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Teacher Background Information on Electroplating:

Electroplating is an economically important process, often used to reduce corrosion or improve the appearance of objects. During electroplating a thin layer of a desirable metal is deposited onto another object.

During electroplating, the object to be plated is attached to the negative post of a power source, causing the object to gain a negative charge. This will attract positive metallic ions from the electrolytic solution the object is placed in. 

The diagram below shows a typical electroplating set-up. In this case, the silver bar acts as the anode, constantly supplying silver ions into the electrolyte bath via an oxidation reaction.  The rhinoceros ornament acts as the cathode, attracting the silver ions to itself, where they are reduced to silver metal on its surface.  The electrolyte bath consists of silver and nitrate ions from molten silver nitrate.  
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Have you ever wondered why you can purchase a pair of “silver” earrings for both $5 and $50?  How about silver coins?  Why are some “silver” coins more valuable than others?  Some people may remember the word 'silver' being interchangeable with 'coin'.  Have you ever heard the expression “Do you have any silver in your pocket?”  Are silver coins really pure silver?  (Would that not make their intrinsic value worth more than their face value?)  Did you know that in ancient times, when many coins were made of pure silver, people were put to death for making counterfeit coins that were passed off as being pure silver?

Coins have been counterfeited since the invention of coinage.  In ancient times, forgers typically counterfeited coins by plating a base metal core with a precious metal exterior, since the value of coins was tied to the value of their metallic content. 


Corrosion on this lightweight counterfeit shows patches of the bronze core. 

With the exception of collector’s coins such as the one below, coins produced today contain no pure silver. 

Most coins are nickel-plated copper alloys.  As an example, the current American dime is 75% copper and 25% nickel. 

Lab Introduction:

In Part One of this experiment, you will develop an understanding of the processes occurring when something is electroplated. What actually happens at the molecular level to cause this plating process to occur? A zinc-plated copper strip and an iron-plated copper strip will be prepared using the electroplating technique.  In the preparation of the zinc-plated copper strip, positive Zn2+ ions from the electrolyte bath will become attracted to a copper strip carrying the negative charge. When the Zn2+ reach the strip they will gain electrons and become reduced to form solid zinc:

Zn2+ (aq) + 2e- → Zn(s)

The Zinc (II) ions removed from the bath must be replenished; this is accomplished at the anode where a solid Zinc plate undergoes oxidation:

Zn(s) → Zn2+ (aq) + 2e- 

In the preparation of the iron-plated copper strip, positive Fe2+ ions from the bath will become attracted to a copper strip carrying the negative charge. When the Fe2+ reach the strip they will gain electrons and become reduced to form solid iron:

Fe2+ (aq) + 2e- → Fe(s)

The iron (II) ions removed from the bath must be replenished; this is accomplished at the anode where a solid iron plate undergoes oxidation:
       Zn(s) → Zn2+ (aq) + 2e-

Materials:

· (2) 100ml beakers

· Drying Oven

· (2) Oven safe watch glasses

· Steel wool

· electronic balance

· 2 Sets of alligator clips

· 12 Volt Battery or other Power Source

· Distilled water 

· (3) 3” by .5” strips of Copper

· 3” by .5” strip of Iron

· 3” by .5” strip of Zinc

· (50ml) ZnSO4 (Zinc Sulfate solution) 

· (50ml) FeCl2  (Iron(II)Chloride solution)

Procedure:

A:  Preparation of metals:

2. Obtain two 100ml beakers. Fill one with FeCl2 and the other ZnSO4. Label both of them.  Draw diagrams showing the components (i.e. ions) of each solution in the space below. Make sure you show the ions in a dissociated state.

3. Obtain three copper strips.  Place a stick-on label on the top end of each strip. Label the wires Cu, Fe/Cu, and Zn/Cu.

4. Polish the un-labeled end of each copper strip with steel wool. Why do you need to this? Think about what you are removing and exposing when you are polishing the metals.

4. Find the mass of each strip and record it in Table 1, under “Starting Mass”.

5. Get two metal strips: one of zinc and one iron. Polish the strips with steel wool. Again, why do they need to be polished?
B:  Electroplating a copper strip with zinc.
6. Using an alligator clip, connect the copper strip labeled Zn/Cu to the Negative terminal of the battery or Power Source. In terms of electrons, what does the - terminal represent in terms of the movement of electrons?

7. Using a separate set of alligator clips, connect the Zinc strip to the Positive terminal of the battery or Power Source. Again what does the + terminal represent in terms of movement of electrons? Do not allow the copper strip to touch the zinc strip while they are connected to the battery!

8. Carefully suspend the (cathode) copper strip and the (anode) zinc strip in the beaker of ZnSO4, making sure that they do not touch each other. 
9. Predict what will happen to the mass of each electrode once the power switch is turned on. Why do you think this will happen?

10.  Turn on the power source. 

11.   Draw a diagram of the electroplating set-up (beakers, metal strips, solutions, wires) and show the electrons flowing into the cathode (-) from the anode (+).  Also show ion movement in the electrolyte bath.

12.   After 5 minutes, turn off the power source and remove the zinc strip (anode) and the copper strip (cathode) from the beaker.

13.  Remove the copper strip from the alligator clip and GENTLY rinse with distilled water. Why should it be gently rinsed?
14.  Place the copper strip on an oven-safe watch glass.

15. Record your observations in Table 1. Where might this process occur in industry?

C:  Electroplating a copper strip with iron. 
16.  Using alligator clips, connect the Copper strip labeled Fe/Cu to the Negative terminal of the battery or Power Source. Again why is this referred to as the negative terminal?

17. Using another set of alligator clips, connect the Iron strip to the Positive terminal of the battery or Power Source.  Do not allow the copper strip to touch the iron strip while they are connected to the battery!
18. Carefully suspend the (cathode) copper strip and the (anode) iron strip in the beaker of FeCl2, making sure that they do not touch each other.

19. Predict what will happen to the mass of each electrode once the power switch is turned on. Why do you think this?

20. Turn on the power source. 

21. Again, draw a diagram of the electroplating set-up and show the electrons flowing into the cathode (-) from the anode (+).  Also show ion movement in the electrolyte bath.

22. After 5 minutes, turn off the power source and remove the iron strip (anode) and the copper strip (cathode) from the beaker.
23. Remove the copper strip from the alligator clip and GENTLY rinse with distilled water.

24. Place the copper strip on an oven-safe watch glass.

25. Record your observations in Table 1. Where might this iron plating copper occur in industry?

 TABLE 1: Experimental Data

	
	Copper Wire
	Zn/Cu Wire
	Fe/Cu Wire

	Starting Mass
	
	
	

	Observations


	
	
	

	New Mass
	
	
	


26. Place all 3 Copper strips (on watch glasses) in a drying oven for 10 minutes. 

      (why is this important?)

27. Remove the wires from the oven and let them cool.
28.  Predict, giving a reason, how the mass of the zinc- and iron-plated copper pieces will change after the electroplating process.

29. Using an electronic balance, find the mass of each copper plate and record it in Table 1, under “New Mass”.

30. a)  How did the Zn/Cu strip change after electroplating?

b) How did the Fe/Cu strip change after electroplating?

c) Explain, at the molecular level, what caused these changes. 

31. How would the concentration of the zinc ion, Zn2+, in the solution at the end of the electrolysis compare to its original concentration?  Explain.

32. How would the concentration of the iron ion, Fe2+, in the solution at the end of the electrolysis compare to its original concentration?  Explain.

33.  a) Describe, in words, the entire electroplating process in A, the plating of zinc on copper.

b)  Write an equation for the reduction of ZnSO4 (Zn2+) to zinc:

i.
assign oxidation numbers

ii. write a balanced half-reaction

iii. state the electrode where this reaction occurs

34.  a) Describe, in words, the entire electroplating process in B, the plating of iron on copper.

b)  Write an equation for the reduction of FeCl2 (Fe2+) to iron:

i.
assign oxidation numbers

ii. write a balanced half-reaction

iii. state the electrode where this reaction occurs

Further Analysis:

1. Describe the process of electroplating in detail using two metals of your choice.  Include a diagram of the electroplating system and identify all components including the cathode and the anode, the positive and negative poles, the flow of electrons through the wires and the flow of ions through the solution.

2. Suppose you want to electroplate the engine of your ’66 Mustang with gold.  Draw a diagram of the electroplating apparatus, including the appropriate electrodes and a suitable electrolyte.  Also write the anode and cathode reactions that would occur in the process.

3. List at least two applications of the electroplating process in everyday life.

4. List three other uses of oxidation/reduction reactions.

Summary:

Electroplating is the use of electrolysis to coat a material with metal.  In electroplating, the object to be plated is the cathode (connected to the negative terminal of the battery).  A bar of the plating metal acts as the anode (connected to the positive terminal of the battery).  Both electrodes are placed into a solution that has ions of the plating metal. When the current is switched on, the object to be plated develops a negative charge, thus attracting metal ions to it.  The metal ions are then reduced to metal at the surface of the object and plating occurs.  



M+  +  1e-  (  M

At the same time, the anode is oxidized, which releases metal ions into the solution thus assuring a constant supply of metal ions to plate the object.



M   (  M+  +  1e-

Electroplating is an important process with several applications, from the chrome plating of car parts to jewelry making to its many uses in computers.  Electroplating allows us to make parts of strong flexible materials like steel, while having surfaces of hard brittle materials like chromium or nickel-diamond composites so that we can have molds and cutting tools and machine parts and truck bumpers that will wear well while not being subject to fracturing. 


To the great majority of people, corrosion means rust, an almost universal object of hatred. `Rust' is, of course, the name that has more recently been specifically reserved for the corrosion of iron, while `corrosion' is the destructive phenomenon that affects almost all metals. Although iron was not the first metal used by man, it has certainly been the most used, and must have been one of the first with which serious corrosion problems were obtained. It is not, therefore, surprising that the terms corrosion and rust are almost synonymous.

The great Roman philosopher, Pliny (AD 23-79) once said, “It is a great evil that to enable death to reach human beings more quickly we have taught iron how to fly”.  In other words, Pliny considered the rusting of iron to be a punishment of the gods, as the metal allows itself to be used for swords and other war purposes.

But for those people who simply want a few good years out of their car before the first signs of corrosion begin, there is not one good thing that can be said about rust.  In Winnipeg, the corrosion of cars is rampant, especially in winter, due to the moist conditions and the presence of salt on the roads that provide a nice electrolytic medium for rusting to occur.  Thankfully, there are several corrosion-prevention strategies that can prolong the life of the body of a car.  One example is “CounterAct”, an electronic rust control, which makes use of capacitive couplers to prevent the oxidation of metal car parts.    

Some of the main methods of controlling rust and the corrosion of all metals are with paint, galvanizing, chrome plating or the use of sacrificial anodes. 

Lab Introduction:

Can zinc or iron protect copper from corrosion?  

In Part Two of this lab, the corrosion resistance of pure copper, zinc-plated copper and iron-plated copper will be tested in a solution of HCl.

Solutions of acids such as HCl can oxidize some metals.  The single replacement reaction of magnesium and hydrochloric acid (shown below) is an example of how a metal can be oxidized.  

Mg + 2 HCl → MgCl2 + H2
Some metals are oxidized more readily than others.  Metals that are reactive (i.e. tend to oxidize) are often coated with a metal more reactive than itself to prevent corrosion.  The results of this lab will show the corrosion-protecting capabilities of zinc and iron.

Materials:

· (3) large test tubes

· Test tube rack

· Drying Oven

· (2) Oven safe watch glasses

· electronic balance

· Distilled water 

· 3” by .5” strip of pure copper

· 3” by .5” strip of iron-plated copper

· 3” by .5” strip of zinc-plated copper

· (30ml) 4 mol/L HCl (Hydrochloric acid

Procedure:

Testing pure and plated copper for corrosion resistance

1. Fill three large test tubes about 1/3 full of 4 mol/L HCl. Place the test tubes in a test tube rack.  Draw a diagram of the three test tubes, showing the ionic components of each.

2. Place each of the three copper strips (labeled Cu, Fe/Cu, and Zn/Cu) in separate test tubes of HCl for 5 minutes.

3. Predict which of the copper strips will be better at resisting corrosion.

4. Explain, at the molecular level, what is happening in each of the three test tubes.  Draw a diagram of each test tube, showing all of the components. 

5. Record qualitative observations such as rate of bubble formation, temperature changes etc.

6. After 5 minutes, remove the copper plates from the HCl and rinse them with distilled water. Place the rinsed plates back on their watch glasses.

7. Place all of the plates in the drying oven for 10 minutes. 

8. Predict any changes you think will occur in the mass of each strip. 

9. Show balanced equations for the oxidation of the following metals in HCl.  Also assign oxidation numbers to the metals and metal ions.

a)   Cu +    HCl → 

b)    Zn +     HCl → 

c)    Fe +    HCl → 

10.  Remove the strips from the oven and let them cool. 
11.  Find the mass of each plate and record it in Table 1 below, under “Mass after HCl”.

	
	Copper Wire
	Zn/Cu Wire
	Fe/Cu Wire

	Starting Mass
	
	
	

	Mass after HCl
	
	
	


12. Which of the samples (Cu, Zn/Cu, or Fe/Cu) best withstood corrosion from HCl?  Explain how you know this.
Further Analysis:

1. Blocks of zinc are often added to a ship’s hulls (made of iron) to prevent corrosion of the ship.  Suggest why zinc is a good choice of metal to prevent corrosion.  Explain in detail how this process works.

2. Medieval armor makers knew how to treat the metal to make it corrosion-resistant.  Apparently a thin uniform coating of metal oxide prevents the armor from being attacked by the elements.  Explain how this metal oxide coating prevents corrosion of the armor.

Summary:

In addition to the many uses of electroplating described in Part One of this lab, another use of electroplating is in the prevention of corrosion.  Metals can be coated with a thin layer of a more reactive metal to prevent corrosion.  In Part One of this lab, copper was plated with zinc and with iron and, in Part Two, tested for the corrosion-preventing abilities of these plated samples.

In industry, the following factors must be taken into account when deciding upon whether to electroplate for corrosion protection:  

· Strength

· Corrosion Resistance

· Cost of Metal

· Cost of Electroplating

· Availability of metal
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Plating Copper with Iron





Part Two (optional):


Analysis of Corrosion Resistance of Zinc- and Iron-Plated 


Copper Plates compared to Pure Copper





Part One:


Plating Copper with Zinc and 


Plating Copper with Iron








Take a look at the process of electroplating before you begin. Note that energy input is required to make electrons do what they normally do not want to do. The following sites provide animations of the electroplating process:





Animation:





� HYPERLINK http://www.sasked.gov.sk.ca/branches/elearning/tsl/resources/subject_area/science/chem_30_resources/lesson_14/electroplating.shtml ��http://www.sasked.gov.sk.ca/branches/elearning/tsl/resources/subject_area/science/chem_30_resources/lesson_14/electroplating.shtml�





Animation with vocal and video:


 


� HYPERLINK http://www.coolschool.ca/lor/CH12/unit5/U05L09.htm ��http://www.coolschool.ca/lor/CH12/unit5/U05L09.htm�








Part Two (optional):  


Analysis of Corrosion Resistance of Zinc- and Iron-Plated Copper Plates Compared to Pure Copper.











