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Teacher Background Information:
Methane and propane are linear singly-bonded hydrocarbons called alkanes.  The alkanes are non-polar, insoluble in water, less dense than water and flammable in air.  They have similar chemical properties but gradually changing physical properties as the length of the carbon chain increases.  They can be solids, liquids or gases at room temperature depending on their chain length.  The first ten alkanes are shown below.  They are structurally similar – with each successive alkane differing from the previous by a repeating unit of –CH2- (a methylene unit).  
Alkanes

Name
     # Carbons    Structural Formula
Methane
1
 
  CH4
Ethane

2
             CH3CH3
Propane
3                      CH3CH2CH3
Butane

4
         CH3CH2CH2CH3
Pentane  
5
      CH3CH2CH2CH2CH3
Hexane   
6               CH3CH2CH2CH2CH2CH3 
Heptane 
7             CH3CH2CH2CH2CH2CH2CH3
Octane    
8           CH3CH2CH2CH2CH2CH2CH2CH3
Nonane   
9        CH3 CH2 CH2CH2CH2CH2CH2CH2CH3
Decane  
10    CH3CH2CH2CH2CH2CH2CH2CH2CH2CH3
The alkanes with 1-4 carbon atoms are gases at room temperature and are primarily used as heating fuels.  The alkanes with 5-8 carbon atoms are liquids at room temperature and are very volatile and are used to make gasoline.  The alkanes with 9-17 carbon atoms are also liquids at room temperature, but have higher boiling points and are found in kerosene, diesel, and jet fuels.  The alkanes with 17 or more carbon atoms are solids at room temperature.
In combustion reactions alkanes react with oxygen to produce CO2 and H2O and energy in the form of heat.
Alkane   +   O2     (    CO2   +    H2O   +     heat
If combustion is incomplete, due to a lack of oxygen gas, then carbon dioxide, carbon monoxide (a common pollutant) and carbon may form in addition to water and heat.  The production of carbon monoxide can have serious environmental implications.
The two alkanes that will be the focus of this activity are methane and propane.  Their structures are shown below:
   Methane:
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Propane:
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The complete combustion reactions of methane and propane are shown below:
Methane:   
CH4   +   2O2     (    CO2   +    2H2O   +     heat

Propane:  
C3H8   +   5O2     (    3CO2   +    4H2O   +     heat
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Methane combustion showing molecular rearrangement
Methane and propane are popular fuel sources in both the USA and Canada.  They are both by-products of natural gas processing and crude oil (petroleum) refining.  Although natural gas refining separates out the methane from its other components, methane is often referred to as “natural gas.”
Natural Gas (Methane)
Natural gas is a combustible, gaseous mixture of simple hydrocarbon compounds, usually found in deep underground reservoirs formed by porous rock.

Natural gas is a fossil fuel composed almost entirely of methane (CH4), but does contain small amounts of other gases, including ethane, propane, butane and pentane. 
Natural gas is used extensively in residential, commercial and industrial applications. It is the dominant energy used for home heating in both Canada and the USA.  
The use of natural gas is also rapidly increasing in electric power generation and cooling, and as a transportation fuel.  Natural gas is a clean burning fossil fuel, producing primarily carbon dioxide, water vapor and small amounts of nitrogen oxides.  Other fossil fuels are coal and oil, which together with natural gas, account for about 88 percent of all energy consumption.
How was Natural Gas Formed?

The prevailing scientific theory is that natural gas was formed millions of years ago when plants and tiny sea animals were buried by sand and rock. Layers of mud, sand, rock and plant and animal matter continued to build up until the pressure and heat from the earth turned them into petroleum and natural gas.
Methane from Biogas

Although methane is derived predominantly from non-renewable sources, methane can also obtained by the anaerobic digestion of wastes.

Anaerobic digestion of wastes provides biogas.  Biogas contains about 60% methane that can be 
used to generate electricity or used for heat or for fuel for vehicles. Any animal manure, human 
sewage or food waste will produce methane during anaerobic digestion.  Biogas can be cleaned to yield purified methane that can be used in the natural gas pipelines.  

Methane from biogas is an excellent alternative energy source.  Using methane for energy helps the 
environment by replacing the use of non-renewable fossil fuels with renewable energy and by 
taking the methane out of the atmosphere.  Methane is a greenhouse gas that has 21 times the 
heating effect as carbon dioxide.  Biogas methane is renewable unlike natural gas which is a non-renewable fossil fuel.
Propane

Propane, C3H8, is used as a household and industrial fuel. Propane is used in organic synthesis, the manufacture of ethylene, as an extractant solvent, refrigerant, gas enricher, an aerosol propellant, and in mixtures for bubble chambers.

Propane, C3H8, is an energy-rich gas. It is one of the liquefied petroleum gases (LP-Gas or LPGs) that are found mixed with natural gas and oil.  Propane and other liquefied gases, including ethane and butane, are separated from natural gas at natural gas processing plants, or from crude oil at refineries. The amount of propane produced from natural gas and from oil is roughly equal. 

Propane naturally occurs as a gas. However, at higher pressure or lower temperatures, it becomes a liquid.  Because propane is 270 times more compact as a liquid than as a gas, it is transported and stored in its liquid state.  Propane becomes a gas again when a valve is opened to release it from its pressurized container.  When returned to normal pressure, propane becomes a gas so that we can use it. 

Although propane accounts for less than 2 percent of all energy used in the USA and Canada, it has some very important uses.  Propane is the most common source of energy in rural areas that do not have natural gas service. It is used for heating homes, heating water, cooking and refrigerating food, drying clothes, and fuelling gas fireplaces and barbecue grills.

On farms, it is used to dry corn and power farm equipment and irrigation pumps. Businesses and industry use propane to run their fork lifts and other equipment.  About 45 percent of propane is used by the chemical industry as a raw material for making plastics, nylon, and other materials.  While only a small fraction of propane is used for transportation, it is the largest alternative transportation fuel in use today. Instead of gasoline, propane is often used to fuel fleets of vehicles used by school districts, government agencies, and taxicab companies.  In recreational pursuits, hot air balloons use propane to heat the air that makes them rise.
History of Liquefied Petroleum Gases

Liquefied petroleum gases were discovered in 1912 when an American scientist, Dr. Walter Snelling, discovered that these gases could be changed into liquids and stored under moderate pressure. The LP-gas industry got its start shortly before World War I when a problem in the natural gas distribution process popped up. A section of the pipeline in one natural gas field ran under a cold stream, and the coldness led to a lot of liquids building up in the pipeline, sometimes to the point of blocking the entire pipeline. Soon, engineers figured out a solution: facilities were built to cool and compress natural gas, and to separate the gases that could be turned into liquids (including propane and butane).

Propane is a non-renewable fossil fuel, like the natural gas and oil it is produced from. Like natural gas (methane), propane is colorless and odourless.  Although propane is nontoxic and odourless, foul-smelling mercaptan is added to it to make gas leaks easy to detect.  Propane is a clean burning fossil fuel, which is why it is often chosen to fuel indoor equipment such as fork lifts.  Its clean burning properties and its portability are the reasons it is popular as an alternative transportation fuel.  Propane-fuelled engines produce much fewer emissions of carbon monoxide and hydrocarbons compared to gasoline engines. Like all fossil fuels, propane emits water vapor and carbon dioxide, a greenhouse gas. 

The price of propane is closely linked to the price of natural gas and crude oil, in part because it is derived from these commodities, but also because it competes directly with natural gas and fuel oils in primary markets.  This connection means propane prices fluctuate seasonally with weather conditions, and can swing widely in response to events affecting those commodities.  
Fuel Comparisons:  
Natural Gas and Propane (compared with carbon (coal)):

C(s) + O2(g) ( CO2(g)
∆H = -393.5 kJ/mol

CH4(g) + 2 O2(g) ( CO2(g) + 2H2O(l) ∆H = -890 kJ/mol

C3H8(g) + 5 O2(g) ( 3CO2(g) + 4H2O  ∆H = -2220 kJ/mol
Fuel

Heat released per gram of fuel
C(s)

34 kJ
CH4(g) 

55.6 kJ
C3H8(g)

50.5 kJ
Fuel

Heat released per mole of CO2 released
C(s)

393.5 kJ
CH4(g) 

890 kJ
C3H8(g)

740 kJ

CH4(g) and C3H8(g) release more energy per gram and can be considered to be “cleaner” fuels.
In this activity, students will first view the combustion of methane by teacher demonstration.  This should generate student interest in the topic and give students an idea of how violent combustion reactions are.  After the demonstration, students will read a letter written to a chemical expert on fuel sources and, acting as the expert, respond, in detail, to the letter.  This will require considerable research on the students’ part.  There are also several extension questions and stoichiometry activities to complete as an optional assignment.

Teacher Demonstration:  Combustion of Methane

Materials:  

· Clean, empty paint can

· Rubber hose 

· Natural gas valve/source

· Matches

· Hammer

· Screwdriver

Procedure:

1. Puncture the lid of the paint can (in the center) by hammering the screwdriver through the lid while it is in place on top of the can.

2. Puncture the side (near the bottom) of the paint can using the same procedure described in 1 above.

*See diagram below for puncture points.

      #1



   

#2

3. Hammer the lid onto the paint can so that it is tight.

4. Attach rubber tubing to the gas supply valve and insert the other end of the tubing into puncture point #2. 

5. Turn on the gas supply and flush the entire can with methane gas (1-2 minutes).

6. Remove the hose and turn off the gas supply.

7. Ignite the top of the paint can with a match (you should see a flame).

8. Stand back and make sure that no one is close to the can.

9. The oxygen will slowly begin to replace some of the methane in the can by entering through the holes in the can.  When it reaches the optimum ratio (apparently 9:1 air: methane) of oxygen and methane for combustion, a loud “pop” will be heard and the lid will fly (upwards) with heat and flame.  This could take anywhere from 5 -15 minutes.  (You will see the flame sink lower and lower into the can so that it won’t be visible after a while).  

*I usually tell students that the experiment did not work because they expect a bang to happen immediately.  I tell them that we will have to wait until the flame goes out by itself before we can repeat the experiment and I just continue on with teaching.  After about 10 minutes, the can explodes and takes the students by complete surprise!

Note:  The same paint can could be used again in future experiments (as long as the seal remains tight between the lid and the can)

Questions to ask students after the can explodes:

1. What type of reaction occurred? (Combustion)

2. Was the reaction endothermic or exothermic?  How do you know?  (Exothermic; flame indicates that heat is released)

3. Write the balanced chemical reaction occurring. (CH4   +   2O2    (  CO2   +  2H2O  +   heat)

4. Explain why the reaction could not be done again in the same paint can right away. (H2O is formed and the can will be wet!)

5. Why didn’t the can explode immediately after lighting?  (Methane doesn’t combust without oxygen present)   

6. Would propane work for this demo? (No!  Propane is too dense and won’t rise to the top of the can.) 
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Consumers in the USA and Canada are interested in the different fuel source options.  Below is a typical letter written by a consumer to a chemist who is an expert with respect to fuel sources.  The students’ task is to research the specific information and respond in as much detail as possible to the question posed, acting as the chemical expert.
Consumer Question:

I'm getting close to buying a small retirement home.  I am looking primarily in Northern Manitoba, Canada and in Northern Minnesota, USA.  All of the properties I'm considering are in rural areas and have either natural gas or propane gas heating systems.  Some friends are strongly encouraging me to buy a home relying on propane gas for heat, while others strongly suggest natural gas (methane). I am interested specifically in: 

· Which fuel, natural gas or propane, is the most cost-effective (now and in the future)?
· Is it more efficient and cost-effective to try to run all your appliances with similar fuel (we plan to convert to a natural gas fireplace (from wood-burning) and purchase a stove that runs on natural gas)?
· We also plan to purchase a barbeque.  Which fuel, natural gas or propane, would be best?
· How do propane and natural gas compare cost-wise with electric or oil heat?

· Which fuel, natural gas or propane, is more heating efficient?

· Which fuel, natural gas or propane, is more convenient to supply, being that we live in a rural community?

· What are the differences in fuel prices in Canada and the USA?

· What are the environmental impacts of natural gas vs. propane?

Any feedback regarding the propane vs. natural gas issue would be greatly appreciated.
Signed,

Fuelled with Uncertainty

Having read the consumer question, students should research the specific information requested and respond to the letter.
Extension Questions Regarding Fuel Types (Optional):
1. Why is ethane not used to heat homes?  (Recall that in terms of chain length, ethane is between methane and propane).

2. What is ethane used for, if not as a fuel in heating homes?

3. What are the pros and cons of the following fuel types for residential consumers?

· Fuel Oil 
· Electricity 
· Natural Gas 
· Propane Gas 
4. What are some uses of methane, other than for heating homes?
5. What are some uses of propane, other than for heating homes?

6. Describe the process for separating natural gas into its usable components, such as methane or propane.

7. Describe the process of crude oil refining in the production of propane.

8. Propane is used in one of the steps for preparing chickens for consumers.  Describe what “propane singeing” is. 
9. Discuss the feasibility of transporting methane vs. propane.

10. Which gas, methane or propane, is more at risk of exploding?

11. What are some alternative sources of methane and propane (apart from natural gas processing and crude oil refining)?

12. Why is methane considered to be a “renewable” fuel, even though it mainly comes from a non-renewable source?  (i.e., Where else can you get methane from in significant amounts?)

13. What percentage of methane in the atmosphere comes from the flatulence of livestock?

14. What are the main factors that drive the prices of methane and propane gas?

15. Discuss the availability in certain locations of methane vs. propane gas in the USA and Canada.

16. Where is the largest source of both methane and propane in Canada?

17. Propane has been considered as an automotive fuel.  Research this topic and discuss the pros and cons.

18. Research and discuss the usage of methane from biogas in Canada and the USA.  What percentage of methane used in these countries comes from this renewable energy source?

Extension Activities:  Stoichiometry in Combustion Reactions (Optional)
Methane burns in air according to the following balanced equation,
CH4(g)  +   2O2     (    CO2   +    2H2O   +     890 kJ/mol
while propane burns in air according to the following balanced equation

C3H8(g)  +   5O2     (    3CO2   +    4H2O   +     2220 kJ/mol
1. The major component of natural gas used by utility companies is methane, CH4; the gas used in gas barbecues, etc., is propane, C3H8. Assuming that each of these gases burns completely, compare the amount of energy released by each a) in terms of kJ/mole of CO2 produced, and b) in terms of kJ/g of fuel.  
Are both fuels equally polluting (based of moles of CO2 formed per kJ of energy produced)?

2. Natural gas is mostly ethane but it also contains some ethane and propane.  The enthalpies of combustion (∆Hcomb) of methane, ethane and propane are -890, -1560 and -2220 kJ/mol, respectively.

a) Calculate the amount of heat released per mole of carbon dioxide produced for the three gases.

b) Would natural gas or pure methane generate less carbon dioxide for the same amount of heat released?

c) Would natural gas or pure methane generate more energy for the same mass?
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Online Resources:





Hundreds of Industrial uses of Propane:


� HYPERLINK "http://www.npga.org/i4a/pages/index.cfm?pageid=817" �http://www.npga.org/i4a/pages/index.cfm?pageid=817�


Chickens:  From the Coop to the Refrigerator:  Propane Singeing


� HYPERLINK "http://www.bbc.co.uk/dna/h2g2/A260281" �http://www.bbc.co.uk/dna/h2g2/A260281�


Propane vs. Natural Gas (methane) for BBQ’s:


� HYPERLINK "http://www.homefurnish.com/patiolawngarden/barbecuegrill/propanevsnaturalgas.aspx" �http://www.homefurnish.com/patiolawngarden/barbecuegrill/propanevsnaturalgas.aspx�


Propane in Canada:


� HYPERLINK "http://www.propanegas.ca/FileArea/PGAC/Propane_FactSheet_E.pdf" �http://www.propanegas.ca/FileArea/PGAC/Propane_FactSheet_E.pdf�


Natural Gas Liquids Pricing (Canada):


� HYPERLINK "http://www.centreforenergy.com/silos/NaturalGasLiquidsPrices/NGL-Pricing.asp" �http://www.centreforenergy.com/silos/NaturalGasLiquidsPrices/NGL-Pricing.asp�


Price Comparisons of Home Heating Fuels (from an Arizona Wood-Burning Sales Industry):


� HYPERLINK "http://www.outdoor-wood-furnace-boiler.com/wood-heating-costs-vs-gas-electricity.htm" �http://www.outdoor-wood-furnace-boiler.com/wood-heating-costs-vs-gas-electricity.htm�


Propane Pricing:


� HYPERLINK "http://findarticles.com/p/articles/mi_qa5410/is_/ai_n21314338" �http://findarticles.com/p/articles/mi_qa5410/is_/ai_n21314338�


BBQ:  Natural Gas vs. Propane vs. Charcoal:  The Endless Debate:


� HYPERLINK "http://cooking.savvy-cafe.com/bbq-natural-gas-vs-propane-vs-charcoal-the-endless-debate-2007-06-11/" �http://cooking.savvy-cafe.com/bbq-natural-gas-vs-propane-vs-charcoal-the-endless-debate-2007-06-11/�


Different Types of Fuels:  USA�� HYPERLINK "http://showcase.netins.net/web/heatingair/intro.htm" �http://showcase.netins.net/web/heatingair/intro.htm� 


Methane Information;�� HYPERLINK "http://en.wikipedia.org/wiki/Methane" �http://en.wikipedia.org/wiki/Methane�


Natural Gas Prices Canada:


� HYPERLINK "http://www.energyshop.com/es/homes/gas/gaspriceforecast.cfm" �http://www.energyshop.com/es/homes/gas/gaspriceforecast.cfm�?


Combustion of Fossil Fuels:


� HYPERLINK "http://www.elmhurst.edu/~chm/vchembook/512energycombust.html" �http://www.elmhurst.edu/~chm/vchembook/512energycombust.html�











