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Planning

A chemistry investigation is an activity in which you plan what you will do, collect and process primary data by 
making observations and accurate measurements, and then interpret and report on the results.

Purpose
A practical chemistry investigation begins with a statement of purpose, which sets out the aim of the 
investigation.

For Chemistry 1.1 the investigation is ‘with direction’, so your teacher provides you with the purpose for a 
particular investigation. The purpose will be written on the task sheet you are given. Your teacher will also give 
you general written instructions about the investigation. You choose from a range of equipment and/or chemicals 
that your teacher will provide for you. The aim of an investigation is a formal statement of the purpose of the 
investigation.

Example: Purpose

Purpose: To determine how the rate of the reaction between magnesium metal, Mg, and sulfuric acid, 
H2SO4, changes as the concentration of the acid is changed.

Purpose

YOUR INVESTIGATION

Write out the purpose (aim) you have been given for your investigation.

Answers
p.  35

Copy correctly 
Up to 3% of a workbook 
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is subject to the NZ Copyright Act which 
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Background theory
Before beginning, you may need to do some revision or background research concerning the chemistry of what 
you are investigating (e.g. acid-metal reactions; the reaction between an acid and a base; rates of reaction; the 
energy output of fuels; fermentation reactions).

Theory

YOUR INVESTIGATION

Use the remainder of this page to make brief notes concerning the chemistry of what you are investigating. 
Include formulae and equations that you think might be relevant to your investigation.

Answers
p.  35

L1 Practical Chemistry Investigation LW.indd   2 28/04/16   2:53 PM



Carry out a practical chemistry investigation  3

© ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-68-2  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Variables
The aim of your investigation will indicate what the variables are. There are three types of variable, as shown in 
the following table.

Variable Explanation Issues to consider

Example
‘Aim: To compare the 
reaction rates of four 
different metals with 

dilute acid.’

Independent variable 
(what you change)

What you are 
investigating – the 
one factor you change, 
to produce a series of 
related experiments.

How you will change the 
independent variable;
you need to define a 
suitable range of four or five 
values for this variable.

A different metal powder 
for each experiment.

Dependent variable 
(what you measure or 
observe)

The factor you 
measure or observe to 
collect data.

How you will measure the 
dependent variable (e.g. by 
timing how long a reaction 
takes).

How quickly each metal 
dissolves in an acid.

Controlled variables 
(what you keep the 
same)

All other factors 
that could affect the 
experiment – for a 
fair test, you change 
only the independent 
variable. 

What the variables are, and 
how you will keep each one 
constant to ensure a valid 
experiment.

Initial temperature; 
surface area; amount of 
metal; type, concentration 
and volume of acid; 
equipment used – should 
all be the same for each 
experiment.

Example: Variables

The aim of the investigation was to determine how the rate of the reaction between magnesium metal, 
Mg, and sulfuric acid, H2SO4, changes as the concentration of the acid is changed.
• The independent variable was what was changed – the concentration of the sulfuric acid.

Starting with a stock solution of laboratory sulfuric acid, a number of other concentrations were made 
up for students to choose from. The solutions were made up by adding measured amounts of sulfuric 
acid to water, as shown in the following table. 

Stock solution % Volume of 100% acid (mL) Volume of water (mL)

100 100 0

50 50 50

25 25 75

12.5 12.5 87.5

For his range of concentrations, Ben chose to use the stock solution and three other concentrations: 
50%, 25% and 12.5%. Ben used a measuring cylinder to put 10 mL of each solution in a boiling tube, 
and labelled the tubes with each acid’s dilution. 
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• The dependent variable was what was measured – the time taken,  
in seconds, for the reaction to finish.

Ben added a 2 cm piece of magnesium ribbon to each tube and timed  
how long each piece took to disappear, showing the reaction had ended.

• The controlled variables (factors kept constant  
so they could not affect the results) were:
– the volume of acid solution used each time 

(10 mL)
– the length of magnesium ribbon used each 

time (2 cm)
– all experiments started at the same initial 

temperature (room temperature)
– the same type and size of container used for 

each experiment (boiling tube)
– no shaking, for any experiment (tube held 

with a clamp).

Trial experiments
In order to create a suitable range of at least four different values for the independent variable, you should carry 
out some trial experiments. 

Depending on the purpose of your investigation, you might need to use a range of:
• temperatures (by using water baths kept at different temperatures)
• surface areas (by cutting the material up somehow)
• concentrations (by making dilutions).

Trial experiments also help you work out how you will measure the dependent variable – for example, how long 
it will take to get required measurements, or how much of a substance must be produced to be measurable.

During trial experiments you can find out how accurate and precise your measuring equipment is. Accuracy 
tells how near the true reading a measurement is; e.g. a pH meter measures pH more accurately than universal 
indicator does, but such accuracy is not always necessary. A precise instrument has small-scale divisions.

Example: Trial experiments

Before starting her experiments to determine how the rate of the reaction between magnesium metal 
and sulfuric acid changes as the concentration of the acid is changed, Gemma carried out some trials to 
work out a suitable method. She found that:
• using 2 cm of magnesium ribbon meant the reaction took a long time to complete, so she decided 

to use 1 cm pieces instead
• when she added magnesium ribbon to acid, the ribbon sometimes floated and did not all react 

immediately, but by pouring the acid onto the ribbon in a dry boiling tube she could avoid this 
problem.

Gemma made sure she recorded and justified these changes in her final report.

boiling tube

clamp

10 mL sulfuric 
acid solution

2 cm Mg ribbon
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Planning
1. Use words from the word list to complete the following paragraph.

  change   controlled   dependent   depends   fair   independent   measure   

 one   rate   valid   variables 

 A chemistry investigation has changing factors called a. ____________________  that affect the extent  

or the b.  ____________________ of reactions. There are three kinds of variable: independent,  

c.  ____________________, and controlled. The independent variable is the one you  

d.  ____________________. To ensure a fair test, there should be only e.  ____________________ 

independent variable. As you change the f.  ____________________ variable, you observe and  

g.  _________________ what happens. The new value of the dependent variable h.  _______________ 

on the value of the independent variable.

 Investigations also have i.  ____________________ variables. These must remain constant, so the 

investigation is a j.  ___________________ test and therefore a k.  ___________________ investigation.

2. Describe how trial experiments can help you plan an experiment, and give an example.

3. Explain the difference between an independent variable, a dependent variable and a controlled variable.

4. For each of the following mini-experiments, identify the independent variable and the dependent variable.
 a. To investigate whether more sugar dissolves in hot water than in cold water.

  i. Independent variable: 

  ii. Dependent variable: 
 b. To decide which is the strongest acid – lemon juice, vinegar or grape juice.

  i. Independent variable: 

  ii. Dependent variable: 

Answers
p.  35
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c.  To investigate the time taken for a piece of magnesium ribbon to disappear when dissolved in 
hydrochloric acid of different concentrations.

  i. Independent variable: 

  ii. Dependent variable: 
5. Explain what is necessary to make an experiment a ‘fair test’.

6. A student wants to compare how the temperature changes when samples of different metals are added to 
hydrochloric acid. State three variables the student must control to make the experiment a fair test.

7. Sam wanted to compare the energy output of methanol and ethanol, by using each as fuel to heat a certain 
volume of water.

 a. Describe the independent variable.

 b. State three variables Sam must control to make the experiment a fair test.

 c. Describe the dependent variable and how it would be measured.

8. Ellie was comparing the volume of carbon dioxide gas in five different soft drinks. She measured the volume 
of gas released from 600 mL of each soft drink and got the following results.

Soft drink A B C D E

Volume of gas released (mL) 1 356 2 015 1 864 1 102 1 689

a. Name the independent variable.

b. Name the dependent variable.

c. Describe one variable you know that Ellie controlled in this experiment.

d. Suggest one other variable that should be controlled.
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YOUR INVESTIGATION

The independent variable

(The independent variable is the factor that is changed from one run of the experiment to the next.)

Name the independent variable.

List the range of values to be used for this variable (remember to add units if necessary).

Describe how you will change the independent variable.

The dependent variable

(The dependent variable is the factor that you will measure or observe to collect data.)

Name the dependent variable.

Describe how you will measure or observe the dependent variable.

Controlled (fixed or constant) variables

(To ensure a fair test, you must control any other variable that could affect the results.)

Identify and name other variables that must be kept constant (e.g. equipment used, volume or amount of 
substances used, temperature, concentration of a solution). Describe how each will be kept constant.

Other variable How it will be controlled
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MeasureMents and reliability

Measuring accurately
You should use the right measuring instruments for the purpose, use the instruments correctly, use techniques to 
make your measurements as accurate as possible, and use the correct units, as shown in the following table.

Measuring Measuring instrument(s) Units Comments

Volume of a 
liquid or a gas

Beaker – 
approximate 
measurements

Measuring cylinder – 
accurate measurements

Syringe

millilitres
mL
1 cm3 = 
1 mL

With your eye at the same level as 
the liquid to avoid parallax error, 
read the bottom of the meniscus. 
Choose the appropriately sized 
measuring cylinder for your range of 
units.

40 

30 
meniscus at 34 mL

Temperature

120 

11 0 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 –10 

°C 

The temperature recorded here is 82 °C

column of alcohol scale 
bulb

Alcohol thermometer degrees 
Celsius
°C

Make sure the bulb is completely 
immersed in the substance you are 
measuring – but not touching the 
bottom of the container. Read the 
thermometer before removing it 
from the substance.

Mass Electronic balance grams
g

Read the display. Do not overload 
the balance. Make sure you know 
how to use the type of balance 
provided.

Time taken Stopwatch seconds
s

Measures accurately to a tenth of a 
second. Judge exact moment to start 
and stop for each trial.

50

10 0

15 0

20 0

25 0

30 0

35 0

40 0

45 0
50 0
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Reliability
For measurements to be reliable, they must be repeatable. To prove that the data you collect are reliable, you 
should repeat the experiment for each independent variable at least twice, and up to five times, depending on 
the investigation. Because it is difficult to measure a variable under identical conditions each time, it is useful to 
find the average (mean). Add the results and divide by the number of trials. Do not include anomalous results 
(results far outside the expected), but do try to explain them. They are often due to human error.

Rounding
Always use a calculator to work out averages. Round the answer to the smallest number of significant figures in 
the numbers you started with.

Example: Finding an average and rounding the answer

Add

3.42 mL + 3.4 mL + 2.98 mL + 3.39 = 13.19 mL

Divide by number of results (4 in this example)

13.19 ÷ 4 = 3.2975 mL

Round the answer

= 3.3 mL (because 3.4 mL in the results had only one significant figure)

Plan of the method
Your teacher will provide an outline of the method, process and equipment you can choose from. You develop 
this into a written step-by-step plan of how you will carry out the investigation, usually including a labelled 
diagram. You then trial the method and make any improvements needed. The method write-up should include 
the following.
• A list of the equipment needed.
• The range of the independent variable.
• How the dependent variable is measured.
• How other variables are controlled to ensure validity.
• Numbered steps so another student could follow the same procedure.
• A diagram if possible.
• Any relevant balanced chemical equations for reactions.
• How you ensure that results are reliable.
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Example: Method

For an investigation to determine the speed of reactions between four different metal powders and 
dilute hydrochloric acid, Hone wrote the following.

Method

Equipment:
• samples of iron, magnesium, zinc and aluminium powders
• a 1/8 teaspoon measuring spoon
• dilute hydrochloric acid
• 4 test tubes
• 10 mL measuring cylinder
• stopwatch.

Variables and measurements

The independent variable was the four different metal powders. The 
dependent variable was the time taken from when a metal powder was 
added to the acid until bubbling had stopped, showing the reaction had 
ended. This was measured in seconds using a stopwatch.

Variables to be controlled were
• starting temperature – all reactants and equipment were stored 

at the same room temperature
• equipment – the same equipment was used, cleaned and washed 

for each trial
• amount of metal.

Because each metal has a different atomic mass, the amount of 
metal was not controlled by weighing with a balance and using the 
same mass; a small measuring spoon was used instead.

Procedure
1. Use the 10 mL measuring cylinder to put 

5 mL of hydrochloric acid into each of 
the four test tubes.

2. Add a level 1/8 measuring teaspoon of 
iron powder to the first test tube of 
acid as shown in the diagram.

3. Use the stopwatch to time from when 
the powder is added until the bubbling 
has stopped and repeat the same 
procedure with the iron powder in the 
other three test tubes.

4. Wash all test tubes.
5. Repeat steps 1. to 4. for the magnesium, zinc and aluminium 

powders.

hydrochloric
acid

metal powder
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Purpose (page 1)
Student’s own investigation

Theory (page 2)
Student’s own investigation

Planning (page 5)
1. a. variables b. rate c. dependent

 d. change e. one  f. independent

 g. measure h. depends i. controlled

 j. fair k. valid

2. Trial experiments can help you decide on: suitable values for factors 
you need to change or measure; for example, the amount of powdered 
metal to use for the metal to react completely with acid within a certain 
time / suitable apparatus to use (e.g. test tube or boiling tube) / how 
accurate and precise your measuring instrument (e.g. a stopwatch) is.

3. The independent variable is what you are investigating – the one factor 
you change, to produce a series of related experiments. The dependent 
variable is the factor you measure or observe to collect data. Controlled 
variables are all other factors that could affect the experiment.

4. a. i. Temperature of the water

ii. Mass of sugar that dissolves completely

b. i. The three acids: lemon juice, vinegar, grape juice

ii. pH

c. i. Concentrations of HCl

ii. Time taken for magnesium ribbon to completely dissolve

5. All variables except the independent variable must be controlled (kept 
the same).

6. Mass of each metal sample, surface area of each metal sample, 
concentration of acid, volume of acid, apparatus – should all be the 
same for each experiment (any three).

7. a. The two fuels, methanol and ethanol.

 b.  Mass of each fuel, volume of water being heated, length of time 
water is heated, distance between top of burning fuel flame and 
container of water.

 c.  Temperature change of the water being heated; measured 
in degrees Celsius, using a thermometer, at the start of the 
experiment and after a set amount of time.

8. a. The type of soft drink (A, B, C, D, E)

b. The volume of carbon dioxide gas dissolved in the soft drink

c. The volume of soft drink used (600 mL)

d. Temperature of drinks / length of time the drink is open before 
capturing the gas to measure it

Measurements and reliability (page 11)
1. a. degrees Celsius, °C

b. grams, g

c. seconds, s

d. centimetres and millimetres, cm and mm

answers

2. a. Results that can be repeated to obtain the same result

b. Found by adding the results and dividing by the number of trials

c. Results that are far outside those expected

3. Get consistent results – repeat the experiment for each independent 
variable at least twice, and up to five times with similar results.

4. With your eye at the same level as the liquid to avoid parallax error, 
read the bottom of the meniscus. Choose the appropriately sized 
measuring cylinder for your range of units.

40

30
34 mL

5. a. Beaker

b. Measuring cylinder (50 mL)

c. Stopwatch

d. Celsius thermometer

e. Universal indicator or pH meter, depending on accuracy needed 

f. Electronic balance

6. a. A = 7 mL  B = 16 mL  C = 33 mL

b. i. A

ii. C

7. a. A = 17 °C B = 34 °C

b. 17 °C

8. a. 9.7 mL

b. 29.8 = 30 s

c. 32.75 = 33 g  10 g is anomalous 

9. a.  Wi’s and Emily’s results are likely to be most accurate because 
they used pH meters, which measure pH more accurately than 
does universal indicator.

b. Fanhua’s order: G, E, H, F. Wi’s order; G, E, H, F – they got the 
same order.

c. The two pH meters might have been calibrated slightly 
differently.

d. Averages are E = 3.6, F = 5.5, G = 2.0, H = 3.7

10. a. delivery tube

b. marble chip

c. dilute nitric acid

d. water

e. basin/beaker

f. gas bubble

g. measuring cylinder

h. clamp

Recording data (page 18)
1. a. Brand of soap

b. pH
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2. To compare the reaction rates of calcium carbonate and dilute 
hydrochloric acid at a range of temperatures from 20 °C to 60 °C.

3. % concentration of 
H2SO4

Time taken for reaction to end (seconds)

Trial 1 Trial 2 Trial 3 Average

100

90

80

70

Processing data (page 22)
1. a. relationship b. line graph

c. bar graph d. direct

e. variables f. vertical

g. even h. title

2. An inverse relationship shows up as a curved line. As one variable 
decreases, the other increases more quickly or more slowly.

3. a. Bar graph b. Line graph

c. Line graph d. Bar graph

4. a. and b.

Average time for CaCO3 to dissolve
in dil HCl at different temperatures

Temperature (°C)

Time taken 
(s)

0 20 40 60 80
0

20

40

60

80

100

120

c.  There is an inverse relationship between temperature and time 
taken. As the temperature rises, the time the CaCO3 takes to 
dissolve falls.

5. a. and b.

Graph of average time taken
for reaction of metal powders

Metal powder used

Mg
0

500

1 000

1 500

2 000

Zn Al Fe

Average time 
(s)

c.  Magnesium was most reactive, followed by zinc, then aluminium 
and lastly iron.

6. a. 50 g/L

b. Approx. 30 °C.  From the graph. 

c.  Sodium sulfate’s solubility rises very quickly from 0 °C to 
approximately 30 °C, where the solubility curve changes, so the 
sodium sulfate is less soluble at 50 °C than at 30 °C.

d.  From 50 °C to about 130 °C, solubility decreases, but above 
130 °C solubility slowly increases.

Interpreting data (page 26)
1. a. –10 °C

b. The temperature did not change / remained the same.

c. 100 °C

d.  A direct relationship. Increasing temperature with increasing 
time.

e. 120 °C

2. a. inverse b. temperature

c. direct d. atomic number

e. slowly f. quickly

g. boiling point h. decreases

i. anomalous results

3. a. Tablet type Volume of dil HCl needed to neutralise (mL)

A 16

B 15

C 8

D 12

b. Bar graph

c.  Tablet type A neutralised most acid, so A was the best ‘antacid’ 
of those tested.

d. i.  Antacid tablets contain a base, usually a carbonate, which 
neutralises stomach acid, i.e. hydrochloric acid, HCl. Carbon 
dioxide is also a product of the reaction. The reaction is:

 acid + carbonate  salt + water + carbon dioxide

 The amount of carbonate in an antacid tablet affects how 
much acid the tablet can neutralise.

ii. The investigation could be improved by using a weighed 
quantity of crushed antacid tablet – the same mass for each 
tablet type, to ensure a fair test. The experiments could be 
repeated twice more to ensure the reliability of the results.

4. a.  Mass of carbon dioxide given off over time for reaction between 
HCl and CaCO3

b. To investigate the rate of reaction of a lump of calcium carbonate 
as it dissolved in dilute hydrochloric acid

c. When a lump of calcium carbonate reacts with dilute hydrochloric 
acid, the reaction begins quickly, and then slows down and 
stops.

5. a.  To see if there is a relationship between time taken for 
magnesium to react completely with aid and the concentration of 
the acid

b. Line graph

c. Graph of concentration of acid against time taken for magnesium 
to react completely

d. Magnesium reacts quickly in full-strength acid. The reaction slows 
and then falls away quickly as the acid becomes more dilute.

e. Volumes of acid, lengths of magnesium ribbon.

f. A higher concentration of acid contains more particles of acid 
than does the same volume of dilute acid. Thus with a higher 
concentration of acid there can be more particle collisions, and 
therefore more effective collisions, of acid with magnesium 
metal so there is a faster reaction (greater rate of reaction) in 
concentrated acid than in the dilute acid.
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