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Background
Sun cream protects our skin from harmful damage caused by ultraviolet radiation (UV). Exposure to UV light can result in molecules gaining sufficient energy for bonds to be broken. When UV light breaks bonds, free radicals are formed. Free radicals have unpaired electrons and, as a result, are highly reactive. 

Sun cream contains compounds that absorb the UV light so that free radicals are not formed, therefore prevent damage to the skin. This experiment demonstrates the absorption of UV light using different strengths of sun cream against a control. 

It uses a light sensitive solution (based on that used in the cyanotype photographic process) which changes colour from yellow to dark blue on exposure to uv light.
You will need
	Ethanedioic acid solution (8g per litre)
	Potassium hexacyanoferrate III solution 30g per litre

	Iron III nitrate solution (12 g per litre)
	Petri dishes (or beakers)

	Source of uv light (or sun/day light)
	Sun cream

	Bottle wrapped in aluminium foil for the combined reagent
	


Preparation
1. Make up the three solutions.
For each test, you need about 20 cm3 to cover the bottom of the petri dish, so for 3 samples and a control you will need
40cm3 of ethanedioic acid solution

1 cm3 of potassium hexacyanoferrate III

40 cm3 of Iron III nitrate solution

2. Add 1 cm3 of the potassium hexacyanoferrate III to the oxalic acid solution and transfer to the light-proof bottle.
3. Set up your samples. You can put sunscreens on the lids of some of the petri dishes – remember to keep one free of it as a control
4. Add 40 cm3 of iron III nitrate solution to the reagent bottle and swirl to mix.
The Experiment
1. Pour about 20 cm3 of the combined reagent into each petri dish , replace the lids and then expose to the light source.

2. Within a minute or two, depending on the light, you will see a dark blue colour appearing. The more uv light the dish is exposed to, the darker blue the solution.
Safety

Take care preparing the solutions. The solids are hazardous (see risk assessment) but the solution are of low hazard.
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Wear eye protection.  

     
Consider wearing gloves  

It is the responsibility of teachers doing this demonstration to carry out an appropriate risk assessment.

Discussion
In 1842, William Herschel invented a photographic process using iron salts like this. It was called the cyanotype process and was very successful for a short period of time until the more sensitive silver emulsions were invented. The pictures produced are monochrome in shades of blue – from where we get the word blueprint.
The colour is known as Prussian Blue, as it was first isolated in Germany. Prussian Blue is essentially Iron(III) Hexacyanoferrate(II) but there exists a whole range of such iron blues, having compositions depending on their precise method of preparation.  At the molecular level, they all have in common a characteristic cubic structure, but this lattice can accommodate variable amounts of water and metal ions within it, so formulae range from KFe[Fe(CN)6].5H2O to Fe4[Fe(CN)6]3 .15H2O 

Interaction of light with the ethanedioate ions leads to their oxidation and releases carbon dioxide and an electron (equation 4a) which then reduces Fe(III) to Fe (II).
C4 H4 O6 2- + hν = 2CO2 + 2C(OH2) + 2e- 

Fe 3+  +  e   =  Fe 2+
The Fe(II) formed in combines with CN - present in the solution to form the complex [Fe(CN)6]4-  which, in turn, gives the insoluble blue Prussian blue, Fe(III)4[Fe(CN)6]3, adhering to the fibers of the cloth or paper on which the reagents had been coated 
Fe 2+  +  6 CN -  =  [Fe (CN6)]4-
[Fe (CN6)]4- +  4 Fe 3+  = Fe(III)4[Fe (CN6)]3
Extension
It is possible to make this work more quantitative by using a colorimeter to follow the rate of change of the reaction.

The colour change is from yellow to blue and using the red filter on a Mystrica colorimeter (630 nm) gave good results.

You can place the reagent in a series of containers with different sunscreens in and transfer samples to cuvettes after a set time, determined by the intensity of your light source.
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Be careful of your light source. If you actually use sunlight then there is a possibility that it will change in intensity (due to light cloud for instance).
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