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Instructions and answers for teachers

These instructions cover the student activity section which can be found on page 17. This Topic Exploration Pack supports OCR A Level Chemistry B (Salters).
When distributing the activity section to the students either as a printed copy or as a Word file you will need to remove the teacher instructions section. 
Learning outcomes 
Specification learning outcomes:

EL(d) balanced full and ionic chemical equations, including state symbols

EL(j) the bonding in giant lattice (metallic, ionic, covalent network) and simple molecular structure types; the typical physical properties (melting point, solubility in water, electrical conductivity) characteristic of these structure types

EL(l) structures of compounds that have a sodium chloride type lattice

EL(o) the relationship between the position of an element in the s- or p-block of the periodic table and the charge on its ion; the names and formulae of NO3–, SO42–, CO32–, OH–, NH4+ , HCO3–, Cu2+, Zn2+, Pb2+, Fe2+, Fe3+; formulae and names for compounds formed between these ions and other given anions and cations

EL(s) the solubility of compounds formed between the following cations and anions: Li+, Na+, K+, Ca2+, Ba2+, Cu2+, Fe2+, Fe3+, Ag+, Pb2+, Zn2+, Al3+, NH4+, CO32–, SO42–,  Cl– , Br–, I–, OH–, NO3–; colours of any precipitates formed; use of these ions as tests e.g. Ba2+ as a test for SO42–; a sequence of tests leading to the identification of a salt containing the ions above

EL(t) the terms: acid, base, alkali, neutralisation; techniques and procedures for making soluble salts by reacting acids and bases and insoluble salts by precipitation reactions

Introduction 
Summary of key information

This topic covers study of 

· full and ionic balanced equations including state symbols

· understanding of the bonding in giant lattices, (metallic, ionic, covalent network) in particular the sodium chloride type lattice and simple molecular structure
· understanding the relationship between structure and physical and chemical properties (melting point, solubility in water, electrical conductivity)
· the relationship between the position of an element in the s- or p-block of the periodic table and the charge on its ion
· the solubility of compounds formed between anions and cations; the colours of any precipitates formed and use of the ions as tests for anions and cations
· making soluble salts by reacting acids and bases and insoluble salts by precipitation ions, neutralisation reactions. 

There are several practical activities that can be carried out in lessons in order to consolidate learning and develop practical skills. 

Prior knowledge

Salts is a key topic of Chemistry from Key Stage 3 onwards, so learners will have some embedded ideas. A good place to start is with the OCR GCSE Science tasks i) a mind map on salts and ii) balancing equations worksheet. Self- or peer-assessment of these should help quickly highlight the well-known areas and where misconceptions (see below) have become embedded. 

At GCSE, learners should have met production of salts by reaction of acids with metals, alkali, oxides and carbonates, and by direct reaction between metals and non-metals. They will have covered the broad catagories of bonding, the link between position in the periodic table and ion charge, and the names of some simple ions. They have covered naming and writing the formulae of salts. Testing for cations and anions will have been covered to various depths depending on the course followed by the learners. Balancing equations will also have been covered.

Common misconceptions

The key misconception in balancing equations centres around what the numbers within and before formulae mean, e.g. 2KOH and Ba(OH)2. The bonding within different substances can cause considerable confusion. For example, in ionic lattices, some learners do not appreciate the extent of the attractive and repulsive electrostatic interactions between the ions, with some thinking Na+Cl– is a molecule. This situation is possibly not helped by the teaching of ion formation between one Na atom and one Cl atom. This is also not helped by misunderstandings of the difference between empirical formulae and molecular formulae, and how the state of a substance can change its bonding. For example NaCl superficially looks like HCl, but the former is the empirical formula of a giant ionic substance, while the latter is the molecular formula of the simple covalent substance. The picture is further complicated by the fact that in solution HCl goes from a simple covalent substance to being ionised. 

The nature of the delocalised electrons in metals and some giant covalent substance (e.g. graphite) is often not well understood. The bonding in simple covalent substances can cause confusion as both the strong intramolecular and weak intermolecular bonds need to be understood and considered when explaining melting points and solubility.

Naming of compounds is generally easily learnt, but without practice the skill tends to be forgotten. Regular quick practice (starters and plenaries) throughout the year can be useful. Similarly, the tests for ions require memorisation and regular practice. This can also provide a good place to briefly introduce oxidations states by correct naming of, for example, iron(II) and iron(III) compounds.

Acids and neutralisation is covered a few times throughout the course, but it is worth clearing up misconceptions early on, specifically on the nature of H+ in solution (e.g. not part of a HCl, HNO3, H2SO4 molecule) and the difference between dilute/concentrated and weak/strong.

Finally, the identity of precipitates is not always well understood. Although learners will be used to seeing precipitates from early in their secondary science (via the use of limewater to test for carbon dioxide in their breath), they may not describe their observations accurately (e.g. use of language such as a cloudy solution) or indeed realising that the precipitation is an insoluble salt forming. Throughout this topic, and indeed all of chemistry, accurate use of key terms and phrases is important (e.g. atom, ion, molecule, lattice etc.) and it is worth being quite pedantic about this.
Teacher preparation

An overall approach to teaching this topic – The journey of salt

You are going to take your learners on a journey of salts. Setting this in interesting contexts can prove useful, especially at the start, as the topic can at first introduction seem a little bland – after all, everyone knows about salt – it’s what you put on your chips! Interesting contexts can include ideas about the vital nature of salt in our bodies, barium meals (perhaps useful for those also studying Biology), lithium batteries (perhaps useful for those also studying materials in Physics), fertilisers (we all need food), hand warmers and bath salts (for those needing to relax after a hard day studying chemistry).

As with many topics in A Level chemistry, there are several possible routes you can take through the concepts. The route you choose will depend on a number of factors, including learners’ prior knowledge and identified misconceptions (see introduction), and your philosophy of teaching, including whether you prefer macro-to-microscopic or micro-to-macroscopic. The importance of the symbolic representations of the chemistry involved needs to be dealt with throughout. It is worth getting learners to explicitly discuss what they understand when they write down, for example, HCl(aq), and not assume that their understanding matches our more implicit understanding having internalised much more chemistry over the years.

The following route is a journey of a salt from synthesis to properties to testing of its constituent parts. We start with familiar macroscopic chemistry of mixing acids and bases, through models to help explain the various properties of salts at the microscopic level, returning again to macroscopic tests for various ions. The symbolic level is interleaved throughout.

Start the journey with a range of labelled salt solids and solutions (e.g. sodium chloride, lead iodide, potassium nitrate etc.) and common acids and alkalis (e.g. hydrochloric acid, nitric acid, sulfuric acid, sodium hydroxide etc). Discuss the different ways salts can be synthesised, linking back to learners’ KS3/GCSE knowledge, and making use of the OCR mind map activity as necessary.

Take time to discuss the importance of neutralisation in the synthesis of many salts, ensuring the term key terms acid, base, alkali and neutralisation are well understood and used correctly. As well as by neutralisation of acids by metals, metal hydroxides, metal oxides and metal carbonates, salts can be formed by precipitation, allowing an easy route into discussion of solubility (ensuring accurate understanding of key terms such as solute, solvent, solution, soluble, insoluble etc.). 

The RSC Chemical Misconceptions Books contains various activities that can help here:

Revising acids
Precipitation
Acid strength
All of the reactions in the synthesis of salt can be described by word and symbol equations, and here would be an appropriate place to introduce ionic equations for those who have not met the concepts. There are many worksheets and websites available to help practice these skills including from the Royal Society of Chemistry (RSC).

A short Khan Academy video on the process of balancing equations.

OCR Making Salts activity – Words equations for salt reactions
DocBrown.info – 42 complete the symbol equations questions
A general balancing equations worksheet with answers
The synthesis of insoluble salts and purification of soluble salts by evaporation allows a way in to discussing the typical physical properties of the substances with giant lattice structures, and by extension simple covalent substances. Preparing and purifying lead iodide by mixing lead nitrate and potassium iodide solution allow quick identification of an ionic solid. 

Nuffield Foundation: preparing an insoluble salt 
A class practical where lead nitrate reacts with sodium chloride to make both an insoluble salt and a soluble salt.  Approx. 30 minutes.

Careful preparation and purification of hydrated copper sulfate crystals by reaction of copper oxide and sulfuric acid followed by filtering, partial evaporation and slow crystallisation allows clear identification of the regular arrangement of the particles in an ionic solid leading to these beautiful structures. Learners need to know about the sodium chloride lattice. Those particularly interested and keen can be set some independent work on researching the fascinating world of crystal structures and symmetry – the Britannica website is a good place to start.

The syntheses can be analysed by careful purification and measuring the mass of the products to allow calculation of percentage yields. You could go further by using titration to calculate the percentage of sodium chloride in a solution by this microscale version of the Mohr titration – titrating standard silver nitrate against the seawater using potassium chromate as indicator. 
Models of the three giant lattice structures (metallic, ionic, covalent) are very useful for helping bridge the conceptual gap between the macro- and microscopic. Learners can additionally make their own models of the sodium chloride lattice using marshmallows/modelling clay and cocktail sticks. Careful interrogation of the models and discussion of the ionic model is required, especially if they use ‘sticks’ to hold the ions together as this can lead to/reinforce misconceptions about the directionality of the electrostatic interactions. This can provide an opportunity for a wider discussion of the use of models in Science (How Science Works). Electrical conduction can be discussed simply in terms of the movements of charged particles (electrons in metals and some giant covalent substances such as graphite) or ions (in molten/aqueous ionic substances). While these ideas will have been met at GCSE, they will need reinforcing and having learners explicitly discussing their understanding and correcting inaccurate use of language early on will pay dividends later. 

The low melting points of simple covalent substances can be discussed in simple terms at this stage to provide some completeness, and can be limited to the weakness of the electrostatic forces between molecules compared to those within giant lattice structures. More detailed understanding is required later on in the course.

Activity 1 in this pack is a useful research or revision activity – possibly best used as a homework – covering these ideas. Self- or peer assessment of learners’ work would make a suitable starter activity for a lesson discussing these ideas.

The structure of the sodium chloride lattice formed from sodium cations and chloride anions then provides a route into discussing the formation of ions and the link between the position of the element in the periodic table and the charge on its respective ion. Learners should be able to discuss why Group 1, 2, 16 and 17 elements form ions of charges 1+, 2+, 2– and 1– respectively. The names and charges of the remaining ions specified (Fe2+, Fe3+, Ag+, Pb2+, Zn2+, Al3+, NH4+, CO32–, SO42–, OH– and NO3–) will need to be learnt by rote and practice with explanations coming later in the course. This can also provide an introduction to the use of oxidation numbers, although full discussion can again be left until later in the course.

Activity 2 in this pack can be used to help with this learning and practice, covering naming and formulae of salts and the basics of synthesis.

The solubility and identification of the various salts that can be synthesised from the ions specified forms the end of the journey. While there are a very large number of salts that could be formed from the specified ions, learners are only expected to be able to recall a small subset of these, specifically:

1. The use of flame tests to identify cations

2. The use of hydroxide ions to identify cations

3. The use of hydrogen ions to identify carbonate ions

4. The use of barium ions to identity sulfate ions

5. The use of silver ions to identify halide ions

6. The use of iodide ions to identify lead ions

The activities below provide some ideas about carrying out these tests in the laboratory. In addition, the Practical Activity Group 4 Activities (available from OCR Interchange) look at Qualitative analysis of ions.

RSC Learn Chemistry: Chemical Tests 

A selection of short articles, videos and demonstrations covering simple chemical tests

PAG 4 – Qualitative analysis of ions – three activities that have been mapped to the requirements of the Practical Endorsement. 

https://interchange.ocr.org.uk/
Click through ‘Coursework and tests’ / ‘Science Co-ordinator Materials’ / ‘GCE From 2015’ / ‘Chemistry’ / ‘PAG 4’

Activity 3 in this pack is a simple activity around producing a flow diagram for a series of tests to identify anions.

Activity 4 looks at various salts and the tests results that allow their identification.

Activity 5 in this pack helps to summarise these tests, and provides opportunities for learners to find the details out from textbooks themselves. As stretch-and-challenge work, learners can also derive their own solubility rules from the complete solubility data included, and compare with a published list of solubility rules.

With the journey complete, learners can be assessed in a variety of ways. Included in this pack is a test-yourself worksheet. Alternatively, learners can be allocated a random salt and asked to produce a one slide powerpoint covering the key information covered in this topic for discussion with the rest of the class.
Additional teacher preparation 

Before starting this topic, learners should be set some revision homework on their study of salts from GCSE. Reviewing their notes/GCSE revision guides is a good place to start, and there are many useful websites covering the ideas, such as BBC Bitesize.

Activity 1: Structure and properties research task

Learners should complete this research task using online and offline sources including their course textbooks. Research can be completed by the learners in the classroom or for homework, individually or in pairs, as fits your preferred teaching style. They will be researching structure and properties of different substances and use the information to complete a table.

The class can choose which substances they wish to research. Notes for the following have been included for reference: 
Giant covalent - diamond and graphite

Simple covalent - iodine

Ionic - sodium chloride
Metallic - sodium

Learners should complete as much of the information as they can before referring to online and offline sources. 

Feeding back as a class: Self- and peer assessment of their work will help identify misconceptions early on in the topic. Project the empty table onto the whiteboard and give out a number of whiteboard pens. Learners should then complete one section each before passing the pen onto another learner. You can have several learners at the front, writing on the board at one time.  Encourage learners to pay attention to what has been written so that when they get the pen they can amend any mistakes.

Activity 2: Creating compounds

This activity can be run in two different ways – i) a standard card sort activity, ii) a more active whiteboard activity.
Note that the activity as provided does not cover all of the ions and tests included in the specification as this might be a bit much to include in one lesson. The materials provided can be adapted or expanded as desired.
Option 1 

1. Print and cut out all of the cards and give each pair of learners a set.

2. Give each pair a sheet of A3 paper with a grid with column headings ‘Name of compound’, ‘Formula’, ‘Ions’, ‘Chemical test’ and ‘Expected observation’.

3. Learners then randomly select a salt name or formula and place this in the appropriate column. They then select the appropriate cards to complete the rest of the information – i.e. the correct number of each ion cards, the correct tests and the correct observations.

4. An example is given below:

	Name of compound created
	Formula
	Ions
	Chemical test
	Expected observation

	Lithium sulfate
	Li2SO4

	2 × Li+ and 

1 × SO42–

	flame test

add barium nitrate to solution


	red flame

white precipitate




5. An alternative method is to randomly select a cation and an anion and work out the name, formula and tests.

6. Learners should consider that the standard precipitation tests cannot be used directly on salts that are insoluble in water. The discussion can be extended by asking them to think about, or research, how the ions could be brought into solution so that the tests can be carried out (e.g. dissolve in nitric acid).

Option 2

1. Print one copy of the yellow cards.

2. As learners enter the room they are given a card with a positive or negative ion written on it.

3. They must join another learner or learners that their ion could correctly bond with to create a compound.  

4. When appropriately bonded they must name their compound and write the formula on a mini-whiteboard. They must also write how we test for the anion in the compound.

5. Groups should feed back to the class what compound they have created and how they worked it out. 

Activity 3: Which anion? 

This activity is to enable learners to think about the tests they might carry out and any observations they would make in order to distinguish between sulfate, carbonate, hydroxide and halides. 

There are two possible options for this activity.  Please note that the tasks for point 2 and 3 are the same for both options 1 and 2.

Option 1: Fill in the blanks

1. Learners first fill in the blanks on the sheet to create a key to determine which anions are present in an unknown solution.

2. Then they use the key to test another learner.  The first learner thinks of an anion and gets the second learner to use the key to determine what they are thinking.

3. Now they swap over (the second learner thinks of a anion) but this time they ask yes or no questions to determine what they are thinking without looking at the key. They can use the same questions, but just not look.

Option 2: Create your own key (Stretch and challenge)

1. Just give learners the first question from the template and the answer (carbonate), and have them complete the key with questions that will enable identification of sulfate, hydroxide, chloride, bromide and iodide.

2. Then they use the key to test another learner.  The first learner thinks of an anion and gets the second learner to use the key to determine what they are thinking.

3. Now they swap over (the second learner thinks of an anion) but this time they ask yes or no questions to determine what they are thinking without looking at the key. They can use the same questions, but just not look.
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Activity 4: Guess the unknown solution

A standard ‘complete the blanks’ worksheet. This can be used to consolidate knowledge in the lesson, as a source of starter/plenary questions, or for learners to self/peer assess during their lessons.

Answers
A
lithium sulfate; Li2SO4
B
iron(III) iodide; FeI3
C
barium bromide; BaBr2
D
copper iodide; CuI2
E
copper bromide; CuBr2
F
potassium chloride; KCl
G
iron(II) carbonate; FeCO3
H
sodium carbonate; Na2CO3
I
ammonium carbonate; NH4Cl
J
calcium sulfate; CaSO4
Activity 5: The solubility table

This is an extension or summary activity, covering the required knowledge related to qualitative analysis of ions, and providing work on identifying patterns in data.

Three versions of the solubility table are provided in the learner activity, from which you can select the best option for your learners.

· In version 1, learners complete the information for the ‘best test’ for each of the cations and anions.

· In version 2, learners complete the information to complete the missing flame and precipitate colours (from memory and/or using offline and online resources).

· Version 3 allows both of these activities to be completed simultaneously.

Learners can use any of these versions, or the completed table on the next page, to derive a set of ‘solubility rules’ to help them remember which salts are soluble and which are not.

Reference solubility table

	
	NH4+
	Li+
	Na+
	K+
	Cu2+
	Al3+
	Fe2+
	Fe3+
	Zn2+
	Ca2+
	Ba2+
	Pb2+
	Ag+
	Best test

	NO3–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	NaOH + Devarda alloy + heat // pH paper

	Cl –
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(white)
	(
(white)

((in NH3)
	HNO3 + AgNO3 // NH3(aq)

	Br–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(white)
	(
(cream)

(((in NH3)
	HNO3 + AgNO3 // NH3(aq)

	I–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(bright yellow)
	(
(pale yellow)

((in NH3)
	HNO3 + AgNO3 // NH3(aq)

	SO42–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(white)
	(
(white)
	(
(white)
	(
(white)
	HNO3 + BaNO3 

	CO32–
	(
	(( (white)
	(
	(
	(
(green-blue)
	(
(white – Al(OH)3)
	(
(green)
	(
(brown)
	(
(white)
	(
(white)
	(
(white)
	(
(white)
	(
(pale yellow)
	HNO3

	OH–
	(
	(
	(
	(
	(
(blue)
	(
(white)
	(
(dirty green)
	(
(orange- brown)
	(
(white)
	(
(white)
	((
(white)
	(
(white)
	(
(pale cream – Ag2O)
	pH paper

	Flame test
	none
	bright red
	yellow
	lilac
	blue-green
	silver- white
	green
	orange-brown
	none
	brick red
	apple green
	blue-white
	none
	

	Best test
	NaOH + heat + pH paper
	flame
	flame
	flame
	NaOH
	NaOH + flame
	NaOH
	NaOH
	NaOH + flame
	 Na2SO4 + flame
	Na2SO4 + flame
	KI
	KI
	


Key: (- soluble in water, (( - sparingly soluble in water, ( - insoluble in water, (colour) – colour of precipitate, yellow shading indicates information that learners should know
General rules of solubility:

1. All ammonium and Group 1 salts are soluble.

2. All nitrate salts are soluble.

3. All halide salts are soluble except silver and lead.

4. All sulfate salts are soluble except calcium, barium, silver and lead (which form white precipitates).

5. All carbonate salts except Group 1 and ammonium are insoluble, forming white precipitates except:

a. iron(II) = green

b. iron(III) = brown

c. copper(II) = green-blue

6. All hydroxide salts except Group 1 and ammonium are insoluble, forming white precipitates except:

a. iron(II) = dirty green

b. iron(III) = orange-brown

c. copper(II) = blue

7. All silver and lead salts are insoluble except nitrates.

a. Silver chloride is white, and soluble in ammonia solution.

b. Silver bromide is cream, and partially soluble in ammonia solution.

c. Silver iodide is yellow, and insoluble in ammonia solution.

d. All lead salts are white except lead iodide, which is bright yellow.

Test yourself questions – answers

1 
a

	Anion
	Cation

	sulfate
	SO42–
	ammonium ion
	NH4+

	nitrate
	NO3–
	lithium ion
	Li+

	carbonate
	CO32–
	potassium ion
	K+

	hydroxide
	OH–
	calcium ion
	Ca2+

	hydrogencarbonate
	HCO3–
	hydrogen ion
	Al3+


b 
s-block; Calcium has 2 electrons in its outer s-orbital which can both be removed, so it 
forms 2+ ions.

2
a 
2 KOH (aq)  +  H2SO4 (aq)  (  K2SO4(aq)  +  2 H2O (l)
b 
Add hydrochloric acid / nitric acid and barium chloride / barium nitrate; white precipitate


Flame test; lilac flame

3
NH4OH  +  HNO3  (  NH4NO3  +  H2O

4
a,b

	Unknown solution
	Observation
	Ions present
	Solubility in ammonia solution

	A
	cream precipitate
	bromide
	slightly soluble

	B
	yellow precipitate
	iodide
	insoluble

	C
	white precipitate
	chloride
	soluble


c 
HCl contains chloride ions, which would give a white precipitate – thus show a false positive for chloride ions and interfere with any other observations.

5
a
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b


	How are the bonds formed?
	1 electron is transferred from a potassium atom to an iodine atom to make K+ and I–. Electrostatic interactions between the oppositely charged ions form ionic bonds.

	High or low melting point? Why?
	High. The electrostatic forces of interaction between the ions are very strong. A large amount of energy (high temperature) is required to break the ionic bonds.

	Does it conduct electricity? Why (not)?
	Not in solid form. The ions are fixed in an ionic lattice and so cannot act as charge carriers.

Yes in liquid form and in solution, as the charge carriers (ions) are free to move.

	Is it soluble in water? Why (not)?
	Yes. The ions become surrounded by polar water molecules and spread out through the water. (Learners will be able to explain this better after studying Oceans in Year 13.)


Further information

Salts are a major part of the chemical industry and can provide many interesting contexts in which to teach the subject. The Essential Chemistry Industry online project is an excellent resource for both teachers and students alike.

Notes on salts are available for general information and potentially to encourage ideas of flipped learning at Chemguide and Knockhardy. For example, pre-lesson reading of selected pages of the websites can be set, with a short quiz at the start of the lesson used to check completion of this work. The ideas can then be consolidated in the lesson using the activities in this pack. 

References for solubility information:

http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Equilibria/Solubilty/Solubility_Rules
http://srdata.nist.gov/solubility/index.aspx
http://www.sigmaaldrich.com/united-kingdom/technical-services/solubility.html
Defines soluble as >3.3 g/100 cm3 water; sparingly soluble 1-3.3 g/100 cm3 water; insoluble <1 g/100 cm3
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Topic Exploration Pack

Salts and tests 

Learner activity

Activity 1: Structure and properties research task
See “Activity 1 - Structure and properties research task” PowerPoint. 
Activity 2: Creating compounds
	lead nitrate
	Pb(NO3)2
	lithium sulfate
	Li2SO4

	copper nitrate
	Cu(NO3)2
	sodium sulfate
	Na2SO4

	zinc nitrate
	Zn(NO3)2
	copper carbonate
	CuCO3

	iron(III) nitrate
	Fe(NO3)3
	lead carbonate
	PbCO3

	lithium nitrate
	LiNO3
	zinc carbonate
	ZnCO3

	sodium nitrate
	NaNO3
	iron(II) carbonate
	FeCO3

	iron(II) nitrate
	Fe(NO3)2
	sodium carbonate
	Na2CO3

	copper sulfate
	CuSO4
	lithium carbonate
	Li2CO3

	zinc sulfate
	ZnSO4
	lead hydroxide
	Pb(OH)2

	iron(II) sulfate
	FeSO4
	iron(II) hydroxide
	Fe(OH)2

	zinc hydroxide
	Zn(OH)2
	copper bromide
	CuBr2

	sodium hydroxide
	NaOH
	zinc bromide
	ZnBr2

	lithium hydroxide
	LiOH
	iron(II) bromide
	FeBr2

	lead chloride
	PbCl2
	iron(III) bromide
	FeBr3

	copper chloride
	CuCl2
	lithium bromide
	LiBr

	zinc chloride
	ZnCl2
	sodium bromide
	NaBr

	iron(II) chloride
	FeCl2
	lead iodide
	PbI2

	iron(III) chloride
	FeCl3
	copper iodide
	CuI2

	lithium chloride
	LiCl
	zinc iodide
	ZnI2

	sodium chloride
	NaCl
	iron(II) iodide
	FeI2

	lead bromide
	PbBr2
	iron(III) iodide
	FeI3

	lithium iodide
	LiI
	sodium iodide
	NaI


	NO3–
	NO3–
	SO42–
	CO32–
	Pb2+

	NO3–
	NO3–
	SO42–
	CO32–
	Pb2+

	NO3–
	NO3–
	Zn2+
	Zn2+
	Fe2+

	Cl–
	Cl–
	Br–
	Br–
	Fe2+

	Cl–
	Cl–
	Br–
	Br–
	Fe3+

	Cl–
	Cl–
	Br–
	Br–
	Fe3+

	I–
	I–
	OH–
	OH–
	Cu2+

	I–
	I–
	OH–
	OH–
	Cu2+

	I–
	I–
	OH–
	OH–
	

	Li+
	Li+
	Na+
	Na+
	

	Li+
	Li+
	Na+
	Na+
	


	flame test
	blue-green flame
	add sodium hydroxide to solution
	white precipitate

	flame test
	blue-green flame
	add sodium hydroxide to solution
	orange-brown precipitate

	flame test
	bright red flame
	add sodium hydroxide to solution
	orange-brown precipitate

	flame test
	bright red flame
	add sodium hydroxide to solution
	dirty green precipitate

	flame test
	yellow flame
	add sodium hydroxide to solution
	dirty green precipitate

	flame test
	yellow flame
	add barium nitrate to solution
	white precipitate

	add sodium iodide to solution
	yellow precipitate
	add barium nitrate to solution
	white precipitate

	add sodium iodide to solution
	yellow precipitate
	add nitric acid to solution
	effervescence (gas turns limewater milky)

	add sodium hydroxide to solution
	pale blue precipitate
	add nitric acid to solution
	effervescence (gas turns limewater milky)

	add sodium hydroxide to solution
	pale blue precipitate
	add nitric acid to solid
	effervescence (gas turns limewater milky)

	add sodium hydroxide to solution
	white precipitate
	add nitric acid to solid
	effervescence (gas turns limewater milky)

	add silver nitrate to solution
	white precipitate, re-dissolves in ammonia
	add silver nitrate to solution
	white precipitate, re-dissolves in ammonia

	add silver nitrate to solution
	cream precipitate, partially dissolves in ammonia
	add silver nitrate to solution
	cream precipitate, partially dissolves in ammonia

	add silver nitrate to solution
	yellow precipitate, insoluble in ammonia
	add silver nitrate to solution
	yellow precipitate, insoluble in ammonia


Activity 3: Which anion?
Activity 4: Guess the unknown solution

Several solutions (A-J) have been left on the side in the lab, but no one knows what they are.  Use the results from the chemical tests below to determine what they are.

	Unknown solution
	Test 1
	Observation
	Test 2
	Observation
	Name of compound
	Formula of compound

	A
	Add hydrochloric acid and barium chloride.
	White precipitate.
	Dip nichrome wire in sample and concentrated HCl then place in roaring Bunsen flame.
	bright red flame
	
	

	B
	Add nitric acid and silver nitrate. Then add ammonia solution. 
	A yellow precipitate is formed, which doesn’t re-dissolve in ammonia solution.
	Add sodium hydroxide.
	orange-brown precipitate
	
	

	C
	Add nitric acid and silver nitrate. Then add ammonia solution.
	A cream precipitate is formed, which partially re-dissolves in ammonia solution.
	Dip nichrome wire in sample and concentrated HCl then place in roaring Bunsen flame.
	apple green flame
	
	

	D
	Add nitric acid and silver nitrate. Then add ammonia solution. 
	A yellow precipitate is formed, which doesn’t re-dissolve in ammonia solution.
	Dip nichrome wire in sample and concentrated HCl then place in roaring Bunsen flame.
	blue-green flame
	
	

	E
	Add nitric acid and silver nitrate. Then add ammonia solution.
	A cream precipitate is formed, which partially re-dissolves in ammonia solution.
	Add sodium hydroxide.
	blue precipitate
	
	

	F
	Add nitric acid and silver nitrate. Then add ammonia solution.
	A white precipitate is formed, which re-dissolves in ammonia solution.
	Dip nichrome wire in sample and concentrated HCl then place in roaring Bunsen flame.
	lilac flame
	
	

	G
	Add hydrochloric acid to react with the unknown solution.  Bubble the gas that is produced through limewater.  
	Limewater turns cloudy.
	Add sodium hydroxide.
	dirty green precipitate
	
	

	H
	Add hydrochloric acid to react with the unknown solution.  Bubble the gas that is produced through limewater.  
	Limewater turns cloudy.
	Dip nichrome wire in sample and concentrated HCl then place in roaring Bunsen flame.
	yellow flame
	
	

	I
	Add nitric acid and silver nitrate. Then add ammonia solution.
	A white precipitate is formed, which re-dissolves in ammonia solution.
	Add sodium hydroxide and heat.  Put red litmus paper near to any gas given off.
	red litmus paper turns blue
	
	

	J
	Add hydrochloric acid and barium chloride.
	White precipitate.
	Dip nichrome wire in sample and concentrated HCl then place in roaring Bunsen flame.
	brick red flame
	
	


Activity 5: The solubility table
Version 1: Spaces for completing ‘Best test’

	
	NH4+
	Li+
	Na+
	K+
	Cu2+
	Al3+
	Fe2+
	Fe3+
	Zn2+
	Ca2+
	Ba2+
	Pb2+
	Ag+
	Best test

	NO3–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	

	Cl –
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(white)
	(
(white)

((in NH3)
	

	Br–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(white)
	(
(cream)

(((in NH3)
	

	I–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(bright yellow)
	(
(pale yellow)

((in NH3)
	

	SO42–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(white)
	(
(white)
	(
(white)
	(
(white)
	

	CO32–
	(
	(( (white)
	(
	(
	(
(green-blue)
	(
(white – Al(OH)3)
	(
(green)
	(
(brown)
	(
(white)
	(
(white)
	(
(white)
	(
(white)
	(
(pale yellow)
	

	OH–
	(
	(
	(
	(
	(
(blue)
	(
(white)
	(
(dirty green)
	(
(orange/ brown)
	(
(white)
	(
(white)
	((
(white)
	(
(white)
	(
(pale cream – Ag2O)
	

	Flame test
	none
	bright red
	yellow
	lilac
	blue-green
	silver- white
	green
	orange-brown
	none
	brick red
	apple green
	blue-white
	none
	

	Best test
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Key: (- soluble in water, (( - sparingly soluble in water, ( - insoluble in water, (colour) – colour of precipitate, yellow shading indicates information that learners should know
Version 2: Version for completing flame colours/precipitate colours

	
	NH4+
	Li+
	Na+
	K+
	Cu2+
	Al3+
	Fe2+
	Fe3+
	Zn2+
	Ca2+
	Ba2+
	Pb2+
	Ag+
	Best test

	NO3–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	NaOH + Devarda alloy + heat // pH paper

	Cl –
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(white)
	(
(______)

((in NH3)
	HNO3 + AgNO3 // NH3(aq)

	Br–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(white)
	(
(______)

(((in NH3)
	HNO3 + AgNO3 // NH3(aq)

	I–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(______)
	(
(______)

((in NH3)
	HNO3 + AgNO3 // NH3(aq)

	SO42–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	HNO3 + BaNO3 

	CO32–
	(
	(( (white)
	(
	(
	(
(______)
	(
(white – Al(OH)3)
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	(
(pale yellow)
	HNO3

	OH–
	(
	(
	(
	(
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	((
(______)
	(
(______)
	(
(pale cream – Ag2O)
	pH paper

	Flame test
	none
	________
	________
	________
	________
	silver- white
	green
	orange-brown
	none
	________
	________
	blue-white
	none
	

	Best test
	NaOH + heat + pH paper
	flame
	flame
	flame
	NaOH
	NaOH + flame
	NaOH
	NaOH
	NaOH + flame
	 Na2SO4 + flame
	Na2SO4 + flame
	KI
	KI
	


Key: (- soluble in water, (( - sparingly soluble in water, ( - insoluble in water, (colour) – colour of precipitate, yellow shading indicates information that students should know

Version 3: Version for completing flame colours/precipitate colours and ‘best test’

	
	NH4+
	Li+
	Na+
	K+
	Cu2+
	Al3+
	Fe2+
	Fe3+
	Zn2+
	Ca2+
	Ba2+
	Pb2+
	Ag+
	Best test

	NO3–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	

	Cl–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(white)
	(
(______)

((in NH3)
	

	Br–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(white)
	(
(______)

(((in NH3)
	

	I–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(______)
	(
(______)

((in NH3)
	

	SO42–
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	

	CO32–
	(
	(( (white)
	(
	(
	(
(______)
	(
(white – Al(OH)3)
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	(
(pale yellow)
	

	OH–
	(
	(
	(
	(
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	(
(______)
	((
(______)
	(
(______)
	(
(pale cream – Ag2O)
	

	Flame test
	none
	________
	________
	________
	________
	silver- white
	green
	orange-brown
	none
	________
	________
	blue-white
	none
	

	Best test
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Key: (- soluble in water, (( - sparingly soluble in water, ( - insoluble in water, (colour) – colour of precipitate, yellow shading indicates information that learners should know
Test yourself questions
Salts can be made by neutralisation reactions between acids and bases and they can be tested for using various chemical tests.  These questions will test your understanding of chemical formulae, equations, chemical tests for, structure and properties of salts.

1) a) Complete the table to show the formulae and charge for the given ions.  The first has been done for you. 

	Anion
	Cation

	sulfate
	SO42–
	ammonium ion
	

	nitrate
	
	lithium ion
	

	carbonate
	
	potassium ion
	

	hydroxide
	
	calcium ion
	

	hydrogencarbonate
	
	aluminium ion
	


b) State which block of the periodic table calcium belongs to and explain how this relates to the charge on the ions it produces.
2) Potassium hydroxide reacts with sulfuric acid to make a salt and water.  

a) Complete the chemical equation with state symbols to show this reaction:

… KOH …  + … H2SO4 …  (  … …………… …  +  … H2O … 

b) Describe tests you could carry out to show what salt has been made.  Include details of what you would observe.

3) Ammonium hydroxide reacts with nitric acid to make a salt and water. Write a chemical equation to show this reaction.
4) The following results were obtained when nitric acid and silver nitrate were added to unknown solutions A, B and C.

a) Complete the column to show the ions present 

	Unknown solution
	Observation
	Ions present
	Solubility in ammonia solution

	A
	cream precipitate
	
	

	B
	yellow precipitate
	
	

	C
	white precipitate
	
	


b) It is sometimes difficult to distinguish between the colours of the precipitates, as they often look similar, so ammonia solution can be added. Complete the column to show the solubility of the precipitates in ammonia solution.

c) Nitric acid is added to remove any unwanted ions. Suggest why HCl should not be used instead.
5) a) Draw the structure of a lithium iodide lattice.

b) Complete the table below to summarise the structure and properties of potassium iodide.

	How are the bonds formed?
	

	High or low melting point? Why?
	

	Does it conduct electricity? Why (not)?
	

	Is it soluble in water? Why (not)?
	


HYDROXIDE (OH_)





When adding silver nitrate to a solution of the salt, does a white precipitate form that is soluble in concentrated ammonia solution?





When adding silver nitrate to a solution of the salt, does a cream precipitate form that is partially soluble in concentrated ammonia solution?





BROMIDE 


(Br_)





IODIDE (I_)





Is a solution of the salt strongly alkaline?





CHLORIDE (Cl_)





Yes





Yes





Yes





Does a solution of the salt form a white precipitate with barium nitrate / nitric acid?





SULFATE (SO42_)





Does the solid effervesce when reacted with nitric acid?





CARBONATE (CO32_)





Yes





Yes





No





No





No





No





No
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When adding silver nitrate to a solution of the salt, does a cream precipitate form that is partially soluble in concentrated ammonia solution?





BROMIDE 


(Br_)











Is a solution of the salt strongly alkaline?





CHLORIDE (Cl_)





Yes





Yes





Yes











SULFATE (SO42_)








Does the solid effervesce when reacted with nitric acid?











Yes





Yes





No





No





No





No





No
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