Chemistry and Society





LEARNING OUTCOMES

	Section 1
Getting the most from costly reactants 

Subsection (a) Factors influencing the design of an industrial process.



	
	

	1.
	I can state what industrial processes are designed to maximise and minimise.

Industrial processes are designed to maximise profit and minimise the impact on the environment.



	2.
	I can give the 7 factors that influence the design of an industrial process.

Factors influencing process design include: availability, sustainability and cost of feedstock(s); opportunities for recycling; energy requirements; marketability of by-products; product yield.



	3.
	I know what environmental issues need to be considered when designing a chemical process.

Environmental considerations include: minimising waste; avoiding the use or production of toxic substances; designing products which will biodegrade if appropriate.



	Subsection (b) calculation of the mass.



	4.
	I am able to use balanced equations to work out mole ratios of reactants and products.

	
	

	5.
	I can use balanced equations and formula mass to work out the mass of product from reactant and vice versa.



	
	

	6.
	I can calculate the volume of a gas from the number of moles and vice versa. Give the units for molar volume.

litres mol -1 



	
	

	7.
	I know that molar volume is the same for ALL gases at the same temperature and pressure.

The volume taken up by 1 mole of a gas is called the molar volume.

The value of the molar gas volume is approx 22.4 litres mol -1 depending on the temperature and pressure of the environment.



	
	

	8.
	I can calculate the volumes of reactant and product gases from the number of moles of each reactant and product.



	Subsection (c) Calculations in reactions that involve solutions.



	9.
	I can give the units for concentration

mol l-1



	
	

	10.
	I can work out quantities of reactants and/or products using one or more of the following: 

· Balanced equations.

· Concentrations and volumes of solutions.

· Masses of solutes.



	Subsection (d) Reversible reactions.  



	11.
	I understand what is meant by “dynamic equilibrium”.

Many reactions are reversible. A reversible reaction can reach equilibrium in a closed system.

	

	12.
	I know what happens to reaction rates at equilibrium.

A reaction reaches equilibrium when the rate of the forward reaction equals the rate of the reverse reaction.

	
	

	13.
	I know what happens to concentrations of products and reactants at equilibrium.

At equilibrium, the concentration of the products and the reactants will remain constant.



	
	

	14.
	I can state Le Chatelier’s Principle 

An equilibrium will move to undo any change imposed upon it by temporarily favouring either the forward or backward reaction until a new equilibrium position is reached.



	
	

	15.
	I can explain using Le Chatelier’s Principle, the likely effect on the equilibrium position of changing:-       

Pressure 
An increase in pressure favours the side with less gas molecules

Concentration of reactants or product

Addition of a reagent or removal of product equilibrium shifts to the right.

Addition of product or removal of reactant equilibrium shifts to the left.

Temperature

Increase in temperature favours the endothermic reaction
Decrease in temperature favours the exothermic reaction

Catalyst 

No effect on equilibrium position; equilibrium more rapidly attained.

	

	16.
	I can relate the effects of temperature, pressure, concentration of reactants and products to industrial processes (Haber Process).

Haber uses high pressure (balanced by cost of equipment), moderately high temperature (lower temperature improves yield but reaction too slow). Unreacted products are recycled, catalyst (iron) used to speed up the reaction



	
	

	17.
	I understand what is meant by “percentage yield” and can give the formula.
The percentage yield is a measure of how much of a product is obtained compared to the amount expected if there was complete conversion.

· The percentage yield  = actual yield              x 100       

      theoretical yield



	
	

	18.
	I can calculate percentage yield from balanced equations and masses of reactants and products.



	
	

	19.
	I can use given costs, and percentage yields to work out the cost of the feedstock(s) to produce a given mass of product.



	
	

	20.
	I understand what is meant by “atom economy”.

The atom economy measures the proportion of the total mass of all starting materials successfully converted into the desired product.

	
	

	21.
	I can calculate the atom economy of a reaction using the correct formula.
Atom economy  =  mass of desired products     x 100   

                                  Total mass of reactants        



	

	22.
	I understand why some reactions that have a high percentage yield may have a low atom economy. 

High percentage yield and a low atom economy means a lot of waste products a re being produced.

	
	

	23.
	I can relate percentage yield and atom economy to different routes taken in manufacturing products.

Industrial process want efficiency i.e. high percentage yield an high atom economy.



	Subsection (g) Excess.



	24.
	I can explain and identify the excess reactant(s).

	
	The reaction will be over once one of the reactants has been used up – the other one is said to be ‘in excess’. 



	25.
	I can relate cost to excess reactant(s) used in industrial processes.
In order to minimise costs, industry aims to have the cheaper reactant in excess where possible.

	

	26.
	I can use a balanced equation to work out the reactant in excess and therefore the limiting reactant, for a chemical reaction.



	
	

	27.
	I can relate excess reactant(s), percentage yields and atom economy to the idea of an economic/environmental balance in industrial processes.



	SECTION 2 Chemical Energy

Subsections (a) and (b) Enthalpy.



	
	

	28.
	I can understand what is meant by “enthalpy”.

Enthalpy (H) is a measure of the energy stored in a chemical.



	

	29.
	I can give a definition of enthalpy of combustion.

The enthalpy of combustion of a substance is the amount of energy given out when one mole of a substance burns in excess oxygen. 



	
	

	30.
	I can use specific heat capacity, mass and temperature to calculate the enthalpy change for a reaction.



	
	

	31.
	I can work out the enthalpy of combustion from practical experiments.

	
	

	Subsection (c) Hess’s Law



	32.
	State Hess’s Law.

The overall enthalpy change for a reaction is the same whichever route is taken.  



	
	

	33.
	Applying Hess’s Law:-

· I can use enthalpies of combustion, given in the data book, to calculate enthalpies of formation.

· I can calculate the overall enthalpy change for a reaction using given enthalpy data.


	Subsection(d) Bond Enthalpies.



	34.
	I understand what is meant by:-

· molar bond enthalpy

the molar bond enthalpy is the energy required to break one mole of bonds.

· mean molar bond enthalpy

Where bonds are present in a molecule with more than 2 atoms, the bond enthalpy will be affected by the environment the bond is in, so a C-H bond in methane may have a slightly different bond enthalpy from one in propene. Therefore the average or mean bond enthalpy is worked out. 



	

	35.
	I can use bond enthalpies to estimate the enthalpy change taking place for a gas phase reaction.



	
	

	Section  3
Oxidising and Reducing Agents

Subsection (a)
Elements as Oxidising and Reducing Agents 



	36.
	I can define oxidising agent and reducing agent in terms of electrons.



	
	Oxidising agents accept electrons.  Reducing agents give away electrons.



	37.
	I can identify oxidising agents and reducing agents in redox reactions.

 

	
	Oxidising agents are themselves reduced so tend to become more negative.

Reducing agents are themselves oxidised so tend to become more positive.



	38.
	I can use electronegativity to predict which elements tend to lose electrons and which elements tend to gain electrons when they form ions.

 

	
	Metals have low electronegativities so tend to lose electrons.

Non-metals have high electronegativities so tend to gain electrons.



	39.
	I can use electronegativity to predict which elements can act as reducing agents and which can act as oxidising agents.



	
	Metals tend to lose electrons when they form ions so metals are reducing agents.

Non -metals tend to gain electrons when they form ions so non-metals are oxidising agents.



	40.
	I can state which group in the Periodic Table contains the strongest reducing agents and which group contains the strongest oxidising agents.



	
	The alkali metals (group 1) are the strongest reducing agents.

The halogens (group 7) are the strongest oxidising agents.

	41.
	I can use the Electrochemical Series to determine the effectiveness of oxidising and reducing agents.



	
	The strongest oxidising agents are at the bottom left hand corner of the Electrochemical Series.

The strongest reducing agents are at the top right hand corner of the Electrochemical Series.



	
	

	Subsection (b)
Molecules and group ions can act as Oxidising and Reducing      

                                Agents 




	42.
	I can use the Electrochemical Series to identify oxidising agents and reducing agents.



	
	Oxidising agents are at the left hand side of the electrochemical series.

Reducing agents are on the right.




	43.
	I can predict how acidified dichromate and acidified permanganate react.

 

	
	H+/Cr2O72- and H+/MnO4- are oxidising agents.



	44.
	I can predict how hydrogen peroxide and carbon monoxide react.

	
	

	Subsection (c)
Everyday uses for Strong Oxidising Agents 



	45.
	I can state examples of uses for oxidising agents

	
	Used as bleach for clothes and hair.

Can kill fungi and bacteria and can inactivate viruses.



	
	

	Subsection (d)
Ion-electron and Redox Equations



	46.
	I can complete an ion electron half equation when the reactant and product is known.



	
	Balance the unusual atoms first.

Balance the oxygens by adding water.

Balance the hydrogens by adding H+ ions.

Balance the charge by adding electrons to the more positive side.

	47.
	I can combine ion-electron equations to produce a redox equation.



	
	Make sure there is an oxidation and a reduction.

Multiply one or both of the ion-electron equations to make sure they both have the same number of electrons.

When the equations are combined the electrons should cancel.

	

	SECTION 4 Chemical Analysis as part of quality control.

Subsection (a) checking composition and purity of reactants and products.



	48.
	I can explain the basic principle of how chromatography works, defining the mobile and stationary phases

Chromatography separates compounds according to their relative affinity for the ‘mobile phase’ and the ‘stationary phase’.

The mobile phase is a liquid or a gas. The size of molecules and their polarity may affect how soluble they are in the mobile phase

The stationary phase may be paper, silica gel, or an inert packing material. The size and polarity of the compounds may affect their affinity for the stationary phase.



	
	

	49.
	I can read and interpret retention/time graphs from results of chromatography experiments.



	
	

	50.
	I can interpret chromatograms using Rf values

Rf = distance travelled by sample
         distance travelled by solvent

	

	Subsection (b) Volumetric titrations.



	

	51.
	I can state the principle of volumetric analysis using titration.

Volumetric analysis involves using a solution of known concentration to determine the amount of another substance present. The volume of the reactant needed to complete the reaction is determined by titration. 



	
	

	52.
	I can give a definition of an indicator and name some examples.

Indicator: A substance that changes color in response to a chemical change. 
Phenolphalein (pink/colourless)

Permaganate self indicating (purple/colurless)

	
	

	53.
	I know what the “end point” of a reaction is.

The term "end point" is where the indicator changes colour and means that the solutions have been mixed in exactly the right proportions according to the equation.



	

	54.
	Use the results of titrations and balanced redox equations to calculate the concentration of a reactant, given the concentration of the other.



	
	

	55.
	Explain what a standard solution is and how to make up a standard solution.

A solution of accurately known concentration is known as a standard solution. 

Dissolve the calculated mass of solid in the minimum volume of water in a beaker, transfer to standard flask rinsing the beaker, dilute up to the graduated mark on the standard flask



	
	

	56.
	Explain the relative accuracy of a range of volumetric measuring equipment.

Burette and pipette allow the volume to be measured accurately

Errors may occur in judging the endpoint/colour change



	
	


