
This lesson is intended to revise students’ understanding of pH, litmus paper and 
universal indicator.  It includes a practical investigation linked to different types of 
water.

During this unit, students will look at applying their growing knowledge of the carbon 
cycle and pH to real environmental issues, such as ocean acidification and reducing 
carbon footprints.  There is also a chance to look at current scientific and 
technological advancements in these areas.
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US: Next Generation Science Standards
MS-PS1 Matter and Its Interactions 
MS-PS1-1. Develop models to describe the atomic composition of simple molecules 
and extended structures. 
MS-PS1-2. Analyze and interpret data on the properties of substances before and 
after the substances interact to determine if a chemical reaction has occurred. 
MS-PS1-3. Gather and make sense of information to describe that synthetic materials 
come from natural resources and impact society. 
MS-PS1-4. Develop a model that predicts and describes changes in particle motion, 
temperature, and state of a pure substance when thermal energy is added or 
removed. 

KS3 Science curriculum 
Chemical reactions: the pH scale for measuring acidity/alkalinity; and indicators

Working scientifically
Experimental skills and investigations: use appropriate techniques, apparatus, and 
materials during fieldwork and laboratory work, paying attention to health and safety
Experimental skills and investigations: make and record observations and 
measurements using a range of methods for different investigations; and evaluate the 
reliability of methods and suggest possible improvements
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Have the students begin thinking about acids, alkalis and the pH scale. 
Prompt the students to put these items into two groups. Have them explain why they 
grouped the pictures the way they did. 

Have the students follow the ‘Think, Pair, Share’ method.  Give the students a few 
minutes to reflect on the images. Then have the students turn to a partner and 
explain their thinking. After, bring the students’ focus back to the whole class 
learning. Have a few students share their thoughts and discuss as a whole class. 
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Play the ‘Higher or lower’ game.  The aim of the game is to encourage students to 
think about whether a solution is acidic or alkaline and what its pH might be.  

How to play:
1. Reveal the first picture (liquid).  
2. Students try can guess the pH.
3. Reveal the pH of the liquid 
4. Show the next liquid
5. When the next liquid is shown, student guess whether it is more acidic or alkaline 

than the previous liquid. 
6. Reveal the pH of the liquid to see if they were correct
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Continue playing the Higher or Lower pH game.

Important Note:
Sea water has a pH of 8.1.  Before the industrial era began, the average pH was 8.2 
(all pH levels here refer to average pH levels on the ocean’s surface). Because the pH 
scale is logarithmic, this change represents approximately a 25% increase in acidity.
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As a class, discuss the different ways that you could identify sea water.  

Identify and discuss all health and safety considerations and complete a risk 
assessment before starting this activity. 

Using the photo to help, have students discuss how they would carry out this 

investigation. Have the students apply their understanding of variables from the 

previous lesson to this lab. What is the independent variable? Dependent variable? 
Control variables?

Students should collect water samples in 6 separate test tubes and place in a test 

tube rack.

Label each sample
Use a pipette to add a small amount of universal indicator into each test tube (a few 

drops will do.)
Compare the color with the pH chart against a white background to identify the pH of 

each.

Compare the pH of the samples with the pH of the water guide to identify which 
water is which. 

Water samples:

Sea water – pH 8.1

River water – pH 7.4
Distilled water – pH 7.0

Rain water – pH 5.5
Acid rain water – pH 4
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Perrier – pH 5.5 (note that you can use any bottled water, but they vary considerably in pH, depending on the minerals they have absorbed)

Health and Safety: 
Before carrying out any experiment refer to CLEAPSS or Flinn Scientific for risk assessment information. 
Teacher should encourage students to consider safety expectations before lab begins. Students should be directed and reminded of safety expectations before starting their 
experiment.  It is important they recognize the need to work carefully with the solutions. Solutions’ pH vary: some are acidic, some alkaline and some neutral. Students 
should consider each solution as dangerous and work with caution and safety equipment.



This equipment list and method is also on the students’ lab sheets.

Health and Safety: 
Before carrying out any experiment refer to CLEAPSS or Flinn Scientific for risk 
assessment information. 
Teacher should encourage students to consider safety expectations before lab begins. 
Students should be directed and reminded of safety expectations before starting their 
experiment.  It is important they recognize the need to work carefully with the 
solutions. Solutions’ pH vary: some are acidic, some alkaline and some neutral. 
Students should consider each solution as dangerous and work with caution and 
safety equipment.
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Students can compare and discuss the pH of the different water samples.  Were there 
any surprises?

Health and Safety: 
Before carrying out any experiment refer to CLEAPSS or Flinn Scientific for risk 
assessment information. 
Teacher should encourage students to consider safety expectations before lab begins. 
Students should be directed and reminded of safety expectations before starting their 
experiment.  It is important they recognize the need to work carefully with the 
solutions. Solutions’ pH vary: some are acidic, some alkaline and some neutral. 
Students should consider each solution as dangerous and work with caution and 
safety equipment.
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Answers are provided in the teacher resources.
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Note: logarithmic scales are a high school/AP level (KS5) concept and the students 
will not be required to understand a logarithmic scale for the middle school (KS3 and 
KS4) curriculum. However, in order to understand the scale and impact of ocean 
acidification, this short explanation has been included. During the next lesson, 
students will learn that ocean pH has changed by 0.1 since the industrial era, from pH 
8.2 to pH 8.1.  On the surface, this can seem like a small change, however this 
equates to over a 25% increase in acidity.
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An opportunity for students to quickly review the information they have learned in 
the lesson.
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KS3 Science curriculum 
Chemical reactions: the pH scale for measuring acidity/alkalinity; and indicators

Working scientifically
Experimental skills and investigations: use appropriate techniques, apparatus, and 
materials during fieldwork and laboratory work, paying attention to health and safety
Experimental skills and investigations: make and record observations and 
measurements using a range of methods for different investigations; and evaluate the 
reliability of methods and suggest possible improvements

US: Next Generation Science Standards
MS-PS1 Matter and Its Interactions 
MS-PS1-1. Develop models to describe the atomic composition of simple molecules 
and extended structures. 
MS-PS1-2. Analyze and interpret data on the properties of substances before and 
after the substances interact to determine if a chemical reaction has occurred. 
MS-PS1-3. Gather and make sense of information to describe that synthetic materials 
come from natural resources and impact society. 
MS-PS1-4. Develop a model that predicts and describes changes in particle motion, 
temperature, and state of a pure substance when thermal energy is added or 
removed. 
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