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Prussian blue or ferric ferrocyanide was first synthesized in 1704 in Berlin.  It has a very intense dark blue color and has been used extensively as a pigment in paints and inks, and is responsible for the color of blueprints. It is considered the first modern synthetic pigment.  The compound contains iron ions in both the Fe+2 (ferrous) and Fe+3 (ferric) states, with one of the iron ions very tightly associated with CN- (cyanide) ions.  The Prussian blue crystal lattice can accommodate varying amounts of water and metal ions.  Therefore the exact molecular formula for Prussian blue can vary from FeNH4[Fe(CN)6] to KFe[Fe(CN)6].5H20 to Fe4[Fe(CN)6]3.15H2O. All forms of Prussian blue are insoluble in water although extremely small particles may be easily dispersed to form a blue suspension that looks like a true solution.  
Prussian blue is the pigment used in cyanotype printing, a photographic printing process discovered by Sir John Herschel, an English scientist, in 1842.  Blueprints are a form of cyanotype print.  In the blueprint or cyanotype process, paper is sensitized with a mixture of iron (III) ammonium citrate (ferric ammonium citrate) and potassium ferricyanide (K3Fe3(CN)6).  Upon exposure to light a portion of the ferric (Fe+3) ions are reduced to the ferrous ions (Fe+2).  The ferrous ions can then react with the ferricyanide ions to form Prussian blue which remains in the paper after washing out the unexposed water soluble ferric salts.  
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Ferricyanide ions may also be reduced to ferrocyanide ions when exposed to light.  Ferrocyanide ions will react with ferric ions to form Prussian blue.  Ferrocyanide ions and ferrous ions will also react with the formation of ferrous ferrocyanide, a colorless compound known as Prussian white.  When Prussian white is exposed to air or another oxidizing agent, half of the Fe+2 ions are oxidized to Fe+3 and Prussian blue is formed.   
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Cyanotypes are relatively permanent images because the pigment is quite resistant to attack by light or oxidizing chemicals.  It is sensitive however, to alkaline sloutions and will be "bleached" to a brownish color if exposed to strong bases.  
In this experiment you will synthesize a small sample of Prussian blue, create a cyanotype print, and examine the photochemical reaction in a test tube.  You will create Prussian blue by reacting ferric chloride, FeCl3, with potassium ferrocyanide, K4Fe(CN)6.
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Part A.  Test Tube Synthesis of Prussian Blue pigment (ferric ferrocyanide)
1.  Use a pasteur pipet to add about 1 mL of a 0.5 M solution of iron (III) chloride , FeCl3, to a test tube.  Make a note of the color of this solution on your report sheet.

2.  Use a second pasteur pipet to add about 1 mL of  0.25 M solution of potassium ferrocyanide, K4Fe(CN)6, to the test tube.  Make a note of the color of the potassium ferrocyanide solution on your report sheet.

3.  Stir the mixture in the test tube using a glass stirring rod.  Write down exactly what you saw happen when the two solutions were mixed.  This new substance is potassium ferroferricyanide or Prussian Blue pigment, and its chemical formula is KFe[Fe(CN)6.

4.  Write "Part A" on the edge of a piece of filter paper.  Fold the filter paper circle into a semicircle and then fold in half once again.  Open up the filter to form a cone and place it in a funnel.  Set the funnel into a test tube in a rack.  Pour and scrape the blue precipitate into the funnel and allow the excess liquid to drain into the test tube.  The blue material is thick and will take most of the lab period to drain.  

5.  At the end of the lab period carefully remove the filter paper and wet blue pigment from the funnel, opt it up and lay it onto a piece of paper towel.  Let the pigment dry uncovered on the filter paper in your drawer until the next lab period.

Part B.  Making a Cyanotype Print

1.  Working with your partner, measure 10 mL of  aqueous 12% ferric ammonium citrate and 10 mL of aqueous 6% potassium ferricyanide solution and mix them together in a small beaker.  Describe the color of the solution on your report sheet.
2.  Each team member should obtain a piece of watercolor paper.  Place the paper in one of the plastic trays under the hood.  Using a foam brush, coat one side of the paper with your solution by coating first in one direction and then in the other.  Dry the paper using a hairdryer.  Be sure to leave the light in the hood OFF.

3.   When dry, place the sensitized paper on a frame backing, place a photographic negiative, image printed on a plastic transparency, or other object (leaves, flowers, etc.) on top of it an cover with a piece of glass to hold down the objects or negatives.
4.  Take your print frame outside and expose it to sunlight for at least 5 minutes (more time if it is cloudy or during the winter).  Note the color of the fully exposed print.

5.  Bring the print inside and wash it with a gentle stream of tap water until all traces of green soluble unreacted light sensitive chemicals are gone.

6.  If time permits, try another print with a different exposure time, different loading of solution on the paper, different subject matter.....

Part C.  Another test tube reaction

1.  Working with your partner, place about 2 mL water in a test tube. Add one drop of the solution that you prepared in step 1 of part B.  Describe the color of the resulting solution on your report sheet.

2.  Stand the test tube in either a small beaker or a test tube rack and place it outside in the sunlight.  (You can do this while your cyanotype print is being exposed.)  Check on the appearance of your test tube every few minutes and record your observations on your report sheet.  
3.  After 20 minutes, write "Part B" on a piece of filter paper and collect any precipitate on filter paper as described in step 4 of Part B.  Compare the appearance of the solid with the appearance of the solid collected above and describe the results on the report sheet.  
4.  Let the pigment dry uncovered on the filter paper in your drawer until the next lab period.

At the beginning of the next lab period, compare the two precipitates one more time and record the results on your report sheet.
Part A.

Appearance of iron (III) chloride solution
Appearance of potassium ferrocyanide solution

Appearance of the mixture from Part A, step 3
Part B.
Attach your cyanoprint to the back of this page.

Color of fully exposed print (before rinsing with water)

Color of exposed areas after rinsing with water.

Part C.

Appearance of dilute solution of ferric ammonium citrate and potassium ferricyanide
before exposure to sunlight

after ____ minutes

after ____ minutes

after ____ minutes
after ____ minutes

after ____ minutes

Appearance of precipitate on filter paper

Comparison with the precipitate in Part A

Appearance of precipitates one week later

Questions
What do you suppose is the identity of any precipitate that you collected in Part C? Did this precipitate change upon sitting in your drawer for a week?  What evidence do you have to support your answers?
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