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…… all you need to know
GREEN CHEMISTRY CHECKLIST

Percentage yields and atom economy

(k)
carry out calculations to determine the percentage yield of a reaction;

(l)
explain the atom economy of a reaction as: 

molecular mass of the desired products
X 100;
sum of molecular masses of all products

(m)
explain that addition reactions have an atom economy of 100%, whereas substitution

reactions are less efficient;

(n)
carry out calculations to determine the atom economy of a reaction;

(o)
describe the benefits of developing chemical processes with a high atom economy in terms of fewer waste materials;

(p)
explain that a reaction may have a high percentage yield but a low atom economy.

Hydrocarbons as fuels

(j)
contrast the value of fossil fuels for providing energy and raw materials with:

(i)
the problem of an over-reliance on non-renewable fossil fuel reserves and the importance of developing renewable plant-based fuels, ie alcohols and biodiesel

(ii)
increased CO2 levels from combustion of fossil fuels leading to global warming and climate change;

· Alkanes make excellent fuels; they can undergo combustion and release large amounts of energy.
· However most alkanes come from crude oil, which is a non-renewable resource. Fossil fuel reserves will eventually run out.
· It is therefore important to develop fuels from renewable resources. Alcohols and biodiesel, which can both be made from plants, are two good examples of renewable plant-based fuels.
· In addition, the combustion of fossil fuels releases CO2 into the atmosphere. Increased levels of CO2 in the atmosphere cause global warming and climate change.

Industrial importance of alkenes

(k)
outline the processing of waste polymers by:

(i)
separation into types (ie PTFE, etc.) and recycling,

(ii)
combustion for energy production

(iii)
use as a feedstock for cracking in the production of plastics and other chemicals;

(l)
outline the role of chemists in minimising environmental damage by:

(i)
removal of toxic waste products, ie removal of HCl formed during disposal by

combustion of halogenated plastics (ie PVC),

(ii)
development of biodegradable and compostable polymers, ie from isoprene (2-methyl-1,3-butadiene), maize and starch.

· Polymers are very useful substances made from alkenes. However they are difficult to dispose of because they are non-biodegradable.
· There are three sustainable ways to dispose of polymers (ie not just burying them or incinerating them):

· Separate them into different types of polymer and recycle them

· Incinerate them in a power station and use the energy released to generate electricity
· Crack them in order to turn them into smaller molecules, which can be used to make other materials or more plastics

· Halogenated plastics (plastics which contain Cl, Br or I atoms) such as PVC pose an additional environmental hazard; when incinerated, they produce the toxic gas HCl.
· Chemists have been able to design ways of removing toxic waste products such as HCl before they get into the atmosphere. A base or carbonate is put into the incineration chimney, and this reacts with the HCl gas, neutralising it before it is released (eg CaO + 2HCl ( CaCl2 + H2O)
· Chemists have also been trying to develop biodegradable and compostable polymers. Biodegradable polymers can be made from maize, starch and 2-methyl-1,3-butadiene (isoprene).

Uses of halogenoalkanes

(f)
explain that CFCs:

(i) were developed as aerosols, refrigerants, and in air-conditioning because of their low reactivity, volatility and non-toxicity,

(ii) have caused environmental damage to the ozone layer;

(g)
outline the role of green chemistry in minimising damage to the environment by promoting biodegradable alternatives to CFCs, such as hydrocarbons and HCFCs; CO2 as a blowing agent for expanded polymers.

· CFCs are halogenoalkanes in which every H atom has been replaced by a halogen atom, eg CF2Cl2. They are known to be non-toxic, volatile and unreactive.
· For these three reasons, they were developed for use in aerosols, refrigerants and in air-conditioning. They were also used as the blowing agent for expanded polymers.
· However they are now known to be responsible for damage to the ozone layer and their use is no longer allowed.
· Chemists have developed alternatives to CFCs:

· Hydrocarbons and HCFCs are now generally used instead of CFCs; hydrocarbons and HCFCs are more reactive than CFCs, which means they are broken down before they get to the upper stratosphere.
· CO2 is now used instead of CFCs as a blowing agent for expanded polymers; this has the added benefit of putting waste CO2 to good use
Catalysts

(d) explain that catalysts:
(i) affect the conditions that are needed, often requiring lower temperatures and reducing energy demand and CO2 emissions from burning of fossil fuels,

(ii) enable different reactions to be used, with better atom economy and with reduced waste,

(iii) are often enzymes, generating very specific products, and operating effectively close to room temperatures and pressures,

· Catalysts make reactions faster. This has environmental benefits as well as economic benefits:
· Using a catalyst allows you to carry out reactions at lower temperatures. This reduces energy costs and CO2 emissions from burning fossil fuels.
· Using a catalyst allows you to carry out new reactions which would not otherwise be possible. If these reactions have a higher atom economy, then there is less waste.

· Enzymes are particularly good catalysts, able to operate close to room temperatures and pressures and able to generate very specific products.

The ‘Greenhouse Effect’

(a) explain that infrared radiation is absorbed by C=O, O–H and C–H bonds in H2O, CO2 and CH4, and that these absorptions contribute to global warming;

(b) explain that the ‘Greenhouse Effect’ of a given gas is dependent both on its atmospheric concentration and its ability to absorb infrared radiation;

(c) outline the importance of controlling global warming resulting from atmospheric increases in greenhouse gases;

(d) outline the role of chemists in minimising climate change resulting from global warming by:

(i) providing scientific evidence to governments to verify that global warming is taking place,

(ii) investigating solutions to environmental problems, such as carbon capture and storage, CCS, ie the removal of waste carbon dioxide as a liquid injected deep in the oceans, storage in deep geological formations, by reaction with metal oxides to form stable carbonate minerals,

(iii) monitoring progress against initiatives such as the Kyoto protocol;

· Covalent bonds can absorb infra-red radiation. C=O, O-H and C-H bonds all do this, which means that infra-red radiation is absorbed by CO2, H2O and CH4 gases in the atmosphere.
· As a result, the infra-red radiation emitted by the earth is trapped in the atmosphere and does not escape into space. This makes the earth warmer and it is known as the “greenhouse effect” as glass in a greenhouse absorbs infra-red radiation in the same way.
· The ability of a gas to contribute to the greenhouse effect depends both on its ability to absorb radiation and on its concentration in the atmosphere.
· The ability of gases in the atmosphere to absorb some of the infra-red radiation emitted by the earth is a good thing – it keeps the earth warm. But if the concentrations of these gases increase, then the earth gets too warm. This effect is called “global warming”.

· Global warming causes the temperature of the sea to rise, which causes polar ice caps to melt. This causes flooding of low-lying areas. Global warming also needs to unpredictable changes in weather patterns around the world, which is called “climate change”.
· It is important that Chemists do what they can to minimise climate change resulting from global warming and they can do this in a number of ways:

· They can provide evidence to governments that global warming is taking place
· They can monitor progress against international agreements such as the Kyoto Protocol

· They can also find ways to remove carbon dioxide from the atmosphere (removing carbon dioxide from the atmosphere is known as carbon capture and storage, or CCS). Examples of carbon capture and storage techniques are:
(i) Injecting carbon dioxide as a liquid deep into oceans

(ii) Storing carbon dioxide in deep geological formations

(iii) Reacting carbon dioxide with metal oxides to make metal carbonates (eg CaO + CO2 ( CaCO3)
The ozone layer

(e) explain that ozone is continuously being formed and broken down in the stratosphere by the action of ultraviolet radiation;

(f) using the chemical equilibrium O2 + O ⇌ O3
(i) describe and explain how the concentration of ozone is maintained in the ozone layer, including the role of ultraviolet radiation,

(ii) outline the role of ozone in the absorption of harmful ultraviolet radiation and the essential benefit of this process for life on Earth;

(g) understand that radicals, eg from CFCs, and NOx from thunderstorms or aircraft, may

catalyse the breakdown of ozone by the following simple representation:
R + O3 ( RO + O2

RO + O ( R + O2

where R represents Cl• from a CFC or NO from nitrogen oxides;

· Ozone is created in the stratosphere when oxygen gas undergoes homolytic fission in the presence of UV light (O2 ( O + O). The O radicals then combine with oxygen to form O3. (O2 + O ( O3)

· Lower energy UV light breaks down ozone into oxygen gas (O3 ( O2 + O)

· Ozone is therefore being continuously formed and broken down in the atmosphere due to the (O2 + O = O3)

· The presence of ozone in the stratosphere is very important, as it absorbs harmful UV radiation from the sun, which would otherwise reach the earth’s surface and cause skin cancer in humans.

· Ozone can be destroyed by the presence of certain radicals in the stratosphere:

· CFCs released into the air at ground level are unreactive and so eventually migrate into the stratosphere, where the C-Cl bonds undergo homolytic fission in the presence of UV light to make Cl radicals

· NO and NO2 are produced when nitrogen in the air reacts with oxygen in the air during thunderstorms or in aircraft engines

· These radicals acts as catalysts for the destruction of ozone:

· Cl + O3 ( ClO + O2
· ClO + O ( Cl + O2
· Overall reaction O3 + O ( 2O2
· NO + O3 ( NO2 + O2
· NO2 + O ( NO + O2
· Overall reaction O3 + O ( 2O2
Controlling air pollution

(h) for carbon monoxide, oxides of nitrogen and unburnt hydrocarbons:

a. explain their formation from the internal combustion engine,

b. state environmental concerns from their toxicity and contribution to low-level ozone and photochemical smog;

(i) outline how a catalytic converter decreases carbon monoxide and nitrogen monoxide emissions from internal combustion engines by:

a. adsorption of CO and NO to the catalyst surface,

b. chemical reaction,

c. desorption of CO2 and N2 from the catalyst surface;

(j) outline the use of infrared spectroscopy in monitoring air pollution.
· Carbon monoxide (CO) is a pollutant formed by the incomplete combustion of hydrocarbons in an internal combustion engine. Carbon monoxide is a toxic gas which prevents the blood carrying oxygen.
· Nitrogen monoxide (NO) and nitrogen dioxide (NO2) are pollutants formed by the reaction of atmospheric nitrogen with oxygen in an internal combustion engine. Oxides of nitrogen catalyse the destruction of the ozone layer and react with unburnt hydrocarbons to produce a photochemical smog.
· Any hydrocarbons which do not burn at all in an internal combustion engine are released unburnt into the atmosphere and are pollutants. Unburnt hydrocarbons react with oxides of nitrogen in the atmosphere to produce a photochemical smog.
· The release of CO and NO from internal combustion engines into the atmosphere is prevented by the use of catalytic converters. These are found in the exhaust pipes of cars and catalyse the following reaction:
2CO + 2NO ( 2CO2 + N2
· Catalytic converters work in the following way:
· CO and NO are adsorbed onto the catalyst surface
· CO and NO react together to produce N2 and CO2
· CO2 and N2 are then desorbed from the catalyst surface
· Many of these pollutants contain bonds which absorb infra-red radiation. As a result, their levels can be monitored using IR spectroscopy.
Sustainability

(a)
describe principles of chemical sustainability:

(i)
using industrial processes that reduce or eliminate hazardous chemicals and which involve the use of fewer chemicals,

(ii)
designing processes with a high atom economy that minimise the production of waste materials,

(iii)
using renewable resources such as plant-based substances,

(iv)
seeking alternative energy sources such as solar energy, rather than consuming finite resources such as fossil fuels that will eventually be exhausted,

(v)
ensuring that any waste products produced are non-toxic, and can be recycled or biodegraded by being broken down into harmless substances in the environment;

(b)
explain that the apparent benefits may be offset by unexpected and detrimental side-effects;

(c)
explain the importance of establishing international cooperation to promote the reduction of pollution levels;

(d)
discuss issues of sustainability in contexts based on the principles in a–c;

Chemical sustainability is the practice of using chemical reactions in ways which minimise damage to the environment. There are five principles of chemical sustainability:
· Use as few chemicals as possible and don’t use hazardous chemicals

· Minimise waste by using high atom economy reactions

· Use renewable resources (ie from plants) whenever possible

· Use alternative energy resources such as solar energy, rather than non-renewable fossil fuels

· Ensure that any waste products are non-toxic and either recyclable or biodegradable

It is important to look at all five principles when considering sustainability, as apparent benefits may be offset by detrimental side effects.

Reducing pollution and greenhouse gases can only be achieved through internal cooperation, as sustainable processes are often more expensive and can be uncompetitive unless everyone is doing the same thing.
QUESTIONS
1) Ethene can be hydrated to make ethanol in an exothermic reaction:

C2H4(g) + H2O(g) ( C2H5OH(g)

i) In one pilot experiment, 100g of ethene was hydrated and 85 g of ethanol was produced. What was the percentage yield of ethanol?

ii) Suggest two ways in which the chemist could improve the yield of ethanol in the reaction.

iii) What is the atom economy of the reaction?
2) Glucose can be fermented to make ethanol:

C6H12O6(g)  ( 2C2H5OH(g) + 2CO2(g)

i) In one pilot experiment, 100 g of glucose was fermented and 35 g of ethanol was produced. What was the percentage yield of ethanol?

ii) What is the atom economy of the reaction?

iii) What could be done to improve the atom economy of the reaction?

3) Suggest whether achieving a high atom economy or achieving a high percentage yield is more important for the sustainability of a chemical process.
4) State the two main applications of fossil fuels
5) State two significant disadvantages of being over-reliant on fossil fuels

6) State which types of fuels are being developed to replace fossil fuels

7) Explain why these alternative fuels have neither of the disadvantages of associated with fossil fuels.
8) Why are most polymers difficult to dispose of?

9) Outline three ways in which waste polymers can be usefully processed.

10) Explain why halogenated plastics (eg PVC) are particularly hazardous to dispose of.

11) Explain how chemists minimise environmental damage when disposing of halogenated polymers.

12) State, giving examples, two other ways in which scientists have minimised the environmental damage caused by polymers.
13) State three uses of CFCs and state the three properties of CFCs which made them useful for this purpose

14) Explain how CFCs have caused environmental damage to the ozone layer

15) State three chemicals which are now widely used instead of CFCs

16) Explain two advantages of using CO2 instead of CFCs as a blowing agent for expanded polymers

17) Explain how a catalyst can save money

18) State two ways in which catalysts can reduce the environmental impact of industrial processes.

19) What is an enzyme? Give two reasons why enzymes are such effective catalysts.

20) What is the greenhouse effect?

21) Which gases are responsible for the greenhouse effect?

22) How do these gases cause the greenhouse effect?

23) Which two factors determine the contribution of a given gas to the greenhouse effect?

24) What is climate change?

25) Why is it important that we control the amount of greenhouse gases in the atmosphere?

26) Suggest two ways in which scientists can work with governments to minimise climate change resulting from global warming.

27) State three solutions which scientists are currently developing to minimise climate change. 

28)  Write two equations to show how ozone is created in the stratosphere
29) Write one equation to show how ozone is destroyed in the stratosphere
30)  Explain why it is important to maintain ozone levels in the stratosphere
31) Write two equations to show how Cl radicals catalyse the destruction of ozone

32) Write two equations to show how NO catalyses the destruction of ozone
33) Explain how carbon monoxide is formed in an internal combustion engine and why it is an environmental concern
34) Explain how nitrogen monoxide and nitrogen dioxide are formed in an internal combustion engine and why they are an environmental concern
35) Explain why unburned hydrocarbons are an environmental concern
36) Write an equation for the reaction which takes place in catalytic converter
37) Describe how a catalytic converter works in three stages
38) Describe how infra-red spectroscopy is used to monitor air pollution
39) State the five principles of chemical sustainability.
40)  Explain the importance of establishing international cooperation to promote the reduction of pollution levels.
