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Science in Motion

Juniata College



Contrary Gardening
Teacher’s Notes
Time:  30 minutes

Grade Level:  Middle school, high school, or scaled down for elementary school

Objectives:
· To discuss general solubility rules

· To identify the components of a double displacement reaction

· To predict products of a double displacement reaction

· To distinguish between solubility and precipitation

· To define the terms osmosis and semi-permeable

· To locate transition metals on the periodic table

· To differentiate between organic (living) vs inorganic (non-living) growth

Major Concepts:
· Solubility vs Precipitation

· Living organism vs non-living organism

· Osmosis and semi-permeable barriers

· Double Displacement Reactions

Preparation:
· Prepare sodium silicate solution ahead of time by adding water glass and water and keeping it warm on a hot plate for students to pour into their scintillation vials.

· Have small samples of different transition metal salts with spatulas ready so that cross contamination is minimized.

· Ask stude[image: image1.png]


nts to sprinkle salts into container; using too much will spoil the effect.

Typical Results:
Each insoluble metal salt will form growths (like algae, mushroom, alien life forms) within the solution of sodium silicate.  The transition metal salts are colorful.  Soluble salts do not “grow” in the sodium silicate.

· Sodium silicate + nickel(II)chloride ----> nickel (II) silicate + sodium chloride

· Sodium silicate + cobalt chloride ------> cobalt silicate + sodium chloride
· Sodium silicate + potassium chromate ------> sodium chromate +  potassium chloride 

· Sodium silicate + iron (II) sulfate ------> sodium sulfate+ iron (II) silicate
· Sodium silicate + calcium chloride -----> sodium chloride + calcium silicate
· Sodium silicate + manganese (II) chloride -----> sodium chloride + manganese (II) silicate
· Sodium silicate + manganese (III) chloride -----> sodium chloride + manganese (III)silicate
· Sodium silicate + copper (II) sulfate -----> sodium sulfate + copper (II) silicate
Questions:
1. How did your predictions go?  Why did some of the metal salts not grow?  Variable answers to the first question.  Some of the metal salts did not grow because the precipitation formation did not take place.  All the ions were soluble in solution.
2. Would a chemical garden grow in space?  The garden’s growth depends on gravity, so in space the growth is strange (like organs or weird creatures).

3. How is a chemical garden like and unlike a plant garden?  When one thinks of a garden, one thinks of growth.  The chemical garden and the plant garden “grow,” but the plant garden reproduces, moves, dies, ingests, and excretes.

4. Sodium silicate was used to preserve eggs in their shells.  Why?  The sodium silicate solution forms a thick protective layer around the egg shell and does not allow oxygen and bacteria to get through the semi-permeable shell, sealing and preserving the egg.
5. [image: image4]How did the water differ from the water glass (give one physical property)? Why do you think sodium silicate is called water glass?  It has high viscosity.  As it thickens, it polymerizes and hardens into a glass-like product.

Post-Lab Discussion Notes:
How does the chemical garden grow?

Metal ions react with the silicate ions to form a precipitate. 

M+(aq) + Si2O32- (aq) ----> MSiO3 (s)  

The metal silicate precipitate forms a “semi-permeable” layer around the metal salt crystal.  By osmosis, water moves across the membrane and metal ions are released from the crystal and by osmotic pressure bursts forth at the weakest part of the membrane form another layer by releasing more metal silicate precipitate.  The precipitate is less dense than the liquid and depends on gravity, as it grows upwards generally. 

Extension Activities:
· Have students write the formulas for the double displacement reactions, balance them, write complete ionic equations, and net ionic equations.

· Read an excerpt from Thomas Mann’s book Dr. Faustus where he describes a chemical garden

· Watch a You Tube video on chemical gardens.  <<http://www.youtube.com/watch?v=a45jZOc7PRY&feature=player_detailpage>>
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