ANSWERS: Combustion

organic molecule

equation for complete combustion

equation for incomplete combustion

methanol 2CH30H(I) + 302(g) —2CO02(g) + 4H20(0) 4CH30H(l) +302(g) — 2CO(Q) + 2C(s) + 8H.0(g)

there are other possibilities by changing moles of CO and C

butane 2C4H10(g) + 130,(g) — 8CO(g) + 10H,0O(g) C4H10(g) + 60,(g) — 2CO(g) + 2C(s) + 5H,0(g)

there are other possibilities by changing moles of CO and C
pentane CsHi2(g) + 802(g) — 5CO-(g) + 6H.0(Q) 2CsH12(g) + 902(g) — 6CO(g) +4C(s) + 12H,0(9)

there are other possibilities by changing moles of CO and C
ethanol C2Hs0H(I) + 302(g) — 3H20(g) + 2C0O4(9) CoHs0H(I) + 205(g) — CO(g) + C(s) + 3H20(9)

there are other possibilities by changing moles of CO and C
propane CsHs(g) + 502(g) — 3CO2(g) + 4H20(1) CsHs(g) + 202(g) —3C(s) + 4H20(g) \L provided in the 2008

assessment schedule

2C4Hs(g) + 705(g) — 6CO(g) + 8H20@,

although the following equation should also be accepted

CsHs(g) + 302(g) — 2C0O(g) + C(s) + 4H,0(g)

Additional questions on combustion

1) Butane is undergoing incomplete combustion as shown by the yellow flame. Incomplete combustion means there is not enough oxygen (insufficient
percentage) present in the air for all of the carbon atoms in butane to turn into carbon dioxide. Some or all of it turns into carbon monoxide or carbon
particles (soot). The hydrogen atoms react with oxygen to form water. Methanol is undergoing complete combustion as shown by the almost invisible flame.
This means there is sufficient oxygen present and all the carbon atoms react with oxygen to form carbon dioxide. The hydrogen atoms here also react with




oxygen to form water. Energy is released. Complete combustion is a more efficient producer of energy than incomplete combustion.

2) Carbon particles / particulates produced can affect the lungs if breathed in, and can cause respiratory problems including asthma and even lung cancer.
(They can also get into the arteries and clog them, leading to heart disease.)

« Carbon particles / particulates can scatter solar radiation. Large amounts of carbon can act as a blanket, blocking solar radiation, reducing efficiency of
photosynthesis

» CO is a dangerous gas as it acts like a poison by combining with haemoglobin in the blood. CO forms a stable compound with haemoglobin, preventing
oxygen from being carried to the parts of the body that need it. The person dies by suffocation.

» CO; is one of the greenhouse gases. It contributes to the greenhouse effect because it causes heat energy to be radiated back to earth and subsequently
global warming occurs.

3) Propane is undergoing incomplete combustion. It produces CO and/or C (soot) plus water.

Methanol is undergoing complete combustion. It produces CO; plus water.

Environmental effect:

The incomplete combustion of propane has the greater effect on the environment:

« carbon particulates produced act as air pollutants which can coat buildings, affecting plants, and human health, etc.

o CO is adangerous gas

e incomplete combustion involves reduced energy efficiency.

OR

The complete combustion of methanol has the greater effect on the environment because it produces large amounts of CO, which contributes to the
greenhouse effect and subsequently global warming.

4) Methanol reacts with oxygen in both types of combustion. Complete combustion requires plenty of oxygen, producing carbon dioxide and water.

Incomplete combustion occurs when there is insufficient oxygen present for complete combustion to occur, and produces carbon (or soot) / carbon monoxide

and water.

5) Pentane burns with less complete combustion thus there will be an orange sooty flame producing more carbon, carbon monoxide and less carbon dioxide
than ethanol, which will produce more carbon dioxide because its combustion will be more complete. Ethanol will burn with a colourless flame.
OR

If complete combustion only considered then pentane will release more moles of CO, and have a larger affect on the environment. Combustion of these fuels

leads to more CO; in the atmosphere. This contributes to the greenhouse effect which affects global warming. Pentane produces less CO2 but more C
and CO. Carbon (soot) and carbon monoxide in the atmosphere also increases the greenhouse effect as well as being harmful to human health. (Carbon
monoxide generally does not hang around long in the air, it reacts with oxygen to form carbon dioxide.)



6) Either fuel can be justified as having a larger impact

Propane:

* Incomplete combustion /CO and C / soot (and water)

¢ C3Hg + 20, — 3C + 4H,0

e C3Hg + 320, — 3CO + 4H,0

* Health effect — CO is a poisonous gas that can lead to possible brain damage and death, C can irritate the lungs and lead to respiratory problems.
* Reduced energy efficiency.

Ethanol:

» Complete combustion / CO; (and water)

* Health — non toxic C,HsOH + 30, — 2CO; + 3H,0

» CO; is a greenhouse gas, CO, produced in enclosed spaces can result in asphyxiation for humans
» Maximum energy efficiency with complete combustion

Accept equations for incomplete combustion in lieu (or as well as) those of complete combustion.

7) Organic compounds are used as fuels because they burn (combust) easily and produce large amounts of energy. Complete combustion occurs when
sufficient oxygen is present for the compound to form carbon dioxide and water. In incomplete combustion, less oxygen is available so some soot (carbon) or
carbon monoxide is formed.

8) Incomplete combustion produces carbon monoxide and soot as products. Soot can cause irritation of the lungs — respiratory problems (bronchitis, asthma
etc). Carbon monoxide can cause decrease in oxygen in blood, leading to possible brain damage and death (due to binding with haemoglobin in red blood
cells, so carbon monoxide rather than oxygen is carried around the body).

9) Ethanol adds less CO; to the atmosphere than the same amount of propane, but more of the ethanol would have to be burned to produce the same amount
of energy — the extra CO2 could increase the problems caused by the greenhouse effect eg global warming, ice cap melting, sea levels rising, droughts etc.

» ethanol cleaner burning, refer to soot, link to particulate health problems.

« propane more likely to undergo incomplete combustion releasing CO, a poisonous gas that can attach to haemoglobin.

* since propane is a gas the filling of cylinders with gas under pressure is more dangerous and in the case of an accident propane could be more likely to
cause an explosive combustion reaction.

» ethanol spills can be diluted with water but propane is insoluble in water.

« the social implications of having ethanol available at retail outlets in large quantities could be huge as it is the only alcohol that can be consumed by
humans.

Note: economics not a valid point of comparison here
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