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“I introduced into my ears two metal rods with rounded ends and joined them to the terminals of the apparatus.  At the moment the circuit was completed, I received a shock in the head – and began to hear a noise – a crackling and boiling.  This disagreeable sensation, which I feared might be dangerous, has deterred me so that I have not repeated the experiment.” – Alessandro Volta (1745-1827)

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.  



Introduction:

If you have ever purchased inexpensive jewelry with a fine coating of precious metal, then you have witnessed the end result of electroplating. It's an electrochemical reaction used to put a fine metallic coating on an object. Aside from making cheap jewelry, electroplating has important uses in the automotive industry for chrome plating, and in the electronics industry for optics and sensors.

The process of electroplating began at the beginning of the 20th century and continues to evolve today. Many common objects such as tin cans are actually electroplated steel with a protective layer of tin. Medical science has experimented with electroplating to create synthetic joints with electroplated coatings, and new advances in electronics have been made with electroplated materials.

A familiar example of this process is the experiment you will perform in which a key is plated with copper. The key (called the cathode) is connected to the negative terminal of a battery and is placed in an electrolyte bath containing copper ions. The positive terminal of the battery is connected to a piece of copper (called the anode--and often just a copper plate), which is placed in the electrolyte solution.  The copper plate slowly oxidizes, making copper ions that are then attracted to the key, regaining their lost electrons and becoming copper metal again, but now in the form of a thin coating on the key. The battery forces all of this to happen.

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 copper-plated key will be prepared using the electroplating technique.  In the preparation of the copper-plated key, positive Cu2+ ions from the electrolyte bath will become attracted to a key carrying a negative charge. When the Cu2+ ions reach the key they will gain electrons and become reduced to form solid copper on its surface:

Cu2+ (aq) + 2e- → Cu(s)

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

              Cu(s) → Cu2+ (aq) + 2e-


Purpose

· To use electroplating to plate copper metal onto a key. 

Equipment and Materials

· cathode - a key 

· anode - a copper plate

· electronic scale  

· electrolytic solution – approx. 250 mL of 1.0 mol/L CuSO4 

· distilled water

· battery or power source (12 V) DC

· ammeter, DC 

· 400 mL beaker  

· insulated wire leads with alligator clips at both ends 

· copper wire 

· Glass rod that will cross the top of the beaker or jar - used to suspend the key

· drying oven

Procedure

1. The key must be cleaned prior to electroplating.  (Why?).  Prepare by polishing with some steel wool.  (Think about what you are removing and exposing when you are polishing the key).  Wash in detergent, rinse and dry in the oven.  Record its mass in Table 1.


2. Use the copper wire (wrapped around a glass rod) to suspend the key into the empty beaker. Attach one end of a wire lead to the copper wire supporting the key and the other end to the NEGATIVE post of the battery or power source.

3. The copper plate must also be cleaned.  (Why?)  Prepare by polishing with some steel wool.  (Think about what you are removing and exposing when you are polishing the copper plate).  Wash in detergent, rinse and dry in the oven.  Record its mass in Table 2.


4. Place the copper strip, the anode, into the empty beaker. Attach one end of a wire lead to the copper plate and attach the other end to the POSITIVE post of the battery or power source.


5. Carefully pour the 1 mol/L CuSO4 solution into the beaker until it is about two-thirds full.  Which molecules/ions are present in the electrolyte bath?   If the entire key is to be plated it must be fully submerged.

6.  Hook up the power supply.  The key should be wired to the negative (black) electrode.  In terms of electrons, what does the negative terminal represent in terms of the movement of electrons?  The copper strip should be wired to the positive (red) electrode through the ammeter.  In terms of electrons, what does the positive terminal represent in terms of the movement of electrons?


The ammeter is a major limiting factor to this experiment.  Why? 

7. 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.

Have your teacher check your set-up before turning on the power supply!
8. Predict what will happen to the mass of each electrode once the power switch is turned on. Why do you think this will happen?

9. Turn on the power supply and begin timing.  (What is the purpose of the power supply?)  Adjust the current to 0.25 amps.  Monitor the current to maintain a constant reading during the electroplating.

10. Allow the reaction to continue for 30 minutes. Record your observations while electroplating is occurring.

11. After 30 minutes, turn off the power supply and timer.

12. Remove the key, rinse with distilled water and dry in the oven for 10 minutes.

13. Carefully measure and record the new mass of the key in Table 1.

14. Remove the copper plate, rinse with distilled water and dry in the oven for 10 minutes. 

15. Carefully measure and record the new mass of the copper plate in Table 2.

Table 1:

	Item
	Amount

	mass of key before 
	 g

	mass of key after
	 g

	difference in mass
	 g


Table 2:

	Item
	Amount

	mass of copper before 
	 g

	mass of copper after
	 g

	difference in mass
	 g


Analysis:

1.    a)    How did the key change after electroplating?

b) How did the copper plate change after electroplating?

c)  Explain, at the molecular level, what caused these changes.
2.  How would the concentration of the Cu2+, in the solution at the end of the electrolysis compare to its original concentration?  Explain.

3.  Compare the change in mass of the copper with the change in mass of the key.  Explain why they should be equal.  Account for any differences.

4.  Describe, in words, the entire electroplating process for plating copper onto a key as was done in this experiment.  Include both the flow of copper ions and electrons through the system. 

5. Write an equation for the reduction of (Cu2+) to copper:

i.
assign oxidation numbers

ii. write a balanced half-reaction

iii. state the electrode where this reaction occurs

6. Write an equation for the oxidation of Copper to Cu2+:
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. 


Introduction:

What is the relationship between the moles of copper atoms oxidized from a copper plate and the number of electrons that passed through the plate?

In 1832, Michael Faraday observed that the amount of substance undergoing oxidation or reduction at an electrode in a cell during electrolysis is directly proportional to the amount of electricity that passes through the cell. This statement is known as Faraday’s Law of Electrolysis. The quantitative unit of electricity, now called the Faraday, is the amount of electricity that reduces one gram-equivalent weight of a substance at the cathode of an electrochemical cell and oxidizes one gram-equivalent weight of a substance at the anode. This corresponds to the gain or loss, and therefore the passage, of Avogadro’s number of electrons.

The faraday is equivalent to 96,487 coulombs (ampere x seconds).

The equation for the reduction of copper (II) ions at the cathode is:

Cu2+   +   2e-    --->  Cu
One mole of copper ions needs two moles of electrons to form one mole of copper atoms.

1 mole of ions + 2 moles of electrons ---> 1 mole of atoms

63.55 g (copper ions) + 2 Faradays  ---> 63.55 g (copper atoms)

From this equation we see that 63.55 grams of copper “plate out” onto the cathode for every two faradays of electric charge. Of course, the same amount of copper would oxidize from the anode. 

Faraday’s Law of Electrolysis suggests that 31.77 grams of copper plate out for 96,487 coulombs (one faraday) of electric charge. 

Faraday’s Laws of Electrolysis allow us to calculate valuable information including the amounts of products produced, the energy requirements or time required for the electroplating process. 

Enter your data from Part One of this experiment in the tables below and complete the following questions: 
Table 1:

	Item
	Amount

	mass of key before 
	 g

	mass of key after
	 g

	difference in mass
	 g

	


Table 2:

	Item
	Amount

	mass of copper before 
	 g

	mass of copper after
	 g

	difference in mass
	 g

	


1.  How many (a) Coulombs, (b) Faradays, (c) moles of electrons were transferred by the power supply?

Example:  

Number of Coulombs transferred by power supply: (0.25 C/s) x (1800 s)  = 450 C

Number of Faradays (F)  transferred:  (450 C) x (1F/96487 C) = 0.00466 F

Number of moles of electrons transferred:  (0.00466 F) x (1 mole e-/F) = 0.00466 mol e-

2.  Use the mass of copper deposited on the key to determine the moles of copper ions deposited at this electrode.

Example (using 0.150 g copper deposited on key):

Moles Cu ions deposited on the key:  

(0.150 g Cu) x (1 mol Cu ions/63.5 g Cu) = 0.00236 mol Cu ions.

3.  Use the mass of copper lost by the copper plate to determine the moles of copper atoms lost at this electrode.

Example (using 0.148 g lost by copper plate):

Moles Cu atoms lost by copper plate:  

(0.148 g Cu) x (1 mol Cu atoms/63.5 g Cu) = 0.00233 mol Cu atoms.

4.  From the results of the calculations in #1(c) , and # 2 above, what is the ratio between the moles of electrons transferred by the power supply and the moles of copper ions deposited at the cathode (the key)?

Example:
Ratio of moles of electrons transferred to moles of copper ions deposited on the key:

0.00466 mol e-/0.00236 mol Cu ions = 1.95/1.00  ~  2/1

5. Use the result in #4 above to determine the charge on the copper ion.

The charge on the copper ion is 2+.

6. From the results of calculations in #1 (c) and #3 above, what is the ratio between the moles of electrons transferred and moles of copper atoms lost by the anode (copper plate)? 

Example:
Ratio of moles of electrons transferred to moles of copper atoms lost by the anode:

0.00466 mol e-/0.00233 mol Cu ions = 2.00/1.00

Further Analysis:

1.
How would your results be different if you had used a silver wire and a silver solution to silver plate the key?
2.  
If the power supply produced a lower current but the overall time remained the same, how would this affect the following measurement or calculations?

	
	More
	Same
	Less

	Mass of copper lost from the plate
	
	
	

	Moles of electrons moving through the wire
	
	
	

	Coulombs generated
	
	
	


3.
The blue color of the copper sulfate solution is due to the Cu+2 in the solution. If the experiment would continue to run sixty minutes, what would happen to the color of the copper sulfate solution?  Explain your reasoning in terms of the reactions taking place at each cell.

4.  A current of 0.250 A deposits 0.237 g of a metal in 1808 s.  

a)  What mass of metal will be deposited by 1 Faraday?

b) If the metal has a molar mass of 152 g/mol, what is the charge on the metal ion?

c) Write the reduction half-reaction for this reaction using ‘M’ as the symbol for the metal.

Part One:  Electroplating 


 


Part Two:  Analysis of Electroplating using Faraday’s Laws of Electrolysis
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Part One:  Electroplating





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:  Analysis of Electroplating using Faraday’s Laws of Electrolysis








