The Chemistry Toolkit

Westcliff High School for Girls

Key ideas every budding A Level Chemist should know
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Chemical Terminology/symbols
Rxn

Reaction

Eqn

Equation

General Terminology/symbols




Dynamic equilibrium

Heat (as in a Bunsen
Burner)
Therefore
Because



Small amount

, approx.

Approximately



Change in

Z

Proton Number (Atomic
Number)

ON

Oxidation Number

A

Mass Number

LPE

Lone pair of electrons

Ar

Relative atomic mass

BPE

Bonding pair of electrons

Mr

Relative molecular mass or
formula mass

Cathode

Negative electrode

e-

electron

Anode

Positive electrode

LHS

Left hand side

Cation

Positive ion

RHS

Right hand side

Anion

Negative ion

owtte

Or words to that effect

dil

dilute

wrt

With respect to

c

concentrated

Concn

Concentration

sol

soluble

Eqm

Equilibrium

s sol

Slightly soluble

ecf

Error carried forward (in
multi-step calculations)

insol

insoluble

xs

excess

x-tals

crystals
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Key Terms
Term

Definition

Eg

Base

Proton acceptor

Metal oxides
Metal hydroxides
Ammonia

Alkali

A base dissolved in water (NB not all
bases dissolve)

NaOH

Acid

Proton donor

HCl

Strong

Fully dissociated in to ions (ions
completely separate in water)

HCl (aq)  H+ (aq) + Cl- (aq)

Weak

Partially dissociated (only partially
ionised – usually of the order of 1 in
10000)

CH3COOH (aq) ⇌ CH3COO-(aq) + H+(aq)
NH4OH (aq) ⇌ NH4+(aq) + OH- (aq)

Concentrated Dissolved in the minimum of water or
not mixed with water at all
Dilute

Mixed with water

You dilute orange squash

Excess

There is more of one chemical than
needed for a complete reaction; some
of that chemical will be left over – so it
is in excess. The amount of reaction is
determined by the chemical completely
used up.

Excess HCl is added to 5g of CuO.
Some HCl will be left over.
So, the amount of reaction occurring is
based on 5/80 moles of CuO.

State Symbols

Dissolving

(g)

gas

Solvent - liquid

(l)

liquid

Solute – substance dissolving

(aq)

dissolved in water

Solubility – amount that can dissolve

(s)

solid

Saturated – maximum amount of gas/solid is
dissolved at that temperature
Crystallisation
As a hot saturated solution cools some solute
crystallises out
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UNITS

Electrons

Unit

Symbol Value

Occupy energy shells

Mol

NA or L

6.02 x 1023

Fill lowest energy shell first

Kelvin

K

2,8,8,2

Specific heat
capacity of water

c

K = °C + 273
0 Kelvins =
Absolute zero
4.18 J g-1 K-1

Volume

cm3
dm3

1 dm3
= 1000 cm3

SI Prefixes
T
G
M
k
d
c
m

n

tera
giga
mega
kilo
deci
centi
milli
micro
nano

Isotopes
Same element (ie same number of electrons
and protons) but different numbers of
neutrons.

1012
109
106
103
10-1
10-2
10-3
10-6
10-9

16
8
18
8

Atomic Structure
Small central nucleus, protons
Location Relative
Mass
Proton
Nucleus 1
Neutron Nucleus 1
Electron Shells
1/2000

The third shell can expand to 18 electrons for
Transition Elements

& neutrons
Charge

O

(mass number)
8 electrons, 8 protons, 8 neutrons
(atomic number)

O 8 electrons, 8 protons, 10 neutrons

Relative Atomic Mass, Ar

1+
0
1-

The weighted mass of the isotopes of an
element, eg
Chlorine Ar is 35.5 as it is made from
75% 35Cl and 25% 37Cl

Number protons = number electrons
Element defined by proton number

eg (35 x 75/100) + (37 x 25/100) = 35.5

Mass Number
Total number of protons and neutrons in an
atom
Number of neutrons

Add together the Ar values for all the atoms in
a compound, eg
C6H12O6 is (6 x 12) + (1 x 12) + (6 x 16)
= 180

= mass number – atomic number
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Tests for Gases
Hydrogen

Burns with a (squeaky) pop

Oxygen

Relights a glowing spill

Carbon dioxide

Forms a white (milky) ppt when bubbled through limewater

Ammonia

Turns damp red litmus paper blue, or
forms a white smoke with fumes of HCl

Chlorine

Turns damp blue litmus paper red, then bleaches it

Displacement
ACRONYMS

A more reactive metal can displace (replace) a
less reactive metal in a compound, eg:

Reactivity Series
K

Polilte

Na

Spotted

Li

Leopard

Ca

Can

Mg

Meet

Al

Affectionate

Zn

Zebra

Fe

For

Sn

Tender

Pb

Loving

H
Cu

Care

Ag

Single

Au

Girls

Pt

Please!
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The more reactive
metal can displace a
less reactive metal
from its salt.

Zn (s) + CuSO4 (aq)  Cu (s) + ZnSO4 (aq)

Redox

Metals above
hydrogen will
displace hydrogen
from acids.

O

Oxidation

I

Is

L

Loss of electrons

Extracting metals

R

Reduction

Reduction is loss of
oxygen

I

Is

G

Gain of electrons

Metals less reactive
then carbon can be
reduced with carbon
More reactive metals
‘win’ oxygen from
oxides of less
reactive metals
Most reactive metals
extracted by
electrolysis
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Electrodes
P

Positive

A

Anode

N

Negative

I

Is

C

Cathode

The Periodic Table

Metals LHS

Groups

Non-metals, far RHS

Same number of electrons in outer shell

Group 1 = Alkali Metals

Elements in same group have same number
of electrons in outer (highest energy) shell

Group 2 = Alkaline earth Metals

Number of shells increases down group

Group 7 = Halogens

Similar chemical reactions

Group 0 = Noble Gases
Middle section = Transition Elements

Similar physical properties which tend to show
a trend down the group

The Periodic Table and relationship to
electronic structure

Periods
Number of electron shells = Period number

Elements in order of proton (and hence
electron) number

No of electrons/protons increases across
Period

Group Number – the number of outer shell
electrons

Recurring pattern of properties/reactions
across each Period

Period Number – the number of shells of
electrons
The Chemistry Toolkit
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Group 1 Alkali metals

Group 7 Halogens

Reactive metals

Coloured vapours

Kept in oil to protect from oxygen/water

Diatomic molecules

Low density

Chlorine – green gas

Low M Pt

Bromine – brown liquid

1 electron outer shell

Iodine – dark grey solid

Lose 1 electron to form 1+ ions

7 electrons outer shell
Gain 1 electron to form 1- ions

Potassium reaction with water:
2K + 2H2O  2KOH + H2

Displacement reactions:

floats

More reactive halogen displaces less reactive
halogen from a solution of its salt:

moves (very quickly)

Cl2 + 2KBr  2KCl + Br2 (turns
orange/brown)

melts (into a ball)
gets smaller (reacts and dissolves)

Cl2 + 2KI  2KCl + I2 (goes dark brown)

forms alkaline solution

Br2 + 2KI  2KBr + I2 (goes dark brown)

fizzes (H2 gas released)
very fast reaction

Chlorine reacts twice

bursts into flame (lilac)

Bromine reacts once

steam / gets hot (owtte)

Iodine does not react

More reactive down Group 1

Less reactive down Group 7

Reactivity increases down group

Reactivity decreases down group

Form 1+ ions when they react by losing an
electron

Form 1- ions when they react by gaining an
electron

In larger atoms outer electron more easily
removed as it is further from nucleus and
more shielded

In smaller atoms the nucleus is less shielded
so outer electrons feel a stronger nuclear pull

Noble gases
Unreactive as outer electron shell is full
Used in filament lamps and electric discharge
tubes.
Helium is much less dense than air and is
used in balloons.
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Formulae to Know

Ozone

O3

Aluminium oxide

Al2O3

Phosphoric acid

H3PO4

Ammonia

NH3

Poly(ethene)

-[-CH2-CH2-]n-

Ammonium hydroxide

NH4OH

Poly(ethene)

Ammonium nitrate

NH4NO3

Ammonium sulfate

(NH4)2SO4

Barium chloride

BaCl2

Benzene

C6H6

Poly(styrene)

Benzene

Poly (tetrafluoroethene)
PTFE or Teflon

Butane

C4H10

Calcium carbonate

CaCO3

Poly (vinylchloride)

Calcium oxide

CaO

Carbonic acid

H2CO3

PVC or
poly(chloroethene)

Copper (II) oxide

CuO

Potassium hydroxide

KOH

Copper (II) sulfate

CuSO4

KMnO4

Ethane

C2H6

Potassium
permanganate

Ethanoic acid (vinegar)

CH3COOH

Propane

C3H8

Silver nitrate

AgNO3

Sodium carbonate

Na2CO3

Sodium hydroxide

NaOH

or
CH3CO2H
Ethanol

C2H5OH

Ethene

C2H4

Glucose

C6H12O6

Hydrochloric acid

HCl

Hydrogen peroxide

H2O2

Limewater /
calcium hydroxide

Ca(OH)2 (aq)

Methane

CH4

Nitric acid

HNO3
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Sucrose

C12H22O11

Sulfur dioxide

SO2

Sulfur trioxide

SO3

Sulfuric acid

H2SO4

The formulae of ions and their charges

POSITIVE IONS
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NEGATIVE IONS

H+

Hydrogen

OH-

Hydroxide

Li+

Lithium

F-

Fluoride

Na+

Sodium

Cl-

Chloride

K+

Potassium

Br-

Bromide

Ag+

Silver

I-

Iodide

Cu+

Copper(I)

NO3-

Nitrate

NH4+

Ammonium

NO2-

Nitrite, or
Nitrate (III)

HCO3-

Hydrogen
carbonate

Mg2+

Magnesium

CrO4-

Chromate

Ca2+

Calcium

MnO4-

Manganate

Ba2+

Barium

Zn2+

Zinc

O2-

Oxide

Pb2+

Lead(II)

S2-

Sulfide

Fe2+

Iron(II)

Cu2+

Copper(II)

CO32-

Carbonate

SO42-

Sulfate

Al3+

Aluminium

SO32-

Sulphite, or
Sulfate (IV)

Cr3+

Chromium(III)

Cr2O72-

dichromate

Fe3+

Iron(III)
N3-

Nitride

P3-

Phosphide

PO43-

Phosphate
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How to work out a formula of an ionic compound
Every ionic compound contains positive ions combined with negative ions. The total positive charge
must equal the total negative charge so that overall the compound is uncharged.

Example 1
What is the formula of magnesium bromide?

Answer
Magnesium ion is Mg2+

Bromide ion is Br-

A magnesium ion with a 2+ charge needs two bromide ions each with a 1- charge to make the
compound electrically neutral.
Ions present:

Mg2+

BrBr-

--------------------Total charge

2+

2-

The formula of magnesium bromide is MgBr2

Example 2
What is the formula of aluminium nitrate?

Answer
Aluminium ion is Al3+ Nitrate ion is NO3A aluminium ion with a 3+ charge needs three nitrate ions each with a 1- charge to make the
compound electrically neutral.
Ions present:

Al3+

NO3NO3NO3-

--------------------------Total charge

3+

3-

The formula of aluminium nitrate is Al(NO3)3
Notice that the nitrate has been put in brackets because it is the whole ion that is trebled - not just
the oxygen.
The

3

inside the bracket only refers to the oxygen.

The

3

outside the bracket refers to everything inside – the whole nitrate ion is being trebled.
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Balancing equations
You need to ensure both sides of the equation have equal numbers of atoms.
You may not adjust the formula of a compound.
Firstly you need an equation with the correct “formulae” in. (You may be given this in the question)
Then all you do is list the atoms that are involved on each side of the arrow
Eg
[1] Count up the atoms on each side

[2] The numbers aren’t balanced so then add “BIG” numbers to make up for any shortages

Finally, check the number of atoms on each side is the same

Elements in Equations
When writing equations most elements can be
treated as individual atoms, eg Na, S, C.
But, some elements exist as diatomic
molecules and these must always be in pairs.
The acronym is HONX:
H

Hydrogen

H2

O

Oxygen

O2

N

Nitrogen

N2

X

Halogens

F2, Cl2, Br2, I2

Heating Carbonates
Decompose to oxides and release CO2
Limewater tests for CO2
CaO is quicklime
Quicklime reacts with water to form slaked
lime, Ca(OH)2
The Chemistry Toolkit
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Types of Reaction
Acid - base (neutralisation)
Acid - metal (displacement)
Acid – carbonate
Thermal decomposition
Combustion
Reduction
Oxidation
Precipitation (often a double decomposition)
REDOX

Rules in Calculations

Significant Figures

N

Never

1000

4 significant figures

A

Approximate

101

3 significant figures

U

Until

10.24

4 significant figures

T

The

10.000

5 significant figures

E

End

0.010

2 significant figures

0.0116

3 significant figures

Scientific Notation

6.02 x 1023

3 significant figures

2040 is 2.04 x 103

1.2 x 10-4

2 significant figures

0.114 is 1.14 x 10-1
0.00482 is 4.82 x 10-3

General rule – the final answer should be given to the same number of significant figures as the
data provided – but do not round off the answer on your calculator part way through the
calculation or this may cause ‘rounding errors’.

Example:
What volume does 16.0g of carbon dioxide occupy?

Answer - 1st part
16.0g of carbon dioxide is 16.0/44.0 moles
The calculator reads 0.363636363636
Your intermediate answer will be 16.0g of CO2 is 0.364 moles (to 3 sf)

Answer – 2nd part
The volume of CO2 is 0. 363636363636 x 24.0 = 8.72727272727 dm3
Your final answer will be; 16.0g of CO2 occupies 8.73 dm3 (to 3 sf).

If your final answer was 8.74 dm3, this value contains a rounding error because you have rounded
off the intermediate answer (and for the second part of the calculation multiplied 0.364 by 24).
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Moles

% of an Element in a Compound
= mass of element in formula x 100%
Formula Mass of compound
% Yield
100 x

No moles = mass / relative formula
mass

amount obtained
maximum theoretical amount

Reasons for not getting 100% Yield
In solution
concentration = no moles/volume (dm3)

Reactants impure

Units

Reaction may not go to completion

mol/dm3 or mol dm-3

Loss of product
Gases
Number of moles = volume/24dm

Reactants may react differently to expected
3

(Equal volumes of gases at the same
temperature and pressure contain the same
number of molecules)

% Atom Economy

Empirical Formulae
(Formulas from Reacting Masses)
Element Element
A
B

Advantages of High Atom Economy
Less reactants needed

Mass combining

Greater proportion of reactants turn into
products

Relative atomic
mass

Less waste

No moles

Less purification of products required

(mass / Ar)

Less pollution

Divide both answer
by smallest value
to get Mole Ratio

More sustainable

Empirical Formula

The Chemistry Toolkit

100 x RFM of useful products
RFM of all products
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Manipulating Formulae

Re-arranging Key Mole Formulae

Sometimes you have to be able to re-arrange
a formula

Masses of substances

Example
When copper powder is added to a solution
containing 0.01 mole of silver ions, the energy
released is 700J.

No moles = mass / relative formula mass
n = mass / Mr

If the volume of the solution is 50cm3, what is
the rise in temperature?

In terms of:
n
mass

Assume the specific heat capacity of the
solution is 4.2 J/g/°C

= mass / Mr
= n x Mr

Solutions (concentration)

Worked Answer
The equation we need to use is:

Q = m c T
We need to re-arrange this in terms of T,
which gives:

concentration = no moles/volume (dm3)

T = Q
mc

c = n / V (in dm3)
In terms of:
n
V

So the answer to the problem is:
T = 700
50 x 4.2

= 3.33 °C

=cxV
= n /c

Gases

Number of moles = volume/24dm3
n = V / 24 (in dm3)
or, V = n x 24 dm3

The Chemistry Toolkit
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Compound
Atoms of 2 or more elements chemically
combined

Covalent Bonding
Non metal with non metal, eg H2, CH4

Naming Compounds eg NaCl, sodium chloride
The general rules are:
Name the metal element
Name the non-metal element but give it the
postscript – ide
If the non-metal part contains oxygen, name
it after the element (not oxygen!) and give it
the ending –ate

Covalent Bond
Shared pair of electrons
Electrostatically attracted to the nuclei of the
atoms either side of them

Ionic Bonding
Metal with non-metal, eg NaCl, MgO

Single bond – one electron pair shared
between 2 atoms

Metals lose electrons from outer shell and
become positive ions
Non-metals gain electrons into outer shell and
become negative ions
Ions have noble gas structure

Double bond – two electron pairs shared
between 2 atoms
Triple bond - three electron pairs shared
between 2 atoms

Metallic Bonding
Positive metal ions surrounded by a sea of
electrons formed by the outer shell electrons
being ‘released’ to be delocalised
Ionic bond
Electrostatic attraction between oppositely
charged ions

The bond is an electrostatic attraction
between the positive metal ion and the
delocalised electrons

The Chemistry Toolkit
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Relating Properties to Bonding

Ionic Bonding

Covalent Bonding

Metallic Bonding

Type

Giant Lattice

Simple molecular

Giant

Melting Point

High

Low

High

Boiling Point

Strong forces between ions
need lots of heat energy to
break them

Weak (van der Waals)
intermolecular forces
(between molecules)

Strong forces
between ions and
electrons

Solubility water

Generally high

Low

Insoluble

Ions attracted to dipoles in
water molecules

Molecular compounds can
not bond to water

May react

Solubility organics

Low

High

insoluble

Conduct
electricity?

Not as a solid as ions fixed

No

Yes

When molten or dissolved in
water the ions can move and
carry the charge

No overall charge and no
free electrons

Outer electrons
released
Become delocalized
Electrons free to
move

Making observations in Chemistry

See

Typical observations include:
Feel
Temperature change
Smell
Odour
Hear
Effervescence
Decrepitation
Taste
Many chemicals have a taste
The Chemistry Toolkit
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Colour change
Precipitate forms
Dissolving
Bubbles in solution
Gas produced
Change of state
Flame

Allotropes of Carbon
Diamond

Melting
Point
Boiling
Point

Conductor

Graphite

Buckminsterfullerene

Strong bonds

Strong bonds

Strong bonds

Covalent bonds

Covalent bonds

Covalent bonds

All atoms joined together

All atoms joined together

Lots of heat energy
needed to break all bonds
(high M Pt)

Lots of heat energy needed to
break all bonds (high M Pt)

All atoms joined
together

No charged particles or
free electrons available

Each carbon atom bonded to 3
others

All the electrons are used
in covalent bonds

One ‘free’ electron from each
atom

Lots of heat energy
needed to break all
bonds (high M Pt)
No charged particles
or free electrons
available

These are delocalized and free to
carry current
Hardness

All the electrons are
used in covalent
bonds

Very hard

Layers

Spheres

Strong covalent bonds in
all directions

Weak forces in-between

Weak forces inbetween

Slide over each other

Slide over each other

Some Other Giant Covalent Structures

Silicon dioxide
The Chemistry Toolkit
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Electrolysis of Molten Ionic Compounds

Electro-refining

Contain ions from salt

Solution is metal compound (eg CuSO4)

Ions free to move

Anode loses electrons – oxidised and dissolves
into solution

And carry current

Cu  Cu2+ + 2e--

Positive ion towards cathode (-)

Metal ions attracted to cathode

Positive ion gains electrons (reduced)

Where they gain electrons

Negative ion towards anode (+)

And are reduced

Negative ion loses electrons (oxidised)

Cu2+ + 2e-  Cu

Compound decomposes

Impurities not attracted to electrodes and
form a sludge
Electrolysis of ionic solutions
Contain ions from salt
& ions from water, H & OH
+

Exothermic
-

Reactive metal ions stay in solution (K, Na,
Ca, Mg, Al, Zn, Fe, Sn, Pb)
Unreactive metal or hydrogen forms at
cathode
Halide ions become halogen at anode; if no
halide present, then oxygen forms at anode
from hydroxide in water
4OH- → O2 + 2H2O + 4e-

Releases heat energy
Less energy in product than reactants

Electrolysis of NaCl (aq)

Eg combustion

Hydrogen at cathode
2H+ + 2e-  H2
Chlorine at anode
2Cl-  Cl2 + 2eNaOH left in solution

The Chemistry Toolkit
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Endothermic

Fuel Energy Calculations
Use a calorimeter (copper can)

Q = m c T Joules (J)
1 Calorie = 4.2 Joules

Inaccuracies due to:
Heating air
Incomplete combustion (forming soot /
carbon monoxide)
Absorbs heat energy (gets colder)

Heating the copper can

Energy of product greater than energy of
reactants

High energy foods are carbohydrates, fats &
Oils

Eg thermal decomposition
H rxn from Bond Energies
H rxn = Bonds Broken - Bonds Made

Energy change in reactions
Use polystyrene cup & lid

Why Reactions are exothermic in terms of
Bond Energies

Stir to ensure reactants mix

Energy released from forming new bonds is
greater than the energy needed to break
existing bonds

Energy Calculations in Chemical Reactions
Q = m c T,

value in Joules

m = mass of water in calorimeter
Rates of Reaction

c = Specific Heat Capacity of water

Five types of change can alter the rate of a
chemical reaction:

T = temperature change in °C

The Chemistry Toolkit
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surface area (size of the particles)



concentration of reactants (or pressure
of a gas)



temperature



substances called CATALYSTS



light

rate of reaction

=

amount of change (in a selected property)
time taken for change to occur
Increased rate with surface area
Larger area of surface
Greater frequency of collisions

Increased rate with concn
More particles in same volume
Collide more frequently

Increased rate with temp
Particles move faster
Collide more frequently
Collide with more force
With enough energy to overcome Ea
So more collisions are successful
The steepness of the graph is a measure
of the rate. As the reaction proceeds the
rate decreases

Increased rate with catalyst
Provides an alternative reaction route
With a lower Activation Energy (EA)
More collisions now successful
Catalyst not used up
Activation Energy

Different reactions need different catalysts

Amount of energy needed to start
reaction

Speed up reaction and lower costs

The Chemistry Toolkit
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Reversible Reactions / Equilibrium
Le Chatelier’s Principle

Dynamic = moving in both directions

The position of equilibrium moves to
counteract the change made to a system

At equilibrium:
rate forward reaction = rate backward reaction
Add reactant(s) [or remove products] reaction
moves forwards

same rate
REACTANTS

Add product(s) [or remove reactants] reaction
moves backwards

PRODUCTS
same rate

Exothermic reactions lower yield when heated
Endothermic reactions higher yield when heated

The reaction is carried out in a closed system
and allowed to reach equilibrium.

With gases, increased pressure moves reaction to
side with fewer gas molecules

Making Ammonia
Nitrogen from air
Hydrogen from natural gas
Uses iron as a catalyst
Ammonia removed by liquefying
Unreacted gases recirculated
N2 + 3H2

⇌ 2NH3;

H -ve

High pressure (200 atm) means reaction moves forwards as 4 gas molecules on left reduces to 2
gas molecules on right – increased yield.
Higher pressures would increase the yield further, but are expensive to produce (cost of container
and cost of pumps)
High temperature reduces yield as reaction exothermic
BUT high temperature needed to ensure a reasonable rate
So, temperature chosen (450°C) is a compromise between rate and yield

The Chemistry Toolkit
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Arrhenius Acid/Alkali Theory
Acid – releases H+

Bases/Alkalis

Alkali – releases OH-

Metal oxide / metal hydroxide
Soluble bases form alkalis
Neutralise acids

Bronsted-Lowry Acid/Base Theory
Acid – Proton Donor

Alkalis

Base – Proton acceptor

OH- (hydroxide ions) in water
Acids

Strong alkalis, fully dissociated

Strong acids fully ionised

eg NaOH, pH 13-14; strong conductor

Eg HCl (aq)  H+ (aq) + Cl- (aq)

NaOH (aq) ⇌ Na+ (aq) + OH- (aq)

HCl forms chlorides
HNO3 forms nitrates

Weak alkalis, partially dissociated

H2SO4 forms sulfates

eg NH4OH, pH 9-10 and poor conductor

Low pH, eg 1-2

NH4OH (aq) ⇌ NH4+ (aq) + OH- (aq)

Quicker reactions
Better electrical conductors

Acid Reactions
Acid + Base  Salt + Water

Weak acids not fully ionised

Acid + Metal  Salt + Hydrogen

Eg CH3COOH (aq) ⇌ CH3COO- (aq) + H+ (aq)

Acid + Carbonate  Salt + CO2 + Water

Also citric acid, carbonic acid

Higher pH (eg pH = 3 - 6)

Key Ionic Equations

Slower reactions

H+(aq) + OH-(aq)  H2O(l) (neutralisation)

Poor electrical conductors

H+(aq) + NH3(aq)  NH4+(aq)
NH3(g) + H2O (l)  NH4+(aq) + OH- (aq)
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Fractional Distillation of Crude oil

Oil vaporised
Small molecules condense at top (cool)
Large molecules condense at bottom (high BPt)
Small molecules, low BPt (weak forces between
molecules), colourless and runny
Large molecules, high BPt (stronger forces between
molecules), dark colour, viscous

Burning Fossil Fuels
Finite resource

Nitrogen oxides (NOx) form in combustion
engines

Produce CO2 – global warming – releases
locked up carbon

Dissolve in rain to increase acidity

Produces CO in limited air supply - toxic

Can be removed via catalytic converter

Produces C particles – soot; causes asthma
and ‘global dimming’

Hydrocarbon

Contain sulfur

Compound made of carbon and hydrogen only

Sulfur burns to form SO2 = acid rain – kills
trees/fish
S removed before burning, or afterwards by
reacting with slurry of limestone

Thermal Catalytic Cracking
Oil contains more long chain molecules than needed
Vapour passed over hot catalyst
Molecules split into smaller alkane and alkene
Smaller molecules are used in petrol
The Chemistry Toolkit
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Homologous Series

Addition polymerisation:

Family of organic compounds; each with same
functional group and separated from next
member of series by –CH2-

Same functional group – similar chemical
reactions

Gradation in physical properties (eg boiling
point increases with length of carbon chain)

The Alkanes
Common formula – CnH2n+2
Saturated
Methane

CH4

Ethane

C2H6

Propane

C3H8

Butane

C4H10

Propene

Poly(propene)

or, 3 chloroethene monomers joining:

Alkenes
Unsaturated (C=C)
Decolorises bromine

Condensation polymers, eg Nylon:

CnH2n

Monomers join and release small molecule
(water)

Monomers join to form polymers

Polymers
Many small molecules (monomers) join
together to form very large molecules
(polymers)
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Alcohols from alkenes

No need to buy oil from abroad

Made from alkenes are ‘pure’

Need lots of land to grow sugar cane

C2H4 + H2O  C2H5OH

Batch process

300C, 60 atm, H3PO4 catalyst

Carbon neutral

Addition reaction

C6H12O6  2C2H5OH + 2CO2

Continuous process

Yeast catalyst; 30C

Faster process

Product dilute (‘impure’)

But, uses up crude oil

Alcohols from Fermentation

Respiration

Sugar grown locally

C6H12O6 + 6O2  6CO2 + 6H2O

Sugar is a renewable resource
Yeast
Anaerobic conditions
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CHEMISTRY AND THE ATMOSPHERE

Current Atmosphere (for past 200 million
years)
78% Nitrogen
21% Oxygen
1% Argon
0.04% CO2
Water vapour
Nowadays the release of carbon dioxide by
burning fossil fuels increases the level of
carbon dioxide in the atmosphere.
Global Warming
Gases that absorb infra red from Sun and get
hotter are:
 CO2
 CH4,
 H2O
 O3
CO2 most affected by human activity
CO2 levels increasing due to:
 Burning fossil fuels
 Deforestation (trees burned/no longer
growing)
Consequences include:
 Polar ice caps melt
 Sea levels rise
 Climate change (rain fall patterns alter
/ crops can’t grow / desertification /
animals & plants inhabit new areas
Solutions include:
 Wind energy
 Wave / Tidal power
 Solar power
 Nuclear power
 Geothermal power
 Using biofuels
 Carbon capture and storage
Energy efficiency
Photochemical smog
Forms at ground level
Created when sunlight hits nitrogen oxides
and Volatile Organic Compounds (VOCs)
creating ozone and airborne particles
Causes asthma, bronchitis and emphysema
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Acid Rain
Rain is naturally acidic due to dissolved CO2
Forms H2CO3; carbonic acid; a weak acid
pH 4-5
Rain made more acidic by dissolving:
 Oxides of sulfur (SO2, SO3)
 Various oxides of nitrogen (NOx)
Acid Rain pH = 2-4
SO2 from burning fossil fuels (1% S)
SO2 from volcanoes
NO, NO2 from power stations and car
combustion engines
Acid rain – consequences:
 Kills trees
 Kills fish in lakes and rivers
 Erodes limestone (buildings)
Response to Acid Rain:
 Limestone (CaCO3) added to lakes
 Desulfurisation of fuel
 Catalytic converters on car exhausts
 Scrubbers on power station chimneys
Global Dimming
Reduces the amount of sunlight reaching
Earth’s surface
Issues arises from human activity
Due to particulates in air
Eg soot (carbon) from incomplete combustion
of fossil fuels
or sulfate aerosols
Hole in the Ozone Layer
O3 forms naturally to create a high
concentration in the air about 20km above
surface of Earth
Stops harmful UV light reaching Earth
Chemical containing chlorine reach this layer
about 20 years after being released on the
Earth’s surface
UV light breaks them down to release Cl• free
radicals
Cl• catalyses the breakdown of O3
Ozone layer thins (or disappears in patches)
Harmful UV light reaches Earth
Increased rates of skin cancer

The Importance of the Chemical Industry
This section gives you a very brief insight into
the range of current and ‘cutting edge’
chemical activity taking place in the UK.
The UK Chemical Industry
 Turnover in excess of £50bn per year
 One of the UKs top manufacturing
industries
 Provides 214000 jobs
 Plus several hundred of thousands of
additional jobs
 Spends £2bn per year on capital
investment
 Research & Development is 10% of
sales
 Exports worth £5bn per year to
economy
Agrochemicals and Fertilisers
Include Herbicides, insecticides, pesticides
and fungicides
Growth Regulators
Ammonium nitrate

Manufacture of Polymers
Nylon
Poly(ethene)

Water soluble polymers
Conducting polymers
High performance polymers

Manufacture of Sodium Carbonate
Manufacturing glass

Self cleaning glass

Manufacture of Sulfuric Acid
Manufacture of Ceramics

Superconductors

Extraction of Metals
Aluminium
Chromium
Copper
Iron / steel
Titanium
Vanadium

Pharmaceuticals

Anti-viral drugs
Sensors to detect disease

Making Liquid Crystals

Oil Refining
Refining oil

Industrial Biotechnology
Making synthetic proteins

Modifying petrol so it ‘goes further’

Improving Energy Efficiency
New catalysts
Efficient energy insulation for homes

Chlor-Alkali industry
Manufacture of Detergents

Countering the Depletion of Natural
Resources
Developing plant oils to replace crude oil

Batteries/Cells
Everyday batteries and car batteries

Fuel Cells
Lithium ion cells

Managing Water Resources

Manufacture of Dyestuffs
Making Edible Fats and Oils
Margarine

Non-fattening cooking oil
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Some Practical Equipment

Burette

Pipette

Pipette safety filler

Crucible and lid

Pipe clay triangle

Graduated Flask

Dropping pipette or teat pipette
Or Pasteur Pipette
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Some Practical Techniques

Distillation

Reflux

Chromatography

Electrolysis

Calorimetry

Electrorefining

Filtering
The Chemistry Toolkit
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GLOSSARY

Key words/terms you should know.

A
Accuracy An accurate measurement is close to the true value.
Acid A substance that produces hydrogen ions when it dissolves in water.
Acid rain Rain that is acidic due to dissolved gases, such as sulfur dioxide, produced by the burning
of fossil fuels.
Activation energy The minimum amount of energy needed for a given chemical reaction to take
place.
Alkali A soluble base.
Alkali metals A group of soft metals with one electron in the outer shell, which react with water to
form alkaline solutions.
Alkane A hydrocarbon with the general formula CnH2n+2.
Alkene A hydrocarbon with the general formula CnH2n.
Alloy A metallic substance formed by combining two or more metals.
Anhydrous An anhydrous substance does not contain water.
Anode Positive electrode.
Anomalous A measurement that is well away from the pattern shown by other results.
Aqueous solution A solution with water as the solvent.
Atom The smallest part of an element.
Atom economy The efficiency of a chemical reaction in terms of all of the atoms involved.
Atomic nucleus Positively charged object composed of protons and neutrons at the centre of every
atom with one or more electrons moving round it.
Atomic number The number of protons in a nucleus, symbol Z (also called the proton number).

B
Bar charts Used when the independent variable is categoric and the dependent variable is
continuous.
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Bases Compounds which react with acids to neutralise them.
Bias The influence placed on scientific evidence because of: wanting to prove your own ideas;
supporting the person who is paying you; political influence; the status of the experimenter.
Blast furnace A reaction vessel in which iron oxide is heated with coke and limestone to produce
iron.
Bomb calorimeter Apparatus used to measure the enthalpy change of a chemical reaction.
Bond energy The energy needed to break a particular chemical bond.
Burette A glass tube with markings and a tap used to add precisely known amounts of liquids to a
container.

C
Cast iron Iron containing between 2% and 5% carbon.
Catalyst A substance that speeds up the rate of another reaction but is not used up or changed
itself.
Categoric variable These tell us the name of the variable, e.g. copper, iron, magnesium.
Cathode Negative electrode.
Cement A building material made from limestone and clay mixed with water.
Chain reaction Reactions in which one reaction causes further reactions, which in turn cause further
reactions, etc. A nuclear chain reaction occurs when fission neutrons cause further fission, so more
fission neutrons are released. These go on to produce further fission.
Chance When there is no scientific link between the two variables. E.g. increased sea temperatures
and increased diabetes.
Chloride ion A chlorine atom that has gained one electron, which gives it a negative charge.
Chromatography A technique used to separate a mixture of substances using a stationary and a
moving phase.
Collision theory An explanation of chemical reactions in terms of reacting particles colliding with
sufficient energy for a reaction to take place.
Combustion Combining with oxygen in the process of burning.
Compound A substance made of two or more types of atom chemically joined together.
Concentration gradient The gradient between an area where a substance is at a high concentration
and an area where it is at a low concentration.
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Conclusion A conclusion considers the results and states how those results match the hypothesis.
The conclusion must not go beyond the data available.
Concrete A building material made from sand, cement and crushed rock mixed with water.
Conduction Heat transfer in a substance due to motion of particles in the substance.
Conduction electrons Electrons that move about freely inside a metal because they are not attached
to individual atoms.
Conservation of energy Energy cannot be created or destroyed.
Continuous variable A continuous variable can be any numerical value, e.g. temperature.
Control groups Often used when there are a large number of control variables that cannot be kept
constant. E.g. when testing a drug on thousands of different people, half will be given the drug and
half will be given a similar treatment that does not contain the drug (placebo).
Control variable These are the variables that might affect your result and therefore must be kept
the same for a valid investigation. E.g. volume of acid used in an investigation of the effect of
temperature.
Controlled An experiment is controlled when all variables that might affect your result (apart from
the independent variable) have been kept constant.
Convection Heat transfer in a liquid or gas due to circulation currents.
Covalent bonds The bonds formed when atoms join together by sharing electrons.
Cracking Breaking a molecule apart using heat.

D
Data Measurements or observations of a variable. Plural of datum.
Decompose To split up.
Decrepitate The bursting or cracking of crystals of a substance on heating, leading to the emission
of a crackling sound.
Delocalised electrons Electrons in a molecule which do not belong to a single atom or a single bond.
Density Mass per unit volume of a substance.
Dependent variable The variable that you are measuring as a result of changing the independent
variable, e.g. the volume of CO2 produced.
Diffusion The net movement of particles of a gas or a solute from an area of high concentration to
an area of low concentration (along a concentration gradient).
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Directly proportional A graph will show this if the line of best fit is a straight line through the origin.
Discrete variable These are numerical, but can only be whole numbers, e.g. numbers of layers of
insulation.
Dissociation The separation of a substance into two or more simpler substances, or of a molecule
into atoms or ions.
Dynamic Moving, eg in an equilibrium the products and reactants constantly interchange.

E
E number A number given to a food additive in order to identify it.
Economic How science affects the cost of goods and services. E.g. developing the use of catalysts
might decrease the cost of production.
Elastic A material is elastic if it is able to regain its shape after it has been squashed or stretched.
Electrolyte A substance that conducts electricity when molten or when dissolved in water.
Electron microscope An instrument used to magnify specimens using a beam of electrons.
Electronic structure The arrangement of electrons around the nucleus of an atom.
Electrons Negative particles found outside the nucleus of an atom.
Element A substance made up of only one type of element.
Empirical formula A chemical formula that shows the ratio of the number of atoms in a compound.
Emulsifier A substance which stops the two liquids in an emulsion separating.
Emulsion A mixture of tiny droplets of one liquid in another liquid.
End point The point in a titration where the reaction is complete and titration should stop.
Endothermic Involving a net absorption of energy.
Energy level See shells.
Energy transfer Energy transferred from one place to another.
Ethical Whether it is ‘right’ or ‘wrong’ to do something. E.g. experimentation on animals to develop
new drugs.
Equilibrium The point at which a reversible reaction takes place at exactly the same rate in both
directions. The concentrations of reactants and products are constant, yet they are interchanging.
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Evidence Scientific evidence should be reliable and valid. It can take many forms. It could be an
observation, a measurement or data that somebody else has obtained.
Exothermic Involving a net release of energy.

F
Fair test Only the independent variable is affecting your dependent variable, all other variables are
kept the same.
Fatty acids Building blocks of lipids.
Fluid A liquid or a gas.
Food additive A substance added to food to improve its flavour, texture or shelf-life.
Fossil fuel Coal, oil or gas or any other fuel formed long ago from the fossilised remains of dead
plants or creatures.
Fractional distillation A way of separating a mixture of substances according to their different boiling
points.
Free electrons Electrons that move about freely inside a metal and are not held inside an atom.
Fullerene A type of giant structure made up of carbon atoms.

G
Galvanising Covering iron with a protective layer of zinc.
Gasohol A mixture of petrol (gasoline) and ethanol.
Giant covalent structures Giant structures held together by many covalent bonds which give them
high melting points and hardness, e.g. diamond.
Giant structure Large numbers of atoms or ions arranged in a regular way.
Glass Transparent material made by heating a mixture of sand, sodium carbonate and limestone.
Global dimming A gradual reduction in the amount of light reaching the Earth’s surface.
Global warming Warming of the Earth due to greenhouse gases in the atmosphere trapping infrared radiation from the surface.
Glycerol Building block of lipids.
Grain boundaries Where two metal crystals meet.
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Greenhouse gases Gases such as carbon dioxide in the atmosphere that absorb infra-red radiation
from the Earth’s surface.
Group A vertical column of elements in the periodic table.

H
Haber process The industrial process used to make ammonia.
Haematite An ore containing iron combined with oxygen.
Half-life of a radioactive isotope Time taken for the number of nuclei of the isotope (or mass of the
isotope) in a sample to halve.
Hardening Adding hydrogen to an oil, replacing the carbon–carbon double bonds in the molecules
of an oil with carbon–carbon single bonds.
Hard water Water containing dissolved calcium and/or magnesium salts.
Hydrated A hydrated substance contains water.
Hydrocarbon A compound containing only carbon and hydrogen.
Hypothesis Using theory to suggest explanations for observations, e.g. ‘I think that the change in
colour is caused by copper ions.’

I
Independent variable The variable that you have decided to change in an investigation, e.g.
temperature of the acid.
Indicator A chemical compound that changes colour according to the pH of the solution it is in.
Inert Unreactive.
Inorganic Substances that consist principally of elements other than carbon.
Insoluble Unable to dissolve in a given solvent.
Intermolecular forces Forces of attraction between molecules.
Interval measurements The values of your independent variable that you choose within the range
e.g. 10cm3; 20cm3; 30cm3; 40cm3; 50cm3.
Ionic bond A chemical bond formed when one atom gives up one or more electrons to another
atom.
Ionisation Any process in which atoms become charged.
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Ionising radiation Radiation that ionises substances it passes
through. Alpha, beta, gamma and X-radiation are all ionising.
Ion A charged atom.
Isotopes Atoms of the same element which have different numbers of neutrons in their nuclei.

L
Law of force between charged objects Like charges repel; unlike charges attract.
Lime water Solution of calcium hydroxide, used to test for carbon dioxide.
Limiting factors Factors which limit the rate of a reaction, e.g. photosynthesis.
Line graphs Used when the independent and the dependent variables are both continuous.
Line of best fit Used to show the underlying relationship between the independent and the
dependent variables. It should fit the pattern in the results and have roughly the same number of
plots on each side of the line. It could be a straight line or a curve. Remember to ignore any
anomalies!
Linear These are straight line graphs that can be positive (as the
concentration increases so too does the oxygen produced) or negative (as the concentration
increases the oxygen produced decreases).
Link due to association When two variables change together, but they are both linked by a third
variable. E.g. less oxygen dissolved in water and more sodium chloride dissolved, both could be due
to the higher temperature of the water.
Link due to chance When there is no scientific link between the two variables. E.g. increased sea
temperatures and increased diabetes.
Lipids Fats and oils.

M
Magnesium A metallic element. Magnesium ions are needed by plants to make chlorophyll.
Malleable Capable of being hammered into shapes without smashing – a property of metals.
Mantle The layer of the Earth between the crust and the core.
Mass number The total number of protons and neutrons in the nucleus of an atom (symbol A).
Mass spectrometer An instrument used to measure the mass of atoms and molecules.
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Mean Add up all of the measurements and divide by how many measurements there are. Don’t
forget to ignore any anomalous results.
Mixing occurs when two or more substances are physically mixed but not chemically combined.
Model Description of a theory or theories that suggests further ideas that could test those theories.
E.g. ‘plum pudding’ model of the atom that was tested and found not to be correct. A better model
was then suggested.
Mole The relative formula mass of a substance in grams.
Molecular formula A formula that shows the total number of the different kinds of atoms in a
molecule.
Monomer A molecule that can combine with other, similar, molecules to form a polymer.
Mortar Mixture of sand, cement and water used to hold building materials together.

N
Net Overall.
Neutral Neither acid nor alkaline.
Neutrons Neutral particles found in the nucleus of an atom.
Nitrogen Inert gas making up around 80% of the Earth’s atmosphere.
Noble gas One of the six unreactive gases found in group 0 of the periodic table. They have a
complete outer shell of electrons, e.g. neon, argon, helium.
Nuclear model of the atom Every atom contains a positively charged nucleus consisting of neutrons
and protons. This is where most of its mass is concentrated, and it is much smaller than the atom.
Electrons move about in the space surrounding the nucleus.

O
OILRIG Oxidation Is Loss, Reduction Is Gain (of electrons).
Opinion Opinions are personal judgements. Opinions can be formed from scientific evidence or nonscientific ideas.
Ordered variable Variables that can be put into an order, e.g. small, large, huge lumps of rock.
Ores Rocks that contain enough metal to make it economical to extract the metal.
Organic substances contain (mainly) carbon in combination with other elements.
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Osmosis The net movement of water from an area of high concentration (of water) to an area of
low concentration (of water) along a concentration gradient.
Oxidation Losing electrons.
Oxidised See oxidation.
Ozone layer Layer of ozone gas in the Earth’s atmosphere that absorbs ultraviolet radiation.

P
Partially permeable Allowing only certain substances to pass through.
Percentage yield The percentage of product formed in a chemical reaction compared with the
maximum possible amount of product that could be formed.
Period A horizontal row of elements in the periodic table.
pH scale A scale running from 0 to 14 that describes the degree of acidity of a solution.
Pipette A glass tube used to measure precise volumes of liquids.
Plum pudding model of the atom A model of the atom which supposed that the positive charge was
evenly spread throughout its matter and the negative charge was held in tiny particles (electrons)
inside the atom.
Pollution The contamination of air, water or soil by substances which are harmful to living
organisms.
Polymer A substance consisting of very large molecules made of smaller identical molecules called
monomers.
Precipitate A solid material produced from a solution.
Precipitation See precipitate.
Precision Where your repeat results are very close to each other. This is related to the smallest
scale division on the measuring instrument used.
Prediction A hypothesis that can be used to design an investigation e.g. I predict that if I increase
the concentration of hydrochloric acid, there will be an increase in the volume of carbon dioxide
produced.
Proton acceptor A modern definition of an alkali.
Proton donor A modern definition of an acid.
Proton number See atomic number.
Protons Positive particles found in the nucleus of an atom.
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Q
Quicklime Calcium oxide.

R
Random error Measurements when repeated are rarely exactly the same. If they differ randomly
then it is probably due to human error when carrying out the investigation.
Range The maximum and minimum values.
Redox A REDuction Oxidation reaction in which electrons are lost by one substance and gained by
another.
Reduced See reduction.
Reduction Gaining electrons.
Reduction reaction A reaction in which an atom or ion gains electrons.
Relative atomic mass The mass of an atom compared with an atom of 126C. This is usually the
same as or very similar to the mass number of the element.
Relative formula mass The mass of a chemical compound based on the relative atomic masses of
the elements involved.
Reliable Describes data we can trust. E.g. others can get the same results, even using different
methods.
Reliability The trustworthiness of data collected.
Renewable energy Energy from sources that never run out, including wind energy, wave energy,
tidal energy, hydroelectricity, solar energy and geothermal energy.
Reversible reaction A reaction in which the products immediately react together to produce the
original reactants.

S
Saturated A hydrocarbon which contains as many hydrogen atoms as possible in each molecule.
Saturated solution A solution in which no more solute will dissolve.
Scale The substance formed when hard water is boiled.
Scattergrams Used when you want to see how variables relate to each other. E.g. the depth that
the ore has been mined and the yield of the metal.
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Scum The substance formed when soap reacts with hard water.
Sensitivity The smallest change that an instrument can measure, e.g. 0.1mm.
Shells The region in which electrons are concentrated as they travel around the nucleus of an atom.
Slag The waste produced when iron is made in a blast furnace.
Slaked lime Calcium hydroxide.
Smart alloy An alloy which returns to its original shape when it is heated.
Steels Alloys of iron containing controlled amounts of carbon and/or other metals.
Sodium ion A sodium atom that has lost an electron to give it a positive charge.
Soft water Water containing no dissolved calcium and/or magnesium salts.
Soluble Able to dissolve in a given solvent.
Solubility The extent to which one substance will dissolve in another.
Solubility curve A graph describing the solubility of a substance.
Solute The solid which dissolves in a solvent to form a solution.
Solvent A liquid in which another substance can be dissolved to make a solution.
Strong acid/alkali Acid/alkali that is (almost) completely dissociated when dissolved in water.
Stoichiometric When the components are in the exact proportions to react completely and form the
correct proportions of products.
Sugars Simple carbohydrates.
Systematic error If the data is inaccurate in a constant way, e.g. all results are 10mm more than
they should be. This is often due to the method being routinely wrong.

T
Theory A theory is not a guess or a fact. It is the best way to explain why something is happening.
E.g. Sea levels are rising, and the global warming theory is the best way to describe why they are.
Theories can be changed when better evidence is available.
Thermal decomposition Splitting up a substance by means of heat.
Thermosetting A polymer that hardens or sets permanently when it is formed by heating the
monomers of which it is made.
Thermosoftening A polymer that softens when it is heated.
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Titration A method for measuring the amount of substance in a solution.
Transition elements See transition metals.
Transition metals The large block of metallic elements in the middle of the periodic table.
Trial run Carried out before you start your full investigation to find out the range and the interval
measurements for your independent variable.

U
Universal indicator A substance containing a range of indicators to provide a measurement of pH.
Unsaturated A hydrocarbon which contains a carbon–carbon double bond.
Unsaturated oils Oils in which the molecules contain carbon atoms joined together by carbon–
carbon double bonds (CDC).

V
Valid Describes an investigation that successfully gathers the data needed to answer the original
question. Data may not be valid if you have not carried out a fair test.
Valid data Evidence that can be reproduced by others and answers the original question. Data may
not be valid if you have not carried out a fair test.
Viscous a thick liquid that flows slowly.
Volatile readily evaporates.

W
Weak acid/alkali Acid/alkali that is only slightly dissociated when dissolved in water.

Y
Yield The amount of product formed in a chemical reaction.

Z
Zero error A systematic error, often due to the measuring instrument having an incorrect zero. E.g.
forgetting that the end of the ruler is not at zero.
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