
Calculations 

The average molecular weight of the oil 
 
The cooking oils used in this experiment are triglycerides that have fatty acid chains that are 

chemically variable from molecule to molecule. However, on a larger scale, the percentages of each 
fatty acids present in a given oil can be determined. These are presented in Table 8.1 as mass fractions.  
However, we will treat these mass fractions as equivalent to mole fractions since the individual 
molecular weights of the fatty acids are similar.  You will use these mole fractions to determine the 
Òaverage molar massÓ of the oils used.  These values will also be useful in identifying the moles of 
biodiesel formed and the theoretical amount of H2 needed to hydrogenate the oil fully. 

 
 ¥ To calculate the average molar mass of triglycerides found in the oil you used, remember that 

three moles of fatty acid react with each molecule of glycerol to produce one mole of triglyceride 
and three moles of water: 

 
  3 fatty acids + glycerol !  triglyceride + 3 H2O 
 
 ¥ The ave. MW of the triglyceride is therefore three times the weighted average molar mass of 

fatty acids present added to the molar mass of glycerol, less three water molecules: 

 ave. MW triglyceride = 3.[ave. MW fatty acids] + [MW (C3H8O3) Ð 3 * MW (H2O)]  

 ¥ To calculate the weighted average MW of the fatty acids, multiply the MW of each individual 
fatty acid by its mole percentage, and divide by 100%. 
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where FA1 is the first fatty acid, and so on up to FAx, the ÒxthÓ fatty acid present in the sample. 

Biodiesel calculations 
 
 Calculate the “% yield” of biodiesel that was obtained in your experimentation.  You will need to 
know the number of moles of oil used and the number of moles of biodiesel produced. 
 
 1. Use the density of your oil to calculate the mass of oil from the volume of oil. The density of 

canola oil is 0.915 g/mL and the density of vegetable oil is 0.927 g/mL.  From the mass of the 
oil, use the ave. MW calculated above to obtain the number of moles of oil used in the reaction. 

 
 2. Using the stoichiometry of the transesterification reaction and assuming the oil to be the limiting 

reactant, calculate the number of moles the methyl ester theoretically produced. 
 3. In the same manner as the average molar mass of the oil was calculated, calculate the average 

molar mass of the methyl esters formed in the biodiesel reaction.  
 
 4.  Using the following densities, calculate the average density of the methyl esters produced.  

Given the volume of biodiesel you produced, what mass was formed based on the average 
density? 

 
methyl ester density (g/mL) 



methyl palmitate 0.867 
methyl stearate 0.852 
methyl oleate 0.870 

methyl linoleate 0.889 
methyl linolenate 0.895 

 
 
 5. From the average MW in Òstep 3Ó and the mass obtained in Òstep 4Ó calculate the number of 

moles of methyl ester formed in your reaction.   
 
 6. To obtain % yield, perform the following calculation. 
 

  

!  

% yield =
moles of methyl ester actually formed (step 5)

theoretical moles of methyl ester that could be formed (step 2)
" 100%  

 

Hydrogenation calculations 
 
 The calculations for the hydrogenation reaction are executed similarly. Ultimately, you need to 
report a “% efficiency” of the reaction. It is calculated similarly to a % yield. 
 
 1.  As described above, calculate the average molar mass of triglycerides used in your 

hydrogenation experiment. 
 
 2.  Use the mass of oil actually measured out in this experiment to obtain the number of moles of 

triglycerides used. 
 
 3.  Determine the weighted average number of moles of carbon-carbon double bonds present in one 

mole of triglycerides used: 
 
  ave. moles C=C bonds per mole of triglyceride = 
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 4.  From the total number of moles of triglycerides (step 2) and the number of carbon-carbon double 

bonds per mole (step 3), calculate the number of moles of hydrogen required to completely 
hydrogenate the oil.  

 
 5.  Calculate the volume of hydrogen gas required using the following conversion factor: 1 mol of 

H2 = 24.47 L (at 1 atm pressure and 298 K, which we will assume to have).  
 
 6. To calculate the % efficiency, 

  % efficiency = 

! 

experimental volume of H2 used

theoretical volume of H2 used (step 5)
"100%  


