A-Level Bridging Work
Chemistry
For Summer 2020
Welcome to A-Level Chemistry at Blanchelande College. Chemistry is a demanding and
challenging A-level which is why your commitment and hard work is expected. It is
important that you carry out independent learning regularly, in your own time and read
around the subject so that you can develop your skills in Chemistry further. You may not
have done much of this in the past, but you will have to do much more of this now!
To ensure you are well prepared before you start the course there are several tasks that
we would like you to complete.
Tasks
Inside this pack there are a range of resources that have been carefully selected to help
ensure a smooth transition to A-Level Chemistry. If you need extra space, please use
additional lined paper and bring to your first A-Level Chemistry lesson.
Compulsory activities
First complete the Kerboodle GCSE to A-Level Chemistry transition tasks. Please then
use the mark scheme to self-assess.
Optional activities
After this there are a range of resources from the Royal Society of Chemistry. These
tasks that have been designed to develop an extend skills such as GCSE chemistry
competencies, mathematical competencies, and practical skill competencies. Complete
at least 3 activities. Please then use the mark scheme to self assess.
Extension
Finally, towards the end of this pack there are concise and detailed notes on the topic of
atomic structure which is the first chapter in A-level chemistry. Your task is to read these
notes and answer the questions at the end of the pack on atomic structure, orbital filling
and ionisation energies.
In addition to these physical packs, CGP has also made available the Head Start to ALevel Chemistry ebook free of charge. I have converted it so you can use it – click Head
start to A-Level Chemistry. This is another excellent starting point to help you with
your transition from KS4 to KS5.
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Transition from GCSE to A Level
Moving from GCSE Science to A Level can be a daunting leap. You’ll be expected to remember a lot more facts,
equations, and definitions, and you will need to learn new maths skills and develop confidence in applying what
you already know to unfamiliar situations.
This worksheet aims to give you a head start by helping you:
•

to pre-learn some useful knowledge from the first chapters of your A Level course

•

understand and practice of some of the maths skills you’ll need.

Learning objectives
After completing the worksheet you should be able to:
•

define practical science key terms

•

recall the answers to the retrieval questions

•

perform maths skills including:
o

converting between units and standard form and decimals

o

rearranging equations

o

calculating percentage yield and percentage error

o

balancing chemical equations

o

calculating moles and masses

o

interpreting graphs of reactions.
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Retrieval questions

You need to be confident about the definitions of terms that describe measurements and results in A Level
Chemistry.
Learn the answers to the questions below then cover the answers column with a piece of paper and write as many
answers as you can. Check and repeat.

Practical science key terms
When is a measurement valid?
When is a result accurate?
What are precise results?

when it measures what it is supposed to be measuring
when it is close to the true value
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?
Define measurement error
What type of error is caused by results varying

the interval within which the true value is expected to lie
the difference between a measured value and the true value
random error

around the true value in an unpredictable way?
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

independent variable

investigator?
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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Atomic structure

Learn the answers to the questions below then cover the answers column with a piece of paper and write as many
answers as you can. Check and repeat.
What does an atom consist of?
What are the relative masses of a proton,
neutron, and electron?
What are the relative charges of a proton,

a nucleus containing protons and neutrons, surrounded by electrons
1, 1, and

1
1840

respectively

+1, 0, and -1 respectively

neutron, and electron?
How do the number of protons and electrons

they are the same because atoms have neutral charge

differ in an atom?
What force holds an atomic nucleus together?
What is the atomic number of an element?
What is the mass number of an element?
What is an isotope?

strong nuclear force
the number of protons in the nucleus of a single atom of an element
number of protons + number of neutrons
an atom with the same number of protons but different number of
neutrons

What is an ion?
What is the function of a mass spectrometer?

an atom, or group of atoms, with a charge
it accurately determines the mass and abundance of separate
atoms or molecules, to help us identify them

What is a mass spectrum?

the output from a mass spectrometer that shows the different
isotopes that make up an element

What is the total number of electrons that each

2n2 electrons, where n is the number of the shell

electron shell (main energy level) can contain?
How many electrons can the first three electron
shells hold each?
What are the first four electron sub-shells

2 electrons (first shell), 8 electrons (second shell), 18 electrons
(third shell)
s, p, d, and f (in order)

(orbitals) called?
How many electrons can each orbital hold?
Define the term ionisation energy, and give its
unit
What is the equation for relative atomic mass
(Ar)?
What is the equation for relative molecular mass
(Mr)?
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a maximum of 2 electrons
the energy it takes to remove a mole of electrons from a mole of
atoms in the gaseous state, unit = kJ mol-1
averagemass of 1atom
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Maths skills
1 Core mathematical skills

A practical chemist must be proficient in standard form, significant figures, decimal places, SI
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 × 10x 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−3 in standard form, A = 5 and x =
4 as there are four numbers after the initial 5.
Therefore, it would be written as 5×104 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 2×10−5 Nm2.

Practice questions
1

2

Change the following values to standard form.
a boiling point of sodium chloride: 1413 °C
b largest nanoparticles: 0.0 001×10−3 m
c number of atoms in 1 mol of water: 1806×1021
Change the following values to ordinary numbers.
a 5.5×10−6
b 2.9×102
c 1.115×104
d 1.412×10−3

e 7.2×101

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
4

5

Give the following values in the stated number of significant figures (s.f.).
a 36.937 (3 s.f.)
b 258 (2 s.f.)
c 0.043 19 (2 s.f.)
d 7 999 032 (1 s.f.)
Use the equation:
number of molecules = number of moles × 6.02 × 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.
Give the following values in the stated number of decimal places (d.p.).
a 4.763 (1 d.p.)
b 0.543 (2 d.p.) c 1.005 (2 d.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 Système 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.
Multiplication factor

Prefix

Symbol

109

giga

G

10

mega

M

6

103

kilo

k

–2

centi

c

10–3

10

milli

m

–6

micro

µ

10–9

nano

n

10

Unit conversions are common. For instance, you could be converting an enthalpy change of
488 889 J mol−1 into kJ mol−1. A kilo is 103 so you need to divide by this number or move the
decimal point three places to the left.
488 889 ÷ 103 kJ mol−1 = 488.889 kJ mol−1
Converting from mJ mol−1 to kJ mol−1, you need to go from 103 to 10−3, or move the decimal point
six places to the left.
333 mJ mol−1 is 0.000 333 kJ mol−1
If you want to convert from 333 mJ mol−1 to nJ mol−1, you would have to go from 10−9 to 10−3, or
move the decimal point six places to the right.
333 mJ mol−1 is 333 000 000 nJ mol−1

Practice question
6

Calculate the following unit conversions.
a 300 µm to m
b 5 MJ to mJ
c 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 → H2O
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 H2O.
H2 + O2 → 2H2O
Now the oxygen atoms are balanced but the hydrogen atoms are no longer balanced. A two
must be placed in front of the H2.
2H2 + O2 → 2H2O
The number of hydrogen and oxygen atoms is the same on both sides, so the equation is
balanced.

Practice question
1 Balance the following equations.
a C + O2 → CO
b N2 + H2 → NH3
c C2H4 + O2 → H2O + CO2

2.3 Balancing an equation with fractions
To balance the equation below:
C2H6 + O2 → CO2 + H2O
•

Place a two before the CO2 to balance the carbon atoms.

•

Place a three in front of the H2O to balance the hydrogen atoms.
C2H6 + O2 → 2CO2 + 3H2O

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.
•

To balance the equation, place three and a half in front of the O2.
C2H6 + 3½O2 → 2CO2 + 3H2O

•

Finally, multiply the equation by 2 to get whole numbers.
2C2H6 + 7O2 → 4CO2 + 6H2O
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Practice question
2

Balance the equations below.
a C6H14 + O2 → CO2 + H2O
b NH2CH2COOH + O2 → CO2 + H2O + N2

2.4 Balancing an equation with brackets
Ca(OH)2 + HCl → CaCl2 + H2O
Here the brackets around the hydroxide (OH−) group show that the Ca(OH)2 unit contains one
calcium atom, two oxygen atoms, and two hydrogen atoms.
To balance the equation, place a two before the HCl and another before the H2O.
Ca(OH)2 + 2HCl → CaCl2 + 2H2O

Practice question
3

Balance the equations below.
a Mg(OH)2 + HNO3 → Mg(NO3)2 + H2O
b Fe(NO3)2 + Na3PO4 → Fe3(PO4)2 + NaNO3

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
M

You need to rearrange the equation to make the molar mass (M) the subject.
Multiply both sides by the molar mass (M):
M×n=m
Then divide both sides by the amount of substance (n):
m=

m
N

Practice questions
n

1

Rearrange the equation c =

2

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

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

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 dm3 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=

n
V

where n is the amount of substance in moles, c is the concentration, and V is the volume in dm3.
The equation can be rearranged to calculate:
•

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

•

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

Practice questions
3
4
5

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.
Calculate the concentration, in mol dm−3, of a solution formed when 0.05 moles of a solute is
dissolved in 2.0 dm3 of solution.
Calculate the number of moles of NaOH in an aqueous solution of 36 cm3 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
M

Note: The molar mass of a substance is the mass per mole of the substance. For CaCO3, for
example, the atomic mass of calcium is 40.1, carbon is 12, and oxygen is 16. So the molar mass
of CaCO3 is:
40.1 + 12 + (16 × 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:
CaCO3(s) → CaO(s) + CO2(g)
The molar mass of calcium carbonate is 100.1 g mol−1.
a

Calculate the amount, in moles, of calcium carbonate that decomposes.
n=

b

m
M

= 2.50/100.1 = 0.025 mol

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

2

3

In a reaction, 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.
c Calculate the mass, in grams, of magnesium oxide made.
Oscar heated 4.25 g of sodium nitrate. The equation for the decomposition of
sodium nitrate is:
2NaNO3(s) → 2NaNO2(s) + O2(g)
a Calculate the amount, in moles, of sodium nitrate that reacted.
b Calculate the amount, in moles, of oxygen made.
0.500 kg of magnesium carbonate decomposes on heating to form magnesium oxide and
carbon dioxide. Give your answers to 3 significant figures.
MgCO3(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 yield.
The percentage yield links the actual amount of product made, in moles, and the theoretical
yield, in moles:
percentage yield =

actualamount(inmoles)of product
× 100
theoretical amount(inmoles)of product

Look at this worked example. A student added ethanol to propanoic acid to make the ester, ethyl
propanoate, and water.
C2H5OH + C2H5COOH → C2H5COOC2H5 + H2O
The experiment has a theoretical yield of 5.00 g.
The actual yield is 4.50 g.
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The molar mass of C2H5COOC2H5 = 102.0 g mol−1
Calculate the percentage yield of the reaction.
Actual amount of ethyl propanoate: n =

m
M

= 4.5/102 = 0.0441 mol

Theoretical amount of ethyl propanoate: n =

m
M

= 5.0/102 = 0.0490 mol

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

Practice questions
1
2

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.
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.

5.3 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:
percentage error =

maximumerror
× 100%
measured value

Look at this worked example. In an experiment to measure temperature changes, an excess of
zinc powder was added to 50 cm3 of copper(II) sulfate solution to produce zinc sulfate and
copper.
Zn(s) + CuSO4(aq) → ZnSO4(aq) + Cu(s)
The measuring cylinder used to measure the copper(II) sulfate solution has a maximum error of
±2 cm3.
a

Calculate the percentage error.
percentage error = (2/50) × 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 × 0.05)/3.9 × 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

4

A gas 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.
b 43.0 cm3
a 21.0 cm3
A thermometer 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.
a 12.0 °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.

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.
The gradient is

−1.75
= −0.0365 (3 s.f.).
48

So the rate is 0.0365 mol dm−3 s−1.

Practice question
1

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

6.2 Deducing the half-life of a reactant
In chemistry, half-life can also be used to describe the decrease in concentration of a reactant in
a reaction. In other words, the half-life of a reactant is the time taken for the concentration of the
reactant to fall by half.
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Practice question
2

The table below shows the change in concentration of bromine during the course of a
reaction.
Time / s

[Br2] / mol dm−3

0

0.0100

60

0.0090

120

0.0066

180

0.0053

240

0.0044

360

0.0028

a Plot a concentration–time graph for the data in the table.
b Calculate the rate of decrease of Br2 concentration by drawing tangents.
c Find the half-life at two points and deduce the order of the reaction.
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Maths skills
1 Core mathematics
Practice questions
1
2

3
4
5
6

a 1.413 × 103 °C
b 1.0 × 10−7 m
21
c 1.806 × 10 atoms
a 0.000 0055
b 290
c 11150
d 0.001 412
e 72
a 36.9
b 260
c 0.043
d 8 000 000
Number of molecules = 0.5 moles × 6.022 × 1023 = 3.011 × 1023 = 3.01 × 1023
a 4.8
b 0.54
c 1.01
d 2.000
a 0.0003 m
b 5 × 109 mJ
7
c 1 × 10 kW

2 Balancing chemical equations
Practice questions
1
2

a 2C + O2 → 2CO
b N2 + 3H2 → 2NH3
c C2H4 + 3O2 → 2H2O + 2CO2
a C H + 91O → 6CO + 7H O or 2C H
+ 19O → 12CO + 14H O
6

14

2

2

2

2

6

14

2

2

2

b 2NH2CH 2COOH +41O 2 → 4CO 2 + 5H2O + N2
2

3

or 4NH2CH2COOH +9O2 → 8CO2 + 10H2O + 2N2
a Mg(OH)2 + 2HNO3  Mg(NO3)2 + 2H2O
b 3Fe(NO3)2 + 2Na3PO4  Fe3(PO4)2 + 6NaNO3

3 Rearranging equations and calculating concentrations
Practice questions
1
2

3

a n = cv
a n=

PV
RT

bv=

n
c

bT =

PV
nR

0.2
= 4.0 mol dm−3
0.050
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0.05
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5

2

36
× 0.1 = 3.6 × 10−3 mol
1000
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4 Molar calculations
Practice questions
1

a

0.486
24.3

= 0.02 mol b 0.02 mol

c 0.02 × 40.3 = 0.806 g
2

a

3

a

4.25
85

500
84.3

0.05

= 0.025 mol

= 0.05 mol

b

= 5.93 mol

b 5.93 mol

2

5 Percentage yields and percentage errors
Practice questions
1
2
3
4

3.19/4.75 × 100 = 67.2%
6.25/12.00 × 100 = 52.1%
a 0.5/21 × 100 = 2.38%
a 0.5 × (2/12) × 100 = 8.33%

b 0.5/43 × 100 = 1.16%
b 0.5 × (2/37.6) × 100 = 2.66%

6 Graphs and tangents
Practice questions
1
2

−1.25
65

= −0.0192

a

b Half-life is approximately 180 seconds
© Oxford University Press 2019
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0.1.1. 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
9. …..Al3+ + …..e–
10. …..[Fe(H 2O) 6]

................................................................

3+

2–

+ …..CO 3

Al

…..Fe(OH)3(H2O)3 + …..CO2 + ...... H2O
(10 marks)
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0.1.2. Constructing ionic formulae
1. For each of the following ionic salts, determine the cation and anion present and use these to
construct the formula of the salt.
(5 marks)
a. Magnesium oxide
b. Sodium sulfate
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
e. H2CO3
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0.1.3. Writing equations from text
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.
1.

(10 marks)

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

2.

The neutralisation of sulfuric 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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0.2.1. Rearranging equations
1. The amount of substance in moles (n) in a solution can be calculated when the concentration
given in mol/dm3 (c) and volume (v) in cm3 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.

(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)
Chemists most commonly work with masses expressed in grams and volumes in cm3.
However, the SI unit for density is kg/m3.
b. Write an expression for the calculation of density in the SI unit of kg/m3 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)
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)
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0.2.2. BODMAS (order of operations)
The order of operations for a calculation is very important. If operations are carried out in the wrong
order then this could lead to the wrong answer. Most modern calculators will anticipate BODMAS
issues when operations are entered but human beings can override the calculator’s instincts.
1.

Do the following calculations in your head.
(a) 3 + 5 × 5 =

(d) 48 – 12 ÷ 4 =

(b) 6 × 6 + 4 =

(e) 4 + 4 ÷ 2 =

(c) 20 – 6 × 2 =

(f) 100 – (20 × 3) =
(6 marks)

2.

(a)

(b)

(c)

The molecular formula of glucose is C6H12O6. Three students entered the following into their
calculators to calculate the relative formula mass of glucose. Repeat their calculations as
shown.
12

16

12

12

12

16

12

12
16

(d) Write a sentence summing up why the answers differ.
(4 marks)
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0.2.3. Quantity calculus (unit determination)

1.

Determine the units of density given that
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =

2.

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑 (𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚3 )

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑 (𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚3 )

(1 mark)

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
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

4.

(1 mark)

Determine the units of concentration given that
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝑛𝑛𝑛𝑛𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐 𝑣𝑣𝑣𝑣𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑑𝑑𝑑𝑑𝑑𝑑 (𝑚𝑚𝑚𝑚𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣)
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

3.

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(𝑔𝑔𝑔𝑔)

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (𝑔𝑔𝑔𝑔)

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑 (𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚3 )

(1 mark)

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 pascals (Pa) and can be calculated using the formula below.
The SI unit of force is newtons (N) and area is m2.
𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
Use this formula to determine the SI unit of pressure that is equivalent to the Pascal.

(1 mark)
6.

Determine the units for each of the following constants (K) by substituting the units for each
part of the formula into the expression and cancelling when appropriate. For this exercise you
will need the following units [ ] = mol dm–3, rate = mol dm–3 s–1, p = kPa.
a. 𝐾𝐾𝐾𝐾𝑐𝑐𝑐𝑐 =
b. 𝐾𝐾𝐾𝐾 =

[𝐴𝐴𝐴𝐴][𝐵𝐵𝐵𝐵]2
[𝐶𝐶𝐶𝐶]

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
[𝐴𝐴𝐴𝐴][𝐵𝐵𝐵𝐵]

c. 𝐾𝐾𝐾𝐾𝑝𝑝𝑝𝑝

(𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴)0.5
(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝)

d. 𝐾𝐾𝐾𝐾𝑤𝑤𝑤𝑤 = [𝐻𝐻𝐻𝐻+][𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂−]
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e. 𝐾𝐾𝐾𝐾𝑟𝑟𝑟𝑟

=

[𝐻𝐻𝐻𝐻+] [𝑋𝑋𝑋𝑋−]
[𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻]

0.2.3. Quantity calculus (unit determination)
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0.2.4. Expressing large and small numbers
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.
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)
3.

Calculate the following without using a calculator. Express all values in standard form.
a.
b.

c.

109
105

107
10−7

1.2 × 106

2.4 × 1017

d. (2.0 × 107) × (1.2 × 10−5 )

(4 marks)
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0.2.5. Significant figures, decimal places and rounding
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)
7.

Round the following numbers to (i) 3 significant figures and (ii) 2 decimal places.
a. 0.075 84
b. 231.456
(4 marks)
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0.2.6. Unit conversions 1 – Length, mass and time
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,
eg 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.

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 sulfuric 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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0.2.7. Unit conversions 2 – Volume
The SI unit for volume is metre cubed, m3. However as volumes in chemistry are often smaller
than 1 m3, fractions of this unit are used as an alternative.
centimetre cubed, cm3

decimetre cubed, dm3

centi- prefix one hundredth

deci- prefix one tenth

1 cm = 1 m so,
1

100

1 cm3 = � �3 m3 = �
1.

100

1

1 dm = 1 m so,
1

10

1

1 dm3 = � �3 m3 = � � m3

� m3

1 000 000

10

1 000

Complete the table by choosing the approximate volume from the options in bold for each of
the everyday items (images not drawn to scale).
(1 mark)
3
3
3
1 dm
1m
1 cm

drinks bottle

sugar cube

washing machine

Approx. volume

2.

Complete the following sentences;

(1 mark)

To convert a volume in cm into a volume in dm , divide by..............................
3

3

To convert a volume in cm3 into a volume in m3, divide by ................................
3.

4.

a.

A balloon of helium has a volume of 1600 cm3. What is its volume in units of dm3?

b.

The technician has prepared 550 cm3 of HCl(aq). What is its volume in units of m3?

c.

An experimental method requires 1.35 dm3 of NaOH(aq). What volume is this in cm3?

d.

A swimming pool has a volume of 375 m3. What volume is this in cm3?

e.

A 12 g cylinder of CO2 contains 6.54 dm3 of gas. What volume of gas is this in units of m3?
(5 marks)

Which cylinder of propane gas is the best value for money?
a.

b.
2.13 × 106 cm3
of propane
for £15.49

(3 marks)
c.

2700 dm3
of propane
for £21.25

7 m3
of propane
for £28.75
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0.2.8. Moles and mass
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.
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.
We can use the equation below when calculating an
amount in moles:
amount of substance
(mol)

=

mass (g)
molar mass
(g mol–1)

How is a mole similar to a dozen?

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.

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

2.

3.

Calculate the amount of substance, in moles, in:
a.
b.

32 g of methane, CH4 (molar mass, 16.0
175 g of calcium carbonate, CaCO3

c.

200 mg of aspirin, C9H8O4

(3 marks)

g mol–1)

Calculate the mass in grams of:

(3 marks)

a.

20 moles of glucose molecules (molar mass, 180 g mol–1)

b.

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

c.

42.0 moles of hydrated copper sulfate, 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.

ii.

Choose the most likely identity for the transition metal carbonate from the list below:
CoCO3

b.

CuCO3

ZnCO3

(1 mark)
(1 mark)

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

(2 marks)

Cr(CO3)3

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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0.2.9. 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.

b.

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

c.

(1 mark)

A solution with a concentration of 0.85 mol dm–3 that contains 0.125 mol has a volume of
........................................ dm3.

2.

(1 mark)

(1 mark)

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.

b.

25.0 cm3 of a solution of NaOH(aq) with a concentration of 3.8 mol dm–3 contains
............................. g of NaOH.

c.

(2 marks)

(2 marks)

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)
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0.3.1. Laboratory equipment
Practical work is a key aspect in the work of a chemist.
To help you plan effective practical work it is important that you are familiar with the common
laboratory equipment available to you.
1.

For each of the pieces of glassware shown in the images below, state their name and give a
possible volume(s).
a.

b.

Name:

Name:

................................. ........................................ ...................................
Possible volume(s):

Possible volume(s):

................................. ........................................ ...................................
c.

d.

Name:

Name:

................................. ........................................ ...................................
Possible volume(s):

Possible volume(s):

................................. ........................................ ...................................
e.

f.

Name:

Name:

................................. ........................................ ...................................
Possible volume(s):

Possible volume(s):

................................. ........................................ ...................................
(6 marks)
2.

Name the common laboratory equipment in the images below.
a.

b.

(4 marks)
c.

.................................................... ................................................... .................................
d.
...............................................................
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0.3.2. Recording results
1.

A student is looking at endothermic processes. He adds 2.0 g of ammonium nitrate to 50 cm3
of water and measures the temperature change. He repeats the experiment three times.
His results are shown in the table below.

Temperature
at start

Temperature
at end

Temperature
change

Run 1

21.0

–1.1

22.1

Run 2

20

–2

22

Run 3

20.2

2

18.2

Mean

22.05

Annotate the table to suggest five ways in which the table layout and the recording and
analysis of his results could be improved.
(5 marks)
2.

For each of the experiments described below, design a table to record the results.
Experiment 1: Simon is investigating mass changes during chemical reactions. He
investigates the change in mass when magnesium ribbon is oxidised to form magnesium
oxide:
magnesium + oxygen → magnesium oxide
He records the mass of an empty crucible. He places a 10 cm strip of magnesium ribbon
in the crucible and records the new mass of the crucible. He heats the crucible strongly
until all the magnesium ribbon has reacted to form magnesium oxide. He allows the
crucible to cool before recording the mass of the crucible and magnesium oxide.
Experiment 2: Nadiya is investigating how the rate of a reaction is affected by concentration.
She investigates the reaction between magnesium ribbon and hydrochloric acid.
magnesium + hydrochloric acid → magnesium chloride + hydrogen
She places 25 cm3 of hydrochloric acid with a concentration of 0.5 mol dm–3 into a conical flask
and fits a gas syringe. She adds a 3.0 cm strip of magnesium ribbon and measures the
volume of hydrogen gas produced every 20 s for 3 minutes.
She repeats the experiment with hydrochloric acid with concentrations of 1.0 mol dm–3 and
then 1.5 mol dm–3.
(5 marks)
© Royal Society of Chemistry, registered charity number 207890. This resource is shared under
a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International licence. To view
a copy of the licence, visit https://creativecommons.org. Images © Shutterstock.

0.3.3. Drawing scatter graphs

When you want to find a correlation between two variables it is helpful to draw a scatter graph.
Key points to remember when drawing scatter graphs include:
•

The independent variable (the variable that is changed) goes on the x-axis and the
dependent variable (the variable you measured) goes on the y-axis.

•

The plotted points must cover more than half the graph paper.

•

The axes scales don’t need to start at zero.

•

A straight line or smooth curve of best fit is drawn through the points to show any
correlation.

Karina is investigating the relationship between the volume of a gas and its temperature. She
injects 0.2 cm3 of liquid pentane (b.p. 36.1 °C) into a gas syringe submerged in a water bath at
40 °C. After 5 minutes she measures the volume of gas in the syringe. She repeats the
experiment three times with the water bath at 40 °C.
She then repeats the experiment for temperatures of 50, 60, 70 and 80 °C.
Her results are shown in the table below:
Temperature / °C

Volume of gas / cm3
Run 1

Run 2

Run 3

Mean

40

40.8

43.1

42.7

42.2

50

46.1

46.2

46.9

46.4

60

54.7

48.1

48.3

48.2

70

49.1

49.6

49.5

49.4

80

51.0

47.3

51.0

51.0

1.

Plot a scatter graph of the volume of the gas against the temperature.

2.

Add error bars to show the range of readings used to calculate the mean volume of the gas at
each temperature.
(2 marks)

3.

Draw in a line of best fit.

(1 mark)

4.

Describe the correlation observed.

(1 mark)

(6 marks)

© Royal Society of Chemistry, registered charity number 207890. This resource is shared under
a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International licence. To view
a copy of the licence, visit https://creativecommons.org. Images © Shutterstock.
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0.1 Basic chemistry competencies
0.1.1. Balancing equations
Accept multiples or appropriate fractions, 1 mark each.
1. 2C + …..O2

2CO

2. …..Ba + 2H2O

…..Ba(OH)2 + …..H2

3. …..C2H6 + 3.5O2

2CO2 + 3H2O

4. 2HCl + …..Mg(OH)2

…..MgCl2 + 2H2O

5. …..N2 + …..O2

2NO

6. 2Fe2O3 + …3C

4Fe + 3CO2

7. …..CH3CH2OH + 2[O]

…..CH3COOH + …..H2O

8. 2HNO3 + …..CuO

…..Cu(NO3)2 + H2O

9. …..Al3+ + 3e–

…..Al

10. 2Fe(H2O) 63+ + 3CO 32–

2Fe(OH)3(H2O)3 + 3CO2 + 3H2O

0.1.2. Constructing ionic formulae
1.
a. Mg2+ O2– = MgO

(1 mark)

b. Na+ SO42– = Na2SO4

(1 mark)

c. Ca2+ OH– = Ca(OH)2

(1 mark)

d. Al3+ O2– = Al2O3

(1 mark)

e. Cu+ O2– = Cu2O

(1 mark)

This resource “new name”, is a derivative of “Starters for ten – Transition skills answers” by The
Royal Society of Chemistry used under CC-BY-NC-SA 4.0. “new name” is licensed under CC-BYNC-SA 4.0 by “name of user”.

2.
a. SO 42–

(1 mark)

b. NO 3–

(1 mark)

c. PO 43–

(1 mark)

d. HCOO–

(1 mark)

e. CO 32–

(1 mark)

0.1.3. Writing equations from text
1 mark each, accept multiples for all except question 9.
1. 3Si + 2N2

Si3N4

2. H2SO4 + 2NaOH

Na2SO4 + 2H2O

3. B + 1.5Cl2

BCl3

4. N2 + O2

2NO

5. C2H5OH + 3O2

2CO2 + 3H2O

6. SiO2 + C + 2Cl2

SiCl4 + CO2

7. Fe2O3 + 3CO

2Fe + 3CO2

8. CH4 + 2O2

CO2 + 2H2O

9. 0.5Cl2 + 1.5F2

ClF3

10. 2NO2 + H2O + 0.5O2

2HNO3
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0.2 Basic mathematical competencies
0.2.1. Rearranging equations
1.
a. 𝑐𝑐 =

b. 𝑣𝑣 =

1000𝑛𝑛
𝑣𝑣
1000𝑛𝑛

(1 mark)
(1 mark)

𝑐𝑐

2.
a. 𝑚𝑚 = 𝑑𝑑 × 𝑣𝑣

(1 mark)

𝑚𝑚 𝑥𝑥 10−3
𝑣𝑣 𝑥𝑥 10−6

b. 𝑑𝑑 =

=

𝑚𝑚
𝑣𝑣 𝑥𝑥 10−3

1 mark for both parts of the fraction correct, 1 mark for cancelling down the × 10–6 to × 10–3.

(2 marks)

3.
a. 𝑝𝑝 =
b. 𝑣𝑣 =

ℎ

(1 mark)

𝜆𝜆
ℎ

𝜆𝜆𝜆𝜆

1 mark for substitution of p = mv into the first equation and 1 mark for successful rearrangement.
(2 marks)
4.
𝑣𝑣 = √

𝐾𝐾𝐾𝐾

or

0.5𝑚𝑚

𝑣𝑣 = √

2𝐾𝐾𝐾𝐾
𝑚𝑚

1 mark for first rearrangement moving 0.5 m underneath the KE, 1 mark for dealing with the v2 by addition of
the square root.
(2 marks)

0.2.2. BODMAS
1.

a. 28
b. 40
c. 8
d. 45
e. 6
f. 40

2.

a.

180

(1 mark)

b.

5352

(1 mark)

c.

180

(1 mark)

Evaluation: Pressing equals after each operation leads to BODMAS errors.

(1 mark)

0.2.3. Quantity calculus
1.

g cm–3

(1 mark)

2.

mol dm–3

(1 mark)

3.

g cm–3

(1 mark)

4.

mol dm–3 s–1

(1 mark)

5.

N m–2

(1 mark)

6.

a.

mol2 dm–6

(1 mark)

b.

mol–1 dm3 s–1

(1 mark)

c.

kPa–0.5

(1 mark)

d.

mol2 dm–6

(1 mark)

e.

mol dm–3

(1 mark)

0.2.4. Expressing large and small numbers
1.

a.

1.06 × 106

(1 mark)

b.

1.06 × 10–3

(1 mark)

c.

2.222 × 102

(1 mark)

2.

1 mark for sensible choice of × 10x power, in this case × 10–2 or × 10–3 is most sensible. 0.5 marks for
each number correctly converted.

3.

a.

104

(1 mark)

b.

1014

(1 mark)

c.

0.5 × 10–11 or 5 × 10–12

(1 mark)

d.

2.4 × 102

(1 mark)

0.2.5. Significant figures, decimal places and rounding

Significant
figures

Decimal places

1

3.131 88

6

5

2

1000

1

0

3

0.000 65

2

5

4

1006

4

0

5

560.0

4

1

6

0.000 480

3

6
(0.5 mark for each correct answer)

7.

a.
b.

i.
ii.
i.
ii.

0.0758
0.08
231
231.46

(1 mark)
(1 mark)
(1 mark)
(1 mark)

0.2.6. Unit conversions 1 – Length, mass and time
1.

12 mm

(1 mark)

2.

72.00 m

(1 mark)

3.

270 s

(1 mark)

4.

154 s

(1 mark)

5.

2 h 25 min

(1 mark)

6.

15.5 t

(1 mark)

7.

26.5 g

(1 mark)

8.

75 mg/tablet = 0.075 g/tablet
1 g ÷ 0.075 g/tablet = 13.3 tablets
Minimum number of tablets needed = 14

(1 mark)

30 g/min

(1 mark)

9.

NOTE In this example, as you are converting 1/the unit, you need to do the inverse of what is described
in the diagram eg instead of ÷ 60, × 60.
10. 10.44 kg/h = 10 440 g/h = 174 g/min = 2.9 g/s

(1 mark)

0.2.7. Unit conversions 2 – Volume
1.

drinks bottle, 1 dm3; sugar cube, 1 cm3; washing machine, 1 m3

(1 mark)

2.

To convert a volume in cm3 into a volume in dm3, divide by 1000.
To convert a volume in cm3 into a volume in m3, divide by 1 000 000.

(½ mark)
(½ mark)

3.

a.
b.
c.
d.
e.

(1 mark)
(1 mark)
(1 mark)
(1 mark)
(1 mark)

1.6 dm3
5.5 × 10–4 m3
1350 cm3
375 000 000 cm3
0.006 54 m3

4.
Cylinder ‘a’
Cylinder ‘b’
Cylinder ‘c’

£ per m3
7.27
7.87
4.11

or

Therefore ‘c’ is the best value for money.

p per cm3
7.27 × 10–4
7.87 × 10–4
4.11 × 10–4

or

p per dm3
0.727
0.787
0.411

(1 mark)
(1 mark)
(1 mark)

0.2.8. Moles and mass
1.

a.
b.
c.

32.0 g ÷ 16.0 g mol–1 = 2 mol
175 g ÷ 100.1 g mol–1 = 1.75 mol
0.2 g ÷ 180.0 g mol–1 = 0.0011 mol

(1 mark)
(1 mark)
(1 mark)

2.

a
b
c

20 mol × 180 g mol–1 = 3 600 g
5.00 × 10–3 mol × 63.5 g mol–1 = 0.318 g
42.0 mol × 249.6 g mol–1 = 10 500 g

(1 mark)
(1 mark)
(1 mark)

3.

a.

i.
3.09 g ÷ 0.0250 mol = 123.6 g mol–1
ii. CuCO3
molar mass of chromium carbonate = 4.26 g ÷ 0.015 mol = 284 g mol–1
Cr2(CO3)

(1 mark)
(1 mark)
(1 mark)
(1 mark)

b.

BONUS QUESTION
6.02 × 1023 p ÷ 7 500 000 000 people = 8.03 × 1013 p per person or 803 000 million pounds per person!

0.2.9. Moles and concentration
1.

a.
b.
c.

1.5 mol ÷ 0.25 dm3 = 6.0 mol dm–3
0.25 dm3 × 0.0150 mol dm–3 = 3.75 × 10–3 mol
0.125 mol ÷ 0.85 mol dm–3 = 0.15 dm3

(1 mark)
(1 mark)
(1 mark)

2.

a.

5.0 g ÷ 84.0 g mol–1 = 0.0595 mol
0.0595 mol ÷ 0.100 dm3 = 0.60 mol dm–3

(1 mark)
(1 mark)

b.

0.025 dm3 × 3.8 mol dm–3 = 0.095 mol
0.095 mol × 40.0 g mol–1 = 3.8 g
2.5 g ÷ 129.9 g mol–1 = 0.0192 mol
0.0192 mol ÷ 1.3 mol dm–3 = 0.015 dm3
0.0148 dm3 = 15 cm3 (to 2 sig. fig.)

(1 mark)
(1 mark)
(1 mark)
(1 mark)
(1 mark)

c.
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0.3 Basic practical competencies
0.3.1. Laboratory equipment
1.

For each part (a)–(e) give ½ mark for the correct name and ½ mark for one or more correct possible
volumes depending on what is available in your laboratory.
a. conical flask
100 cm3 / 250 cm3
b. beaker
100 cm3 / 250 cm3
c. volumetric flask
100 cm3 / 200 cm3 / 250 cm3
d. test tube
or
boiling tube
10 cm3
or
25 cm3
e. burette
50 cm3
pipette
f.
various sizes although 20 cm3 or 25 cm3 are the most common at school level

2.

a.
b.
c.
d.

(gas) syringe
evaporating basin
crucible
pestle and mortar (the mortar is the bowl)

(1 mark)
(1 mark)
(1 mark)
(1 mark)

0.3.2. Recording results
1.

Improvements:
(1 mark for each improvement identified)
• Units for temperature should be included in the table headings.
• All results should be recorded to the same number of decimal places (the resolution of the
thermometer used), in this case 1 d.p.
• The temperature changes are negative and so should be recorded as such, eg –22.1, or the heading
should be changed to ‘Temperature decrease’ or similar.
• The temperature change for Run 3 is anomalous and so should be circled, or similar, to show this. It
is correctly not included in the calculation of the mean.
• The mean temperature change should be stated to the same number of significant figures as the
values from which it is calculated.

2.

Experiment 1:

(2 marks)
Mass / g
Crucible empty
Crucible + magnesium ribbon
Crucible + magnesium oxide
1 mark – Units given in table heading
1 mark – Clear description of item of which the mass is being recorded
Use teacher discretion to award marks for other suitable tables

Experiment 2:

(3 marks)
Volume of hydrogen gas produced / cm3
Time / s

0.5 mol dm–3
HCl(aq)

1.0 mol dm–3
HCl(aq)

1.5 mol dm–3
HCl(aq)

0
20
40
60
80
100
120
140
160
180

1 mark – Columns clearly labelled with units
1 mark – Dependent variable (volume of hydrogen gas) across columns
Independent variable (time) down rows
1 mark – Time starts at 0 and is in seconds throughout table (ie not 1 min 20 s)

0.3.3. Drawing scatter graphs
1.

Graph plotted with marks allocated as follows:
• Temperature on the x-axis, volume on the y-axis.
(1 mark)
• Suitable scales are chosen so that the plotted points cover more than half the graph paper (ie axes
do not start at 0).
(1 mark)
• Axes labelled with value and unit.
(1 mark)
• Points are plotted accurately with a neat pencil cross and within ±1 square.
All points plotted accurately 3 marks
4 points plotted accurately 2 marks
3 points plotted accurately 1 mark

2.

Error bars are added to each plotted point (except 80 °C, 51.0 cm3)
Anomalous values circled in table not included in error bars

(1 mark)
(1 mark)

3.

Suitable line of best fit drawn

(1 mark)

4.

As the temperature increases the volume of the gas increases (or suitable similar comparative
statement)
(1 mark)

AQA Chemistry A-Level
3.1.1: Atomic Structure
Detailed Notes

3.1.1.1 - Fundamental Particles
The model for atomic structure has evolved over time as knowledge and scientific
understanding changes.

Plum Pudding Model

It was initially thought that atoms consisted of a sphere of positive charge, with small negative
charges distributed evenly within it.

Electron Shell Model

It is now known that the atom consists of a
small, dense central nucleus surrounded by
orbiting electrons in electron shells. This was
discovered in the Rutherford scattering
experiment in 1911.
The nucleus consists of protons and neutrons
giving it an overall positive charge. It contains
almost the entire mass of the atom.
In a neutral atom, the number of electrons is equal
to the number of protons due to the relative
charges.
Particle

Proton

Neutron

Electron

Relative Charge

+1

0

-1

Relative Mass

1

1

1/1840

The maximum number of orbiting electrons that can be held by any single shell, depends on the
number of the shell. This can be calculated using 2n2 where n is the number of the shell.
Example:
Electrons in shell 2 = 2(22) = 8 electrons
Each electron shell must fill before the next one can hold any electrons.

3.1.1.2 - Mass Number and Isotopes
Mass number is represented using A and can be calculated as the sum of protons and
neutrons in an atom.
Atomic number is represented using Z and is equal to the number of protons in an atom.
Using these, the quantity of each fundamental particle in an atom can be calculated.
Example:

Atomic number = 7
Mass number = 14
Proton number = 7
Neutron number = 14 - 7
=7

Relative atomic mass (Ar) is defined as:
The mean mass of an atom of an element, divided by one twelfth of the mean mass of an
atom of the carbon-12 isotope.
This takes the relative abundances of the different isotopes of an element into account.

Isotopes

Isotopes are atoms of the same element with the same atomic number, but with a different
number of neutrons, resulting in a different mass number.
Neutral atoms of isotopes will react chemically in the same way as their proton number and
electron configuration is the same. The sharing and transfer of electrons is unaffected.
However, the different mass number means they have different physical properties.

Example:
Hydrogen
Deuterium
Tritium

= 1 proton and 1 neutron
= 1 proton and 2 neutrons
= 1 proton and 3 neutrons

Ions

Ions are formed when an atom loses or gains electrons meaning it is no longer neutral and
will have an overall charge.

Mass Spectrometry

This is an analytical technique used to identify different isotopes and find the overall relative
atomic mass of an element.

Time of Flight (TOF) Mass Spectrometry

This form of mass spectrometry records the time it takes for ions of each isotope to reach a
detector. Using this, spectra can be produced showing each isotope present.
1. Ionisation - A sample of an element is vapourised and injected into the mass
spectrometer where a high voltage is passed over the chamber. This causes electrons
the be removed from the atoms (it is ionised) leaving +1 charged ions in the chamber.
2. Acceleration - These positively charged ions are then accelerated towards a negatively
charged detection plate.
3. Ion Drift - The ions are then deflected by a magnetic field into a curved path. The
radius of their path is dependant on the charge and mass of the ion.

4. Detection - When the positive ions hit the negatively charged detection plate, they gain
an electron producing a flow of charge. The greater the abundance, the greater the
current produced.
5. Analysis - These current values are then used in combination with the flight times to
produce a spectra print-out with the relative abundance of each isotope displayed.
During the ionisation process, a 2+ charged ion may be produced. This means it will be
affected more by the magnetic field producing a curved path of smaller radius. As a result, its
mass to charge ratio (m/z) is halved and this can be seen on spectra as a trace at half the
expected m/z value.
Example:

Using this spectra, the Ar can be calculated:

Example:
Ar = (10x75) + (12x25) = 10.5
(75 + 25)

Chlorine Spectra

Spectra produced by the mass spectrometry of chlorine display a characteristic pattern in a
3:1 ratio for Cl+ ions and a 3:6:9 ratio for Cl 2+ ions. This is because one isotope is more
common than the other and the chlorine molecule can form in different combinations.
Example:

Cl 2+ = 35 + 35
72
Cl 2+ = 35 + 37 OR = 37 + 35
74
Cl 2+ = 37 + 37
70

3.1.1.3 - Electron Configuration
Electron Orbitals

Electrons are held in clouds of negative charge called orbitals. There are different types of
orbital; s, p, d and f. Each one has a different shape:

These orbitals correspond with blocks on the Periodic Table. Each element in the block has
outer electrons in that orbital.

Each orbital can hold a different number of electrons before the next one is filled:
s-orbital = 2 electrons
p-orbital = 6 electrons
d-orbital = 10 electrons
The energy of the orbitals increases from s to d meaning the orbitals are filled in this order.
Each orbital is filled before the next one is used to hold electrons.
Example:

Sodium has 11 electrons. These would be written in the following configuration:
Na = 1s22s22p63s1
It has 3 energy levels and 4 orbitals holding the 11 electrons.

Spin

Within an orbital, electrons pair up with opposite spin so that the atom is as stable as
possible. Electrons in the same orbital must have opposite spin. Spin is represented by
arrows.
Example:

Overall there are three rules for writing out electron configurations:
1. The lowest energy orbital is filled first.
2. Electrons with the same spin fill up an orbital first before pairing begins.
3. No single orbital holds more than 2 electrons.
The following table (courtesy of Ellesmere Chemistry) shows the electron configuration and
orbital diagrams for Period 2 elements:

Ionisation Energy

Ionisation energy is defined as:
the minimum energy required to remove one mole of electrons from one
mole of atoms in a gaseous state. It is measured in kJmol-1.

Na(g) ---------> Na+ (g + eSuccessive ionisation energies occur when further electrons are removed. This usually
requires more energy because as electrons are removed the electrostatic force of attraction
between the positive nucleus and the negative outer electron increases. More energy is
therefore needed to overcome this attraction so ionisation energy increases.
First ionisation energy follows trends within the Periodic Table.
Along a Period - first ionisation energy increases due to a decreasing atomic radius and
greater electrostatic forces of attraction.
Down a Group - first ionisation energy decreases due to an increasing atomic radius and
shielding which reduces the effect of the electrostatic forces of attraction.

When successive ionisation energies are plotted on a graph, a sudden large increase
indicates a change in energy level. This is because the electron is being removed from an
orbital closer to the nucleus so more energy is required to do so.

This large energy increase provides supporting evidence for the atomic orbital theory.
The first ionisation energy of aluminium is lower than expected due to a single pair of
electrons with opposite spin. As a result there is a natural repulsion which reduced the
amount of energy needed to be put in to remove the outer electron.
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ELECTRONIC CONFIGURATIONS
THEORY
Old

• electrons existed in definite energy levels or shells
• the levels were concentric rings
• the further the energy level is from the nucleus, the higher its energy
• each level held a maximum number of electrons
• when a level was full up you moved to fill the next level

New

Instead of circulating in orbits around the nucleus, electrons were in orbitals.

ORBITAL

”A region in space where one is likely to find an electron
each orbital can hold up to two electrons, with opposite spins”.

Knockhardy Publishing

• 3-dimensional statistical maps showing the likeliest places to find electrons
• come in different shapes and sizes
• hold a maximum of two electrons each (as long as they have opposite spins)

ENERGY
LEVELS

S ORBITAL
Spherical

P ORBITAL
‘Dumb-bell’ shaped

ONE in each main shell

THREE in each main shell
(except the first)

In the newer theory, main energy levels are split into sub-levels. Each level has
orbitals and the electrons fill the orbitals. The first four main levels (shells) are ...
Main shell

Sub-shells

Orbitals

Electrons

n=1

1

1s

2

=

2

n=2

2

2s
2p

2
6

=

8

n=3

3

3s
3p
3d

2
6
10

= 18

4s
4p
4d
4f

2
6
10
14

= 32

n=4

4

2
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RULES FOR FILLING ENERGY LEVELS
Aufbau Principle

”Electrons enter the lowest energy orbital available.”
Energy levels are not entered until those below them are filled.

Pauli’s Exclusion
Principle

Hund’s Rule

FILLING

ORDER

”No two electrons can have the same four quantum numbers.” or
Orbitals can hold a max. of 2 electrons provided they have opposite spin.
Orbitals of the same energy remain singly occupied before pairing up.
This is due to the repulsion between electron pairs.

• Orbitals are filled in order of increasing energy
• Orbitals are not filled in numerical order ...
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, etc.

• The effect can be explained by assuming the ...
principal energy levels get closer together as they get further
from the nucleus.
• As a result, the highest energy orbitals in one principal level may be
above the lowest in the next level

1s
2s
3s
4s
5s
6s
7s

2p
3p
4p
5p
6p

FILLING
ORDER

3d
4d
5d
6d

4f
5f

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d ...

Knockhardy Publishing

The 4s is filled before the 3d because it is lower in energy
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The diagram helps explain why the 4s orbitals are filled before the 3d orbitals

4f

4f

4d

4

4p
4s
3d

3

3p

INCREASING

4p
3d
4s
3p

3

3s
2p

ENERGY

2

3s

2s

2p

2

2s

1

1s

A
Knockhardy Publishing

4d

4

NOT TO SCALE

1

1s

B

There is plenty of evidence to explain the filling order. This will be dealt with in sections
on Ionisation Energies and Periodicity.

EVIDENCE
Energy levels

Periodically there was a large drop in the energy to remove electrons
caused by the electrons being further from the nucleus.

Sub-levels

The energy required to remove electrons was sometimes less than
expected due to shielding from filled sub-levels.
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Electronic configurations of the first 36 elements.
1s

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1s1

2s
2p

3s
3p

4s

Knockhardy Publishing

H
He
Li
Be
B
C
N
O
F
Ne
Na
Mg
Al
Si
P
S
Cl
Ar
K
Ca
Sc
Ti
V
Cr
Mn
Fe
Co
Ni
Cu
Zn
Ga
Ge
As
Se
Br
Kr

3d

4p

The filling proceeds according to the rules ... but watch out for chromium and copper.
Cr
Cu
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IONISATION ENERGY
• A measure of the energy required to remove electrons from an atom.
• Value depends on the distance of the electron from the nucleus and the
effective nuclear charge (not the nuclear charge) of the atom.
• There are as many ionisation energies as there are electrons in the atom.
Nuclear Charge (NC)

Knockhardy Publishing

Effective nuclear
Charge (ENC)

1st I.E.

The actual charge (relative) due to the protons in the nucleus

• The effectiveness of nuclear charge after passing through filled shells
• A simple way to compare effective nuclear charges is to knock off
a + for every electron in a filled inner level.
Species

Protons

H
He
Li
Be
B
Ne
Na
K

1
2
3
4
5
10
11
19

Electron config.
1
2
2,1
2,2
2,3
2,8
2,8,1
2,8,8,1

NC

ENC

1+
2+
3+
4+
5+
10+
11+
19+

1+
2+
1+
2+
3+
8+
1+
1+

The energy required to remove one mole of electrons (to infinity) from one mole
of isolated, gaseous atoms to form one mole of gaseous positive ions.
e.g.

Na(g)

——>

Na+(g) +

e¯

Mg(g)

——>

Mg+ (g

+

e¯

Its value gives an idea of how strongly the nucleus pulls on the electron being
removed. The stronger the pull, the more energy needed to pull out the electron.
First Ionisation Energies / kJ mol-1
1
2
3
4
5
6
7
8
9
10
11
12
13
14

H
He
Li
Be
B
C
N
O
F
Ne
Na
Mg
Al
Si

Q.1

1310
2370
519
900
799
1090
1400
1310
1680
2080
494
736
577
786

15
16
17
18
19
20
21
22
23
24
25
26
27
28

P
S
Cl
Ar
K
Ca
Sc
Ti
V
Cr
Mn
Fe
Co
Ni

1060
1000
1260
1520
418
590
632
661
648
653
716
762
757
736

29
30
31
32
33
34
35
36
37
38
39
40
41
42

Cu
Zn
Ga
Ge
As
Se
Br
Kr
Rb
Sr
Y
Zr
Nb
Mo

745
908
577
762
966
941
1140
1350
402
548
636
669
653
694

43
44
45
46
47
48
49
50
51
52
53
54
55
56

Tc
Ru
Rh
Pd
Ag
Cd
In
Sn
Sb
Te
I
Xe
Cs
Ba

699
724
745
803
732
866
556
707
833
870
1010
1170
376
502

• Plot a graph of 1st I.E. v. Atomic No. for the first 56 elements.
• Plot graphs of 1st I.E. v. Atomic No. for the elements H to Na and for Ne to K
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Interpretation of Ionisation Energy graphs
ACROSS
PERIODS

2400
2200

PERIOD 2

PERIOD 3

Ist IONISATION ENERGY / kJ mol -

2000
1800
1600
1400
1200
1000
800
600
400

0

2

4

6

8
10
ATOMIC NUMBER

12

14

16

18

• nuclear charge is greater - one extra proton
• extra electron has gone into the same energy level
• increased attraction makes the electron harder to remove.

Li < He

• increased nuclear charge, but...
• outer electron is held less strongly
• it is shielded by full inner levels and is further away - easier to remove

Be > Li
Mg > Na

• increased nuclear charge
• electrons in the same energy level

B < Be
Al < Mg

• despite the increased nuclear charge, the outer electron is held less strongly
• it is now shielded by the 2s energy sub-level and is also further away
(LED TO EVIDENCE FOR SUB LEVELS)

O<N
S<P

• despite the increased nuclear charge the electron is easier to remove
• in N the three electrons in the 2p level are in separate orbitals whereas
• in O two of the four electrons are in the same orbital
• repulsion between paired electrons = less energy needed to remove of one
Values in Period 3 are always smaller than the equivalent Period 2 value the electron removed is further from the nucleus and has more shielding

Na < Li

• despite the increased nuclear charge the electron is easier to remove
• increased shielding and greater distance from the nucleus
• outer electron in Na is held less strongly and easier to remove

Knockhardy Publishing

He > H
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DOWN
GROUPS

Ist IONISATION ENERGY / kJ mol -1

1000

800

600

400

200
INCREASING ATOMIC NUMBER

GROUP I

Value decreases down the Group
• despite the increased nuclear charge the outer s electron is easier to remove
• this is due to increased shielding and greater distance from the nucleus
• outer electron is held less strongly and easier to remove

Knockhardy Publishing

GROUP II

Similar trend to Group I
• Group II values are greater than their Group I neighbours
• increased nuclear charge = stronger pull on electron
• more energy required to remove an s electron

SUCCESSIVE IONISATION ENERGIES
2nd I.E.

The energy required to remove one mole of electrons (to infinity) from one mole of
gaseous unipositive ions to form one mole of gaseous dipositive ions.
e.g.

Mg+(g)

———>

Mg2+(g) +

Al

———>

Al

+

(g)

2+
(g)

+

e¯
e¯
Successive I.E. values for calcium / kJ mol-

Trends

•

Successive ionisation energies are
always greater than the previous one
- the electron is being pulled away from
a more positive species

•

Large increases occur when there is
a change of shell
- this can be used to predict the group
of an unknown element

1
2
3
4
5
6
7
8
9

590
1145
4912
6474
8145
10496
12320
14207
18192

10
11
12
13
14
15
16
17
18

20385
57048
63333
70052
78792
86367
94000
104900
111600

Q.2

• Plot a graph of log10 I.E. of calcium v. no. of electron removed.

