
Quantitative Chemistry 

When we do experiments to measure something in 
Chemistry, we: 
 
•  Repeat experiments (usually 3 times) to improve the 

reliability of the results, by calculating an average of our 
results. 

•  Repeats also allow us to spot an anomaly: a result that does 
not fit the pattern of the others. 

•  If we find an anomaly, we should repeat the measurement. 
We should draw a circle around the anomalous result to 
remind us that it should not be included in the average. 

•  When we look at the values from the repeats, the closer they 
are together, the more repeatable the results are. 



Different measuring devices can measure the same 
quantity, but with different accuracy. 

Name the following apparatus and put them in order of the 
precision of their measurement of a 25cm3 volume: 

When would you want to use a burette rather than a 
pipette? 

beaker 
measuring 
cylinder burette pipette 

A burette measures out any volume you want up to 25cm3.  
A pipette can only measure one fixed volume. 



What do 
they 

have in 
common 

? 
carbon 

magnesium iodine 

sodium 

23.0 g 

127.0 g 

602,000,000,000,000,000,000,000 atoms 



The Mole 
 
The relative formula mass, Mr, of a  
substance, weighed out in grams, is  
exactly one mole of that substance. 
 
The units of relative atomic mass, and relative formula 
mass, are grams per mole:  g/mol. 

Why is this so useful ? 

One mole of any substance contains exactly the same 
amount of that substance as one mole of any other 
substance. 
 
i.e. 18g of water (H2O) contains exactly the same number 
of molecules as 2g of hydrogen (H2) or 32g of oxygen (O2). 



mass (g)  =  moles of substance  x  relative atomic mass 

 moles  =        mass of substance (g)  
relative atomic mass    

moles of 
substance Ar 

x 

mass of 
substance (g) 

Moles of atoms: 



mass (g)  =  moles of substance  x  relative formula mass 

 moles  =        mass of substance (g)  
relative formula mass    

moles of 
substance Mr 

x 

mass of 
substance (g) 

Moles of substances made of more than one atom: 



How many moles are there in: 
 
4g of hydrogen (H2) 
36g of carbon atoms (C) 
160g of ozone (O3) 
 
 
What is the mass of: 
 
0.1 moles of copper oxide (CuO) 
2 moles of water 
10 moles of ammonia (NH3) 
0.2 moles of ethane (C2H6) 

2 
3 
3.33.. 

8g 
36g 
170g 
6g   



Calculating Reacting Quantities 

Using the chemical equation for a reaction we can 
use moles to work out what mass of product we 
might make, or what mass of reactants we need. 
 

e.g.  “42g of nitrogen (N2) are reacted with hydrogen (H2) 
to form ammonia (NH3) according to the equation  
N2 + 3H2 → 2NH3. What mass of ammonia will be made?” 
 

Step 1 – What can I work out moles of? 
             (which substance do I know formula and mass for?) 
 

 Moles of N2 =  mass of N2 ÷ Mr 
 Mr of N2  = 14 + 14 = 28 g/mol 
 Moles of N2 =  mass ÷ Mr  =  42 ÷ 28  = 1.5 



Step 2 – use the equation to get mole ratios 
 

  N2  +  3 H2   →   2 NH3 

Ratio :       1       :  3                 2 
Moles:       1.5    :  4.5              3.0 
 
Since 1 nitrogen molecule makes 2 ammonia molecules,  
1.5 moles of N2 give us 3.0 moles of NH3 

Step 3 – what should I work out the mass of? 
  (Read the question! What does it ask for the mass of ?) 
 

Mass of NH3 = moles of NH3 x Mr 
Mr of NH3 = 14 + (3 x 1) = 17 g/mol 
The mass of ammonia = 3.0 x 17  = 51g 



% Yield 

Reactions often do not go all the way to completion, or we 
don’t manage to recover all the product made.   
   - product left behind in the apparatus 
   - difficulty separating product from reaction mixture 
 
Our calculations assumed all our reactants would end up as 
products. The amount of product we actually obtain is 
called the yield. 
 
Percentage yield ( % yield)  =   amount you make     x 100 

      

           maximum amount possible 
 
The maximum amount possible is calculated, assuming all 
the reactants react completely. The amount you actually 
make is measured. 



Example: 
 
Carbon burns in oxygen to make carbon dioxide. 12g of 
carbon was burnt, and produced 33g of CO2. What was the 
percentage yield ? 

    C + O2 g CO2 

 
Maximum amount of CO2 which can be made ?   
Use a mole calculation or % composition 
 

 12g carbon = 1 mole   (moles = mass/Mr  = 12/12) 
 mole ratio: 1 mole C makes one mole of CO2 

 mass CO2 = moles x Mr of CO2  =  1 x 44  = 44 g 
 
% yield   =  actual amount (33g)  x 100  = 75% 
 

  maximum amount (44g) 
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Moles of gases 

24.0 dm3 It is not always convenient to work with 
masses of a gas. We usually measure 
volumes instead. 
 
1 mole of any gas has a volume of 
24.0 dm3 at room temperature and 
pressure. This is called the molar 
volume. 

 volume (dm3)  =  number of moles  x  molar volume 

number of moles  =        volume of gas (dm3)  
        molar volume 

N.B.   1 dm3  =  1000cm3 
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Practice converting volume to moles: 
 
How many moles of gas in: 

  i)  6.0 dm3 of CO2 
  ii)  2.4 dm3 of NH3 
  iii)  240 cm3 of O2 

 
What volume would be occupied by: 

  i)  0.5 moles of CH4 
  ii)  2.0 moles of H2 
  iii)  0.0125 moles of N2 

 
What volume of gas would be collected if 10g of 
calcium carbonate was heated until it thermally 
decomposed? 
 

 CaCO3(s) à  CaO(s)  +  CO2(g) 
  Hint:  This is a Reacting Quantities calculation 

0.25 mol 
0.1  mol 
0.01 mol 

molar volume of a gas = 24 dm3 

12 dm3 

48 dm3 

300 cm3 
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The units of concentration are   mol/dm3
     

Note: 1dm3 = 1000cm3   and  1 dm3 = 1 litre 

A solution with a concentration of 1 mol/dm3 has one 
mole of the solute dissolved in 1 dm3 of the solution. 
 
A solution of 0.1 mol/dm3 is only a tenth of the 
concentration, i.e. it is ten times more dilute. 

Concentrated:   
a concentrated acid (or alkali)  
has a large number of acid molecules per cm3 of 
aqueous solution.  
 

Dilute:  
 a dilute acid (or alkali) has a small number of acid 
molecules per cm3 of aqueous solution. 

Moles in solution 
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      conc. (mol /dm3)  =   moles 
  

        volume (in dm3) 

e.g.  7.3g of HCl are dissolved in water to make a 
solution of 100cm3 volume. What is the 
concentration of the HCl solution ? 
 
moles of HCl  = mass of HCl / Mr of HCl 

    =  7.3 ÷ 36.5   = 0.2 moles 
 
conc of HCl =  moles of HCl ÷ volume of HCl in dm3 

    =  0.2 ÷ 0.1   =  2 mol/dm3 
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We can also work out how many moles are in a 
solution if we know its concentration and its volume: 
 

   moles = conc. (mol/dm3) x volume (dm3) 

e.g.  How many moles of sodium hydroxide (NaOH) 
would I need to dissolve to make up 500cm3 of 
solution with 0.10 mol/dm3 concentration? 
 
moles of NaOH =  concentration x volume in dm3 

       =  0.10  x  0.50  = 0.05 mol 
 
What mass of sodium hydroxide should be weighed 
out to make up this solution? 
 
mass of NaOH = moles of NaOH x Mr of NaOH 

      = 0.05 x 40  =  2.0g 
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Practice: 
 
How many moles of sodium chloride would I need in 
order to make 250cm3 of solution with concentration 
2.0 mol/dm3 ? 
 
What would the mass of the sodium chloride be ? 
 
If I only had 5.85 g of sodium chloride, what 
concentration solution would I get if I dissolved it to 
make 100cm3 of solution ? 
 
 
 
 

  Remember !    1 dm3  =  1000cm3 
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Titration 
 
Titration is a 
technique used to 
measure how much of 
an acid is needed to 
exactly neutralise an 
alkali. 
 
If we know the 
concentration of 
either the acid or the 
alkali, we can use 
titration to find the 
concentration of the 
other. 

alkali 

conical flask 

acid 

burette 
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How to do a titration: 
 

A known volume of alkali is measured into the flask, 
using a pipette. (more accurate than a measuring 
cylinder). 
 

A few drops of indicator are mixed with the alkali. 
 

Acid is put into the burette and the level is noted;  
burettes are read to the nearest 0.05cm3 (half a 
scale division) 
 

Acid is added dropwise until the indicator just 
changes colour. This is called the endpoint. 
 

The acid level is noted again, and the volume of acid 
that has been added (the titre) is worked out. 
 
Repeat titrations are done until you get two 
consistent titres (within 0.2cm3 of each other), 
which are then averaged. 



Indicators for titration 

Why is universal 
indicator a bad choice 
for doing a titration? 

Which way the colour 
will change (depends 
on what whether you 
have the acid or alkali 
in the flask to start 
with!). 

Methyl orange 

Phenolphthalein 
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Before the 
endpoint 

Close to the 
endpoint – 
keep swirling! 

Past the 
endpoint 

Recognising the endpoint 

The endpoint is reached when the first hint of the 
indicator’s colour change persists. 
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Finding the concentration of an acid: 
 
e.g.  The conical flask contained 25.0cm3 of NaOH 
solution and its concentration was 0.10 mol/dm3.  

The indicator changed colour after 16.50cm3 of HCl 
of unknown concentration had been added 
 

Work out the concentration of the acid. 
 
List the key information from the question: 

 volume of NaOH = 25.0cm3 = 0.025dm3 

 conc of NaOH     = 0.10 mol/dm3 

 volume of HCl     = 16.5cm3 = 0.0165 dm3 

Converting cm3 to dm3:  dm3 = cm3 ÷ 1000 
 
Converting dm3 to cm3:  cm3 = dm3 x 1000 
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Step 1:  Work out the moles of NaOH in the flask: 
  

moles of NaOH  = conc of NaOH x vol of NaOH in dm3 
 
=  0.10 x 0.025 dm3  = 0.0025 mol of NaOH 

Step 2: Use the mole ratio from a balanced equation to 
work out moles of acid: 

           NaOH + HCl à  NaCl + H2O 
                       1      :    1    :      1     :   1 

       0.0025  : 0.0025 
So 0.0025 moles of acid neutralised the alkali 

Step 3: Work out the concentration of the acid: 
 

conc of HCl =  moles of HCl  ÷ volume of HCl in dm3 
 
= 0.0025  ÷  0.0165 dm3     = 0.15 mol/dm3 
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Finding the concentration of an alkali: 
 
e.g.  the conical flask contained 25.0cm3 of NaOH 
solution and its concentration was unknown. The 
indicator changed colour after 20.00cm3 of HCl of      
0.10 mol/dm3 concentration had been added. 
 
Work out the concentration of the alkali. 
 
 
THE STEPS ARE ESSENTIALLY THE SAME 
1.  work out the moles of acid used 
2.  use the mole ratio to work out moles of alkali it 

reacted with 
3.  convert moles of alkali to concentration of alkali 


