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Equipment Needed
Qty
Chemicals and Consumables
Qty

Voltage Sensor (CI-6503)
1
Filter paper, 11 cm diameter
1 sheet

Eyedropper or pipette
1
Sand paper
1 sheet

Forceps
1 pair
Sodium nitrate, NaNO3, 1.0 Molar
10 mL

Glass plate, 15 cm by 15 cm
1
Solutions of M12+, M22+, … M52+, 1 Molar
2 ml ea.

Metal samples, 1 cm by 1 cm, M1 … M5
5



Scissors
1 pair



Protective gear
PS



[image: image1.wmf]What Do You Think?

[image: image5.wmf]The purpose of this activity is to establish the reduction potentials of five metals relative to an arbitrarily chosen metal. Measure the voltage, or potential difference, between various pairs of ‘half-cells’. Which pair of metals will have the largest reduction potential?

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

Background

A voltaic cell uses a spontaneous oxidation-reduction reaction to produce electrical energy. Placing a piece of metal into a solution containing a cation of the metal produces half-cells. For example, a piece of copper metal in a solution of copper sulfate (CuSO4 or Cu2+) is a half-cell.

[image: image6..pict]In this micro-version of a voltaic cell, the half cell is a small piece of metal placed into three drops of corresponding cation solution on a piece of filter paper. The next figure shows the arrangement of half-cells on a piece of filter paper. A porous barrier or a salt bridge normally separates the two half-reactions. Here, the salt bridge is made from several drops of aqueous sodium nitrate (NaNO3) placed on the filter paper linking the two half-cells. Using the computer as a voltmeter, the red (positive) end of the Voltage Sensor makes contact with one metal and the black (negative) end of the Voltage Sensor makes contact with another metal.

By comparing the voltage values obtained for several pairs of half-cells, and by recording which metal made contact with the red (+) and black (–) ends, you can establish the reduction potential sequence for the metals in this lab.


SAFETY REMINDERS
· Wear protective gear while handling chemicals.

· Follow directions for using the equipment.

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

[image: image7..pict]Use the Voltage Sensor to measure the potential difference (voltage) between pieces of different metals that are arranged in a voltaic cell. Use DataStudio or ScienceWorkshop to record, display, and analyze the data.

PART I: Computer Setup
1.
Connect the interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the DIN plug of the Voltage Sensor to Analog Channel A on the interface. 

3.
Open the file titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

C28 Reduction Potentials. DS
C28 Reduction Potentials
C28_REDU.SWS

· The DataStudio file has a Table display with the numbers for each metal-to-metal combination already entered and a Workbook display. Read the instructions in the Workbook display.

· The ScienceWorkshop document has a Table display of the voltage with the number of the metal in the half-cell and a Digits display of voltage.

· Data recording is set so there is one measurement per second.

· You will enter the number of each metal-to-metal combination using Manual Sampling in DataStudio or Keyboard Sampling in ScienceWorkshop.

Note: See the appendix of this activity for instructions on using Keyboard Sampling in ScienceWorkshop.

[image: image8..pict][image: image9..pict]

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

1. Draw five small circles with connecting lines on a piece of circular filter paper, as shown in the diagram.  

2. Using a pair of scissors cut wedges between the circles as shown.  

3. [image: image10..pict]Label the circles M1, M2, M3, M4, and M5. Place the filter paper on top of the glass plate.  

4. Get small pieces of the five metals designated as follows:


Number
M1
M2
M3
M4
M5

Metal
Copper
Zinc
Lead
Silver
Iron

5. Sand each piece of metal on both sides. Place each metal near the circle on the filter paper that has the same number.

6. Place three drops of each solution on the appropriate circle (M12+ on M1, etc.). Then place the piece of metal on the wet spot with its respective cation.

Caution!

Handle these solutions with care. Some are toxic and others cause hard-to-remove stains. If a spill occurs, inform your instructor.

Number
M12+
M22+
M32+
M42+
M52+

Solution
Copper sulfate
Zinc sulfate
Lead nitrate
Silver nitrate
Iron sulfate

7. The top side of the metal should be kept dry.

8. Add enough 1 Molar sodium nitrate (NaNO3) solution to make a continuous trail along a line drawn between each circle and the center of the filter paper. 

9. You may have to dampen the filter paper with more NaNO3 during the experiment.

PART IIIA: Data Recording – Copper (M1) as the Reference Metal 

1. Click on the Digits display to make it active. Move it so you can see it while recording data. 

2. Use M1 (copper) as the reference metal. 

•
You will measure the potential of four cells by connecting M1 to M2 (copper to zinc), M1 to M3 (copper to lead), M1 to M4 (copper to silver), and M1 to M5 (copper to iron).

3. When everything is ready, start recording data. In DataStudio, the ‘Start’ button changes to a ‘Keep’ button[image: image4.png]


.

Note: For ScienceWorkshop instructions, see the appendix at the end of the activity.
4.
Touch the tip of the red (+) end of the Voltage Sensor to one metal sample (for example, M1) and the tip of the black (-) end to the other metal sample (for example, M2). 

•
If the voltage drops to 0.00 V, reverse the ends of the Voltage Sensor, that is, switch the red (+) end of the sensor with the black (-) end of the sensor. 

5. Wait about 5 seconds. Record which metal (copper, M1, or zinc, M2) is touched by the red (+) end of the Voltage Sensor and which is touched by the black (–) end of the Voltage Sensor. Click ‘Keep’ to record the voltage in the Table display.

· [image: image11..pict]The voltage value will appear in the cell in the Table next to “1” in the Combination (Combo #) column.

6. Use the same procedure to measure the potential of the other three ‘cells’ (pieces of metal) using copper, M1, as the reference electrode.

· In other words, measure the potential between copper, M1, and lead, M3, then between copper, M1, and silver, M4, and finally between copper, M1, and iron, M5.

7. Touch the ends of the Voltage Sensor to the next pair of metal samples (M1 and M3). 

· Remember to switch the ends of the sensor if the voltage drops to 0.00 V.

8. Click ‘Keep’, to record the voltage in the Table. 

9. Record which metal was touched by the tip of the red (+) end of the Voltage Sensor and which metal was touched by the black (-) end of the sensor.

10. Analyze your data for copper and make predictions about the rest of the half-cell combinations before you make any measurements of voltage for the other half-cell combinations. 

Record your data in the Lab Report section.

Analyzing the Data: PART IIIA - Copper (M1) as the Reference Metal
1. After finishing Part IIIA of the procedure, use the measured voltages from your Table to arrange the five metals (including copper, M1) in Data Table 2 from the lowest reduction potential at the top (most negative) to the highest reduction potential at the bottom (most positive). 

· Give copper, M1, the reference metal, an arbitrary value of 0.000 V.

· If the other metal (e.g., zinc, M2, lead, M3, silver, M4, or iron, M5) was touched by the negative (black) end of the Voltage Sensor, place it above copper, M1, in the chart (with a negative E° value). 

· If the other metal was touched by the positive (red) end of the Voltage Sensor, place it below copper, M1, in the chart (with a positive E° value). 

2. Also in Data Table 2, record the numerical value of the Reduction Potential (voltage) relative to copper, M1, for each of the other metals (zinc, M2, lead, M3, silver, M4, and iron M5). 

· The Reduction Potential is the value that is recorded in the DataStudio Table display. 

· Remember: If the metal is above copper in the list in Data Table 2, the Reduction Potential is negative. If the metal is below copper in the list in Data Table 2, the Reduction Potential is positive.

Predictions
1. Calculate a predicted potential difference for each of the remaining half-cell combinations shown in Data Table 3 (M2/M3, M2/M4, M3/M5 and M3/M4, M3/M5 and M4/M5) using the reduction potentials you just determined (in Data Table 2).

2. Record the predicted cell potential differences in Data Table 3.

Record your predictions in the Lab Report section.

3. Go on to Part IIIB and finish the activity.

PART IIIB: Data Recording – Non-copper Reference Metals 

1.
Go back to data recording. 

2.
Measure the potential differences of the six remaining half-cell combinations using the same procedure as in Part IIIA. 

· If the NaNO3 salt bridge solution has dried, you may re-moisten it.  

3.
Click ‘Keep’ to record each measured Reduction Potential (voltage) in the DataStudio Table display. 

4.
When you have finished your measurements, stop recording data.

Clean-Up
1. Use forceps to remove each of the pieces of metal from the filter paper. Remember to avoid getting the solutions on your hands. 

2. Rinse each piece of metal with tap water, dry, and return it to the correct container.  

3. Remove the filter paper from the glass plate using the forceps, and discard it as directed by your teacher. Rinse the glass plate with tap water, making sure that your hands do not come in contact with wet spots on the glass.  

4. Clean and dry the ends of the Voltage Sensor. (Do not wash them. Instead, wipe the ends with a slightly damp paper towel and then dry them.)

Analyzing the Data: PART IIIB - Non-copper Reference Metals
1. Compare the measured half-cell reduction potentials with your predicted half-cell reduction potentials in Data Table 3.

2. Calculate the percent difference between your prediction and the measured value for each of the potentials you measured in Part IIIB. 

· Optional: Find the reduction potential chart in your textbook and identity of metals M2 through M5. If your book has an oxidation potential chart, all the reactions will be reversed and the signs will be switched on all the potentials. Reminder: H2 has a reduction potential of 0.00 V on the textbook chart. Locate copper, M1, on the chart, and then determine possible identities of the other metals using your experimental reduction potential sequence in Data Table 2. You must add the difference in potential between H2 and copper to all values in Table 2. Note: One of the metals has a 1+ oxidation state; the remainder of the metals have 2+ oxidation states.

Record your data in the Lab Report section.

Lab Report - Activity C28: Reduction Potentials in Micro-voltaic Cells

What do you think?

The purpose of this activity is to establish the reduction potentials of five metals relative to an arbitrarily chosen metal. Measure the voltage, or potential difference, between various pairs of ‘half-cells’. Which pair of metals will have the largest reduction potential?

Data Table 1: Copper as the Reference Metal

Number
Combination
Potential
Metal For Red (+) Tip
Metal For Black (-) Tip

1
Copper/Zinc




2
Copper/Lead




3
Copper/Silver




4
Copper/Iron




Data Table 2: Rank the Metals

Metal

Lowest (-) Reduction Potential, E°





























Highest (+) Reduction Potential, E°


Data Table 3: Predictions and Results

Number
Half-Cell Combination
Predicted Potential
Measured Potential
Percent Difference (%)

5
Zinc/Lead




6
Zinc/Silver




7
Zinc/Iron




8
Lead/Silver




9
Lead/Iron




10
Iron/Silver




Question

1. How well did your predictions match the measured values for the potential differences measured using non-copper reference metals?

Appendix: Using Keyboard Sampling in ScienceWorkshop
· Do the following to record voltage data and the metal-to-metal combination using Keyboard Sampling in ScienceWorkshop.

1. 
Click on the Digits display to make it active. Move it so you can see it while recording data. 

2.
Use M1 (copper) as the reference metal. 

•
You will measure the potential of four cells by connecting M1 to M2 (copper to zinc), M1 to M3 (copper to lead), M1 to M4 (copper to silver), and M1 to M5 (copper to iron).

[image: image12..pict]3.
When everything is ready, start recording data. 

•
The Keyboard Sampling window will appear. 
4.
Touch the red (+) end of the Voltage Sensor to one metal sample (copper, M1) and the black (-) end to the other metal sample (zinc, M2). 

•
If the voltage drops to 0.00 V, reverse the leads, that is, switch the red (+) lead and the black (-) lead. 

5.
Wait about 5 seconds. Read the voltage in the Digits display and record the value in Data Table 1. Also record which metal (M1 or M2) is touched by the red (+) end of the Voltage Sensor and which is touched by the black (–) end of the Voltage Sensor.

6.
Once you have recorded the voltage of the half-cell and which metal was touched by the red end of the sensor in your Data Table, go the Keyboard Sampling window. 

[image: image13..pict]7.
In the Keyboard Sampling window, enter the number of the metal sample (either 1 or 2) that was touched by the red (+) lead of the Voltage Sensor. Click “Enter”.

•
Your number will replace the default value in the Keyboard Sampling window. (NOTE: In this example, the number is “1”.) 

•
This process creates the Table of Voltage (V) and [+] Lead (M#) and makes a record of the potentials measured. 

[image: image14..pict]8.
Use the same procedure and measure the potential of the other three cells, continuing to use M1 as the reference electrode. (In other words, measure the potential between M1 and M3, then between M1 and M4, and finally between M1 and M5).

9.
Touch the ends of the sensor to the next pair of metal samples (M1 and M3). Remember; switch the ends of the sensor if the voltage drops to 0.00 V.

10.
Read and record the voltage in Data Table 1. 

11.
Also record the label (e.g., M1 or M3, etc.) of the metal that was touched by the red (+) end in the Data Table.

12.
Go to the Keyboard Sampling window and enter the number of the metal (e.g., 1 or 3) that was touched by the red (+) end of the sensor. Click “Enter”. 

13.
When you have recorded data for the half-cells using M1 (copper) as the reference metal, click the “Pause” button to temporarily halt data recording while you analyze your data for Part IIIA.
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