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Lesson Element
The pH Scale
Instructions and answers for teachers
These instructions cover the learner activity section which can be found on page 12. This Lesson Element supports OCR GCSE (9-1) Gateway Science Chemistry A and the Twenty First Century Science Chemistry B qualifications.
When distributing the activity section to the learners either as a printed copy or as a Word file you will need to remove the teacher instructions section.
Mapping to specification level (Learning outcomes)

GCSE (9–1) Gateway Science Chemistry A/Combined Science A
C3.3c recall that acids form hydrogen ions when they dissolve in water and solutions of alkalis contain hydroxide ions

C3.3g use and explain the terms dilute and concentrated (amount of substance) and weak and strong (degree of ionisation) in relation to acids
C3.3h recall that relative acidity and alkalinity are measured by pH

GCSE (9–1) Twenty First Century Science Chemistry B/Combined Science B

C5.4.5 recall that acids form hydrogen ions when they dissolve in water and solutions of alkalis contain hydroxide ions

C6.1.4 recall that relative acidity and alkalinity are measured by pH including the use of universal indicator and pH meters

C6.1.5 use and explain the terms dilute and concentrated (amount of substance) and weak and strong (degree of ionisation) in relation to acids including differences in reactivity with metals and carbonates
Supporting Information
The activities can be done in sequence as a whole class or as a circus of activities, followed by a plenary activity for learners to demonstrate their understanding.

The following key terms could be established with a set of dominoes made with these words and their definitions:

· ions, strong acid/alkali, weak acid/alkali, concentrated acid/alkali, dilute acid/alkali, litmus, universal indicator, pH scale, acid, alkali, neutral, base.

The activities are designed to not only cover the concept of pH scale and acids and alkalis, but to improve a number of skills such as practical dexterity, thinking and analysis and literacy. 

The lesson begins with a quick whole class starter activity followed by a number of activities (practical and written) that learners can work through in pairs with a worksheet to complete summarising all of the information they have learned. 

The activities are to be set up in different areas of the room with instruction sheets. 

Teachers will need to explain any hazards/safety concerns for each practical before the learners start the activities. 

For lower ability learners it would be useful if teachers could liaise with the SEN department/lab technicians prior to the lesson to see if there is any extra support available for the lesson.

Depending on the ability of the class and/or time available, teachers can remove any of the activities and delete them from the summary worksheet, eg lower ability learners may struggle with the 'strong v concentrated' activity (Task 6) and you may want more able learners to move through this topic more quickly, therefore removing the 'making red cabbage indicator' activity (Task 4) may help with this.

Introduction

Misconceptions
Common learner misconceptions to watch out for are:
· acids are more 'powerful' and 'dangerous' than alkalis. This idea quite often comes from sour foods they have eaten, crimes they have heard about involving acid baths, damage due to acid rain, indigestion caused by stomach acid.

· acids 'eat' or 'burn' materials away. This can be discussed at the end of the lesson whilst recapping how acids and alkalis react.

· universal indicator is the only pH indicator available. This lesson element introduces a number of indicators and also an activity to clarify that universal indicator is a mixture of a number of other indicators.

· a strong acid is the same as a concentrated acid. The terms 'strong' and 'concentrated' are often used interchangeably by learners (also 'weak' and 'dilute'). In addition to the activity addressing this, teachers must make sure they use the correct terminology consistently throughout the topic.

Prior knowledge
Teachers can also be aware that learner's prior knowledge of acids tend to be greater than their knowledge of alkalis, e.g. most learners are easily able to name three acids, however would struggle to name more than one or two alkalis.

Running the activities

Task 1 – Starter - The pH scale 

Teacher preparation:
Stick the numbers 1 to 14 along one wall of the classroom.

Before the lesson, print out images of a number of household materials with a range of pHs and the 14 colours of the pH scale (one image per sheet of A2 or A4 paper).

As learners enter the classroom, hand each learner an image of a household item or a colour and a piece of blu-tac. Learners stick their image next to the pH they think it has.

Once completed, discuss as a class and move any household items the class collectively thinks are in the wrong place. This will be referred to again later in the lesson.

Task 2 – Neutralisation circles
RSC website

http://www.rsc.org/learn-chemistry/resource/res00000702/neutralisation-circles?cmpid=CMP00000780
Teacher preparation:

Print off the instructions from the website and place all the equipment and instruction sheets on a bench for learners to use. Highlight to learners the safety issues for handling dilute hydrochloric acid and sodium hydroxide.

Learners place a few drops of acid and alkali at opposite ends of filter paper and allow them to spread. A few drops of universal indicator are then added to the wet parts of the paper and learners should see the colours of the pH scale forming.

Task 3 – Universal indicator
Teacher preparation:

Fill plastic cups with solutions of the various household products and label with their names. Place the solutions along a bench with the other equipment on the instruction sheet. Highlight to learners the safety issues of the alkaline household products in particular - do not drink, wear goggles. Your lab technician can test how dilute you can make some of the more alkaline cleaning products whilst still maintaining the correct pH.

Examples of what you can use for each pH (these may vary slightly depending on the brands you use). Wherever possible, choose the item that has the least colour naturally to make the colour change of the indicator clearer:

2 – lemon/lime juice, white vinegar

3 – salad cream, orange juice, lemonade
4 – apple juice, mouthwash

5 – coffee, tomato sauce, yoghurt

6 – rain water, egg yolk

7 – tap water

8 – sea water, egg white

9 – baking soda, antacid

10 – milk of magnesia

11 – laundry detergent, soapy water

12 – dilute household ammonia

13 – dilute bleach, oven cleaner.

Learners place 2 or 3 drops of each substance on a spotting tile and add a drop of universal indicator to each (or they could use universal indicator paper) and note down the colour change and the pH. They then test each substance with red and blue litmus paper.

Task 4 – Making red cabbage indicator
Teacher preparation:

Put the equipment listed on the instruction sheet out on one bench for learners to use (it may be worthwhile having the cabbage chopped up before the lesson for speed and to minimise safety issues, ie no knives required).

You may wish to remove this activity from the lesson for more able learners so they can focus more on the concepts.

Once learners have made their indicator, they can try it on 3 or 4 of the household products from Task 3 (station 2).

Task 5 – pH Indicators
Teacher preparation:

Set up the equipment as listed on the instruction sheet. Again, highlight the safety issues with using dilute sulphuric acid and sodium hydroxide.

Learners will observe the colour changes of 3 different indicators. They will then mix the indicators together and observe colour changes. This should highlight that universal indicator is actually a mixture of a number of different indicators. 

This resource is based on the Royal Society of Chemistry resource, Acids and Alkalis. For more high quality resources visit http://www.rsc.org/learn-chemistry/.

Task 6 – Strong vs. concentrated acids
Teacher preparation:
Photocopy 7 or 8 copies of the information sheets for learners to use to answer their summary sheet and place on one of your benches/tables.

Learners use the information sheets to clarify what makes acids/alkalis strong or weak (H+ ions) and what makes an acid/alkali concentrated or dilute (number of acid/alkali molecules per specified volume).

Task 7 – Properties of acids and alkalis card sort

Teacher preparation:

Photocopy the card sort either onto paper (one per learner to cut and stick) or onto card (6 or 7 pre-cut, each set placed in an envelope). Learners organise the cards into two groups and stick/write them in their books.

Task 8 – Plenary
Refer back to the images of household products placed on the classroom wall at the start of the lesson. How did the class do?

Hand out whiteboards and carry out a quick quiz (one/two word answers) where learners write down their answers on their whiteboard and hold them up. This will highlight any areas that may need some clarification and/or consolidation.
Extension activity
What makes a substance acidic?
RSC resource on the Nuffield website:

http://www.nuffieldfoundation.org/practical-chemistry/what-makes-substance-acidic
A very brief set of experiments for the more able learners to show that acidic properties of some substances require water.

Plenary
Acids and alkalis fact relay race

Put 3 or 4 sheets of poster paper along the front wall of the class and place the learners into the same number of groups and give each group a marker pen.

The first learner from each group runs to the front and writes a fact about acids/alkalis on their poster paper and returns to their group and passes the pen to the next person who does the same and so on. You may continue this until one or two of the groups can’t add any more facts or you can set a time limit and the group that writes the most CORRECT facts on their paper wins.

Answers to the activities

Task 2 – Neutralisation Circles
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Write down your observations below:

Write a word and symbol equation for this reaction:
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Task 3 – Universal Indicator
	Substance tested
	Colour observed
	pH
	Colour observed with red litmus paper
	Colour observed with blue litmus paper

	These will vary with availability of items and brands of items.
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If the blue litmus changes to red and the red litmus stays the same, the substance is
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If the red litmus changes to blue and the blue litmus stays the same, the substance is
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If neither the blue or the red litmus changes colour, the substance is

Task 5 – pH Indicators

	Indicator
	Starting colour (neutral)
	Colour change in acid
	Colour change in alkalis

	Methyl Orange
	Yellow/orange
	Red
	Yellow

	Bromothymol Blue
	Green
	Yellow
	Blue

	Phenolphthalein
	Colourless
	Colourless
	Pink


After mixing the indicators together, complete the table below:

	Substance tested
	Colour change

	Hydrochloric acid
	Red/orange

	Water
	Green/yellow

	Sodium hydroxide
	Blue/purple
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Have you seen similar colours in any part of the lesson today? Where?
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Can you explain this? What do these results tell you about universal indicator?

Task 6 – Strong vs concentrated acids
Use the information sheet to answer the questions for this activity below.
What do you understand about the term 'weak acid'?

What do you understand by the term' strong acid'?

What is the difference between a concentrated and a dilute acids (use the term molecules in your answer).

Explain why using the terms 'concentrated acid' and 'strong acid' interchangeably is incorrect.

Use the particle diagrams on the information sheet to help you draw a concentrated strong acid in box 1 and a dilute weak acid in box 2: 

Box 1 – concentrated strong acid
Box 2 – dilute weak acid

Sulfuric acid is a strong acid. Write down one difference and one similarity between a weak acid (like ethanoic acid) and a strong acid (like sulfuric acid):

Similarity: 

Difference: 

For each of the following statements, write True or False:

In solution only some of citric acid is ionised.
In solution only some of nitric acid is ionised. 

You can make a strong acid weak by diluting it with water. 

A base is a soluble alkali.  

A low pH indicates lots of acid molecules have dissociated to form H+ ions.
A strong acid reacts with a metal faster than a weak acid of the same concentration because there are lots more acid molecules to collide with the metal. 

Task 7 – Properties of acids and alkalis card sort

	Acids
	Alkalis

	Contain H+ ions
	Turn red litmus paper blue

	Can burn skin
	Turns universal indicator blue/purple

	Can neutralise an alkali
	The higher the pH, the stronger it is

	Taste sour
	Taste bitter

	Vinegar and lemons are examples
	Bleach and baking soda are examples

	Turns blue litmus paper red
	Can neutralise an acid

	Have a pH of less than 7
	Have a pH of more than 7

	Turn universal indicator red
	Feel soapy to the touch

	The lower the pH, the stronger it is
	Contain OH- ions

	Usually react with a metal to form a salt and hydrogen
	Can burn skin

	Kill bacteria in the stomach
	They are soluble bases




Lesson Element

The pH Scale
Learner Activity
Task 1 – The pH scale
Your teacher has provided you with an image of a product. Place this image next to the pH you think this product has.

Discuss as a class and move any household items the class collectively thinks are in the wrong place.

Task 2 – Neutralisation Circles

Write down your observations below.
Write a word and symbol equation for this reaction.

Task 3 – Universal Indicator

1. Use a pipette to place 2 or 3 drops of one of the named solutions into one of the wells on your spotting tile.

2. Add 2 drops of universal indicator to the same well.

3. What colour did it go? What pH do you think it is? Write the result on your summary sheet.

4. Repeat steps 1 - 3 for each of the named solutions.

5. For each solution briefly dip a piece of red litmus paper and a piece of blue litmus paper into the solution and place onto a paper towel.

6. Add your observations to the table below.

	Substance tested
	Colour observed
	pH
	Colour observed with red litmus paper
	Colour observed with blue litmus paper

	
	
	
	
	


If the blue litmus changes to red and the red litmus stays the same, the substance is

If the red litmus changes to blue and the blue litmus stays the same, the substance is

If neither the blue or the red litmus changes colour, the substance is

Task 4 – Making red cabbage indicator

1. Write your name on a beaker.

2. Half fill the beaker with chopped red cabbage.

3. Pour hot water from the kettle over the cabbage until it is just covered.

4. Gently give it a stir with a glass rod.

5. Put the beaker of cabbage and water to the side and move on to another station. Once your water has cooled to room temperature, complete the rest of this activity.

6. Now that your indicator has cooled, use a pipette to place 2 or 3 drops of indicator in one well of a spotting tile. Add one of the named substances from station 2 to the same well. What colour change have you observed?

7. Repeat this for 3 or 4 more of the named solutions ranging across the pH scale.

What colour is your indicator in a neutral solution? (Its starting colour)

What is the colour change when added to an acidic solution?

What is the colour change when added to an alkaline solution?

Task 5 – pH Indicators

1. Pour approximately 1cm3 dilute hydrochloric acid into each of three test tubes in a test-tube rack.

2. Add 2 or 3 drops of methyl orange indicator to the first test tube. Note the colour change on your summary sheet.

3. Add 2 or 3 drops of bromothymol blue indicator to the second tube and 2 or 3 drops of phenolphthalein to the third test tube, noting the colour change.

4. Now repeat steps 1 - 3 using dilute sodium hydroxide in place of hydrochloric acid.

5. In a clean, dry test tube put 5 drops of methyl orange, 10 drops of bromothymol blue and 5 drops of phenolphthalein.

6. use a clean pipette to mix the indicators by pressing and releasing the teat of the pipette 3 or 4 times whilst in the solution.

7. Collect 3 more test-tubes. Put approximately 1cm3 water in the first, the same amount of dilute hydrochloric acid in the second and sodium hydroxide in the third.

8. Now add 2 to 3 drops of your indicator mixture to each of the test-tubes. Note your observations in the table below.

	Indicator
	Starting colour (neutral)
	Colour change in acid
	Colour change in alkalis

	Methyl Orange
	
	
	

	Bromothymol Blue
	
	
	

	Phenolphthalein
	
	
	


After mixing the indicators together, complete the table below:

	Substance tested
	Colour change

	Hydrochloric acid
	

	Water
	

	Sodium hydroxide
	


Have you seen similar colours in any part of the lesson today? Where?

Can you explain this? What do these results tell you about universal indicator?

Task 6 – Strong vs concentrated acids
Use the information sheet to answer the questions for this activity below.
What do you understand about the term 'weak acid'?

What do you understand by the term' strong acid'?

What is the difference between a concentrated and a dilute acids (use the term molecules in your answer)?

Explain why using the terms 'concentrated acid' and 'strong acid' interchangeably is incorrect.

Use the particle diagrams on the information sheet to help you draw a concentrated strong acid in box 1 and a dilute weak acid in box 2: 

Box 1 – concentrated strong acid
Box 2 – dilute weak acid

Sulfuric acid is a strong acid. Write down one difference and one similarity between a weak acid (like ethanoic acid) and a strong acid (like sulfuric acid):

Similarity: 

Difference: 

For each of the following statements, write True or False.
In solution only some of citric acid is ionised.


In solution only some of nitric acid is ionised. 


You can make a strong acid weak by diluting it with water. 

A base is a soluble alkali.  

A low pH indicates lots of acid molecules have dissociated to form H+ ions.


A strong acid reacts with a metal faster than a weak acid of the same concentration because there are lots more acid molecules to collide with the metal. 

STRONG V CONCENTRATED – INFORMATION SHEET

Acids can be defined as a compound that contains hydrogen and dissociates when dissolved in water to produce hydrogen ions (H+).

An alkali is a soluble base that dissolves in water to give hydroxide ions (OH-).

Strong acids

When hydrogen chloride gas reacts with water, it fully dissociates to form H+ ions and chloride ions Cl-.


HCl(aq)    

H+ (aq)   +   Cl-(aq)

So, strong acids are fully ionised in water.

Examples of strong acids are nitric acid, hydrochloric acid and sulphuric acid.

Weak acids

Weak acids are only partially ionised in water. In dilute ethanoic acid, only about 1 in 100 molecules of acid have actually dissociated and formed H+ ions at any one time. As quick as they react with the water to release H+ ions, the H+ ions react back again to make the original molecules in a reversible reaction.

Examples of weak acids are ethanoic acid (in vinegar) and citric acid (in oranges and lemons).

So, the higher the number of H+ ions in solution the lower the pH, therefore strong acids have a lower pH than weak acids of the same concentration.

We use universal indicator to see what pH it is, as this tells us whether an acid is strong or weak.

A strong acid will not become a weak acid when you dilute it. Both concentrated and dilute hydrochloric acid are strong as they are both completely ionised in water. Similarly both concentrated and dilute ethanoic acid are weak as they are only partially ionised in water.

If we were to add magnesium to a strong acid such as hydrochloric acid and compared the rate of reaction with a weak acid such as ethanoic acid of the same concentration, the strong acid will react faster because the strong acid has more H+ ions in the solution even though it is the same concentration as the weak acid.

To summarise:

· Concentrated and dilute tell us the amount of acid molecules that has gone into a particular volume of the solution.

· Strong and weak tell us about the proportion of the acid molecules which have dissociated to form H+ ions.



Lots of acid molecules, so concentrated.
Few acid molecules, so dilute.


Not many have formed ions, so weak.
Many ions formed, so strong.

Task 7 – Properties of acids and alkalis card sort

	Kill bacteria in the stomach
	Have a pH of more than 7

	Contain H+ ions
	Have a pH of less than 7

	Can burn skin
	Contain OH- ions

	Turn red litmus paper blue
	Feel soapy to the touch

	Can neutralise an alkali
	Can burn skin

	Turns universal indicator blue/purple
	Turn universal indicator red

	The higher the pH, the stronger it is
	The lower the pH, the stronger it is

	Taste sour
	They are soluble bases

	Taste bitter
	Usually react with a metal to form a salt and hydrogen

	Vinegar and lemons are examples
	Can neutralise an acid

	Turns blue litmus paper red
	Bleach and baking soda are examples


Using the statements above, either stick or write the statements in the two columns below:
	ACID
	ALKALI

	
	


A ‘rainbow’ is produced with all the colours of the pH scale





hydrochloric acid  +  sodium hydroxide         �                 sodium chloride  +  water


       HCl (aq)                     NaOH(aq)                                               NaCl (aq)           H2O(l)





acidic





akaline





neutral





When we added universal indicator to acids and alkalis.





The mix of indicators turned a rainbow of colours indicating acid through neutral to alkali. This indicates that universal indicator is likely to be a mixture of indicators.





They have only partially ionised in water meaning only a few of the acid molecules have dissociated to form H+ ions.





They have fully ionised in water meaning that most/all the acid molecules have dissociated to form H+ ions.





Concentrated acids have lots of acid molecules in a given volume of acid whereas dilute acids have much less. (They can be either strong or weak).





Because concentration is based on how many acid molecules there are in a given volume of acid whereas strength is based on how many molecules of the acid have dissociated to form H+ ions. Therefore they are different.





Both acids contain hydrogen, have a pH 1-6, react with metals to form a salt and hydrogen gas etc.





Strong = pH 1, weak = pH 6


Sulfuric acid is fully ionised in water to form H+ ions but only a few acid molecules have formed H+ ions in ethanoic acid.


Ethanoic has a slower reaction with metal when at the same concentration as sulphuric acid.





True





False





False





False





True





False
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