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Welcome to A-Level Chemistry!

This work is designed to help you revise your GCSE Chemistry over the summer
to prepare you for starting A-Level Chemistry in September. You may find it
easy, not-so-easy, tricky or really tricky. There may be some questions you can't
do at all. It doesn't matter. The aim is for you to practise your Chemistry and
identify your strengths and weaknesses in the subject.

Use the Road Map: Preparing to start A Level Chemistry to see what are
compulsory tasks and what are optional.

If you would like further work, or an insight into the wonderful world of AS-
Level Chemistry and beyond, there are some further reading suggestions at the
end. There is also a list of websites you will undoubtedly find useful throughout
the course and may need to use to complete this task.

Good luck and happy Chemis-trying! From the Chemistry Team.
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Transition Task

This booklet gives information on the topics and skills in which you need to be
completely confident before you start the first year on the A-level chemistry
course.

Experience shows that students who are not secure in this knowledge and
these skills find the transition from GCSE to A-level extremely challenging.

This booklet includes questions that will test your GCSE knowledge that you
should complete before the start of the AS course and you will be able to self-
assess your answers when you join Chemistry to find any areas that you need
to focus your revision on from the start of the course. It also contains an
extension opportunity: an A level sheet {including questions) that shows how
you will be joining together some of the GCSE concepts you have met in an A
level context.

All students starting A-level chemistry will have an assessment on the skills
covered in this booklet and GCSE knowledge during the first week of term.

Items marked with * may only have been covered by those following Sepérate
Sciences GCSEs.




COMPULSORY REVISION

Definitions:

Physical and norganic Chemistry

Atomic Structure:

Sub-atomic particle Position in atom Relative Mass Relative charge
Proton Nucleus 1 +1

Neutron . Nucleus i 0

Electron Electron shells/orbitals | 0 (2/2000™) -3

Acid: contains H' ions, pH of 1-6, a proton donor

Activation energy: this is the minimum energy needed for a reaction to start, the minimum energy
the reactant particles need to collide with for a reaction to occur between them

Alkali: contains OH" jons, pH of 8-14, a proton acceptor, a soluble base

Anhydrous; without water — a non-crystalline solid (powder)

Atom economy: the ratio or percentage of the atoms usefully used compared to the total number

of atoms Involved in a chemical synthesls

Total M, of useful products (X100} = atom economy {%)
Total M; of all reactants

*Avogadro’s constant, Na: is the number of particles per mole, 6.02x10%

Base: a metal oxide or hydroxide, a proton acceptor.
Catalyst: a chemical that speeds up a reaction without taking part In the reaction itself
Concentration of a solution: moles of solute per 1dm? of solute, units mol dm™ or g dm?

Covalent bond: each atom sharing one electron with another atom to complete the outer shell of
hoth atoms, occurs in non-metal-non-metal molecules or giant structures

*Empirical formula; the simplest whole number ration of atoms of each element present in a

compound

Endothermic reaction: the total enthalpy of the products is higher than that of the reactants, energy
is taken in by the system. The temperature of the system will reduce

Energy transferred = Mass x specific heat capacity x temperature change
*Enthalpy Change: the energy change takin place in a reaction, often calculated using

Exothermic reaction: the total enthalpy of the products is lower than that of the reactants, energy is
given out by the system. The temperature of the system will increase

Group: a vertical column in the Perlodic Table, where all the elements in the group will have similar
chemical properties due to having the same number of electrons in their outer shell. The group
number tells you the number of electrons in the outer shell. The group number for metals shows
you the positive charge on the ion of the metal atom. 8-the group number for non-metals shows

you the negative charge on the ion of the non-metal atom.
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Hydrated: with water — a crystalline solid

lonic bond: the electrostatic force of attraction between oppositely charged ions, occurs in metal
and non-metal compounds

Isotope; atoms of the same elements with different numbers of neutrons and different masses

Metal carbonate: metal ion with the carbonate ion

Metallic bond: the electrostatic attraction between the positive ions and delocalised electronsina
metallic lattice occurs between metal atoms.

*Molar gas volume: gas volume per mole, units dm?® mol™?
*Molar mass: mass per mole of substance, units g mol?
*Mole ‘mol’ : is the units from the amount of a substance

Molecular formula: the number and type of each element in 2 molecule

Oxidation: Is loss of electrons, or gain of oxygen
*percentage composition: the % of each element that makes up the whole of a compound

Percentage vield: the % of a substance formed In a chemical synthesis compared to the theoretical
vield calculated from the stoichiometric equation.

Actuatvield x100 = % vyield
Theoretical yield

Period: a horizontal row in the Periadic Table. Across a period the elements will show a recurring
periodic pattern in structure, bonding, melting and bolling points, ionization enetgies and atornic
radius, The Period number shows the number of quantum electron shells that the elements in that

period will have.

Redox: this is a reaction where both oxidation and reduction happen to species taking part in the
reaction

Reduction: is galn of electrons, or loss of oxygen

Relative atomic mass: Welghted mean mass of an atom compared with 1/12™ mass of Carbon-12

Relative formula mass: is the sum of the relative atomic masses of the ratio of the all the atomsina

giant structure

Relative isotopic mass: mass of an isotope compared with 1/12" mass of Carbon-12

Relative Molecular mass () : is the sum of the relative atomic masses of all the atoms in a simple
molecule

Salt: neutral compound made when an acid is neutralised, name is in two parts, the first part from
the positive lon that the acid reacts with and the second part from the acid that is being neutralised

... thisshows a reaction is reversible, i.e. the reaction can go in both directions, and that t he

N system is in dynamic equilibrium
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Organic Chemistry

Addition polymerisation: the monomers join together to form a huge chain of monomers
Allanes: a homologous serfes of saturated hydrocarbons that have the general formula CaHane:
Alkenes: a homologous series of unsaturated hydrocarbons that have the general formula CiHan

Complete combustion: combustion of a fuel in unlimited oxygen only producing carbon dioxide and
water as products, releasing the maximum amount of energy from the fuel

Displayed formula: the structure of a compound showing the relative positioning of atoms and the
bonds between them e.g. for ethane:

H H
I
H—C—C—H
-

H H

Functional group: a group of atoms responsible for the characteristic reactions of a compound
General Formula: the simplest algebraic formula of a member of a homologous series

Homologous series: a series of organic compounds having the same functional group but with each
successive member differing by CH;

Hydracarbon: a compound that only contains carbon and hydrogen atoms

Incomplete combustion: combustion of a fuel in limited oxygen that can produce a range of products
including water, carbon dioxide, carbon monoxide and soot {unburnt carbonj, does not release the

maximum amount of energy from the fuel
Monomer: a single unit of a polymer, must contain a C=C double bond

Polymer: many single units joined together to form a huge molecule made of repeating units of
monomers whose double bonds have hroken to allow them to join together '

Repeat unit: the repeating unit of a polymer, usually the monomer without double bonds
Saturated organic compound: an organic compound that only contains C-C single bonds

Unsaturated organic compound: an organic compound that contains at least one C=C double bond

Common Formula and Charges of Common lons

Name of compound Formula
Hydrochioric acid HCl
Sulphuric acid Ha504
Nitric acid HNO;
*Ethanoic acid CHzCOOH
Sodium hydroxide NaOH
Potassium hydroxide KOH
Ammonia NHa
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Name of ion Formula and charge of ion
Nitrate lon NOs
Sulphate ion S04%
Carbonate ion COz*
Phosphate ion POL*
Hydroxide ion OH
*Ethanoate ion CHsCOO"
Chloride ion cr
lodide fon I
Bromide ion Br

Zinc ion n*
Silver ion Agt
Ammonium ion NH4"

Chemical Tests and Reactions

Mostly KS3:
Bubbles in a reaction show that a gas is being produced this can he described as fizzing or
effervescence.

A solution must be clear e, you can see through it

A precipitate is a solid that is formed by reacting two solutions. The solid formed is insoluble in the
liguid that also forms and will settle to the bottom of the liguid if left to stand.

Reactions of Acids:
Acld + Metal = Salt + Hydrogen
Acid + Base = Salt + Water

Acld + Alkali = Salt + Water

Acid + Metal Carbonate = Salt + Water + Carbon Dioxide (thisis also the test fora
carbonate)

Acid + Ammonia = Ammonium Salt

Displacement reactions: a more reactive element will displace a less reactive element from Its
compounds

Tests for gases:

Hydrogen: ‘squeaky’ pop test - lit splint at the top of the test tube and a squeaky pop is heard if the
gas is hydrogen

Oxygen: a glowlng splint is placed Into the test tube and if the gas released is oxygen the splint will

relight
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Carbon Dioxide: bubble the gas through limewater and the limewater will turn cloudy/milky if the
gas is carbon dioxide due to the presents of insoluble calcium carbonate being formed

Ks4:

Test for lons:

Suiphate ion: React with Barium Hydroxide — white precipitate of Barium Sulphate forms
Carbonate ion: react with acid — Carbon Dioxide gas is given off

Chioride, Bromide and lodide ions: react with silver nitrate and chloride gives a white precipitate of
silver chloride, bromide gives a cream precipitate of siiver bromide and iodide gives a yellow

precipitate of silver iodide

Flame tests:

Group 1 element - | Flame test colour
Lithium Red

Sodium Orange
Potassium ' Lilac

Transition elements, hydroxide precipitates:

Name of metal ion Formula of metal ion Colour of metal hydroxide
precipltate

Copper {li) Ccu® ' Blue

iron {11} | Fe? Grey-green

tron (1i1) Fe¥ - : Orange-brown

Test for Alkanes/Alkenes:

Add bromine water to the substance and shake. if it is an alkene the bromine water will decolourise
—go from orange to colourless, if it is an alkane nothing will happen

You should be able to do the following:

s Recognise alcohols, carboxylic acids* and be able to describe the reaction to make esters
e Describe the different factors that affect the rate of a reaction and explain them using the

particle theory ,
¢ Draw dot and cross diagrams of ionic and covalent bonds in some common substances
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Practical science key terms

When is a measurement valid?

when it measures what it is supposed to be measuring

When is a result accurate?

when it is close to the true value

What are precise results?

when repeat measurements are consistent/agree closely with

each other

What is repeatability?

how precise repeated measurements are when they are taken
by the same person, using the same equipment, under the
same conditions

What is reproducibility?

how precise repeated measurements are when they are taken
by different people, using different equipment

What is the uncertainty of a measurement?

the interval within which the true value is expected to lie

Define measurement error

the difference between a measured value and the true value

What type of error is caused by results varying

around the true value in an unpredictable way?

random error

What is a systematic error?

a consistent difference between the measured values and true

values

What does zero error mean?

a measuring instrument gives a false reading when the true

value should be zero

Which variable is changed or selected by the

investigator?

independent variable

What is a dependent variable?

a variable that is measured every time the independent
variable is changed

Define a fair test

a test in which only the independent variable is allowed to
affect the dependent variable

What are control variables?

variables that should be kept constant to avoid them affecting

the dependent variable
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IONIC BONDING

Table salt (sodium chloride, NacCl) is our most common ionic compound. It is also an
excellent exemplar of how ionic substances behave. Under a microscope, or even on
your kitchen table, you can see the beautiful crystalline lattice structure. Whilst it
adds flavour to our food it doesn't melt when added to hot fish and chips. However,
it dissolves readily in water, providing an ideal habitat for crocodiles and other
marine organisms which rely on a salty aqueous environment. Brine conducts
electricity and the products of its electrolysis provide us with vital chemical
ingredients for our everyday life.

1) Complete the passage below using the following words:-
loses ions ionic protons negative electrons positive gains

Atoms are neutral because they have the same number of ................. and ...

If atoms lose or gain electrons they become electrically char‘ged cmd are called
(they are not atoms any more). If atoms gain electrons they become ................. ions
and if they lose electrons they become .................. ions. When a metal reacts with a
non-metal, the metal atoms ................. electrons and the non-metal atoms ...............
electrons, forming an ................. compound.

2) Describe the structure of sodium chloride.

3) a)Explain why ionic substances have high melting and boiling points.

b) Explain why ionic substances can conduct electricity when molten or
dissolved.

c) Explain why ionic substances cannot conduct electricity when solid.
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4) Name the three products from the

electrolysis of brine and give one example of how each is useful to us in everyday
life.

Product Use

5) Deduce the chemical formulae of the following ionic compounds:-

a) calcium chloride d) aluminium hydroxide

b) sodium oxide e) potassium carbonate

c) maghesium sulfide f) calcium nitrate
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COVALENT BONDING

Covalently bonded molecules are everywhere! In fact, you are breathing some in (and
out) as you read this. Their simple molecular structure is crucial to your survival.
When you use your pencil to answer these questions you are relying on the properties
of one of the World's most useful giant covalent structures, graphite. At the Brit
Awards, Adele and other starlets adorn themselves with the World's strongest
naturally occurring covalent structure, diamond. Which, as it just so happens, was
also instrumental in the Hatten Garden robberies as a consequence of this very

property!

Simple covalent molecules

1) Circle the correct answer.
Covalent bonding occurs between:-
Metal - Non-metal ; Metal — Metal ; Non-metal - Non-metal

2) How does a covalent bond form?

3) What are the properties of simple covalent substances such as chlorine or oxygen?

Melting point and boiling point High/Low

Solubility in water Soluble/Insoluble
Conduct electricity? Conductors/Insulators
Bonding between molecules Weak/strong
(intermolecular bonding)?

4) Draw dot-and-cross diagrams of the following simple molecules:-

Methane Water




COMPULSORY QUESTIONS

5) Describe and explain the difference in the
boiling point of water compared to chlorine and oxygen.

Giant covalent structures

S S e o 9
esosaany f-i:;.j ka
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Name

Type of atoms?

e.g.

carbon/oxygen
Properties

High or low bp

and mp?
Conductor or
insulator?

Hard or soft?

Solubility in

H20

Uses
SUMMARY

1) Giant covalent structures tend to have low melting and boiling points. True/false
2) Most intermolecular forces are strong and make it difficult fo separate the
molecules. True/false

3) Most covalent substances do not conduct electricity. True/false

4) Graphite conducts electricity. True/false

5) Graphite is slippery because the intramolecular bonds are weak covalent bonds.
True/false

Now explain your answer to each of the above statements.
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BALANCING EQUATIONS

It's a key skill in chemistry. You must be able to do it. Have a go and if you are
struggling, get it sorted.

Balance the following equations:-

1) Mg(s) + Oz(g) — MgO(s)

2) Hz(g) + 02(g) — H20()

3) Fe(s) + HCl(aq) — FeClz(aq) + Hz(g)

4) CuO(s) + HNOs3(agq) — Cu(NOs)2 (aq) + H20(1)

5) Ca(OH)2(aq) + HCl(aq) — CaClz(aq) + H20(1)

6) KHCO3(s) + H2504(aq) — K2504(aq) + CO2(g) + H20()

7) Al(s) + Cl2(g) — AlCl3(s)

Useful websites

MaChemGuy

MaChemGuy is a chemistry teacher with a very comprehensive YouTube channel. This is

a playlist to help prepare you for year 12 chemistry.
https://www.youtube.com/playlist?list=PLi6oab jl6coxU|fu8syK3KOiFXQIjwDUM

Khan Academy

Khan Academy produce lovely on-line tutorials. Brief, clear and informative. If you
are struggling with equation balancing, this tutorial is well worth watching.
https://www.khanacademy.org/science/chemistry/chemical-reactions-
stoichiome/balancing-chemical-equations/v/balancing-chemical-equations-introduction

A chemical equation balancing game.
http://education.ilab.org/elementbalancing/



https://www.youtube.com/playlist?list=PLi6oabjl6coxUlfu8syK3K0iFXQIjwDUM
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiome/balancing-chemical-equations/v/balancing-chemical-equations-introduction
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiome/balancing-chemical-equations/v/balancing-chemical-equations-introduction
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiome/balancing-chemical-equations/v/balancing-chemical-equations-introduction
http://education.jlab.org/elementbalancing/
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Acids and Alkalis

Acids and alkalis play a crucial part in our everyday lives. Indigestion is caused by
excess stomach acid. Gaviscon contains an alkali to neutralise the excess acid. Our
breathing is controlled by the pH of our blood. Bee stings hurt thanks to formic acid.
The effects can be neutralised by bicarbonate of soda. Chemists often carry out
titrations to determine unknown concentrations of acids or alkali, particularly when
quality checking products. A good example is checking the concentration of alkali in
fertilisers before they go on shop shelves for us to buy: too much alkali can be just
as bad (if not worse) than too much acid (caused by acid rain).

1) Acids have a pH of ................ tThan 7.
Alkalis have a pH of ............. than 7.

Neutral substances have a pH of ................

2) Acid+ Metal — ....oococvveee F e
Acid + Metal Oxide — ........cccovveceecc # e
Acid + Metal Hydroxide — ... # i

Acid + Metal Carbonate — .......coooeoooeeeceece F e, F oo

3) Mr Withers needs to know how acidic the soil is in the school grounds. He decides
to ask the chemistry A Level students to find out by doing a titration. They decide to
use sodium hydroxide as their alkali of known concentration.

a) Fill in the boxes to balance the equation for this reaction.

NaOH + H2504 —  Na2504 + H20

b) The chemistry students use 24.2 cm? of sulfuric acid, extracted from the soil, to
neutralise 25.0 cm® of 0.010 moldm™ sodium hydroxide. Determine the concentration
of sulfuric acid in the school soil.
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L

EDO

X

Without redox we wouldn't be able to get energy from our food. On a slightly less
essential level, batteries and hydrogen fuel cells rely on redox to switch on torches
and power modern cars. The key rule to remember in redox is that “"the electrons
have got to go somewhere!”..more on that in lesson time.

1) What is “redox"?

2) Give two examples of useful redox reactions in everday life excluding those

mentioned above (there are millions!).

1)

2)

3) What does oxidation mean?

5) Which element is oxidised and which is reduced in the reaction below?

/n0 + C—>/Zn + CO
et

OXIAISEA .,

ReAUCEA ...
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6) Many elements have variable oxidation states.
What does this mean and how is it useful to us?

7) The ore haematite contains iron(III) oxide. Iron is extracted from this ore by
reduction with carbon.

The products of this reaction are iron and carbon dioxide.

(a) Finish this symbol equation for the reaction.

vreenne FE203+ i € > ¥,

(b) A haematite ore contains 80% by mass of iron(III) oxide.

Calculate the maximum mass of iron that can be extracted from each tonne of this
ore.

Show each step of your calculation as indicated below.

HINTS: 1 tonne = 1000 kg; relative atomic mass (Ar) Fe =56, 0 =16

mass of iron(IIT) oxide in 1 tonne of haematite = ................ kg

formula mass of iron(III) oxide = ..........

mass of iron in 1 tonne of haematite = ............... kg
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CALCULATIONS

Calculations are a part of every chemist’'s world. They are sometimes something
that A Level students find tricky but you can do it! The key is to sort out anything
you don't understand and get plenty of practice to improve your confidence. These
calculations build up in difficulty to those found on AS Level papers. Give them a
shot: you may be surprised by how much you can do.

1) Magnesium sulfate is one of the chemicals in detergent powder.

Ana makes some magnesium sulfate using this reaction.

magnesium carbonate + sulfuric acid — magnesium sulfate + water + carbon dioxide
MgCOs + H2SO4 —  MgSOs4 + H20 + CO2

a) The theoretical yield for And's experiment is 12.0 g.

Ana dries and weighs the magnesium sulfate she makes. This is her actual yield.
Actual yield = 10.8 g.

Work out the percentage yield for Ana's experiment.

percentage yield = ...,
b) The relative formula mass of magnesium carbonate is 84.
The relative formula mass of magnesium sulfate is 120.

Calculate the mass of magnesium carbonate that must react with sulfuric acid to
produce 12.0 g of magnesium sulfate.

mass of magnesium carbonate = .........c.ccccoveevrecreececreenrennnn. g9
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2) A compound containing magnesium, silicon
and oxygen is also present in rock types in Italy. A sample of this compound
weighing 5.27 g was found to have the following composition by mass:

Mg 1.82 g; Si105g:0240¢
Calculate the empirical formula of the compound.

Show your working.

3) A student heats 12.41 g of hydrated sodium thiosulfate, Na25203.5H:0, to
remove the water of crystallisation. A white powder called anhydrous sodium
thiosulfate forms.

a) What does the term "anhydrous” mean?

b) What is the relative formula mass of Na25S203.5H20?

c) Calculate the expected mass of anhydrous sodium thiosulfate that forms.




ANSWERS

Tonic Bonding

1) Complete the passage below using the following words:

loses ions ionic protons negative electrons positive gains

Atoms are neutral because they have the same number of protons and
electrons. If atoms lose or gain electrons they become electrically charged and
are called ions (they are not atoms any more). If atoms gain electrons they
become negative ions, and if they lose electrons they become positive ions.
When a metal reacts with a non-metal, the metal atoms lose electrons and the
non-metal atoms gain electrons, forming an ionic compound.

2) Sodium chloride is a giant ionic lattice. It contains sodium ions (Na") and
chloride ions (CI"). The ionic bonds in sodium chloride are strong and are
created by the attraction between the oppositely charged ions.

3) a) Ionic substances form giant ionic lattices containing oppositely charged
ions. Strong ionic bonds between the ions result in high melting and boiling points
because a lot of energy is needed to break these bonds.

b) The ions are charged particles. When molten or dissolved the ions are free to
move enabling them to conduct electricity.

c) In solid crystal lattices the ions are not free to move therefore they
cannot conduct electricity.

4)

Product Use

Making margarine

Hydrogen Hydrogen fuel cells
Killing  micro-organisms in eg.
Chlorine swimming pool water and drinking

water

Sodium hydroxide Making soap




5) a) Calcium chloride CaCl2

b) Sodium oxide Na20

¢) Magnesium sulfide MgS

d) Aluminium hydroxide AI(OH)3
e) Potassium carbonate K2CO3
f) Calcium nitrate Ca(NO3)2

Covalent Bonding

1) Circle the covalent bond:-

Metal - Non-metal ; Metal — Metal ; Non-metal - Non-metal

2) How does a covalent bond form?

Covalent bonds are predominantly a result of two non-metal atoms sharing a pair of
electrons. There is then an attraction between the shared electron pair (negative) and
the oppositely charged (positive) nuclei. The electrons involved are in the highest
occupied energy levels (outer shells) of the atoms. Sometimes atoms form multiple
covalent bonds by sharing more than one electron pair. The number of covalent bonds
formed ftends to depend on the group number (8 - group number).

3) Properties of simple covalent molecules such as chlorine and oxygen:-

Melting point and boiling point High/Sow >

Solubility in water Soluble/ﬁ]@lublj
Conduct electricity? ConducTors/I@‘r@
Bonding between molecules @Trong
(intermolecular bonding)?




4)

Methane Water

4. Water has a relatively high boiling point compared to other simple covalent
molecules such as chlorine and oxygen. This is because hydrogen bonds form
between water molecules. These bonds are much stronger than the weak
intermolecular forces (Instantaneous dipole-dipole interactions or London
dispersion forces) between molecules such as chlorine and oxygen. Therefore a
lot more energy is needed to break the hydrogen bonds between water molecules

than is required to overcome the weak forces of attraction between chlorine or
oxygen molecules.
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Name Graphite Diamond Silicon dioxide
Type of atoms? Silicon
e.g. Carbon Carbon Oxygen
carbon/oxygen
Properties
High or low bp High High High
and mp?
Conductor or  Conductor Insulator Semi-conductor
insulator?
Hard or soft? Hard Soft and slippery Hard
Uses Pencil “lead" Jewellery Cutting and | Electronics
precision (Transistors)
tool
SUMMARY

1) False - giant covalent structures have strong bonds which need large amounts of
energy to break them.

2) False - intermolecular forces are weak

3) True - covalent molecules do not have free electrons or ions to carry a charge
(with the exception of graphite)

4) True - Graphite contains delocalised electrons which can carry a charge through
the hexagonal layers.

5) False - Intramolecular covalent bonds are strong. Graphite is slippery due to the
weak intermolecular forces.

Balancing Equations

1) 2Mg(s) + O2(g) — 2MgO(s)

2) 2H2(g) + 02(g) — 2H20(1)




3) Fe(s) + 2HCl(aq) — FeClz(aq) + Hz(g)

4) CuO(s) + 2HNO3(aq) — Cu(NO3):2 (aq) + H20(1)

5) Ca(OH)2(aq) + 2HCI(aq) — CaClz(aq) + 2H20(])

6) 2KHCO3(s) + H2504(aq) — K2S04(aq) + 2C02(g) + 2H20(])

7)2Al(s) + 3Cla(g) — 2AICIx(s)

Acids and Alkalis

1) Acids have a pH of less than 7.
Alkalis have a pH of more than 7.

Neutral substances have a pH of 7.

2) Acid + Metal — salt + hydrogen
Acid + Metal Oxide — salt + water
Acid + Metal Hydroxide — salt + water

Acid + Metal Carbonate — salt + water + carbon dioxide

3a) 2 NaOH + H2SO4 — Na2S0s4+ 2 H20
b) Moles NaOH = 0.025 x 0.01

= 0.00025

Moles H2504 = 0.000125

Concentration of H2S04= 0.000125/0.0242




= 0.00517 M
Redox

1) Redox is the oxidation of one element together with the reduction of another
element during a chemical reaction.

2) Two examples of useful redox reactions in everyday life:-
1) Combustion of fossil fuels

2) Respiration

3) Photosynthesis

3) An element losing electrons.

4) An element gaining electrons.

5) Oxidised: Carbon

Reduced: Zinc

6) Elements with variable oxidation states are able to lose or gain different numbers
of electrons depending on their environment. For example, iron can exist as Fe® and
Fe3" ions.

7 (a) 2Fe03+ 3C — 3CO2+4Fe
(b)

Mass of Fe203 = 80/100 x 1000

= 800 kg

Moles Fe20O3 = 800/160

=5

Moles Fe =5 x 2




=10

Mass Fe = 10 x 56

= 560 kg

Calculations

1a) Percentage yield = 10.8/12 x 100

= 90°/o

1b) MgCOs + H2SO4 > MgSO4 + H20 + CO2
Moles MgSO4 = 12.0/120

=0.1

Moles MgCO3 = 0.1

Mass MgCOs3 = 0.1 x 84

=8.4g¢g

2) Mg 1.82/24 : S5i1.05/28 : O 2.4/16

Mg 0.07583 : Si 0.0375: 0 0.15

Mg 0.07583/0.0375 : Si 0.0375/0.0375: O 0.15/0.0375

Mg2:5i1:04

Empirical formula = Mg2SiO4

3a) Anhydrous means without water.

b) RFM Na25203.5H.0=23x2+32x2+16 x3+5x 18

= 248




¢) Na25203.5H20 - Na25203 + 5H20
Moles Naz25203.5H20 = 12.41/248

= 0.05

Moles Na25203 produced = 0.05
Mass Na25203 = 0.05 x 158

=799




COMPULSORY QUESTIONS

Each of the definitions below is for a common word or term used in chemistry. dentify the correct
waord or term to go with each definition and write it in the space provided.

The smaflest particle of an slerment

Positive nuclet held together by delocalised electrons

Different physical structures of atoms of the sarme
element

The change in concentration of a reactant or product
over time

Chemically combined elements In a fixed ratio

Able to dissolve in a particular solvent

Breaking & substance apart using an electrical current

A reaction in which a substance is burned in oxygen

A substance abls to spead up a chemical reaction that
remains unchanged after the reaction is complete

A bond formed by the sharing of a pair of electrons

Negatively charged particle found within atoms

The less of efectrons

The raaction between an acid and a hase fo produce
water and a solution of pH 7

A bond formed by the exchangs of electrons and
resulling atiraction betwsen ions

Positively charged particle found within atoms

A type of reaction that gives out heat and causes a tise
in temperature

Centre of an atom, containing protons and neutrons

Gain of glectrons

Particle with no charge found within atoms

The amount of a dissolved substance in a given volume
of solvent

A type of reaction that takes In heat and causes a
decrease in temperature

A charged particle

A more reactive element taking the piace of a less
reactive element

© Badger Learning







COMPULSORY QUESTIONS

Evary substance around you is made from atoms. But what is an atom and what does an atom
contain?

In the space below produce a drawing that shows what makes up an afom. Yau should label your
diagram fully and give explanaticns where necessary,

Once you are happy that you have included evarything, compare it with the completed diagram in
the Answers to check you have all the sssential points.
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Chemists tell the story of reactions by using equations. These can be word equations, which give
the names of chemicals, but most often they use formulas equations. You are going fo study a
series of equations and interpret the information they can tell you.

Task 1

Write word equations for each of the following formulae equations:

1 HCI + NaOH - NaCl + H,0
2 Mg + 2HCl -+ MgCl, + H,
3 CH, +20,- CO, + 2H,0
4 H, 41~ 2HI

5 2Ca+ 0O, 2Ca0

Task 2

Choosing from displacement, thermal decomposition, neulralisation, polymerisation or
combustion, identify which type of reaction is occurring for each of the following formulae

squations:

1 H,80,,, + 2NaOH,, ~ Na,80, , + 2H,0,
» OO, + GO

A

Mg, + CuSO, ,, ~ MgSO

CuGO,

2lg

o T Clg

2
3
4 CH,,+20,,~ CO,, + 2H,0,
5

4@ 2{g 2

nC,H, = [GH,]

Task 3

Balance the following equations:

1 HOI + Mg ~ MgCl, -+ H,
Li + H,0 -+ LIOH + H,

C,H, + 0, CO, + H,0
K + H,80, = K,80, + H,

[+ B S < I

CH,, + 0, ~ CO, + H,0
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Atoms can join together to form molecules of elaments and ehemical compounds. Thay do this by
using bonds. Complete the following table on the different types of bonding.

Example of substance with this
honding

Diagram of the bonding within
this substance (ensiire you
accurately represent any outer
electrons)

What happened to the efectrons
to form this type of bond?

Would a substance with this type
of bond conduct elechicity?

Does a substance with this
type of bond contain charged
particles?
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All chemical reactions involve bonds being broken and bonds being formed. Every time a bond
is broken or formed, ensrgy Is efther raquired or releassd by the reaction. Thess erergy transfers
that oceur during reactions cause temperature changes, The amount of energy required or
refeased depends on the bond being broken or formed.

Methane, GH,, reacts with oxygen in the following way:

CHW + 202 ” - CO,L,@ + 2H20(n
ool )
> L = == = 3 STty S A
GC—H O=0 C=0 H-C
412 406 743 463

1 Use the average bhond enthalpiss provided 1o calculate the energy change for this reaction.
Show all your workings.

2 Would this energy change be endothermic or exothermic?
3  What would happen to the temperature during this reaction?

4  Sketch an ‘energy level diagram’ to represent this reaction.
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The ability to work with ntimbers is essential for chemistry, from working out how many moles of
a substance you have produced to caloulating an energy change for a reaction, Numbers you will
encounter In chemistry will range from the incredibly small, for example the radius of an individual
atom, to the incredibly farge, for example the number of atoms in a mole of an element. The
following number-handling skills will be needed throughout your chemistry studies.

Decimal places

Answaers to calculations aren't always whole numbers. The calculator will show a 'decimal point’
after the whole number and then one or more numbers, for example 12.5 — this is read as 12
point five' and means 12 and a half, or exactly halfway between 12 and 13,

More usually caloulators display fots of numbers after the decimal point, and you will need to
decide how many of these numbers to use in each stage of your calcufations and how many to
write down when you give an answer. Each number after the decimal point Is referred to as a

‘decimal place’.

Decimal place is abbreviated to ‘dp’ and exam papers
will often ask you to give answers to a certain number of
decimal places, usually two. This is written as '2dp’, If this
isn't the case, it's best fo write down any answer with all
the decimal places shown and then round up or down to
two decimal places.

if a calculation gave an answer of 4.87509545, there are sight decimal places shown. This would
be written as:

e 4910 1dp

e 4.881t0 2dp

e 4.875to 3dp

¢ 4.8751 to 4dp, and s0 on

You may have noticed that the last decimal place often differs from the original number - if you
aren't sure why, read the section below on rounding up or rounding down.

Rounding up and rounding down

Onee you know how many numbers after the decimal point you need o include, you may need
to ‘round up’ or round down’. This is becauss if the first number you are not including is closer o

the next highest whole number, it's too big to ignore.

If you were asked to quote 7.083754 to 1dp, it would bacome 7.1 — the eight that comes after the
zero is too large to ignore, so you have to round up the preceding number {in this case the zerq),
If you had been asked to quote the same number to 2dp, however, it would ba 7.08 — the eight
wouldn't change bacause the three that comes after it is small enough 1o fgnore, so you round
down and keep the preceding number the same,

The general rule is; find the number that represents the last decimat place you need to guote. If

the next number is smaller than five, round down {you won't change the iast decimal place you
quota). If It is five or more, round up (the last decimal place you guote will Increase by onel.
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You can only round up or down once. f you rounded 55.445 up to 55,456, you cannot then round
this up to 55,5, as 55.445 to idp is only 65.4.

When carrying out calculations, it is best fo leave rounding up and down unti yolt have your final
answer. If you round up or down too early you may end up with the wrong figure at the end.

Significant figures

Significant figures are useful when quoting numbers to a certain number of decimal places lsn't
appropriate.

If you quoted 0.0002 to 2dp, it would appear that you had a value of zero (0.00) but the two,
which has been ignored, may be highly important {for example, the required concentration of a
poison): it Is significant.

Significant figures (sig. fig. or SF for short) are numbers that tefl you something about the
magnitude {rough size) of a figure. You start counting significant figures as soon as you come
across a non-zero number reading from left to right. Zeros between other numbers and at the end
of numbers are classed as significant also. Where the decimal place is has no bearing on whether
a number is significant or not - all nurnbers are significant as soon as you encounter a number
that isn't zero.

All of the following are quoted to three significant figures:

o 3.67 = 0.000000899 e 401 e 7.00

Scientific notation (standard form)

Some numbers in science are just so large that they would take too long to write out in their full
forrn, so we use shorthand called ‘scientific notation’ or ‘standard form'.

This shorthand always takes the form of a number between 1.0 and 9.9 multiplied by 10 raised to
a given power, for exarnple 3.6 X 10? {this would be read as 'three point six times 10 to the power
of three').

Consider the number 100,000. If we write this in scientific notation it becomes 1.0 X 10° because
i we multiply 1.0 by 108, we get 100,000, A simple way to remember how to convert numbers
into scientific notation is to imagine that the power the number 10 is raised to telis you how many
numbers the decimal place needs 1o ‘leapfrog’ over to get back to its place in the longhand
answaer,

It is often helpiful to draw this out:

YWY YYD
100,000.0
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it works for vary small numbers too, except the decimal piace has to leapfrog backwards, so the
solentific notation shows a number between 1.0 and 9.9 multiplied by 10 raised to a negative
power, for example 1.0 x 10-% is 0.00001.

© Badger Learning




COMPULSORY REVISION

Chemists across the warld need t6 be able to communicate with one another, For this reason it

is Important that all chemists know the units of measurement to follow. It wouid be very difficult if
a chemist in one country set cut to check and confirm another chemist’s experimental resulis by
measuring something out in pounds and cunces if the original work was done in another country,

working In grams!

A universal set of base units has been established that tells scientists the correct units of
measurement to work with. They are known as 81 units, which stands for Systems International
d’Unités, The S units you are likely to encounter in A-level chemistry are outlined in the table

below:

R | S onatenaa e

1 m=100cm
1 m= 1000 mm

1 m = 1,000,000 pm
{micrometres)

Time

Seconds {s}

1 minute =60 s
1 howr=3600s

1 day = 24 hours

Temperature

Kelvin (K}

Temperature in K =
termperature in °C + 273.15

Mass

Kitogram (ka}

1 kg =1000¢g
1 g= 1000 mg

1 g = 1,000,000 g
{micrograms)

1 tonne = 1000 kg

Amount of substance

Mole {mof

1 mole = 6.02 x 10% aloms
or molecules

Mass of 1 mole of an atom =
that atom’s atomic mass in g

@ Badger Learming

You will not always be required to wori in Sl units in your studies; for example, you will ustially
work in Celsius when measuring temperature and in grams rather than kifograms when recording
mass, Howaver, you must be aware of how o corwert measurements into Sl units,
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Youi are going 1o be building a strong friendship over the course of your A-level Chemistry
studies. .. with your scientific calculator!

A scientific calcutator is an invaluabie tool for any chemist, so you need o be confident about
using it, and you will need to practise using some of the functions to maike sure you don't get
calculations wrong.

Obviously the calculator descrtbed here may not be exactly the same as yours, in which case
check the instruction booklet that came with your calculator so you can find the equivalent
functions — and do this Jong before any exams,

The functions you are most fikely to need are as follows:

The log function allows yoli to
input numbers that are ‘logarithms
1o base 10", 'log,,' or logs’ for
short. Thase allow you to deal
with very large numbers that are
part of a 'logarithmic scale’, such
as pH values. For exampie, to
calculate the 1og of 1000, press

i ‘log* then inpuit 1000, and then
gost tant € ‘=" o get the answer 3",

|cos] [tan}

Tha 10 function is the Invarse
function to the log button.
You will need to use this when = = s
yau are dealing with pH values ' <
and pOH values. You will need
to press ‘Shift’ or ‘Second | I fn2 l IHEX IE IINFOI1
Function’ then Input the valus e e e s e
18" is ralsed to, for example '3
for 30,

w2
These buttons allow you 1o input yoi|ng I\/I
brackets into a calculation; this . .
tells the caloulator to work thesa : i lMih’}
parts oud first, for example when T T
you caiculate relative atomic
MAassss.

Here ars your standard

buitons: '+ for addition, *—* for
L subtraction, ¢ for multiplication,
f-+! for division and "' for equais
{that is, the answerl).

This . butten fets you input
decimal places, for example
when yaur catry out calculations
gbout cancentrations, such as
0.1 {moldm™9,

This \

The EXP bution lets you'input numbers Y+ bution fets you input a negative

that are multiplied by a power of 10, After number, for example whan you perform
prassing it, *00" usually appears and you calculations about exothermic enthalpy
input the power you need, for example changes.

Avogadro’s numbier 8.02 x 10% would be
Inputied as 6.02 ‘EXP’ 23. Powers of 10
can be negative.

It doesn’t matter which order division or multiplication and addition or subtraction happen in,
axcept if they are the only functions needed for a calculation, in which case you should wark from

left to right,
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COMPULSORY REVISION

An equation is a mathematical way of showing a refationship between two or more variables. For
exampls, ‘a = b + ¢’ 1ells us that ‘a’ Is the same as ‘b’ and ‘¢’ added together; a, b and ¢ could
stand for anything, for example 'a’ (total revision time) = ‘b’ (maths revision time) + ‘¢’ (chemistry

revision time).

Symbolic equations {equations that contain symboils) are used extensively in chemistry and you
must be confident at rearranging them and recognising the symbols they contain.

How do | rearrange an equation?
Equations show individual variables and how these are connected; they will be connected by

operations such as ‘+', ‘=, =+, "X'and ‘Y".

Operations can be thought of as coming in pairs, where the two operations forming the pair
perform opposite functions.

e e — e e e AR Ve S e e e

+ (addition) ' — {subtraction)

* (multiplication) -+ {division}
division is sometimes written as /

*2 {square) 4 {square root)

‘Rearranging an equation’ means re-writing it in a new order, so a different variable is on its
own and equal to some combination of all the others, This variable becomes the subject of the

equation.

The key thing to remember when rearranging equations is that you must do the same things to
both sides of the equation (the left and right side of the ‘=" sign).

Returning to ‘a = b + ¢, if we had values for just 'a’ and ‘c’, we would need to rearrange this to
make ‘b’ the subject to be able to find its value.

As the equation is written, 'b’ Is belng added to ‘¢’, so to
“undo’ this we need to perform the opposite operation. In this
case we need 1o subtract "¢’ from both sides of the equation,

giving:

a—c¢c=bdc—¢
or{b)=a—c

Let's imagine we want o find a value for ‘¢’ in the following
equation:
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5o, step 1 is to muitiply both sides by 'd’, giving:

abd = 02@
or, abd = ¢?

Step 2 is to take the square root of both sides, giving:

or, ¢ = Yabd

Students often get confused when symbols within equations
are unusual or unfamiliar, Take your time — the process is always the sarne, no matter what the
aquation, [dentify the symbol you need as the subject, then just unpick the equation one step ata
time by using opposite operations. But remember — you must always do the same tc both sides.
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If you buy a piece of furniture that needs to be assembled, you are provided with a set of
instructions to tell you the parts you need and how it fits together, A chernical formula is exactly
that too — it tefls you what elements are neaded for a given compound or moleculs and the ratios
yols nesd them in.

Chernical formulae are written in shorthand, using the element symbols found on the periodic
tabla.

Most people know the formula for water is H,0, but what does that actually mean?

The symbol 'O’ tefls you water

The symbol ‘H* tells you H O /contains oxygen.
—_—— o .

water containg hydrogen.

There is no numbesr hare; this means
The 2" to the right of the symbel! for hydrogen there is only one oxygen atom in &
tefis vou that one molecule of water contains molecule of water,
twe hydrogen atoms.

These numbers always rafer to the element to
the isft of them in the formula,

Sometimes formiulas contain brackets. These show groups of elements within compounds. Any
numbar immediately outside the bracket tells you how many of these groups are present. For
example, when magnesium reacts with water, one of the products is magnesium hydroxide,
Mg(OH}..

M O H The ‘2" to the right of the brackets
g( ) tefis you that two of these “CH’

/ 2 groups are attached o magnesium.

The brackets contain a group made
from ane axygen atom and one
hydrogen atorm,

Simple chernical names can usually be worked out from
fooking at the formula. If 2 metal is present, it will come first in
the compound name. Subsequent chemicals will come hext,
and thelr name endings wili change depending on the type of
compound they form.

¢ The ending '-ide' tells you a compound has been
formed from only iwo slements (it won't necessarily be
Just two atoms thoughy, for example sodium chioride,
NaCl

s The ending *-ate’ tells you the compound has been
formed from maore than two elements, one of them
being oxygen, for exarmple calclum carbonate, CaCQ,

If a prefix is added to an element's name, this telis you how marny of its atoms are involved in the
compound. {Some prafixes are different when naming hydrocarbon chains however)

e ‘Mono’ (sometimes abbreviated to ‘mon’) means one; for example carbon monoxide, GO,
containg one oxygen atom
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‘T means two; for example carbon dioxide, CO,,, containg two oxygen atoms

T’ means three; for example boron trifluotide, BF,, containg three fluerine atoms

Tetra’ means four; for exarple carbon tetrafluoride, GF,, contains four fluorine atoms

‘Hexa' means six; for example sulphur hexaflucride, SF,, contains six fluoring atoms
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It is essential to bo able to balance chemical equations, and as long as you foliow some general
rutes and think logically about how to do this, it needn't cause you too much of a headache.

Chemical formulae tell you which efernents are in compounds or molacules and the ratios they are
in; these facts can't change, if they did, you would no longer have the same chernical. A simple
analogy for this is a kifchen tabie and its component parts: a table top and four legs. Lets give the
table top the symbol ‘T' and the legs the symbol ‘L. If we wrote an equation for constructing the

table it would be:
T+4L-(L, )

All the individual formulae are fixed; alf you are abie fo change is how many of each component
you can use up. You can't just change the table’s formula o TL, because the table would fall overl

It's the same for chemicals: water is always H,O, oxygen is always C,, chilorine is always Cl,,
sufphuric acid is always H,80,, and so on. You caryot and must not change the numbers within
formulae when you balance equations, as that would change the chemical. And, equally as
important, the parts you had at the beginning must all sfill be there at the end {that Is, on either
side of the arrow), just in different combinations.

Balancing equations can sometimas seem confusing when you have to consider how all the
chemicals are typically found. Let's return to our table

analogy. If table tops are always bought as packs of two,
you can't just make a single table so you'd nead more legs. &
The equation would now be;

T, + 8L —»@

It's exactly the same with chemicals, we canrot change
how the chemicals ars found, so all we can do is change the amount of them we use, by changing

the numbers /n front of the formulas.

Consider sodium and chiorine reacting o form sodium chioride, First, write out the element
symbols, showing how they are found naturally, with reactants on the left and products on the

Na - Cl, » NaCI)

Now adjust the numbers in front of the formulae until
the numbers of each atom match af the beginning

and end of the reaction. If we make another NaCl (that is,
2NaCl) and add another sodium at the start, it will balance:

Finally, remember that in a balanced equation each element
symbol actually represents one mole of that element (see
Task 26 if you are unsure on moles), so it is possible to
have half a mole of an alement as that’s actually 3.01 X
10 atoms; this can sometimes help balance the equation,
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For example, when carbon monoxide is formed as follows you could write the equations in either
of these ways:

CEi0[>CO OR  2C+0,2C0
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Maths skills

1 Core mathematical skills

A practical chemist must be proficient in standard form, significant figures, decimal places, Sl
units, and unit conversion.

1.1 Standard form

In science, very large and very small numbers are usually written in standard form. Standard
form is writing a number in the format A x 10* where A is a number from 1 to 10 and x is the
number of places you move the decimal place.

For example, to express a large number such as 50 000 mol dm~2 in standard form, A=5 and x =
4 as there are four numbers after the initial 5.

Therefore, it would be written as 5x104 mol dm=3.

To give a small number such as 0.000 02 Nm2 in standard form, A = 2 and there are five
numbers before it so x = —5.

So it is written as 2x10-5Nm?2.

Practice questions

1 Change the following values to standard form.
a boiling point of sodium chloride: 1413 °C
b largest nanoparticles: 0.0 001x1073 m
¢ number of atoms in 1 mol of water: 1806x102!
2 Change the following values to ordinary humbers.
a5.5x10°® b 2.9x102 c 1.115x104 d 1.412x1073 e 7.2x10!

1.2 Significant figures and decimal places

In chemistry, you are often asked to express numbers to either three or four significant figures.
The word significant means to ‘have meaning’. A number that is expressed in significant figures
will only have digits that are important to the number’s precision.

It is important to record your data and your answers to calculations to a reasonable number of
significant figures. Too many and your answer is claiming an accuracy that it does not have, too
few and you are not showing the precision and care required in scientific analysis.

For example, 6.9301 becomes 6.93 if written to three significant figures.
Likewise, 0.000 434 56 is 0.000 435 to three significant figures.

Notice that the zeros before the figure are not significant — they just show you how large the
number is by the position of the decimal point. Here, a 5 follows the last significant digit, so just
as with decimals, it must be rounded up.

Any zeros between the other significant figures are significant. For example, 0.003 018 is
0.003 02 to three significant figures.

Sometimes numbers are expressed to a number of decimal places. The decimal point is a place
holder and the number of digits afterwards is the number of decimal places.

For example, the mathematical number pi is 3 to zero decimal places, 3.1 to one decimal place,
3.14 to two decimal places, and 3.142 to three decimal places.
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Practice questions

3 Give the following values in the stated number of significant figures (s.f.).

a 36.937 (3 s.f) b 258 (2 s.f.) € 0.043 19 (2 s.f.) d 7999032 (1
s.f.)4 Use the equation:

number of molecules = number of moles x 6.02 x 1023 molecules per mole

to calculate the number of molecules in 0.5 moles of oxygen. Write your answer in
standard form to 3 s.f.

5 Give the following values in the stated number of decimal places (d.p.).
a4.763 (1d.p.) b 0.543 (2d.p.) ¢ 1.005 (2d.p.) d 1.9996 (3 d.p.)

1.3 Converting units

Units are defined so that, for example, every scientist who measures a mass in kilograms
uses the same size for the kilogram and gets the same value for the mass. Scientific
measurement depends on standard units — most are Systéme International (SI) units.

If you convert between units and round numbers properly it allows quoted measurements to
be understood within the scale of the observations.

ultiplication factor refix ymbo

Multiplication f Prefi Symbol
10° giga G
108 mega M
103 kilo k
102 centi c
10-3 milli m
106 micro u
10-° nano n

Unit conversions are common. For instance, you could be converting an enthalpy change
of 488 889 J mol! into kJ mol=1. A kilo is 102 so you need to divide by this number or move
the decimal point three places to the left.

488 889 + 10° kJ mol~* = 488.889 kJ mol™?

Converting from mJ mol™ to kJ mol-1, you need to go from 103 to 103, or move the decimal
point six places to the left.

333 mJ molis 0.000 333 kJ mol?

If you want to convert from 333 mJ mol= to nJ mol=%, you would have to go from 10-° to 103
or move the decimal point six places to the right.

333 mJ moltis 333 000 000 nJ mol~?

Practice questions

6 Calculate the following unit
conversions. a 300 pm to m
b5MJtomJd
¢ 10 GW to kw
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2 Balancing chemical equations

2.1 Conservation of mass

When new substances are made during chemical reactions, atoms are not created or destroyed
— they just become rearranged in new ways. So, there is always the same number of each type
of atom before and after the reaction, and the total mass before the reaction is the same as the
total mass after the reaction. This is known as the conservation of mass.

You need to be able to use the principle of conservation of mass to write formulae, and balanced
chemical equations and half equations.

2.2 Balancing an equation

The equation below shows the correct formulae but it is not balanced.
H2 + O2 — H20

While there are two hydrogen atoms on both sides of the equation, there is only one oxygen
atom on the right-hand side of the equation against two oxygen atoms on the left-hand side.
Therefore, a two must be placed before the H20.

Hz2 + O2 — 2H20

Now the oxygen atoms are balanced but the hydrogen atoms are no longer balanced. A two
must be placed in front of the Ha.

2H2 + O2 — 2H20

The number of hydrogen and oxygen atoms is the same on both sides, so the equation is
balanced.

Practice questions

1 Balance the following equations.
aC+02—CO
b N2 + H2 — NH3
¢ C2Ha + O2 — H20 + CO2

2.3 Balancing an equation with fractions
To balance the equation below:
Cz2Hes + O2 — CO2 + H20

1 Place a two before the CO:2 to balance the carbon atoms.
[0 Place athree in front of the H20 to balance the hydrogen atoms.
C2Hes + O2 — 2C0O2 + 3H20

There are now four oxygen atoms in the carbon dioxide molecules plus three oxygen atoms in
the water molecules, giving a total of seven oxygen atoms on the product side.

[J To balance the equation, place three and a half in front of the O2.
C2Hs + 3%202 — 2CO2 + 3H20

00 Finally, multiply the equation by 2 to get whole numbers.
2C2He + 702 — 4CO2 + 6H20
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Practice questions

2 Balance the equations below.
a CeHia + O2 — CO2 + H20
b NH2CH2COOH + O2 — CO2 + H20 + N2

2.4 Balancing an equation with brackets
Ca(OH)2 + HCI — CaCl2 + H20

Here the brackets around the hydroxide (OH") group show that the Ca(OH)z unit contains one
calcium atom, two oxygen atoms, and two hydrogen atoms.

To balance the equation, place a two before the HCI and another before the H20.
Ca(OH)2 + 2HCI — CaClz + 2H20

Practice questions

3 Balance the equations below.
a Mg(OH)2 + HNOsz — Mg(NO3)2 + H20
b Fe(NOs)2 + NasPOs — Fes3(POa4)2 + NaNOs

3 Rearranging equations and calculating concentrations

3.1 Rearranging equations

In chemistry, you sometimes need to rearrange an equation to find the desired values.

For example, you may know the amount of a substance (n) and the mass of it you have (m), and
need to find its molar mass (M).

The amount of substance (n) is equal to the mass you have (m) divided by the molar mass (M):

n=—
M

You need to rearrange the equation to make the molar mass (M) the subject.
Multiply both sides by the molar mass (M):
Mxn=m

Then divide both sides by the amount of substance (n):

m=—
N

Practice questions

1 Rearrange the equation ¢ =§ to make:

a n the subject of the equation
b V the subject of the equation.

2 Rearrange the equation PV = nRT to make:
a n the subject of the equation

b T the subject of the equation.
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3.2 Calculating concentration

The concentration of a solution (a solute dissolved in a solvent) is a way of saying how much
solute, in moles, is dissolved in 1 dm?3 or 1 litre of solution.

Concentration is usually measured using units of mol dm-3. (It can also be measured in g dm3.)
The concentration of the amount of substance dissolved in a given volume of a solution is given
by the equation:

c=—
Vv

where n is the amount of substance in moles, c is the concentration, and V is the volume in dms.

The equation can be rearranged to calculate:

0 the amount of substance n, in moles, from a known volume and concentration of solution

(1 the volume V of a solution from a known amount of substance, in moles, and the
concentration of the solution.

Practice questions

3 Calculate the concentration, in mol dm=3, of a solution formed when 0.2 moles of a solute is
dissolved in 50 cm3 of solution.

4  Calculate the concentration, in mol dm=3, of a solution formed when 0.05 moles of a solute is
dissolved in 2.0 dm?3 of solution.

5 Calculate the number of moles of NaOH in an aqueous solution of 36 cm?3 of 0.1 mol dm=3.

4 Molar calculations

4.1 Calculating masses and gas volumes

The balanced equation for a reaction shows how many moles of each reactant and product are
involved in a chemical reaction.

If the amount, in moles, of one of the reactants or products is known, the number of moles of any
other reactants or products can be calculated.

The number of moles (n), the mass of the substance (m), and the molar mass (M) are linked by:

n=—
M

Note: The molar mass of a substance is the mass per mole of the substance. For CaCOs, for
example, the atomic mass of calcium is 40.1, carbon is 12, and oxygen is 16. So the molar mass
of CaCOs is:

40.1 + 12 + (16 x 3) =100.1. The units are g mol-1.
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Look at this worked example. A student heated 2.50 g of calcium carbonate, which decomposed
as shown in the equation:

CaCOs(s) — CaO(s) + CO2(qg)
The molar mass of calcium carbonate is 100.1 g mol™.

a Calculate the amount, in moles, of calcium carbonate that decomposes.
m
n= via 2.50/100.1 = 0.025 mol

b Calculate the amount, in moles, of carbon dioxide that forms.

From the balanced equation, the number of moles of calcium carbonate = number of moles
of carbon dioxide = 0.025 mol

Practice questions

1 Inareaction, 0.486 g of magnesium was added to oxygen to produce magnesium oxide.
2Mg(s) + O2(g) — 2MgO(s)
a Calculate the amount, in moles, of magnesium that reacted.
b Calculate the amount, in moles, of magnesium oxide made.
¢ Calculate the mass, in grams, of magnesium oxide made.
2 Oscar heated 4.25 g of sodium nitrate. The equation for the decomposition of
sodium nitrate is:
2NaNOs(s) — 2NaNO2z(s) + 02(g)
a Calculate the amount, in moles, of sodium nitrate that reacted.
b Calculate the amount, in moles, of oxygen made.

3 0.500 kg of magnesium carbonate decomposes on heating to form magnesium oxide and
carbon dioxide. Give your answers to 3 significant figures.

MgCOs(s) — MgO(s) + CO2(g)
a Calculate the amount, in moles, of magnesium carbonate used.
b Calculate the amount, in moles, of carbon dioxide produced.

5 Percentage yields and percentage errors

5.1 Calculating percentage yield

Chemists often find that an experiment makes a smaller amount of product than expected. They
can predict the amount of product made in a reaction by calculating the percentage vyield.

The percentage yield links the actual amount of product made, in moles, and the theoretical
yield, in moles:

actual amount (in moles) of product
theoretical amount (in moles) of product

percentage vyield = - 100

Look at this worked example. A student added ethanol to propanoic acid to make the ester, ethyl
propanoate, and water.
C2Hs50H + C2HsCOOH — C2HsCOOC2Hs5 + H20

The experiment has a theoretical yield of 5.00 g.

The actual yield is 4.50 g.
The molar mass of C2HsCOOC:2Hs = 102.0 g mol™*

Calculate the percentage yield of the reaction.

Actual amount of ethyl propanoate: n =% =4.5/102 = 0.0441 mol
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m

Theoretical amount of ethyl propanoate: n = v =5.0/102 = 0.0490 mol

percentage yield = (0.0441/0.0490) x 100% = 90%

Practice questions

1 Calculate the percentage yield of a reaction with a theoretical yield of 4.75 moles of product
and an actual yield of 3.19 moles of product. Give your answer to 3 significant figures.

2 Calculate the percentage yield of a reaction with a theoretical yield of 12.00 moles of product
and an actual yield of 6.25 moles of product. Give your answer to 3 significant figures.

5.2 Calculating percentage error in apparatus

The percentage error of a measurement is calculated from the maximum error for the piece of
apparatus being used and the value measured:

maximum error
percentage error = x 100%
measured value

Look at this worked example. In an experiment to measure temperature changes, an excess of
zinc powder was added to 50 cm? of copper(ll) sulfate solution to produce zinc sulfate and
copper.

Zn(s) + CuS04(aq) — ZnSOa(aq) + Cu(s)

The measuring cylinder used to measure the copper(ll) sulfate solution has a maximum error of
+2 cms,

a Calculate the percentage error.
percentage error = (2/50) x 100% = 4%
b A thermometer has a maximum error of £0.05 °C.

Calculate the percentage error when the thermometer is used to record a temperature rise of
3.9 °C. Give your answer to 3 significant figures.

percentage error = (2 x 0.05)/3.9 x 100% = 2.56%

(Notice that two measurements of temperature are required to calculate the temperature
change so the maximum error is doubled.)

Practice questions

3 Agas syringe has a maximum error of £0.5 cm3. Calculate the maximum percentage error
when recording these values. Give your answers to 3 significant figures.

a21.0cm?3 b 43.0 cm3

4  Athermometer has a maximum error of £0.5 °C. Calculate the maximum percentage error
when recording these temperature rises. Give your answers to 3 significant figures.

al2.0°C b 37.6 °C
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6 Graphs and tangents

6.1 Deducing reaction rates

To investigate the reaction rate during a reaction, you can measure the volume of the product formed, such
as a gas, or the colour change to work out the concentration of a reactant during the experiment. By measuring this
concentration at repeated intervals, you can plot a concentration—time graph.

[A)/moldm=

2.5 The steeper the gradient the higher is the
rate. By calculating the rate at two different
points, the order can be calculated.

2

The gradient of the tangent
concentration-time gives

1- the rate.
0.5 - When the gradient is flat
the rate is zero.
O l‘ 1 | 1
0 50 100 150

time/s

Note: When a chemical is listed in square brackets, it just means ‘the concentration of’ that
chemical. For example, [O2] is just shorthand for the concentration of oxygen molecules.

By measuring the gradient (slope) of the graph, you can calculate the rate of the reaction. In the
graph above, you can see that the gradient changes as the graph is a curve. If you want to know
the rate of reaction when the graph is curved, you need to determine the gradient of the curve.
So, you need to plot a tangent.

The tangent is the straight line that just touches the curve. The gradient of the tangent is the
gradient of the curve at the point where it touches the curve.

Looking at the graph above. When the concentration of A has halved to 1.0 mol dm~3, the
tangent intercepts the y-axis at 1.75 and the x-axis at 48.

1.75

The gradient is = -0.0365 (3 s.f.).

So the rate is 0.0365 mol dm=3 s,

Practice questions

1 Using the graph above, calculate the rate of reaction when the concentration of A halves
again to 0.5 mol dm=3.




Answers to maths skills practice questions

1 Core mathematics
1 al413x103°C b 1.0x107m
c 1.806 x 1021 atoms

2 a 0.000 0055 b 290
c 11150 d 0.001412
e’2

3 a 36.9 b 260
c 0.043 d 8000000

4 Number of molecules = 0.5 moles x 6.022 x 1023 = 3.011 x 1023 = 3.01 x 1023
a4.8 c1.01
6 a0.0003m

c1x107” kW

(6]




b 0.54 d 2.000
b5x10°mJ

2 Balancing chemical equations
1 a2C+0z—2C0 bMNz+ 3Hz = 2MHz

¢ CzHe + 302 — 2H:=0 + 2C0:z
2 aCsH:w:s + 9%02 — BCO2 + TH2O or 2CsH1i4 + 1902 — 12C02 + 14H20

b 2MHzCHzCOOH +4-_-:D2 — 4C0z + 5Hz0 + Nz

or 4NHzCHzCOOH +30z — 8C0z + 10Hz0 + 2Nz
3 aMg(OH)z + 2HNOz > Mg(NOz)z + 2Hz0
b 3Fe(NOz)z + 2Na:P04 2 Fez(PO4)z + BMNaMNOz

3 Rearranging equations and calculating concentrations

n

1 an=gy bv=_—
L#
2 an=ﬂ bT=ﬂ
AT ne
02 "
m—4-umm
0.05

4 —=0025moldm™
2

5 38 51-36x102mol
11111 R oL




4 Molar calculations

1 a 0.486 = 0.02 mol
24.3

b 0.02 mol

¢ 0.02 x 40.3 = 0.806
2 a 7 =0.05mal

229 _c93mol b 5.93 mol
43

Percentage yields and percentage errors
3.19/4.75 x 100 = 67.2%

5

1

2 6.25/12.00 x 100 = 52.1%

3 a0.5/21 x 100 = 2.38% b 0.5/43 x 100 = 1.16%

4 a05x(2/12)x100=8.33% b 0.5 x (2/37.6) x 100 = 2.66

6 Graphs and tangents
1 -1.25=-0.0192

65
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EXTENSION TASK

Moles and Formulae

"To succeed with this topic you need to: _
¢ beabletofind A (atomic mass number) values from the Periodic Table

» use acalculator to do basic arithmetic

After working through this Factsheef you will be able to:

= calculate M, (molecular mass number) from A, values

calculate percentage composition by mass for a compound
caleulate moles from grams and grams from moles of a substance
calculate empirical formulae using a variely of different methods
convert empivical formulae into molecular formulae

L I I

Examination guide

The calculations covered by this Factsheet can appear in neatly every

module of the AS and A2 specification. The concepts and methods

introduced are the basis of all quantitative chemistry and it is vital you can
andle them,

1. Finding M (relative molecular mass or formuia mass)
The M, of a compound is found by adding up the relative atomic masses
(A )of the elements in the compound's formula.

Remember: The A_value is found from the Peviodic Table.

A_ value

1iNa
Atomlic
nunmber

Hint; A _is always the larger of the iwo number in the boxes

Example 1: What is the M, of CH,?

C,H, includes 2 C atoms and 6 H aloms,
So M{C,H)= 2X A(C) + 6X A )
(A, =12for C and I for H)

S M=02x12) +{(6%x1) = 30

Example 2: What is the M of Ca(NO,), 7

NB: The small 2 outside the brackets multiplies everything
inside the bracket - just like in maths.

So Ca(NQ,), includes 1 Ca atom, 2 N atoms and 6 O atoms.
SoM{Ca(NO,))= A(Ca) + 2XA(N)+6XAL0)
(A, =40 for Ca, 14 for N and 16 for O)
SO M=404+(2X 14) + (6% 16) = 164
2. The percentage composition of a compound

You may be asked to find (for example) the percentage of sodium nitrate
that is nitrogen. N.B this is a commonly asked examination question!

Method
Step 1:- find M_(by totalling A_values)

Step 2:~ find % of an element using:

no. of atoms of element X A
=X 100%

Example: What s the percentage by mass of each of the elements pl esent
in CHBr?

M, (CHBE) = (12X2) + (1X5) + (80X 1)
109
12x2
%C =~ x100= 2202%
1x5
BH = G X100= 459%
Br=-*——{x100= 73.39 %

Check! these shounld add up to 100%

3. Moles

What is a mole?

A mole of something is just 6,023 % 10™ of it, A mole of hydrogen atoms
i56,023 X 10Phydrogen atoms, a mole of water molecules js 6,023 x 10
water molecules - you could even imagine a mole of people or a mole of
cars! The number 6,023 X 10% js called the Avagadro Number - - you do
NOT have to learn it!

Exam Hint: - Be careful what it's a mole off A mole of hydrogen

atoms (H) Is not the same as a mole of hydrogen molecules (H,).
A mole of hydrogen molacules conlains 2 moles of hydrogen alomsi

If a question refers to a mole of an element, it means a mole of
molecules of that element.

Why that particular number?

Avagadro's number is chosen to "fiddle" it so that one mole of a substance
hasmass (in grams) equal to the A orM of that substance, So as hydrogen
atoms have A, = 1, one mole of hydrogen atoms will have mass one gram.,
Similarly, as C,H_ has M, = 30, one mole of C H, will have mass 30 grams,
This makes moles easier to work with!

Definifion of a mole
‘The definilion of a mole given below probably seems a bit odd, but itis the

one that must be given in an exam!

(ﬁﬁ Definition: One mole is the amount of substance whicl contains

the same number of particles (atoms, molecules or iois) as there ave
atoms in 12.00g of °C

Calculating with Moles
The important thing is {o be able to use the mole in calculalmns‘

The basic equaltion is:

Numberof _  mass(g)
‘5’5’ moles ~ AorM,
ot rearvanged
Mass (g) = moles X A_or Mr - AorM, = &isw&
molies
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Work through the MaChemGuy "Prep for A-level” playlist.
https://tinyurl.com/wzljngt




WIDER READING AND PREPARATION FOR A LEVEL

Book Recommendations

“PiXL..

e incarsbears

Kick back this summer with a good read. The books below are all popular science books
and great for extending your understanding of chemistry

| ¥ :
v ¥
| Al

The Science of Everyday
Life: Why Teapots Dribbie,
Toast Bums and Light
Bulbs Shine

The ttie zays it all resily,

The SCIENCE of

N PERIODIG é

TALES

Penodic Tales: The
Curious Lives of the
Eements

Thiz bock covers the
chemical elements,
where they come from
and how they are uzed.
There are loacs of
mdnninsina"w'mo
uses for chemicals you
would have never even

thought sboat.

otz of interesti
about the thi
your home!

Bad
L Science
Ben Goldacre

Calasiations in AS/A
Level Chemistry

¥ you strugsie With the
@losations side of
chemiztry, this is the
D00k for you. Covers i
the DozmDie calculstions
you are ever likely to
come acrozs. Brougnt to

Sy

== | Q@O

EVERYDAY LIFE

Wy ompt b 1000 Lant havvs
e L

Bad Science

Here Ben Goldacre takes apart
anyone who published bag /
misieacing or dodgy science —this
bock will make you think sbout
emth'nsmeam:'rs ndustry
trie:to:euymufmi\sitm

=
CERERCERR

Bl

-
SAN LERN

2o ,:Y:: ame“g:y 32 One of our crowning saentific
5 achisvements iz 820 8 treasurs
:;"E‘*'w"‘* trove of Dazzion, scvanturs,

B Copyright The PIXL Ciub Ld, 2018

betrayal and obzession. The
Disappearing Spoon follows the
elements, their parts in human
history, finance, mythciogy,
confict, the arts, medione and
the lives of the (frequently) mad
s0entizts who discoverad them




Movie Recomm

endations
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Everyone loves a good story and everyone loves some great science. Here are some of the

picks of the best films basad on real life scientists and discoveries. You wont find Jurassic Park
on this list! we've looked back over the last 50 years to give you our top 5 films you might not
have seen before. Great watching for a rainy day.

An Inconvemnient Truth
(2006}

Al Gore, former
presidential candicate

campdsn:hors':e public A&

swareness of the cangers
of glocel warming ard
iz for immediate action
to curd it destructive
effects on the
environment.

[Se= alzo: An inconvenient
Sequei, 20:7:'

Erin Brokovich {2000
Basad on a true story. An
unemployea single
mother becomes 3 legal
assztant and aimost
sngie-handedty drings
down a Californis power
company acaused of
polisting a city's water
SJpply.

© Copyright The PIXL Ciub Lid, 2018

onacaze 'motw-s s
rmjoc' company
responsidle for cp.ls'ns
seversl peopie to be
a'asnozed With leukemys
cue to the town's water
supply being ,
comamunated, &t the nzk
of bankrupting his firm
and career.

The Human Experment
(2013]

- docu'nemnr( that
expiores chemecals found
in everydsy household
products.

The Insicer {1999)
Areszarch chemizt comes

under perzonal and
orofeszional attack when
he decides to appesrina
"50 Minutes” expose on
8ig Todacco.
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Movie Recommendations

If you have 30 minutes to spare, here are some great presentations (and free!) from world
leading scientists and researchers on a variety of topics. They provide some interesting answers
and ask some thought-provoking questions. Use the link or scan the QR code to view:

Piay with Smart Materials

Avnabie at:

hitps//www ted comy/ta ks/catarine. mota
_play_with_smart materials ink that
conducts electricty; 8 window that turns
from clear to opague st the flip of & switch;
8 jelly that makes music. Al thes stuf?
exists, it's Sme to iy with it. A tour of
Surprising and cool new materiaiz,

Just how small is an atom?

Avminableat:

bitps. e ted comitalkzjust_how_smal i
325t how small are atoms? Realy, reslly, realy
small. This fact-paced animation om TED-Ed

wzes metaphors (imazgine 2 bluederry the size

of 3 foctoall stadiuim?) 1o give 3 visceral senze

of just how smail atoms are.

Battling Bad Science

Availabie st -

nitps/feen ted comytalka/ben_golkdacre
_:\zn’ans_:ec_:o:ﬂ::m-éaz?s

Every day there are news reports of new
heaith advice, but how can you know i
they're right? Doctor and epidemioiogist
Sen Golcacrs shows uz, st high sdeed, the
weys evidence can be cistorted, from the
:>ira'n5.',' o:r-‘iou: nutriton daims to the
wery subtie tricks of the pharmaceutical

How Spectrozcopy Could Reveal Alien Life

Avsimbleat:

batas/ S . ted comytals :."5:ri b._i:r-‘.f.l [Ty
what = Iinside & =tar

Garik izraelian iz 8 spectrozcopist, studying

the spectrum emitted by a star to figure

out what it's made of ang ho'fv it 'n'sht

behave. R's a rare and acceszibie ook 28

thiz cizgpline, which may de coming cloze

to finding 8 planet friend)y to life

© Copyright The PIXL Club Lid, 2018
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Research Activities

I Tk

L inETEbEnne

Resezrch, reading and note making are essential skills for & level chemistry study. For the
following t=sk you are going to produce ‘Cornell Notes' to summarize your reading.

1. Divide your pame intm
three sections like this

3. Use the [zrge box
to make notes. Leave
& space between
separate idez.
Sbbrevigte where
possible.

5. Wirite 3 summary
of the main ideasin
the bottom spaoe

Cemrsy Samre Faie

-1 Fmopn
.’I.—.

J.-t"'—.
=

. . —

2. Write the namie,
date and topic at the
top of the page

4. Beview ard
idemtiy the key
posints in the left hand
bon

AT

*

Camred hame Duns
=

- MEies
about

Dems

!

-

il

%

Irages taken from Hipﬂmjm.nduﬂuﬂiﬁtmhnnmmmm

1 Copyright The PIXL Club Lid, 2018
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Research Activities

Aimed at Zudent: aged ‘.4-_1.9, Cawv:‘ magazine iz
a!dtd M'.P lt'{t&:‘bl‘g articies on mrﬁ-ense
soence, interviews anc new research written oy
leading academics. It also includes 3 booket of
teache’s notes, ful of ideaz and leszon plans to brins
the articies to life in the clazzroom

For each of the forowins topis you are 501':'5 o use
the resources to procuce one page of Comed style
notes.

Uze the links of scan the QR coce to take you to the
resources.

Topic 1: Using Plastics in the Body

Availabie at:

mtpsleowe stam.org uk/rezources/eibrary/resoure
2/382317 /us ng-pRsbcs-body

This Catalyst artide Jooks at how sOentists are
leaing 10 use polymers for many mecical
spplications, inCludng implents, Dane reseirs anc
reguction in infections.

’.opfc 2: Catchung & Chest

Avatisbie =t:

mttos/ww :.-n‘:,.g uk .'ntm:].'ezp','c-m-!.
'::_C«.’f:::\v'zo 17{'C'3."l:at ching’2 Ga?»: Ocreat oot
Thiz Catalyst artide iooks 2t anahtical chemizts who
are involved in many kinds of testing, inclucing dnug
testing to catch chests in sport.

‘.opfc 3: Diamong: More than just a gemstone
Avatlabie 2t:

mtac e stemorg uk/otemtles/eiboary-
rezources/2017/02/Dnmand2omers220ehan®20j
usth20ai20semstone paf

Thiz Catalyst artide looks st diamond and graphite
which are aliotropes of cardon. Their properties,
which depend on the mrs between the carbon
atoms, are alzo sxaminec

© Copyright The PIXL Club L, 2018




Topic & The Bizarre World of High Pressure
Chemistry

Availadie st

https/fwaw stem. org uk/system/f a::."eli:nrr
rmgmze.u.‘c.mr.m?_: m:vcv':nr'!_m

of_hish pressure_chemustry odf

m:cnwzno: investzates high pressure Tubanwt s
chemistry and dizcovers that, when put uncer

extreme preszure, the properties of s material may 5 R Dema)
change cramaticaly .

Topic 3 Microplastics and the Cceans

Availadie at-

https-//waw stem.ors. uk/system/files/elivrary-
razourcez/2016/11/Cataly=t27 1 micropiastics %20
and_the oceans.pdf

Thiz Cataly=t artice looks at microplestics.
Micropiastics are tiny particies of polymer usedin
many products. They have been found to be an
environmental poliutant espadaily in ocesns.
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Ideas for Day Trips

If you 3re on holiday in the UK, or on 3 staycation 3t home, why not plan 3 day trip to one of these :

Glasgow Science Dundee Science
Centre - Glasgow Centre - Dundee

WS - Belfast
Colour Experience -
Bradford

Catalyst Discovery

Centre - Widnes
Cambridge Science

Black Country Livi Centre - Cambridge

Museum - Dudley

Think-tank - The Whipple
Birmingham Museum -
Cambridge

National Museum -
Cardiff

The Faraday Museum
- London

Bristol Science
Centre - Bristol
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Science on Social Media Sy s

Science communicetion is essential in the modern world and @l the big scientific companies,
resezrchers and institutions have their own social media acoounts. Here are some of our top tips to
k=ep up to date with developing news or interesting stories:

Folioa can Twattar:

Setiers’ Institute - Cur schivities indude Festhoals of l:r':rri:h'?; Ehemsh'r' Camps; Cumioula; Awesrds
fior Technicians, Gradustes, & Lavel Shodents; and SeTirers
e:rl:u:_in'.:t

I:Iu'lll.!. Lemlﬂmr&bfmm—udlrm'n'sh'rﬁm: |Easn:|-:u11:l‘u:.ﬁ.—|.e.n:l.ﬁ.l:l.ﬁ.5|:-|::|:-|.t miost facts
hl:lrt'h'i'l:hﬂll]
B eyl

I:r'crri:hﬂll Hem—ﬂulu‘te.‘tl:lﬁﬂ'shﬂr'nrﬁﬂm onky the best sources
e:r'-urishﬂp'u.-m'-
Cormizeounid Infenest— G"HFHII E!IF‘II:H'I-Fﬁ mr'r'l:lu','ﬂ-l:r'ﬂni:h','. Winmer of @abow S soenoe biog

mward
@ cormyounidohem

Chami m—mn@dmﬁngqywmmmw;mmde
cay. Published by the Royal Society of Chemistry.

@Chemistryworid

F:-:FFIS-:I-:iet,':-'rclﬁﬂ'sh'r'-FT-:mute. support and celebeate :r':rri:hﬂll Follow for updates on latest
ackriities

EF:I:Illﬁnd:l'Ht'ﬂ

Feniodic Wideos— I:hznish':.' Wit sares by @ ErndyHaran & profs at the Uil ol Hul:l:inEhu'n - mlso sas=
e:'ri:r'.:lllrrmuls-ﬁ Erl.l"ruu"ph'l-c
eFm-:ld'l:'.ril:Iu:E

Find o Facsnook:
Soence Mow - Soencs Now IS o dedhicahsd I:l:ll'11rrlll.l'l'|:lll that heips spread soince rews i all fiskds,

froami |:hl|I=i-: o I:ri-:-l-:Elll_. medicne to rangtedhnology, space snd Deyond!

Mational So=nce: Foundation — &5 an imdt:trﬂﬁtf:dﬂuluﬁurpﬂ?tnduiﬁrﬁﬁmﬂpmpnrﬁmur
basic resasrch. For offiosl souroe informaton abowt BEF, '-'i:it'nw.r'sr.ﬁuu

SoimnceE B l.'l-ug.tir': - BOEpiCs COErS im|:-|:-r|:|rt ar :rru:rE;inE reszgrch im sl fizkds of soence

ESC sdence Hews - The latast BBESdtrmurdEminmnuTth:mtirEmmrﬁism
debats om soenoe and nabure srour the word

Soentific American - Soentific Armserican is the uuﬂmibr'msjtrtemtmubﬂ.'hruﬁumm
umiutz.himmlu'ugemutnq:ﬁmhmrmw-mr Ll"ltlTI:ﬂ.nI.'.irE of the workd ana
FI"HFHI:I.I"Ii'iﬂ.

& Copyright The PIXL Club Lid, 2018




These are some textbooks which you may find interesting and useful before
and during your AS-Level Chemistry course.

"Essential Maths Skills for AS/A-Level Chemistry
By Nora Henry

Published by Philip Allan for Hodder Education
ISBN 978 14718 6349 3

*A-Level Year 1, Chemistry, OCR A
Complete Revision and Practice
Published by CGP

ISBN 9781782943402

"A-Level Year 1, Chemistry, OCR A
Complete Revision and Practice
Published by CGP

ISBN 978 178294 340 2

*Aspirin. The Story of a Wonder Drug
By D.Jeffreys

Published by Bloomsbury

ISBN 9781582346007

*Periodic Tales, The Curious Lives of the Elements
By Hugh Aldersey-Williams

Published by Penguin

ISBN 978-0141041452




USEFUL WEBSITES

Chemguide
Rod's pages
Knockhardy
Amazing grades

Memrise

Doc Brown

S-cool Revision

Chemrevise

Crash course

www.chemguide.co.uk

http://rod.beavon.org.uk/index.htm

http://www.knockhardy.org.uk/sci.htm

www.amazing-grades.com

https://www.memrise.com/

http://www.docbrown.info/

https://www.s-cool.co.uk/a-level/chemistry

https://chemrevise.orqg/

https://www.youtube.com/user/crashcourse/featured



http://www.chemguide.co.uk/
http://rod.beavon.org.uk/index.htm
http://www.knockhardy.org.uk/sci.htm
http://www.knockhardy.org.uk/sci.htm
http://www.amazing-grades.com/
https://www.memrise.com/
http://www.docbrown.info/
https://www.s-cool.co.uk/a-level/chemistry
https://chemrevise.org/
https://www.youtube.com/user/crashcourse/featured
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Science: Things to do! FPOSUS I etaimde

Day 4 of the holicays and boredom has satin?

There are loads of citizen sCence projects you can take part in either from the comfort of your becroom, out and
about, or when on holiday. Wikipecia does a comprehensive list of all the cumrent projects taking place. Google
“citizen sdence project’
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Want to stand abowve the rest when it comes to UCAST Now is the time to
act. FUTURELEARN
MOOCs are online courses ran by nearly all universities. They are short FREE

courses that you take part in. They are u=ually quite spedalist, but aimed at

(%
the public, mot the genius?

There are Iots of websites that help you find 2 course, zuch as edX and Future | | completing a MOOC will look
learn. 7 3 great on your Personal
You can take part in any course, but there are usuaily start and finish cates. statement and they are dead
They mostly inwolve taking part in webd chats, watching wdeos and : 2
interactives. e partin
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Moles and Formulae

Chem Factsheet

Some students find the ‘triangle method’ useful in remembering and
rearranging equations.

Moles % M,

You cover up the {hing in the triangle you want to find. Then, what you
can see tells you the calenlation to do. For example, if yor want to {find
mofes, cover it up and you are left with mass/M_

This method can be used for ANY equation that has a fraction on one
side and just one thing on the other side. Whatever is on the top of ihe
fraction goes in the top of the triangle.

Here are some examples:
Example 1: How many moles are thers in 6g of C?

MHE) (A = 12 for ©)

moles =
4

. _ 6 _
. moles = vl (.5 moles

",Examp!e 2: How many moles are there in 36g of H,07

Since M_ix in the forawda, we must calculate this first
ME0) = (Ix2)+(16x1) = I8

ol mass(g} 16
€5 = = —
M 18

[

= 2 moles

Example 3; What is the mass of 0.5 moles of H,57

1§

M (IL,5) {(IxH+(32x1) = 34

mass{g) = molesxXM = 05x34 =17g

Example 4: 0.2 moles of a metal have a mass of 4.6g.
1) Calculate the element's atomic mass
1) Suggest an identity for the metal,

. mass(g)
Vi = moles
4.6

=a-2— =23

i1y Looking at the Pertodic Table, we see that sodium
has an atomic mass of 23, and if is a metal.

Challenge Question. Does the metal HAVE to be sodium?

*£7 SSDIH JNUOID PADY PIROD S)DIN
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4. Empirvical and Molecular Formulas
For calculation purposes there are 2 types of formudac you need to know:

The empirical formula (ef} shows the ratlo of the atoms present in
their lowest terms i.e. cancefled down fo smallest whole numbers.

The molecular formula {mf) shows the actual number of each type
of atom present in one molecule,

Finding Empirvical Formulze
There are several ways to calculate empirical forrmatlae, and these are
shown below in order of increasing difficuliy:-

1. Colenlating BT from Moles 7
‘What is the BF of the compound formed when 6 moles of potassium
atoms react with 3 moles of oxygen atoms?

K0

Moles 633
Simplest ratio 231 (divided by 3)

EE = K0

2. Calculating EF from Mass
What is the EF of the compound formed when 6g of carbon reacts with
32g of sulphu?

Firsifind moles!

32
=05 MolesS =— =1

6
moks C = T )

C:S
05:1 (now divide by 0.5 - the smaller number)
1:2

.

moles
Simplest ratio
EF =CS,

3, Calenlating EF from Percentage Composition

NB. This is the most commonly examined method of finding BE, The
approach i exactly the same as caleulating from mass; you treat the
percentages as if they are tasses. One method of approaching these s
1sing & table, as shown below - but you must use whichever style of
presentation you are most comfortable with,

What is the empirical formuta for the compound which containg the
following elements by percentage composition of mass?
C = 66.67%, H = 1111%, O = 2222%

Element | % A % +A, Ratio *

c 66.67 12 5.56 556 <139 =4

H 1L11 i L1t 1L +139=8

O 22,22 16 1.39 139 £330 =1
EF = CHO

*To find the ratio column, take the smallest of the %-+A_values (which
is 1,39 here) and divide all the %+A, values by it.

4. Calculating EX from Combustion Data

This method is one step up indifficulty from the last example because you
have 10 caleulate the masses of the elements first, The combustion producis
are always oxides, CO, and H,0 are the commonest and the following
example uses these, although the meticd can be adapted {or others.

Method
Siepli« find mass of the carbon and hiydrogen using

no. of atoms of element x A_
M for oxide

Find the mass of any other element in the

compound by subiraction,

mass of oxide %

Siep 2:- convert mass fo moles for each clement by
dividing by A,

Step 3~ find the simplest ratio by dividing all the vakues

from step 2 by the smallest of them.




Moles and Formulae

Chem Factsheet

Example: [g of a compound undergoes complete combustion and
prodaces 2.38g of CO, and 1.215g of H,0. The compound contains
only C, H and O. What is its empirical formuia?

Step 1: M_ for CO, = 44

i2
Somass of C =238 X vy = 0.65g

M for O =18
2x1
Somassof H =1215x% T =0.135g

Mass of O = 1 - 0,65 - 0,135 = 0.215g

Step 2: Moles of C == 0.65 + 12 = 0.054167
Moles of H=0.135+ 1 =0,135
Moles of O =0.215 + 16 = 0,0134375

Step 3: Ratio is:
C:0.054167 + 00134375 4
H;  0.135+00134375 10
000134375 = 00134375= 1
So the empicical formula is CH O

1

1

Finding Molecular Formulae
To do {his, you need to know (or be &ble (o find) the empirical formula and
M, for the compound,

Method
Step b:~ divide M, by EF formula mass to get scale factor

Step 2:~ multiply BE by scale factor 1o give MF

Example 1: I the EF = CH, and M_= 42, what is the MI??
EF = CH, M_(CH) = (12}+{x2) = 14

w3

& MF = (CH) x 3 = CH,

| ssxample 2: 0.24 molesof a compound, containing carbon and hydrogen
only, have mass 18,72 grums. On complete combustion, this amount of
the componnd yields 63.36g of carbon dioxide and 12.96g of water. Find
the molecular formula of this compouad.

First find the BF, We use the combustion dats for this:

12
Massof C =63.36 X 7l 17.28¢g
i
Massof H =[296X —2-;8— ={ddg

Molesof C=17.28+ 12=144
Molesof H= 144+ 1 =144
Soratiois 1:1 and EF is CH

Now we need Mr in order to find the molecuiar formsia.
We must use the other information in the question;

M, = mass + moles = 18.72 + 0,24 =78

M {CH)=13.

TB+13=5

SoMF = (CH) x 6=CH,

Practice Questions

Mole calculations (except for volumetric analysis) make up parts of ‘A’
{evel questions, The 13 questions below are designed to give you practice
in the different types covered by this Facisheet,

1. Calcufatingmoles of elements (using A values)
How many moles are there in each of the following?

(a) 46gNa (b) B2g Mg

(c) 4dp Sr (dy 21gLi

{e) Gdg S {H 127g 1,

(&) 6dg O, (hy 7g Si

B 7g N, @) 142g C,

(k) 12.5g of bromine gas 0 0,787g of neon

(m) 37.9g of finorine gas () L.89g of potassinm

(o) 7.14g of oxygen gas

2. Calcalating the mass of element (using A_values)
What Is the mass (in g) of each of the following?

(a} 4moles A ) 0.5 mokesCa

(c} 0.75 moles Mg () LS5molesTi
(c) 2 moles Fe {f) 0.5 moles Br,
{2) Tnwoles I, (h) 2.3 moles O,

() 025molesC
175 moles of argon
i2.5 moles of lead

() 3 molesCu
(k) 0.18 moles of fluozine gas (1}
(m}©.102 moles of silver (m
(n) 3.9 moies of sodinm

3. Caloulating A_values from mass and moles
What is the A, value of the following elements?

{n) 0,27 moles of Pl has a mass of 55,89g
{b) 13g of O, conraing 0.563 moies

{¢) 0.40 moles of § has a mass of 12.8g
{& 240g of Ca containg 6 moles

{c) 14.80g of Mg contains 0.617 moles

4. Finding relative molecular mass (M) from relative atomic masses (A )
What is the relative molecular mass of the following?

(@ CO, (b) H,0 © 1,80,
(@ SO, () CH, @ (CH),CO
() C,HOH (h) MgCO, () Ce@®O,),
G Sic, (k) Na,C0O,.10 H,0

() CuSO.5H,O
(n) NaS,0.5H0

5. Calculating moles of compounds (using M, values)
How many moles are thers in each of the following?

(m)CH, (CH,), Br
(0} CL,0,

(a) 32880, (b) 90g CH, (c) 160g SO,
{d) 22g CO, fe) 8g CH, (f) 8g MgO

(® 100g Ca CO, (h} 2gCO (i) 14gSi0,

(i) 80gNO, (k) 30.5g LiNO, () 0.87g CH,OH
(m) 6.9g HNO, (n) 18g Na,CO,.10H,0

(0) 21.55g CaCl,

6. Calculating the raass of compounds (using M_values)
Whal is the mnss (in g) of each of the following?
(a) 2 moles CH, {b) 0.33 moles CG
{c3 5 moles CaO {&) L5 moles NO
(e} 0.1 moles CHOH {fy 0.2 moles Na,O
(g 0.5 mofes CaCO, (h} 2,7 moles HCI
(i) 0.7moles Na Cl (i} 8moles CHBr
(k) 4.6 moles H,SC, () 0.012 moles CH,
{(m) 4 moles CIO, () 0.25 moles (CH,), I
(o) 0.56 moles MgCl,
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7. Calculating M, values from mass and moles

What is the M, value for each of the following compounds?

(a) 1.0g of compound A contains 0.0208 moles

{b) 1.5 moles of compound B has 8 mass of 105g

(c) 14.8g of compound C contains 0,117 moles

(d) 7.0g of compound D contains 0,219 moles
(& 0.24 moles of compound B has a mass of 13.92g

8. Find the percentage composition by mass of elements in a compoungd
Whal is the percentage composition by mass of each element in the

following compounds?
(a) SiCl, by CH, (c) Na,CO,
(d) CaBr, {e) CuSC,.5H0

9. Calcnlating empirical formula from moles
What is the empirical formula of compounds with the following
composilion?
(2} 2 moles Na wiith 2 moles 1
(b) 0.1 moles K with 0,05 mioles O
{c) 0.5 moles N with 1.5 moles H
(d) 0.2 moles Mg with 0.4 meles Ct
(e) 1.2males of acarbon oxide contains (.4 moles of carbon

10. Calculating empiricat formula from mass
‘What is the empirical formula of compounds with the following
. composition by mass?
() 12g Cwith 16g O
{b) 6g Mg withdgO
(c) 46g Na with 80g Br
(d) 14g N reacting with H to form 17g of compound
(e) 22g Srieaciing with O to form 26g of compound

11, Calcnlating empirieal formula from pescentage composition
What Is the empirical formuln of each of the following compounds?
(=) R0% C, 20%H '
(b) 52.2% C, 13.1% H, 34.7% O
(c) 404% C, 7.9% H, 15.7% N, 36.0% O
() 38.7% C,9.7% H, 51.6% 8
{e) 40.2% K, 26.9% Cr, 32.9% O
(D 85.25% BaClL,, 14.75% water of erystallisation

12, Caleulating empivical formula from combustion data

‘What is the empivical formula of each of the foltowing compounds?

{(a) Complete combustion of 1.0g of a compound produced 2.59g CO,
and 1.64g HO

(b) 1.0gofacomponnd uaderwent complete combustion and produced
3.035g CO, and 1L.55g HO

{ ; {©) 2.0gofacompound produced 5.86g CO, and 3.6g H,0 oncomplete

combustion

(6} A compovnd made of carbon, hydrogen and oxygen produced 2.2g
CO,and 1,2g H Owhen L0g of itvnderwent complete combustion

13. Finding molecular formula trom empirical formyta and M,
‘What is the molecular formula of the following?

(@ ER=CH M, =72
() ER=CHO M=4
© EE=CHBr M=204
@ BE=CILO M, =120
() BE=NO M, =78







