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Activity C29: Electroplating – Faraday’s Law of Electrolysis 
(Power Amplifier)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Electrochemistry
C29 Electroplating.DS
C29 Electroplating
C29_ELEC.SWS

Equipment Needed
Qty
Equipment Needed
Qty

ScienceWorkshop 750 Interface
1
Patch cord (SE-9750)
2

Power Amplifier (CI-6552A)
1
Protective gear
PS

Alligator clip adapter (SE-9756)
2



Balance (SE-8723)
1
Chemicals and Consumables
Qty

Base and support rod (ME-9355)
1
Copper wire, heavy gauge
5 – 10 cm

Beaker, 1 L
1
Copper (II) sulfate, 1 molar
250 mL

Clamp, buret (SE-9446)
2
Metal spoon
1

Graduated cylinder
1
Towel, paper
1

What Do You Think?

[image: image1.wmf]What is the relationship between the moles of copper atoms oxidized from a copper wire and the number of electrons that passed through the wire?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image9..pict]In 1832, Michael Faraday observed that the amount of substance undergoing oxidation or reduction at an electrode in an electrochemical 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. 

SAFETY REMINDERS
· Wear protective gear.

· Follow directions for using the equipment.

· Handle and dispose of all chemicals and solutions properly.
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For You To Do

Use the Power Amplifier to send a current through electrodes (a copper wire and a metal spoon) that are immersed in a copper sulfate solution. Use the DataStudio or ScienceWorkshop program to record the current, voltage and amount of time. Measure the amount of copper that oxidizes from the copper wire (the anode). Use the software to integrate under the curve of current versus time to determine the amount of charge.

Compare the amount of charge to the mass of copper to determine the faraday.

PART I: Computer Setup
[image: image10.png]


1.
Connect a ScienceWorkshop 750 interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the DIN plug of the Power Amplifier to Analog Channel A on the interface. DO NOT turn on the Power Amplifier yet.

3.
Open the file titled as shown;


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

C29 Electroplating.DS
C29 Electroplating
C29_ELEC.SWS

•
The DataStudio file has a Graph of current versus time, a Digits display of current, and a Signal Generator window. Read the Workbook display for more information.

•
The ScienceWorkshop document has a Graph display of current versus time and a Signal Generator window.

•
Data recording is set at one measurement per second (1 Hz) and will stop automatically at 3600 seconds (60 minutes). 
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•
The Signal Generator is set to output 6.00 V DC (direct current). The ‘ON/OFF button is set to ‘Auto’ so the Signal Generator will start automatically when you start to collect data and stop automatically when you stop collecting data.

PART II: Sensor Calibration and Equipment Setup
•
You do not need to calibrate the Power Amplifier.

1.
Put 250 mL of 1 molar copper sulfate, CuSO4, solution into the beaker.

2.
Carefully measure and record the mass of the piece of heavy gauge copper wire. 

3.
Use an alligator clip adapter to attach one end of a patch cord to one end of the heavy gauge copper wire (the anode). Connect the patch cord to the positive (red) output terminal of the Power Amplifier.

4.
Attach one end of another patch cord to one end of the spoon (the cathode). Connect the patch cord to the negative (black) output terminal of the Power Amplifier. 

5.
Use clamps to suspend the heavy gauge copper wire and the spoon on the support rods. Position the end of the wire and the spoon so they are immersed in the solution in the beaker.

[image: image4.wmf]
PART III: Data Recording 

1.
When you are ready to begin, turn on the switch on the back of the Power Amplifier. 

2.
Begin recording data. (Hint: Click ‘Start’ in DataStudio or click ‘REC’ in ScienceWorkshop).

•
The Power Amplifier output will automatically start when data recording begins.

3.
Data recording will continue for sixty minutes and then stop automatically.

4.
When data recording is complete, turn off the switch on the back of the Power Amplifier.

5.
Carefully lift the heavy gauge copper wire from the solution and remove the patch cord. 

6.
Dry the copper wire so no copper sulfate solution remains on the wire.

7.
Carefully measure and record the new mass of the copper wire. 

8.
Dispose of the solution as instructed.

Analyzing the Data
1.
Use the built-in analysis tools in the Graph to find the area under the curve of current versus time. 

[image: image13..pict]•
Hint: In DataStudio, click the ‘Statistics menu’ button ([image: image5.png]


) and then select ‘Area’ from the menu. In ScienceWorkshop, click the ‘Statistics’ button ([image: image6.png]


) to open the statistics area. Click the ‘Statistics menu’ button ([image: image7.png]


) and select ‘Integration’.

2.
Record the value for the area under the current versus time curve. This is the number of coulombs (ampere • seconds) of electricity. 

3.
Use your data to calculate the number of coulombs per faraday. 

Record your results in the Lab Report section.

Lab Report - Activity C29: Electroplating

What Do You Think?

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

Data Table

Item
Amount

mass of copper before 
 g

mass of copper after
 g

difference in mass
 g

coulombs (Amps*sec)
C

Calculations 

Calculate the number of coulombs per faraday using the number of coulombs of electric charge and the difference in mass of the copper anode:


[image: image8.wmf]
Questions

1.
How does your calculated value for a faraday of charge compare to the accepted value? (Remember, 

.)

The accepted value is 96,487 coulombs per faraday.

2.
How would your results be different if you had used a silver wire and a silver solution to silver plate the spoon?

3.
If the Power Amplifier produced a lower average current but the overall time remained the same, how would this effect the following measurement or calculations?


More
Same
Less

Mass of copper lost from the wire




Moles of electrons moving through the wire




Coulombs generated




The value of a faraday




4.
You only measured the mass lost by the wire. What do you think was the change in the mass of the spoon?

5.
The blue color of the copper sulfate solution is due to the Cu+2 in the solution. If the experiment would continue to run well past the sixty minutes, what would happen to the color of the copper sulfate solution? Explain your reasoning.
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