they do not have any free 
electrons or an overall electric charge 

Giant covalent structures 

• Giant covalent structures contain a lot of non-metal atoms, each joined to adjacent atoms 
by covalent bonds 

• Example: Silicon and carbon form giant covalent structures 
• The atoms are usually arranged into giant regular lattices, which are extremely strong 

structures because of the many bonds involved (such as graphite or diamond) 
• Giant covalent structures have very high melting points because a lot of strong covalent 

bonds must be broken 
• Giant covalent structures also vary in conductivity, as some contain free electrons while 

some do not 

Allotropes of carbon 
• Carbon can be found in three forms. All of these forms contain carbon only but vary in 

their structure 
• They are called allotropes of carbon – various forms of carbon that exist naturally 

Graphite 

• Graphite has a hexagonal layer structure, and 
although it has covalent bonds between the 
carbon atoms, it has weak Van Der Waals 
forces between the layers themselves, 
allowing the bonds to be shattered easily and 
the layers to slide over each other easily 

o The covalent bonds within the layers 
are very strong 

o The dispersion forces between the layers are weak 
• The structure of graphite is described as a covalent layer lattice  
• Graphite has good conductivity as there are delocalized electrons between the 

hexagonal layers and electrons are free to move parallel (one carbon attached to three 
others, leaving a delocalized electron) 

o Delocalized electron = can conduct electricity 
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• Hence, the rate of reaction can also be defined as: 

 

• Where ∆[𝑅] means the change in the concentration of 𝑅, and ∆[𝑃] means the change in 

the concentration of 𝑃 

• The units for rate of reactions are 𝒎𝒐𝒍	𝒅𝒎!𝟑	𝒔!𝟏 (every second the concentration of a 

substance falls by x moles per cubic decimeter) 

 

Maxwell-Boltzmann distribution curve 

• The Maxwell-Boltzmann curve shows the distribution of kinetic energy for a reaction 

• Only a small proportion of particles at a given temperature will have sufficient kinetic 
energy to overcome its Ea  

• Activation energy (Ea): The minimum amount of energy required for a reaction to 
occur 

• As temperature increases, the area under the curve does not change as the total number 
of particles remains constant. 

• Instead more particles have a very high velocity resulting in an increase in the average 

kinetic energy which leads to a broadening of the curve, however still has same 
activation energy 

• Adding a catalyst reduces the activation energy, more particles have enough energy 
to react 

o If a species is both on the reactant and product side of the overall equation, it is 
probably a catalyst 

The Rate of Disappearance of Reactants The Rate of Formation of Products 

𝑹𝒂𝒕𝒆 = −
∆[𝑹]
∆𝑻  

Since Rate of Disappearance of Reactants is 

decreases over time, the negative sign 

counteracts this effect 

𝑅𝑎𝑡𝑒 =
∆[𝑃]
∆𝑇  

This is the rate of which the products are 

formed 
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• Two half cells are connected to form a voltaic cell, allowing electrons to flow during the 
redox reaction and produce electrical energy. The half-
cells are joined by a wire to transfer electrons and a 
salt bridge to transfer ions. 

• The Daniel’s cell contains a copper electrode in a 
copper solution and a zinc electrode in a zinc solution. 
The reaction can be written as: 

𝐶𝑢#$ + 𝑍𝑛 → 𝐶𝑢 + 𝑍𝑛#$ 

• The metal higher in the activity series is oxidized and 
the metal lower in the activity series is reduced. 
Therefore: 

o Oxidation occurs at the anode (negative electrode) in a voltaic cell (negative 
because Zn has a weak pull for electrons, so it loses electrons which makes the 
solution negative) 

o Reduction occurs at the cathode (positive electrode) in a voltaic cell 
(positive because Cu has a stronger pull for electrons, so it gains electrons  
which makes the solution positive) 

• Remember: An Ox, Red Cat (Anode Oxidation, Reduction Cathode) 
• Current is conducted by electron flow in wires and movement of ions in salt bridge 

(KMnO4 – maintains electric neutrality) 
• Electricity is produced because electrons flow from the oxidized substance, where 

electrons are being lost, to the reduced substance, where electrons are being gained (as 
electrons are electricity) 

• The salt bridge completes the circuit and neutralizes any buildup of charge by the 
following ion movement: 

o Anions in the salt bridge move from the anode to the cathode 
o Cations move in the salt bridge move from the cathode to the anode  

Cell diagram 
• A cell diagram is a shorthand notation to represent the redox reactions of an electrical 

cell 
• For the cell above, the cell diagram is as follows: 

𝑍𝑛|𝑍𝑛#$‖𝐶𝑢#$|𝐶𝑢 

• A single vertical line is used to separate different states of matter on the same side 
• A double vertical line represents a salt bridge between the half-cells  
• The anode (where oxidation occurs) is placed on the left side of the || 
• The cathode (where reduction occurs) is placed on the right side of the || 

 

Electrolytic cells 
• Electrolytic cells convert electrical energy to chemical energy, by bringing about 

non-spontaneous processes. The electrical energy from a battery can force a non-
spontaneous reaction to happen 

o The power source should be a battery or a DC power source 
o The electrodes are placed in the electrolyte, connected to the power source by 

electrical wires 
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o Carbon monoxide is produced as a colorless poisonous gas 
o Carbon monoxide binds irreversibly (or very strongly) making a particular 

molecule of hemoglobin useless for carrying oxygen 
o If you breath in enough carbon monoxide you will die from a sort of internal 

suffocation 
• The chemical equation for the complete combustion of alkanes is: 

𝐶!𝐻" + 𝑂# → 𝐶𝑂# +𝐻#𝑂 

• The chemical equation for incomplete combustion of alkanes is: 

𝐶!𝐻" + 𝑂# → 𝐶𝑂 +𝐻#𝑂 

• A good technique to balancing these types of equations are to use CHOD (Carbon, 
Hydrogen, Oxygen, Double) 

Example: Propane Combustion 

With propane (C3H8), you can balance the carbons and hydrogens as you write the 
equation down. Balance alkanes, carbon dioxide and water first. Then balance the 
oxygens: 

𝐶%𝐻% + 5𝑂" → 3𝐶𝑂" + 4𝐻"𝑂 

• Hydrocarbons become harder to ignite as the molecules get bigger. This is because 
bigger molecules don’t vaporize so easily. Furthermore, bigger molecules have greater 

Van der Waals attractions which makes it more difficult for them to break away from their 
neighbors and turn to gas 

Free radical substitution 

• Alkanes undergo free radical substitution reactions 
•  In a substitution reaction, an atom or group of atoms is replaced by another atom or 

group 
• The most common type of substitution reactions of alkanes involve halogenation 

• Substitution reactions happen in which hydrogen atoms are replaced one by one 
by a halogen 

• Unlike the complex transformations of combustion, the halogenation of an alkane 
appears to be a simple substitution reaction in which a C-H bond is broken and a new C-

X bond is formed 
• Replacing hydrogen atoms in an alkane molecule with chlorine or bromine is called 

chlorination or bromination 
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o Insufficient data (not conducting repeat trials) 
• Random errors cannot be eliminated but can be reduced by conducting repeat 

trials 
• They can also be reduced by using precise apparatus (such as a volumetric pipette 

rather than a beaker to measure volume) 

Systematic Errors 

• Systematic errors occur as a result of a flaw in the experimental design of apparatus 
• Systematic errors cause the measured value to be consistently higher or lower than the 

actual value 

• They cannot be reduced by conducting repeat trials 
• Examples of systematic error: 

o Heat loss in an experiment to measure enthal py change 
o Losing a product (such as a gas) in a reaction 

o Overshooting the endpoint in a titration 
o Reading from the top of the meniscus when measuring volume 

o Forgetting to zero a mass balance 

Percentage error 

• Percentage error is a measure of how close the experimental value is to the theoretical or 

accepted value 

𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆	𝑬𝒓𝒓𝒐𝒓 =
𝑬𝒙𝒑𝒆𝒓𝒊𝒎𝒆𝒏𝒕𝒂𝒍	𝒗𝒂𝒍𝒖𝒆 − 𝑻𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍	𝒗𝒂𝒍𝒖𝒆

𝑻𝒉𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍	𝒗𝒂𝒍𝒖𝒆 × 𝟏𝟎𝟎% 

If the experimental value is less than the theoretical value, the percentage error will be negative 
 

 
 

11.3 Spectroscopic Identification of Organic Compounds 

 

Index of Hydrogen Deficiency (IHD) 

• The index of hydrogen deficiency (IHD) is a count of how many molecules of H2 need to 

be added to convert the molecule to the corresponding, saturated, non-cyclic molecule. 
In other words a degree of unsaturation 

• The IHD for a hydrocarbon with 𝐶 carbon atoms, 𝐻 hydrogen atoms, N nitrogen atoms 

and X halogen atoms: 
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