
Stoichiometry II



Excess and Limiting Agent

Fe + S FeS

If chemists want all of the iron to be used up in the reaction then they will add 
sulfur in excess. 

This means that there is more than enough sulfur present to react with the iron.

In this case iron would be the limiting agent, as the reaction will stop once the iron 
is used up.



Identifying the limiting agent

If 20g of iron are missed with 20g of sulfur, which element is the limiting reactant?

Moles of iron: 
20

56
= 0.357 𝑚𝑜𝑙𝑒𝑠

Moles of sulfur: 
20

32
= 0.625 𝑚𝑜𝑙𝑒𝑠

Ratio Fe:S = 1:1

So only 0.357 moles of sulfur are required to use up all the iron however we have 
0.625 moles. 

Therefore sulfur is in excess and iron is the limiting reactant.



Percentage Yield

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑 =
𝑎𝑐𝑡𝑢𝑎𝑙 𝑦𝑖𝑒𝑙𝑑 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡
𝑥 100

Theoretical yield is obtained from the chemical equation and assumes 
that the reaction is 100% efficient. 

Actual yield is smaller than theoretical as not all reactions go to 
completion.



2 cm3 of phenylmethanol (density 1.04 g/cm3) was oxidised using 6.32g of potassium 
permanganate. 1.5g of benzoic acid was produced.  

3C6H5CH2OH + 4KMnO4 3C6H5COOH + 4MnO2 + H2O + 4KOH

i) Which reactant was the limiting reactant?

Moles of KMnO4: 
𝑚𝑎𝑠𝑠

𝑅𝑀𝑀
=

6.32

158
= 0.04 𝑚𝑜𝑙𝑒𝑠

Moles of C6H5CH2OH: Density = 
𝑚𝑎𝑠𝑠

𝑣𝑜𝑙𝑢𝑚𝑒
so mass = density x volume = 1.04g x 2 = 2.08g

Moles = 
𝑚𝑎𝑠𝑠

𝑅𝑀𝑀
=

2.08

108
= 0.019 𝑚𝑜𝑙𝑒𝑠

Ratio KMnO4 : C6H5CH2OH
4         : 3

So 0.019 moles of C6H5CH2OH requires 
4

3
𝑥 0.019 of KMnO4 = 0.0253 moles KMnO4

We have 0.4 moles of KMnO4 so C6H5CH2OH is the limiting reactant



ii) Calculate the percentage yield of benzoic acid.

3C6H5CH2OH + 4KMnO4 3C6H5COOH + 4MnO2 + H2O + 4KOH

Moles: 0.019            0.0253 0.019        0.0253    0.006   0.0253

So 0.019 moles of benzoic acid produced.

Theoretical yield = moles x RMM = 0.019 x 122 = 2.32g

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑 =
𝑎𝑐𝑡𝑢𝑎𝑙 𝑦𝑖𝑒𝑙𝑑 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡
𝑥 100

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑 =
1.5

2.32
𝑥 100 = 45.26%

number from question


