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Chapter 1: Formulae, Equations and Amount of Substance
[1.1]
i. Atom is the smallest particle of a chemical element that exist.
ii. Element is a substance that is made entirely from one type of atom.
iii. Ion is an atom or molecule with a net electric charge due to the loss or gain of one or
more electrons.
iv. Molecule is a group of atoms bonded together, representing the smallest
fundamental unit of chemical compound that can take part in a chemical reaction.
v. Compound is a chemical substance composed of many identical molecules or in other
words it is composed form more than one element held together by chemical bonds.
vi. Empirical formula of a chemical compound is the simplest positive integer ratio of
atoms present in compound.
vii. Molecular formula is the actual number of atoms of each element in a molecule.
[1.2] Avogadro's number, number of units in one mole of any substance (defined as its molecular weight
in grams), equal to 6.02214076 × 1023.
[1.3] This can be practiced doing past paper questions.
[1.4]
i.
ii.
iii.
iv.
v.

Relative atomic mass (Ar) (of an element) is the weighed mean mass of an atom of
the element compared to 1/ 12 of the mass of an atom of carbon- 12.
Relative molecular mass (Mr) is the ratio of the average mass of one molecule of
an element or compound to one twelfth of the mass of an atom of carbon-12.
Relative isotopic mass is the mass of an individual atom of a particular isotope
relative to 1/ 12 of the mass of an atom of carbon- 12.
Relative formula mass of a substance made up of molecules is the sum of
the relative atomic masses of the atoms in the numbers shown in the formula.
Number of moles

Mole is the amount of substances that contains the same number of particles as
the number of carbon atoms in exactly 12g of 12C.
Molar mass is the mass per mole of a substance, it has the symbol ‘M’ and the
units gmol-1.
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vi.

Parts per million (ppm) is the number of parts of one substance in one million
parts of another substance: a measure used to describe chemical concentration,
usually. ‘parts’ refers to masses of both substances, or to volume of both
substances.

[1.5]
Mass concentration of a solution the mass (in g) of the solute divided by the volume of the solution.

[1.6]
Empirical formula of a chemical compound is the simplest positive integer ratio of atoms present in
compound.
Molecular formula is the actual number of atoms of each element in a molecule.
[1.7] This can be practiced doing past paper questions.
[1.8]
pV= nRT
p= pressure in Pascals
V= volume in m3
T= temperature in Kelvin
n= moles
m= mass in grams
R= ideal gas constant= 8.31 JK-1 mol-1
[1.9]

[1.10] This can be practiced doing past paper questions.
[1.12] This can be practiced doing past paper questions.
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Chapter 2: Atomic structure and the Periodic table
[2.1] Atoms consist of three basic particles:
protons, electrons, and neutrons.
The nucleus (centre) of the atom contains the
protons (positively charged) and the neutrons (no
charge). The outermost regions of the atom are
called electron shells and contain the electrons
(negatively charged).

[2.2]
Proton

Neutron

Electron
Relative mass
1
1
1/ 1836
Charge
+1
0
-1
[2.3] Atomic number is the number of protons in the nucleus of an atom. Usually, number of protons is
equal to the number of electrons.
Mass number is the sum of the numbers of protons and neutrons present in the nucleus of an atom.
[2.4] Mass number is the addition of
neutrons and protons. If it is an ion,
ONLY THE NUMBER OF ELECTRONS
CHANGE, NOT NEUTRONS OR PROTONS.
If it is +1, an electron is removed and if it
is -1, an electron is gained.

[2.5] Isotope are atoms of the same element with the same atomic number but different mass number.
In other words, same number of electron or same number of protons but different number of neutrons.
[2.6] Summary
a.
b.
c.
d.

Ions are generated by bombarding with high energy electrons.
They are accelerated by electric field.
The ions are made in to the same speed by velocity selector.
They are separated by the magnetic field.
5
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Extend note:
Ionisation
The sample needs to be vaporised first, before being passed into the ionisation chamber. Here, an
electrically heated metal coil gives off a stream of electrons. The atoms or molecules in the sample
are bombarded by this stream of electrons, and in some cases, the collision will knock an electron from the
particle, resulting in a positively charged ion. Most of the ions formed have a +1 charge, as it is difficult to
remove a second electron from an already positive ion.
Acceleration
The positively charged ions are repelled from the ionisation chamber (which is positively charged), and
pass through negatively charged slits which focus and accelerate this into a beam.
Deflection
The stream of positively charged ions are then deflected by a magnetic field. The amount ions are
deflected by depends on
-the mass of the ion (lighter ions will be deflected more than heavier ones)
-the charge of the ion (ions with a greater charge than +1 are deflected more)
We can consider these properties as a mass/charge ratio (m/z), where the mass of the ion is divided by
its positive charge.
Detection
By varying the strength of the magnetic field, the different ion streams (after deflection) can be focused
on the ion detector, in order of increasing mass/charge ratio (as the lightest ions would need to be
deflected the less). When an ion hits the detector, the charge is neutralised, and this generates an
electrical current. This current is proportional to the abundance of the ion; these are sent to a computer
for analysis.
A mass spectrum is generated, which shows
the different m/z values of ions present, and
their relative abundance.
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This is an example of a graph produced by the mass spectrometry. These electrons have a high enough
energy to knock an electron off an organic molecule to
form a positive ion. This ion is called the molecular ion or sometimes the parent ion. In the graph, the parent
ion peak in the furthest away peak in the graph.

[2.7]

example: mass spectrum of Chlorine

[2.8]
Ionisation energy
This is the minimum energy required to remove one mole of electron. ALL IONISATION ENERGIES ARE
ENDOTHERMIC, AS THE REMOVAL OF ELECTRONS REQUIRES AN ENERGY INPUT.
1st ionisation energy
This is the minimum energy required to remove one mole of electrons from one mole of an atom in a
gaseous state to form a 1+ ion. It is measured in kJmol-1.
2nd ionisation energy
This is the minimum energy required to remove one mole of electrons from one mole of 1+ ions in a
gaseous state to form a 2+ ion. It is measured in kJmol-1.
7
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3rd ionisation energy
This is the minimum energy required to remove one mole of electrons from one mole of 2+ ions in a
gaseous state to form a 3+ ion. It is measured in kJmol-1.
Successive ionisation
It is the energy needed to remove a second electron from each ion in 1 mole of gaseous 1+ ions to give
gaseous 2+ ions. More ionisation energies. You can then have as many successive ionisation energies as
there are electrons in the original atom. Successive ionisation energies occur when further electrons are
removed. This usually requires more energy because as electrons are removed, the electrostatic force of
attraction between the positive nucleus and the negative outer electron increases. More energy is
therefore needed to overcome this attraction, causing ionisation energy to increase.
[2.9] Electrons are held in clouds of negative
charge called the orbitals. Each orbital can ONLY
hold either 0, 1 or 2 electrons. The 4 types of
orbitals are:
a.
b.
c.
d.

‘s’ orbital
‘p’ orbital
‘d’ orbital
‘f’ orbital

[2.10] This can be explained by how ionisation energy changes along a period and down a group.
i. Along a period.
Ionisation energy increases
Number of protons increases/ nuclear charge increases/ increasing effective
nuclear charge.
Same shielding effect as the same number of occupied shell.
Greater electrostatic attraction between nucleus.
ii. Down a group.
Ionisation energy decreases
More shells present when going along the period
The radius gets larger along the period
The shielding effect increases.
Nuclear charge decreases.
[2.11] Emission spectra provide evidence for the existence of quantum shells.
Successive ionisation energy provide evidence for quantum shells within atoms and suggest the group to
which the element belongs.
8
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1st ionisation energy of successive elements provide evidence for electron subshells.
[2.12]

[2.13] In orbitals, two rules are a MUST to remember.
 Each take a single electron before pairing up.
 Pair up with two electrons of opposite sign

[2.14] electronic configuration
i.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.
x.

H= 1s1
He= 1s2
Li= 1s2 2s1
Be= 1s2 2s2
B= 1s2 2s2 2p1
C= 1s2 2s2 2p2
N= 1s2 2s2 2p3
O= 1s2 2s2 2p4
F= 1s2 2s2 2p5
Ne= 1s2 2s2 2p6
9
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xi.
xii.
xiii.
xiv.
xv.
xvi.
xvii.
xviii.
xix.
xx.
xxi.
xxii.
xxiii.
xxiv.
xxv.
xxvi.
xxvii.
xxviii.
xxix.
xxx.
xxxi.
xxxii.
xxxiii.
xxxiv.
xxxv.
xxxvi.

Na= 1s2 2s2 2p63s1
Mg= 1s2 2s2 2p63s2
Al= 1s2 2s2 2p63s2 3p1
Si= 1s2 2s2 2p63s2 3p2
P= 1s2 2s2 2p63s2 3p3
S= 1s2 2s2 2p63s2 3p4
Cl= 1s2 2s2 2p63s2 3p5
Ar= 1s2 2s2 2p63s2 3p6
K= 1s2 2s2 2p63s2 3p64s1
Ca= 1s2 2s2 2p63s2 3p64s2
Sc= 1s2 2s2 2p63s2 3p6 3d1 4s2
Ti= 1s2 2s2 2p63s2 3p6 3d2 4s2
V= 1s2 2s2 2p63s2 3p6 3d3 4s2
Cr= 1s2 2s2 2p63s2 3p6 3d5 4s1
Mn= 1s2 2s2 2p63s2 3p6 3d5 4s2
Fe= 1s2 2s2 2p63s2 3p6 3d6 4s2
Co= 1s2 2s2 2p63s2 3p6 3d7 4s2
Ni= 1s2 2s2 2p63s2 3p6 3d8 4s2
Cu= 1s2 2s2 2p63s2 3p6 3d10 4s1
Zn= 1s2 2s2 2p63s2 3p6 3d10 4s2
Ga= 1s2 2s2 2p63s2 3p6 3d10 4s2 4p1
Ge= 1s2 2s2 2p63s2 3p6 3d10 4s2 4p2
As= 1s2 2s2 2p63s2 3p6 3d10 4s2 4p3
Se= 1s2 2s2 2p63s2 3p6 3d10 4s2 4p4
Br= 1s2 2s2 2p63s2 3p6 3d10 4s2 4p5
Kr= 1s2 2s2 2p63s2 3p6 3d10 4s2 4p6

[2.15] Electronic configuration determines the chemical properties of an element.
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[2.16]

[2.17] Repetition of properties after a certain interval is called periodicity of properties. If elements are
arranged in increasing order of their atomic number in the periodic table, then elements repeat its
properties after a definite interval. This repetition of properties is known as periodicity of properties. The
trends of properties like melting point, atomic radius and ionisation energy can be represented on a graph.
These trends are known as periodic properties.
[2.18]
Physical properties of Period 2

Lithium and Beryllium have metallic bonding. There melting
point increases because the positive charge increase from Li to Be.
[Li= +1 and Be= +2]

AS there are more electrons release in Be so the attractive
electrostatic forces are greater in the Be lattice structure than Li.

Boron and Carbon form giant covalent lattice with very strong
covalent bonds in up to three dimensions. Covalent bonds require a lot
of energy to break, which is why they have very high melting points.

Nitrogen, Oxygen, Fluorine and Neon are all simple, small
covalent molecules held with weak van der waals forces. These
intermolecular forces don’t require much energy to overcome so these
molecules have relatively similar, low melting points.
11
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 Melting points of the period two elements peak towards the middle of the
period due to the different bond strength and structure.
Physical properties of Period 3
 Sodium,
Magnesium
and
Aluminium
are all
metals with
metallic
bonding.
Their
melting
points
increase due to greater positively charged ions. This means as going along
the period 3, the atom increase the release of electrons so attractive
electrostatic forces increases from Na to Al.
 Silicon has very strong covalent structure. These covalent bond requires a lot
of energy to break giving it to have a very high melting point.
 Phosphorus, Sulphur and Chlorine are all simple covalent molecules held with
weak van der waals forces. These intermolecular forces don’t require much
energy to overcome so these molecules have relatively low melting points.
 Argon is a noble gas that exist as individual atoms with full outer shell of
electrons. This makes the atom very stable and the ban der waals forces
between them very weak. As a result, the melting point of argon is very low
and it exists as a gas at room temperature.
Ionisation energy of Period 2
 Across period 2, the nuclear charge increases from Li (3+) to Ne (10+) as
protons are added to the nucleus. - The electros are removed from the same
main energy level and electrons in the same main energy level do not shield
each other well. - Therefore, the force of attraction, from the nucleus, on the
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outer electrons increases from left to
right across the period and the outer
electron is more difficult to remove
for neon. - The neon atom is smaller
than the lithium atom and, therefore,
the outer electron is closer to the
nucleus and more strongly held.
Ionisation energy of Period 3
 Ionization energy generally increases across period 3 because the nuclear
charge increases but the shielding of
the outer electrons remains relatively
the same. This means that the
electrostatic force of attraction
between the outer electrons and the
nucleus is becoming greater, so more
energy is needed to remove the
electrons. Since the elements are in
period 3, this means that all of them
have an outer electron in energy level
3. However, the trend has two
anomalies.
 The first is between Mg and Al, because the outer electron of Mg is in the
orbital 3s, whereas that of Al is in 3p. The 3p electron has more energy than
the 3s electron, so the ionization energy of Al is actually less than that of
Mg. This makes sense because the 3p electron requires less energy to be
removed from the atom. Remember that if an electron has more energy, it
needs less external energy to be removed from the atom because having more
energy makes it more unstable.
 The second anomaly is between P and S. Although both have outer electrons
in the 3p orbital, that of P is unpaired (3p3) but that of S is paired (3p4). 3p
orbitals can fit up to 6 electrons, but if there are 3 or less electrons, they
are unpaired and take up a "space" just for themselves. Since the fourth
electron in 3p4 is paired, it will experience a repulsive force from the third
electron. This makes it easier to remove, and therefore the ionisation energy
of S is less than that of P.
13
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Chapter 3: Bonding and Structure
[3.1] The evidence for the existence of ions, limited to physical properties of ionic compounds, electron
density maps and the migration of ions.
i. Physical evidence
 They form crystals.
 They have high melting points and high boiling points.
 They have higher enthalpies of fusion and vaporization than molecular
compounds.
 They're hard and brittle.
 They can’t conduct electricity. They can conduct electricity only in molten or
aqueous state as the ions are free to move.
 They're good insulators.
ii. Electron density maps
Another way to visualise ionic bonding is to look at an electron density contour map
for a small slice through the lattice. These images are the results of actual
measurements made by diffraction methods (such as electron diffraction). the lines
in these maps are contours and can be given numbers indicated the value of electron
density that they represent, however, for simplicity I have omitted the values so as
to focus on the main features. However, in the centres of the ions (the groups of
concentric circles are the ions) the electron density is higher in the centres (on the
smaller circles).
iii. Ion migration
Ions are free to move in electrolysis. Ions move to appositively charged electrode,
where they either gain or lose electrons to form atoms. This ion migration can be
explained by the electro static attraction that results between oppositely charged
species.
[3.2] Positively charged ions are formed when an atom loses an electron and a negative charged ions are
formed when an atom gains an electron. Therefore, ions are formed when electron are lost or gained.
[3.3] Dot-and-Cross Diagrams: Shows the ionic bonds between ions by the loss and gain of electrons



Only the outer shell of electrons of each atom is drawn
Electrons in one atom will be represented as crosses, whilst electrons in the other atom will be
represented as circles, indicating which ion gains or loses electrons
14
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The charges of each ion is displayed at the upper right corner of each ion.

For example:

[3.4] An ionic compound is a giant structure of ions.
The ions have a regular, repeating arrangement called
an ionic lattice. The lattice is formed because
the ions attract each other and form a regular pattern
with oppositely charged ions next to each other.

[3.5] ionic bonding is the result of strong net electrostatic attraction between ions.
[3.6] The effects of ionic radius and ionic charge on the strength of ionic bonding can be described
down a group and across a period.
Down a group
Ionic radius increases when going down the group. This is because the number of electron shells increases.
Across a period
This changes according to the group. When considering group 1 and 2. The atoms in group 1 and 2 will lose
electrons to form positive ions. Group 1 atoms will lose one electron to form a +1 charge, whereas group 2
atoms will lose two electrons to form +2 charge. Across the period, the charge increases, yet the shielding
effect is the same. This means there is greater electrostatic attraction which means it pulls the electrons
more tightly towards the nucleus. This means the ionic radius is decreased.
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[3.7] Atoms and ions that have the same electron configuration are said to be isoelectronic. Examples of
isoelectronic species are N3–, O2–, F–, Ne, Na+, Mg2+, and Al3+ (1s22s22p6).
[3.8], [3.9] Polarisation means the distortion of the electron cloud in the ionic bonds. In the perfect
ionic structure, the electron clouds have no distortion and the ions appear as perfect spheres. Yet, in
reality, the positive ion will attract some of the negative ions electron cloud towards the positive ion. The
ability of a cation to distort an anion is known as its polarising power. It basically amounts to a measure of
a positive ion's ability in attracting the electrons clouds in neighbouring ions. the tendency of the anion to
become polarised by a cation is known as its polarizability.
i. The polarising power of the cation will increase when the charge of the cation
increases and the radius of the ion decreases. This can further be explained that an
ion with a higher charge has the more ability to distort the anion’s electron cloud as
it has strong electrostatic attraction. Furthermore, if the cation has a smaller radius,
there will be a greater concentration of charge in a small area, which causes the
electron cloud of the anion to be distorted.
ii. The polarizability of an anion will increase if the radius of the anion increases and
the charge becomes more negative. It can be further elaborated that when the anion
is more negative charged, the larger the electron cloud of the anion is. The larger
the electron cloud means, the more easily it can be distorted. Also, a larger radius
means the outermost electrons are held loosely due to the large radii and this allows
them to be more easily distorted.
[3.10], [3.11] A covalent bond is a chemical bond that involves the sharing of electron pairs between
atoms. These electron pairs are known as shared pairs or bonding pairs, and the stable balance of
attractive and repulsive forces between atoms, when they share electrons, is known as covalent bonding.
The physical properties of giant atomic structure
 They can’t conduct electricity as there are no free ions or electrons (expect
for graphite and graphene).
 They have high melting points and high boiling points due to the strong
covalent bonds.
The physical properties of simple molecules
 They have low melting points and low boiling points due to the weak
intermolecular forces but still the covalent bonds are strong.
Electron density maps for simple molecules
16
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Electron density maps show the regions around the nuclei, where electrons are likely
to be found. Electron density maps of covalent bonds show a high density of
electrons between bonding atoms and this is because covalent bonds involve in the
sharing of electrons between nuclei.

A coordinate bond (also called a dative covalent bond) is a covalent bond (a shared pair of electrons) in
which both electrons come from the
same atom.

[3.12] A giant covalent structure is a three-dimensional structure of atoms that are joined
by covalent bonds. Allotropes are different forms of the same element, in the same state. Graphite,
graphene and diamond are allotropes of the same element (carbon) in the same state (solid). Carbon can
form up to four covalent bonds.
Diamond is a giant covalent structure in which each carbon atom is covalently bonded
to four other carbon atoms in a tetrahedral, three-dimensional structure. Diamond’s
properties include:
 high melting and boiling points. Diamond’s many covalent bonds are
strong and substantial energy is needed to break them.
 does not conduct electricity. Diamond has no free ions
or delocalised electrons to move and carry the charge.
 hardness. Diamond’s three-dimensional tetrahedral structure with
strong covalent bonds makes it very hard.
17
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Graphite- Graphite has a giant covalent structure in which:





each carbon atom forms three covalent bonds with other carbon atoms
the carbon atoms form layers of hexagonal rings
there are weak forces of attraction between the layers
there is one, non-bonded – or delocalised – electron for each atom
Graphite’s properties include:

high melting and boiling points. Graphite’s many covalent bonds are strong and
substantial energy is needed to break them.
 good electrical conductivity. Each carbon atom has an unbonded electron. The
unbonded electrons are delocalised
electrons that are free to move and carry
charge.
 softness. The weak forces between
graphite’s layers allow them to slide.
Graphite is used as a lubricant and in pencils.


i. Graphene
Graphene is a single-atom thick layer of graphite with strong covalent bonds
between each carbon atom. The atoms are arranged in hexagons. Its properties include:
high melting and boiling points.
Graphene’s many covalent bonds
are strong and substantial
energy is needed to break them.
 good electrical conductivity. Each
carbon atom has an unbonded
electron. The unbonded electrons are delocalised electrons that are free to move and
carry charge.
 very strong. Graphene’s strong covalent bonds makes it 100 times stronger than
steel. It is also the thinnest material possible – one atom thick – and very lightweight
and transparent.
[3.13] Electronegativity is the power of an atom to attract the electron pair in a covalent bond towards
itself. In other words, electronegativity is a measure of the tendency of an atom to attract a bonding pair
of electrons. The power is different for every atom and it depends on its size and nuclear charge.
Electronegativity increases along a period, as atomic radius decreases and it decreases down the group as
shielding effect increases.
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[3.14], [3.15] Smallest ionic charter is in covalent bond, then polar covalent bond and the highest ionic
character is in ionic bond. The bond polarity be permanent or induced depend on the molecule and how it
interacts with things around it. Permanent dipoles are formed when there is a large difference in
electronegativity between two atoms bonded together in a covalent bond. This causes the shared pair of
electrons to be shared unequally. They are pulled towards the more electronegative atom. If the degree of
polarization is quite small, an ionic bond is formed, while if the degree of polarization is large, a covalent
bond results. The ability of a cation to distort an anion is known as its polarization power and the tendency
of the anion to become polarized by the cation is known as its polarizability. Polar bonds are formed from a
large difference in electronegativity between two atoms forming a covalent bond. Table of electronegativity
can be used to work out if a bond will be polar or not.
i. The difference in electronegativity between two bonding atoms is between 0.4 and
1.7= COVALENT BOND
ii. The difference in electronegativity is greater than that= IONIC BOND
Polar molecules arise when there is an overall difference in polarity across the molecules, due to the
arrangement of polar bonds and the geometry of the molecule. Polar molecules must have polar bonds,
however a molecule with polar bonds may not necessarily be a polar molecule.
[3.16] The main idea of VSEPR theory is that pairs of electrons (in bonds and in lone pairs) repel each
other. The pairs of electrons (in bonds and in lone pairs) are called "groups". In other words,
the repulsion between groups around an atom favours a geometry in which the groups are as far apart from
each other as possible.
[3.17] Bond length is the length of the bond is determined by the number of bonded electrons
(the bond order). The higher the bond order, the stronger the pull between the two atoms and the shorter
the bond length. Bond angle is a bond angle is the angle between two bonds originating from the same atom
in a covalent species.
[3.18]
i.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.

BeCl2 = linear
BCl3 = trigonal planar
CH4 = tetrahedral
NH3 = trigonal pyramidal
NH4+= tetrahedral
H2O= tetrahedral
CO2 =linear
PCl5= trigonal bipyramid
SF6=octahedral
19

We, Owls, would love to serve you, Owlets, with
the best resources for EDEXCEL IGCSE and IAL.
x. C2H4= trigonal planar
[3.19] Rules:
 Always oxygen will bind through double bonds with the central atom.
 S, Cl, P and I can have more than 8 electrons around central atom.
 When drawing molecules of large molecules such as Cl2O7, H2S2O7, N2O5, an oxygen atom will
come to the middle to hold two cl, S or N atom.
 Common dative covalent bonds are found in N molecules, Oxygen molecules (NH4+, N2O, O3,
HNO3, etc.)
 If the central atom is from group 3- shapes would be trigonal planer for 3 bonds. Shape
would be angular if only two bonds.
 If the central atom is from group 4- generally its always tetrahedral.
 If the central atom is from group 5- Trigonal by pyramidal for 5 bonds. Tetrahedral for 4
bonds. Pyramidal for 3 bonds. Bent for two bonds.
Name
Bonding e- pairs Lone e- pairs
Bond Angle (°) Example
Linear
2
0
180

V- shaped

2

2

104.5

Trigonal Planar

3

0

120
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Triangular
Pyramid

3

1

107

Tetrahedral

4

0

109.5

Trigonal
Bipyramid

5

0

180 and 120

Octahedral

6

0

90

[3.20], [3.21], [3.22]
A metallic bond is the sharing of many detached electrons between many positive ions, where the electrons
act as a "glue" giving the substance a definite structure. It is unlike covalent or ionic bonding. Metals have
low ionization energy. Therefore, the valence electrons can be delocalized throughout the metals.
21
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Metals form giant structures in which electrons in the outer shells of the metal atoms are free to move.
The metallic bond is the force of attraction between these free-moving (delocalised) electrons and positive
metal ions. Metallic bonds are strong, so metals can maintain a regular structure and usually have high
melting and boiling points. Metals are good conductors of electricity and heat. This is because
the delocalised electrons can move throughout the metal. Metals are also malleable because the uniform
layers of positive ions
are able to slide over one
another.
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Chapter 4: Organic Chemistry and Alkanes
[4.1] Hazard is a hazard is a source or
a situation with the potential for harm in
terms of human injury or ill-health,
damage to property, damage to the
environment, or a combination of these.
Risk is the possibility of a harm arising
from a particular exposure to
a chemical substance, under specific
conditions.

[4.2], [4.3] There are many hazards
involved when conducting an experiment in the chemistry laboratory. Some hazards include:





Corrosive
Flammable
Toxic
Explosive

These are some common hazard
symbols in laboratory tubes or
chemical bottles:
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Risk assessments involves in identifying the hazards associated in the chemicals or any possible hazard in
the experiment and planning of how to reduce, minimize and eliminate the risk of any particular hazard.
There are many ways to reduce risk like using small amount of the hazardous substance or use different
equipment or different chemical or taking precautions specific to the hazard or using an alternative method
that involves less hazardous materials.
[4.4] Homologous series is a group of compounds with similar structural formula that can be
represented by a general formula where those members differ by one –CH2- group. Like the homologous
series of alkane or alkene or alcohol.
Functional groups are specific groupings of atoms within molecules that have their own characteristic
properties, regardless of the other atoms present in a molecule. Common examples are alcohols, amines,
carboxylic acids, ketones, and ethers.
[4.5] IUPAC (International Union of Pure and Applied Chemistry)- Usually organic compounds are given
the names according to rules made by the International Union of Pure and Applied Chemistry (IUPAC). The
name of an organic compound is usually written with a suffix and prefix.
 Identify the longest carbon chain. This chain is called the parent chain.
 Identify all of the substituents (groups appending from the parent chain).
 Number the carbons of the parent chain from the end that gives the substituents the lowest
numbers. When comparing a series of numbers, the series that is the "lowest" is the one
which contains the lowest number at the occasion of the first difference. If two or more side
chains are in equivalent positions, assign the lowest number to the one which will come first
in the name.
 If the same substituent occurs more than once, the location of each point on which the
substituent occurs is given. In addition, the number of times the substituent group occurs is
indicated by a prefix (di, tri, tetra, etc.).
 If there are two or more different substituents they are listed in alphabetical order using
the base name (ignore the prefixes). The only prefix which is used when putting the
substituents in alphabetical order is iso as in isopropyl or isobutyl. The prefixes sec- and
tert- are not used in determining alphabetical order except when compared with each other.
 If chains of equal length are competing for selection as the parent chain, then the choice
goes in series to:
a) the chain which has the greatest number of side chains.
b) the chain whose substituents have the lowest- numbers.
c) the chain having the greatest number of carbon atoms in the smaller side chain.
d)the chain having the least branched side chains.
 A cyclic (ring) hydrocarbon is designated by the prefix cyclo- which appears directly in front
of the base name.
24

We, Owls, would love to serve you, Owlets, with
the best resources for EDEXCEL IGCSE and IAL.
In summary, the name of the compound is
written out with the substituents in
alphabetical order followed by the base name
(derived from the number of carbons in the
parent chain). Commas are used between
numbers and dashes are used between
letters and numbers. There are no spaces in
the name.
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[4.6] These are the types of reactions:
i. Addition
Usually, reactants combine to produce a single product.
ii. Substitution
On functional group is replaced by another different functional group.
iii. Oxidation
A species loses at least one electron and is oxidised.
iv. Reduction
A species gains at least one electron and is reduced.
v. Polymerisation
This is a process of reacting monomer molecules together in a chemical reaction to
form polymer chains or three-dimensional networks.
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[4.7]
i.

Homolytic fission
The electrons in the covalent bond are divided evenly between the two atoms, so
each atom received one electron and forms a free radical.
ii. Heterolytic fission
One atom receives both electrons from the breaking of the covalent bond, while the
other atoms receive none.
This bond- breaking forms
ions. The atom that gains
both of the electrons will
form a negative ion and
the other atom will form a
positive ion.

[4.8]
i. Free radical
It is an atom, molecule, or ion that has unpaired valence electrons or an open
electron shell, and therefore may be seen as having one or more "dangling" covalent
bonds.
ii. Electrophile
An electrophile is a chemical species that forms bonds with nucleophiles by accepting
an electron pair.
[4.9] Alkane is a saturated hydrocarbon. The following formula of alkane or cycloalkane:
 Alkane is CnH2n+2
 Cycloalkane is CnH2n
[4.10] Molecules can differ in the way the atoms are arranged – the same combination of atoms can be
assembled in more than one way. These compounds are known as isomers.





Structural isomerism
Chain isomerism
Position isomerism
Functional group isomerism
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Structural isomerism are the compounds with the same molecular formulae but different structural
formulae. This can happen in 3 ways:
[1] Chain isomerism differ because they have different patterns of branching in
their carbon chains.
[2] Positional isomerism are raised due to the change of the position of the
functional group present in the carbon chain. But in this chain length remains the
same.
[3] Functional group isomerism
This can be only seen between specific compound pairs.
[4.11]

Cyclohexane

[4.12] Fractional distillation is a process where crude oil is separated into different molecules with
different chain lengths and each molecule have separate boiling points. Crude oil means a mixture of
hydrocarbons that exists in liquid phase in natural underground reservoirs.

28

We, Owls, would love to serve you, Owlets, with
the best resources for EDEXCEL IGCSE and IAL.
Crude oil is separated into fractions by fractional distillation. The crude oil enters the fractionating column
and crude oil is evaporated and its vapours condenses at different temperatures in the fractionating
column. Each fraction contains hydrocarbon molecules with a similar number of carbon atoms and a similar
range of boiling points. Products with
short carbon chain have lower boiling
points, meaning they rise higher up the
column before reaching their boiling point.
Therefore, they are collected at the top of
the column. Products that have long
carbon chains have higher boiling points.
They condense and are collected at the
bottom of the fractionating column.

Small molecules have low boiling point, light in colour, easy to light and runny. Larger molecules have high
boiling point, dark in colour, hard to light and thick in viscosity. Cracking is a chemical process which is
used in oil refining. To produce by-products such as cooking oil, ethanol, liquefied petroleum gas, diesel
fuel, jet fuel and other petroleum
distillates, cracking removes large
hydrocarbon molecules in raw crude oil.
Two types of cracking are thermal cracking
and catalytic cracking.
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[4.13], [4.14], [4.15] Incomplete combustion and the toxic gas is carbon monoxide. Carbon monoxide
will bind to the haemoglobin of the human blood and this will limit the oxygen transport in the blood. Oxides
of nitrogen and Sulphur are produced as a by- product of alkane combustion along with carbon particles
from unburnt fuel. Acid rain is caused by a chemical reaction that begins when compounds like sulphur
dioxide and nitrogen oxides are released into the air. These substances can rise very high into the
atmosphere, where they mix and react with water, oxygen, and other chemicals to form
more acidic pollutants, known as acid rain. Main sustainable way is:
 Use bio fuel as it is carbon neutral. The burnt bio fuel produces CO2 and this CO2 is
absorbed by the newly grown crops that is grown to manufacture bio fuel. Carbon neutral
fuel produces only product of its combustion is water.

[4.16] Carbon neutrality means having a balance between emitting carbon and absorbing carbon from the
atmosphere in carbon sinks. Removing carbon oxide from the atmosphere and then storing it is known as
carbon sequestration. In order to achieve net zero emissions, all worldwide greenhouse gas emissions will
have to be counterbalanced by carbon sequestration.
[4.17], [4.18]
i. Oxygen in the air (combustion)
Combustion of alkanes
means alkanes react with
atmospheric oxygen. When
there is sufficient amount
of oxygen, complete
combustion occurs to
produce carbon dioxide and
water. When there is
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limited amount of oxygen, incomplete combustion occurs so they produce carbon
monoxide or carbon and water.
ii. Halogens
Alkanes will react with halogens in the presence of UV light to produce halogen
alkane. The UV light will break down the halogen bonds (homolytic fission), producing
free radicals. The steps are
 Initiation
This step involves the breaking of the halogen.
 Propagation
A hydrogen is replaced and the Cl• radical is formed as a catalyst.
 Termination
This is the final step, where two radicals join to end the chain reaction and
forms a stable product.
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Chapter 5: Alkenes
[5.1] Alkenes are a type of hydrocarbon, which means
they have only hydrogen and carbon. Alkenes contain C=C
double bond. Alkenes are known as an unsaturated
hydrocarbon compounds. Unsaturated means the presence
of C=C double bond. Alkenes have a general formula CnH2n
and cycloalkanes have the general formula CnH2(n-m) and the
letter ‘n’ means the number of Carbon atoms and ‘m’
represents the number of double bonds.
[5.2] Stereoisomerism occurs when substances have the
same molecular formula, but a different arrangement of
their atoms in space. E-Z isomerism is one type of
this isomerism. C=C double bonds have both sigma and π
bond. This isomerism occurs due to the restricted rotation
around the double bonded carbon atoms. The limited
rotation means that groups attached to the C=C can either
be together or apart.

[5.3] In Z isomers, the higher priority groups are on the same side. In the E isomer, the higher priority
groups are on opposite sides. ‘cis’ indicates that the functional groups are on the same side of the carbon
chain while ‘trans’ conveys that functional groups are on opposing sides of the carbon chain. There are
two requirements for cis-trans isomerism: Rotation must be restricted in the molecule. There must be two
non-identical groups on each doubly bonded carbon atom.
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[5.4]

[5.5] The main qualitative test for a C= C
double bond is the reaction of alkene using
Bromine water and Bromine. The colour change
is from brown to colourless. If the presence of
alkene needs to be identified, reacting with
bromine water or reacting with bromine will be
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helpful. If there is a colour change of brown to colourless, this proves the presence of alkene.
[5.6]

[5.7] During addition polymerization process, the Pi bonds of the double bonds in each alkene molecule
sort of break open, thereby allowing the free bonds to join with one another to form a chain known as
poly(alkene) or
polythene. This chain
contains units that
repeat themselves,
known as repeating
units. This chain
contains units that
repeat themselves,
known as repeating
units.

[5.8] Additional polymers are non- biodegradable means disposal of them can be difficult. Not being not
biodegradable means that microorganisms cannot break them down so this causes problems like filling land
sites or even pollution. Waste polymers can be processed in different ways. Some can be recycled, which
involves either melting the waste polymer or forming the polymer into a new product. Waste polymers can
be incinerated. This involves combustion at very high temperatures. Incineration releases a lot
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of energy which can be used to heat homes or to generate electricity. There are problems with
incineration:
a. Carbon dioxide is produced, a greenhouse gas which contributes to global warming
b. Toxic gases are produced which need removing before they leave the chimney
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