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Welcome

My name is Linda McKnight and I am the ‘A’ level Chemistry lecturer at MC6,
Middlesbrough College. To help you prepare for your A2 Chemistry course here at MC6, I
have created this workbook. It covers some of the mathematical and chemical skills you
need to develop when studying the A2 course.
Some of the questions are challenging, particularly the Chemical Challenge topics at the
end of the workbook, which are designed to improve your logical thinking, an important
skill required for chemistry. So in order to help you complete the tasks, I have included
some references to useful resources and online videos; you can also use your GCSE
notes, science text books and revision guides.
I hope you enjoy working through the tasks which will help keep your knowledge of
chemistry fresh over the summer and ease you into your life as a six form student studying
A2 Chemistry when you join us in September.
Hope you have a safe and happy summer.

Linda McKnight
Lecturer in Chemistry
MRSC
Dip Crop Protection
PGCE Secondary Science
la.mcknight@mbro.ac.uk
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Chemical Knowledge
Useful References:
To help you with this section of the workbook, you can watch the following videos by typing the
web addresses into your web browser:

Chemical formula:
https://youtu.be/dxY3svHNu4M
Chemical equations:
https://youtu.be/qquOFYOpdl0

Other online resources include:
BBC Bitesize:
https://www.bbc.co.uk/bitesize/subjects/zs6hvcw
S-cool:
https://www.s-cool.co.uk/gcse/chemistry
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Ionic Formula
1.

For each of the following ionic salts, determine the cation and anion present and use these
to construct the formula of the salt. Sulphate ion is SO42- and hydroxide ion is OH-.
(5 marks)
a. Magnesium oxide

b. Sodium sulphate

c. Calcium hydroxide

d. Aluminium oxide

e. Copper(I) oxide

2.

When an acid is added to water it dissociates to form H+ ions (which make it acidic) and an
anion. These acidic hydrogen atoms can be used to determine the charge on the anion.
+

Deduce the charge on the anions in the following acids. The acidic H atoms, H , have been
underlined for you.
(5 marks)
a. H2SO3

b. HNO3

c. H3PO4

d. HCOOH
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e. H2CO3

Balancing Equations
Balance the equations below.

1. …..C + …..O2

…..CO

2. …..Ba + …..H2O

…..Ba(OH)2 + …..H2

3. …..C2H6 + …..O2

…..CO2 + …..H2O

4. …..HCl + …..Mg(OH)2

…..MgCl2 + H2O

5. …..N2 + …..O2

…..NO

6. …..Fe2O3 + …..C

…..Fe + …..CO2

7. …..CH3CH2OH + …..[O]

…..CH3COOH + …..H2O

8. …..HNO3 + …..CuO

…..Cu(NO3)2 + H2O

(8 marks)
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Writing Equations
The following questions contain a written description of a reaction. In some cases the products
may be missing as you will be expected to predict the product using your prior knowledge.
For more advanced equations you may be given some of the formulae you need.
For each one, write a balanced symbol equation for the process.

(10 marks)

1.

The reaction between silicon and nitrogen to form silicon nitride Si3N4.

2.

The neutralisation of sulphuric acid with sodium hydroxide.

3.

The preparation of boron trichloride from its elements.

4.

The reaction of nitrogen and oxygen to form nitrogen monoxide.

5.

The combustion of ethanol (C2H5OH) to form carbon dioxide and water only.

6.

The formation of silicon tetrachloride (SiCl4) from SiO2 using chlorine gas and carbon.

7.

The extraction of iron from iron(III) oxide (Fe2O3) using carbon monoxide.

8.

The complete combustion of methane.

9.

The formation of one molecule of ClF3 from chlorine and fluorine molecules.

10.

The reaction of nitrogen dioxide with water and oxygen to form nitric acid.
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Mathematical Skills
Useful References
To help you with this section of the workbook, you can watch the following videos by typing the
web addresses into your web browser:

Moles and mass:
https://youtu.be/49eVqU193l4

Moles and concentration:
https://youtu.be/yZ8_5_WJaTo

Other online resources include
BBC Bitesize:
https://www.bbc.co.uk/bitesize/subjects/zs6hvcw
S-cool:
https://www.s-cool.co.uk/gcse/chemistry

Rearranging Equations
1. The amount of substance in moles (n) in a solution can be calculated when the
3
3
concentration given in mol/dm (c) and volume (v) in cm are known by using the equation:
cv
n=
1000
a. Rearrange this equation making c the subject of the equation.
(1 mark)

b. Rearrange this equation making v the subject of the equation.
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(1 mark)

2. The density of a substance can be calculated from its mass (m) and volume (v) using the
equation:
m
d=
v
a. Rearrange this equation so that the mass of a substance can be calculated given its
density and volume.
(1 mark)

3

Chemists most commonly work with masses expressed in grams and volumes in cm .
3
However, the SI unit for density is kg/m .
3

b. Write an expression for the calculation of density in the SI unit of kg/m when the mass
(m) of the substance is given in g and the volume (v) of the substance is given in cm3.
(2 marks)

3. The de Broglie relationship relates the wavelength of a moving particle (λ) with its
momentum (p) through Planck’s constant (h):
h
λ=
p
a. Rearrange this equation to make momentum (p) the subject of the formula.
(1 mark)

Momentum can be calculated from mass and velocity using the following equation.
p =mv
b. Using this equation and the de Broglie relationship, deduce the equation for the
velocity of the particle.
(2 marks)
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4. The kinetic energy (KE) of a particle in a time of flight mass spectrometer can be calculated
using the following equation.
1
KE = mv2
2
Rearrange this equation to make v the subject of the equation.

(2 marks)

Working with Units

1.

Determine the units of density given that
𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =

𝑚𝑎𝑠𝑠(𝑔)
𝑣𝑜𝑙𝑢𝑚𝑒 (𝑐𝑚 )
(1 mark)

Answers - Units for density = g
cm3

2.

g cm-3

or

Determine the units of concentration given that
𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 (𝑚𝑜𝑙)
𝑣𝑜𝑙𝑢𝑚𝑒 (𝑑𝑚 )
(1 mark)

3.

Pharmacists often calculate the concentration of substances for dosages. In this case the
volumes are smaller, measured in cm3, and the amount is given as a mass in grams.
Determine the units of concentration when
𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =

𝑚𝑎𝑠𝑠 (𝑔)
𝑣𝑜𝑙𝑢𝑚𝑒 (𝑐𝑚 )
(1 mark)
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4.

Rate of reaction is defined as the ‘change in concentration per unit time’. Determine the units
for rate when concentration is measured in mol dm–3 and time in seconds.
(1 mark)

5.

Pressure is commonly quoted in Pascal’s (Pa) and can be calculated using the formula below.
The SI unit of force is newtons (N) and area is m2.
𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 =

𝑓𝑜𝑟𝑐𝑒
𝑎𝑟𝑒𝑎

Use this formula to determine the SI unit of pressure that is equivalent to the Pascal.
(1 mark)

Significant Figures
Standard form and scientific form
Large and small numbers are often expressed using powers of ten to show their magnitude. This
saves us from writing lots of zeros, expresses the numbers more concisely and helps us to
compare them.
In standard form a number is expressed as;
a × 10n
where a is a number between 1 and 10 and n is an integer.
Eg, 160 000 would be expressed as 1.6 × 105
Sometimes scientists want to express numbers using the same power of ten. This is especially
useful when putting results onto a graph axis. This isn’t true standard form as the number could be
smaller than 1 or larger than 10. This is more correctly called scientific form.
Eg, 0.9 × 10–2, 2.6 × 10–2, 25.1 × 10–2 and 101.6 × 10–2 are all in the same scientific form.
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1.

Express the following numbers using standard form.
a. 1 060 000

b. 0.001 06

c. 222.2

(3 marks)

2.

The following numbers were obtained in rate experiments and the students would like to
express them all on the same graph axes. Adjust the numbers to a suitable scientific form.
0.1000

0.0943

0.03984

0.00163

(3 marks)
For each of the numbers in questions 1–6, state the number of significant figures and the number
of decimal places.
Significant figures
1

3.131 88

2

1000

3

0.000 65

4

1006

5

560.0

6

0.000 480

Decimal places

(6 marks)
3.

Round the following numbers to (i) 3 significant figures and (ii) 2 decimal places.
a. 0.075 84
b. 231.456

12

(4 marks)

Unit Conversions
Mo’s teacher has drawn a diagram on the board to help him with converting quantities from one
unit into another.

For example, to convert a length in millimetres into units of centimetres, divide by 10,
e.g. 10 mm = 1 cm.
Use the diagram to help with the following unit conversions.

(10 marks)

1.

A block of iron has a length of 1.2 cm. Calculate its length in millimetres.

2.

The width of the classroom is 7200 cm. Calculate its length in metres.

3.

A reaction reaches completion after 4½ minutes. Convert this time into seconds.

4.

The stop clock reads 2 min 34 s. Convert this time into seconds.

5.

A method states that a reaction needs to be heated under reflux for 145 min. Calculate this
time in hours and minutes.

13

6.

A factory produces 15 500 kg of ammonia a day. Calculate the mass of ammonia in
tonnes.

7.

A paper reports that 0.0265 kg of copper oxide was added to an excess of sulphuric acid.
Convert this mass of copper oxide into grams.

8.

A packet of aspirin tablets states that each tablet contains 75 mg of aspirin. Calculate the
minimum number of tablets that contain a total of 1 g of aspirin.

9.

A student measures a reaction rate to be 0.5 g/s. Convert the rate into units of g/min.

10. A factory reports that it produces fertiliser at a rate of 10.44 kg/h. Calculate the rate in units of
g/s.
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Moles and Masses
One mole of a substance is equal to 6.02 × 1023
atoms, ions or particles of that substance. This
number is called the Avogadro constant.

How is a mole similar to a dozen?

The value of the Avogadro constant was chosen so
that the relative formula mass of a substance
weighed out in grams is known to contain exactly
6.02 × 1023 particles. We call this mass its molar
mass.

Stating the amount of substance in
moles is just the same as describing a
quantity of eggs in dozens. You could
say you had 24 or 2 dozen eggs.

We can use the equation below when calculating
an amount in moles:
mass (g)
amount of substance (mol)

=

molar mass
(g mol–1)

Use the equation above to help you answer the following questions.
1.

2.

Calculate the amount of substance, in moles, in:

(3 marks)
–1

a.

32 g of methane, CH4 (molar mass, 16.0 g mol )

b.

175 g of calcium carbonate, CaCO3

c.

200 mg of aspirin, C9H8O4

Calculate the mass in grams of:

(3 marks)
–1

a.

20 moles of glucose molecules (molar mass, 180 g mol )

b.

5.00 × 10–3 moles of copper ions, Cu2+
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3.

c.

42.0 moles of hydrated copper sulphate, CuSO4•5H2O

a.

3.09 g of a transition metal carbonate was known to contain 0.0250 mol.
I.

Determine the molar mass of the transition metal carbonate.

(1 mark)
II.

Choose the most likely identity for the transition metal carbonate from the
list below:

CoCO3

CuCO3

ZnCO3

(1 mark)
b.

4.26 g of a sample of chromium carbonate was known to contain 0.015 mol.
Which of the following is the correct formula for the chromium carbonate?
CrCO3

Cr2(CO3)3

Cr(CO3)3

(2 marks)
BONUS QUESTION
If you had 1 mole of pennies which you could share with every person on earth how
much could you give each person? Approximate world population = 7 500 000 000.
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Moles and Concentration

To calculate the concentration of a solution we use the equation:
concentration (mol dm–3)

=

amount of substance (mol)
volume (dm3)

Use the equation to help you complete each of the statements in
the questions below.
1.
a.

1.5 mol of NaCl dissolved in 0.25 dm3 of water produces a solution with a
concentration of ............. mol dm–3.

(1 mark)
b.

250 cm3 of a solution of HCl(aq) with a concentration of 0.0150 mol dm–3 contains
.....................................moles.

(1 mark)
c. A solution with a concentration of 0.85 mol dm–3 that contains 0.125 mol has a
volume of .......................... dm3.

(1 mark)
2.

In this question you will need to convert between an amount in moles and a mass as
well as using the equation above.
Space for working is given beneath each question.
a. 5.0 g of NaHCO3 dissolved in 100 cm3 of water produces a solution with a
concentration of .......................... mol dm–3.

(2 marks)

b.

25.0 cm3 of a solution of NaOH(aq) with a concentration of 3.8 mol dm–3 contains
............................. g of NaOH.
(2 marks)
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c. The volume of a solution of cobalt(II) chloride, CoCl2, with a concentration of 1.3
mol dm–3 that contains 2.5 g of CoCl2 is …………………. cm3.
(3 marks)

Chemical Challenges
Moles
Astounding numbers
The number of carbon atoms (12C) in exactly 12.0 g of carbon (1 mole) is named after
Lorenzo Romano Amedeo Carlo Avogadro who first postulated that equal volumes of any
gas, under the same conditions of temperature and pressure, contain equal numbers of
molecules. We do not know the exact value of this number as we are limited by the accuracy
of the equipment available. The number, whatever its exact value, defines the Avogadro
constant (or Avogadro’s number). Its value to three significant figures is 6.02 x 1023 or
602,000,000,000,000,000,000,000. For ease of use we call this number 1 mole (or 1 mol for
short). Avogadro’s number is astoundingly big since atoms are so small.
The result of a calculation that involves measured quantities cannot be more certain than
the least certain of the information you used. So the result should contain the same
number of significant figures as the smallest number of significant figures contained in the
data.
A common mistake is to simply copy down the final answer from the display of a
calculator. This often has far more significant figures than the data justify.
Some help with working out the number of significant figures in data:





Zeros between digits are significant. For example, 2004 has four significant
figures.
Zeros to the left of the first non-zero digit are not significant (even when there is a
decimal point in the number). For example 0.002 has one significant figure.
When a number with a decimal point ends in zeros to the right of the decimal point
these zeros are significant. For example 2.0040 has five significant figures.
When a number with no decimal point ends in several zeros, these zeros may or
may not be significant. The number of significant figures should then be stated. For
example: 20 000 (to 3 sf) means that the number has been measured to the
nearest 100 while 20 000 (to 4 sf) means that the number has been measured to
the nearest 10.

The guidance on significant figures above is adapted from part of a free RSC publication
which can be downloaded at
www.chemsoc.org/networks/learnnet/RSCmeasurements.htm.
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Answer the questions below using the data over the page. Give your answers to the
appropriate number of significant figures.

1. The age of the Earth is thought to be 4.5 billion years.

a. Calculate the age of the Earth in seconds.

b. How many Earth lifetimes could you fit into a mole of seconds?

2. A two pence coin has a width of 2 mm.
 Calculate how many towers of two pence coins you could make from the
Earth to the moon with 1 mole of two pence coins.
 Estimate the mass of copper required.

3. How much interest would you gain each second if you invested a mole of £1s at 1
per cent per annum?

4. The charge of a mole of electrons is called the Faraday constant and equals
96 500 C. Calculate the charge on an individual electron. This quantity is thought to
be a fundamental constant of the universe – it is not determined by anything else that
we know of. If it was only slightly different, then the nature of the universe would
radically change.
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Data
Avogadro’s number

6.02 x 1023

Estimated age of the Earth

4.5 billion years

Distance between the moon and the Earth 3.8 x 108 m
Mass of 2 pence coin

7g

Venn Diagrams
Activity 1: metals and non-metals

The classification of elements into metals and non-metals is not a straightforward exercise.
There is no single property that can be relied on to distinguish between metals and nonmetals. For example, graphite, a non-metal, conducts electricity. Elements that have a
roughly even mixture of the properties of a metal and a non-metal are called metalloids.
Place the following elements in the Venn diagram below: H, Fe, As, At, Br, Ni, Si, Ga, Ca,
Ge, C (graphite), Pb, Sn and Zn. You may find it helpful to refer to a copy of the Periodic
Table and the table of properties on the next page.

Element

Metals

Metalloids
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Non-metal

IUPAC
Name

Chemical
symbol

Arsenic
(grey)
Astatine
Bromine

As
At
Br

Calcium

Ca

Carbon
(graphite)
Gallium
Germanium
Hydrogen
Iron

C
Ga
Ge
H
Fe

Lead
Nickel

Pb
Ni

Silicon
Tin (white)
Zinc

Si
Sn
Zn

Electrical
conductivity
type
Conductor

Type of
oxide

Weakly
acidic
Insulator
Unstable
Insulator
Strongly
acidic
Conductor
Strongly
basic
Conductor
Weakly
acidic
Conductor
Amphoteric
Semiconductor Amphoteric
Conductor
Neutral
Conductor
Weakly
basic
Conductor
Amphoteric
Conductor
Weakly
basic
Semiconductor Neutral
Conductor
Amphoteric
Conductor
Amphoteric

Melting
point (°C)

Boiling point
(°C)

817 under
pressure
302
-7.25

Sublimes at
616
337
59

843

1484

3827 under
pressure
29.65
938
–259.14
1536

Sublimes at
4827
2403
2830
–252.87
2750

327.55
1453

1740
2732

1410
232.03
419.58

2355
2270
907

Activity 2: bases and alkalis

a) Using the Venn diagram below you can show all the following relationships:
1.
2.
3.
4.

Bases and acids are compounds.
All alkalis are bases.
A base is an alkali if it is soluble in water.
Most metal oxides are bases, some are alkalis, some are amphoteric – ie they react
with both acids and bases.

b) Using the information below, place on the Venn diagram the following compounds:
sodium hydroxide (NaOH), copper oxide (CuO), magnesium oxide (MgO), aluminium oxide
(Al2O3) and ammonia (NH3).






NaOH dissolves in water to form solutions with high pH.
CuO is insoluble in water and reacts with acids.
MgO is slightly soluble and reacts with acids.
Al2O3 is insoluble in water and reacts with acids and alkalis.
NH3 is soluble and forms an alkaline solution.
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Polymers

Polymer puzzles
In this puzzle you need to use logic to work out the contents of the blank squares.
Every row contains information relevant to one polymer: monomer name, monomer
structure, polymer name and polymer structure. Every column contains a monomer name,
monomer structure, polymer name and polymer structure but all for different polymers.
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