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Measuring reaction rate

What to use:

Each GROUP will require:

• 5 cm strip of clean 
magnesium ribbon 

• 400 mL beaker
• 10 mL measuring 

cylinder 
• small filter funnel 
• stopwatch
• 1 M hydrochloric acid
• plastic wrap.

What to do:

Step 1
Place the curled up piece of 
magnesium ribbon under the filter 
funnel in the beaker.

Step 2 
Fill the beaker with water until the 
funnel is covered.

Step 3 
Fill the measuring cylinder with acid 
and seal the end with plastic wrap. 

Step 4 
Invert the measuring cylinder over the 
funnel so that the gladwrap is pierced. 
The acid will then diffuse into the 
funnel.

Step 5 
Start the stopwatch immediately and 
measure the volume of gas produced 
each minute until the reaction is 
complete.
Construct a table to record your 
results.

Discussion:
1. Draw a line graph of volume of gas 

against time. 

2. Calculate the rate of the reaction 
over the whole period of the 
experiment using the formula:

 Reaction = amount of gas (mL)  
 rate total time taken (min)

3. Describe the trend in reaction rate 
shown by the gas. At what times 
was the reaction rate the fastest and 
slowest? How do you explain this?

4. What gas was produced by the 
reaction of the magnesium with 
the acid? Write an equation for this 
reaction.

5. The acid sinks to the bottom and 
reacts with the magnesium ribbon. 
Why does it sink? Why doesn’t the 
water produce the same reaction?

6. Consider the equipment used in 
this experiment. Why has each 
been selected for this experiment? 
How could you improve on your 
technique?

GOGGLES
GLOVES

LAB COAT
SHOES

Some chemical reactions occur quickly, others slowly. Why is  
reaction rate important? How can we measure the time it takes?  

Many chemical reactions occur 
naturally (e.g., digestion and 
rusting) or are triggered by us 
(e.g., fireworks, adding fertiliser 
to plants). 
When you light a Bunsen burner 
you are observing a rapid 
chemical reaction.
•  Can you name a reaction which 

takes a long time?
•  List as many fast and slow 

chemical reactions as you can. 
•  Now arrange them from fastest 

to slowest.

?

WORK WITH A GROUP

filter 
funnel

beaker  
of water

measuring 
cylinder full 
of acid

magnesium 
ribbon

gladwrap

Diagram 1: Measuring reaction rate

39Chemical Patterns Student Guide   Part 3   Reaction rate

Activity type

Activity 3.1 How fast can it go? DOWNLOAD e-NOTEBOOK

https://www.sciencebydoing.edu.au/download/1403010102


When was the last time you played 
"everyone-is-in" tag? Try it out with your 
class in a defined area outside. Don't 
forget to sit when you are tagged. Your 
teacher will vary the defined space.

Now play 
another game. 
This time you 
have to keep 
moving in pairs 
with linked arms 
and no-one 
"gets out". Each 
time you touch 
or bump another 
pair you have to 
swap partners. 
For each game, 
describe how 
it resembles 
the behaviour 
of atoms and 
compounds? 

Why do some 
chemical 
reactions 

occur faster 
than others?

IMPROVING REACTION RATES AT HOME
For each of the following scenarios, discuss in a group 
how you can make things quicker:
• Dissolving a tablet
•  Making a bubble bath
• Making hot chocolate
• Making a cake
• Removing a stain

CHEMICAL REACTION TAG

H

O

O

Why is 
energy needed 

for chemical 
reactions?

Can 
we make 

reactions go 
faster?

How can 
particles gain 
more energy?

How can 
particles 

be made to 
collide more 
frequently?

Imagine the student 
pairs are chemical 
compounds in 
a beaker: what 
game or drama skit 
variations could you 
do to illustrate the 
following: 
To increase the rate 
of reaction we must –
give the particles 
more energy
or
make them collide 
more frequently.

The faster you 
run, the more likely 
you will bump into 

someone else.

Try 
it out 

with your 
class.

?
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Activity 3.2 Changing reaction rate DOWNLOAD e-NOTEBOOK

https://www.sciencebydoing.edu.au/download/1403020102


The effect of concentration on reaction rate

The reaction between hydrochloric 
acid and sodium thiosulfate occurs 
relatively slowly. A cloudy solution is 
produced due to the precipitation of 
sulfur.

We can time how long it takes for 
the solution to become cloudy to 
calculate reaction rate.

What to use:

• 100 mL sodium 
thiosulfate solution 

• 50 mL dilute 
hydrochloric acid

• 250 mL conical flask
• 25 mL measuring 

cylinder 
• piece of paper with 

a black cross 
• stopwatch.

What to do:

Step 1
Measure 25 mL of sodium thiosulfate 
solution into a conical flask.

Step 2
Measure 10 mL of hydrochloric acid 
into the measuring cylinder. Then 
pour this into the flask, starting the 
stopwatch at the same time and swirl 
quickly before placing on the paper 
cross (see diagram).

Step 3
Look down the neck of the flask, 
through the solution, and stop 
the stopwatch when the cross 
disappears. 

Step 4
Record your time in a table 
appropriate for five sets of results.

Step 5
Repeat steps 1-4 with the same 
volume of hydrochloric acid but 
diluting the sodium thiosulfate as 
follows:
a) 20 mL with 5 mL water
b) 15 mL with 10 mL water
c) 10 mL with 15 mL water
d) 5 mL with 20 mL water.
 

Discussion:

1. Draw a graph to show how the time 
taken for the reaction varied with 
the concentration of the sodium 
thiosulfate. Write a sentence to 
describe the trend in the results.

2. What variables were kept constant 
in the experiment?

3. What were the independent and 
dependent variables?

4. How could you make your group’s 
results more reliable? 

5. Write a conclusion for this 
experiment.

GOGGLES
GLOVES

LAB COAT
SHOES
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What happens 
to the reaction 

rate if more 
particles are 

present?

2HCl(aq) + Na2S2O3(aq)  2NaCl (aq) + SO2(g) + S(s) + H2O(l)

?

increase

concentration

Low concentration 
few collisions 
slow reaction

High concentration 
more frequent collisions 

faster reaction rate
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Activity 3.2 Changing reaction rate Continued



Reaction rate versus temperature

What happens 
to the reaction 

rate if more 
energy is 
applied?

H

H

H

H

H

O

O

O

O

H

What to do:
Design a controlled experiment using the same reaction to 
investigate the relationship between temperature and reaction rate. 

Is Maya on the right track with her draft Investigation Plan? In 
a group, deconstruct her plan by identifying her key ideas and 
what she plans to do. What is missing from her plan?
Now start with a few ideas of your own sketched in your 
Notebook. What reactants will you use?

Discuss with your teacher the best approach to heat these 
reactants. What are the risks? How will you do this safely? 
Incorporate this in your risk assessment and method.
Compare your design with other groups. Who has the best 
experimental design?

?

Click here to view animations of 
reaction collisions.

Thought starter

H

H

H

H

O

O

high energy

low energy

reactants

products form

reacting 
molecules 
unchanged

H
H

Cl-Cl-
Cl-Cl-

H Cl-

HCl-

Cl-Cl-

collide

when moving
around

COLLISION ENERGY

H H

H H
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Activity 3.2 Changing reaction rate Continued

https://www.sciencebydoing.edu.au/curriculum/student/chemical-patterns/digital/part3/activity2


copper wire

Decomposition of hydrogen peroxide Zinc and hydrochloric acid

Hydrogen peroxide (H2O2) 
decomposes to release oxygen.

What to use:

Each PAIR will require:

• 2 x 50 mL beakers 
• weak hydrogen peroxide solution
• manganese dioxide
• 10 mL measuring cylinder 
• spatula
• wooden splint and Bunsen burner.

What to do:

Step 1
Measure 15 mL of hydrogen 
peroxide into two beakers.

Step 2
Add a small pinch of manganese 
dioxide to one beaker.    

Step 3
Observe the reaction in both 
beakers. 

Step 4
Can you seen bubbles of oxygen 
gas?

Step 5
Test the gas with a glowing splint.

Discussion:

1. What evidence is there that 
manganese dioxide is a catalyst 
in this reaction? How could you 
prove that it is not used up in the 
reaction?

2. Write an equation to represent  
this reaction.

What to use:

Each PAIR will require:

• 2 test tubes 
• test-tube rack
• granulated zinc
• 1 cm clean copper wire 
• 1 M hydrochloric acid.

What to do:

Step 1
Bend the copper wire around a piece 
of zinc and squeeze to ensure good 
contact between the two metals.

Step 2
Place this in one tube and a second 
uncovered piece of zinc in the other.    

Step 3
Add enough acid to each tube to 
cover the metal.

Step 4
Observe the rate of gas bubbles 
produced in each tube.

Discussion:

1. What gas is produced in this 
reaction? Write an equation to 
represent the process.

2. Is there any evidence that the 
copper dissolved?

3. Is the copper acting as a catalyst?  
Explain.

What are 
catalysts? 

How do they 
work?

manganese dioxide

Is there a better way to 
capture and test the gas 

produced? 

?

Click here to find out more 
about reaction rate.

GOGGLES
GLOVES

LAB COAT
SHOES

granulated zinc
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Activity 3.3 Catalysts DOWNLOAD e-NOTEBOOK

https://www.sciencebydoing.edu.au/curriculum/student/chemical-patterns/digital/part3/activity3
https://www.sciencebydoing.edu.au/download/1403030102


CO2 OH2

NH3

Unused hydrogen and
nitrogen do not condense
and are recycled.

Waste gases from 
combustion in heating
unit returned to air.

Refrigeration
unit to cool 
gases.

Liquid 
ammonia
collected 
when 
condensed.

Reaction occurs at 450ºC
and at 200 atmospheres 
of pressure.

Hydrogen 
from natural
gas (methane).

Nitrogen
from the air.

Globally, 40 million tonnes of ammonia are manufactured each year. How is it made?

A catalyst remains after a reaction and can be reused.

Use of an iron catalyst in the Haber process

CATALYSTS
Catalysts are important in industry as they provide opportunity, speed 
up and reduce the cost of reactions. For example, iron is used as a 
catalyst to create ammonia. Hydrogen and nitrogen molecules react 
with iron, binding to its surface as separate atoms. These atoms then 
react to form ammonia molecules.

nitrogen + hydrogen  ammonia

 N2
(g)    +  3H2

(g)  2NH3
(g)

IRON AS A CATALYST

N N

iron catalyst

reactants

N N

nitrogen ammonia

reactants 
attach to 
surface

molecules 
split into 
atoms

products 
released

hydrogen

H H
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Activity 3.3 Catalysts Continued



Reaction rate versus particle size 
Does particle 
size influence 
reaction rate? GOGGLES

GLOVES
LAB COAT

SHOES

What to do:
Your task is to design and carry out an 
experiment to investigate the effect of 
particle size on reaction rate.
Ask yourself:
• is your experiment a fair test?
• is it reliable?
• what equipment will you need?
• how will you collect the data?
• what difficulties might you have?
• how you will present your results?

Step 1
Plan your experiment, including equipment and check 
with your teacher before you begin.

Step 2
Carry out the experiment and record results in your 
Notebook. 

Step 3
Write a full practical report, including a graph of your 
results.

Available equipment:
• marble chips (calcium carbonate) 
• 1 M hydrochloric acid
• pestle and mortar
• chemical balance
• laboratory glassware
• stopwatch.
Do you require more equipment?

Do you have 
a pestle and 
mortar at home? 
What is it used for? Different 
cultures have been using the pestle 
and mortar for a long time, for a 
variety of purposes. Are any of 
them linked to food-chemistry?

2HCl(aq) + CaCO3(s)  CaCl2(aq) + CO2(g) + H2O(l)

?

Discuss your 
experiment with 
your teacher.

45Chemical Patterns Student Guide   Part 3   Reaction rate

Activity type

Activity 3.4 Controlled experiment DOWNLOAD e-NOTEBOOK

https://www.sciencebydoing.edu.au/download/1403040102


Sulfuric acid production is one 
of the world’s most important 
chemical industries. Australia’s 
major use of it is in fertilizer 
manufacturing.

Can you draw 
a diagram to 
show how the 
electrons are 

shared in H2SO4?

Carry out a risk assessment 
for concentrated sulfuric acid, 
compared to the risks of the 
dilute acid (less than 1%) used in 
the laboratory.

 ?
How strong 
is sulfuric 

acid?

Sulfuric acid is a highly corrosive, yellow, 
viscous liquid known as "oil of vitriol" to 

medieval alchemists. 

It was made by roasting 
green vitriol, iron (II) sulfate.

The word vitriolic, used 
in everyday language, 
originates from the chemical 
use of vitriol.
What does vitriolic mean?

MAKING DILUTE  
SULFURIC ACID: 

Which method is safe - and which 
is highly explosive?

O

O H

H

OS

O

Click here to learn how sulfuric acid is made and 
how it helps to make a car battery work.

An everyday use of sulfuric acid is in car batteries.
At about 30 per cent concentration, this acid will 
corrode the copper battery terminal.
Check under a car bonnet, but don’t touch!

The acid diffuses quickly 
into the surrounding 
water and the heat is 

quickly dispersed. And 
if it spits or splashes 
you will mostly be 

exposed to water or 
dilute acid and not 
concentrated acid.

ALWAYS 
added

H2SO4

H2SO4
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Activity 3.5 Sulfuric acid – king of chemicals

https://www.sciencebydoing.edu.au/curriculum/student/chemical-patterns/digital/part3/activity5


PA
RT

3Different chemical reactions occur at vastly different rates. Some, such as combustion, can occur 
extremely quickly. Others can take a very long time to complete. The rate of a chemical reaction 
can sometimes be changed by adding energy as heat, changing the concentration or surface area of 
reactants, or adding a catalyst.

A catalyst is a substance that increases the rate of a chemical reaction without being changed by that 
reaction. Catalysts are important in a range of industrial chemical processes.

Sulfuric acid is one of the most important chemicals used today, and is produced in large quantities.
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Summary

DOWNLOAD LESSON 
OUTCOMES CHECKLIST

https://www.sciencebydoing.edu.au/download/1403990302
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