Growing Crystals in Sodium Silicate Gels

In this experiment, you will grow crystals of five different substances, copper metal, lead metal, lead iodide, potassium hydrogen tartrate, copper tartrate, and a Liesegang ring system.  Because they are very fragile, we will grow them in a gel.

Materials needed:
5 test tubes, about 20 mm x 150 mm, with caps, stoppers, corks, or plastic wrap

1 test tube, 25 mm x 200 mm, also with a cap, stopper, cork or plastic wrap

small graduated cylinder

solutions

PUT ON YOUR GOGGLES!
Procedures for Setting Up Each Tube:
First, you will mix the ions that go into the gel with the acid.  Then, you will add the sodium silicate solution, mix, and then let the gel set overnight.

1.
Number the five smaller test tubes one to five.  Put labels near the top of the tubes.  Label the large test tube number 6.

You will now put in the active ionic solution that will be in the gel:

2.
Tube 1:  Put 2.5 mL of copper chloride, CuCl2, solution into the tube.

3.
Tubes 2 and 3:  Put 17 drops of lead nitrate, Pb(NO3)2 solution into each tube.

4.
Tubes 4 and 5:  No ionic solutions are added to these tubes.  You will add acid later.

5.
Tube 6:  Put 2 mL of K2CrO4 into the tube.

You will now put the acid into the test tubes and and mix it into the ion:
6.
Tubes 1, 2, and 3:  Carefully measure 12 mL of acetic acid, CH3COOH, and pour it into tube 1.  Repeat for tubes 2 and 3.


Put a clean stopper or a cap on tube 1 and gently turn it upside down several times to mix the chemicals.  Repeat with tubes 2 and 3.  Remove the caps.


Tube 6:  Carefully measure 12.5 mL of acetic acid, CH3COOH, and pour it into tube 6.  Add 12.5 mL of distilled water.  If the acetic acid is not diluted in half, you will get a muddy mess.  Again, stopper the tube and gently turn it upside down several times to mix the chemicals.

7.
Tubes 4 and 5:  Measure 12 mL of tartaric acid, H2C4H4O6, and put it into test tube 4.  Repeat for test tube 5.  Stopper and mix both tubes as you did with tubes 1-3 and 6.


Another experiment would be to change the concentration of the tartaric acid.  For example, if you dilute the tartaric acid in half with water (but still use 12 mL), crystals will be thinner but longer; you might experiment with different concentrations.

You will now add the sodium silicate solution, Na2Si3O7, to all the tubes.  The sodium silicate and the acid together will cause a gel to form.
8.
Tubes 1, 2, 3, 4, 5:  Measure 12 mL of sodium silicate solution, Na2Si3O7, into each of the tubes.


Put the stopper or cap back on each tube and gently turn it upside down several times to mix the chemicals as you did before.  Leave the cap on each tube.

9.
Tube 6:  This one sets very quickly, and it is best to work fast, but be careful to add the sodium silicate down the side of the tube so that bubbles won't form on the surface.  You need a very smooth surface when the gel is hard.


Measure 25 mL of the sodium silicate solution and add it to tube 6.  Cap immediately, and gently turn it upside down about 3 times to mix the chemicals.

Tubes should be left alone overnight so that the gel can form.  Do not move them.  Even though it seems that the gel has formed, best results will be obtained when the gel is set completely.  Tubes with the tartaric acid (tubes 4 and 5) will take 4 days to harden!  Have patience!
Next day (tubes 1, 2, 3 and 6 only)

1.
Tube 1:  Using tweezers, push the iron paper clip upright into the surface of the gel.  Push it carefully into the gel so it is just covered by the gel.  Gently, put an eyedropper full of sodium chloride solution, NaCl, into the tube and cap or stopper the tube to prevent evaporation.

2.
Tube 2:  Using tweezers, put the piece of zinc metal into the surface of the gel.  Push it carefully into the gel so it is just covered by the gel.  Gently, put an eyedropper full of distilled water into the tube and cap the tube.

3.
Tube 3.  Gently, pour 2 mL of the potassium iodide solution, KI, onto the surface of the gel and cap the tube.  It is important that you do not damage the smooth surface of the gel.

4.
Tube 6:  Holding test tube 6 at an angle, slowly and gently pour 15 mL of 1M CuSO4 down the side of the tube onto the surface of the gel.  Cap and observe every day for weeks!

After tubes 4 and 5 have hardened:

5.
Tube 4:  Measure 5 mL of KCl (or KNO3).  Holding test tube 4 at an angle, slowly and gently pour the KCl (or KNO3) into the test tube.  Cap and observe every day.

6.
Tube 5:  Measure 5 mL of saturated CuSO4 and add it to test tube 5 as described in the last step.  Cap and observe for weeks.

Reactions Occurring in Sodium Silicate Gels
Ions diffuse from an area of high concentration to an area of low concentration.  When the ions come together, a new substance forms.  Atoms, molecules and ions are always in motion!  The gel slows down this movement, allowing larger crystals to form.  In general, the slower the crystal growth, the larger the crystal.

1.  Tube 1:  You put copper(II) ions in the gel and a paper clip (iron) on top.  The crystals are pure copper.  Electrons moved from the iron atoms to the copper ions, forming elementary, metallic copper.  You put the salt water on top to provide an electrolyte so that electrons could flow.  The chloride ions are called spectator ions since they only diffuse through the gel and don't react.  This is called a copper tree because of the dendritic growth of the copper crystals.  The yellow, cloudy portion that forms as time goes on is a precipitation of iron compounds that may eventually ruin your tube.  This is the only one that may not last more than a few months.  The bubbles are hydrogen gas that forms from a reaction of the metals with the other chemicals.


copper(II) ions + iron atoms-----> iron(III) ions + copper atoms


3Cu2+ (aq) + 2Fe(s) -----> 2Fe3+(aq) + 3Cu(s)

note: (s) represents a solid; (l) represents a liquid; (g) represents a gas; (aq) represents an aqueous solution.

2.  Tube 2:  You put lead ions in the gel and a piece of zinc on the top.  The crystals are metallic lead.  This is called a lead tree.


lead ions + zinc -----> zinc ions + lead


Pb2+ (aq) + Zn(s) -----> Zn2+(aq) + Pb(s)

3.  Tube 3:  you put lead nitrate in the gel and potassium iodide on top.  The bright yellow crystals are lead iodide.


lead ions + iodide ions -----> lead iodide

Pb2+(aq) + 2I-(aq) -----> PbI2(s) 

4.  Tube 4:  Hydrogen tartrate ions were in the gel and potassium ions were on top.  The crystals are potassium hydrogen tartrate.


potassium ion + hydrogen tartrate ion -----> potassium hydrogen tartrate

K+(aq) + HC4H4O6-(aq)  -----> KHC4H4O6(s)

5.  Tube 5:  Tartrate ions were in the gel and copper(II) ions were on top.  The crystals are copper(II) tartrate.


copper(II) ion + tartrate ion  -----> copper(II) tartrate

Cu2+(aq) + C4H4O62-(aq)  -----> CuC4H4O6(s)

6.  Tube 6:  you put chromate ions in the gel and copper(II) ions on the top.  The result is a formation called Liesegang rings.  The brown rings are copper(II) chromate.


copper(II) ions + chromate ions -----> copper(II) chromate
Cu2+(aq) + CrO42-(aq) -----> CuCrO4(s)
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