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Chemical and Physical Changes
1. A chemical change produces a new
substance whereas in a physical change
no new substance is produced.
2. A chemical change is irreversible whereas
a physical change is reversible.
3. Melting, evaporating, condensing, freezing
and sublimation are examples of physical
changes because they only change the
state (solid, liquid or gas) of the substance.
4. These processes only change the energy
that each particle has (how much it moves)
and not its arrangement or properties (e.g.
its boiling or melting point).

5. A chemical change can be identified if
there is a change in colour or temperature,
or if the reaction produces light.
6. In a chemical change, a new substance (or
product) is always made.
Chemical Reactions

31. Hydrochloric acid produces chloride salts,
nitric acid produces nitrate salts, and
sulphuric acid produces sulphate salts
Acid

Salt
produced

Hydrochloric Chloride
Acid
Sulphuric
Sulphate
Acid
Nitric Acid
Nitrate

32. Example 1:
Hydrochloric Acid + sodium hydroxide
→ sodium chloride + water
33. Example 2:
Sulphuric Acid + sodium chloride → sodium
sulphate + water
34. Example 3:
Nitric Acid + sodium hydroxide → sodium
nitrate + water
35. Example 4:
Hydrochloric Acid + sodium carbonate
→ sodium chloride + water + carbon
dioxide
36. Example 5:
Nitric Acid + sodium carbonate → sodium
nitrate + water + carbon dioxide
37. Example 6:
Sulphuric Acid + sodium carbonate
→ sodium sulphate + water + carbon
dioxide

7. A chemical change can also be called a
chemical reaction.
8. The number and type of atoms do not
change in a chemical change and are
only rearranged.
9. The total overall mass is conserved in a
chemical change (the mass of the reactant
Tests for Gases
is equal to the mass of the products).
10. Every reactant atom will become a product 38. The test for hydrogen uses a burning splint
held at the open end of a test tube of the
atom.
gas. Hydrogen burns rapidly with a squeaky
11. Extra atoms cannot be made, and atoms
pop sound.
cannot disappear.

Reactions of Metals with Oxygen
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12. Metals react with oxygen to produce metal
oxides.
13. The general equation is: Metal + oxygen →
Metal oxide
14. Example 1:
Copper + oxygen → copper oxide
15. Example 2:
16. Lithium + oxygen → lithium oxide
17. These reactions are oxidation reactions
because the metals gain oxygen
18. Reduction is the loss of oxygen
19. Oxidation is the gain of oxygen
Reactions of Metals with Acid
20. Acids react with some metals to produce
salts and hydrogen
21. Metal + acid → salt + hydrogen
22. This can be remembered by MASH: Metal +
Acid → Salt + Hydrogen
23. Example 1: Copper + Hydrochloric acid
→ copper chloride + hydrogen
24. Example 2: Sodium + Nitric Acid → sodium
nitrate + hydrogen
Reactions of Acids with Alkalis, Bases and
Metal Carbonates
25. Acids are neutralised by alkalis (e.g. soluble
metal hydroxides) and bases (e.g. insoluble
metal hydroxides and metal oxides) to
produce salts and water,
26. Acid + alkali → salt + water
27. Acid + base → salt + water
28. Acids are neutralised by metal carbonates
to produce salts, water and carbon dioxide.
29. Acid + metal carbonate → salt + water +
carbon dioxide
30. The particular salt produced in any reaction
between an acid and a base or alkali
depends on the acid and metal in the
base, alkali or carbonate
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39. The test for carbon dioxide uses a solution of
calcium hydroxide (limewater).
40. When carbon dioxide is shaken with or
bubbled through limewater the limewater
turns milky (cloudy).

Chemical
Changes
Starter
1. What is a compound?

2. How is a compound formed?

3. What is a molecule?

Foundation: Explain why carbon dioxide is a compound rather than an element.

Stretch: Compare the properties of a compound with the properties of the elements
that it is made from, using an example.

Melting, boiling, condensing, freezing and sublimation are examples of physical
changes because they only change the state of the substance (solid, liquid or
gas). These processes only change the energy that each particle has, they do not
change the chemical properties (e.g. melting or boiling point). Physical changes
(changes of state) are reversible.

5

Solid

Liquid

Gas

Chemical changes rearrange the atoms to produce at least one new substance.
Chemical changes are usually irreversible. Chemical changes are indicated by a
change in colour, temperature, smell or the appearance of bubbles.

The reactant compounds have rearranged to make the products.
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1. Determine if the following statements are true or false:
A. Heating a substance can cause a physical change
B. Physical changes produce new substances
C. Chemical changes result in substances with new properties
D. Physical changes are indicated by a decrease in temperature

2. A teacher uses building bricks to model a chemical reaction. The model shows two
elements in the gas state reacting to make a new compound. The new compound
formed is also in the gas state.
In the model one single brick represents an atom.
a. State two ways in which the model is a good representation of the
rearrangement of atoms during a chemical reaction.
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________

b. State two ways in which the model is not a good representation.

_____________________________________________________
7

_____________________________________________________
_____________________________________________________
_____________________________________________________

1. Boiling water is a physical change because…
 A. It does not produce a new substance
 B. It produces a new substance
 C. It is irreversible
2. You can tell that frying an egg is a chemical change because…
 A. The reaction can be reversed
 B. There is a change in colour compared to raw egg
 C. You add heat to the raw egg
3. Which of the following statements best describes chemical changes?
 A. The rearrangement of atoms to form at least one new substance
 B. The rearrangement of atoms to change state
 C. The movement of atoms closer together or further apart

If you answered A
Physical changes are not chemical reactions as they do not involve the formation of any new
substances. Boiling water would produce steam, which still has the same chemical formula as
water (H2O) because it is the same substance, just in a different state. This means that boiling
water is a physical change because it does not produce a new substance.
Explain the difference between physical and chemical changes.
If you answered B
Physical changes are not chemical reactions as they do not involve the formation of any new
substances. Boiling water would produce steam, which still has the same chemical formula as
water (H2O) because it is the same substance, just in a different state, therefore a new substance
has not been made. This means that boiling water is a physical change because it does not
produce a new substance.
Explain what happens during a physical change.
8

Conservation of
Mass

Starter
1. All changes of state are chemical changes. True or false?

2. State two differences between a chemical and a physical change.

3. State three indications that a chemical reaction is happening.

Foundation: Give an example of a physical change and a chemical change.

Stretch: What happens to the amount of matter during a chemical change? Explain
your answer.
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In a chemical reaction the atoms in the reactants rearrange to make the
products. Every reactant atom becomes a product atom. No extra atoms
are made and no atoms can disappear.
The law of conservation of mass tells us that the total mass of
products is equal to the total mass of reactants:

Sometimes one of the products or reactants may be a gas. Gases cannot be
measured using a balance because often they may escape into the
surroundings. The law of conservation of mass still applies, and the total
mass of products is equal to the mass of the reactants. The mass of gas that
has reacted or been produced can be calculated using the other known
values and the law of conservation of mass.
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Step 1. The reactants are placed on a balance. The
total mass (including beakers) is 148.2 g.

Step 2. The reactants are mixed. A yellow colour
forms.

James: The mass will stay
the same because the
products are made of the
same atoms as the
reactants.

Suhail: The mass
will increase because
one of the products
is a solid.

Raj: The mass will stay the
same because there are the
same number of reactants
as products.

1. Who do you agree with and
why?

11

2. Hydrogen reacts with oxygen to produce water. Which particle
diagram best represents this reaction? Why?

12

1. The law of conservation of mass states that…
 A. Mass only changes in chemical reactions
 B. The total mass of products and the total mass of reactants is the same in a
chemical reaction
 C. Matter can be created or destroyed
2. The number and type of atoms do not change in a chemical reaction and are only
rearranged.
 A. This is true
 B. This is not always true
 C. This is false
3. Two liquids react together in a beaker to produce a gas and a liquid. The total mass
of the reactants is 100 g. The gas product has a mass of 25 g. What is the mass of the
liquid product left in the beaker?
 A. 125 g
 B. 100 g
 C. 75 g

If you answered A
The law of conservation of mass states that the total mass of products is equal to the total mass of
reactants in a chemical reaction. This is because matter cannot be created or destroyed. In this
case the total mass of reactants is 100 g, so the total mass of products must also be 100 g. The gas
product has a mass of 25 g, meaning that the liquid product must have a mass of 75 g for the total
mass of products to equal 100 g. If the mass of the liquid was 125 g, the total mass of products
would be 150 g, which would not be equal to the total mass of the reactants.
Explain why mass is conserved in a chemical reaction (think about what happens to the atoms).
If you answered B
The law of conservation of mass states that the total mass of products is equal to the total mass of
reactants in a chemical reaction. This is because matter cannot be created or destroyed. In this
case the total mass of reactants is 100 g, so the total mass of products must also be 100 g. The gas
product has a mass of 25 g, meaning that the liquid product must have a mass of 75 g for the total
mass of products to equal 100 g. If the mass of the liquid was 125 g, the total mass of products
would be 125 g, which would not be equal to the total mass of the reactants
Explain why mass is conserved in a chemical reaction (think about what happens to the atoms
If you answered C
The law of conservation of mass states that the total mass of products is equal to the total mass of
reactants in a chemical reaction. This is because matter cannot be created or destroyed. In this
case the total mass of reactants is 100 g, so the total mass of products must also be 100 g. The gas
13

Introduction to
Balanced Equations

Starter
1. State the law of conservation of mass.

2. The equation for a chemical reaction is:
Na + Cl → NaCl
Identify the reactants and products in this reaction.

3. In the same reaction, 11 g of sodium reacted and 30 g of sodium chloride was
made. Calculate the mass of chlorine that reacted.

Foundation: Give an example of a physical change and a chemical change.

Stretch: What happens to the amount of matter during a chemical change? Explain
your answer.
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The number and type of atoms do not change in a chemical reaction, they are
only rearranged.

The total overall mass is conserved in a chemical change (reaction) because the
number and type of atoms is the same in the reactants as the products.
The chemical formulae of a substance tells you which elements or types of atom
are present, and how many of each:

This changes when we add a coefficient. A coefficient is a number placed in front of
the chemical formula:

Note: this has the same effect as adding a number in front of brackets in maths.
The coefficient means how many times the formulae there are. So 2(CaCO3)
means that everything in the formula is doubled, but we just don’t write the
brackets.
15

Coefficients are used when writing balanced chemical equations, to ensure there are
the same number of atoms on the side of the reactants and the side of the products.
This is because atoms cannot be created or destroyed so mass is conserved.

The thin blue line between the reactant side and product side can help keep track of
what is reactant and what is product. On the reactant side there are 4 hydrogen
atoms (2 x 2) and 2 oxygen atoms. On the product side there are also 4 hydrogen
atoms and 2 oxygen atoms.
This equation is balanced because the total number and type of atoms on the side of
the reactants is the same as the total number and type of atoms on the side of the
products.
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For each of the chemical equations below:
• Underline any coefficients
• Count the number of each type of atom in the reactants and the products.
• State whether the equation is balanced (are the numbers of each type of atom the
same in the reactants and in the products).
1. 6CO2 + 6H2O → C6H12O6 + 6O2
2. 2AgI + Na2S → Ag2S + 2NaI
3. 4FeS + 7O2 → 2Fe2O3 + 4SO2
4. PCl5 + 4H2O → H3PO4 + 5HCl
5. 2As + 6NaOH → 2Na3AsO3 + 3H2
6. 12HClO4 + P4O10 → 4H3PO4 + 6Cl2O7
7. 8CO + 17H2 → C8H18 + 8H2O
8. 10KClO3 + 3P4 → 3P4O10 + 10KCl
9. SnO2 + 2 H2 → Sn + 2H2O
10.

3KOH + H3PO4 → K3PO4 + 3H2O
17

11. 2KNO3 + H2CO3 → K2CO3 + 2HNO3
12. Na3PO4 + 3HCl → 3NaCl + H3PO4
13. TiCl4 + 2H2O → TiO2 + 4HCl
14.C2H6O + 3O2 → 2CO2 + 3H2O
15. 4NH3 + 5O2 → 4 NO + 6H2O

Challenging, with brackets!

16.B2Br6 + 6HNO3 → 2 B(NO3)3 + 6HBr
17. 4NH4OH + KAl(SO4)2·12H2O → Al(OH)3 + 2(NH4)2SO4 + KOH + 12H2O
18.

Ba3N2 + 6H2O → 3 Ba(OH)2 + 2 NH3

19.3CaCl2 + 2Na3PO4 → Ca3(PO4)2 + 6NaCl
20. 3Hg(OH)2 + 2H3PO4 → Hg3(PO4)2 + 6H2O
21.2Fe + 6HC2H3O2 → 2Fe(C2H3O2)3 + 3H2
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1. How many hydrogen atoms are shown in the reactants of this equation?
8CO + H2 → C8H18 + 8H2O
 A. 2
 B. 16
 C. 34
2. Look at the following equation. What should go in the blank space?
SnO2 + 2H2 → __________ + 2H2O
 A. SnO
 B. O
 C. Sn
3. What words can be used to describe the underlined, bold and italic parts of this
chemical equation?
2H2 + O2 → 2H2O
 A. Coefficient, product, subscript
 B. Subscript, reactant, coefficient
 C. Coefficient, reactant, subscript

If you answered A
This example shows an equation that is not balanced because there are not the same number of
atoms in the reactants and the products. In this case there are only 2 hydrogen atoms in the
reactants.
Explain why equations for chemical reactions need to be balanced.
If you answered B
This example shows an equation that is not balanced because there are not the same number of
atoms in the reactants and the products. In this case there are only 2 hydrogen atoms in the
reactants. The reactants are shown on the left hand side of a chemical equation (before the arrow)
and the products are shown on the right hand side (after the arrow).
How many hydrogen atoms are in the products of this equation?
If you answered C
This example shows an equation that is not balanced because there are not the same number of
atoms in the reactants and the products. In this case there are only 2 hydrogen atoms in the
19

Balancing
Equations
reactants. The reactants are shown on the left hand side of a chemical equation (before the arrow)
and the products are shown on the right hand side (after the arrow).
How many hydrogen atoms are in the products of this equation?

Starter

1. Which side of a chemical equation are reactants found on?

2. What does a subscript represent in a chemical formula?

3. Why is mass conserved in chemical reactions?

Foundation: Identify how many of each type of atom are found in H3PO4.

Stretch: Compare the meanings of subscripts and coefficients in chemical
equations.

Equations need to be balanced because atoms cannot be created or destroyed,
so there need to be the same number and type of each atom in the reactants and
products. Equations can be balanced by adding coefficients in front of chemical
formulae.
Note: you can only add coefficients to chemical equations. You cannot add
subscripts or element symbols.
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We can follow these steps to balance any chemical equation:
Step 1: Write out the equation neatly and divide it into two parts (reactants and
products).

H +O →H O
2

2

2

Step 2: List the elements on each side and check they are the same.

H +O →H O
2

2

Hydrogen

2

Hydrogen
Oxygen

Oxygen

Step 3: Count the number of atoms of each element shown.

H +O →H O
2

2

2

Hydrogen

2 atoms

Hydrogen

2 atoms

Oxygen

2 atoms

Oxygen

1 atom

Step 4: Add coefficients to the equation to change the number of atoms to make
them equal on both sides. Check to see if they are equal.

2 H + O → 2H O
2

Hydrogen

2

(2x2) = 4 atoms

2

Hydrogen

(2x2) = 4 atoms

Oxygen

( 2 x1) = 2 atoms

21

Oxygen

2 atoms

Balance the following equations:

1. __ Na + __ Cl2 → __ NaCl

2. __ Al + __ O2 → __ Al2O3

3. __ N2 + __ H2 → __ NH3

4. __ Fe + __ Cl2 → __ FeCl3

5. __ Fe + __ O2 → __ Fe2O3

6. __ C4H6O3 + __ H2O → __ C2H4O2

7. __ C2H4 + __ O2 → __ CO2 + __ H2O

8. __C4H10O+ __ O2 → __ CO2 + __ H2O
22

9. __ C7H16 + __ O2 → __ CO2 + __ H2O

10.__ SeCl6 + __ O2 → __ SeO2 + __ Cl2

11.

__ CH4 + __ O2 → __ CO2 + __ H2O

12.

__ AgI + __ Na2S → __ Ag2S + __ NaI

13.

__ Na3PO4 + __ HCl → __ NaCl + __ H3PO4

14.

__ H2SiCl2 + __ H2O → __ H8Si4O4 + __ HCl

15.

__ C2H6 + __ O2 → __ H2O + __ CO2

16.

__ KOH + __ H3PO4 → __ K3PO4 + __ H2O

17.

__ SnO2 + __ H2 → __ Sn + __ H2O

18.

__ NH3 + __ O2 → __ NO + __ H2O
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1. Predict the products of the following equation:
Zn + 2 HCl →
 A. ZnCl2 + H2
 B. ZnCl + H2
 C. ZnCl + H
2. How many hydrogen atoms make up the products of this reaction?
8 CO + 17 H2 → C8H18 + 8 H2O
 A. 28
 B. 16
 C. 34
3. Which equation demonstrates the law of conservation of mass?
 A. CH4 + 2 O2 → CO2 + H2O
 B. CH4 + O2 → CO2 + 2 H2O
 C. CH4 + 2 O2 → CO2 + 2 H2O

If you answered A
The law of conservation of mass states that the total mass of reactants is equal to the total mass of
products in a chemical reaction, because atoms cannot be created or destroyed, only rearranged.
For an equation to demonstrate conservation of mass it must be balanced, as that would have the
same number of each type of atom in the reactants and products. A is not balanced because there
are different numbers of hydrogen and oxygen atoms in the reactants and products.
Explain why equations must be balanced.
If you answered B
The law of conservation of mass states that the total mass of reactants is equal to the total mass of
products in a chemical reaction, because atoms cannot be created or destroyed, only rearranged.
For an equation to demonstrate conservation of mass it must be balanced, as that would have the
same number of each type of atom in the reactants and products. B is not balanced because there
are different numbers of oxygen atoms in the reactants and products.
Balance equation B so that there are the same number of atoms on each side of the reaction.
If you answered C
24

Oxidation and
Reduction
The law of conservation of mass states that the total mass of reactants is equal to the total mass of
products in a chemical reaction, because atoms cannot be created or destroyed, only rearranged.
For an equation to demonstrate conservation of mass it must be balanced, as that would have the
same number of each type of atom in the reactants and products. C is a balanced equation
because it has the same number of each type of atom on both sides of the reaction.
Outline the steps taken when balancing a chemical equation.

Starter
1. 10 g of magnesium is reacted with 5 g of oxygen. What mass of magnesium
oxide would be made as a product?

2. 98 g of sodium chloride is made using 34 g of chlorine. What mass of sodium
reacted?

3. 800 g of copper is used to make 2 kg of copper oxide. What mass of oxygen
reacted?

Foundation: Which side of a chemical equation are products found on?

Stretch: Describe the rules for numbers that can be added to a chemical equation to
balance it.

Oxidation is the gain of oxygen. An example of an oxidation is a combustion
(burning reaction):
Metal + oxygen → metal oxide
25

The metal has been oxidised (it has gained oxygen).
Burning magnesium is an example of a combustion reaction, where magnesium is
oxidised:
Magnesium + oxygen → magnesium oxide
2 Mg + O2 → 2 MgO

Note: when something burns (a combustion reaction) the substance is reacting
with oxygen from the air. Sometimes people may think that the substance is
reacting with air, rather than just oxygen, or that it is reacting with fire, which is
incorrect.
Another example of oxidation is rusting:
Iron + oxygen → iron oxide
4 Fe + 3 O2 → 2 Fe2O3
Reduction is the loss of oxygen. An example of reduction can be found in a thermal
decomposition reaction, where a substance is broken down (decomposition) using
heat (thermal).
Metal carbonate → metal oxide + carbon dioxide
Copper carbonate → copper oxide + carbon dioxide
CuCO3 → CuO + CO2
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The copper carbonate has been reduced because it has lost oxygen.
Note: the substance does not have to lose all the oxygen atoms, if any oxygen atoms
are lost it is an example of reduction.

Oxidation and Reduction
Which reactants in each reaction are oxidised or reduced?
a. CaCO3 → CaO + CO2
Calcium carbonate → calcium oxide + carbon dioxide

b. CuO + Mg → Cu + MgO
Copper oxide + magnesium → copper + magnesium oxide

c. Fe2O3 + 3 CO → 2 Fe + 3 CO
Iron oxide + carbon monoxide → iron + carbon monoxide

d. Zn + H2O → ZnO + H2
Zinc + water → zinc oxide + hydrogen

e. 4Na +O2 → 2Na2O
Sodium + oxygen → sodium oxide

f.
4Li + O2 → 2Li2O
Lithium + oxygen → lithium oxide
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1. A gas jar contains pure oxygen. A small piece of heated calcium is lowered into the
gas jar. The calcium burns brightly. What substance (or substances) are produced?
 A. Calcium and oxygen
 B. Calcium oxide
 C. Calcium oxide and carbon dioxide
2. Which metal in this reaction is being oxidised?
Mg + CuO → MgO + Cu
 A. Mg
 B. Cu
 C. O
3. Why is Fe (iron) reduced in this reaction?
Fe2O3 + 3 CO → 2 Fe + 3 CO
 A. It loses oxygen
 B. It gains oxygen
 C. It loses one Fe atom

If you answered A
Oxidation is the gain of oxygen and reduction is the loss of oxygen. In this reaction magnesium
has gained oxygen as it has gone from being magnesium to magnesium oxide, meaning that it has
been oxidised. Copper (Cu) has been reduced because it has lost oxygen.
Describe what happens in a thermal decomposition reaction and explain why it is an example of
reduction.
If you answered B
Oxidation is the gain of oxygen and reduction is the loss of oxygen. In this reaction magnesium
has gained oxygen as it has gone from being magnesium to magnesium oxide, meaning that it has
been oxidised. Copper (Cu) has been reduced because it has lost oxygen.
Explain the difference between oxidation and reduction.
If you answered C
28

Oxidation is the gain of oxygen and reduction is the loss of oxygen. In this reaction magnesium
has gained oxygen as it has gone from being magnesium to magnesium oxide, meaning that it has
been oxidised. Copper (Cu) has been reduced because it has lost oxygen. Oxygen is the element
that is lost or gained, meaning in these examples that oxygen itself cannot be oxidised or reduced.
Give an example of oxidation and an example of reduction.
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Reactions of Acids
Starter
1. Name three acids that are used in the laboratory.

2. Complete this word equation to show the products of acid and alkali
neutralisation reactions:
Acid + alkali →
3. Predict the names of the products that will form in the following reaction:
Potassium hydroxide + hydrochloric acid → ____________ + ________
Foundation: State the pH range of acids.

Stretch: Predict the names of the products that would be formed in Q3 if potassium
hydroxide reacted with a) sulfuric acid and b) nitric acid.

Three common acids that may be used in the laboratory are:
• Hydrochloric acid (HCl)
• Nitric acid (HNO3)
• Sulfuric acid (H2SO4)
Hydrochloric acid reacts to form chloride salts.
Nitric acid reacts to form nitrate salts.
Sulfuric acid reacts to form sulfate salts.
30

Acids react with metals to produce a salt and hydrogen.
Note: a salt is any compound produced in the reaction between
an acid and a metal.
Metal + acid → salt + hydrogen
Example:
Magnesium + hydrochloric acid → magnesium chloride + hydrogen
Mg + 2 HCl → MgCl2 + H2

Acids can be neutralised by alkalis and bases to produce salts and water. Alkalis
and bases can be metal oxides or metal hydroxides.
Examples:
Sodium hydroxide + hydrochloric acid → sodium chloride + water
NaOH + HCl → NaCl + H2O
Copper oxide + sulfuric acid → copper sulfate + water
CuO + H2SO4 → CuSO4 + H2O
Acids can be neutralised by metal carbonate to produce salts, water and carbon
dioxide.
Example:
Sodium carbonate + hydrochloric acid → sodium chloride + water + carbon dioxide

Na2CO3 + 2 HCl → 2 NaCl + H2O + CO2
31

These are neutralisation reactions because the acid and alkali have reacted to form
water.

Acid Reactions
1. Fill in the blank spaces in the table.
2. Use the formulae from the table to write balanced chemical equations for all of
these acid reactions.
Chemical name

Chemical
Formula

Hydrochloric Acid
Nitric Acid
Calcium chloride
Sodium Hydroxide
Copper carbonate
Copper sulfate
Potassium carbonate
Potassium nitrate

H2SO4
H2
CaCl2
NaOH
NaCl
CuCO3
CuSO4
CuO
K2CO3
KNO3

(a)

calcium + hydrochloric acid → calcium chloride + hydrogen

(b)

Hydrochloric acid + sodium hydroxide → sodium chloride + water

(c)

Sulfuric acid + copper carbonate → copper sulfate + water + carbon dioxide

(d)

Hydrochloric acid + copper oxide → copper chloride + water
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(e) Nitric acid + potassium carbonate → potassium nitrate + water + carbon
dioxide

1. When tested with universal indicator, the products of a neutralisation reaction
between an acid and an alkali are…
 A. Alkaline
 B. Acidic
 C. Neutral
2. A reaction between a metal and an acid produces which gas?
 A. Oxygen
 B. Hydrogen
 C. Carbon dioxide
3. A reaction between a metal carbonate and an acid produces…
 A. A salt, hydrogen and carbon dioxide
 B. A salt, hydrogen and water
 C. A salt, water and carbon dioxide

If you answered A
Metal carbonates can neutralise acids in reactions to produce a salt, named from the metal and
the acid, as well as water and carbon dioxide. Hydrogen is only produced in the reaction between
acids and metals, which are not an example of neutralisation reactions because water is not
formed.
State the general equations for reactions of acids with metals, metal oxides/hydroxides and
metal carbonates.
If you answered B
Metal carbonates can neutralise acids in reactions to produce a salt, named from the metal and
the acid, as well as water and carbon dioxide. Hydrogen is only produced in the reaction between
acids and metals. Carbon dioxide must also be produced in the reaction between a metal
carbonate and an acid as this is where the carbon atoms appear in the products.
State the general equations for reactions of acids with metals, metal oxides/hydroxides and
metal carbonates.
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If you answered C
Metal carbonates can neutralise acids in reactions to produce a salt, named from the metal and
the acid, as well as water and carbon dioxide. Hydrogen is only produced in the reaction between
acids and metals. Carbon dioxide must also be produced in the reaction between a metal
carbonate and an acid as this is where the carbon atoms appear in the products.
Explain why carbon dioxide is produced in reactions between acids and metal carbonates but
not between acids and metals.
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Testing for Gases
Starter
All the substances below react with acids:
Magnesium (Mg)
Copper carbonate (CuCO3)
Copper oxide (CuO)
1. Which substance(s) would produce carbon dioxide when reacted with an acid?
Explain your answer.

2. Which substance would produce a different gas when reacted with an acid?
Which gas? Explain your answer.

Foundation: Complete this word equation:
Acid + alkali → ____________ + __________
Stretch: Write word equations to show the reactions with each of the three
substances above with hydrochloric acid.

Different chemical reactions can produce different gases. Different tests can be used
to determine which gas is present, which can often help experimenters to work
backwards to figure out which substances have reacted.
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The test for hydrogen gas uses a burning splint held
at the open end of a test tube of gas. Hydrogen burns
rapidly with a pop sound. This is called the squeaky
pop test.
Collecting hydrogen gas:

The test for carbon dioxide uses a solution of calcium hydroxide (also called
limewater). When carbon dioxide is shaken with or bubbled through limewater,
the limewater turns milky or cloudy.

Collecting carbon dioxide gas:

Limewater
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Magnesium carbonate + hydrochloric acid

1. Rewrite this incorrect answer and correct the mistakes:
Describe the tests to identify the following gases: hydrogen and carbon
dioxide. (4 marks)
If you are testing for hydrogen, you require a splint and a test tube of the gas. It will
burn quickly and make a pop sound. For carbon dioxide its different as you need
limewater (calcium oxide solution) and it will go cloudy.

2. Describe and explain what the results of the following two experiments would
show:
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1. Which answer indicates a positive result when testing for carbon dioxide?
 A. Limewater turns milky or cloudy
 B. A lit splint makes a squeaky pop sound
 C. A lit splint reignites
2. The products of which reaction would test positive for a ‘squeaky pop’ test?
 A. Nitric acid + calcium oxide
 B. Nitric acid + calcium carbonate
 C. Nitric acid + calcium
3. Carrying out the hydrogen gas test for a metal hydroxide + acid reaction will show…
 A. A positive result; limewater will turn milky
 B. A positive result, it will make a squeaky pop sound
 C. A negative result

If you answered A
The reaction between a metal hydroxide and an acid is an example of neutralisation and would
produce a salt and water. Limewater would only turn milky if carbon dioxide was present, which
is not tested using the hydrogen gas test and would not be produced in this reaction.
State the general equations for the reactions of acids with metals, alkalis and metal carbonates
and identify which would show positive test results for hydrogen or carbon dioxide.
If you answered B
The reaction between a metal hydroxide and an acid is an example of neutralisation and would
produce a salt and water. The squeaky pop sound would be a positive result for the test for
hydrogen gas, but hydrogen gas would not be produced in this reaction.
State the general equations for the reactions of acids with metals, alkalis and metal carbonates
and identify which would show positive test results for hydrogen or carbon dioxide.
If you answered C
The reaction between a metal hydroxide and an acid is an example of neutralisation and would
produce a salt and water. The squeaky pop test would be the correct test to use to test for the
presence of hydrogen gas, but hydrogen gas would not be produced in this reaction, so it would
produce a negative result and there would be no squeaky pop.
Describe how you could use the tests for carbon dioxide and hydrogen to determine the other
reactant in a reaction of an acid with a metal, alkali or metal carbonate.
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