Fundamental Chemistry
TASK 1 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 × 10 x 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 Nm 2 in standard form, A = 2 and there are five
numbers before it so x = −5.
So it is written as 2×10−5 Nm2.
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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

A LEVEL

Convert the following numbers into standard form:

1. 32 000
2. 0.0006
3. 104 000
4. 18 200 000
5. 9 230 000

6. 0.000 040 5
7. 0.002 019
8. 30 200

Convert the following numbers from standard form into decimal notation:
9. 3.26 × 104
10. 8.4 × 10–3
11. 7.29 × 107
12. 1.26 × 102
13. 8 × 10–6
14. 1.3 × 108
15. 2.3 × 10–4
16. 5.001 × 106

17. Using the formula Circumference = 2 × 3.14 × radius, and given that the mean radius of the Earth is 6
378 000 m, calculate the approximate circumference of the Earth leaving your answer in standard form to
two significant figures.
18. There are 86 400 seconds in a day. Calculate the number of seconds in a year leaving your answer in
standard form to two significant figures.
19. The current world population is approximately 7.4 × 109 people. The United Kingdom population accounts
for 0.88% of the total world population. Using this information, approximate the number of people living in
the United Kingdom leaving your answer as a decimal number.

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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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.)

TASK 2 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

106

mega

M

103

kilo

k

10–2

centi

c

10–3

milli

m

10–6

micro

µ

10–9

nano

n

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
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Calculate the following unit conversions.
a 300 µm to m
b 5 MJ to mJ
c 10 GW to kW
A level

Convert the following numbers into metres:

9. 3 km
10. 20 cm
11. 2.3 mm
12. 550 nm
13. 5.1 μm
14. 13.7 Gm
15. 0.0025 km
16. 1.001 km
Simplify the following units:
9. cm × cm

10. km2 × km
11. nm2 × nm–1
12.
13.
14.
15.
16.

kg m
m
cm3
cm
kg cm3
cm
cm
cm2

g cm2
cm−1

17. Concrete has a density of 2400 kg m–3. What volume of concrete would have a mass
of 96 kg?
18. What would this volume be in a) dm3 and b) cm3

Task 2 Amount of substance
3.1 Rearranging equations
In chemistry, you sometimes need to rearrange / change the subject of an equation to find the
desired values.
For example, you may know the amount of a substance in moles (n) and the mass of it you have in
g (m), and need to find its relative mass (Mr).
The amount of substance (n) is equal to the mass you have (m) divided by the molar mass (Mr):
n = m/Mr

or moles = mass / relative mass

You need to rearrange the equation to make the relative mass (Mr) the subject.
Multiply both sides by the relative mass (Mr):
Mr × n = m
Then divide both sides by the amount of substance (n):
Mr = m/n
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n
to make:
V
a n the subject of the equation
b V the subject of the equation.
Rearrange the equation PV = nRT to make:
a n the subject of the equation
b T the subject of the equation.
Rearrange the equation c 

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. 1000cm 3 = 1dm3
Concentration is usually measured using units of mol dm −3. (It can also be measured in g dm 3.)

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.
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Calculate the concentration, in mol dm −3, of a solution formed when 0.2 moles of a solute is
dissolved in 50 cm 3 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 cm 3 of 0.1 mol dm−3.

4 Molar calculations and equations
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 (Mr) are linked by:
n = m/Mr

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.

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 m/Mr  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
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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.

Chemical Formula
You also need to be able to work out the formula of ionic compounds.
To do this you need to know the charges on ions.
Many of these can be worked out from the position in the Periodic Table or from the number in roman numerals
after a name (e.g. iron (III) sulfate contains Fe 3+ ions; iron (II) sulfate contains Fe 2+ ions).
+1 H+ hydrogen ions NH4+ ammonium ions Group 1 ions (e.g. Na+ sodium ions)
–1 NO3 – nitrate ions OH– hydroxide ions Group 7 ions (e.g. Br– bromide ions)
+2 Group 2 ions (e.g. Ca2+ calcium ions)
–2 CO3 2– carbonate ions SO4 2– sulfate ions
+3 Group 3 ions (e.g. Al3+ aluminium ions)
–3 PO4 3– phosphate ions
The formula is then worked out by balancing the number of + and – charges.
For example: sodium oxide contains Na+ and O2– ions need ions in ratio: 2Na+ : 1O2– formula = Na2O
aluminium bromide contains Al3+ and Br– ions need ions in ratio: 1Al3+ : 3Br– formula = AlBr3
calcium hydroxide contains Ca2+ and OH– ions need ions in ratio: 1Ca2+ : 2OH– formula = Ca(OH)2
magnesium nitrate contains Mg2+ and NO3 – ions need ions in ratio: 1Mg2+ : 2NO3 – formula = Mg(NO3)2
iron(III) sulfate contains Fe3+ and SO4 2– ions need ions in ratio: 2Fe3+ : 3SO4 2– formula = Fe2(SO4)3

GCSE
The first line has been completed for you, now complete the formula for the following compounds
Anions (-)

Nitrate Sulfate

Hydroxide Carbonate Phosphate Hydrogencarbonate

Cations (+)

NO3 -

SO4 2-

OH-

Sodium

NaNO3

Na2SO4 NaOH

CO3 2-

PO43-

HCO3 -

Na2CO3

Na3(PO4)2

NaHCO3

Potassium
Magnesium
Barium
Iron(II)
Iron(III)

A-Level
Look at the first line – this is the complete formula.
Complete the formula for the following compounds

Anions (-)
Cations (+)
potassium
magnesium
calcium
Copper (II)
Iron(II)
Iron(III)
Silver
Zinc
Aluminum
Zinc

chloride

Oxide

iodide

sulfide

nitride

KCl

K2O

KI

K2S

K3N

Balancing equations
Atoms are not _______________ or _____________ during a chemical reaction. Scientists know
that there must be the ___________ number of atoms on each ___________ of the
____________. To balance the chemical equation, you must add _______________ in front of the
chemical formulas in the equation. You cannot _______ or __________ subscripts! This is known
as the conservation of mass

GCSE
Steps to balance an equation:
1.

Determine number of atoms for each element

2. Pick an element that is not equal on both sides of the equation.
3. Add a coefficient in front to get the same number of atoms of each element on each side
4. Continue adding coefficients to get the same number of atoms of each element on each side.

1.

C + O2

⟶

CO2

2.

H2 + O2

⟶

H2O

3.

Na + H2O

⟶

NaOH + H2

4.

Na + O2

⟶

Na2O

5.

Na + Cl2

⟶

NaCl

6.

NaOH + HCl

⟶

NaCl + H2O

7.

NaOH + HNO3

⟶

NaNO3 + H2O

8.

NaOH + H2SO4

⟶

Na2SO4

9.

Na2CO3 + HCl

⟶

NaCl + H2O + CO2

10.

NaOH + CO2

⟶

Na2CO3

+ H2O

+

H2O

A-Level
Balancing an equation – worked example
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
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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
Practice question
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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
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Balance the equations below.
a Mg(OH)2 + HNO3 → Mg(NO3)2 + H2O

b Fe(NO3)2 + Na3PO4 → Fe3(PO4)2 + NaNO3

Stuck?
The flow chart takes you through the process of balancing equations and also reminds
you of things to be careful about at each stage. There are also some useful tips for
successful balancing.

You may not always need to write an equation from scratch – sometimes you will be
given the word equation or the formulae of the substances involved. In these cases,
just start at the appropriate point on the flow chart.
Remember that, in exam questions, you may also be asked to add state symbols to
your equation. There will always be some useful clues in the question to help you
to do this, but students often lose marks by forgetting about this final step in the
question.

Figure 1 Flow chart of steps for balancing chemical equations

Problem solving questions
Some students tried to balance equations. Each of them found themselves stuck and
unable to write a balanced equation.
Use the hints and tips in the flow chart in Figure 1 to decide where they are going
wrong, and then write a correct balanced equation.
1

Adam tried to balance an equation for the reaction between magnesium hydroxide and sulfuric
acid. He got as far as writing the formulae of the substances involved, constructing the equation
below.

MgOH + H2SO4  MgSO4 + H2O

Adam then could not find a way of balancing the equation. Suggest what he has
done wrong. Construct the correct balanced equation.
2

(2 marks)

Becky is given an equation to balance, as below.

NO + CO  N2 + CO2
She balances it by rewriting it as
NO + CO  N + CO2
Suggest what she has done wrong. Construct the correct balanced equation.
3

(2 marks)

Claire has got as far as writing the formulae for an equation showing the decomposition of
lead(II) nitrate, as below.

Pb(NO3)2  PbO + NO2 + O2
She adds up the number of atoms on each side, using Table 1.
Table 1 Number of atoms in the equation of the decomposition of lead(II) nitrate
Atom

No. on left hand side

No. on right hand side

Pb

1

1

N

1

1

O

6

5

She then balances the equation in this way
Pb(NO3)2  PbO + NO2 + 1

1
O2
2

Suggest what she has done wrong. Construct the correct balanced equation.
4

(2 marks)

Dinesh is balancing a combustion reaction:

C3H8 + O2  CO2 + H2O
He decides to balance the oxygen first:
C3H8 + 1

1
O2  CO2 + H2O
2

He then balances the hydrogen and carbon:
C3H8 + 1

1
O2  3CO2 + 4H2O
2

Suggest what he has done wrong. Construct the correct balanced equation.

(2 marks)

Exam-style question
1

Strontium is a metal in Group 2 of the periodic table. It reacts fairly rapidly with water to produce
an alkaline solution. This solution can then react with acids to produce a range of salts. Other
metals may behave in a similar way.
a i
Construct a balanced equation for the reaction of strontium with water, based on the
unbalanced equation:

(2 marks)

Sr + H2O  Sr(OH)2 + H2
ii

A student notices that when a piece of lithium, a Group 1 metal, is added to
water, it behaves in a similar way to strontium. Name the two substances
that will be formed in this reaction.

(2 marks)

b

c

When solid strontium hydroxide reacts with hydrochloric acid, a neutralisation reaction
occurs, forming a salt and water.
i
Construct a word equation for this neutralisation reaction.
ii State the formula of the salt that is formed.
Another salt of strontium is strontium nitrate, Sr(NO3)2. If a solid sample of this nitrate is
heated it decomposes to form strontium oxide. Nitrogen dioxide and oxygen gases are given
off. Construct a balanced equation for this reaction, including state symbols.

(2 marks)
(1 mark)

(3 marks)

