Quantitative Chemistry SoW    C3 (10 lessons HT; 7 lessons FT)

	Lesson 
	Learning Objectives
	Activities
	Resources

	C3.1 Formula Mass and Conservation of Mass

	The relative formula mass (Mr) of a compound is the sum of the relative atomic masses of the atoms in the numbers shown in the formula.

The law of conservation of mass states that no atoms are lost or made during a chemical reaction so the mass of the products equals the mass of the reactants.

	See ppt
S: Work through page 2 of booklet and answer the questions on ppt about relative atomic mass
M: Describe relative formula mass. (ppt) Complete page 3 of booklet.
P: Introduce conservation of mass (ppt).
complete p4 of booklet
	Periodic Tables
Calculations booklet 
(2 versions – HT and FT)





	Lesson 
	Learning Objectives
	Activities
	Resources

	C3.2 Moles

HIGHER TIER

	Chemical amounts are measured in moles. The symbol for the unit mole is mol.
The mass of one mole of a substance in grams is numerically equal to its relative formula mass.
One mole of a substance contains the same number of the stated particles, atoms, molecules or ions as one mole of any other substance.
The number of atoms, molecules or ions in a mole of a given substance is the Avogadro constant. The value of the Avogadro constant is 6.02 x 1023 per mole.
Students should understand that the measurement of amounts in moles can apply to atoms, molecules, ions, electrons, formulae and equations, for example that in one mole of carbon (C) the number of atoms is the same as the number of molecules in one mole of carbon dioxide (CO2).
Students should be able to use the relative formula mass of a substance to calculate the number of moles in a given mass of that substance and vice versa.

	S: Introduce Avogadro’s Number, the mole and mole calculations

M: Complete pages 5&6 of booklet

P: TED-ed video to sum up
https://www.youtube.com/watch?v=TEl4jeETVmg
	Periodic Tables
Calculators




	Lesson 
	Learning Objectives
	Activities
	Resources

	C3.3 Balancing Equations

	Chemical reactions can be represented by symbol equations which are balanced in terms of the numbers of atoms of each element involved on both sides of the equation.
Students should understand the use of the multipliers in equations in normal script before a formula and in subscript within a formula.
In a balanced chemical equation, the sum of the relative formula masses of the reactants in the quantities shown equals the sum of the relative formula masses of the products in the quantities shown.

	See ppt
S: determine students prior attainment using ppt (10mins)
M: various levels of sheet for practice (25 mins)
P: show the conservation of mass in balanced equations (on ppt) Complete p7 of the booklet (p5 FT) (25mins)
	
Reuse:
Balancing Equations sheets:
levels 1-4
Diff:
Different level sheets:
Extension, try these:
· NH3 + O2 → NO + H2O
· Cu + HNO3 → Cu(NO3)2 + NO2 + H2O




	Lesson 
	Learning Objectives
	Activities
	Resources

	C3.4 Mass changes and Uncertainty

	4.3.1.3 Mass changes when a reactant or product is a gas
Some reactions may appear to involve a change in mass but this can usually be explained because a reactant or product is a gas and its mass has not been taken into account. For example: when a metal reacts with oxygen the mass of the oxide produced is greater than the mass of the metal or in thermal decompositions of metal carbonates carbon dioxide is produced and escapes into the atmosphere leaving the metal oxide as the only solid product.
Students should be able to explain any observed changes in mass in non-enclosed systems during a chemical reaction given the balanced symbol equation for the reaction and explain these changes in terms of the particle model.
Opportunities within investigation of mass changes using various apparatus.
4.3.1.4 Chemical measurements
Whenever a measurement is made there is always some uncertainty about the result obtained.
Students should be able to:
• represent the distribution of results and make estimations of uncertainty
• use the range of a set of measurements about the mean as a measure of uncertainty.

	S: Four Demos – mass changes
1. Use magnesium ribbon to produce magnesium oxide.  Measure the mass of the ribbon at the start of the experiment, burn the ribbon in a strong Bunsen flame (SAFETY required) and measure the mass of the ribbon at the end of the experiment.
2. Use HCl acid in a conical flask with CaCO3. Measure the mass of the reaction on a top pan balance as the reaction proceeds over two minutes.  
3. Demonstrate combustion of paper in a large beaker to show mass may decrease because products are released to the air as gases.
4. Try balancing iron wool on a pair of scales (a makeshift one can be set up using a carefully balanced metre rule). Heat the iron wool strongly to observe the increase in mass of the oxide. 
Discuss mass changes and conservation

M: Practical- Disappearing Cross  - instructions on ppt
      
P: Discussion of uncertainty in results and representing them. Error bars.

	Equip:

Demo: Magnesium ribbon, tin lid, tongs, gas key matches. 2dp balance.
(SAFETY required) 
1M HCl, conical flask, CaCO3, cotton wool.  
Large beaker.
Balancing ruler, Iron wool, blue tack.

Practical: 
8 trays: Conical flask, thiosulfate, HCl, stopwatch.





	Lesson 
	Learning Objectives
	Activities
	Resources

	C3.5 
Reacting Masses

HIGHER TIER
	The masses of reactants and products can be calculated from balanced symbol equations.
Chemical equations can be interpreted in terms of moles. For example:
Mg + 2HCI → MgCI2 + H2
shows that one mole of magnesium reacts with two moles of hydrochloric acid to produce one mole of magnesium chloride and one mole of hydrogen gas.
Students should be able to:
• calculate the masses of substances shown in a balanced symbol equation
• calculate the masses of reactants and products from the balanced symbol equation and the mass of a given reactant or product.

	S: Work through 2 worked examples (first one to do in exercise book, second in booklet)
M: Do practice questions on p9

P: Go through the answers




	
Periodic Tables
Calculators




	Lesson 
	Learning Objectives
	Activities
	Resources

	C3.6 Limiting Reactants

HIGHER TIER

	4.3.2.3 Using moles to balance equations (HT only)
The balancing numbers in a symbol equation can be calculated from the masses of reactants and products by converting the masses in grams to amounts in moles and converting the numbers of moles to simple whole number ratios.
Students should be able to balance an equation given the masses of reactants and products.
Students should be able to change the subject of a mathematical equation.
4.3.2.4 Limiting reactants (HT only)
Content Key opportunities for skills development
In a chemical reaction involving two reactants, it is common to use an excess of one of the reactants to ensure that all of the other reactant is used. The reactant that is completely used up is called the limiting reactant because it limits the amount of products.
Students should 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.

	Starter: (5 mins)
Main: (40 minutes)
Part 1: Balancing equations using moles
Go through worked example on the ppt
Plenary: (15mins)


	




	Lesson 
	Learning Objectives
	Activities
	Resources

	C3.7
Conc of solutions
	4.3.2.5 Concentration of solutions
Many chemical reactions take place in solutions. The concentration of a solution can be measured in mass per given volume of solution, eg grams per dm3 (g/dm3).
Students should be able to:
• calculate the mass of solute in a given volume of solution of known concentration in terms of mass per given volume of solution
• (HT only) explain how the mass of a solute and the volume of a solution is related to the concentration of the solution.
4.3.4 Using concentrations of solutions in mol/dm3 (chemistry only) (HT only)
The concentration of a solution can be measured in mol/dm3.
The amount in moles of solute or the mass in grams of solute in a given volume of solution can be calculated from its concentration in mol/dm3 .
If the volumes of two solutions that react completely are known and the concentration of one solution is known, the concentration of the other solution can be calculated.
Students should 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.
Opportunities within titrations including to determine concentrations of strong acids and alkalis.

	See ppt
FT
S: Describe the meaning of concentration. Demo with various conc of CuSO4.
M: Calculate conc in g/dm3 see booklet 
P: Go through summary, checking answers, 



HT
S: Describe the meaning of concentration. Demo with various conc of CuSO4.
M: Calculate conc in g/dm3 see booklet
Also calculate conc in mol/dm3
Conversion between them and cm3 to dm3 in ppt
Students also to rearrange eqns see booklet
P: Go through summary, checking answers, 


	
Demo
1M CuSO4
3 boiling tubes








	Lesson 
	Learning Objectives
	Activities
	Resources

	C3.8 Gases and moles

HIGHER TIER

	4.3.5 Use of amount of substance in relation to volumes of gases (chemistry only) (HT only)
Equal amounts in moles of gases occupy the same volume under the same conditions of temperature and pressure.
The volume of one mole of any gas at room temperature and pressure (20oC and 1 atmosphere pressure) is 24 dm3.
The volumes of gaseous reactants and products can be calculated from the balanced equation for the reaction.
Students should be able to:
• 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
• change the subject of a mathematical equation.

	See ppt/booklet
S: revisit last lessons work
M: 
P: 
	




	Lesson 
	Learning Objectives
	Activities
	Resources

	C3.9 Percentage Yield

	4.3.3.1 Percentage yield
Even though no atoms are gained or lost in a chemical reaction, it is not always possible to obtain the calculated amount of a product because:
• the reaction may not go to completion because it is reversible
• some of the product may be lost when it is separated from the reaction mixture
• some of the reactants may react in ways different to the expected reaction.
The amount of a product obtained is known as the yield. When compared with the maximum theoretical amount as a percentage, it is called the percentage yield.
% Yield = Mass of product actually made
Maximum theoretical mass of product × 100

Students should be able to:
• calculate the percentage yield of a product from the actual yield of a reaction
• (HT only) calculate the theoretical mass of a product from a given mass of reactant and the balanced equation for the reaction.

	See ppt, 
S: 
M: 
P:

	


		
		

	


	Lesson 
	Learning Objectives
	Activities
	Resources

	C3.10 Atom Economy

	4.3.3.2 Atom economy
The atom economy (atom utilisation) is a measure of the amount of starting materials that end up as useful products. It is important for sustainable development and for economic reasons to use reactions with high atom economy.
The percentage atom economy of a reaction is calculated using the balanced equation for the reaction as follows:
Relative formula mass of desired product from equation
Sum of relative formula masses of all reactants from equation × 100
Students should be able to:
• calculate the atom economy of a reaction to form a desired product from the balanced equation
• (HT only) explain why a particular reaction pathway is chosen to produce a specified product given appropriate data such as atom economy (if not calculated), yield, rate, equilibrium position and usefulness of by-products.

	See ppt, 
S: 
M: 
P:
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