CLEANING KETTLES

Determining the acidity of limescale remover
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Summary
Limescale is a costly problem. Limescale forms when hard water evaporates; it accumulates in shower heads, kettles, hot water pipes and on many surfaces such as bathroom windows and tiles. There is a large range of products that can be bought to use at home to remove limescale. They contain acids. However, manufacturers are not required to list the ingredients, only give appropriate handling and safety warnings. How can you find out what acid is present in a commercial limescale remover?
An old fashion method was to use vinegar. It contains ethanoic acid. Many people recommend this as a ‘greener’ option to the commercial products. But is it as good?
Students devise, test and write a standard procedure for identifying the acid present in limescale removers and determining its concentration. They also compare the effectiveness of white vinegar with that of commercial limescale removers and write a brief consumer report.

Activity type

E
Use of scientific knowledge and understanding to solve problems

Working in teams to solve problems

Communication

Time and workload management
Techniques
Volumetric analysis (pH titrations)

Field
Limescale

Hard water
Household chemicals
Time

Practical lessons:
390 minutes
Theory lessons:
  90 minutes

Out of class time:
  60 minutes
StandardBase procedures

The Standardbase website has several examples of acid/base titrations

StandardBase techniques
Volumetric and gravimetric analysis: acid/base titrations
Potentiometry
Other resources

Ecover, www.ecover.com
Some websites that provide information about pH electrodes:
http://www.sensorex.com/support/education/pH_education.html
http://www.ph-meter.info/pH-electrode
http://www.omega.com/TechRef/ph-3.html
Other resources are listed in the activity.

Student’s document

CLEANING KETTLES: Determining the acidity of limescale remover
Limescale is a costly problem. Limescale forms when hard water evaporates; it accumulates in shower heads, kettles, hot water pipes and on many surfaces such as bathroom windows and tiles. There is a large range of products that can be bought to use at home to remove limescale. They contain an acid, typically citric acid, phosphoric acid or sulfamic acid. Occasionally, hydrochloric acid is used and some products contain more than one acid. However, manufacturers are not required to list the ingredients, only give appropriate handling and safety warnings. How can you find out what acid is present in a commercial limescale remover?
An old fashion method was to use white vinegar (not the brown vinegar we call malt vinegar). It contains ethanoic acid. Many people recommend this as a ‘greener’ option to the commercial products. But is it as good?
There are also many industrial strength limescale removers for treating things such as large boilers and central heating systems. These use the same acids as domestic limescale removers, but at higher concentrations.

Your brief
Imagine you work in a consumer research team that has been asked to look into limescale removers. The team’s brief has two main parts:

· to devise, test and write a standard procedure for identifying the acid present in limescale removers and determining its concentration

· to compare the effectiveness of white vinegar with that of commercial limescale removers and write a brief consumer report advising consumers of the usefulness of vinegar.

Your investigation

Read through the tasks you need to complete. Meet as a team to allocate work to each member. You must complete the work within the time allowed. Your teacher will tell you when you have access to a laboratory. These are the tasks to be completed:
Task 1

Look at the examples of limescale removers listed in Datasheet: Limescale removers. Fill in the gaps in data.
Find out what products are available, in your local supermarket and other shops, to remove limescale from appliances and surfaces. Where suitable data are available, use Datasheet: Limescale removers to record brand name, manufacturer, price and ingredients.
Note: The ingredients may be listed with non-IUPAC terminology. Make sure you know what ‘IUPAC’ stands for and put the correct chemical name in the table. Also record the ‘CAS number’ and the ‘R/S code’ for each ingredient (you will need to find out what these terms mean if you do not know).
You will be able to find other products via the Internet. You may also find it interesting to search for Material Safety Data Sheets (MSDS). These are a useful source of information about ingredients, but they are not always easy to find. Some websites are listed in Datasheet: Limescale removers where you can obtain the MSDS for listed products.
Task 2

Carry out experiments to produce characteristic acid-base pH titration graphs for some acids used in limescale removers titrated against a strong alkali. Instructions are given in Student sheet: Acid-base pH titration graphs.

Task 3

You will find that many commercially available limescale removers do not list their ingredients and it is not possible to obtain the data from the Internet. In this task, you will record the pH titration graphs for diluted samples of limescale removers and use them to (a) identify the acid present, (b) calculate its concentration. Guidance is given in Student sheet: Identifying the acid and determining its concentration.
Task 4
Which? is the largest consumer body in the UK. It is a registered charity with over 650 000 members; it provides unbiased advice on a huge range of consumer products. In May 2007, it produced a report (A Greener Clean) on limescale removers. In the article, ‘traditional’ solutions are mentioned alongside the commercial limescale removers. It reported: “We’ve found vinegar great at descaling kettles (see Which?, January 2006, p57), but it does leave a smell.”
A search of the Internet will show that others recommend vinegar for removing limescale from surfaces as well as appliances. Find some examples to include in your consumer report.
In this task you need to carry out some simple experiments to compare the effectiveness of white vinegar with that of some commercial limescale removers. You would be unable to use the test methods used by the Which? team. However, you can devise tests using marble chips and powdered calcium carbonate (see Student sheet: Evaluating vinegar as a limescale remover).
Your report providing advice to consumers about the usefulness of vinegar might contain:

· the stimulus for the investigation of vinegar (e.g. the Which? report)

· examples of what other people have said about using vinegar as a limescale remover

· a summary of your practical investigation of vinegar as a limescale remover compared with commercial products, including:

· an outline of the test methods you used

· the limitations of these tests in terms of (a) mimicking the removal of ‘real’ limescale, (b) being able to make a precise comparison between products

· your advice about the potential of vinegar as a limescale remover.

Remember that a risk assessment must be carried out before starting practical work.
Your findings
Keep notes describing the practical work you did and key points from discussions you had with others in your group. The standard procedure and consumer report should be handed in to your manager (your teacher) who may decide to show it to other ‘experts’. You may, as a group or individually, be asked questions about the standard procedure and/or consumer report.
Student self assessment
This activity was about using scientific knowledge and understanding to solve problems, working in teams to solve problems, communication and time and workload management. For each case write about 50-100 words explaining:

· what scientific skills and knowledge you used and how effectively you used them

· how you worked as a team, giving examples of how you supported others in your group or were supported by them

· how you managed your time and workload
· techniques you used to write and illustrate the standard procedure and the consumer report.

Student datasheet: Limescale removers

Acids found in limescale removers
The list below gives examples that illustrate the range of acids used in commercial products.

The concentrations of the acids are taken from the sources listed.
Format:
	Company
	Product

	material safety data sheet

	Acid present


	IUPAC name
	CAS number
	% by mass


Use the links to complete the columns of data. Find and insert the correct IUPAC names, CAS numbers and R/S code for the acids.

One component products
	Accepta Limited 
	Accepta 3545

	http://www.accepta.com/prod_docs/3545.pdf

	Sulfamic acid

	
	5329-14-16
	60-100%

	Brakes 
	Brakes descaler

	http://www.brake.co.uk/downloads/MSDS/A7591.pdf

	Phosphoric acid


	
	
	30-50%

	Consolidated Chemical Industries
	Industrial Strength Hydrochloric Acid Descaler

	http://cciglobal.eu/products/2/view/228/

	Hydrochloric acid


	
	
	

	Arrow Chemicals 
	Limelite

	http://www.arrowchem.com/arrowchem/MSDSArr.nsf/msdsarrow

	Citric acid anhydrous

	
	77-92-9

	10-30%

	Ecover 
	Techno Swan

	http://www.lmb-supplies.co.uk/products/documents/360-techno-swan.pdf

	Formic acid

	
	
	1-5%


Two component products
	Eazychem Limited 
	eazy Descaler Plus

	http://www.eazytrade.co.uk/images/msds/2011_msds.pdf

	Sulfamic acid


	
	
	

	Citric acid anhydrous

	
	
	

	MK 
	Grime and Limescale Remover

	http://www.mklimited.co.uk/pdf-download-cupboard/safety-data-sheets/index.php?Itemid=351

	Citric acid

	
	
	1-5%

	Phosphoric acid

	
	
	

	JohnsonDiversey UK Limited 
	Johnson Lifeguard Toilet Descaler

	http://www.greenham.com/datasheets/510407.pdf

	Hydrochloric acid


	
	
	

	Phosphoric acid

	
	
	

	Steris 
	Liquid Descaler

	http://www.steris.com/explore/view_product_page.cfm?productid=120

	Phosphoric acid

	
	
	

	Glycolic acid

	
	
	

	Arrow Chemicals 
	Oxal Wash

	http://www.arrowchem.com/arrowchem/MSDSArr.nsf/msdsarrow

	Oxalic acid

	
	
	

	Citric acid anhydrous

	
	
	

	JohnsonDiversey UK Limited 
	R8 Kettle Descaler

	http://www.locallifedesign.co.uk/clients/newline/uploader/pdf/R8%20KETTLE%20DESCALER.pdf

	Citric acid

	
	
	

	Glycolic acid



	
	
	


Your survey
Construct a table similar to the one below to record the findings of your survey on limescale removers:

	Brand name and manufacturer
	Quantity
	Price
	Ingredients

	
	
	
	As listed on label
	IUPAC approved name
	CAS number
	R/S code

	
	
	
	
	
	
	

	
	
	
	
	

	
	


Student sheet: Acid-base pH titration graphs

Acids used in limescale removers include citric acid, phosphoric acid, sulfamic acid, formic acid and hydrochloric acid.

Your task is to obtain a pH titration graph for each of these acids when titrated against 0.1 mol dm-3 sodium hydroxide solution. You will use these as references against which you can compare unknown acid solutions.
See Other resources for some websites that tell you about pH electrodes; you may also want to look at the instruction manual for your electrode.
Method

1.  Obtain theoretical pH curves for the titrations using the applet at http://www.chem.uoa.gr/applets/AppletTitration/Appl_Titration2.html. 
If you are unable to do this your teacher will provide you with copies of the graphs (Datasheet: Theoretical pH titration curves).

2.  Calibrate the pH meter and electrode using the standard buffer solutions.

3.  Pipette 50 cm3 of the 0.020 mol dm-3 acid solution into a beaker. Place the pH electrode so that the salt bridge is covered by solution. Record the pH.

4.  Add the sodium hydroxide solution 1 cm3 at a time and record the pH after each addition (important: allow time for the solution to be thoroughly mixed before taking the reading). When the pH starts to rise sharply, add 0.2 cm3 at a time until the pH starts to rise more slowly again. You can estimate this in advance by looking at the theoretical graphs.

Results

Tabulate your results and plot a graph of pH against volume of 0.1 mol dm-3 sodium hydroxide solution added. You could enter your data in an Excel spreadsheet and use the Chart Wizard XY(Scatter) option to produce the graph.

Alternatively, you may be able to use a data logger to capture the results and plot a graph.

Keep a record of your graphs since you will need these to compare with the results you obtain from your investigation of commercial limescale removers.

Student sheet:

Identifying the acid and determining its concentration
You will need a selection of commercial one-component limescale removers. This task is to use what you learned from Student sheet: Acid-base pH titration graphs to identify and determine the concentration of acids in these limescale removers and to write a standard procedure for analysing similar products.

Step 1

Use some commercial limescale removers where the acid present is known and you have an indication of its concentration.

For example, AWT Toilet Cleaner & Limescale Remover contains citric acid at a concentration of ‘< 5%’ (http://www.coopersvm.co.uk/freshandgreen/freshgreenproducts.html).

Assume we want to obtain a pH graph similar to that obtained in Student sheet: Acid-base pH titration graphs.

· 50 cm3 of 0.01 mol dm-3 citric acid solution was used, i.e. 5 x 10-4 moles

· Relative molar mass of anhydrous citric acid = 192

Therefore 5 x 10-4 moles of citric acid has mass 0.096 g

· Assume 5 g citric acid in 100 g of AWT Toilet Cleaner & Limescale Remover.
Therefore there is 0.096 g of citric acid in 1.92 g of AWT Toilet Cleaner & Limescale Remover.
The method would be to weigh accurately between 1.80 and 2.00 g of AWT Toilet Cleaner & Limescale Remover into a beaker. Add about 50 cm3 distilled water and carry out a pH titration against 0.10 mol dm-3 sodium hydroxide.

Compare the graph obtained with that obtained using 0.01 mol dm-3 citric acid solution.

· Does it have the same shape?

· Can you confirm the acid is citric acid?

From the end-point, for the sample used, calculate:

· the amount of citric acid in the sample

· the mass of citric acid in the sample

· the mass of citric acid in 100 g of AWT Toilet Cleaner & Limescale Remover.

Step 2

Carry out a similar set of calculations and analyses for other commercial limescale removers where the acid and its concentration are known.
Step 3

Investigate some commercial limescale removers where you do not know the acid or its concentration. Identify the acid and calculate its concentration.

Notes:
Since commercial products may be of different or unknown concentration, a rough titration followed by suitable dilution is necessary.

Acid-base titration curves for hydrochloric acid and sulfamic acid are very similar. You may not be able to differentiate between them. In this case, you will need a second qualitative test to decide which acid it is.

Student sheet: Evaluating vinegar as a limescale remover

Vinegar – a cheap and easy limescale remover?

Many people suggest using white vinegar (an approximately 4% by mass solution of ethanoic acid) to remove limescale. Reports suggest that it is as effective as commercial limescale removers and much cheaper, but does leave a smell that lingers for a while.
How can you compare the effectiveness and value for money of vinegar compared with commercial limescale removers?
The Which? investigators for the article A Greener Clean tested the effectiveness of different limescale removers using standard conditions to compare the performance of limescale removers. Preparing ‘standard’ limescale coverings was very time-consuming.

You need to find a quick method. Calcium carbonate comes in various forms, e.g. marble, limestone, egg shells and powdered calcium carbonate. You will need to choose a suitable substitute or substitutes for real limescale in kettles and on work surfaces.

Designing and carrying out tests

Design and carry out tests to compare white vinegar and some commercial limescale removers. They will not mimic closely the cleaning action when the commercial products are used to dislodge limescale. However, you will be able to compare rates of reaction of vinegar and the limescale removers with calcium carbonate. You can vary surface area and temperature.
You could try some simple test tube experiments to give a rough indication of relative reactivity between the calcium carbonate (in which ever form(s) you choose to use) and the limescale remover. This will give you a broad overview.
You should then select one or two commercial limescale removers to compare with vinegar in quantitative rate of reaction experiments. You have probably investigated the rate of reaction between marble chips and dilute hydrochloric acid. The rate of evolution of carbon dioxide can be determined by measuring:

· the mass of the reaction mixture over a period of time (the mass decreases)

· the volume of carbon dioxide evolved (using a gas syringe) over a period of time.

These are well-established methods that you will find in many chemistry books.

You have access to:

· various forms of calcium carbonate e.g. marble, limestone, egg shells and powdered calcium carbonate

· the usual glassware and apparatus found in a chemistry laboratory.

Check the plan with your teacher before starting work.

Results

Summarise your observations and measurements in a suitable table.

Explain how the limescale removers work.

You might want to use some or all of the following data to explain your observations.

Chemical reactions

Write chemical equations for the reaction between calcium carbonate and:

· hydrochloric acid

· sulfamic acid

· oxalic acid

· citric acid

· phosphoric acid

· ethanoic acid

pKa values
	hydrochloric acid
	strong acid

	sulfamic acid
	strong acid

	ethanoic acid
	4.76

	oxalic acid
	1.23; 4.28

	citric acid
	3.13; 4.76; 6.40

	phosphoric acid
	2.15; 7.21; 12.36


Solubility (g per 100 g cold water)

	calcium citrate
	0.1

	calcium dihydrogen phosphate
	2

	calcium hydrogen phosphate
	0.02

	calcium phosphate
	0.02

	calcium ethanoate
	40

	calcium chloride
	75

	calcium oxalate
	0.0007


Note: these figures come from various sources and have been rounded off since temperatures vary, e.g. 20 OC, 25 OC and ‘cold’.
These notes will provide background information from which you can write the short article for a consumer magazine.

Datasheet: Theoretical pH titration graphs

http://www.chem.uoa.gr/applets/AppletTitration/Appl_Titration2.html
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Teacher’s document

Overview

Students work in teams to investigate limescale removers. The work requires students to manage their time and workload carefully. Communication skills are required as the work culminates in:

· a standard procedure for analysing limescale removers (identifying the acid present and its concentration) and the determination of their effectiveness

· a brief consumer report on the use of vinegar as a limescale remover.
There is much practical work in this activity and underpinning theory, allowing the activity to be developed at more than one level. As it is presented, students do not need to know about acid dissociation constants and pH titration graphs. It is sufficient to obtain ‘standard’ graphs and use them as references against which to compare unknowns. However, there is the opportunity to explore and explain the shape of the graphs obtained.
To complete the activity the team must:

· find out about commercial limescale removers

· carry out practical investigations to

· produce characteristic pH titration graphs for a range of acids used in limescale removers

· identify and determine the concentration of acids found in limescale removers

· compare the effectiveness of vinegar as a limescale remover with commercial products

· write

· a standard procedure identifying and determining the concentration of acids found in limescale removers
· a standard procedure for determination of their effectiveness
· a brief consumer report on the use of vinegar as a limescale remover.
These should be supported by:
· notes summarising the results of literature searches, including annotations that show how information from different sources was evaluated

· results from practical work, indicating work they did and which results were obtained by other members of the team

· key points from discussions with others in the team.

Developing students’ skills

Learning objectives

Students:

· manage relationships to work effectively with others to solve problems 

· communicate to an audience of non-scientists effectively

· manage time and workload effectively

· use scientific knowledge and understanding to solve problems

· observe, measure, analyse and evaluate scientific data.

Guidance and help

Students will be expected to have practiced the various skills in other activities. This activity brings the skills together in one exercise. Despite their experience, students will still need guidance and help. It is vital that checkpoints are agreed; these may be set by the teacher or the group.
This activity may allow a variety of assessment criteria to be met, according to the course being followed. Observations of practical work and the completed recording sheets and report should provide evidence that can be judged against published grading criteria.

Organising and managing the class

Students work in a group of four or five (the precise number depends on how many acids and limescale removers are to be investigated). Before embarking on the activity, it is vital that all students understand what the outcome needs to be, i.e. the standard procedure and the consumer report, supported by their research notes. This might be a short teacher-led discussion at the start of the first lesson.
Before commencing work, ensure that each team knows:

· the time within which they have to work, including how much time they are expected to work on the activity outside of laboratory/classroom time

· when laboratory facilities and resource facilities (e.g. learning resources centre or library) will be available.

Groups should be encouraged to include ‘group meetings’, when members get together to share results, information and ideas.
Here is a summary of the tasks that comprise the activity.

Task 1

Students find out what products are available in their local supermarket and other shops to remove limescale from appliances and surfaces.

The opportunity might be taken to explain the importance of Material Safety Data Sheets (MSDS). Students should be encouraged to look at examples of these. However, they may need help with nomenclature and units as these often vary. Here is the completed table of examples of limescale removers:

One component products
	Accepta Limited 
	Accepta 3545

	http://www.accepta.com/prod_docs/3545.pdf

	Sulfamic acid
	
	5329-14-16
	60-100%

	Brakes 
	Brakes descaler

	http://www.brake.co.uk/downloads/MSDS/A7591.pdf

	Phosphoric acid
	
	7664-38-2
	30-50%

	Consolidated Chemical Industries
	Industrial Strength Hydrochloric Acid Descaler

	http://cciglobal.eu/products/2/view/228/

	Hydrochloric acid
	
	7647-01-0
	>25%

	Arrow Chemicals 
	Limelite

	http://www.arrowchem.com/arrowchem/MSDSArr.nsf/msdsarrow

	Citric acid anhydrous
	
	77-92-9
	10-30%

	Ecover 
	Techno Swan

	http://www.lmb-supplies.co.uk/products/documents/360-techno-swan.pdf

	Formic acid
	
	64-18-6
	1-5%


Two component products
	Eazychem Limited 
	eazy Descaler Plus

	http://www.eazytrade.co.uk/images/msds/2011_msds.pdf

	Sulfamic acid
	
	5329-14-16
	1-10%

	Citric acid anhydrous
	
	77-92-9
	10-20%

	MK 
	Grime and Limescale Remover

	http://www.mklimited.co.uk/pdf-download-cupboard/safety-data-sheets/index.php?Itemid=351

	Citric Acid
	
	77-92-9
	1-5%

	Phosphoric acid
	
	7664-38-2
	1-5%

	JohnsonDiversey UK Limited 
	Johnson Lifeguard Toilet Descaler

	http://www.greenham.com/datasheets/510407.pdf

	Hydrochloric acid
	
	7647-01-0
	5-15%

	Phosphoric acid
	
	7664-38-2
	5-15%

	Steris 
	Liquid Descaler

	http://www.steris.com/explore/view_product_page.cfm?productid=120

	Phosphoric acid
	
	7664-38-2
	30–60%

	Glycolic acid
	
	79-14-1
	1-5%

	Arrow Chemicals 
	Oxal Wash

	http://www.arrowchem.com/arrowchem/MSDSArr.nsf/msdsarrow

	Oxalic acid
	
	144-62-7
	10-30%

	Citric acid anhydrous
	
	77-92-9
	1-5%

	JohnsonDiversey UK Limited 
	R8 Kettle Descaler

	http://www.locallifedesign.co.uk/clients/newline/uploader/pdf/R8%20KETTLE%20DESCALER.pdf

	Citric acid
	
	77-92-9
	15-30%

	Glycolic acid
	
	79-14-1
	<5%


Task 2

Students use standard sodium hydroxide solution and standards solution of various acids found in limescale removers to produce pH titration graphs. Students may, for example, assign each member of the team an acid to investigate. Alternatively, they may decide to work in pairs within the team, with each pair taking responsibility for two or more acids. It is for the students to decide. They have to show they can work as a team and are able to manage time and workload of individuals and the team as a whole.
If you wish, Datasheet: Theoretical pH titration graphs may be copied and given to students. 
Although not an essential part of the activity, this would be an excellent opportunity to introduce or reinforce ideas about:

· weak and strong acids

· weak and strong bases

· acid dissociation constants and pKa values

· the theory behind pH titration graphs.
It is not important to use standard solutions of more precise concentration than two significant figures, e.g. 0.10 mol dm-3 sodium hydroxide solution and 0.020 mol dm-3 solutions of acids.
Task 3

Many commercial limescale removers do not list their ingredients and it is not possible to obtain the data from the Internet. In this task, students record the pH titration graphs for diluted samples of limescale removers and use them to (a) identify the acid present, (b) calculate its concentration.
On the basis of their work during tasks 2 and 3, students write a standard procedure for analysing a limescale remover to (a) identify the acid present, (b) calculate its concentration.
Levels of accuracy are worth discussing. Concentrations of ingredients are rarely given to more than one significant figure. Even then, a range is usually quoted, for example 5-10%. Sometimes the concentration is simply given as ‘<5%’. This should be taken into consideration when writing the standard procedure.
Task 4
Finally, students carry out some simple experiments to compare the effectiveness of white vinegar with that of some commercial limescale removers.
They need to use a suitable substitute for limescale. Options include marble chips, limestone, egg shells and powdered calcium carbonate. None mimic limescale closely. Marble chips and powdered calcium carbonate represent two extremes: marble chips are hard and relatively non-porous while powdered calcium carbonate has high surface area. So, limestone or egg shells may be better.
Students should recognise that it may be necessary to compare the action of limescale removers on more than one form of calcium carbonate and to extend these results to what might be expected if limescale were used.
Three actions that aid limescale removal:

· the effervescence when an acid reacts with calcium carbonate

· the greater the concentration of hydrogen ions, the faster the reaction

· the faster the reaction the more effective the ‘lifting’ effect of the effervescence

· the formation of insoluble calcium salts may coat the calcium carbonate particles and slow down the rate of reaction

· the addition of surfactants to the limescale remover to add ‘wetting’

· the mechanical action of brushing and scrubbing.
Students will find that the strength of the acid is important. A strong acid of the same concentration as weak acid will have a higher hydrogen ion concentration. The solubility of the calcium salts formed will also have an influence. If an insoluble salt forms, it will coat the calcium carbonate particles and present further reaction or, at least, slow it markedly. Hydrochloric acid is the quickest acting limescale remover (strong acid and soluble salt – calcium chloride).

Session plan for teachers
Exact timing depends on many factors, but the following is suggested:

· Introduction and checking prior knowledge (15 minutes)

· Initial planning meeting for students (15 minutes)

· Allow time for at least two team meetings during the 9 hours (30 minutes)

· Task 1 (60 minutes)

· Task 2 (100 minutes)

· Task 3 (including writing standard procedure) (160 minutes)

· Task 4 (including writing consumer report) (160 minutes)

Total 540 minutes

Technical notes
Equipment and materials
Acid-base pH titration graphs

Equipment

· 50 cm3 burette

· 250 cm3 beaker

· 50 cm3 pipette

· combined glass electrode

· pH meter

· data logging equipment if available

· magnetic stirrer and plastic covered magnet

Materials and their CAS numbers

· standard buffer solutions (in the range 2.5 to 7)
· 0.10 mol dm-3 sodium hydroxide solution

· 0.020 mol dm-3 solutions of:

· citric acid

· phosphoric acid

· sulfamic acid

· formic acid
· hydrochloric acid
	sodium hydroxide

	7647-01-0

	citric acid
	77-92-9

	phosphoric acid
	7664-38-2

	sulfamic acid
	5329-14-16

	formic acid
	64-18-6

	hydrochloric acid
	7647-01-0


Identifying the acid and determining its concentration

· a selection of single-component commercial limescale removers
· the same equipment and materials as for Acid-base pH titration graphs
Evaluating vinegar as a limescale remover

· white vinegar and a selection of single-component commercial limescale removers
· test tubes and rack, for the simple observation tests
Quantitative rate of reaction experiments

To measure mass of the reaction mixture over a period of time:

· electronic balance that weighs to the nearest 0.01 g

· stopwatch

· conical flask

· data-logging equipment if available

To measure the volume of carbon dioxide evolved over a period of time:
· 100 cm3 gas syringe

· conical flask with connecting tubing to the gas syringe

· stopwatch

 Testing prior knowledge
1. Which of the following statements is true?

a. A strong acid is always more concentrated than a weak acid

b. A weak acid ionises completely in water

c. All inorganic acids are strong acids

d. A strong acid ionises completely in water

2. Which of the following is a strong acid?

a. ethanoic acid

b. phosphoric acid

c. hydrochloric acid
d. citric acid

3. Which of the following is a dibasic acid?

a. sulfuric acid

b. citric acid

c. hydrochloric acid

d. methanoic acid

4. Give the volume of 0.1 mol dm-3 sodium hydroxide solution required to react completely with:

a. 50 cm3 0.02 mol dm-3 hydrochloric acid

10 cm3
b. 50 cm3 0.02 mol dm-3 sulfuric acid



20 cm3
c. 25 cm3 0.02 mol dm-3 citric acid




15 cm3
d. 100 cm3 0.02 mol dm-3 ethanoic acid


20 cm3
5. Which of the following ions causes hardness in water?

a. SO42-

b. Ca2+
c. K+
d. Na+
6. What mass of carbon dioxide is produced when 5 g calcium carbonate react with an excess of dilute hydrochloric acid?

a. 1.1 g

b. 11 g

c. 2.2 g
d. 3.3 g

Note: answers are given in red. These need to be removed before the test is used.
Testing prior knowledge
1. Which of the following statements is true?

a. A strong acid is always more concentrated than a weak acid

b. A weak acid ionises completely in water

c. All inorganic acids are strong acids

d. A strong acid ionises completely in water

2. Which of the following is a strong acid?

a. ethanoic acid

b. phosphoric acid

c. hydrochloric acid

d. citric acid

3. Which of the following is a dibasic acid?

a. sulfuric acid

b. citric acid

c. hydrochloric acid

d. methanoic acid

4. Give the volume of 0.1 mol dm-3 sodium hydroxide solution required to react completely with:

a. 50 cm3 0.02 mol dm-3 hydrochloric acid

b. 50 cm3 0.02 mol dm-3 sulfuric acid

c. 25 cm3 0.02 mol dm-3 citric acid

d. 100 cm3 0.02 mol dm-3 ethanoic acid


5. Which of the following ions cause hardness in water?

a. SO42-

b. Ca2+
c. K+

d. Na+
6. What mass of carbon dioxide is produced when 5 g calcium carbonate react with an excess of dilute hydrochloric acid?

a. 1.1 g

b. 11 g

c. 2.2 g 

d. 3.3 g

pKa = 4.76





pKa = 3.75





pKa = 1.23 and 4.28





pKa = 3.13, 4.76, 6.40





pKa = 2.15, 7.21, 12.36





Note: Hydrochloric acid and sulfamic acid are strong acids





end-point


1:1 mole ratio of acid to base





end-point


1:1 mole ratio of acid to base





end-point


1:1 mole ratio of acid to base





end-point


1:2 mole ratio of acid to base





end-point


1:2 mole ratio of acid to base





end-point


1:3 mole ratio of acid to base
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