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5 ( Reactions in Aqueous Solution

CRYSTALS IN GELS LABETTE

Introduction

A dilute solution of sodium silicate (water glass) and a salt is mixed with an organic acid (usually acetic acid) to form a gel. Another salt solution or a metal is then placed on top of the hardened silica gel, and spectacular crystals of a new substance form in the gel as the aqueous ion slowly diffuses downward. The longer the crystals grow, the larger and more beautiful they become. In this activity, you will grow crystals of three different substances, copper metal, lead metal, and lead iodide. Although results can be seem within hours, the crystals become more impressive after growing for 2 to 3 weeks. 

Materials Needed for 15 Sets of 3 Tubes

Cupric chloride, 1 M CuCl2 (50 mL)
Culture tubes, 20 x 150 mm (45) or perform tubes

Potassium iodide, 2 M KI (35 mL)
Rubber stoppers, #2 (45) or Parafilm M

Sodium chloride, 1 M  NaCl (35 mL)
Test tube racks

Lead nitrate, 1 M Pb(NO3)2 (35 mL)
25-mL Graduated cylinders (15)

Acetic acid, 1 M CH3CO2H (540 mL)
Pipets, Beral-type

Sodium silicate solution, 6% (540 mL)
Forceps

Zinc, 5” x ½” strip
Goggles

Paper clips (15)
Gloves and aprons

Procedure

1.
Label three preform tubes with your initials and number them 1 to 3. Put labels near the tops of the tubes.

2.
Using the graduated cylinder, add 2.5 mL of 1 M cupric chloride solution to tube 1. Rinse the graduated cylinder.

3.
Add 17 drops of 1 M lead nitrate solution to tube 2 and another 17 drops to tube 3.

4.
Using the graduated cylinder, carefully measure 12 mL of 1 M acetic acid, and pour it into tube 1. Repeat for tubes 2 and 3.

5.
Put the caps on the tubes and gently invert them several times to mix the chemicals. Carefully remove the caps.

6.
Using a clean graduated cylinder, measure 12 mL of sodium silicate solution and add to each of the three tubes.

7.
Put caps back on the tubes and again invert them several times to mix the chemicals.

8.
Leave the caps on and put your tubes in a test tube rack. Allow the gels to harden overnight.

Later, After Gels Have Hardened

1.
Remove cap from tube 1. Using forceps, push the iron paper clip vertically into the surface of the gel. Push it carefully into the gel until it is just covered. Gently add 1 mL of 1 M sodium chloride solution to the tube and put the cap back on.

2.
Cut a small piece of zinc metal (1/4” x 5/8”) small enough to fit into the tube. Remove the cap from tube 2. Using the forceps, push the piece of zinc metal, vertically, into the surface of the gel. Push it carefully into the gel until it is just covered. Gently add 2 mL of water to the tube and put the cap back on.

3.
Remove the stopper from tube 3. Gently add 2 mL of the 2 M potassium iodide solution to the tube and put the cap back on.

Discussion

The reaction in culture tube 1 produces copper crystals and can generally be called a single displacement reaction. it can be understood further if we also call it an oxidation-reduction reaction where iron is oxidized and copper is reduced.

Fe(s) + Cu2+(aq) ( Fe2+(aq) + Pb(s)

Copper Crystals

In culture tube 2, a single displacement, oxidation-reduction reaction also occurs to produce lead crystals. Zinc is oxidized and lead is reduced.

Zn(s) + Pb2+(aq) ( Fe2+(aq) + Pb(s)

Lead Crystals

In culture tube 3, a double replacement, precipitation reaction occurs. The lead and iodide ions combine to form lead iodide crystals.

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

Lead Iodide Crystals
Tips

The crystals will continue to develop for months. Some crystals will decompose and some will remain unchanged.

1. 
After several weeks, culture tube 1 will start producing elemental iron (Fe3+) and hydrogen bubbles – slowly losing its beauty.

2.
Culture 2 tubes will also produce hydrogen bubbles and will tend to pop its stopper. Seal culture tubes with Parafilm M.

3.
All crystals will take approximately a week to grow.

Safety Precautions

Lead solutions are toxic by inhalation and ingestion. Cupric chloride solutions are toxic by ingestion and inhalation. Acetic acid is corrosive to skin and tissue; moderate faire risk (flash point: 39o C) and toxic by ingestion. Wear chemical splash goggles, chemical-resistant gloves and a chemical-resistant apron.

Disposal

Gel crystals can be stored indefinitely. Seal culture tubes with Parafilm M. The crystals will continue to develop for months. Culture tubes that contain lead crystals should be disposed of using Flinn Suggested Disposal Procedure #27f. The other crystals can be discarded in a standard waste receptacle.
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