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Redox Chemistry: From Silver to Black and Back

Chemistry Teaching Team
Main Concepts:


Reduction-oxidation (“Redox”) reactions
Module Overview: Reduction-oxidation reactions describe all chemical reactions in which atoms have their oxidation state changed. Oxidation described the loss of electrons by a molecule, atom or ion. Reduction describes the gain of electrons by a molecule, atom, or ion. In each such reaction, one compound transfers (or more accurately, shares) its electrons with another. Metals often participate in redox reactions. Sterling silver and other metals become discolored (tarnished) over time in a redox reaction. This process can be reversed; many companies sell silver polishing kits, but really, the necessary tools are available in your kitchen. 
Materials:


Silver wire


Pennies


Hardboiled eggs


Silver wire, pennies, and eggs that have been mixed together overnight


Microwave or other heating implement


Ziploc bags

Aluminum foil
Hot plate

Baking soda

Tongs or forceps 

Safety: caution the students to use the hot plate carefully and never to touch the surface of the plate while it is on.
Methods/Protocol:

I. From Silver to Black
1. Have pairs of students take a sandwich bag, a few sections of silver wire, and a few pennies.

2. Assign half the pairs to be the +heat group and the other half to be the –heat group.

3. Take ~1/4 cup of hardboiled egg and place it in the sandwich bag. The + heat group may microwave their bags for ~30 seconds.

4. Place the silver wire and penny in the bag.

5. From the outside of the bag, knead the mixture well until your sections of metal are coated with egg.

6. Let the baggies sit for a few minutes. Meanwhile, ask the students what they notice about the eggs and metal so far and what they expect to happen. 

7. Using gloves, take out the pieces of silver wire and the copper pennies from the baggies. Rinse in water briefly and wipe off excess egg.

Discussion Questions:

1. what does the silver wire look like?

The silver is no longer shiny, but has been discolored to look goldish or blackish- the silver has become tarnished.
2. What does the copper penny look like?

The copper penny has also become discolored- it looks like an old penny now. The copper penny has also become tarnished. 

3. What do the silver wires and copper pennies that have been in the eggs overnight look like?

These should be more dramatically discolored because they have been incubated with the eggs for a longer time.

4. What substance in the eggs reacted with the silver and copper? (Hint- smell the bag)

Sulfur gas is present in the hard-boiled eggs and gives them their distinctive smell. The silver reacts with the sulfur gas, and the surface of the object becomes silver sulfide (Ag2S), which is blackish in color.

2Ag(s) + H2S(g) ( Ag2S(s) + H2(g)

4. What effect did incubating with heat versus incubating at room temperature have on the outcome? Why?

Incubating with heat released more of the sulfur gas from the hard-boiled eggs, speeding up the reaction of the silver or copper with the sulfur.

5. When silver tarnishes on its own (in your silverware drawer or jewelry box), where is the substance that reacts with the silver coming from?

Sulfur, a gas, is a pollutant present in low concentration in the atmosphere. It is usually present as sulfur oxide (SO2), a pollutant whose levels are regulated by the Clean Air Act. Over several years, reaction of your silver jewelry or copper pennies with ambient sulfur causes oxidation of the metal.

6. Why was the reaction of the silver or copper with the egg able to cause tarnishing so quickly?

Because the sulfur was present at much higher concentrations in the egg than is usually present in the air.

7. Do you think that silver tarnishes at the same rate everywhere? What factors could change the rate of silver tarnishing?

Local levels of sulfur from polluting sources would determine how fast silver could tarnish. For example, you would expect your silver to tarnish more quickly if you lived close to a manufacturing plant that emitted sulfur.

II. ….. and Back
1. Look at the handout describing a “silver polishing kit” from the Hammacher Schlemmer catalog. What do you think the “cleaning plate” is? What about the “activator”? Do you think the kit is worth its price? 

2. Heat about 100 mLs of water in a beaker on a hot plate.

3. Place a square of aluminum foil in the bottom of the beaker, using tongs.

4. Carefully add a spoonful of baking soda to the beaker (there will be some bubbling!).

5. Add a few of the overnight oxidized silver wires and pennies.

6. Observe the beaker for ~ 5 minutes. What is happening?

7. Remove the beaker from the hot plate carefully, using a hot pad. Using tongs, fish out the pieces of wire, the pennies, and the aluminum foil. Do they look different?

Discussion Questions
1. What happened to the aluminum foil, the tarnished silver wire, and the pennies after they were mixed and heated?

The silver and copper became un-tarnished! They resembled their previous color before reaction with the eggs. The aluminum foil, in turn, had reacted with the sulfur and become oxidized. 

3Ag2S(s) + 2 Al(s) ( 6 Ag(s) + Al2S3(S)

2. Why did this happen?

The aluminum foil has a higher affinity for sulfur than either silver or copper. This means that aluminum forms stronger chemical bonds to sulfur. Therefore, when the aluminum and tarnished metal were placed near each other, the sulfur transferred to the aluminum over time.

3. How did the water, heat, and baking soda help this process to happen?

The heat added thermal energy to the reaction. This energy increased the vibration of chemical bonds, which resulted in faster breaking and forming of chemical bonds. The net result was to speed up the reaction.

The chemical name for baking soda is sodium bicarbonate, which is slightly basic, and makes the pH of the reaction mixture >7. This change in pH made it less favorable for the released sulfur to form hydrogen sulfide gas (H2S). Instead, the sulfur would then react with the aluminum to produce aluminum oxide.

4. What were the bubbles coming from the mixture of water and baking soda?

As the baking soda and water mix, carbon dioxide gas (CO2) is released. Hydroxide ions are also released, which accounts for the mild increase in pH.

HCO3-(aq) + H2O(l) (( H2CO3(aq) + OH-(aq)

H2CO3(aq) (( CO2(g) + H2O(l) 
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