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Section 4 

The mole 

When chemists measure how much of a particular chemical reacts they measure the amount in 

grams; or they measure the volume of a gas. However, chemists find it convenient to use a unit 

called a mole. You need to know several definitions of a mole and be able to use them. 

! The mole is the amount of substance, which contains the same number of particles (atoms, 

ions, molecules, formulae or electrons) as there are carbon atoms in 12 g of carbon -12 

! This number is known as the Avogadro constant, L, and is equal to 6.02 x 1023 mol–1 

! The molar mass of a substance is the mass, in grams, of one mole 

! The molar volume of a gas is the volume occupied by one mole at room temperature and 

atmospheric pressure (r.t.p). It is equal to 24 dm3 at r.t.p 

! Avogadro’s Law states that equal volumes of all gases, under the same conditions of 

temperature and pressure contain the same number of moles or molecules. If the volume is 

24 dm3, at room temperature and pressure, this number, once again, is the Avogadro 

constant. 

When you talk about moles, you must always state whether you are dealing with atoms, 

molecules, ions, formulae etc. To avoid any ambiguity it is best to show this as a formula. 
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Example calculations involving the use of moles 

These calculations form the basis of many of the calculations you will meet at A level. 

Example 1 

Calculation of the number of moles of material in a given mass of that material 

a Calculate the number of moles of oxygen atoms in 64 g of oxygen atoms. You need the 

mass of one mole of oxygen atoms. This is the Relative Atomic Mass in grams; in this case it 

is 16 g mol–1. 

 

atomsofmassmolar

gramsinmass
atomsofmolesofnumber "  

 

1molg16ofoxygenofmassmolar

atomsoxygenofg64
oxygenofmolesofnumber

#
"$  

  = 4 moles of oxygen atoms 

 

 

b Calculate the number of moles of chlorine molecules in 142 g of chlorine gas. 

 

atomsofmassmolar

gramsinmass
atomsofmolesofnumber "  

 

The first stage of this calculation is to calculate the molar mass of Chlorine molecules.  

Molar mass of Cl2 = 2 x 35.5 = 71 g mol–1 

 

1molg71ofchlorineofmassmolar

gaschlorineofg142
chlorineofmolesofnumber

#
"$  

  = 2 moles of chlorine molecules 
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c Calculate the number of moles of CuSO4.5H2O in 100 g of the solid. 

The Relative Molecular Mass of CuSO4.5H2O =  

[63.5 + 32 + (4 x 16) + 5{(2x1) + 16}] = 249.5 g mol–1 

 

1

24

24
24

molg5.249ofOH5.CuSOofmassmolecular

OH5.CuSOofg100
OH5.CuSOofmolesofnumber

#
"$  

  = 0.4008 moles of CuSO4.5H2O molecules 

 

Example 2 

Calculation of the mass of material in a given number of moles of that material 

 

The mass of a given 

number of moles 

= the mass of 

1 mole 

x the number of moles of  

material concerned 

 

a Calculate the mass of 3 moles of sulphur dioxide SO2 

1 mole of sulphur dioxide has a mass = 32 + (2x16) = 64 g mol–1 

$ 3 moles of SO2 = 3 x 64 = 192 g 

 

b What is the mass of 0.05 moles of Na2S2O3.5H2O ? 

1 mole of Na2S2O3.5H2O = [(23 x 2) + (32 x 2) + (16 x 3)] + 5[(2 x 1) +16]  

 = 248 g mol–1 

$ 0.05 moles of Na2S2O3.5H2O = 0.05 x 248 = 12.4 g 
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Example 3 

Calculation of the volume of a given number of moles of a gas 

All you need to remember is that 1 mole of any gas has a volume of 24 dm
3
 (24000 cm

3
) at 

room temperature and pressure. 

 

$ The volume of a given number  

of moles of gas 

= number of moles x 24000 cm
3
 

 

a What is the volume of 2 mol of carbon dioxide? 

Remember you do not need to work out the molar mass to do this calculation as it does not 

matter what gas it is. 

$ 2 moles of carbon dioxide = 2 x 24000 cm3 = 48000 cm3 = 48 dm
3 

 

b What is the volume of 0.0056 moles of chlorine molecules? 

Volume of 0.0056 moles of chlorine = 0.0056 x 24000 cm3 = 134.4 cm
3 

 

Example 4 

Calculation of the number of moles of gas in a given volume of that gas 

 

3

3

cm00024

cmingasofvolume
gasofmolesofnumber "  

 

a Calculate the number of moles of hydrogen molecules in 240 cm3 of the gas. 

 

moles010.0
cm00024

cm240
molesofnumber

3

3

""  

 

b How many moles of a gas are there in 1000 cm3 of the gas? 

 

moles0147.0
cm00024

cm1000
gasofmolesofnumber

3

3

""  
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Example 5 

Calculation of the volume of a given mass of gas 

This calculation require you to apply the skills covered in the previous examples 

Calculate the volume of 10 g of hydrogen gas.  

This is a two-stage calculation a) you need to calculate how many moles of hydrogen gas are 

present, and b) you need to convert this to a volume. 

 

1

2

2
2

molg2of)H(hydrogenofmassmolecular

)H(hydrogenofg10
)H(hydrogenofmolesofnumber

#
"$  

  = 5 moles 

 

$ 5 moles of hydrogen = 5 x 24000 cm3 = 120000 cm3 
= 120 dm

3 

 

Example 6 

Calculation of the mass of a given volume of gas 

This calculation require you to apply the skills covered in the previous examples 

Calculate the mass of 1000 cm3 of carbon dioxide 

Again this is a two-stage calculation a) you need to calculate the number of moles of carbon 

dioxide and then b) convert this to a mass. 

 

3

2

2

3

2
cm00024ofCOofmole1ofvolume

COofcm1000
COofmolesofnumber "$  

  = 0.0147 moles 

 

$ 0.0147 moles of carbon dioxide = 0.0147 x 44 g = 1.833 g 
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Example 7 

Calculation of the molar mass of a gas from mass and volume data for the gas 

Calculations of this type require you to find the mass of 1 mole of the gas, ie 24 000 cm3. This is 

the molar mass of the gas. 

eg Calculate the Relative Molecular Mass of a gas for which 100 cm3 of the gas at room 

temperature and pressure, have a mass of 0.0667 g 

100 cm3 of the gas has a mass of 0.0667 g 

3

3
3

cm100

cm00024g0667.0
ofmassahavemustgastheofcm00024

%
"$  

  = 16 g 

 

$ The molar mass of the gas is 16 g mol
–1 
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Exercise 4a 

Calculation of the number of moles of material in a given mass of that 

material 

In this set of calculations all the examples chosen are from the list of compounds whose molar 

mass you calculated in exercise 1. 

In each case calculate the number of moles of the material in the mass stated. 

 

1 9.00 g of H2O 

2 88.0 g of CO2 

3 1.70 g of NH3 

4 230 g of C2H5OH 

5 560 g of C2H4 

6 0.640 g of SO2 

7 80.0 g of SO3 

8 18.0 g of HBr 

9 0.0960 g of H2SO4 

10 3.15 g of HNO3 

11 19.3 g of NaCl 

12 21.25 g of NaNO3 

13 2.25 g of Na2CO3 

14 0.800 g of NaOH 

15 17.75 g of Na2SO4 
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16 3.16 g of KMnO4 

17 32.33 g of K2CrO4 

18 100 g of KHCO3 

19 7.63 g of KI 

20 3.90 g of CsNO3 

21 0.111 g of CaCl2 

22 41.0 g of Ca(NO3)2 

23 1.48 g of Ca(OH)2 

24 3.40 g of CaSO4 

25 41.6 g of BaCl2 

26 14.95 g of CuSO4 

27 13.64 g of ZnCl2  

28 1.435 g of AgNO3 

29 13.76 g of NH4Cl 

30 13.76 g of (NH4)2SO4 

31 23.4 g of NH4VO3 

32 10.0 g of KClO3 

33 10.7 g of KIO3 

34 100 g of NaClO 
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35 1.70 g of NaNO2 

36 50.9 g of CuSO4.5H2O 

37 19.6 g of FeSO4.7H2O 

38 9.64 g of (NH4)2SO4.Fe2(SO4)3.24H2O 

39 12.4 g of Na2S2O3.5H2O 

40 32.0 g of (COOH)2.2H2O 

41 3.075 g of MgSO4.7H2O 

42 40.0 g of Cu(NH3)4SO4.2H2O 

43 6.00 g of CH3CO2H 

44 3.10 g of CH3COCH3 

45 0.530 g of C6H5CO2H 

46 4.79 g of AlCl3 

47 56.75 g of Al(NO3)3 

48 8.35 g of Al2(SO4)3 

49 3.8 g of FeSO4 

50 200 g of FeCl2 
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Exercise 4b 

Calculation of the mass of material in a given number of moles of the 

material 

In each case calculate the mass in grams of the material in the number of moles stated. 

 

1 2 moles of H2O 

2 3 moles of CO2 

3 2.8 moles of NH3 

4 0.50 moles of C2H5OH 

5 1.2 moles of C2H4 

6 0.64 moles of SO2 

7 3 moles of SO3 

8 1 mole of HBr 

9 0.012 moles of H2SO4 

10 0.15 moles of HNO3 

11 0.45 moles of NaCl 

12 0.70 moles of NaNO3 

13 0.11 moles of Na2CO3 

14 2.0 moles of NaOH 

15 0.90 moles of Na2SO4 

16 0.050 moles of KMnO4 
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17 0.18 moles of K2CrO4 

18 0.90 moles of KHCO3 

19 1.5 moles moles of KI 

20 0.12 moles of CsNO3 

21 0.11 moles of CaCl2 

22 4.1 moles of Ca(NO3)2 

23 0.0040 moles of Ca(OH)2 

24 0.10 moles of CaSO4 

25 0.21 moles of BaCl2 

26 0.10 moles of CuSO4 

27 0.56 moles of ZnCl2  

28 0.059 moles of AgNO3 

29 0.333 moles of NH4Cl 

30 1.1 moles of (NH4)2SO4 

31 0.025 moles of NH4VO3 

32 0.10 moles of KClO3 

33 0.10 moles of KIO3 

34 10 moles of NaClO 

35 0.0010 moles of NaNO2 
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36 0.20 moles of CuSO4.5H2O 

37 0.10 moles of FeSO4.7H2O 

38 0.0050 moles of (NH4)2SO4.Fe2(SO4)3.24H2O 

39 0.040 moles of Na2S2O3.5H2O 

40 2.4 moles of (COOH)2.2H2O 

41 3.075 moles of MgSO4.7H2O 

42 0.15 moles of Cu(NH3)4SO4.2H2O 

43 0.17 moles of CH3CO2H 

44 0.20 moles of CH3COCH3 

45 0.080 moles of C6H5CO2H 

46 0.0333 moles of AlCl3 

47 0.045 moles of Al(NO3)3 

48 0.12 moles of Al2(SO4)3 

49 2.0 moles of FeSO4 

50 11 moles of FeCl2 
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Section 5 

Using the idea of moles to find formulae 

You can find the formula of copper(II) oxide by passing a stream of hydrogen over a known 

mass of copper oxide and weighing the copper formed. 

 

  A known mass of copper(II) oxide is used. 

  A stream of hydrogen from a cylinder is passed over the copper until all the air has been 

swept out of the apparatus. 

  It is heated to constant mass (until two consecutive mass determinations at the end of the 

experiment are same) in a stream of dry hydrogen. 

  The mass of the copper is finally determined. 

Note: 

  Excess hydrogen must not be ignited until it has been tested (by collection in a test tube) to 

make sure that all the air has been expelled from the apparatus. If the hydrogen in the test 

tube burns quietly, without a squeaky pop, then it is safe to ignite it at the end of the tube. 

  The combustion tube is tilted to prevent the condensed steam from running back on to the 

hot part of the tube. 

  When the reduction process is complete, ie after heating to constant mass, the tube is 

allowed to cool with hydrogen still being passed over the remaining copper. This is to 

prevent the copper from being oxidized to copper(II) oxide. 

The working on the next page shows you how to calculate the results: 

Typical results 

Mass of copper (II) oxide  =  5 g 

Mass of copper =  4 g 

Mass of oxygen =  1 g 

Dry hydrogen

Boat containing 
copper oxide

HEAT
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 " by relative atomic 

mass (r.a.m) 

" by smallest Ratio of atoms 

Moles of copper 

atoms 
0625.0

64

4
#  1

0625.0

0625.0
#  1 

Moles of oxygen 

atoms 
0625.0

16

1
#  1

0625.0

0625.0
#  1 

 

Therefore, the simplest (or empirical) formula is CuO. 

 

The apparatus may be modified to determine the formula of water. Anhydrous calcium chloride 

tubes are connected to the end of the combustion tube and the excess hydrogen then ignited at 

the end of these tubes. Anhydrous calcium chloride absorbs water; the mass of the tubes is 

determined at the beginning and end of the experiment. The increase in mass of the calcium 

chloride tubes is equal to the mass of water produced. 

 

Typical results 

Mass of water =  1.125 g 

Mass of oxygen (from previous results) =  1.000 g 

Mass of hydrogen =  0.125 g 

 

 
" by r.a.m " by smallest Ratio of atoms 

Moles of hydrogen 

atoms 
125.0

1

125.0
#  2

0625.0

125.0
#  2  

Moles of oxygen 

atoms 
0625.0

16

1
#  1

0625.0

0625.0
#  1 

 

Since the ratio of hydrogen to oxygen is 2:1 the simplest (or empirical) formula is H2O. 

In examination calculations of this type the data is often presented not as mass, but as 

percentage composition of the elements concerned. In these cases the calculation is carried out 

in an identical fashion as percentage composition is really the mass of the element in 100 g of 

the compound. 
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Example 1 

Sodium burns in excess oxygen to give a yellow solid oxide that contains 58.97% of sodium. 

What is the empirical formula of the oxide? 

N.B. This is an oxide of sodium. It must contain only Na and O. Since the percentage of Na is 

58.97 that of O must be 100 – 58.97 = 41.03% 

 

 
" by r.a.m " by smallest Ratio of atoms 

Moles of sodium 

atoms 
564.2

23

97.58
#  1

564.2

564.2
#  1 

Moles of oxygen 

atoms 
564.2

16

03.41
#  1

564.2

564.2
#  1 

 

Therefore the empirical formula is NaO. 

The result of the above calculation does not seem to lead to a recognisable compound of 

sodium. This is because the method used only gives the simplest ratio of the elements - but see 

below. 

Consider the following series of organic compounds: 

C2H4 ethene, C3H6 propene, C4H8 butene, C5 H10 pentene. These all have the same empirical 

formula C H2. 

To find the Molecular Formula for a compound it is necessary to know the Relative Molecular 

Mass (Mr).  

Molecular Formula Mass = Empirical Formula Mass x a whole number (n) 

In the example above the oxide has an Mr = 78 g mol–1. 

Thus 

Molecular Formula Mass = 78 

Empirical Formula Mass = (Na + O) = 23 + 16 = 39 

$ 78 = 39 x n 

$   n = 2 

The Molecular Formula becomes (NaO)2   or Na2O2 
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Example 2 

A compound P contains 73.47% carbon and 10.20% hydrogen by mass, the remainder being 

oxygen. It is found from other sources that P has a Relative Molecular Mass of 98 g mol-1. 

Calculate the molecular formula of P. 

NB It is not necessary to put in all the details when you carry out a calculation of this type. The 

following is adequate. 

 

 C H O 

 73.47 10.20 (100 – 73.47 – 10.20) 

= 16.33 

By r.a.m 
12

47.73
 

1

20.10
 

16

33.16
 

 = 6.1225 = 10.20 = 1.020 

By smallest 
020.1

1255.6
 

020.1

20.10
 

020.1

020.1
 

Ratio of atoms 6 10 1 

 

Therefore the empirical formula is C6H10O. 

To find molecular formula: 

 

Molecular Formula Mass = Empirical Formula Mass x whole number (n) 

98 = [(6x12) + (10x1) + 16] x n = 98 x n 

$ n = 1 

The molecular formula is the same as the empirical formula C6H10O. 
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A warning 

In calculations of this type at GCE Advanced level you may meet compounds that are different 

yet have very similar percentage composition of their elements. When you carry out a 

calculation of this type you should never round up the figures until you get right to the end. For 

example NH4OH and NH2OH have very similar composition and if you round up the data from 

one you may well get the other. If you are told the Relative Molecular Mass and your Empirical 

Formula Mass is not a simple multiple of this you are advised to check your calculation. 

 

Example 3 

Calculate the empirical formula of a compound with the following percentage composition: 

C 39.13%; O 52.17%; H 8.700% 

 

 C O H 

By r.a.m 
12

13.39
 

16

17.52
 

1

700.8
 

 = 3.26 = 3.25 = 8.70 

Divide by smallest 1 1 2.66 

 

It is clear at this stage that dividing by the smallest has not resulted in a simple ratio. You must 

not round up or down at this stage. You must look at the numbers and see if there is some 

factor that you could multiply each number by to get each one to a whole number. In this case if 

you multiply each by 3 you will get: 

 

 C O H 

 3 3 8 

 

Thus C3H8O3 is the empirical formulae not C1H2.66O1 

You need to watch carefully for this, the factors will generally be clear and will be 2 or 3. What 

you must not do is round 1.33 to 1 or 1.5 to 2. 
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Calculations involving the moles of water of crystallization 

In calculations of this type you need to treat the water as a molecule and divide by the Relative 

Molecular Mass. 

 

Example 4 

24.6 grams of a hydrated salt of MgSO4 . xH2O, gives 12.0 g of anhydrous MgSO4 on heating. 

What is the value of x ? 

Your first job is to find the mass of water driven off . 

Mass of water evolved = 24.6 – 12.0 = 12.6 g 

 

 MgSO4 H2O 

 12.0 12.6 

Divide by Mr 
120

0.12
 

18

6.12
 

 = 0.100 = 0.700 

Ratio of Atoms 1 7 

 

Giving a formula of MgSO4.7H2O 
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Exercise 5 

Calculation of a formula from experimental data 

In Section a. calculate the empirical formula of the compound from the data given. This may be 

as percentage composition or as the masses of materials found in an experiment. For Section b. 

you are given the data for analysis plus the Relative Molecular Mass of the compound, in these 

cases you are to find the empirical formula and thence the molecular formula. Section c. is more 

difficult, the data is presented in a different fashion but the calculation of the empirical formula/ 

molecular formula is essentially the same. 

Section a 

1 Ca 40%; C 12%; O 48% 

2 Na 32.4%; S 22.5%; O 45.1% 

3 Na 29.1%; S 40.5%; O 30.4% 

4 Pb 92.8%; O 7.20% 

5 Pb 90.66%; O 9.34% 

6 H 3.66%; P 37.8%; O 58.5% 

7 H 2.44%; S 39.0%; O 58.5% 

8 C 75%; H 25% 
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9 C 81.81%; H 18.18% 

10 H 5.88% ; O 94.12% 

11 H 5%; N 35%; O 60% 

12 Fe 20.14%; S 11.51%; O 63.31%; H 5.04% 
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Section b 

13 A hydrocarbon with a Relative Molecular Mass (Mr) of 28 g mol–1 has the following 

composition: Carbon 85.7%; Hydrogen 14.3%. Calculate its molecular formula. 

14 A hydrocarbon with a Relative Molecular Mass (Mr) of 42 g mol–1 has the following 

composition: Carbon 85.7%; Hydrogen 14.3%. Calculate its molecular formula. 

15 P 10.88%; I 89.12%. Mr = 570 g mol–1 

16 N 12.28%; H 3.51%; S 28.07%; O 56.14%. Mr = 228 g mol–1 

17 P 43.66%; O 56.34%. Mr = 284 g mol–1 

18 C 40%; H 6.67%; O 53.3%. Mr = 60 g mol–1 

19 Analysis of a compound with a Mr = 58 g mol–1 shows that 4.8 g of carbon are joined with 

1.0 g of hydrogen. What is the molecular formula of the compound? 

20 3.36 g of iron join with 1.44 g of oxygen in an oxide of iron that has a Mr = 160 g mol–1 

What is the molecular formula of the oxide? 

21 A sample of an acid with a Mr = 194 g mol–1 has 0.5 g of hydrogen joined to 16 g of 

sulphur and 32 g of oxygen. What is the molecular formula of the acid? 

22 Analysis of a hydrocarbon showed that 7.8 g of the hydrocarbon contained 0.6 g of 

hydrogen and that the Mr = 78 g mol–1. What is the formula of the hydrocarbon? 
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Section c 

23 22.3 g of an oxide of lead produced 20.7 g of metallic lead on reduction with hydrogen. 

Calculate the empirical formula of the oxide concerned. 

24 When 1.17 g of potassium is heated in oxygen 2.13 g of an oxide is produced. In the case 

of this oxide the empirical and molecular formulae are the same. What is the molecular 

formula of the oxide produced? 

 

25 A hydrocarbon containing 92.3% of carbon has a Relative Molecular Mass of 26 g mol–1. 

What is the molecular formula of the hydrocarbon? 

 

26 When 1.335 g of a chloride of aluminium is added to excess silver nitrate solution 4.305 g 

of silver chloride is produced. Calculate the empirical formula of the chloride of 

aluminium.  

Hint; you will need to work out how much chlorine there is in 4.305 g of AgCl. This will be 

the amount of chlorine in the initial 1.335 g of the aluminium chloride. 

 

27 16 g of a hydrocarbon burn in excess oxygen to produce 44 g of carbon dioxide. What is 

the empirical formula of the hydrocarbon.  

Hint; you will need to work out what mass of carbon is contained in 44 g of CO2. This is 

the mass of C in 16 g of the hydrocarbon. 

 

28 When an oxide of carbon containing 57.1% oxygen is burnt in air the percentage of oxygen 

joined to the carbon increases to 72.7%. Show that this data is consistent with the 

combustion of carbon monoxide to carbon dioxide. 

 

29 When 14.97 g of hydrated copper(II) sulphate is heated it produces 9.60 g of anhydrous 

copper(II) sulphate. What is the formula of the hydrated salt? 

 

30 When the chloride of phosphorus containing 85.1% chlorine is heated a second chloride 

containing 77.5% chlorine is produced. Find the formulae of the chlorides and suggest 

what the other product of the heating might be. 

 

 












