Green Chemistry Revision
Crude oil is a source of hydrocarbons which can be used as fuels or for processing into petrochemicals.  Octane, C8H18, is one of the alkanes present in petrol. Carbon dioxide is formed during the complete combustion of octane. 
C8H18 + 12½O2 ( 8CO2 + 9H2O
(1) 
What is the general formula for an alkane?................................................................................................ [1]
(2)
 Carbon monoxide, CO, is formed during the incomplete combustion of octane.  Write an equation for the incomplete combustion of octane, forming carbon monoxide and water. ..................................................................................................................................................................... [1]
Why does incomplete combustion sometimes take place?.........................................................................

..................................................................................................................................................................... [1]
(3) 
In cars fitted with a catalytic converter, two toxic gases, CO and NO, react together to form two non-toxic gases.   Write an equation for the reaction between CO and NO in a catalytic converter and outline the stages that take place in a catalytic converter to allow CO to react with NO.

......................................................................................................................................................................

......................................................................................................................................................................

......................................................................................................................................................................

..................................................................................................................................................................... [4]

(4) 
Oil companies process hydrocarbons, such as octane, into branched and cyclic hydrocarbons that promote efficient combustion in petrol. Draw the skeletal formulae of a branched hydrocarbon and a cyclic hydrocarbon, each containing eight carbon atoms.                                                                                    [2]
(5) 
Some scientists believe that increased CO2 levels arising from the combustion of hydrocarbons lead to global warming because CO2 is a greenhouse gas. Carbon capture and storage, CCS, is being developed as a method for removing CO2 produced by combustion.  Different gases have different contributions to global warming. State two factors that affect the contribution of a greenhouse gas to global warming.

.....................................................................................................................................................................

.....................................................................................................................................................................

..................................................................................................................................................................... [2]

Outline two methods that could be developed to achieve carbon capture and storage, CCS.

.....................................................................................................................................................................

.....................................................................................................................................................................

..................................................................................................................................................................... [2]
(6)
 Catalysts are increasingly being used in chemical processes.  A catalyst speeds up a reaction without being consumed by the overall reaction. A catalyst provides an alternative reaction route with a lower activation energy.  Chlorine radicals, Cl •, catalyse some reactions.  Choose a reaction that you have studied that is catalysed by chlorine radicals.  Write down an equation for the overall reaction and show how chlorine radicals are not consumed by the overall reaction.
.....................................................................................................................................................................

.....................................................................................................................................................................

..................................................................................................................................................................... [3]
(7) 
Chemical companies are using catalysts to develop processes that are more sustainable.  These processes reduce costs and are less harmful to the environment.  Suggest two ways in which the use of catalysts helps chemical companies to make their processes more sustainable.

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................

..................................................................................................................................................................... [4]
(8) 
Chlorofluoroalkanes, CFCs, were developed from fluoroalkanes and were used in aerosols and as refrigerants. Under the Montreal Protocol, CFCs are now largely banned because of their ozone-depleting properties. CFCs have now been replaced in many applications. Suggest two reasons why there is still concern about ozone depletion.

.....................................................................................................................................................................

.....................................................................................................................................................................

..................................................................................................................................................................... [2]
(9) 
Fluoroalkenes are used to make polymers. For example, PVF, (CH2CHF)n, is used to make non-flammable interiors of aircraft.  Draw two repeat units of the polymer PVF showing all bonds and the structure of the monomer of PVF.                     






                                        [2]
(10) 
Once polymers have been used, they become waste. Outline two ways that waste polymers are processed usefully, rather than just dumped in landfill sites.

.....................................................................................................................................................................

.....................................................................................................................................................................

..................................................................................................................................................................... [2]

(11)
 Ethanol, C2H5OH, is manufactured on a large scale for a wide range of uses such as alcoholic drinks, as an industrial solvent and as a raw material for the synthesis of many organic compounds.  Ethanol, C2H5OH, is manufactured on a large scale by two methods:

• 
Fermentation, using yeast, of sugars, such as glucose, C6H12O6.

C6H12O6(aq) ⎯→ 2C2H5OH(aq) + 2CO2(g)   The ethanol is then distilled off.

• 
Hydration of ethene, C2H4, with steam in the presence of an acid catalyst.

C2H4(g) + H2O(g) ⎯→ C2H5OH(g)

Compare the sustainability of these methods of manufacturing ethanol in terms of availability of starting materials and energy requirements and atom economy.  In your answer, you should make clear how the atom economy of the processes links with chemical theory.

.....................................................................................................................................................................

.....................................................................................................................................................................

.....................................................................................................................................................................
.....................................................................................................................................................................
.....................................................................................................................................................................
.....................................................................................................................................................................
..................................................................................................................................................................... [7]
(12)
CFCs and carbon dioxide affect the Earth’s atmosphere.  CFCs form chlorine radicals, Cl, in the atmosphere. Chlorine radicals are one of the factors responsible for depleting the ozone layer in the stratosphere. The equations below represent two steps that occur during this process.  Complete these equations and construct an overall equation for the reaction.

Cl    +    O3    (    ClO    +    ………

.….    +     O    (     Cl      +       O2
……………………......................    overall equation                                             [2]
Concern about the consumption of fossil fuels and excessive emissions of carbon dioxide from cars has led to moves to cut down on car usage.   Heptane, C7H16, is a component in petrol.  Construct a balanced equation for the complete combustion of heptane.

.................................................................................................................................................................... [2]

Gases such as CO2 contribute towards the ‘Greenhouse Effect’.  What happens to CO2 molecules in this process?.......................................................................................................................................................

..................................................................................................................................................................... [2]
