
UNIT 1
STOICHIOMETRIC RELATIONSHIPS
STATES OF MATTER
MATTER: any substance that occupies space and has mass

SOLID LIQUID GAS

particles closely packed
together

particles slightly more
spread out

particles very spread out

strong forces between
particles ⇒ vibrate about

fixed positions

weaker forces between
particles ⇒ can move past

each other

negligible forces between
particles ⇒ more randomly

fixed shape takes shape of the
container

no fixed shape

fixed volume fixed volume no fixed volume

cannot be compressed cannot be compressed can be easily compressed

- the vibration and movement of particles depend on the temperature
- as temperature increases, KEavg increases

- the SI unit for temperature is the kelvin (K)

- ABSOLUTE ZERO is 0 on the Kelvin scale (-273°C) ⇒ the temperature at which all
movement of particles stops

temperature (K) = temperature (°C) + 273.15

DIFFUSION: particles spread and mix through collisions random process
*the lower the molecular mass, the faster the gas will diffuse
heat energy > kinetic energy
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DEFLECTION: accelerated cations are deflected by a magnetic field placed at 90° to their
path ⇒ ions that are deflected more are the ones w/the smaller mass:charge ratio

DETECTION: cations of a particular mass:charge ratio are detected & a signal is sent to
the recorder ⇒ the strength of a signal is a measure of the number of ions w/that
particular ratio that is being detected

RELATIVE ATOMIC MASS

ENERGY LEVELS AND SUBLEVELS
● according to the BOHR MODEL OF THE ATOM, electrons exist in energy levels or

principal energy levels (main energy levels or shells)
● the principal energy levels are assigned numbers

⇒ n, the principal quantum number
with n = 1 being closest to the nucleus and of the lowest energy

● the further the energy level is from the nucleus, the higher its number (n) and the
higher its energy

THE BOHR MODEL (Niels Bohr) - 1914
- e can only occupy certain energy levels within the atom and can transition

between these energy levels by absorbing or emitting exact amounts of energy

● the main energy levels are split into sub-levels, which are assigned a n° and the
letter s, p, d or f

● the n° refers to the main energy level and the letter refers to the atomic orbital
● an atomic orbital represents a region of space where there is a high probability of

finding an electron
● the shapes of the ‘s’ atomic orbitals are spherical
● ‘p’ atomic orbitals are described as being dumbbell-shaped
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IONIZATION ENERGY (IE)
● the minimum energy required to remove 1mol of e⁻ of neutral gaseous atoms in

ground state

1st Ionization Energy (IE1): the energy required to remove 1mol of e⁻ from 1mol of
gaseous atoms to form 1mol of gaseous 1+ ions
⇒ a measure of the attraction between +vely charged nucleus and -vely charged outer
valence e⁻

2nd Ionization Energy (IE2): energy required to remove e⁻ from IE1

* +ve sign ⇒ energy required/used to remove an e⁻ ⇒ endothermic

TRENDS
⬆ across period - left to right
⇒ ↑ in nuclear charge + ↓ in atomic radii
⇒ since e⁻ are pulled closer to nucleus, it is more difficult to remove them

⬇ down the group - top to bottom
⇒ atomic radii ↑ down the group, making it easier to remove e⁻
⇒ shielding effect weakens forces between nucleus and outer e⁻
⇒ a weaker attraction between the nucleus and the valence e⁻ of an atom

EXCEPTIONS
⬇ in IE from Beryllium to Boron / Magnesium to Aluminium / Nitrogen to Oxygen /
Phosphorus to Sulfur
EG: Beryllium and Boron
Be: 1s² 2s²
B: 1s² 2s² 2p¹
e⁻ in the ‘p’ orbital are of higher energy + further from the nucleus than e⁻ in ‘s’ orbitals
⇒ require less energy to be removed

EG: Nitrogen and Oxygen
N: 1s² 2s² 2p³
O: 1s² 2s² 2p⁴
in Oxygen, the e⁻ is removed from a doubly occupied ‘p’ orbital
⇒ an e⁻ in a doubly occupied orbital is repelled by the other e⁻ + requires less energy to
than an e⁻ in a half-filled orbital
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SOLUBILITY: depends somewhat on the forces of attraction between the H₂O molecules
and the ions in the lattice structure
STEPS OF DISSOLVING PROCESS

1. break down of the lattice structure
2. the separated ions being surrounded by H₂O molecules - hydration

⇒ when this happens, the solid dissolves
EG: NaCl (s) ➞ Na⁺ (aq) + Cl⁻ (aq)

● H₂O molecules are POLAR because of the difference in electronegativity between
oxygen and hydrogen

● at the surface of the ionic lattice (where it is in contact with the H₂O molecules)
the partial charges of the H₂O molecules are attracted to the oppositely charged
ions in the lattice structure

● these ions break off from the lattice and are surrounded by H₂O molecules
● if the forces of attraction between the H₂O molecules and the ions in the lattice

structure are strong enough to overcome the attractions between the ions
themselves, then the ionic compound is SOLUBLE

● non-polar solvents cannot disrupt the lattice structure in the same way, the
solubility of ionic substances in solvents (eg: hexane and propanone) is limited

● polar substance are soluble in polar solvents
● non-polar substance are soluble in non-polar solvents

ELECTRICAL CONDUCTIVITY: depends on the presence of mobile ions
● ionic compounds do not conduct electricity when solid because the ions are held

in fixed positions in the lattice structure
● when an ionic compound is melted / dissolved, the ions are free to move and carry

an electric current
EG: the difference in electrical conductive between solid and aqueous NaCl
the bulb in the aqueous solution of NaCl lights up because of the
presence of free moving mobile ions
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MOLECULES WITH 3 ELECTRON DOMAINS
● molecules / polyatomic ions with 3e⁻ domains around the central atom

have a TRIGONAL PLANAR electron domain geometry
● molecular geometry can be TRIGONAL PLANAR or BENT (V-SHAPED)

depending on the the presence of lone pairs of e⁻ on the central atom
⇒ if there are no lone pairs of e⁻ present - molecular geometry is
TRIGONAL PLANAR
⇒ if a lone pair of e⁻ present  - molecular geometry is BENT (V-SHAPED)
⇒ BENT (V-SHAPED) geometry is caused by the stronger repulsion that
exists between the nonbonding e⁻ and the bonding e⁻ on the central
atom compared to the weaker repulsion that exists between the
bonding e⁻

BOND ANGLE: 120°
* a molecule or ion that has a lone pair of e⁻ on the central atom will have a
bond angle of slightly less than 120° due to stronger repulsion
EG: Borane, BH₃

EG: Carbonate Ion, CO₃²⁻
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UNIT 5
ENERGETICS / THERMOCHEMISTRY
MEASUREMENT OF HEAT ENERGY
HEAT: transfer of internal energy between objects ⇒ from higher to lower energy
*objects in thermal equilibrium have the same temperature

ENTHALPY (H): heat content of a system ⇒ heat released / absorbed by a system of
constant pressure
*the total enthalpy of a system cannot be measured
ENTHALPY CHANGE (ΔH): can be either +ve or -ve ⇒ depends on whether the reaction
releases heat or absorbs heat
*STANDARD ENTHALPY CHANGE (ΔHɵ): enthalpy change measured under standard
conditions ⇒ 298K & 100kPa

TEMPERATURE: describe how hot or cold an object is and determines the direction of
heat flow between two bodies ⇒ measure of the average random KE of particles

● the vibration and movement of particles depend on the temperature
● as temperature ↑, KEavg↑
● the SI unit for temperature is the kelvin (K)
● ABSOLUTE ZERO is 0 on the Kelvin scale (-273°C) ⇒ the temperature at which all

movement of particles stops

temperature (K) = temperature (°C) + 273.15

SYSTEM AND ITS SURROUNDINGS

OPEN SYSTEM: where matter and energy can move freely from between the system and
the surroundings

CLOSED SYSTEM: only energy can move between the system and the surroundings ⇒ no
exchange in matter

ISOLATED SYSTEM: no exchange in matter or energy with its surroundings

EXOTHERMIC REACTION: when heat is released from the system to
the surroundings, the enthalpy of the system decreases, so ΔH is -ve

⇒ system loses heat

● exothermic reaction cause an ↑ in T of the reaction mixture

⇒ feels hotter

EG: combustion / neutralisation / bond making

● products of the reaction have ↓H than the reactants

⇒ ENERGETICALLY STABLE
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BINDING ENERGY: the minimum energy required to completely separate a nucleus
completely into its constituent nucleons

⇒ the energy equivalent of the mass defect - transformed into energy
AVERAGE BINDING ENERGY PER NUCLEON = Total Binding Energy for a Nucleus / N° of Nucleons

1. a free proton & a free neutron collide

2. the proton & neutron combine to form a DEUTERON with the binding energy being
carried away by a photon

3. a photon of energy greater than the binding energy of the deuteron is incident on
the deuteron

4. the proton & neutron separate with their total KE being the difference between the
photon energy & the binding energy needed to separate the proton & neutron

5. the free proton & neutron have a greater total rest mass than the deuteron

ENERGY RELEASED IN DECAY
● mass difference (∆m) must be calculated to determine whether a nuclear reaction

happens
∆m = total mass of reactants - total mass of products

energy can be calculated using E = mc²

● if ∆m > 0 - the reaction RELEASES energy
● If ∆m < 0 - the reaction NEEDS energy to be supplied
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RELATIONSHIP BETWEEN [H⁺] & [OH¯] IN AQUEOUS SOLUTIONS

ACIDIC / NEUTRAL / BASIC pH at 298K

[H⁺] > [OH¯] acidic <7

[H⁺] = [OH¯] neutral 7

[H⁺] < [OH¯] basic >7

LOGARITHMIC SCALE
● the pH scale is a logarithmic scale with a base of 10
● a change of 1 pH unit corresponds to x10 the change in [H⁺]

RELATIONSHIP BETWEEN [H⁺] & THE pH SCALE

pH [H⁺ (aq)]

0 1 x 10⁰ / 1

1 1 x 10¯¹ / 0.1

2 1 x 10¯² / 0.01

6 1 x 10¯⁶ / 0.000001

7 1 x 10¯⁷ / 0.0000001

8 1 x 10¯⁸ / 0.00000001

13 1 x 10¯¹³ / 0.0000000000001

14 1 x 10¯¹⁴ / 0.00000000000001

* a change in 1pH unit represents a tenfold change in [H⁺]
EG: ↑ of 2pH units represents a x100↓ in [H⁺]

pOH: measure of the concentration of hydroxide ions [OH¯] in solution
pOH = -log [OH¯ (aq)]

ACID-BASE INDICATORS
LITMUS PAPER: made from a natural source - lichens
⇒ comes in 2 colours: red & blue
* in an acidic solution, blue litmus changes to red
* in an alkaline solution, red litmus changes to blue

METHYL ORANGE: acid - red / alkali - yellow

PHENOLPHTALEIN: acid - colourless / alkali - pink/purple
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UNIT 10
ORGANIC CHEMISTRY

- one of the main branches in chemistry

CATENATION: binding of an element to itself through covalent bonds to form chain or
ring molecules
HYDROCARBONS: an organic chemical compound composed exclusively of hydrogen
and carbon atoms

CLOSED CHAIN COMPOUNDS
HOMOCYCLIC: containing a closed ring structure made of
only one kind of atom
⇒ AROMATIC: arenes - consist of at least one aromatic ring

⇒ ALICYCLIC: contains one of more all carbon rings which
may be either saturated or unsaturated but do not have
aromatic character

HETEROCYCLIC: a cyclic compound that has
atoms of at least two different elements as
members of its ring
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INFRARED (IR) SPECTROSCOPY
- when molecules absorb energy in the IR region of the electromagnetic spectrum, it

causes the bonds between the atoms to vibrate (the bonds stretch and bend) =>
bond as a spring

- each bond vibrates and bends at a natural frequency
- light atoms vibrate at higher frequencies than heavier atoms
- multiple bonds vibrate at higher frequencies than single
- the frequency of IR radiation that is absorbed is measured as the n° of waves per

centimeter => wavenumber (1/λ)
- the fingerprint region can be used to identity an unknown compound by

comparing with the IR spectra of known compounds

❖ when chemical bonds absorb certain wavelengths of IR can undergo stretching or
bending

vibrational modes of water - all IR active

vibrational modes of carbon dioxide

* gases that absorb IR => IR active
diatomic molecules such as N , H , O  do not act as greenhouse gases as there is no

change in the dipole moment of the molecule => IR inactive

* a bond will only interact with IR radiation if it is a polar covalent bond (symmetrical,
non-polar bonds do not absorb IR radiation => cannot interact with the electrical field)

● the intensity depends on the dipole moment of the bond:
- strongly polar bonds produce strong bands
- bonds with medium polarity produce medium bands
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