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Unit 2 – Nature’s Chemistry
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It is vital in chemistry you have opportunities to use, develop and consolidate literacy skills. Literacy skills are not only transferable, but are essential to success in chemistry.
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Fuels (Nat4)

Below is a list of fuels

Alcohol, diesel, oil, wood, charcoal, kerosene, paraffin, coal, methane, petrol, biogas.

1. Construct a table with 3 columns – Fuel, State, Use for fuel.
2. Complete the table using the list of fuels, classify the fuels as solid, liquid or gas and suggest a use for each fuel. 
3. Explain what is meant by the term ‘finite resource’.

4. Explain what is meant by the term ‘fossil fuel’.

5. Which of the fuels are fossil fuels?

6. Which of the fuels are renewable?

[image: image29.png]


Fire triangle (Nat 4)

Things that burn to give out energy are called fuels.

1. A fire needs three things to burn. Draw a fire triangle to show these three things.

2. Write a sentence to explain what makes the fire go out 

a) A fire extinguisher squirting cold water on a fire

b) A bulldozer moving trees out of the way of a forest fire

c) A fire extinguisher that squirts carbon dioxide onto a fire

d) A fire fighter squirting foam on a burning aeroplane
Combustion (Nat 4)

Much of our energy comes from burning substances, e.g. gas is used in the home and cars use petrol.

Burning is a chemical reaction in which energy (usually heat) is released (this kind of reaction is called an exothermic reaction). When a substance burns it reacts with oxygen. Combustion is another word for burning. A fuel is a chemical which is burned to produce energy.

a) What is meant by burning?

b) Which gas reacts when a substance burns?

c) What is meant by an exothermic reaction?

d) What is another word for burning?

e) What is meant by a fuel?

f) Why does blowing on a fire sometimes help it to burn?

g) What is the safest way to put out a chip pan fire? Explain why.
Fossil Fuels (Nat 4)

1. Name three fossil fuels.

2. What is the original source of the energy in the fossil fuels?

3. Are fossil fuels a finite resource?

4. Are fossil fuels renewable?

5. What is crude oil formed from?

6. Under what conditions was oil formed?

7. What is natural gas mostly made from?

8. Crude oil is a mixture of mostly what type of substance?

9. Describe the fractional distillation of crude oil.

10. Name the fraction used as fuels for cars.

11. Name the fraction used as fuels for aircraft.

12. Name the fraction used for fuel for trains.

13. Name the fraction used for a road surface.

14. What is combustion?

15. Is combustion a form of oxidation or reduction?

16. Is combustion exothermic or endothermic?

17. What does excess air mean?

Crude Oil  (Nat 4)

Some of these statements are correct, and some are not.

Say if each one is correct. If you think a statement is incorrect, write out a corrected version.

1
Crude oil is a renewable fuel..

2
Oil is called a 'fossil fuel' because it is made from the remains of microscopic sea animals and plants that lived millions of years ago.

3
The energy stored in oil originally came from the Sun.

4
Hydrocarbon molecules always contain hydrogen, carbon and oxygen atoms.

5
Crude oil is a mixture of different compounds.

6
The hydrocarbon molecules in crude oil all have the same number of carbon atoms in their molecules.

7
Crude oil is being formed somewhere in the world right now.

8
Crude oil is a renewable resource.

9
Crude oil contains only hydrocarbon molecules.

10
The formation of crude oil is a quick process.
Fractional Distillation (Nat 4)

Crude oil is separated into different fractions at an oil refinery
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1. Ease of evaporation

a) Which fraction evaporates easiest (in terms of boiling point)?

b) How does ease of evaporation relate to the size of the molecule?

2. Flammability

a) What is meant by a flammable liquid?

b) Which fraction is the most flammable (in terms of boiling point)?

c) How does flammability relate to the size of the molecules?

d) Explain why petrol (b.p. oC) is quite dangerous where as motor oil (b.p. oC) is much less so.

3. Colour

What happens to the colour of the fractions as the boiling point increases?

4. Viscosity

a) What is meant by a viscous liquid?

b) Which fraction is the most viscous (in terms of boiling point)?

c) How does the viscosity relate to the size of the molecules?

d) Why must motor oil of the correct viscosity be used in motor car engines?
5. Uses

a) Give a use for the refinery gas fraction

b) Give a use for the kerosene fraction

c) Which fraction would be used as road tar?

Fractions and Their Uses (Nat 4)

The fractions listed in the box can be obtained from crude oil. Each fraction has different uses.


1
Which fraction (or fractions):


a
can be used for making roads

b
is the most viscous

c
is used in jet engines

d
has the smallest number of carbon atoms in the molecules

e
is used as fuel for engines in motorbikes and most cars

f
is used as fuel for engines in lorries and trains

g
can be used for making flat roofs

h
is used for heating homes?
2
Why is crude oil separated into different fractions?
Fractions (Nat 4)
The substances in the grid are products from an oil refinery

	A
	
	B
	C

	
	fuel gas
	diesel
	petrol

	D
	
	E
	F

	
	bitumen
	kerosine
	lubricating oil


(a) Which product would consist of a mixture of hydrocarbons having

(i) more than thirty carbon atoms in each molecule?

(ii) three or four carbon atoms in each molecule? 

(iii) seven or eight carbon atoms in each molecule?

(b) Which product is more flammable than diesel but less flammable than 
petrol?

(c) Which product is a liquid that is less viscous than kerosine?

Combustion of a Hydrocarbon (Nat 4)
The chemical compounds found in crude oil and natural gas are hydrocarbons. A hydrocarbon is a molecule made up of only carbon and hydrogen atoms, e.g. butane, C4H10, is a hydrocarbon, but acetone, C2H6O, is not.

“Burning natural gas” means reacting it with the oxygen of the air. The hydrogen and carbon in the natural gas combine with oxygen, producing oxides. These products can be collected and identified.

a) What type of chemical compounds are found in crude oil and natural gas?

b) Which two elements are found in a hydrocarbon?

c) What are the two products of the burning of natural gas?

d) Draw a labelled diagram of the apparatus used to collect the products of burning a gas by arranging the four pieces of apparatus below.
[image: image2.png]



e) How can each product be identified?
f) Methane is a hydrocarbon. Petrol is a mixture of hydrocarbons. For example, petrol contains two hydrocarbons called pentane and octane. Write word equations for:


i)
the combustion of pentane


ii) 
the combustion of octane

Fuels Revision (Nat 4)

Set a question to match each of the answers below.

1.
Water and carbon dioxide.

2.
They will not last forever.

3.
Fractional distillation.

4.
When substances change from liquids to gases.

5.
It turns limewater milky.

6.
How sticky or runny a liquid is.

7.
As the molecules get bigger the boiling point increases

8.
As jet fuel

9.
They were formed over millions of years

10.
A reaction that gives out heat.

11.
They have different boiling points.

12.
How easily it is to set fire to a substance.

13.
It is burned to give out energy.

14.
Burning.
15.
Carbon monoxide and soot (carbon) can be formed

News Review (Nat 4)
Read each of the following article titles 

Explain in 3 sentences what you think the article may be about and how science is involved (hint they are all about oil)

Catalytic converters foil suicide bids 

http://news.bbc.co.uk/1/hi/health/201873.stm

'Health risks' of mowing the lawn
http://news.bbc.co.uk/1/hi/health/1375130.stm
Thieves steal converters

http://news.bbc.co.uk/1/hi/england/hereford/worcs/6170976.stm
Oil costs bring thinner bin bags

http://news.bbc.co.uk/1/hi/england/kent/7593943.stm
Renewable Sources of Energy (Nat 4)
Fuels obtained from crude oil are finite sources of energy. This means they will run out. Supplies of petrol are not renewable.

Ethanol is a fuel which can be obtained by the fermentation of sugar cane which is considered as a renewable source of energy. As a result, ethanol is being mixed with petrol for use as an engine fuel in countries where it can be economically produced in sufficient quantities, e.g. Brazil.

a) What is meant by a renewable fuel?

b) Why can sugar cane be described as a renewable source of energy?

c) Where does the energy in ethanol come from?

d) How could ethanol be produced from sugar cane?

Combustion of Hydrocarbons (Nat 5)
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These are the results obtained using the above apparatus:

	Gas
	            Combustion products

	
	A
	B

	Hydrogen
	Water
	-

	Carbon monoxide (CO)
	-
	Carbon dioxide

	Methane (CH4)
	Water
	Carbon dioxide

	Water gas (CO and H2)
	Water
	Carbon dioxide

	Producer gas
	-
	Carbon dioxide


(a) If the combustion products from a gas are both water and carbon dioxide what does this tell you about the elements present in the gas?




(b) What does the above information tell you about the elements present in producer gas?










(c) The apparatus above was used with no gas burning.  After a long time a small amount of milkiness was seen in test-tube B. What does this observation suggest? 








(d) Write a word equation for the combustion of methane.





(e) Write a chemical equation for the combustion of methane.


Biofuels (Nat 4)

1    What is a renewable fuel? 

2
Copy the table and tick the correct boxes to show if each of these fuels is renewable or non-renewable.

	
	
	Fuel
	Renewable
	Non-renewable

	
	
	petrol
	
	

	
	
	methane found with crude oil
	
	

	
	
	ethanol made from wheat
	
	

	
	
	wood
	
	

	
	
	methane made from animal droppings
	
	

	
	
	biodiesel
	
	


3
Why does using biodiesel make our supplies of crude oil last longer?

4
Jane and Sajid are talking about biodiesel:



a
Explain why Jane thinks she is not adding carbon dioxide to the atmosphere overall.


b
Explain why Sajid is correct.
Biofuels from Power Plant Emissions (Nat 4)


The text below is a shortened version of an article by Phil McKenna, published in New Scientist, 6 October 2006.
Two of the world's greatest energy users are electricity generation and transport. Both are responsible for huge quantities of greenhouse gas emissions, as most power plants and vehicles still rely on fossil fuels. Now GreenFuel and others are hoping to marry the two together with an emerging technology that uses a by-product of one to supply fuel to the other. Doing so could dramatically reduce their overall carbon dioxide emissions.

At the heart of the technology is a plastic cylinder full of algae, which literally sucks the CO2 out of a power plant's exhaust using the CO2 for photosynthesis. The algae can in turn be converted into biofuel, creating a cycle that takes the carbon from the smokestack to the gas tank before it enters the atmosphere. If successful, the technology could capture all of a power plant's CO2 emissions.

To produce fuel from CO2, the flue gases are fed into a series of transparent ‘bioreactors’, which are 2 metres high and filled with green microalgae suspended in nutrient-rich water. The algae use light energy from the sun, water and carbon dioxide to produce sugars, which they then turn into fatty oils. As the algae grow and multiply, portions of the soup are continually withdrawn from each reactor and the oils are extracted. These can then be converted into biodiesel.

One key advantage of algae farms over other sources of biofuel such as corn and soybeans is that they need much less space (New Scientist, 23 September, p. 36). In Germany, where rapeseed is the primary crop used for biodiesel, it would take up to 33 times as much land as is needed by the algae bioreactors to produce the same amount of fuel. What's more, unlike other biofuel crops, algae do not require precious commodities like fresh water or fertile land. That makes the technology suitable for use in the deserts of the American south-west and China.
1
a
What is the process in which algae use carbon dioxide?


b
What other reactant is needed for this process to take place?


c
What other substances are needed for the algae to grow?

2
The new system was being developed in the Arizona desert in the USA. Suggest why this proposed method is more likely to work well in this location than it would in the UK.

3
Suggest why the plant needs to be located near to a power station.

4
a
Explain how this process would reduce the amount of carbon dioxide being added to the atmosphere.


b
Why is this a desirable outcome?

5
Explain the advantages of producing biodiesel from algae compared to producing it from rapeseed oil.

6
Is the fuel produced by this process 'carbon neutral'? Explain your answer.

Extra challenge

7
Processes such as the one described in the article are not yet widely used. Suggest some of the problems that engineers may encounter in trying to get the systems to work.

Biomass (Nat4)


Task one 

 In the text below some words and phrases have been covered. Reconstruct the text. 

Task 2

Put the jumbled texts 1–11 into the correct order. 
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Making Hydrocarbons from Carbon Dioxide (Nat 4)
The flowchart shows one way in which carbon dioxide might be converted into hydrocarbons. (You don't need to remember the details of this method.)














1
Some of the processes in the flow chart need energy. Which are these processes?

2
If you ignore the steps in the process that require energy, the process as shown in the flowchart produces as much carbon dioxide as it takes out of the air. Explain how it still reduces the amount of carbon dioxide added to the atmosphere overall.

3
How will the overall carbon dioxide saving be affected if the energy you identified in question 1:


a
comes from a fossil-fuelled power station


b
comes from renewable resources?

4
Suggest why step A collects carbon dioxide from power stations rather than from cars and lorries.
Biodiesel (Nat 4)

Read the text and answer the questions below:

The world biodiesel output quadrupled between 2000 – 2005.  The EU says that, by 2010, 5.75% of transport fuels used should be renewable.  This would need about 25% of Europe’s arable land. Some of this land may previously have been used to grow food.  In other parts of the world, rainforests are being cut down so that animals are losing their habitats and we are reducing species diversity.
Biodiesel can be used as a fuel in a number of different ways – for example – it can be blended with petrol in varying proportions.  A blend containing only 5% ethanol can be used in petrol engines, but blends involving higher percentages of ethanol may require engines to be modified as biodiesel dissolves rubber and can thus damage car engines.
There are a number of sources of biofuel including maize and sugar beet and waste vegetable.  However, the biodiesel is less efficient and so 5-6% more is needed to produce the same level of performance

	
	                   Energy released 

	Ethanol from wheat
	1.2

	Ethanol from maize
	1.3-1.8

	Ethanol from sugar beet
	1.9

	Ethanol from sugar cane
	8.3

	Biodiesel from rape  seed oil
	3


The production of road transport biofuels from cereal grains and oilseeds has created a new market for these commodities that did not previously exist.  The US has been swept by a biofuels revolution, with over 20% of the US maize crop now used in the production of bio ethanol.

1. How did the output of biodiesel change between 2000 and 2005?

2. What percentage of ethanol can be used by all petrol engines and what problems may arise if this percentage is increased?

3. What can be used to produce biofuels and what impact does this have on the environment?

4. The table above shows the energy efficiency of different crops in producing ethanol.  Which crop would you choose to grow in Scotland to produce biodiesel?
Bio-fuels a Summary (Nat 4)

Living-organisms 
waste

corn
vegetable oil
sugarcane, rapeseed 
soya         

Biofuel is fuel made from_________________, or a by-product of the _______ they produce.  Biofuels can be made from _______, __________, ___________ and __________. Biofuel currently being produced from waste ________ _______ already are sustainable.
Toxic

Planted
pollution
expensive
 harvested


  

Biodiesel comes from plant crops that can be __________ and  ___________ every year. Two advantages of biodiesel is less _______ than regular diesel and releases less ____________ than ordinary diesel. A disadvantage of biodiesel is we can’t make enough. Biodiesel is __________.
Fermentation
 
increase 
is not used

yeast

carbon dioxide 

water

carbon neutral 
distilled
carbon dioxide

cheap

Bio-ethanol can be made by _______________. Fermentation is the process of using ________ to convert sugars into ethanol. Carbon dioxide is always produced.The fermented mixture can be ___________ to produce more concentrated bio-ethanol.  The bio-ethanol is quite _______ fuel to produce. Ethanol can be used as fuel it burns to give just ___________ ________ and ________. An advantage of bio-ethanol is crops grown for bio-ethanol production take-in ___________ ________ from the atmosphere. This goes some way towards making bio-ethanol _________ _________. A disadvantages of bio-ethanol is the price of crops can ___________. Growing plants for the production of bio-ethanol may mean that land ____________ for growing food crops. 
Methane
cooking
microorganisms
heating       carbon dioxide

lighting

Biogas is a mixture of ___________ and _____________. It is produced when _______________ digest waste material.  Biogas is burned and the energy can be used for __________ ___________ or ___________.Waste material is readily available and cheap. It’s carbon neutral. Biogas production is slowed in cool weather.
Climate Change (Nat 4)
1
Match up the sentences to explain why the temperature of the Earth can vary.

	The temperature changes over 24 hours …
	
	… because we have seasons

	The temperature changes during the year …
	
	… because of changing amounts of carbon dioxide and other gases in the atmosphere

	The temperature may change gradually over many years …
	
	… because we have day and night


3
Write down two different human activities that can increase the amount of carbon dioxide in the atmosphere.

4

The graph below shows how levels of carbon dioxide in the atmosphere have changed, and how the world temperature have changed over the last 450 000 years.
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What conclusions can you draw from this graph? 
A  Low temperatures occur when there are high levels of carbon dioxide.
B  High temperatures occur when there are high levels of carbon dioxide.
C
The high temperatures cause the high levels of carbon dioxide.
D
The high levels of carbon dioxide cause the high temperatures.

E
There may be a link between carbon dioxide in the atmosphere and the mean world temperature.
Energy and Fuels (Nat 4)

The assignment:
The following assignment will give you the opportunity to find out about sources of energy to support society’s needs.

Task

Write a summary note on energy and fuels including the benefits and risks of different energy sources and their impact on the carbon cycle 

1) Start by skim reading the article to get the gist 
2) Read the article again select what you think are the main key points.
3) Now you can make notes on the main points you have identified.  Be brief, but not so brief that your notes don't make any sense. You will need to read your notes in the future and should be able to understand what you have written.  Remember to use headings and subheadings to divide up parts of your notes where appropriate. To make effective notes use the follow techniques

· Use your own words if you can, don't just copy them out. 

· Miss words out where possible. Words like 'and' can be missed out, but some small words like 'but' can change the focus of the argument so take care! 

· Shorten words to save time and space.  Some shortenings, like 'eg', are used by everyone.
· Leave space between lines wherever there is a break or change in the argument.  If your notes are densely written they will be harder to learn. 

· Emphasise key points, ideas or writers names by underlining, highlighting, or writing them in CAPITAL LETTERS.  Also emphasise words like 'but' and 'however' if they change the focus of an argument. 

· Use headings and sub-headings to divide up your notes into smaller headings. 

· Experiment with note making and develop your own techniques.  Try making notes as a flow chart for example, or spider diagram.

Energy and Fuels New scientist September 2006 by John Pickrell
Access to cheap energy is a linchpin of modern industry and civilisation. Energy, mostly from fossil fuels, allows us to heat homes, and power factories and transportation systems. Worldwide every day, we devour the energy equivalent of about 200 million barrels of oil, but much of this energy comes from coal, gas and nuclear fuel too.
Starting with coal, and then oil and gas in the 1800s, we have plundered our fossil fuel riches to drive development. But now, an energy crisis looms. New oil sources are dwindling, and smothering greenhouse gases threaten the Earth - yet energy demands will rise by 50% to 60% by 2030. We need to rapidly develop sustainable solutions - from hydrogen cells to wind turbines - to fuel our future.
Most of the energy on Earth comes from the Sun. In fact enough energy from the Sun hits the planet's surface each minute to cover our needs for an entire year, we just need to find an efficient way to harness it. So far the energy in oil has been cheaper and easier to get at. But as supplies dwindle, this will change, and we will need to cure our addiction to oil.

Thirst for oil

Burning wood satisfied most energy needs until the steam-driven industrial revolution, when energy-dense coal became the fuel of choice. Coal is still used, mostly in power stations, to cover one-quarter of our energy needs, but its use has been declining since we started pumping up oil. Coal is the least efficient, unhealthiest and most environmentally damaging fossil fuel, but could make a comeback, as supplies are still plentiful: its reserves are five times larger than oil's.
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Today petroleum (derived from oil) provides around 40% of the world's energy needs, mostly fuelling automobiles. The US guzzles up a quarter of all oil, and generates a similar proportion of greenhouse gas emissions. The first wells were drilled 2400 years ago, but the modern oil industry was born in the 1850s.
The majority of oil comes from the Middle East, which has half of known reserves. Most experts predict we will exhaust easily accessible reserves within 50 years, though opinions and estimates vary. We could fast reach an energy crisis in the next few decades; when demand outstrips supply. As conventional reserves become more difficult to access, others such as oil shales and tar sands may be used instead. Petrol could also be extracted from coal.
Since we started using fossil fuels, we have released 400 billion tonnes of carbon, and burning the entire reserves could eventually raise world temperatures by 13°C. Among other horrors, this would result in the destruction of all rainforests and the melting of all Arctic ice. London would be as hot as Cairo, but would also be engulfed by seawater. 
Gas, naturally

Natural gas reserves could plug some of the gap from oil, but reserves of gas - some of which are in Russia, the Middle East and the - will not last into the 22nd century either. We currently use it for around one-third of world electricity generation.
Natural gas, which is mostly methane, is the cleanest fossil fuel by weight, emitting just 40% the greenhouse gases of coal and 25% of oil. As a less-polluting alternative to petrol, its use is increasing in automobiles known as liquid petroleum gas (LPG).

In the next few decades, one way for the UK and others to meet greenhouse gas reduction commitments, could be increased nuclear power generation. Currently, about 440 reactors in 32 countries generate 16% of world electricity. 
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Despite a slow decline of support for nuclear power in the west following the Chernobyl disaster in 1986, many countries, such as the US, Japan and India are now embracing the technology again. But using nuclear power to mitigate environmental damage is a double-edged sword, because disposing of nuclear waste is itself an intractable problem. Expense, safety in usual operation and terrorism are major concerns too, not to mention the fact that building new facilities can take decades.
Sustainable alternatives

Less-polluting renewable energy sources offer a more practical long-term energy solution. They may benefit the world's poor too. "Renewable" refers to the fact these resources are not used faster than they can be replaced.
The Chinese and Romans used watermills over 2000 years ago. But the first hydroelectric dam was built in England in 1870. Hydroelectric power is now the most common form of renewable energy, supplying around 20% of world electricity.
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China's Three Gorges Dam, which has just been completed, is the largest ever. At five times the size of the US's Hoover Dam, its 26 turbines will generate the equivalent energy of 18 coal-fired power stations. It will satisfy 3% of China's entire electricity demand. 
In 2003, the first commercial power station to harness tidal currents in the open sea opened in Norway. It is designed like a windmill, but others take the form of turbines, oscillating hydroplanes, flexible snake like generators, or are made of floating pontoons that rise up and down with the waves and tide.
As prices fall, wind power has become the fastest growing type of electricity generation - quadrupling worldwide between 1999 and 2005. Modern wind farms consist of turbines that generate electricity. Though it will be more expensive, there is more than enough wind to provide the world's entire energy needs.
Wind farms come in onshore and offshore forms. They can often end up at spots of natural beauty, and are often unpopular with residents. And turbines are not totally benign - they can interfere with radar and leave a significant ecological footprint; altering climate, sending wildlife diving for cover and killing sea birds. Migrating birds may have more luck avoiding them.
Scotland is building Europe's largest wind farm, which will power 200,000 homes. The UK's goal is to generate one-fifth of power from renewable sources, mainly wind, by 2020. But this may cause problems, because wind is unreliable.
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Future buildings with integrated turbines could generate 20% of their own power. 
Catching some rays

Using solar power to generate electricity has been considered since Victorian times. Today solar power is used in several ways. In thermal solar power, sunlight directly heats water in rooftop panels for household supplies, while sunlight can also be converted to electricity using photovoltaic cells, which use semiconductors to turn light into electricity.
Both types of power are intermittent sources, as they can only work in good light. Photovoltaic cells have been too expensive for widespread use, but are already popular for supplying electricity to remote locations and filling gaps in ramshackle electricity grids. Solar panels often power spacecraft too, and solar cars.

[image: image10.jpg]



New cheaper versions of photovoltaic cells could mean more energy is generated from solar than nuclear power by 2020.
In the future we may generate solar power using flexible coverings that "clothe" both buildings and people. There is even a scheme for an orbiting solar power station.

Running on empty

When oil runs out what will we fuel our cars with? This question, plus the fact the exhaust fumes are one of the greatest contributors to greenhouse gas emissions, means the race is on to find a new solution to getting around.
Biofuels have been around since the internal combustion engine. Ethanol is added to petrol in the US, and millions of cars in Brazil are run on it too. Vegetable oils are already used in Europe to produce biodiesel. Soya oil could be used for aviation too. Biofuels such as fast-growing elephant grass or saplings could be used to provide heat and electricity. Even sewage is being considered as a biofuel.
Hydrogen fuel cells have enormous potential if technical problems can be solved. Essentially a kind of battery that can be continuously refilled, fuel cells chemically react hydrogen with oxygen - producing just electricity and water.
This is a far more efficient process than burning fuel, as much less energy is wasted as heat. But it's not just useful in cars: hydrogen could also be used in power stations and electronic and portable gadgets too. Miniature fuel cells may one day oust batteries.
The problem is that catalysts and membranes have been expensive until recently. Other problems include making tanks of pressurised flammable hydrogen safe enough for cars and creating an entire fuelling station infrastructure. Combining traditional engines with fuel cells could be step in the right direction. 
Fuel cells can also use natural gas, methanol or coal - but these produce carbon dioxide. Hydrogen is not yet a completely clean either, as electricity - currently derived from fossil fuels - is needed to"crack" water to produce the hydrogen. Some cities, such as Reykjavik, already use hydrogen to power buses. But Iceland gets some electricity and over 80% of its heating and hot water from geothermal energy sources, and can produce the hydrogen emission-free. Other countries need to find ways to produce the hydrogen sustainably.

Driving efficiency

Some argue that the "hydrogen economy" is a distraction from meeting future energy needs and slowing climate change, and that we need to focus on more immediate solutions. Making social changes might be more difficult than solving technical problems.

Solutions that could be put in place right now include filtering carbon dioxide out of emissions and burying it in oil seams or under the sea.
Increasing efficiency in energy production could also yield massive savings, as it did during the oil crises of the 1970s. Methods vary from reducing the friction of trains to lowering speed limits for cars.
Producing combined heat and power with small generators at home, makes use of a lot of the energy wasted in power stations, and might one day feed energy back to the grid. Wind and solar power could also be rigged up on a rooftop near you in the future - even the Queen of England is now generating her own power from the River Thames.
The Big Question Mark Over Gasoline From Air  (Nat 4) 

New scientist 12:10 22 October 2012 by Paul Marks 
In a shipping container on a British industrial park, not far from where George Stephenson launched the world's first steam railway in 1825, another transport revolution might be beginning. Every day the machinery inside produces half a litre of purified gasoline. It sounds humdrum until you realise one thing: the only raw material used is air.

Last week, Air Fuel Synthesis (AFS), a company in Stockton, UK, revealed the first successful demonstration of an idea that dates back to the oil crisis of the 1970s: that carbon, hydrogen and oxygen can be plucked from carbon dioxide and water in air to be converted into methanol and then morphed into gasoline.

However, amidst the headlines, some media coverage overlooked the key point: the energy efficiency of the process has yet to be demonstrated. This matters because the technique uses electricity for key stages. It should not require more energy input than is gleaned from burning the fuel it produces.

The big idea is to capture atmospheric CO2 and turn it into fuel so there's no net increase in CO2 from cars and trucks fuelled by such gasoline. As long as the process is powered by renewable electricity sources such as solar, wind or tidal, using the gasoline is carbon neutral.

The AFS plant comprises a CO2 capture unit in one shipping container, with a methanol reactor and miniature gasoline refining system in another. Air is blown into a sodium hydroxide mist, snagging CO2 as sodium carbonate. A condenser collects water from the same air. To make methanol – formula CH3OH – hydrogen is generated by electrolysing the water while the carbon and oxygen come from electrolysing the sodium carbonate. The methanol is then converted to gasoline.

Following tests over the last three months, AFS chief executive Peter Harrison says the demonstrator reliably produces half-a-litre of gasoline a day. Peter Edwards ,an inorganic chemist at the University of Oxford whose team is working with a Saudi firm on similar ideas, is impressed: "I take my hat off to Air Fuel Synthesis. They have taken a concept that has been around for 35 years and gotten the process going."

But Harrison points out the demonstrator, funded with a £1.2 million, two-year investment from private backers, was built to make gasoline, "not to prove its net efficiency or energy balances".

Douglas Stephan, a chemist at the University of Toronto, Canada, also researching fuel production from CO2, describes AFS's demonstrator as "an engineering tour-de-force". But he too warns efficiency is the key. "Until a detailed assessment of the energy efficiency is enunciated, I would remain sceptical about this technology," he says.

Andrew Bocarsly, chief science advisor at Liquid Light Inc, a company in Monmouth Junction, New Jersey, aiming to synthesise chemicals like methanol from CO2, points out that many researchers worldwide have so far failed to find cost-effective and efficient ways to split hydrogen from water.
"I do wonder about the cost efficiency of their chemical conversion processes," he says, noting energy is required to back convert carbonate to gaseous CO2, to liberate hydrogen from water, to convert the hydrogen and CO2 to methanol and to transform methanol to gasoline.

AFS says demonstrating efficiency will have to wait for a bigger plant, which will fit into three shipping containers that can be dropped anywhere fuel is needed and produce 1200 litres of gasoline a day. Harrison says motorsport venues, keen to reduce their fossil fuel dependence, and some remote islands have expressed an interest in these £5 million units. "The demonstrator has given us the confidence that this next level of gasoline plant will be efficient enough," says AFS marketing manager Graham Truscott.

Harrison says the ultimate goal is to build refinery-sized plants that could compete with oil – but he says they could cost £10 billion and need serious government aid. That in turn would need serious proof of energy efficiency. Bocarsly adds: "This issue will be the test for commercialisation."

There's one more factor to consider, says Edwards: "The efficiency of this process would also have to be balanced against the cost of alternative measures like burying or dumping CO2 underground."

Task - Article review

The article above appeared in new scientist. Write a short review/summary of the article (200 words), include information about what the article was about, what chemistry is involved, how could it  help reduce CO2 levels, and what is the potential problems with the plant

The final draft of your summary should be in the following format:

Length:


1 page of A4 (no more than 250 words)

Font:



Arial

Title:



16 point font, bold, centred

Name of author(s)

and institution:

12 point font, italicised, aligned left (this is you and your school)
Summary text: 

12 point font, aligned left
Hydrocarbons (Nat 5)

Set 10 questions based on these structures.  The type of question can only be used once.

Your questions will be used for a Peer Assessment task so the more challenging the better.

	A. 

CH4




	B. 

CH2=CHCH3

	C. 
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	D.  
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	E.

CH2CH(CH3)CH2CH3

	F.

CH3(CH2)3CHCH2




Hydrocarbons (Nat 5)

Set a question to match each of the answers below.

1.
Compounds containing carbon and hydrogen only.

2.
Carbon to carbon double bond.

3.
CnH2n+2
4.
CnH2n
5.
A long chain molecule is broken down into more useful 


short chain molecules.

6.
The carbon atoms are arranged in a ring.

7.
A group of compounds with the same structure, do the same reactions have a pattern in their physical properties and fit a general formula.

8.
Same molecular formula but a different structure.

9.
There are no carbon to carbon double bonds in the molecule.

10.
It will be decolourised.
 Which hydrocarbon (Nat 5)


Mark and Iain have both been asked to build ‘ball-kit’ models of a molecule with molecular formula C3H6. They are both a bit confused when they examine the two models they built!
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a) Who has been successful?
b) Name the hydrocarbon represented by Mark’s model and write its shortened structural formula.

c) Name the hydrocarbon represented by Iain’s model and draw its full structural formula.

d) What term can be used to describe the two hydrocarbons? 
e) To which pupil’s model would the term ‘unsaturated’ apply?

f) Given two jars, each containing the C3H6 hydrocarbon, and a solution of bromine water, describe how you could carry out chemical tests to identify the hydrocarbon as either Mark’s or Iain’s molecule.
Carbon Compounds Revision (Nat 5)

Each box in the grid below shows the structure of an organic compound
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Which box (or boxes) show the structure of :

a) an alkane

b) an alkene

c) an isomer of the compound in box F

d) a unsaturated compound

e) a saturated compound

f) a cycloalkane

g) an alcohol

h) a carboxylic acid

i) a compound which would react with bromine water to produce
Hydrocarbons True/False (Nat 5)
Decide if each of the following is true or false.  If false, alter and rewrite as a true statement.

1.   Hydrocarbons contain hydrogen, oxygen and carbon only.

2.   Isomers have the same structure but a different molecular formula.

3.   Unsaturated hydrocarbons contain carbon to carbon double bonds ( C=C )

4.   Saturated hydrocarbons contain only single carbon to carbon bonds (C=C)

5.   Alkanes cause bromine solution to decolourise

6.   The structural formula for ethane is

7.   Hexane has the structural formula C6H14
8.   The molecular formula for cyclopropane is C3H6
9.   The simplest alkene is methane
10. A homologous series is a family of compounds with the same general formula and similar chemical properties

Carbohydrates 1 (Nat 4)

Carbohydrates form an important class of food made by plants. Plants use a process called photosynthesis to make food. The energy from sunlight, carbon dioxide from the air, and water are used to make glucose a carbohydrate and oxygen.

Carbohydrates supply the body with energy. When a carbohydrate burns it reacts with the oxygen in the air to form carbon dioxide and water. A lot of energy is released in the process.

1. Carbohydrates are made by what kind of living organism?

2. Why are carbohydrates an important part of the diet?

3. Where does the energy in carbohydrates come from?

4. Describe an experiment which shows carbohydrates contain energy.

5. When carbohydrates burn, what are the two products of the reaction?

6. Write a word equation for the burning of carbohydrates.
Consumer Products (Nat 4)

Decide if each of the following is true or false.  If false, alter and rewrite as a true statement.

1. Photosynthesis is the process by which plants make proteins from oxygen and water, using heat energy in the presence of chlorocytes. 

2. Carbohydrates contain Carbon, Nitrogen and Oxygen.

3. Burning a carbohydrate produces Carbon Dioxide and water.

4. Maltose and Sucrose are examples of Poly-saccharides. 

5. Iodine turns from blue to orange/red in the presence of starch. 

6. Benedict’s solution gives no result in the presence of Sucrose, but a positive test with Glucose, Fructose and Maltose. 

7. Glucose and Fructose are examples of Mono-saccharides.

8. Starch is formed by the addition of Sucrose molecules.

9.  The breakdown of starch to form Glucose is an example of an “Electrolysis” reaction. 

10.  The process of Respiration uses Glucose and Oxygen to produce Water, Carbon Dioxide and Energy. It occurs in all living cells. 

11. Fermentation is the breakdown of Glucose to form alcohol and Carbon Dioxide. It is an example of Aerobic Respiration. 

12.  Yeast is the catalyst for the Fermentation reaction. 

13.  The alcohol of compounds all contain the “hydrolysis” functional group.

14. The first member of the alcohol family is Methane.

15. An alcohol / water mixture may be separated by the technique of Filtration.

16. Enzymes such as Amylase work best at 75°C.
Digestion of Starch (Nat 4)

…………  molecules are the storage structure used by plants. Glucose (a sugar) is required by the body to provide…………………. Starch cannot be absorbed into the blood stream because the molecules are …………  ……………… In the mouth, an …………………………….. called amylase starts the digestion of starch by breaking it down into……………….. glucose molecules. The glucose molecules are then taken into the blood through the ............... ....................... and transported around the ………………………. to provide energy.
too big,     starch,      energy,   enzyme,     body,     small,  small intestine,
Carbohydrates 2 (Nat 4)
Set a question to match each of the answers below:

1. Condensation reaction

2. Carbon, hydrogen and oxygen

3. Hydrolysis reaction

4. Iodine turns blue/black

5. Benedict’s test

6. Polysaccharide

7. Photosynthesis

8. Respiration

9. Starch
10. Digestion

Respiration in Plants (Nat 4)
A student uses bean seeds to investigate the process of respiration in plants. He soaks the seeds for 12 hours, then boils 10 g of the seeds to kill them, allows them to cool. He then places them in an insulated flask, labelled A. A second batch of 10 g (unboiled) seeds is then placed in an identical flask, labelled B. Thermometers are placed in both flasks. The temperature is recorded over the next 5 hours. The results are as follows:

	Time (hours)
	0
	1
	2
	3
	4
	5

	Temp (°C) in A
	20
	19
	20
	20
	21
	21

	Temp (°C) in B
	20
	21
	23
	24
	24
	25
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1
a
In which batch of seeds was respiration taking place? Explain your answer.


b
Aerobic respiration uses oxygen to release energy from glucose. In this experiment, where did the glucose and oxygen come from?


c
Write a word equation for the reaction taking place in the living bean seeds.


d
Why are the seeds kept in an insulated flask?

2 
Which process in living organisms releases carbon dioxide into the air? 

3 
Which process in living organisms removes carbon dioxide from the air? 
4 
Why do fossil fuels contain a lot of carbon? 

5 
About 48 million tonnes of coal are burnt each year in the UK to generate electricity. Explain why many people think that burning coal is helping to increase the concentration of carbon dioxide in the air today. 

Aerobic and Anaerobic respiration (Nat 4)
Parts of the following paragraphs are wrong. These include some spelling mistakes! Rewrite the passage to correct the errors.  
Respiration is the process by dead things to release the energy in food. Respiration that uses up oxygen is known as airobic. Aerobic respiration is the breakdown of protein to release energy in a form which every cell can use in the presence of nitrogen. The equation is: 
C6H12O6 + O2 → CO2 + H2O 
The energy from respiration is used for heat to keep our bodies at 20°C, for movement and to allow emzymes to work in our cells.
Yeast can respire anaerobically in a process called distillation to produce ethanol. This is useful in beer and wine making processes. The equation for anaerobic respiration in yeast is 

Glucose → Ethanol + Carbon monoxide 
Alcoholic Drinks (Nat 4)

Decide whether each statement is true or false
1. 
Alcoholic drinks can be made from fruit or vegetables.
2. 
Oxygen gas is produced in the making of alcohol from carbohydrates

3
Yeast is required in the making of alcohol from carbohydrates

4. 
Alcohol is produced from carbohydrates by condensation reaction

5. 
A biological catalyst is called an enzyme
6. 
Alcohol is a poison

7.
 Methanol is the name of the alcohol in alcoholic drinks

8. 
Distillation is a method of increasing the alcohol concentration in alcoholic drinks

9. 
Glucose can be used to make alcohol

10.
 Fermentation is a way of separating liquids due to a difference in boiling points.

11.
Whisky (40% alcohol) is made by fermentation then distillation

12. 
At high concentrations, alcohol can destroy the enzyme responsible for making alcohol

13. 
Carbon dioxide gas is produced in the making of alcohol from carbohydrates

14. 
The manufacture of beer (5% alcohol) involves distillation

15. 
Alcoholic drinks with <  40% alcohol are called spirits

Alcohol (Nat 4)


	Table 1 Units of alcohol in different drinks

	Drink
	Number of units

	Pint of beer
	2

	Glass of wine
	1

	Single ‘shot’ of spirits
	1

	Bottle of ‘alcopop’
	2


Ethanol is a drug that can have positive and negative effects.  Many people enjoy drinking in moderation but drinking too much can have severe effects on the consumer and other people.  The ‘units’ on the side of a bottle show the amount of alcohol in a drink.  One unit of alcohol is 10 cm3.  This is roughly the amount of alcohol that your body can process in an hour.  
The recommended daily limits for alcohol consumption in adults are 3-4 units for men and 2-3 units for women.  The amount of alcohol in your blood depends on the amount of alcohol that you drink, how quickly you drink it, and how large you are.  Women, on average, are smaller than men, so a lower alcohol intake will give the same concentration in the blood. Women also metabolise alcohol more slowly than men. This is why the number of recommended units is less for women than men. 

	Table 2 Effects of alcohol at different concentrations 

	Alcohol concentration in the blood (%)
	Effects

	0.05
	You feel relaxed and more talkative. You may feel happy.

	0.10
	Your reactions are affected, and you can’t think clearly.  You may have trouble walking straight. You may be sick.

	0.14
	The blood flow to the brain is reduced.

	0.30
	You are likely to have lost control of your actions, and may be unconscious.

	0.40
	You will be unconscious and this may be enough to cause death in some people.

	0.55 and above
	Death.


Alcohol poisoning (when the blood alcohol level is very high) is a short-term result of high alcohol intake. Drinking too much alcohol on a regular basis can cause liver disease (including cirrhosis) and mental disorders, which takes several years to develop.
	Table 3 Number of deaths from some alcohol-related causes

	
	Year

	Cause of death
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008

	from liver diseases
	4712
	4871
	5266
	5288
	5359
	5718
	5749
	5767

	from alcohol poisoning
	126
	112
	127
	130
	151
	149
	157
	153

	from mental and behavioural disorders due to alcohol
	484
	430
	433
	462
	539
	506
	484
	637


Task

Choose one of the tasks from the following to carry out

1
Make a poster or a leaflet to inform young people about the effects of alcohol.

2
Carry out a survey of the number of units of alcohol in a range of different drinks.  Present your results as a poster, a table or a bar chart.

3
Use the figures on the label for the alcohol percentage and the volume of the bottle to calculate the exact amount of pure alcohol in a number of drinks.  Do the manufacturers put the exact number of units on the bottle or do they round it off?  Which would be best?

4
The drink driving limit in Britain is 0.08% alcohol in the blood.  This is a higher figure than most other European countries, which typically have a figure of 0.05%.  Write an article saying whether you think the limit should be changed or not.

5
Draw up a balance sheet for the use of alcoholic drinks.  What are the good points and what are the bad?

Alcohol Ads (Nat 4)
Task - Critically analyze the posters.  

Describe the visual messages associated with the advertisements. Identify the inferences advertisers probably want consumers to make. Make an advertisements that show the health risks of alcohol or provides information about units of alcohol

Uses of Alcohols Internet Challenge (Nat 5)

Alcohol has many different uses.  

Aside from the drinks industry, it is widely used in medicine, the fuel and cosmetic industry 
1. Find as many chemical facts about the structure, bonding, manufacture and use of ethanol. 

2. Methanol is made from natural gas.  It is the simplest alcohol and has the formula CH3OH. Find three uses for methanol.

3. Propanol (isopropyl alcohol) is made by reacting propene with water.  It is sometimes called “rubbing alcohol”. Find three uses for propanol.

4. Butanol can be made from fossil fuels, or by microorganisms breaking down dead plant material. Find three uses for butanol.
Uses of Carboxylic Acids (Nat 5)

Research the uses of the following carboxylic acids, copy and complete the table below

	Acid
	Formula
	Use

	Ethanoic acid (acetic acid)
	
	1.

2.

3.

4.

5.

	Citric acid
	
	1.

2.

3.

	Benzoic acid
	
	1.

2.

	Salts of fatty acids
	
	

	Terephthalic acid
	
	

	Hexanedioic acid
	
	


Reactions of Ethanoic Acid (Nat 5)

1
Ethanoic acid is the active ingredient in vinegar.  How can you tell from the taste that vinegar is an acid?

2
a
Name the gas given off when ethanoic acid reacts with a metal like magnesium.


b
How do we test for this gas?


c
Copy and Complete the word equation for the reaction:
magnesium  +   _______  _______  ( magnesium ethanoate +  _________.

3
a
Name the gas given off when ethanoic acid reacts with sodium carbonate.


b
How do we test for this gas?


c
Copy and Complete the word equation for the reaction:
sodium ______ + ethanoic acid ( _______ ethanoate + _______  __________ + water.
4
a
How does the strength of ethanoic acid compare with acids like hydrochloric and sulfuric acids?


b
How could you show this difference using: 



i) universal indicator?




ii) magnesium ribbon?

Medicines from Plants (Nat 4)
For over 4000 years plants containing salicylic acid and related compounds, such as willow bark, have been used to treat pain and fever. Aspirin, was a drug created by the German pharmaceutical company, Bayer, in 1899. Aspirin is acetylsalicylic acid, an ester made by reacting salicylic acid with ethanoic anhydride. It is more effective than the salicylic acid found in plants and also has less unpleasant side effects.

Morphine is a drug that can be extracted from poppies. It is a very effective pain reliever, but unfortunately it is very addictive. In an effort to reduce the addictive properties of this plant extract chemist started to tinker with the chemical structure and initially produced heroin, which gave better pain relief but was even more addictive. Then came codeine which wasn’t addictive but wasn’t as good at relieving pain either. However it was found to be very good at stopping people coughing. It is now found in many cough reliefs.

1. From which plant is salicylic acid extracted?
2. Write a word equation for the reaction used to make aspirin.
3. Morphine is extracted from which plant?

4. Why did chemists change the structure of morphine and what did they discover?

5. What is codeine used for? 















































































































Thinking skills








Problem solving








Handling Information 











carbon dioxide








E: use hydrocarbons as fuel in vehicles











hydrocarbons








D: react carbon monoxide and hydrogen together at high pressures





carbon monoxide





Jane:


My car uses biodiesel. I'm not putting any extra carbon dioxide into the air because I use biodiesel.





Sajid:


You are adding carbon dioxide, but not as much as if you were using normal diesel.





carbon dioxide





























Research skills





Presentation skills





C: use electrolysis to obtain hydrogen from water





B: heat with carbon





Literacy skills 








A: capture waste gases from fossil-fuelled power stations





● bitumen


● diesel oil


● fuel oil


● gases


● kerosene


● petrol 





hydrogen
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