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MOLE CONCEPT – SUMMARY & EXERCISES

Relative Masses

• The relative atomic mass of a certain element is defined as the average mass of one atom 
compared to 1/12  the mass of a 12C atom

• The relative isotopic mass of an isotope (of a certain element) is defined as the mass of one 
isotope compared to 1/12  the mass of a 12C atom

• The relative molecular mass of a molecule is defined as the average mass of one molecule 
compared to  1/12 the mass of a 12C atom

• The relative formula mass of an ionic compound is defined as the average mass of one formula 
unit compared to 1/12 the mass of a 12C atom

• Relative masses are ratios hence no units

Mole

• A  mole of  substance,  n,  is  defined as the amount  of  substance that  contains as many entities 

(atoms, molecules, ions, electrons or any other particles), N,  as the number of atoms in 0.012Kg of 

the isotope C-12. It is equal to 6.022 X 1023, which is called the Avogadro constant or Avogadro 
number, L.

• No of particles = mole x avogadro constant (N = n.L)

• Molar mass, M, is defined as the mass of one mole of substance, Units: g mol-1

• mass = mole x molar mass (m = n.M)

• Most elements consist of mixtures of isotopes. The abundance of each in a mixture is called the  

isotopic abundance

Exercise 1

Calculate the number of moles of molecules, number of molecules, and number of atoms in 90g of water.

[5.00, 3.01 x 1024, 9.03 x 1024]

Exercise 2

Isotopes of chlorine
isotope No of protons/neutrons Relative abundance

Chlorine-35 17 protons; 18 neutrons 75%
Chlorine-37 17 protons; 20 neutrons 25%

 Calculate the relative atomic mass of chlorine  [35.5] 

Exercise 3

The relative atomic mass of boron, which consists of 10B and 11B, is 10.8. What is the percentage abundance 

of the 11B in the mixture?  [80.0% ]

1

http://www.chemistryguru.com.sg/


Chemistry Guru :: Making Chemistry Simpler ::   www.chemistryguru.com.sg  

Empirical and Molecular Formulae

• Empirical formula of a chemical compound shows the simplest whole number ratio for the atoms 

of different elements present in the compound.

• Molecular formula of a chemical compound shows the  actual number of atoms of the different 

elements in one molecule of the compound.

Exercise 4

A sugar was found to contain 40.0% by mass of carbon, 6.7% by mass of hydrogen, and 53.3% by mass of  

oxygen. What is its empirical formula? [CH2O]

Exercise 5

Given that  an organic compound having an empirical  formula of CH2 has a molar mass of  56.0 gmol-1, 

determine the molecular formula. [ C4H8 ]

Exercise 6

Vitamin C (ascorbic acid) contains 40.92% carbon, 4.58% hydrogen, and 54.50% oxygen by mass. The 

experimentally determined molar mass is 176.0 gmol-1. What is the empirical formula and molecular formula 

for ascorbic acid? [ C3H4O3, C6H8 O6 ]

Stoichiometry

• The stoichiometry of a chemical reaction is the relationship between the amounts of reactants and 

products (measured in moles) in a chemical reaction. 

• A balanced equation shows the relative amounts  ( measured in moles ) of reactants and products 

involved in the reaction indicated by the stoichiometric coefficient.

• Excess reagents are those which are in excess of the stoichiometric amount required for the 

reaction ( as indicated by the balanced equation ). They are not completely consumed at the end of 

the reaction.

• The limiting reagent is completely consumed at the end of the reaction and it determines the yield 

of the reaction

• The percentage composition by mass of each element in the compound can be calculated from 

the formula of a compound and the relative atomic masses of the elements in it

Percentage Yield

• The mass of the product formed in a chemical reaction is called the yield. The yield calculated 

based on the chemical equation and the amount of reactants present, is the theoretical yield. The 

amount of products actually obtained in a reaction,usually less than theoretical due to experimental 

losses, is called the actual yield.

• Percentage Yield can be calculated by:
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   Theoretical yield 
Percentage Yield  =

Actual Yield 
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Exercise 7

A mixture of CuSO4.5H2O and MgSO4.7H2O is heated until all the water is lost. If 5.020g of the mixture gives 

2.988g of the anhydrous salts, what is the percent by mass of  CuSO4.5H2O in the mixture?  [70.7%]

Exercise 8

What is the maximum amount of AlCl3 that can be produced from 27.0 g of Al and 

6.0 g of Cl2 by the following reaction? 2Al + 3Cl2 → 2AlCl3   [0.0563 mol]

Exercise 9

15.0 g of barium chloride was added to 10.0 g of iron(III) sulphate and 15.6 g of barium sulphate was 

precipitated. Calculate the percentage yield of barium sulphate.  [92.8%]

Calculation involving gases

• Avogadro's Law states that equal volumes of any gases, under the same conditions of temperature 

and pressure, contain the same number of molecules.  Molar volume of a gas at  s.t.p (0 0C and 1 

atmosphere) is 22.4 dm3. Molar volume of a gas at r.t.p (25 0C and 1 atmosphere) is 24.0 dm3  

• Vol of gas = molar volume x number of moles

• The molecular formula of gaseous hydrocarbons (CxHy) and organic compounds (CxHyOz) can be 

determined by combustion in excess oxygen to form carbon dioxide and water, using the following 

equations:

CxHy + (x + y/4)O2 → xCO2 + y/2 H2O

CxHyOz + (x + y/4 - z/2)O2 → xCO2 + y/2 H2O

Exercise 10

Calculate the volume of carbon dioxide evolved at r.t.p when 5.3g of anhydrous sodium carbonate reacts  

with 40.0cm3 of 2 mol dm-3 hydrochloric acid.  [0.960dm3]

Exercise 11

A mixture of methane (CH4) and ethane ( C2H6) of mass 13.43g is completely burned in oxygen. If the total 

mass of CO2 and H2O produced is 64.84g, calculate the fraction of CH4 in the mixture. [0.357]

Exercise 12

When 20 cm3 of a gaseous hydrocarbon was exploded with 150 cm3 of oxygen, the residual gases occupied 

130 cm3. After shaking the products with excess aqueous sodium hydroxide, the final volume was 90 cm3. 

Deduce the molecular formula of the hydrocarbon ( all volumes are measured at r.t.p) [C2H4 ]
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Exercise 13

10 cm3 of a hydrocarbon was exploded with an excess of oxygen. A contraction of 35 cm 3 occurs. On treating 

the products with aqueous sodium hydroxide, a further contraction of 40 cm3 occurs.  Deduce the formula of 

the hydrocarbon ( all volumes are measured at r.t.p) [ C4H10 ]
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