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Researching Chemistry / Advanced Higher (or extension work)


At this level the possibilities are legion. 

Teaching 

· biodiesel combustion can fit into Higher - Nature’s Chemistry – Chemical energy
· biodiesel preparation is a condensation reaction . Advanced Higher – Organic Chemistry & instrumental Analysis – Carboxylic acids.
· different oils give biodiesel of different properties due to the inter and intra molecular forces involved. Higher - Chemical Change and Structure – Structure and Bonding
Experimenting

· Comparison of enthalpies of combustion of oils from different plants and how it relates to their structures
· Comparison of enthalpies of combustion of animal and plant based oils/fats, again related to structure
· Investigation into the effect of unsaturation (determined by iodine number) on properties of the biodiesel
· Comparison of ethyl and methyl (and propyl) esters of oils as potential fuels
The workshop we have prepared features

· Standardisation of solutions

· Titrations

Determination of degree of saturation  by reaction with Wijs reagent (iodine monochloride)

· Iodine Number 

The iodine number (or iodine value) is the number of grams of iodine that can be absorbed by 100g of fat or oil. 

In order to determine this, the fat or oil is treated with excess Wijs solution. Wijs solution contains iodine monochloride dissolved in ethanoic acid. The iodine monochloride reacts with the unsaturated part of the oil or fat, the double bonds, adding iodine to the molecule.

Potassium iodide is then added which liberates any unreacted iodine. This is determined by titration with sodium thiosulphate.

The more double bonds (the greater the degree of unsaturation), the less iodine there is left over.


-CH=CH-     +   ICl   →   -CHI-CHCl                      ( + excess   ICl left over)

 Iodine is liberated from the unreacted Wijs solution by adding potassium iodide

 ICl   +   KI   →   KCl   +   I2

The liberated iodine can then be determined by titration with a standard solution of sodium thiosulphate.


2Na2S2O3   +   I2   →   Na2S4O6  +  2NaI

This is a modified version of the method normally used for the determination of the iodine value of fats and oils in the analysis of foods. 
The standard version, which you may have seen references  to, uses carbon tetrachloride for dissolving the fat or oil, which is toxic, carcinogenic and dangerous for the environment.

This version substitutes cyclohexane for the carbon tetrachloride.

Reagents
Boiled out distilled water

The process calls for boiled out distilled water in several places.

Freshly distilled water is pure. The boiling will drive off any dissolved gases and the distillation itself removes any dissolved solids. However, as soon as it begins to cool down, it will begin to absorb gases from the atmosphere.

Ordinary distilled water usually contains carbon dioxide and if it is used to make up sodium thiosulphate solution, this may cause a slow decomposition to take place with the formation of sulphur. 
In order to avoid this, your distilled water should be brought to the boil and then, as soon as possible, put in a capped container to cool and kept sealed until it is used.

Iodate free potassium iodide

Iodate ions react with iodide ions in an acidic solution to produce iodine

IO3-  +  5I-  +  6H+  (  3I2  +  3H2O
If you mix a known concentration of iodate with a known amount of concentration, then you get a known concentration of iodine. 
If there is iodate already in the iodide (or vice-versa) that will affect the concentration of iodine produced and so compromise the accuracy of your readings.

Iodate-free potassium iodide may be quite expensive but it is essential.

(The absence of iodate can be indicated by adding dilute sulphuric acid to the solution. No yellow from the iodine should be seen and if starch solution is added, there should be no trace of blue.)

Standardisation

When dealing with analytical chemistry, it is important to know the exact concentration of the reagents you are using. This is not always as easy as it might sound.

To determine the exact concentration of a solution (in this experiment the sodium thiosulphate) we need to titrate the solution against a solution whose concentration is accurately known. This technique is called standardisation. The solution used to titrate the reagent whose purity we are verifying is prepared from a primary standard. 

Primary Standards

In practice, what you need to do is to compare the concentration by reaction with a known concentration of a primary standard reagent which can reliably be prepared to a known concentration with a high degree of accuracy.

Not all that many reagents are suitable for use as primary standards. In order to be appropriate, the chemical needs to be:

· Pure (obviously)

· Stable (it should not react with air, water, water vapour, atmospheric CO2 etc.)

· Have no water of crystallisation (this will invariably throw doubt on the absolute composition)

· Have a high molecular mass (so that for a solution of a particular molarity, a relatively large mass is required thus reducing the errors associated with weighing)

The primary standard should be dried in an oven at a specified temperature prior to use to drive of any water of crystallisation or traces of dampness and then stored in a dessicator.
Sodium thiosulphate

Sodium thiosulphate solution, Na2S2O3 .5H2O, is readily obtainable in a high purity state. There is, however, always uncertainty over the exact water content as the salt is efflorescent by nature and for other reasons. These characteristics make it unsuitable as a primary standard. 

For accuracy therefore, it is necessary to establish the exact concentration of the solution prior to use. 

Potassium Iodate is the primary standard that is used to standardise Sodium thiosulphate, by titration of the thiosulphate against a carefully prepared, known concentration of potassium iodate.

Determining the Iodine Value of your Biodiesel

The iodine value is the number of grams of iodine that can be absorbed by 100 g of fat or oil. 

The fat or oil (or your biodiesel) is treated with excess Wijs solution, which contains iodine monochloride). This reacts at the double bonds, adding iodine. 

Potassium iodide is then added which liberates any unreacted iodine. This iodine is then determined by titration with sodium thiosulphate.

The more double bonds (the greater the degree of unsaturation), the less iodine there is left over to titrate.

Apparatus 

· Burettes

· Conical Flasks

· Reagents

· Wijs Solution

· Fat or Oil sample

· Cyclohexane

· 10% potassium iodide solution

· 0.25M sodium thiosulphate

· Freshly made starch indicator solution

Standard Sodium Thiosulphate Solution

Make 500cm3 of 0.25M sodium thiosulphate solution from ampoules or by dissolving an accurately weighed amount of the solid in distilled or deionised water and standardising the solution to determine the exact concentration.

See separate sheet on standardisation of thiosulphate

Procedure

1. Accurately weigh 0.2-0.3g of the fat or oil sample into a clean conical flask.

2. Dissolve the fat or oil in 10 cm3 cyclohexane.  

3. Add 25 cm3 Wijs solution from a dispenser (Pipette/Measuring cylinder)

4. Prepare a blank solution as above but omit the fat or oil.

5. Mix the samples well and leave to stand in the dark for about 30 minutes.

6. After 30 minutes add 20 cm3 of 10% potassium iodide solution and 100cm3 distilled water to each of the flasks. 

7. Titrate the solution to a pale yellow colour, then add 2-3 cm3 starch solution and continue titrating to the colourless endpoint ensuring that the flask is well shaken to remove all traces of colour.

8. The blank must be carried out at the same time as the sample as the Wijs solution  deteriorates.
Calculation

The iodine value of the fat or oil  is calculated  given that the difference between the volume of thiosulphate used in the blank and in the test sample gives the amount equivalent to the iodine absorbed by the fat or oil, so that 

1cm3 sodium thiosulphate ≡ a known mass of iodine 

This can be calculated from the blank since we know that 2 moles of thiosulphate reacts with 1 mole of Iodine

We can thus calculate the mass of iodine which reacts with 1cm3 of sodium thiosulphate solution.

Calculation sheet is on the next page

(There is also a spreadsheet that will do the calculations for you.)


Example

 Don’t worry if this worked example seems a bit complicated – if you just follow the instructions on the calculation sheet, you will get the right answer!

For a sodium thiosulphate solution of molarity of 0.2500M sodium thiosulphate this would be

1/1000 x 0.2500 = 0.00025 moles thiosulphate

1 mole Iodine reacts with 2 moles thiosulphate

So number of moles iodine = 0.00025/2 = 0.000125 moles iodine

Therefore mass of iodine is given by

No of moles= mass /atomic mass
Weight iodine 
= no of moles x atomic mass of iodine 

= 0.000125 x 254= 0.03175g

Thus 

Iodine value = (B-T) x (calculated mass of iodine per cm3 S2O3 solution) x 100/W

Where
 B = blank titre of standardised sodium thiosulphate solution

T= sample titre of standardised sodium thiosulphate solution

W= mass in grams of sample of fat or oil.

100 is used because the iodine number is expressed as a number per 100g of the fat or oil.
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	1
	Find the total number of moles of iodine in your sample - You only need to do this for the average, not each sample.
	as 1 mol iodate mixed with iodide releases 3 moles iodine, the calculation is  -  ([iodate] / 1000) x3  x vol of Iodate

	2
	Find the total number of moles of thiosulphate
	as 1 mole iodine reacts with 2 moles of thiosulphate, the calculation is    -    moles of iodine (from calculation 1) x 2

	3
	Find the concentration of thiosulphate
	= Number of moles of thiosulphate (from calculation 2) x (1000 ÷ volume of thiosulphate)

	3a
	Pre-standardised thiosulphate
	If you are using pre-standardised thiosulphate solution, write the concentration in the space where the calculation in 3 would have gone

	4
	Find the amount of thiosulphate per ml
	= concentration of thiosulphate (from calculation 3) ÷ 1000  

	5
	Find the mass of biodiesel or oil
	Subtract mass of empty flask from the mass of the flask with the biodiesel in it

	6
	Find the mass of iodine per ml
	take the number of moles of thiosulphate (from calculation 4), divide by 2 (as 2 moles thiosulphate react with 1 mole iodine) and then multiply by the RMM of iodine (254)

	7
	Find the titre value
	subtract your sample titre from the blank titre

	8
	Calculate the iodine number
	Take the titre value (calculation 7) and multiply by mass of iodine per ml (calculation 6) and then multiply by 100. Divide your answer by the mass of your biodiesel sample (to get a figure per g)


CfE Higher – Nature’s Chemistry


- Esters, Fats and oils.





Since this document was first drawn up, Determination of the Iodine Value has been put into the new CfE Higher. Nevertheless, the suggestions for investigative work below are still valid for both Higher and Advanced Higher..








