
Schools Analyst experiment April 2007 
 
Background 
 
Fuel fraud is one of the fastest growing parts of the black market, costing UK 
taxpayers up to a billion pounds a year. Illegal fuel is all about evading duty, and 
most of the fraud is on diesel. In the UK over half of the price of a litre of diesel, 
around 48 pence*, is taken as tax. But there are other fuels on which the tax is 
lower.  
 
Agricultural fuel (Red diesel), which is supposed to be used only by tractors and 
other off-road vehicles, has a tax rate of only 7.5 pence per litre*. Although 
illegal, but nowadays all too common, anyone using this low tax fuel on the road 
stands to save a lot of money. There are very heavy penalties for those who use 
this fuel in their cars. 
 
In an attempt to combat this, a red dye is added to agricultural diesel so that it 
can be identified (hence ‘red diesel’). Customs and Excise inspectors randomly 
take samples from car fuel tanks to check that red diesel is not being used.  The 
type of dye used varies from country to country, however in the UK a dye known 
as ‘Solvent Red 24’ is used. This is soluble in fuel and has the following 
structure; 
 

 
 
Additionally, since August 2002, all European Union countries became obliged to 
add about 6 mg/l of ‘Solvent Yellow 124’ also known as ‘Euromarker’ 
 

 
 
This dye can be easily hydrolyzed with acids, splitting off the acetal group 
responsible for its solubility in nonpolar solvents, and yielding a water-soluble 
form.  

 
It changes color to red at low pH and it can be easily detected in the fuel at levels 
as low as 0.3 parts per million when extracted in to diluted hydrochloric acid. This 
allows detection of the red diesel added into motor fuel in amounts as low as 2-
3%. 
 
* Her Majesty’s Revenues and Customs Sept 2006 



 
Scenario 
 
At a recent agricultural show Customs and Excise officers removed samples of 
fuel from the tank of various vehicles in the car park (none of which should be 
using Red Diesel). Three of the samples seemed to have a pinkish-red 
colouration, possibly indicating that some red diesel was present in the tank. 
 
Each of the vehicle owners denies using red diesel, and the samples have now 
been sent to your analytical laboratory for forensic testing to determine exactly 
how much, if any, red diesel has been mixed in with the fuel.  
 
Analysis principle 
 
Each team will be given a sample of fuel to analyse. The first stage is an acid 
extraction which will remove the euromarker dye from the fuel into the aqueous 
acid. Once separated this aqueous solution will be analysed by a technique 
known as colourimetry.  
 
Colourimetry measures light absorption of a solution at a certain wavelength. A 
transparent cell containing the solution is placed in a beam of monochromatic 
light (320nm in this case), which has an intensity I0 . The beam emerging from 
the solution will have a lower intensity I1  due to some of the light being absorbed 
by the dye molecules. The quantity  A=I0 - I1 is known as the absorbance or A. A 

is proportional to the length of the absorption cell - the path length l - and the 
concentration of the sample, c.   
 

 
The absorbance can then by defined by the following relation A=c l α which is 
known as the Beer-Lambert law. The term α is known as the molar extinction 

coefficient. In practice the path length remains constant. We can therefore plot a 
graph of absorbance against concentration and use this to determine the 
extinction coefficient. The result obtained can then be used to calculate the 
concentration of dye in the unknown sample.  
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Method 
 
Prepare a series of five standard solutions by pipetting the amounts of red diesel 
indicated in the table below into each of the five volumetric flasks. Make each 
flask up to the 100ml mark using petroleum spirit and label them. 
 

 % Red diesel 
(v/v) 

Volume of  
red diesel  

Flask volume 
(ml) 

Standard 1 10 10ml 100 

Standard 2 20 20ml 100 

Standard 3 30 30ml 100 

Standard 4 40 40ml 100 

Standard 5 50 50ml 100 

 
Stopper and shake each of the flasks to thoroughly mix the contents, and transfer 
25ml of each standard solution into a 100ml plastic bottle using a 50ml 
measuring cylinder.  Label each bottle. 
 
Transfer 25ml of your unknown fuel sample (A, B, or C) to an empty 100ml 
plastic bottle and also prepare a blank sample by transferring 25ml of petroleum 
spirit to a plastic bottle.  
 
To each of the seven bottles, add 50ml of 2M hydrochloric acid with care using a 
50ml measuring cylinder. Make sure that the bottles are firmly capped and 
shake the bottles by hand periodically over the next 20 minutes, and then allow 
them to settle for a further 5 minutes. You will observe that there are two layers 
formed. The top layer is the organic layer and the bottom layer is the aqueous 
layer containing the Hydrolysed Euromarker dye. Using a disposable plastic 
pipette, carefully withdraw a sample of the lower aqueous layer and transfer it to 
a plastic cuvette for analysis. You should transfer enough to fill the cuvette to 
about three quarters of its total volume.  It will not affect the result if a small 
amount of the organic layer is transferred, however if a significant amount is 
visible remove it using a pipette. 
 
Once you have prepared your samples, a demonstrator will show each team how 
to measure the absorbance using a spectrophotometer. Record the results on 
the results sheet provided and plot a graph of absorbance versus concentration. 
Use the graph to determine the concentration of your unknown sample. PCs will 
be available if you wish to plot your graph using excel. Hand in your results sheet 
and graph at the end of the experiment to the judges. 
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Results sheet 

 
PLEASE HAND IN TO THE JUDGES AFTER THE EXPERIMENT 

 
 
NAME OF SCHOOL ______________________________________ 
 
 
SAMPLE ANALYSED (A, B, or C) ___________ 
 
 
 
 
 

Standard Concentration 
(v/v) 

 

Absorbance reading 
(320nm) 

0% (Blank) 
 

 

10% 
 

 

20% 
 

 

30% 
 

 

40% 
 

 

50% 
 

 

UNKNOWN 
 

 

 
 
Absorption coefficient ________________________ 
 
 
Unknown Concentration (%)  __________________ 
 


