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Licence agreement
This is a legal agreement between you, the teaching institution, and PG Online Limited. PG Online Limited grants to you a non-exclusive, non-transferable, revocable licence to use this unit and all the worksheets, PowerPoint presentations, teaching guides and other associated files distributed with it in the course of teaching by your teachers and/or employees.
The materials distributed with this unit may be copied and used by your teachers and/or employees on a single site only in the course of their teaching. You warrant that you shall not, and shall procure that each of your teachers and/or employees shall not, share in any way any of the materials or part of the materials with any third party, including users on another site or individuals who are teachers and/or employees of a separate institution. You acknowledge and agree that the materials must remain with you, the teaching institution, and no part of the materials may be transferred to another institution. You also warrant that you shall not, and shall procure that each of your teachers and/or employees shall not, procure, authorise, encourage, facilitate or enable any third party to reproduce these materials in whole or in part without the prior permission of PG Online Limited.
In consideration of the licence granted to you, you shall indemnify PG Online Limited against all liabilities, costs, expenses, damages and losses (including but not limited to any direct, indirect or consequential losses, loss of profit, loss of reputation and all interest, penalties and legal costs and all other professional costs and expenses) suffered or incurred by PG Online Limited arising out of or in connection with the exercise by you of your rights granted under this licence. 

Teacher’s Guide
Introduction
This teacher’s guide contains a detailed lesson plan to accompany the set of PowerPoint slides and worksheets for each lesson.
The lessons are designed to form a basis for ideas for the teacher and should be adapted to suit the teaching style and preferences of the individual teacher, and the resources and nature of the individual school or science department.
The material supplied for this unit includes:
6 PowerPoint presentations, each designed to cover one topic
6 worksheets
6 homework sheets
An end-of-unit test for assessment purposes  
Supporting science Trilogy and the separate Sciences
This unit is divided into six distinct topics plus an end-of-unit assessments that cover the quantitative chemistry topic of section 4.3 in the separate chemistry AQA GCSE specification and section 5.3 in GCSE Chemistry (Trilogy).  
When questions have been asked within any of the resources, the level of demand of these is indicated using ‘runner’ markers – silver for more demanding, and gold for the most demanding questions. Having this form of question demand hierarchy within the resource enables teachers to provide effective differentiation within their lessons. 
Science practicals
We have ensured that AQA required practicals (RPs) are featured within the units, and these should enable teachers to adequately prepare their students for carrying out these practicals after they have used the appropriate unit. The design of these resources also appreciates that schools will probably wish to carry out their own experimental work, as a way of further enhancing their student’s understanding. There are numerous questions that are based on laboratory situations that will enable students to test their own understanding of practical processes and techniques. 
Summary
This unit focuses on some of the numerical aspects of chemistry in terms of the ability to calculate amounts of products and reactants based on chemical reactions. It is a key skill that students must possess, in that it provides an extra layer of understanding and appreciation of chemical reactions. Each topic is presented so that new numerical ideas have an opportunity to settle into place before they are further developed and applied. There is ample time devoted to worked examples – giving students the chance to think and practice – with questions on each slide to deepen students’ understanding and learning. The unit brings to life a topic that many students find challenging, using meaningful and imaginative examples, that illustrate beautifully how chemistry can be interpreted quantitatively.


The unit concludes with an assessment test that covers the content in the unit, and also includes a range of question demands and styles that mirror those in the public examinations.
Each topic also appreciates that required practicals (RP’s) are expected to be carried out, and topics have been written with this in mind. Students should be adequately prepared for the RPs having studied each respective lesson beforehand, if this is appropriate.

The unit then concludes with an assessment test.
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Graded challenge level
To provide appropriate stretch and challenge for students who are aiming for higher grades, selected questions and activities are marked as more challenging. These are indicated with a silver medal and image of a runner, or ‘most challenging’ denoted with a gold medal and an image of a sprinter. 
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Learning Outcomes for the unit

At the end of this Unit all students should be able to:
· Know that mass is conserved in a reaction
· Understand that reactions involving gases also conserve mass
· Understand how to balance an equation
· Know what is meant by relative formula mass and how to work it out
· Work out the percentage of an element in a compound
· Know how to calculate the mass of solute in a given volume of solution of known concentration in terms of mass per given volume of solution



At the end of this Unit most students should be able to:
· Understand the Avagadro constant
· Understand what is meant by the mole 
· Know how to interconvert masses and moles
· Calculate the percentage yield of a product from the actual yield of a reaction
· Calculate the atom economy of a reaction to form a desired product from the balanced equation
· Understand how to work out masses of products and reactants in equations
· Understand how experimental masses may be used to help balance equations
· Be able to explain the effect of a limiting quantity of a reactant on the amount of products it is possible to obtain in terms of amounts in moles or masses in grams

Some students will be able to:
· Explain how the concentration of a solution in mol/dm3 is related to the mass of the solute and the volume of the solution
· Know how to interconvert between a concentration in mol/dm3 and g/dm3
· Understand how to work out the concentration of a solution during a titration
· Calculate the volume of a gas at room temperature and pressure from its mass and relative formula mass
· Calculate volumes of gaseous reactants and products from a balanced equation and a given volume of a gaseous reactant or product
· Know how to interconvert between a concentration in mol/dm3 and g/dm3
· Understand how to work out the concentration of a solution during a titration

Previous Learning
Students will have made measurements of time, mass, volume etc, within the context of experimental work, and will also be used to representing scientific data in various forms. The use of graphs, tables, charts to show data should be familiar to many. Using numerical information to interpret chemical reactions is a skill that students need to develop with time and plenty of opportunity for practice. Students will have been taught to use numbers in a more abstract context in their maths classes, but many often find it more of a challenge to apply numbers to an actual scientific situation, in which numbers have meaning. Students may also need some guidance when carrying out calculations, and it is essential that they become used to laying out their calculations clearly so that they are easily followed. Even the most challenging of questions featuring the mole may be considerably more accessible for students to answer if they learn that the same steps are often used to solve any calculation.
A sound grasp of Key Stage 3 mathematics is obviously important, and these skills will be assessed within various scientific situations. Chemistry examinations will have a minimum of 20% of marks allocated to Maths Skills.



Suggested Resources
This unit assumes that schools will want to carry out their own practical work, together with any required practicals stipulated by AQA, as a way of further enhancing student understanding and enjoyment of practical science.
A specification map outlining the units is available to download here: https://www.pgonline.co.uk/library/aqa_gcse_9999_specification_map.pdf]
Vocabulary
Students should be familiar with vocabulary associated with this Unit, such as:
Products, reactants, conservation of mass, balanced symbol equation, relative formula mass, relative atomic mass, mole, Avagadro constant, molar mass, solute, solvent, solution, concentration, ratio, percentage yield, atom economy.
Assessment
Students will sit a short end-of-unit test using AQA exam-type questions relevant to the objectives in the unit, at the end of the lesson sequence. The test can be completed in one lesson. 


















Lesson plan
	Topic 4
	Solution calculations

	Learning Objectives
· Know how to calculate the mass of solute in a given volume of solution of known concentration in terms of mass per given volume of solution
· Explain how the concentration of a solution in mol/dm3 is related to the mass of the solute and the volume of the solution
· Know how to interconvert between a concentration in mol/dm3 and g/dm3
· Understand how to work out the concentration of a solution during a titration

	Resources
· PowerPoint Guide: T4 Solution calculations
· T4 Worksheet 4
· T4 Worksheet 4 Answers
· T4 Homework sheet

	Prior learning
Students should already know: 
· A mole measured the amount of substance
· A solute will dissolve in a solvent to form a solution
· Some substances are more soluble than others within a particular solvent

	Prerequisite PG units
· Unit 1 – Atoms, elements, compounds and mixtures
· Unit 3 – Structure and bonding

	Content 

	Starter
It is important for students to appreciate that concentration is a measure of the amount of substance dissolved in a certain volume of solvent, and not merely the amount of substance alone. If 2 mg of solute is dissolved in 1 cm3 of solvent, as per the slide, then this is the same as 0.002 g dissolving per 1 cm3 of solvent. So, per 1000 cm3, the mass needed will also be multiplied by 1000, so 0.002 g × 1000 = 2 g. So the concentration will be 2 g / 1000 cm3 (or 2 g / dm3).
Main activity
Making squash
James adds 10 cm3 of concentrated orange squash to 90 cm3 of water, so the new total volume is 100 cm3. The original 10 cm3 now occupies 100 cm3, and so the volume has been multiplied by a factor of 10, or the concentration of squash has been diluted down by a factor of 10.
Making solutions
If the concentration of carbon dioxide is 2.2 g per 300 cm3 of water, then in 100 cm3, there will be (2.2 / 3) g of carbon dioxide dissolved, that is, 0.733 g.
If there are 2.2 g dissolved in 300 cm3 of water, then 1 g of carbon dioxide will require (300/2.2) cm3 of water.
We have 5.0 g of carbon dioxide, so the volume of water needed will be: 
(300/2.2) × 5 = 681.8 cm3.
Concentration
Concentration is normaly measured in mol/dm3 or less common, as g/dm3. Note the inclusion of both mass or amount units, as well as volume of solution units. The decimetre cube is a chemists unit, and rarely appears anywhere else. It is equal to 1000 cm3 and is more commonly described as 1 litre.
If 5.2 g of copper sulfate dissolves in 200 cm3, then the mass needed in 1 dm3 will be (5.2 × 5) = 26 g.
A pink solution
This is a very common type of situation seen in examination papers – calculating the mass of solute in a certain volume of water. If 15.0 g are dissolved in 1000 cm3, then 7.5 g will be dissolved in 500 cm3; 45.0 g will dissolve in 3 dm3; and (40/1000) × 15 g dissolve in 40 cm3 (0.6 g).
Worksheet 4 – Task 1
What is mol/dm3?
The question in the title of the slide is often a question that students will ask, or should ask. The way units are written down may confuse many, hence this question. The solution to the question is to write all solutions so that the total volume is the same, so out of 1000 cm3, for example (to match the slide title):
A.  5.0 mol/dm3
B.  2.00 mol/dm3
C.  0.5 mol/dm3
So, solution A is the most concentrated, then B then C.
Blood!
Units like ‘mmol’ are often used in the field of medicine, in which small amounts of solute are dissolved in a solvent (µmol may also be seen for even lower solubilities). A concentration of 5.4 mmol/dm3 is of greater value than 4.0 mmol/dm3, so the former blood contains a greater concentration of blood glucose. So there is a greater mass of glucose per unit volume in the former case.
Variables
As the red solution boils, solvent is being removed. This means that less solvent (water remains) although the amount or mass of solvent is decreasing. So the concentration of the solution increases.


What’s changing?
The same solution is present in each measuring cylinder, so the concentration is the same – this can be seen by the same intensity of red colour in each container. However, the amount of solute in each measuring cylinder within the solvent will be increasing from left to right, so this is changing.
A formula!
It is all too easy to ‘tell’ a class of students a formula that will make their lives more convenient, and the tendency is for student to believe that these are created by some mystical force out of the ether! It is better if students can work things through for themselves in terms of forming a sounder base of understanding. Students should appreciate that the number of moles dissolved in a solvent depends on the volume and the concentration of the solvent being used. The formula is then shown on the next slide:
Moles =  × concentration
In 50.0 cm3 of a 0.800 mol/dm3 solution, there will be:
Moles of solute =   × 0.800 = 0.0400 mol.
As an ‘extra’, the mass dissolved will be the number of moles multiplied by the molar mass of copper sulfate. The answer to this is on the next slide.
Worksheet 4 – Task 2
Titrations
Students will have come across titrations before in unit 5, and may have even carried out a titration. The key practical skill is one of working accurately and with precision, and many students find this challenging, as some of the glassware is not easy to use, for example a burette and pipette. Another aspect of carrying out titrations that many students find demanding is the calculation. Again, it is easier to carry these out in three steps:

STEP 1 – calculate the number of moles of solute for the known concentration and volume of solution
STEP 2 – use the balanced chemical equation to write the ratio between the known moles and the unknown moles. Use this to work out the number of moles of the unknown substance.
STEP 3 – use the formula above to work out, either the concentration (if volume is known) of volume (if concentration is known) for the unknown solution.
A calculation is then laid out in the following slides that demonstrates these steps. Do encourage students to lay out calculations clearly, and in steps, as many answers in examinations are given for working, and not just answers.
Worksheet 4 – Task 3







	Plenary
The plenary slides lay out a ‘classic’ type of question seen on examination papers in which the concentration of a solution needs to be calculated. It is advisable for students to sketch a simple ‘doodle’ of the apparatus to label the solution in the burette and in the conical flask, and what is known/unknown about each solution. It is often easier to then understand the chemical situation, and avoids common mistakes seen in which students confuse which solution is in which apparatus etc.
The answers to the titration are given in the slides, laid out in steps.
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