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Syllabus objectives:  

Understandings: 

• Atoms of different elements combine in fixed ratios to form compounds, which have 
different properties from their component elements. 

• Mixtures contain more than one element and/or compound that are not chemically 
bonded together and so retain their individual properties. 

• Mixtures are either homogeneous or heterogeneous. 

Applications and skills: 

• Deduction of chemical equations when reactants and products are specified. 

• Application of the state symbols (s), (l), (g) and (aq) in equations. 

• Explanation of observable changes in physical properties and temperature during 
changes of state. 
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Elements, compounds and mixtures  
• All substances are made up of one or more elements. 
• An element is a substance that cannot be broken down into a simpler substance by 

chemical means. 
• All known elements are included on the periodic table which is shown below. 

 

 
 
Compounds 

• A compound is formed from two or more different elements chemically joined in a fixed 
ratio. 

• Compounds have different properties from the elements that they are made from.  
 

              
 

 
 

• The properties of the compound above (NaCl) are different from the elements that it is 
made from.  

• Sodium is a very reactive metal and chlorine is a poisonous gas. The product formed, 
NaCl, is safe for human consumption in small amounts.  
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Mixtures 
• Mixtures contain more than one element and/or compound that are not chemically 

bonded together and so retain their individual properties. 
• Mixtures can be either homogeneous or heterogeneous. 
• A homogeneous mixture has the same uniform appearance and composition throughout 

(for example, a salt solution). 
• A heterogeneous mixture consists of visibly different substances or phases (for example, 

sand and water).  
• Matter can be divided into pure substances or mixtures, as can be seen in the flow chart 

below.  
 

 
 
 
Exercises: 
 
1. Distinguish between an element and compound. 
 
 
 
 
2. Distinguish between a homogeneous and a heterogeneous mixture. 
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States of matter 
The changes of state are shown below. 

• Melting is the change of state from a solid to a liquid. 
• Freezing is the change of state from a liquid to a solid. 
• Evaporating is the change of state form a liquid to a gas. 
• Condensing is the change of state from a gas to a liquid.  
• Sublimation is the change of state from a solid to a gas. 
• Deposition is the change of state from a gas to a solid.  

 
 

 

 
 
 
 
 
Particle models of solids, liquids and gases 
 

• The particle models of a solid, liquid and gas are shown below. 
 

 
 
 

Endothermic (energy is absorbed) 

Exothermic (energy is released) 



STOICHIOMETRIC RELATIONSHIPS PART ONE                                  WWW.MSJCHEM.COM                                      5 
 

 
Exercise: Complete the table to show the properties of the following states of matter.  
 

Property solid liquid gas 

shape    

volume    

compressibility    

fluidity    

 
 
Physical and chemical changes 

• In a physical change, no new substances are produced. 
• The melting of ice is a physical change and can be represented by the following equation: 

 
• Evaporation of bromine: 

 
• Sublimation of iodine: 

 
 

• A chemical change results in the formation of new chemical substances. 
• In a chemical reaction, the atoms in the reactants are rearranged to form new products. 

Example: 

 
 

• The combustion of methane (shown in the equation above) is a chemical change as new 
chemical substances are formed (CO2 and H2O).  
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Balancing chemical equations 
• The law of the conservation of mass states that mass (and therefore atoms) is conserved 

in a chemical reaction.  
• Therefore, there must be the same number of each type of atom in the reactants and 

products, as shown in the diagram below.  

 
 

• To balance a chemical equation, we can only change the numbers in front of the 
reactants or products which are called coefficients.  

 
Example 1: 

• There is one Na atom in the reactants and one in the products. However, there are two Cl 
atoms in the reactants but only one in the products.  
 

 
Write the balanced equation: 
 
 
 
Example 2: 

CaCO3(s) +    HCl(aq)   → CaCl2(aq) + H2O(l) + CO2(g) 
 
Write the balanced equation: 
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State symbols  

• State symbols show the physical state (solid, liquid, gas or aqueous) of the reactants and 
products in a chemical equation. 

(s) – solid 

(l) – liquid 

(g) – gas 

(aq) – aqueous (in solution)  

Example: 

2Na(s) + 2H2O(l) → 2NaOH(aq) + H2(g) 

 

Exercise: 
Balance the following chemical equations using whole numbers. When each equation is 
balanced, calculate the sum of coefficients in the equations.  
 

1. CH4(g) + O2(g) → CO2(g) + H2O(l)   
 

2. C3H8(g) + O2(g) → CO2(g) + H2O(l)  
 

3. CH3OH(l) + O2(g) → CO2(g) + H2O(l) 
 

4. Mg(s) + HCl(aq) → MgCl2(aq) + H2(g)  

 

5. CaCO3(s) + HCl(aq) → CaCl2(aq) + H2O(l) + CO2(g) 

 

6. NaCl(aq) + CaO(aq) → CaCl2(aq) + Na2O(aq) 

 

7. Al(s) + Fe3O4(s) → Al2O3(s) + Fe(s)   
 

8. Mg3N2(s) + H2SO4(aq) → MgSO4(aq) + (NH4)2SO4(aq) 

 

9. Fe2O3(s) + C(s) → Fe(s) + CO(g)  
 

10. Al(OH)3(s) +  H2SO4(aq) → Al2(SO4)3(aq) + H2O(l)  
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