
 

Biodiesel Synthesis and Determination of Glycerol 

As the Earth’s petroleum resources become exhausted and prices rise, biodiesel is being 
put forward an alternative to petroleum diesel. It is attractive an alternative because it can be 
cheaply synthesized on a large scale from renewable sources, such as vegetable oils. Biodiesel is 
also easily biodegraded.  

Vegetable oils consist of triacylglycerols. These have fatty acids bound to a glycerol 
backbone through ester linkages. Diesel engines can burn unmodified vegetable oils but the high 
viscosity of vegetable oils leads to incomplete combustion. To reduce their viscosity, vegetable 
oils are transesterified to form methyl esters of the fatty acids. Thus, each fatty acid becomes 
esterifed to a much smaller group. These fatty acid methyl esters form biodiesel and can be 
burned in unmodified diesel engines.  

Transesterification and Saponification: The reaction to form fatty acid methyl esters uses 
sodium hydroxide in methanol and follows a base-catalyzed nucleophilic addition-elimination 
reaction at the carbonyl carbons of the triacylglycerol. As a catalyst, NaOH is regenerated as a 
product in the reaction.  

Saponification of oil is a very similar reaction and was traditionally used in soap-making. 
Saponifcation releases fatty acids from the glycerol backbone, generating sodium salts of the 
fatty acids and consuming sodium hydroxide. The sodium salts are soluble in water.  



Acid can be added after saponification is complete to protonate the sodium salts. This generates 
free fatty acids that are soluble in hexane. Glycerol remains in the aqueous phase. 

In this lab, you will form biodiesel through transesterification of fresh vegetable oil. An 
important quality standard for biodiesel is the amount of glycerol it contains. The ASTM 
International standard for commercial biodiesel dictates that total glycerol in the final product 
must be less than 0.25% w/w and that free glycerol be less than 0.02% w/w. Total glycerol 
represents both free glycerol and that esterified to fatty acids (present as unreacted 
triacylglycerol). Free glycerol can be determined by titration (see below). Thus, to determine 
glycerol bound to fatty acids (unreacted triacylglycerols) in the biodiesel, the product must be 
saponified to release the bound glycerol so it too can be determined by titration. 

 
Determination of free glycerol: Periodic acid is a strong oxidant and is capable of oxidizing the 
three adjacent hydroxyl groups in glycerol. Oxidation of one mole of glycerol requires two moles 
of periodic acid and produces a molecule of formic acid (from the hydroxyl on the central 
carbon), two moles of formaldehyde (from oxidation of the terminal hydroxyl groups), two moles 
of iodate and one mole of water. 
 

 
 
If a known excess of periodate is added to an unknown amount of glycerol, the amount of 
glycerol can be quantified by determining the molar excess of periodate that remains after the 
reaction. Determining the amount of reactant in excess is known as a back titration. In this case, 
the amount of unreacted periodate can be quantified by iodometric titration, where iodide is 
added to the periodate to generate the trioidide anion: 
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The amount of triiodide ion is determined by titration with sodium thiosulfate, using starch as an 
indicator: 
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Therefore, the net reaction is 
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Using this equation and data from titration of a sample, the moles of periodate that did NOT react 
with glycerol can be determined. If we carry out the same titration on a blank that does not 
contain glycerol, we can determine the total moles of periodate available for reaction and, by 
difference, determine the moles of periodate that did react with glycerol.  
 



Procedure: 

Day 1 

Biodiesel Synthesis 

1. Add 50 g of vegetable oil to a 100 ml beaker and warm to 40-50°C on a hot plate.  

2. Place 10 mL of 0.45 M methanolic NaOH in a 125-mL Erlenmeyer flask equipped with a 
magnetic stirring bar. Pour the warmed oil into the flask while continuously stirring, using the 
magnetic stir function of your hot plate. Stir for 30 minutes on high with the hot plate 
temperature off.  

3. Carefully transfer the contents of the flask into a separatory funnel. The mixture will separate 
into two layers. Let the mixture stand for 30 minutes. While the layers are separating, begin 
setting up for the saponification procedure below. 

4. The biodiesel is the top layer. Run the unwanted methanol/NaOH/glycerol layer out through 
the bottom of the separatory funnel. To avoid contaminating the top biodiesel layer with the 
bottom layer, pour the biodiesel layer out the top of the separatory funnel into a 100 ml graduated 
cylinder, being careful to not include any of the glycerol/methanol layer in the biodiesel. Record 
the volume and then transfer to a 125 mL Erlenmeyer flask.  

5.  Remove ~10 ml for the saponification step below. Then stopper the flask containing the 
remainder of the biodiesel, label it with your name and hand to the instructor.  

 
 
Saponification of Biodiesel  
 
1. Weigh by difference 5.00 g of biodiesel and place in a 50 mL round bottom flask. Add 15 mL 
of 0.7 M KOH in 95% ethanol and reflux for 30 minutes, with the power controller set at ~40-60. 

2. Add 9 mL of hexane and 2.5 mL of glacial acetic acid to a 250 mL separatory funnel. 

3. When refluxing is complete, remove the heating mantle and rinse down the reflux condenser 
with 5 ml of distilled water using a wash bottle. Carefully transfer the mixture to the separatory 
funnel using a glass funnel. Rinse the round bottom flask and funnel with approximately 20 mL 
of distilled water. Shake vigorously for 60 seconds, being sure to vent after a few seconds. Add 
another 35 ml of distilled water to bring the total volume of aqueous material to ~75 mL and mix 
again by gently (not vigorously) inverting the funnel. Set the funnel aside until the organic and 
aqueous layers separate. 

4. Recover the aqueous layer in a 125 mL Erlenmeyer flask. Stopper the flask, label it with your 
name and give to the instructor.  

 



Day 2 

Extraction of glycerol from biodiesel 

1. Weigh by difference 5.00 g of biodiesel and place in a 250 mL separatory funnel. Add 9 mL of
hexane and 10 mL of saturated NaCl solution. Add ~ 10 mL of water, stopper and shake
vigorously for 60 seconds (be sure to vent).

2. Add ~55 ml of distilled water to bring the total volume of aqueous material to 75 mL and mix
again by gently inverting the funnel. Set the flask aside until the organic and aqueous layers
separate.

3. Recover the aqueous layer in a 250 mL beaker.

Determination of glycerol 

1. Transfer the aqueous material from the saponification process to a 100 mL volumetric flask.
Rinse the Erlenmyer with ~10 mL of water, add it to the volumetric flask and make up to the
mark with water. Shake well and pipet exactly 20.00 mL into 2 X 250 mL Erlenmeyer flasks.

2. Transfer the aqueous material recovered from the extraction of glycerol from the biodiesel to a
100 mL volumetric flask. Rinse the beaker with ~10 mL of water, add it to the volumetric flask
and make up to the mark with water. Shake well and pipet exactly 20.00 mL into 2 X 250 mL
Erlenmeyer flasks.

3. Using a graduated cylinder, add ~20 mL of distilled water to 2 X 250 Erlenmeyer flasks to
serve as blanks

4. Pipet exactly 20.00 mL of periodic acid reagent into each of the 6 X 250 mL Erlenmeyer flasks
containing samples and blanks.

5. Mix each container thoroughly and let stand for 10 minutes.

6. Using a graduated cylinder, add 10 mL of potassium iodide solution to the first blank solution
and let stand for 60 seconds.

7. Add ~ 100 mL of distilled water to the flask and titrate with the standardized sodium
thiosulfate solution. When the orange color has changed to yellow, using a graduated cylinder,
add 2 mL of freshly made starch indicator solution and continue the titration until the blue
iodine starch color disappears.

9. Repeat steps 6-7 with each of the other 5 flasks.



Pre-Lab Questions  

1. Draw separate flow charts for the formation of biodiesel and the saponification step,
clearly indicating where reagents are added and products removed/separated.

2. In the saponification step, what substances are present in the bottom layer when
separation is complete? What is the purpose of the glacial acetic acid

Pre-Lab Questions  
1. Draw a flow chart for the extraction of glycerol from biodiesel, clearly indicating where

reagents are added and products removed/separated.
2. What is a back titration? In such a titration, do you expect your sample or blank to

require more titrant to reach the endpoint?

Calculations and Questions 

1. Determine the amount of total and free glycerol in your sample.
a) Do you meet specifications?
b) What is the source of total bound glycerol in your biodiesel?
c) How might you change the procedure to lower the amount of total and free glycerol in
your product?

2. This procedure for biodiesel synthesis would require modification if applied to used
cooking oil. Why? How would you modify it?

3. Why did you warm the oil before adding it to the methanolic sodium hydroxide when
making biodiesel?

4. a) Assume that your oil consists entirely of triolein. Determine the limiting reagent in
your synthesis of biodiesel.
b) If your oil is triolein, draw and name the structure of the only ester that can be
produced as the biodiesel product.
c) What is the theoretical yield for this reaction?
d) Calculate your actual yield based on the amount of biodiesel you isolated.
e) What measures were incorporated into the procedure to attempt to increase yield?
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Note: The concentration of sodium thiosulphate used in the lab is 0.1073 mol/L.


