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Part One:  Polishing Silver with “Sterling” Results
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  Un-tarnished Sterling Silver



   Tarnished Sterling Silver

Introduction:
Have you ever noticed silver tarnishing?  Discuss some examples with your classmates.  Observe a tarnished and untarnished piece of silver.  How do people clean the tarnished silver?  What happens to the silver as it is polished continually for many years?  Is there a way to clean the tarnish from silver without using harmful, abrasive polishes?
Tarnishing of silver is not oxidation via reaction with oxygen.  The black tarnish that you see on the surface of silver is silver sulfide, Ag2S, with the sulfur coming from the environment.  The tarnishing of silver occurs at various rates depending on the environment.  Exhaust from vehicles, chimneys, furnaces, cooking (eggs, onions) and yes, even people (blush!), all provide the sulfur gases necessary for tarnishing silver.  
Tarnish is a form of corrosion that begins as a yellowed tint and continues to develop into a thin black layer covering the entire surface of the object.  Tarnish becomes more difficult to remove as it darkens. 
There are two ways to remove the coating of silver sulfide from silver.  One way is to remove the silver sulfide from the surface. The other is to reverse the chemical reaction and turn silver sulfide back into silver.  In the first method, some silver is removed in the process of polishing.  In the second, the silver remains in place. Polishes that contain an abrasive shine the silver by rubbing off the silver sulfide and some of the silver along with it.  Another kind of tarnish remover dissolves the silver sulfide in a liquid. These polishes are used by dipping the silver into the liquid, or by rubbing the liquid on with a cloth and washing it off. These polishes also remove some of the silver. 

The tarnish-removal method used in this experiment uses a chemical reaction to convert the silver sulfide back into silver.  This does not remove any of the silver.  Many metals in addition to silver form compounds with sulfur.  Some of them have a greater affinity for sulfur than silver does.  Aluminum is one such metal.  In this experiment, the silver sulfide reacts with aluminum.  In the reaction, sulfur atoms are transferred from silver to aluminum, freeing the silver metal and forming aluminum sulfide.  The balanced chemical equation for the process is as follows: 
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The reaction between silver sulfide and aluminum takes place when the two are in contact while they are immersed in a baking soda solution.  The reaction is faster when the solution is warm.  The solution carries the sulfur from the silver to the aluminum.  The aluminum sulfide may adhere to the aluminum foil, or it may form tiny, pale yellow flakes in the bottom of the beaker.  The silver and aluminum must be in contact with each other, because a small electric current flows between them during the reaction.  This type of reaction, which involves an electric current, is called an electrochemical reaction.  Reactions of this type are used in batteries to produce electricity.

Teacher Demonstration:  (Optional)
Recall that silver is tarnished from atmospheric sulfur, forming black silver sulfide.  To demonstrate this process quickly, place a peeled hard-boiled egg in a resealable plastic bag.  You will likely notice the awful sulfur smell emanating from the bag.  Place a shiny, untarnished piece of silver jewelry into the bag with the egg and wait for about 5 minutes.  You should notice black silver sulfide forming on the surface of the jewelry.  (Note:  If students don’t have a tarnished piece of silver they can use this method to tarnish a piece of silver before the activity).    
Purpose:

· To clean a piece of tarnished silver using electrochemical methods.
Materials: 

· Small tarnished piece of silver (one piece for each group) 

· Beaker large enough to hold the silver item
· Piece of aluminum foil large enough to wrap around the silver item
· Water (enough to fully immerse the item)
· Hot plates
· A few teaspoons of sodium bicarbonate (baking soda) 
· Tongs
Procedure:

1. Place a sheet of aluminum foil on the table at your work station.  Set the tarnished silver object on top of the aluminum foil, making sure the silver touches the aluminum. 
Why is contact of the tarnished silver object with the aluminum foil necessary?

2. Add a few teaspoons of baking soda on top of the tarnished silver object.

What is the role of the sodium bicarbonate (baking soda) in this reaction?

3. Fill a large beaker about ¾ full and heat the water to boiling on the hot plate. Turn the heat off.   
Why is hot water used for this reaction rather than water at room temperature?

4. Wrap the tarnished silver piece tightly in the aluminum foil and place it into the boiling water.

5. Leave the reaction for about 5 minutes and then, using tongs, remove the foil from the beaker.  Allow the foil to cool and then pry open the foil to reveal the piece of silver.  (If the silver was only slightly tarnished, all of the tarnish should have disappeared. If the silver was badly tarnished, you may need to repeat the procedure two or three times).
a) Was all of the tarnish removed?  Compare your treated silver object with an un-tarnished piece of silver.  How do they compare?  How have the aluminum foil and the solution changed?
b) What is the chemical reaction that occurred to remove the tarnish from the silver?  Write and balance this reaction.

c) Show what was happening at the molecular level as this reaction occurred.  Include a diagram. 

d) Would this same process work to get rid of other forms of tarnish, such as copper oxide?  Explain. 
Extension/Discussion Activity:
1. Research the reasons why silver items should never be stored on or near wood, newspaper, plastic, felt or rubber products, or food products such as eggs, onions or mustard.

2. Would you expect silver to tarnish more quickly in a humid or dry environment?  Explain.

3. Tarnish removers and polishers often contain acids, ammonia, surfactants, mild abrasives and polyethylene glycol.  All of these chemicals are classified as irritants.  Comment on the health and environmental effects of the two procedures used to remove tarnish (polishing vs. the electrochemical method used in this activity).

Part Two:  Removal of Copper(II)Oxide Tarnish from Pennies
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Untarnished Copper Penny

       Tarnished Copper Pennies
Introduction:
Copper is widely used in industry due to its ability to conduct heat and electricity very well.  It is very easy to form, color, and shape.  It has been used for centuries in jewelry, weapons, vessels, and other art objects.  Copper is usually mixed with other metals to toughen and strengthen the alloy.   Its ability to be repeatedly softened and hardened makes it ideal for forming, forging, and shaping.  However, despite its wide use and versatility, copper tarnishes very easily.  

Have you ever noticed copper tarnishing?  Discuss some examples with your classmates.  Observe a tarnished and untarnished piece of copper.  
When the Statue of Liberty first arrived from France in 1886, it was a deep brown copper color.  If you look at the Statue today, you will notice that it is no longer brown, but light green.  The green coating is a layer called patina that has formed as a result of the copper oxidizing in air and also reacting with carbon dioxide to form a film of copper-hydroxide-carbonate.  Unlike the tarnish corrosion that is observed on jewelry and cars, patina is considered a very attractive form of corrosion.
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But how do people clean the tarnished copper from surfaces where the tarnish is not desired, such as on a penny?  
Unlike the tarnishing of silver, the tarnishing of copper is oxidation via reaction with oxygen.  The tarnish that you see on the surface of copper is copper(II)oxide, CuO, which is green in color.  The oxidation reaction is as follows: 
2Cu(s)     +     O2(g)     (     2CuO(s)
What could you do to remove oxygen, in the form of CuO, from an old penny so that it looks new again? That is, what kind of atom could you use to combine with the oxygen in a chemical reaction? And, what kind of molecule would be formed?

You were correct if you said that hydrogen can combine with oxygen in the oxide to form water (H2O). Tarnish remover is a watery paste and many molecules in water solutions break up into positively and negatively charged pieces called ions.  Metal atoms and hydrogen atoms form positive ions while non-metal atoms generally form negative ions. Thus, positive hydrogen ions (H+) combine with negative oxide (O2-) ions to form neutral water (H2O). 
Copper metal for example has a red brown color whereas its copper ion in water is blue. We will be using two different acids, and water in this next activity to supply hydrogen (H+) ions to remove tarnish.  An acid is a chemical that releases hydrogen ions in water. The acids that we will use are hydrochloric acid (H+Cl-) used in cleaning bricks and also called muriatic acid, acetic acid (vinegar, CH3COO-H+) used in cooking, and water (H2O). We generally don't think of water as an acid, but it does provide H+ ions, albeit in a small amount.  Think of water as a very weak acid.

The tarnish-removal method used in this experiment uses a chemical reaction to convert the copper(II)oxide back into copper.  As in the electrochemical removal of tarnish from silver, this process does not remove any of the metal, in this case copper, from the surface.  
In this experiment, the copper(II)oxide reacts with hydrogen ions (H+).  
The chemical equation for the process is as follows: 
	CuO    +      2HX       (      CuX2       +     H2O
	
	
	
	
	
	

	
	
	
	
	
	
	


Where X = Cl, CH3COO 
Student Investigation
Question:

What could you do to remove oxygen in the form of black oxide called tarnish from a copper wire or from an old penny so that it looks new again? That is, what kind of atom could you use to combine with the oxygen in a chemical reaction? And, what kind of molecule would be formed?

Which liquid do you think is the strongest acid, providing the most H+ ions and therefore is the best cleaner of oxides from metals: Hydrochloric acid, acetic acid or water (H2O)?  Explain.
1. Students will be given access to three different acidic substances:   hydrochloric acid (H+Cl-), acetic acid (vinegar) (CH3COO-H+), and water (H2O), and also salt and some tarnished pennies. 
2. Students are to design and write up investigation plans.  The question, the hypothesis and the entire procedure must be written before any equipment is taken to their station. Teacher approval must be given prior to performing the experiment.

Their hypotheses should state what they expect to find. They should state what is controlled in each design.
3. Have students carry out their investigations and record the results.

4. Ask students to report their results to the class. 
5. Compile results as a class to examine all the different variables tested. 

Sample Investigations:

· What is the amount of time required for tarnish to begin to form on a penny?

· Which of the three acids caused the most tarnish to form?

· Which of the three acids caused the least tarnish to form?

· Does salt affect the rate of corrosion in any of the three acids?

· Do pennies from a different year react differently in the acid and/or salt solutions?  (See penny composition chart provided)

· Does the amount of tarnish on a penny affect the rate in which it tarnishes?

Sample Materials 
· Some tarnished pennies (both Canadian and American samples)
· 100 mL white vinegar (dilute acetic acid) 
· 100 mL 0.1 mol/L HCl

· 100 mL Distilled water

· Salt

· 3-250 mL beakers
· Paper towels
· Shiny un-tarnished pennies (for comparison)
· Electronic balance
· 3 clean steel screws or nails (for extension activity) (Optional)
Sample Data Table: Combination of H+ ions with Oxide (O2-) Ions in Copper(II)oxide 

	Source of
H+ ions
	Observations
	Effectiveness of oxide removal


	Water
H2O
	
	

	Vinegar
CH3COO-H+
	
	

	Hydrochloric acid: H+Cl-
	
	


 All three solutions contain hydrogen ions. Based on the above results, which solution has the strongest concentration of hydrogen ions? Explain.
Did the salt help to remove any of the tarnish?

Use small circles with the Cu symbol inside, a darkened circle for O, a smaller circle with H inside, and a very small H inside a circle with a + sign for H+ ions to draw the pictures below.
	CuO Molecules


	H+ ions
	H2O Molecules
	Copper atoms

	
	
	
	


Use the information above to complete the equations of the removal of the oxide in copper(II)oxide to produce water and copper atoms. Use the circles of atoms and molecules for the picture portion of the equation.  
	
	Reactants
	Products

	Word Equation


	
	

	Chemical Equation


	
	

	Colors of Chemicals


	
	

	Picture Drawings


	
	



How would you expect the mass of the untarnished vs. the tarnished penny to differ?  (Make sure they are both the same composition (check the year of the penny and see penny composition chart provided)
Extension Activity:  Copper Plated Screws

If you didn’t do so in your investigation, add a tarnished penny to each of the two acid solutions and the water given in the experiment.

Allow to sit until the tarnish has been removed from at least one of the pennies.

Draw a diagram of the three beakers below and indicate the components of each of the three solutions (i.e. the products of each of the three reactions observed in the experiment).

Add a screw to each of the three 250 mL beakers used in the experiment containing hydrochloric acid, vinegar and water.

Observe the screws after 5-10 minutes.  

Did you notice any bubbles forming on the screw?  What are the bubbles a result of?

Explain your results.   

Explanation:  The copper that coats the screw comes from the pennies. However, it exists in the acid solution as positively charged copper ions as opposed to neutral copper metal.  Screws are made of steel, an alloy primarily composed of iron.  The acid solution dissolves some of the iron and its oxides on the surface of the screw, leaving a negative charge on the surface of the screw.  Opposite charges attract, but the copper ions are more strongly attracted to the screw than the iron ions, so a copper coating forms on the nail.  At the same time, the reactions involving the hydrogen ions from the acid and the metal/oxides produce some hydrogen gas, which bubbles up from the site of the reaction - the surface of the screw. 

Teacher information regarding the copper investigation:
· Ketchup, soy sauce, and taco sauce work as well as acids in removing tarnish from pennies.
· The added salt (NaCl) may adjust the ionic strength of the weak acetic acid solution to promote the dissolution of the copper(II)oxide.
· Depending on the environment, copper will oxidize to a dull brown, or a greenish color. This is what you will get with a pre-1982 American penny. The new American pennies with the high zinc content can oxidize somewhat differently.  Zinc oxidizes quicker then copper, and turns almost to a black color.
· Is the oxide formed on pennies Cu+ or Cu2+?  There seems to be great debate about this, but this is the best answer I could find:

Initially, bare Cu metal atoms react with air to form the pink oxide, cuprite, Cu2O, which has Cu+ cations. This gradually oxidizes further to the black oxide, tenorite, CuO, with Cu2+ ions. The black sulfide CuS also sometimes forms. In the presence of moisture, the blackish layer slowly reacts with sulfur dioxide and carbon dioxide from the air to eventually form the patina, which is a mixture of 3 minerals:
· Brochantite, a green, hydrated copper sulfate, Cu4SO4(OH)6
· Malachite, the green, hydrated copper carbonate Cu2CO3(OH)3
· Azurite, the blue, hydrated copper carbonate Cu3(CO3)2(OH)2


Canadian Pennies: Composition throughout history
(From: http://en.wikipedia.org/wiki/Canadian_cent_coin#cite_note-7)
	Years
	Mass
	Diameter/Shape
	Composition[8]

	2000–present
	2.35 g
	19.05 mm, round
	94% steel, 1.5% nickel, 4.5% copper plated zinc[citation needed]

	1997–1999
	2.25 g
	19.05 mm, round
	98.4% zinc, 1.6% copper plating[citation needed]

	1982–1996
	2.5 g
	19.1 mm, 12-sided
	98% copper, 1.75% tin, 0.25% zinc

	1980–1981
	2.8 g
	19.0 mm, round
	98% copper, 1.75% tin, 0.25% zinc

	1978–1979
	3.24 g
	19.05 mm, round
	98% copper, 1.75% tin, 0.25% zinc

	1942–1977
	3.24 g
	19.05 mm, round
	98% copper, 0.5% tin, 1.5% zinc

	1920–1941
	3.24 g
	19.05 mm, round
	95.5% copper, 3% tin, 1.5% zinc

	1876–1920
	5.67 g
	25.4 mm, round
	95.5% copper, 3% tin, 1.5% zinc

	1858–1859
	4.54 g
	25.4 mm, round
	95% copper, 4% tin, 1% zinc


USA Pennies:  Composition
In 1962, the cent's tin content, which was quite small, was removed. That made the metal composition of the cent 95 percent copper and 5 percent zinc.  The alloy remained 95 percent copper and 5 percent zinc until 1982, when the composition was changed to 97.5 percent zinc and 2.5 percent copper (copper-plated zinc). Cents of both compositions appeared in that year.
 

Interesting Website:

Tarnish silver with a hard-boiled egg and clean with foil, baking soda and boiling water:

http://www.youtube.com/watch?v=aPnx1GHskAY
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Types of Silver:





Sterling Silver:    Pure silver, like pure gold, is too soft for most uses and is often mixed with copper.  Sterling silver is 925 parts fine silver and 75 parts copper, and is also known as .925.  This alloy will tarnish, but the copper is necessary in jewelry like rings, brooches, necklaces, and other items that require metal with strength.  





Fine Silver:    Fine silver is 100 percent silver.   It has a brilliant white color, and is the whitest of all metals.  It will not tarnish, and is frequently mixed with gold.  It is a very soft metal, and will not withstand wear.  It is commonly used in a very fine wire form, as in knitting with fine silver wire.  








