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PrEParing to invEstigatE
How did you get to school today? Walk? Ride a bike? Catch a bus? Drive a car? What fuel pow-
ered your method of transportation? If you walked or biked, the fuel might have been a bowl of 
breakfast cereal. Many school buses use diesel fuel, which is made from crude oil that was formed 
over an incredibly long time by the decomposition of plants and animals. What if instead you 
could fill your vehicle’s tank and run it with recycled cooking oil? Sewage sludge? Pond scum? It’s 
not as crazy as it may at first sound.

These sources of fat or plant oil are potential starting materials for biodiesel, a type of renewable 
fuel that can be used in diesel engines. Renewable energy sources are those that can be replen-
ished in a short period of time. The materials listed above can be obtained on a much smaller 
time scale than crude oil; for example, this can be as short as a single growing season for plants. 
Crude oil resources, on the other hand, generate over such a long time that they are considered 
non-renewable.

There are various issues to consider with the different possible materials. For example, certain 
products that would normally be considered waste, such as used cooking oil headed for the 
landfill, could be turned into fuel instead.  However, even if all the used cooking oil was turned 
into biodiesel, it would be only a tiny portion of the diesel fuel used in a year. The reaction to 
form biodiesel from a starting product might create its own difficulties. For example, the reaction 
that you will use in this investigation produces both biodiesel and glycerol. But, what to do with 
all the leftover glycerol? It can be used in an application such as soapmaking, but with the large 
amounts being generated, research is being done for other ways to use it.

Canola oil, which comes from the crushed seeds of the canola plant, can be used as a starting 
material for biodiesel. The structure below shows a typical fat found in canola oil:
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The red portion of the structure represents the glycerol backbone of the fat, while the long por-
tions are the fatty acids that serve as a source of carboxylic acids in the preparation of biodiesel. 
Biodiesel synthesis breaks the bonds between the glycerol and fatty acids and adds a methyl 
group (one carbon atom bonded to three hydrogen atoms, —CH3) to the end of the fatty acid. 

The other reaction product is glycerol, which can be used in soapmaking. One of the three biod-
iesel molecules formed from the canola oil molecule above would be:

Engines designed to run on diesel fuel made from crude oil can also run on biodiesel fuel with 
little to no modification, although a blend of diesel and biodiesel is typically used. Diesel fuel is 
a mixture of hydrocarbons, molecules composed of hydrogen and carbon. Diesel contains mol-
ecules with carbon chains of 10–24 carbons. For example, one such molecule might be:

In this investigation, you will use canola oil to prepare biodiesel fuel by combining it with metha-
nol and a potassium hydroxide catalyst. Then, you will combust a sample of the fuel.

gathEring EvidEncE
Biodiesel Preparation

Use a graduated cylinder to measure 25 mL of canola oil. Pour it into a 1. 
plastic container with a screw-top lid. Record your observations of the 
oil’s appearance (color, viscosity, odor).
Add 4 mL of methanol to the oil in the container. (Caution: Methanol is  2. 
flammable and toxic. No sources of open flame should be nearby.)
Ask your instructor to slowly add 5 to 6 drops of 9 M potassium hydroxide 3. 
to the liquid in the container. (Caution: Potassium hydroxide is corrosive.)
Tightly cap the plastic container. Shake vigorously for 10 minutes.4. 
Add 0.5 g sodium chloride to the container. Re-cap and shake vigorously for several      5. 
seconds.
Transfer the liquid to a large test tube (should be able to hold at least 30–35 mL). Stopper 6. 
the top of the test tube with a cork or rubber stopper. 
Allow the test tube to sit in a rack for 30 minutes or overnight. What happens to the con-7. 
tents of the test tube?
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Biodiesel Combustion
Set up the apparatus pictured in the top photograph to measure the heat of combustion of 1. 
the biodiesel you prepared. 

Slightly bend up the pull tab of an empty, •	
clean aluminum soft drink can.  
Slide a glass stirring rod through the top •	
hole of the pull tab.
Hold the glass stirring rod horizontally and •	
set it on a ring attached to a ring stand so the 
soft drink can is suspended underneath it.
Raise or lower the ring stand so the bottom •	
of the can is ~2 cm above the wick of the 
metal sample cup you will use to burn the 
biodiesel.

Prepare the sample of biodiesel for combustion as 2. 
pictured in the bottom photograph.

Take a tea light candle in its metal cup. •	
Remove the candle from the cup.
Remove the metal circle and its attached wick from •	
the bottom of the candle. 
Set the candle aside. Place the metal circle and its •	
attached wick back in the metal cup, so the wick 
stands upright.
Decant ~5 mL of the biodiesel layer (top layer) from •	
the test tube or remove ~5 mL of the top layer using a 
dropper. Place this sample in the metal cup.
Dispose of the remaining layer according to your •	
instructor’s directions.

Record your observations of the sample’s appearance (color, viscosity, odor). Measure and 3. 
record the initial weight of the biodiesel sample with the cup and wick to the nearest 0.1 g.
Weigh ~100 g of cold water, recording the weight to the nearest gram. Pour the water into 4. 
the soft drink can. Measure and record the initial temperature of the water to the nearest 
degree Celsius.
Ignite the biodiesel sample using the wick. Once it is ignited, immediately move the metal 5. 
cup underneath the soft drink can.
As the water in the can heats, stir it gently. Allow the biodiesel sample to burn for ~5 min.6. 
Extinguish the flame by placing a watch glass over the metal cup.7. 
Measure and record the highest temperature reached by the heated water to the nearest 8. 
degree Celsius.
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Allow the metal cup and sample to cool. Measure and record the final weight of the    9. 
biodiesel sample with the cup and wick to the nearest 0.1 g.

analyzing EvidEncE
Using the temperature and weight data from heating the water in the can, calculate how 1. 
much thermal energy was used to heat the water. The specific heat capacity of water is 
4.18 J/(g · °C), meaning it takes 4.18 J to raise the temperature of 1 g of water by 1 °C.
Calculate the heat of combustion in kJ/g for the sample of biodiesel you burned. The heat 2. 
of combustion is the quantity of thermal energy given off when a certain amount of a sub-
stance burns. Assume that all of the energy released by the burning biodiesel is absorbed 
by the water.
Petroleum diesel (from crude oil) produces 43 kJ/g of thermal energy when burned. 3. 
Compare this to the thermal energy your biodiesel sample produced when it was burned.
Compare your calculated heat of combustion with those calculated by the rest of the class. 4. 
What is the class mean?

intErPrEting EvidEncE
What evidence was there that a reaction occurred      1. 
during the biodiesel preparation?
Look again at the structures of two possible biodiesel 2. 
and diesel molecules in the Preparing to Investigate sec-
tion. What similarities do the molecules have that would 
help to explain how biodiesel can be used with little to 
no modification in diesel engines? 
Draw the balanced equation for the reaction to form 3. 
biodiesel from canola oil.

rEflEcting on thE invEstigation
Is biodiesel a “better” fuel than diesel fuel from crude oil? Explain and support your 1. 
answer.
The combustion of biodiesel produces carbon dioxide (CO2. 2), a greenhouse gas. However, 
biodiesel is labeled as “carbon-neutral,” meaning it does not increase the net amount of 
carbon (carbon dioxide) in the atmosphere. Why?
What is a potential concern with diverting food crops to the production of biodiesel? 3. 
Suppose that you wanted to make biodiesel for your own car using the method in this 4. 
investigation. What challenges might you encounter in scaling up the process?

Cross Link 
Students can get more 
practice with calculations 
like these in The Energy 
Efficiency of Heating Water 
on page 75.


