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Type of Resource: in class activity
Title: Inorganic chemistry and art
Course Level: sophomore level or junior/senior level (general chemistry pre-requisite)

Topics: foundations; coordination chemistry

Description:  I use this in class activity for a “fun” end of the semester class.  It reinforces aspects of coordination and solid state chemistry, as well as connecting chemistry to another discipline (art).  Students learn about some of the pigments used in paintings, optionally researching particular artworks that use these pigments, and then make and use paints based on these inorganic compounds.  

Implementation Notes:  For a 50 or 90 minute class, I take about 20 minutes and show the PowerPoint slides included with this activity, showing some of the artwork created by using particular pigments, and referring back to some of the discussions we had learning the crystal structures of minerals.  We talk about ion substitution (Al3+ for Fe3+, for example) and what that might do (change d-d transition energies and thus the color).
Then, the fun part!  We adjourn to the lab or other well newspapered space and make some paints!  Each student makes one or more paints in the following way:

Take an available inorganic compound that is found in minerals, or is easily synthesized from minerals (see the attached materials list for suggestions—this is a good opportunity to use some of the Pb, Cr, Sb, Co, etc. salts sitting in ancient bottles in the stockroom) and grind it VERY finely with a mortar and pestle.  Because this will create heavy metal waste, I generally have students make as little of the paints as possible, realizing that each student will probably want to use some of their paint.  Students can also use some of the coordination compounds they have synthesized during the semester if they wish, though you lose a bit of historical accuracy here.

After grinding, mix with a small amount of linseed oil (for oil paints) or egg medium (for tempura paints).  The egg medium can be prepared by whisking (or stirring rapidly) 1 egg yolk with about 1 tsp of water.  You will generally need to show students how to separate eggs to obtain the yolk.  The two methods will produce slightly different colored paints even using the same pigment.  The amount of oil or egg mixture to add varies widely, but remind students it is easier to add more than remove what they’ve added.  The resulting consistency should be about that of tomato paste.  Obviously, you can combine colors to make a new color.
Students can now paint!  I buy small (4x6) canvases and cheap (disposable) paintbrushes at a local craft store.  I sometimes ask students (when they inevitably ask what they are supposed to paint) to paint a picture that has something to do with inorganic chemistry.  Students will often come back during lunch to finish their masterpieces.  The oil paints will last much longer than the egg ones.  The egg ones will start drying out almost immediately.  After letting the paintings dry, I hang them up in our “Inorganic Chemistry and Art” exhibit outside our department office.  After a while, I let them take them home if they wish.
Cleanup is a bit of work.  It works best if the mortar and pestles used can be dedicated to this and not put back into general service.  If you are planning to use the mortar and pestles for something else afterward, I recommend using them for the grinding only, and then using watch glasses for the paint mixing, as it is much easier to clean the glass.  Depending on which pigments you provide, you will have some metal waste that will need to be disposed of properly.  Generally, nothing can go down the sink.  I generally throw out the brushes.
Grading: This is not a graded activity.  
Discussion of Chemistry:  This activity is also connected to the use of the same pigments as pottery glazes and additives to glass.  Since generally the colors are the result of d-d transitions, this activity provides a good way to review that concept.
Future Expansion:  Work is underway to have this last day of class in conjunction with the Painting II class in the art department.  I would speak about the chemistry, and then the painting and chemistry students would work together to make the paints and use them.  The painting students are much more practiced at making paints the correct consistency.
