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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.
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	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.
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	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.
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	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.
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	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.
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	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.
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	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.
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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.
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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
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CHEMISTRY IN SOCIETY
The products we use every day, from shampoo to concrete, are produced by industry. Industrial processes are designed to maximise profit and to minimise the impact on the environment. 

Reactants are costly, and it is essential that the processes used provide the best possible return on investment. This unit looks at the underlying principles used to develop the design of these industrial processes. 
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CHEMICAL INDUSTRY CASE STUDY

Using the resources, research the following learning outcomes 
· Industrial processes are designed to maximise profit and minimise the impact on the environment.

· Factors influencing process design include: availability, sustainability and cost of feedstock(s); opportunities for recycling; energy requirements; marketability of by-products; product yield.
· Environmental considerations include: minimising waste; avoiding the use or production of toxic substances; designing products which will biodegrade if appropriate.

Using the mole ratio to predict the amount of solid formed in a reaction

Carry out the practical to confirm the mass of magnesium oxide formed 

When magnesium ribbon reacts with oxygen, magnesium oxide is formed. If we know the mass of magnesium we start with, we can predict the mass of product expected.
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	Mass (g)

	Mass of crucible
	

	Mass of crucible + Mg ribbon
	

	Calculated mass of Mg ribbon
	

	Mass of crucible + MgO
	

	Calculated mass of MgO
	


                                            2Mg + O2    →     2MgO

· Using the balanced equation calculate the mass of MgO you would expect to be formed?

· How does that compare to your result?

· Account for any differences.
Reduction of copper(II)oxide by hydrogen

If 3.9755g of copper(II)oxide was reacted with hydrogen, what mass of copper should be formed?

                          CuO    +    H2       →     Cu      +      H2 O
Now do the questions on the reacting masses problem sheet

 AVOGADRO AND THE MOLE

1 mole of a substance, whether it is an element or a compound, is its formula mass expressed in grams.
     

In 1 mole of any substance there are 6.02 x 1023 formula units. This number is known as Avogadros constant (L). The ‘formula unit’ is the type of particle present in the substance. 

Metals and Monatomic species

The formula unit is an atom.  
           12g  of Carbon (1mole) 

i.e       40g of calcium (1 mole)               each contains 6.02 x 1023 atoms
          197g of gold    (1 mole)

· How many atoms of carbon are in 24 g of diamond?

· How many atoms 20g of neon?

Which contains the greatest number of atoms? (you do not have to find out how many atoms there are to work this out)

a. 8g of helium or 8g of magnesium?

b. 24g of diamond or 24g of silicon?

Covalent substances

The formula unit is a molecule. 

In 1 mole of chlorine Cl2 , 71g there are 6.02 x 1023 molecules.  
· How many molecules are there in 140g of nitrogen and how many atoms will it contain?

· Calculate the number of molecules in 128g of sulphur dioxide. How many atoms of oxygen will it contain
Ionic compounds

The formula unit is the ratio of ions expressed by the ionic formula of a compound.
	Quantity of substance
	Mumber of formula units
	Formula unit
	Number of positive and negative ions
	Total number of ions

	Salt 58.5g
	L
	Na+Cl-
	L Na+ ions

L Cl- ions
	2L

	Calcium hydroxide

74g
	L
	
	
	

	Aluminium sulphate

342.3g
	
	
	
	


QUESTIONS ON MOLES OF IONS IN SOLUTIONS

In these questions you do not have to work out how many ions there are. You just need to understand the idea of mole ratios in formulae. 

e.g. A solution contains a mixture of calcium nitrate and silver nitrate. It has 6 moles of nitrate ions and 2 moles of calcium ions. How many moles of silver are there?

Formulae:          Ag NO3                   Ca  (NO3) 2 

                    1 mol : 1mol             1 mol : 2 mol

2 mol of calcium ions must bond to  _________ moles of nitrate . There must be ________ mol of nitrate ‘left over’ to join with the silver so there are _______ moles of silver.

1. A solution contains a mixture of calcium hydroxide and sodium hydroxide. There are 5 moles of hydroxide ions and 1 mole of sodium ions. How many moles of calcium are there?

2. A solution contains a mixture of potassium sulphate and copper(II)sulphate. There are 3 moles of sulphate and 2 moles of potassium. How many moles of copper are there? 

MOLAR GAS VOLUME
One mole of all gases at the same temperature and pressure will have the same volume.


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

Since there is 1 mole of gas in each volume there is also the same number of particles. The value of the molar gas volume is approx 22.4 litres mol -1 depending on the temperature and pressure of the environment.

Comparing gas volumes



Since the larger ‘balloon’ has twice the volume it must have twice the number of moles of gas within it. It must also have twice as many particles.

1.  Comparing volumes

· Which has the greatest volume, 20g of NO2 or 20g of Cl2?

· Which has the greatest volume, 22g of of CO2   or 22g of SO2 ?
· Which has more particles, 20g of neon or 46g of sulphur dioxide? 

2. Calculating the molar volume

· If 4 g of methane occupies 6 litres , what is the molar volume?

· If 1.1 g of CO2    occupies 0.625 litres, what is the molar volume?


3. Finding out the molar volume by experiment.
Method 1

Density = mass/volume

Or mass = density x volume

1. Weight the flask with air in it. Use the density of air and the volume of the flask to calculate the mass of air in the flask and hence the weight of the empty flask.

                                                                        Mass of flask + air =                                   g

Mass  of air = density x volume = 1.29 x 10-3 x ...........................  =                                  g

                                                                      Mass of empty flask =                                  g

2. The flask is filled with the gas and reweighed. Calculate the mass of gas.

	
	O2 Oxygen
	N2 Nitrogen
	CO2 Carbon dioxide

	Mass of empty flask (g)
	
	
	

	Mass of flask + gas (g)
	
	
	

	Mass of gas (g)
	
	
	

	Volume of flask i.e. volume of gas (l)
	
	
	

	Mass of one mole (g)
	
	
	

	Volume of 1 mole
	
	
	


3. The volume of the flask can be measured by filling with water and emptying into a measuring cylinder.

Example

You have found that ...................... g of  O2 occupies .................... Litres

                                 .........................g ↔ ..................... Litres

                                                    32g  ↔ .                       Litres

Therefore 1 mole, 32g of O2 will occupy ........................ Litres


Finding out the molar volume by experiment.

Method 2

Carry out the experiment to find the volume of 1 mole of hydrogen gas 

Mg   +   2HCl    →         MgCl2     +     H2
1 mol                                                 1 mol

 1. Weigh a piece of Mg ribbon about 3.5 cm long. Record the mass accurately below.
2. Record the volume of gas produced when the magnesium reacted completely with the acid
3. Calculate the molar gas volume

____ g magnesium has produced ____cm3 hydrogen

____ g ↔ ________ cm3
24 g    ↔ _________

The volume of one mole of H2 gas is ________ Litres
4. The molar volume may be different to the expected value – give possible reason for this. 
Predicting the volume of gas that will be formed in a reaction.

Example 1.  What volume of hydrogen would be produced if 20.0 cm3  H2SO4, concentration 
0.5 mol l-1  reacts completely with excess zinc? (molar gas volume is 22.4 litres mol -1)

       Zn    +    H2SO4,    →         ZnSO4,     +     H2
Example 2   What volume of gas will be produced when 3.705 g copper carbonate decomposes? (molar gas volume is 22.4 litres mol -1)
                CuCO3      →                   CuO     + CO2   

CONFIRMING THE PREDICTION EXPERIMENTALLY

When copper carbonate reacts with sulphuric acid, carbon dioxide gas is produced. If we know how many moles of calcium carbonate we start with, we can work out the expected volume of gas.
CuCO3   +     H2 SO4    →         CuSO4     + CO2    +    H20

1 mol                                                          1 mol


1. Weigh out about 0.5g of solid. Record the mass accurately below 
2. Assuming molar gas volume is 22. 4 litres mol -1 calculate the expected volume of gas.

3. Set up a boiling tube fitted with a bung and delivery tube, to collect gas over water in an inverted measuring cylinder. Add the weighed solid to the boiling tube. Add 10 cm3 of 2 mol l-1 H2SO4 , quickly stopper the boiling tube and collect the gas.

6. Record the volume of gas produced.

7. How accurate was your prediction? Account for any difference between the expected value and that obtained. 

· Now do the Gas calculation sheet.
THE IDEA OF EXCESS
When a reaction takes place between 2 reactants, it is very unlikely that both of the substances are in exactly the right proportions and that they will both run out at the same time. Usually, one runs out before the other and this reactant limits how much product can be formed.
The reaction will be over once one of the reactants has been used up – the other one is said to be ‘in excess’. In order to minimise costs, industry aims to have the cheaper reactant in excess where possible.
Calculating excess
Example. 10g zinc was added to 25cm3 of HCl concentration 0.5 mol l-1. Show by calculation which one is in excess.

Zn    +  2HCl     →     Zn Cl2    +    H2
· The zinc costs more than the acid so this is not a very economical procedure. What could be done to make it more cost effective? 
 Example 2. 0.05g magnesium was added to 25cm3 of HCl concentration 1.0 mol l-1. Show by calculation which one is in excess.
.                                                    Mg    +  2HCl     →     Mg Cl2    +    H2
Complete the calculations sheet on excess.
EQUILIBRIUM


Many reactions are reversible. A reversible reaction can reach equilibrium in a closed system. A reaction reaches equilibrium when the rate of the forward reaction equals the rate of the reverse reaction.

                            reactants     ⇌       products

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

The concentration of reactants will probably not equal the concentration of the products.

Where an industrial process produces an equilibrium, costly reactants may not be completely converted into products; chemists try to manipulate the equilibrium to achieve the best possible conversion rate.

Catalysts increase the rate at which an equilibrium is formed but do not affect the equilibrium position. 

The equilibrium position will be the same whether we start with only the products or only the reactants. This can be shown in the following experiment. 

Iodine is soluble in both water and cyclohexane. Water and cyclohexane do not mix. Iodine sets up an equilibrium between the 2 layers. 

   Iodine ( cyclohexane)            ⇌                 Iodine ( aq) 

Draw diagrams to show 

Iodine in cyclohexane/ water           iodine(aq) /cyclohexane                      equilibrium 
· Explain the changes that you see.

· Show on the graph the time at which equilibrium is reached.
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Le Chateliers 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.
    reactants                ⇌                   products

If the forward reaction is favoured we say the equilibrium has moved to the right.

If the reverse reaction is favoured we say the equilibrium has moved to the left.
Temperature may alter the position of equilibrium

           N2O4                   ⇌           2NO2     ∆H = +ve
dinitrogen tetraoxide            nitrogen dioxide

(colourless)                          (brown)
Increasing the temperature will cause the equilibrium to move to ........................... the temperature.

The .......................... reaction takes in energy so the equilibrium moves to the ............................ producing more .............................. and less ............................ So the reaction becomes ........................

Decreasing the temperature will cause the equilibrium to ........................ the temperature. The ...................... reaction gives out energy so the equilibrium shifts to the ............................ producing more ........................ and less ................................ So the colour becomes ............................

A mixture of cobalt chloride and conc HCl  sets up the following equilibrium: 
Co(H2O)6 2-       +  4Cl-        ⇌            CoCl4 -       +     6 H2O             ∆H = +ve
Pink                                               Blue

If the temperature is increased the equilibrium will favour the  .................... reaction because that will lower the temperature. The equilibrium move to the ....................., therefore the solution becomes ...................... in colour. 
If the temperature is reduced the equilibrium will favour the .......................... reaction because that will increase the temperature. The equilibrium move to the ................, therefore the solution becomes ......................... in colour. 
Concentration may alter the position of equilibrium

Add concentrated HCl to the equilibrium mixture
Co(H2O)6 2-       +  4Cl-         ⇌     CoCl4 -       +     6 H2O             

Pink                                        Blue

Adding extra Cl-   ions forces the equilibrium to try to remove these. The ____________ reaction is favoured because this uses up _________ ions.

The equilibrium has moved to the ____________ so the solution becomes ___________ in colour.

What would happen if extra CoCl4 -       were added?
Add 10 cm3  iron (III) chloride to a test tube. Iron (III) ions are yellow.  Add potassium thiocyanate solution until the solution goes orange. Red coloured iron thiocyanate ions form. The equilibrium position now lies in the middle, roughly equal amounts of both coloured ions are present.

 Fe3+ +     CNS-         ⇌     [FeCNS]2+  

 yellow                                   red


Divide the mixture between 4 test tubes, A, B, C and D  
A  Leave as control 
B. Add FeCl3
C Add  KCNS 
D Add sodium chloride  (removes Fe3+ by complexing)

a. Fully explain the colour changes you see in B
b. Fully explain the colour changes in C.
c. Fully explain the colour change in D.
                   ICl               +            Cl2   ⇄         ICl3
        brown liquid                                     yellow solid 
Increasing the concentration of a chemical will cause the equilibrium to move to use up the chemical.

Increasing the concentration of chlorine will cause the equilibrium to move to ........ .... the chlorine. The .................. reaction uses up the chlorine so the equilibrium moves to the ............ producing ............... yellow solid and ................. brown liquid.

Decreasing the concentration of a chemical will cause the equilibrium to move to form the chemical.

Decreasing the concentration of chlorine will cause the equilibrium to move to............. the chlorine. The ........................ reaction produces chlorine so the equilibrium moves to the ............... producing ............... brown liquid and ................ yellow solid.

Effect of pressure ( Equilibria involving gases)


                 N2O4                   ⇌           2NO2      
dinitrogen tetraoxide            nitrogen dioxide

        (colourless)                          (brown)
                   1  mol                               2 mol

           fewer particles                  more particles
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 Higher pressure 
Increasing the pressure will cause the equilibrium to move to ............................. the pressure. The equilibrium will move to .............................. the number of gas particles.

The equilibrium moves to the .................. producing more ........................ and less ........................... so the colour ..................................
Decreasing the pressure will cause the equilibrium to move to ................ the pressure. The equilibrium will move to ...................... the number of gas particles.

The equilibrium moves to the .................. producing more ......... and less ............ so the colour ........................ 

Catalyst and equilibrium

A catalyst speeds up a reaction by lowering the activation energy. However in a reversible reaction it reduces the activation energy for both the forward and reverse reactions by hte same amount. Thus a catalyst speeds up both the reactions to the same extent. 

The use of a catalyst does not change the equilibrium it only enables the position of equilibrium to be reached more quickly.

PERCENTAGE YIELD


In a reversible reaction, there will be less than 100% conversion of reactants into products. 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 actual yield is the amount that is obtained 

· The theoretical yield is the amount that would be obtained assuming full conversion of the limiting reagent

· The percentage yield  = actual yield              x 100       

      theoretical yield
 Example

Calcium benzoate, a food preservative (E213) can be made from the reaction between calcium carbonate and benzoic acid. If 2.44g of benzoic acid was reacted with excess calcium carbonate, what is the percentage yield if 1.75g of E213 was obtained?
Step 1 use the balanced equation to work out the theoretical yield

Benzoic acid +  calcium carbonate   ↔  calcium benzoate  +     water     + carbon dioxide 

  2C7H6O2       +    CaCO3                       ↔       (C7H5O2 )2 Ca      +      H2O      +  CO2                                  
Step 2 Use the actual yield from the question and the theoretical yield to calculate the percentage yield

The percentage yield  =  actual yield              x 100   
                                        theoretical yield                    

Percentage yield of Zinc sulphate

Carry out the preparation of zinc sulphate

	
	Mass (g)

	Mass of zinc oxide used
	

	Mass of filter paper
	

	Mass of filter paper and dry zinc oxide
	

	Mass of unreacted zinc oxide
	

	Mass of evaporating basin
	

	Mass of evaporating basin + zinc sulphate
	

	Mass of zinc sulphate (actual yield)
	


Yield calculation

1. Write the balanced chemical equation. Show the mole ratio.

2. Work out theoretical yield of zinc oxide.  
3. Use the actual yield from your results and the theoretical yield to calculate the percentage yield.

Do the calculations on yield on the worksheet

ATOM ECONOMY
The atom economy measures the proportion of the total mass of all starting materials successfully converted into the desired product. It can be calculated using the formula
Atom economy  =  mass of desired products     x 100   

                                  Total mass of reactants        
Green Chemistry - Comparing 2 ways to prepare methanol

1. Using steam reforming of methane

Step 1     
CH4  + H2O    ↔    CO   + 3H2
Step 2 

CO   + 2H2         ↔    CH3OH

Assuming that both the reactants in step 1 are present in 1mol quantities and that there is complete conversion

       Atom economy  =  mass of desired products     x 100   

                                         Total mass of reactants 

                                   =  32             x   100  =  94%
                                      16 + 18  
2. Via incomplete combustion of methane

Step 1     
CH4  + ½ O2    ↔    CO   + 2H2
Step 2 

CO   + 2H2         ↔    CH3OH

· Work out the atom economy
The atom economy can help reveal how successfully all the products are converted into the desired product. This may reveal that the system is producing large amounts of unwanted waste products. One of the principles of Green Chemistry is that waste should be prevented by proper planning. 

· Find out about the principles of Green Chemistry and how atom economy led to a change in the way ibuprofen is manufactured.

CHEMICAL ENERGY


Enthalpy (H) is a measure of the energy stored in a chemical.
MEASURING ENTHALPY CHANGES 
The heat energy (Eh ) given to water by a  burning fuel can be calculated using the formula

Eh = cm ∆T

c = Specific heat capacity of water
m = mass of water in Kg
 ∆T = change in temperature

ENTHALPHY OF COMBUSTION ALCOHOLS
The heat energy released when alcohols burn can be measured. 
The enthalpy of combustion of a substance is the amount of energy given out when one mole of a substance burns in excess oxygen. 

The enthalpy of combustion of a homologous series can be found using this method.
	Name of alcohol
	
	
	
	

	Mass of burner before (g)
	
	
	
	

	Mass of burner after (g)
	
	
	
	

	Mass of alcohol used (g)
	
	
	
	

	Mass of water heated (kg)
	
	
	
	

	Temperature of water before (oC)
	
	
	
	

	Temperature of water after (oC)
	
	
	
	

	Change in temperature (oC)
	
	
	
	

	Mass of one mole (g)
	
	
	
	

	Enthalpy of combustion (kJmol‑1)
	
	
	
	


The heat energy gained by the water (Eh) is calculated using the formula: 



Eh 
= c m ΔT 

We assume that the heat energy released by the burning alcohol is gained only by the water.
The heat energy released on burning ……….. g of ……………anol                   ………….. kJ 
                                      So one mole .............. g of ................anol                    ....................kJ

The enthalpy of combustion of …………anol = -………….. kJ mol-1  
(A negative sign is used because combustion is an exothermic reaction) 

· Write a balanced equation to represent the enthalpy of combustion of ……anol

· Carryout similar calculations and write balanced equations for the other alcohols used.
· Compare your values with the values given in the data booklet. Explain the large differences and state how you could improve your experiment.

· Consider the possible source of error in the experiment

ENTHALPY OF SOLUTION


· What is the definition of the ‘Enthalpy of solution’?

· Write a balanced equation to represent 

a. the enthalpy of solution of sodium hydroxide.

b. the enthalpy of solution of ammonium nitrate.

Carry out the practical measuring enthalpy of solution
	
	mass (g)
	start temp

( oC)
	final temp

( oC)
	change in temp

( oC)

	sodium hydroxide


	
	
	
	

	ammonium nitrate


	
	
	
	


· Calculate Eh = cm ∆T for both solutes 

· If we know how much energy is given out by a certain mass, we can work out ∆H.

· How do your answers compare to the known values?

HESS’S LAW

Hess Law
The overall enthalpy change for a reaction is the same whichever route is taken.  
∆H = ∆H1   +    ∆H2 +   ∆H3
Carry out the practical Hess’s Law
Potassium hydroxide pellets can be neutralised by adding hydrochloric acid. This is the direct route, ∆H1. Alternatively, the pellets can be dissolved in water (enthalpy of solution ∆H2) and then the solution can be neutralised with hydrochloric acid (enthalpy of neutralisation, ∆H3).                                

              KOH(s                                                                               K Cl  (aq)     +     H2O 


    


                                                            KOH(aq)                            

It can be seen that ∆H1 = ∆H2 + ∆H3                             

Identify the types of enthalpy change involved.

∆H2      
KOH(s)                                   →           K+  (aq)       +       OH - (aq)  

∆H3 

K+  (aq) + OH - (aq)    + HCl       →           K+ Cl - (aq)     +     H2O 

∆H1                 KOH(s)                   + HCl       →          K+ Cl - (aq)     +     H2O 

Carry out the practical and record the results in your jotter. Calculate ∆H in your jotter using the results.
∆H1=                 

∆H2 =               

∆H3 =                

1. Show by calculation how well your results verified Hess's Law. 

2. What were the main sources of error?


Calculations based on Hess’s Law

 Using the enthalpy of combustion, work out the enthalpy of formation of compounds.

The enthalpy of formation is the energy needed to make one mole of a compound from its’ elements in their standard state.

The enthalpy of formation of methane can be represented by the equation:

C (s)          +       2H2   (g)                  →                        CH4(g)          

e.g. find the enthalpy of formation of ethane using the enthalpies of combustion

Step 1

Write desired “key equation”


 C(s) + 2H2(g) → CH4 (g)
Step 2

Write out the equations for enthalphy of combustion C(s) H2(g) CH4(g) and the values from databook..

C(s) + O2(g)       
→ CO2(g)                 

ΔH = -394 kJ

H2(g) + ½ O2(g) 
→ H2O(l)                  

ΔH = -286  kJ
CH4(g) + 2O2(g) 
→ CO2(g) + 2H2O(l)
 
ΔH = -891 kJ

Step 3

Compare with desired equation and rearrange.

C(s) + O2(g)       
→ CO2(g)                

 ΔH = -394 kJ

2H2(g) +  O2(g) 
→ 2H2O(l)        

 ΔH = (2x-286) kJ      *
CO2(g) + 2H2O(l) 
→ CH4(g) + 2O2(g) 

 ΔH = +891 kJ            **
*We needed 2H2 so double equation. (if you double equation double the energy change).
**We needed CH4 on the right hand side of the arrow so equation reversed. (if you reverse a reaction then you must change the sign).
Step 4

Cancel and add to produce the key equation
C(s) + O2(g)       
→ CO2(g)                

 ΔH = -394 kJ

2H2(g) +  O2(g) 
→ 2H2O(l)        

 ΔH = (2x-286) kJ      

CO2(g) + 2H2O(l)
 → CH4(g) + 2O2(g)             
ΔH = +891 kJ  
C(s) + 2H2(g) 

→ CH4 (g)                            ΔH = -75kJmol-1 

· Calculate the enthalpy of formation of propane using the enthalpies of combustion.
· Calculate the enthalpy of formation of ethanol using the enthalpies of combustion.
· Calculate the enthalpy of formation of ethanoic acid using the enthalpies of combustion
Hess law can also be used to work out the enthalpy for an overall reaction from known equations.

e.g. What is the value of ∆H for the reaction


FeO   +  CO    →     Fe    + CO2
CO2   + C  →     2CO                               ∆ H = a

FeO   + C  →     Fe   + CO                      ∆ H = b

The first equation is reversed as the target equation needs to have CO as a reactant and carbon dioxide as a product so ∆ H =   –a

The second equation goes as written because the target equation needs FeO as a reactant so ∆ H = b 
Therefore   ∆H  =   b + (- a) = b - a 

BOND ENTHALPY
For a diatomic molecule, XY, the molar bond enthalpy is the energy required to break one mole of bonds. For a diatomic molecule, molar bond enthalpies can be measured directly. Bond breaking is an endothermic process.

Bond making is an exothermic process. The energy required to make one mole of bonds is the same as the bond enthalpy, but has a negative value.

e.g. energy to break one mole of H-H bonds =               kJmol-1
       energy to make one mole of H-H bonds =               kJmol-1
Where bonds are present in a molecule with more than 2 atoms, the average bond enthalpy is worked out. 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.

∆H can be calculated from bond enthalpies using the equation

                    (H  =  ( (H  bonds broken  +   ( (H  bonds made

 e.g                2C   +      2 H2          (      C 2H 4
sublime 2C                    2 (715)                make C=C                   -602

break 2( H-H)                2 ( 432)                make 4 (C-H)          -4(414)

                                       2294                                                    -2258
(H  =  ( (H  bonds broken  +   ( (H  bonds made
  =         2294          +  (  -2258 )  =    36 kJ mol-1

The equation can also be used to work out the average bond enthalpy. The enthalpy of formation of methane is  -75 kJ mol-1. The example shows how the average bond enthalpy for a C-H bond in methane can be calculated:

                C   +      2 H2          (       CH 4
                sublime C        
715          make 4 C-H  = 4x

                      break 2 H-H    
2( 432)
                      + 1579 

                            (H  =  ( (H  bonds broken    +   ( (H  bonds made

                            - 75 =   1579                  +  4x

                             -1674 = 4x

                              -413.5 = x

( bond enthalpy for C-H bond is 413.5 kJ mol-1

Redox Reactions
Displacement reactions are examples of redox

1. What is meant by

oxidation

reduction

redox

The substance that is oxidised ‘gives’ electrons to the substance that is reduced.

2. Writing a redox reaction by combining half equations.
 If magnesium is added to a solution containing Fe(III) ions, a displacement reaction occurrs.

· Write the equation for the oxidation of Magnesium metal
· Write the equation for the reduction of  iron (III) ions to Fe atoms
· Multiply through so the number of electrons is the same on both sides  Write the overall redox reaction. 

· How many electrons were transferred? 

In your jotter, write redox equations for 

a. Displacement of silver ions by zinc
b. Displacement of copper ions by aluminium.

In your jotter, identify the 2 half equations and say which is oxidation and which is reduction for
a. Zn     +   2Ag +  →    2Ag   +    Zn 2+  
 
b. I2     +   SO3  2-      +    H20 →   2I – +    SO4  2-      +    2H +  
c. 2I –             +   2Fe 3+  →   I2    +   2Fe 2+   


OXIDISING AGENTS AND REDUCING AGENTS

Oxidising agents remove electrons from other chemicals forcing them to lose electrons. Oxidising agents are found on the bottom left hand side of the ECS. Oxidising agents are reduced in the reaction.
1. Acidified potassium dichromate is an excellent oxidising agent e.g. oxidation of alcohol in the breathalyzer test. The dichromate ion is reduced in the process. Write the half equation for the dichromate ion when it acts as an oxidising agent.

Reducing agents donate electrons to other chemicals, causing them to become reduced. The reducing agent is itself oxidized in the process. Reducing agents are found at the top right of the ECS. 

2. Write the half equation for lithium acting as a reducing agent. 
2. In the equations below, circle the reducing agent and underline the oxidising agent.

Zn     +   2Ag +  →    2Ag   +    Zn 2+  
I2     +   SO3  2-      +    H20 →   2I – +    SO4  2-      +    2H +  
2I –             +   2Fe 3+      →   I2    +   2Fe 2+   

2Br –             +   SO4  2-      +    2H +    →   Br 2    +   SO3  2-      +    H20    

MnO4  –  + 8H +    +      5Fe 2+  →  Mn2+   +    4H20     +   5Fe 3+   



Elements as oxidising or reducing agents

The elements with low electronegativities (metals) tend to form ions by losing electrons (oxidation) and so can act as reducing agents. The strongest reducing agents are found in group 1.

The elements with high electronegativities (non-metals) tend to form ions by gaining electrons (reduction) and so can act as oxidising agents. The strongest oxidising agents are found in group 7.

Comparing the strength of oxidising agents from group 7.

Which halogen would you expect to be the best oxidising agent? Why? 

Answer the questions 
· Which halogen solution is the strongest bleaching agent?

· Which halogen is the most reactive?

· Write symbol equation for the reaction of chlorine with potassium bromide.

· Rewrite the above equation omitting spectator ions

· Write a half equation for the oxidising agent in the above reaction


Molecules and group ions can act as oxidising and reducing agents 
Eg MnO4- (aq) + 8H+ (aq) + 5e- → Mn2+ (aq) + 4H2O(l)  

1. Is MnO4-  acting as a reducing or oxidising agent in the reaction with glycerol?
2. The dichromate and permanganate ions are strong oxidising agents in acidic solutions. How is this shown in the half equation?

 Hydrogen peroxide is an example of a molecule which is a strong oxidising agent. Carbon monoxide is an example of a gas that can be used as a reducing agent. Oxidising and reducing agents can be selected using an electrochemical series from a databook or can be identified in the equation showing a redox reaction. 

3. Carry out the blue bottle experiment. 

Methylene blue is reduced by dextrose to a colourless compound. This can be oxidized back to the blue form by a gas. Which gas is acting as the oxidizing agent?
Explain why is it necessary to periodically remove the stopper? 

4. Elephants toothpaste. Write the equation for the decomposition of hydrogen peroxide.

A slight brown colour can be seen as the iodide ions are converted to iodine molecules by the hydrogen peroxide. Is hydrogen peroxide acting as a reducing agent or an oxidizing agent?

H2O2  + 2H+   + 2 I-  →    2 H2O  + I2-  


EVERYDAY USES FOR STRONG OXIDISING AGENTS
Oxidising agents are widely employed because of the effectiveness with which they can kill fungi, and bacteria and can inactivate viruses. The oxidation process is also an effective means of breaking down coloured compounds making oxidising agents ideal for use as "bleach" for clothes and hair. 

Research one chemical used in the bleaching of clothes or hair and one that is used in antibacterial solutions. 

HOW TO WRITE HALF EQUATIONS


Oxidation and reduction reactions can be represented by ion-electron equations. 

When molecules or group ions are involved, if the reactant and product species are known, a balanced ion-electron equation can be written by adding appropriate numbers of water molecules, hydrogen ions and electrons.
The sequence is usually:

· Balance the atoms apart from oxygen and hydrogen.

· Balance the oxygen and  hydrogen atoms by adding hydrogen ions/water
· Balance the charges by adding electrons to the most positive side
e.g.                    CIO3  -            →  CI2     

Balance the equation for the element that is oxidised/reduced

2CIO3  -               →  CI2     
Add enough H+ ions to convert O to water. Balance this part:

2CIO3  -         +    6H +       →  CI2     +     3H20

Total up the charges on each side and add electrons to the most positive side to equalise the charge.

2 -   + 6+   = 4+       →     no charge

therefore add 4 electrons to the left hand side.

CIO3  -         +    6H +     +     4e  -   →  CI2     +     3H20

ANALYSIS  - CHROMATOGRAPHY


Chemical analysis has a wide range of applications. In industry it is used to check the composition and purity of reactants and products.

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.

Every compound will have a unique ‘fingerprint’ for each type of chromatography

· How are compounds identified in paper chromatography or TLC?
· How are compounds identified in column chromatography methods?

 Which graph, A, B or C trace shows the smallest molecules? How do you know? 
CHemical Analysis – volumetric 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. An indicator may be needed to show the ‘end point’ or the point at which the reaction is just complete

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

· Calculate the exact concentration of a solution of sodium hydroxide made by dissolving 4.02 g of NaOH in 500.0 cm3 of water in a standard flask.
REdox Titrations
Iron tablets contain iron(II) sulphate. Potassium permanganate can be used to analyse the tablets to determine (find out) how much iron a tablet contains.

In the reaction, the oxidising agent potassium permanganate oxidises iron(II) ions to iron(III) ions.

What to do.

Accurately weigh out one iron tablet.

Dissolve the tablet in about 100 cm3 water using heater and a stirrer. Transfer the solution to a 250.0 cm3 standard flask. Wash the beaker repeatedly and transfer the washings to the standard flask. Top up the level to the 250.0cm3 mark. 

Fill the burette with acidified potassium permanganate. Using a pipette, transfer 25.0 cm3 of the iron solution into a conical flask. Titrate the solution until the pink colour of the permanganate ion is just seen. Repeat at least twice to get 2 concordant accurate titres.  

	
	Rough titre
	Accurate titre 1
	Accurate titre 2
	Accurate titre 3

	Initial burette reading (cm3)
	
	
	
	

	Final burette reading (cm3)
	
	
	
	

	Volume used (cm3)
	
	
	
	


Average of the concordant titres (within 0.2cm3) =
Mass of one tablet =  

1 Write the 2 half equations. Multiply through so the number of electrons is the same on both sides of the equation. Combine the 2 half equations to give the overall redox equation.

2. Calculate the number of moles of iron sulphate in solution
3. Calculate the mass of iron sulphate in the tablet
4. Why is no indicator needed for the reaction.
Analysis of citric acid content of sweets

Carry out the experiment analysis of sweets

A common ingredient in gum is citric acid. It gives a sharp, refreshing citrus flavour. 

Citric acid can be neutralized by an alkali such as sodium hydroxide. Using a known concentration of sodium hydroxide, the quantity of citric acid can be determined using an acid -base titration. The indicator phenolphthalein is used to show when the citric acid has just been neutralized by the 

sodium hydroxide.



   + 3 NaOH   →                                                                    + 3 H2O 

	
	Rough titre
	Accurate titre 1
	Accurate titre 2
	Accurate titre 3

	Initial burette reading (cm3)
	
	
	
	

	Final burette reading (cm3)
	
	
	
	

	Volume used (cm3)
	
	
	
	


Average of the concordant titres = 
Mass of sweet used =
·  Calculate the % by mass of the citric acid monohydrate.
· The manufacturers allowed range is 1.9 – 2.1 %.
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