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NATIONAL 4 AND NATIONAL 5 CHEMISTRY

Unit 1: Chemical Changes and Structure

Topic 3B
WRITING CHEMICAL EQUATIONS 
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	Unit 1:  Chemical Changes and Structure

	Topic 3b: Writing Chemical Equations


	LEVEL
N4  N5
	AFTER COMPLETING THIS TOPIC YOU SHOULD BE ABLE TO:
	NOTES
(Page)
	How well I have understood  (()

	
	
	
	(
	(
	(

	N4
	Know the substances, which take part in a reaction, are called the reactants.
	3
	
	
	

	N4
	Know the substances, which take part in a reaction, are called the reactants.
	3
	
	
	

	N4
	Write a word equation for a chemical reaction.
	3 - 4
	
	
	

	N4
	Know the meaning of the “+” and the arrow in a chemical equation.
	3
	
	
	

	N4
	Write an equation using symbols and formulae from a sentence description or a word equation with sufficient information to have all the reactants and products but not balancing the equation.
	5 - 6
	
	
	

	N4
	Identify the state symbol for:

· Solid (s)
· Liquid (l )
· Gas (g)
· Solution (aq)
	6 - 7
	
	
	

	N4
	Write an equation using symbols and formulae and include the state symbol of each substance.
	7 - 8
	
	
	

	N5
	Balance a chemical equation to ensure the number and type of each atom are same on both the reactant and product sides of the equation.
	8 - 13
	
	
	

	
	
	
	
	
	


	N4
	WORD EQUATIONS
	N4
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WRITING REACTIONS
When magnesium burns it reacts with oxygen from the air and makes the compound called magnesium oxide. 
The reaction can be written as:
	magnesium
	+
	oxygen
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	magnesium oxide
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	REACTANTS
	
	PRODUCTS


This is called a WORD EQUATION.  It shows the REACTANTS on the left of the arrow and the PRODUCTS on the right of the arrow.
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	The arrow means “CHANGES INTO” when written in a word or chemical equation.

	+
	The + which separates the substances means “AND.” 


	DICTIONARY – REACTANTS and PRODUCTS

In a reaction the substances which react are called the REACTANTS.  The substances made (or produced) from a reaction are called the PRODUCTS.  


MARBLE AND HYDROCHLORIC ACID
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In this reaction the REACTANTS are MARBLE and HYDROCHLORIC ACID.
The chemical name for MARBLE is CALCIUM CARBONATE.
This reaction makes three new substances; they are CALCIUM CHLORIDE, WATER and CARBON DIOXIDE gas.  These are the PRODUCTS.
	hydrochloric acid
	+
	calcium carbonate
(marble)
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	calcium chloride
	+
	water
	+
	carbon dioxide

	[image: image26.png]



	
	[image: image27.png]




	REACTANTS
	
	PRODUCTS
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	To practise writing word equations, do the WORD EQUATIONS examples on page 2 of the Practice Examples Booklet.


	N4
	FORMULA EQUATIONS
	N4


INSERTING FORMULAE INTO EQUATIONS

Writing an equation for a reaction using the formula of each substance instead of the names is called a FORMULA 
EXAMPLE:  Magnesium reacting with oxygen.
	


	magnesium
	+
	oxygen
	
	magnesium oxide

	
	Mg
	+
	O2
	
	MgO

	
	Magnesium is an element. Its formula is its symbol.
	
	Oxygen is a diatomic element. Its formula is its symbol + 2.
	
	Magnesium oxide is a compound.  Its formula is worked out using valencies.

	
	
	
	
	
	Mg 2  O 2
Valencies are the same.  One of each in the formula.


EXAMPLE:
Sodium reacts with water to produce sodium hydroxide and hydrogen.

	
	sodium
	+
	water
	
	sodium hydroxide
	+
	hydrogen

	
	Na
	+
	H2O
	
	NaOH
	+
	H2


EXAMPLE:
When copper(II) oxide is heated with carbon monoxide the products of the reaction are copper and carbon dioxide.

	
	copper(II) oxide
	+
	carbon monoxide
	
	copper
	+
	carbon dioxide

	
	CuO
	+
	CO
	
	Cu
	+
	CO2
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	To practise writing formula equations, do the FORMULA EQUATIONS examples on page 3 and 4 of the Practice Examples Booklet.


	N4
	FORMULA EQUATIONS
(With State Symbols)
	N4


STATE SYMBOLS

A symbol can be written after the formula of a substance to indicate the state of the substance.

EXAMPLE:  The three states of matter and water.








The state symbol of a solution is: 
The symbol comes from the Latin name for water, which is aqua.




FORMULA EQUATIONS WITH STATE SYMBOLS

When the state symbols are included with the formula of each substance in an equation, the equation is called a STATE EQUATION.

EXAMPLE:
Potassium metal reacts with water to produce potassium hydroxide solution and hydrogen gas.

	
	potassium
	+
	water
	
	potassium hydroxide
	+
	hydrogen

	
	K(s)
	+
	H2O(l)
	
	KOH(aq)
	+
	H2(g)


EXAMPLE:
When sodium carbonate solution is mixed with copper(II) chloride solution a precipitate of copper(II) carbonate solid forms.

The other product of the reaction is sodium chloride solution.
	
	sodium carbonate
	+
	copper(II) chloride
	
	copper(II) carbonate
	+
	sodium chloride

	
	Na2CO3(aq)
	+
	CuCl2(aq)
	
	CuCO3(s)
	+
	NaCl(aq)
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	To practise writing formula equations with state symbols, do the FORMULA EQUATIONS WITH STATE SYMBOLS examples on page 5 of the Practice Examples Booklet.


	N5
	BALANCED EQUATIONS
	N5


MISSING ATOMS

A chemical equation may not have the same quantity of each atom on each side of the equation.
EXAMPLE:
The reaction between hydrogen and oxygen to produce water (hydrogen oxide). 
	hydrogen
	+
	oxygen
	
	(water)
hydrogen oxide
	This equation is chemically correct, but the numbers of each atom on both sides of the equation is not the same.


The equation is not balanced.



	H2
	+
	O2
	
	H2O
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	2 × hydrogen atoms

2 × oxygen atoms
	
	2 × hydrogen atoms

2 × oxygen atoms
	


Here is the equation again.
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	+
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	2 H2
	+
	O2
	
	 2H2O

	
[image: image13]
	
	
[image: image14]

	4 × hydrogen atoms

2 × oxygen atoms
	
	4 × hydrogen atoms

2 × oxygen atoms


The numbers of each atom is the same on both sides of the equation.
The equation is balanced.

	To balance an equation numbers are inserted in front of the formula of each substance, which requires multiple quantities.


The balanced equation above reads as:
	2 hydrogen molecules
	+
	 1 oxygen molecule
	
	2 water
molecules


EXAMPLE:
Methane (carbon hydride) is natural gas.  When it burns it reacts with oxygen producing carbon dioxide and water. 
	methane
(carbon hydride)
	+
	oxygen
	
	carbon dioxide
	+
	water

	
	+
	

	
	
	+
	

	CH4
	+
	O2
	
	CO2
	+
	H2O


The equation above is not balanced.
The equation below is balanced.  The same atoms and number of each atom are on both sides of the equation.
	
	+
	


	
	
	+
	

	CH4
	+
	 2 O2
	
	CO2
	+
	2 H2O

	1 methane molecule
	+
	2 oxygen molecules
	
	1 carbon dioxide molecule
	+
	1 water molecules


EXAMPLE:
Nitrogen reacts with hydrogen to produce nitrogen hydride  (ammonia).
	nitrogen
	+
	hydrogen
	
	nitrogen hydride
(ammonia)

	

	+
	
	
	


	N2
	+
	H2
	
	NH3 


The equation above is not balanced.
The equation below is balanced.  The same atoms and number of each atom are on both sides of the equation.
	

	+
	

	
	


	N2
	+
	3 H2
	
	 2 NH3 

	1 nitrogen molecule
	+
	3 hydrogen molecules
	
	2 ammonia
molecules
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	To practise writing balanced equations, do the BALANCED EQUATIONS 1 examples on page 6 of the Practice Examples Booklet.


BALANCING EQUATIONS WITH GROUPS
The following examples show how to balance an equation, which involves groups.
EXAMPLE:
Aluminium reacts with copper(II) sulfate solution producing aluminium sulfate solution and copper metal.
	aluminium
	+
	copper(II) sulfate
	
	aluminium sulfate
	+
	copper

	Al
	+
	CuSO4
	
	Al2(SO4)3
	+
	Cu

	

	+
	
	
	
	+
	


This equation is not balanced.  The aluminium atoms and the sulfate groups are not the same on both side of the equation.
The equation below is balanced.
	

	+
	
	
	
	+
	

	2 Al
	+
	3 CuSO4
	
	Al2(SO4)3
	+
	3 Cu


EXAMPLE:
Magnesium reacts with phosphoric acid (hydrogen phosphate solution) producing magnesium phosphate and hydrogen.
	magnesium
	+
	phosphoric acid
	
	magnesium phosphate
	+
	hydrogen

	Mg
	+
	H3PO4
	
	Mg3(PO4)2
	+
	H2

	1 × Mg atom
	
	3 × H atoms
1 × PO4 group
	
	3 × Mg atoms
2 × PO4 group
	
	1 × H atoms


This equation above is not balanced.

The equation below is balanced.

	3 Mg
	+
	2 H3PO4
	
	Mg3(PO4)2
	+
	3 H2

	3 × Mg atoms
	
	6 × H atoms
2 × PO4 group
	
	3 × Mg atoms
2 × PO4 group
	
	6 × H atoms
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	To practise writing balanced formula equations with groups of atoms do the BALANCED EQUATIONS 2 examples on page 7 of the Practice Examples Booklet.
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	To practise balancing formula equations do the BALANCED EQUATIONS 3 examples on page 8 of the Practice Examples Booklet.
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Gaseous water (steam)
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