Growing A Crystal Within A Crystal

I would suggest starting by making up about 8 L of saturated potassium alum (room temp in the lab is about 20 to 23oC and KAl(SO4)2•12H2O has a solubility of 11.4 g/100 mL at 20oC).  Hence, get four 2L beakers filled to about 1500 mL, dump in about 14 g x 20 = 280 g per beaker.  Stir on a hot plate - stirring bar may work if solid added gradually - until solid is just dissolved.  Retrieve the stirring bar, top up to about 1800 mL, stir with large glass rod and let cool overnight with aluminum foil cap to keep out dust.  Next day, pour off the saturated liquid into a clean 4 L bottle.  Extra crystalline material at bottom of beaker can be combined and used to create more saturated solution or placed into a labelled bottle for future use.

Make up about 200 mL of saturated “chrome alum” (KCr(SO4)2•12H2O), potassium chromium sulphate)  (about 50 g/200 mL) the same way.

To create good “seed” crystals of potassium alum, get  about 5-6 squeeky-clean petri plates (the bigger the better) and pour saturated potassium alum into the plates to about 1 cm depth.  Do this in a fume hood or out-of-the-way place. Place 3 rubber stoppers equally-spaced around the outer edge of each petri plate, with the large end of the stopper upwards.  Place  the top part of a petri plate on top of the stoppers, so as to make a protective lid for the solution that keeps out dust and allows evaporation.  Leave overnight (or 2 nights) until crystals at least  4-5 mm across have formed.  Harvest the crystals  with a spatula, drying the crystals on a paper towel and store in a jar.  About 40-50 good crystals will keep you supplied for a while.

Use a file to make a small notch around a crystal and tie  a piece of invisible sewing thread  around the crystal, leaving a tail about  10 inches long.  Use a scalpel to remove the unwanted bit of thread as close as possible to the crystal (about 0.5 mm left is OK).  Dip the crystal and attached tail of thread for a second or two in distilled water to get rid of dust and fingerprints  gained during the filing/tying operation and dry quickly on a paper towel.

If not already available, cut several short pieces of glass rod to  about 10 cm lengths.  To cut the rods, make a deep file mark at the desired length, hold the rod on opposite sides of the scratch with the scratch held away from you and your thumbs  close to your body and  1/2 cm apart, centered  behind the scratch, wet the scratch with water or spit, grasp the rod again and  simultaneously push your thumbs forward while pulling your hands apart.  The glass will break cleanly as if cut with a sharp knife.  If not, scratch the glass deeper, re-wet and try again.  Wear safety goggles and aim away from people!

Loosely tie a single overhand hitch knot in the thread and around a piece of glass rod.  Adjust the knot until the attached crystal hangs about 1 cm above the bottom of a clean and dry 100 mL beaker.  Secure the thread to the rod with a piece of tape.  Print a name tag on a small piece of paper, and attach the tag to the beaker with tape in such a way that the tag can be removed and placed on another beaker.  (Placing the tape so that half of it covers the top of the name tag and the other half contacts the beaker seems to work well.)

Pour about 70-80 mL of saturated alum into the 100 mL beaker and leave for several days.  Over time, the water evaporates and the crystal grows steadily.  The notch and knot will be overgrown as the crystal attains a perfect octahedral form.  As the solution evaporates, extra solution must be added to keep at least 2 cm of liquid above the top of the crystal.  If too many unwanted crystals form on the bottom of the beaker, pour the liquid from the original beaker into another one, hang the crystal in the new beaker, move the label to the new beaker, and use a spatula to save the solid residue to make more saturated solution.  The crystal can grow for many months this way but must be tended every few days to see if more solution needs to be added or unwanted  twin crystals removed.  (Twin crystals form when a piece of dust or a crystal that formed on the surface drops onto the growing crystal and starts to grow onto the original crystal. If found, remove the crystal from solution, excise the attached crystal with a sharp knife or scalpel, digging down to get the “root” out, wash with water and place back into the solution.  The
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wound will heal and perfect growth should result.)  Eventually, it will be necessary to move the crystal to a 250 mL beaker as the crystal outgrows the 100 mL home.

The perfectly clear crystals should grow to about  2 to 6 cm diameter depending on the number of months they grow.  The longer the crystals grow, the greater the chance that they will become imperfect and perhaps start to look cloudy.  It is a chance kids take.

To make gorgeous and highly unusual crystals, grow a potassium alum crystal until it is well formed and about 1-2 cm across.  Then  mix 7-10 mL (but no more!) of saturated chrome alum with enough saturated potassium alum to make 100 mL (ie. a 7-10% solution)  Then interchange the regular potassium alum solution with the diluted chrome alum solution and grow the crystal in the chrome alum solution for a week or two.  When a nice purple layer has grown over the underlying colourless crystal (grow it thicker, not thinner if unsure the layer is thick enough), place the crystal back into regular colourless potassium alum and continue growing for a month or so.  When finished, you will have a perfectly formed, colourless  octahedral crystal , inside which can be seen a beautiful transparent purple crystal.  Harvest the finished crystal and dry with a facial tissue to get left over solution off.  The effect is stunning. The resulting crystal-in-crystals look beautiful hanging in a window, catching stray sunbeams.  Warning: Because alum is water soluble, kids should be told not to handle the final crystals too much or let others touch them – the more the crystals are touched, the more the surface is dulled as the outer layers dissolve in fingerprint sweat.  I suggested placing in a nest of white or coloured cloth (corderoy looks good) for display purposes.
The reason potassium and chrome alum can be grown over one another is that Al3+ and Cr3+ ions are almost identical in size and hence can substitute for one another.  Growing a crystal of pure, deep purple chrome alum is not advised because the resulting crystal dehydrates easily, crumbling to an opaque purple powder.  The colourless layer of potassium alum on the above-described crystal prevents problems.  Sodium alum looks identical to potassium alum and is not readily available (cheaply).  Iron alum is a dirty yellow colour and is a pain to work with.

Kids should be aware that the chromium alum is carcinogenic, but alum is so bitter that I can’t conceive of anyone sucking on the crystal to get a harmful dose of chromium ions.
