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Potentiometric Titration of 
Hydrogen Peroxide
One method of determining the concentration of a hydrogen peroxide, H2O2, solution is by titration with a solution of potassium permanganate, KMnO4, of known concentration. The reaction is oxidation-reduction and proceeds as shown below, in net ionic form.
5 H2O2 (aq) + 2 MnO4– (aq) + 6 H+ (aq) → 5 O2 (g) + 2 Mn2+ (aq) + 8 H2O (l)
In this experiment, you will use an ORP (Oxidation-Reduction Potential) Sensor to measure the potential of the reaction. Your data will look like an acid-base titration curve. The volume of KMnO4 titrant used at the equivalence point will be used to determine the concentration of the H2O2 solution. Your sample of H2O2 will come from a bottle of ordinary, over-the-counter hydrogen peroxide purchased at a grocery or a drug store. The concentration of this product is labeled as 3% mass/volume, which is ~0.9 M.
OBJECTIVES
· Conduct the potentiometric titration of the reaction between commercially available hydrogen peroxide and potassium permanganate.
· Measure the potential change of the reaction.
· Determine the concentration of the hydrogen peroxide solution.
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Figure 1   
CHOOSING A METHOD
If you choose Method 1, you will conduct the titration in a conventional manner. You will deliver volumes of MnO4– titrant from a buret. You will enter the buret readings manually to store and graph each potential-volume data pair.
If you choose Method 2, you will use a Vernier Drop Counter to conduct the titration. MnO4– titrant is delivered drop by drop from the reagent reservoir through the Drop Counter slot. After the drop reacts with the reagent in the beaker, the volume of the drop is calculated and a potential-volume data pair is stored.
MATERIALS

	Chromebook, computer, or mobile device
Graphical Analysis 4 app
Go Direct ORP
Stir Station
Electrode Support 
3% hydrogen peroxide, H2O2, solution
	0.020 M potassium permanganate, KMnO4, solution in H2SO4
4.5 M sulfuric acid, H2SO4, solution
250 mL beaker
magnetic stirring bar
wash bottle
distilled water

	Materials required only for Method 1 (buret) 

	50 mL buret
buret clamp
Electrode Support
	two 10 mL pipets and pump or bulb
two 100 mL graduated cylinders

	Materials required only for Method 2 (Drop Counter)

	Go Direct Drop Counter
60 mL reagent reservoir
5 mL pipet and pump or bulb
10 mL, 25 mL, and 50 mL graduated cylinders
	100 mL beaker
2 small beakers for preparing solutions
a second 250 mL beaker



METHOD 1: Measuring Volume Using a Buret
1. Obtain and wear goggles.
2. Prepare an acidified and diluted hydrogen peroxide, H2O2, solution for the titration.
a. Measure out precisely 10.0 mL of a 3% hydrogen peroxide solution and add 90.0 mL of distilled water. Mix the dilute H2O2 thoroughly. DANGER: Hydrogen peroxide: Causes skin and eye irritation.
b. Measure out precisely 10.0 mL of the dilute H2O2 solution. Add 25 mL of distilled water and 10 mL of 4.5 M sulfuric acid, H2SO4, solution. DANGER: Sulfuric acid, concentrated, H2SO4: Causes severe skin burns and eye damage. Do not breathe mist, vapors, or spray. Maybe be harmful if inhaled. Harmful to aquatic life. Considerable heat generated when diluted with water.
c. Transfer the solution to a 250 mL beaker.
3. Place the beaker of H2O2 solution on a Stir Station and add a stirring bar. 
4. Launch Graphical Analysis. Connect the ORP Sensor to your Chromebook, computer, or mobile device. Note: For the ORP Sensor, make sure the Voltage sensor channel is selected.
5. Set up a Stir Station, a buret clamp, and a buret to conduct the titration (see Figure 1). Rinse and fill the 50 mL buret with 0.020 M MnO4– solution. DANGER: Solid potassium permanganate, KMnO4: May intensify fire—oxidizer. Keep away from heat, sparks, open flames, and hot surfaces. Do not eat or drink when using this product—harmful if swallowed.
6. Use an Electrode Support to suspend the ORP Sensor on the Stir Station, as shown in Figure 1. Position the ORP Sensor so that its tip is immersed in the H2O2 solution but does not interfere with the movement of the magnetic stirring bar. Gently stir the beaker of solution.
7. Set up the data-collection mode.
a. Click or tap Mode to open Data Collection Settings. Change Mode to Event Based.
b. Enter Volume as the Event Name and mL as the Units. Click or tap Done.
8. The objective of your first trial is to determine the region of the titration curve near the equivalence point, and not to precisely determine the equivalence point. At the equivalence point, you will see a faint pink color of unreacted MnO4– solution.
a. Click or tap Collect to start data collection.
b. Before you have added any of the MnO4–solution, click or tap Keep and enter 0 as the buret volume in mL. Click or tap Keep Point to continue.
c. Add 1 mL of the MnO4– titrant. Stir the solution gently at all times. When the potential stabilizes, click or tap Keep and enter the current buret reading. Make this reading as precise as possible. click or tap Keep Point to continue.
d. Add MnO4– solution in 1 mL increments and enter the buret reading after each increment. Continue adding MnO4– solution until the potential value remains constant.
e. Click or tap Stop to stop data collection and view a graph of potential vs. volume. Examine the titration curve and estimate the volume of MnO4– solution used to reach the equivalence point of the titration. Record this value in your data table for Trial 1.
9. Dispose of the reaction mixture as directed. Rinse the ORP Sensor with distilled water in preparation for the second titration.
10. Repeat the necessary steps to conduct a second titration with a new sample of H2O2 solution. You may draw your H2O2 sample from the remaining 90 mL of H2O2 that you diluted in Step 2a. Note: The previous data set is automatically saved.
11. When you conduct the second titration, carefully add the MnO4– solution drop by drop in the region near the equivalence point, so that you can precisely identify the equivalence point of the reaction. 
12. Examine your titration data to identify the region where the potential made the greatest increase. The equivalence point is in this region.
a. To examine the data pairs on the displayed graph, click or tap any data point. As you tap each data point, the potential and volume values are displayed. Note: You can also adjust the Examine line by dragging the line.
b. Identify the equivalence point as precisely as possible and record the volume of MnO4– solution used to reach the equivalence point of the titration for Trial 2.
13. An alternate way of determining the equivalence point of the titration is to take the first and second derivatives of the mV-volume data.
Determine the peak value on the first derivative vs. volume plot.
a. Click or tap View, [image: ], and choose Graph and Table. 
b. Click or tap More Options, [image: ], in the Volume column header in the table. Then, choose Add Calculated Column.
c. Enter d1 as the Name and leave the Units field blank. Click or tap Insert Expression and choose 1st Derivative(Y,X) as the expression. Select Volume as Column X and pH as Column Y. Click or tap Apply. Double click the graph to auto-scale.
d. On the displayed plot of d1 vs. volume, examine the graph to determine the volume at the peak value of the first derivative. To display a graph of d1 vs. volume, select the y-axis and select only d1. 
Determine the zero value on the second derivative vs. volume plot.
e. Click or tap More Options, [image: ], in the Volume column header in the table. Then, choose Add Calculated Column. 
f. Enter d2 as the Name and leave the Units field blank. Click or tap Insert Expression and choose 2nd Derivative(Y,X) as the expression. Select pH as Column Y and Volume as Column X. Click or tap Apply.
g. Click or tap the y-axis label, select only the d2 column, and dismiss the box. On the displayed graph of d2 vs. volume, examine the data to determine the volume when the 2nd derivative equals approximately zero.
14. At the direction of your instructor, conduct a third trial.
METHOD 2: Measuring Volume Using a Drop Counter
1. Obtain and wear goggles.
2. Prepare an acidified and diluted hydrogen peroxide, H2O2, solution for the titration.
a. Measure out precisely 5.0 mL of a 3% hydrogen peroxide solution and add 45.0 mL of distilled water. Mix the dilute H2O2 thoroughly. DANGER: Hydrogen peroxide: Causes skin and eye irritation.
b. Measure out precisely 5.0 mL of the dilute H2O2 solution. Add 15 mL of distilled water and 5 mL of 4.5 M sulfuric acid, H2SO4, solution. DANGER: Sulfuric acid, concentrated, H2SO4: Causes severe skin burns and eye damage. Do not breathe mist, vapors, or spray. Maybe be harmful if inhaled. Harmful to aquatic life. Considerable heat generated when diluted with water.
c. Transfer the solution to a 100 mL beaker, and set the beaker aside until Step 6e.
3. Launch Graphical Analysis. Connect the ORP Sensor and Drop Counter to your Chromebook, computer, or mobile device. Note: For the ORP Sensor, make sure the Voltage sensor channel is selected.
4. Obtain the plastic 60 mL reagent reservoir. Close both valves by turning the handles to a horizontal position. Follow the steps below to set up the reagent reservoir for the titration.
a. Rinse the reagent reservoir with a few mL of the 0.020 M MnO4– solution and pour it into an empty 250 mL beaker. DANGER: Solid potassium permanganate, KMnO4: May intensify fire—oxidizer. Keep away from heat, sparks, open flames, and hot surfaces. Do not eat or drink when using this product—harmful if swallowed.
b. Use a utility clamp to attach the reservoir to the Stir Station.
c. Fill the reagent reservoir with slightly more than 60 mL of the MnO4– solution.
d. Place the 250 mL beaker, which contains the rinse MnO4– solution, beneath the tip of the reservoir.
e. Drain a small amount of the MnO4– solution into the 250 mL beaker so that it fills the reservoir’s tip. To do this, turn both valve handles to the vertical position for a moment, then turn them both back to horizontal.
f. Discard the drained the MnO4– solution in the 250 mL beaker as directed.
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5. Calibrate the drops that will be delivered from the reagent reservoir. 
a. Attach the Drop Counter to the Stir Station. 
b. Adjust the handles on the reagent reservoir so the top valve is closed (horizontal) and the bottom valve is open (vertical) (see Figure 3A). 
c. Place a 10 mL graduated cylinder directly below the slot on the Drop Counter, lining it up with the tip of the reagent reservoir.
d. Click or tap the Volume meter and choose Calibrate. 
e. Follow the on-screen prompts to calibrate the Drop Counter. To adjust the drop flow, slowly open the top valve of the reagent reservoir (see Figure 3B) so that drops are released at a slow rate (~1 drop every two seconds). When the volume of solution in the graduated cylinder is between 9 and 10 mL close the bottom valve (see Figure 3C).
f.  Discard the solution in the graduated cylinder as indicated by your instructor and set the graduated cylinder aside.
6. Assemble the apparatus.
a. Insert the ORP Sensor through the large hole in the Drop Counter.
b. Adjust the positions of the Drop Counter and reagent reservoir so they are both lined up with the center of the Stir Station.
c. Lift up the ORP Sensor, and slide the 100 mL beaker containing the H2O2 solution onto the Stir Station. Lower the ORP Sensor into the beaker.
d. Place a magnetic stirring bar in the beaker, and adjust the position of the ORP Sensor so the sensor will not be struck when the stirring bar is stirring.
e. Adjust the reagent reservoir so its tip is just above the Drop Counter slot.
f. Turn on the Stir Station so that the stirring bar is stirring at a fast rate.
7. You are now ready to perform the titration.
a. Click or tap Collect to start data collection. No data will be collected until the first drop goes through the Drop Counter slot.
b. Fully open the bottom valve. The top valve should still be adjusted so drops are released at a rate of about 1 drop every 2 seconds. When the first drop passes through the Drop Counter slot, check the graph to see that the first data pair was recorded.
c. Continue watching your graph to see when a large increase in potential takes place—this will be the equivalence point of the reaction. When this jump in potential occurs, let the titration proceed for several more milliliters of titrant.
d. Click or tap Stop to stop data collection to view a graph potential vs. volume.
e. Close the bottom valve of the reagent reservoir.
8. Dispose of the reaction mixture as directed. Rinse the ORP Sensor with distilled water in preparation for the second titration.
9. Examine your titration data to identify the region where the potential made the greatest increase. The equivalence point is in this region.
a. To examine the data pairs on the displayed graph, click or tap any data point. As you tap each data point, the potential and volume values are displayed. Note: You can also adjust the Examine line by dragging the line.
b. Identify the equivalence point and record the volume of MnO4– solution used to reach the equivalence point.
10. An alternate way of determining the equivalence point of the titration is to take the first and second derivatives of the mV-volume data.
Determine the peak value on the first derivative vs. volume plot.
a. Click or tap View, [image: ], and choose Graph and Table. 
b. Click or tap More Options, [image: ], in the Volume column header in the table. Then, choose Add Calculated Column.
c. Enter d1 as the Name and leave the Units field blank. Click or tap Insert Expression and choose 1st Derivative(Y,X) as the expression. Select Volume as Column X and pH as Column Y. Click or tap Apply. Double click the graph to auto-scale.
d. On the displayed plot of d1 vs. volume, examine the graph to determine the volume at the peak value of the first derivative. To display a graph of d1 vs. volume, select the y-axis and select only d1. 
Determine the zero value on the second derivative vs. volume plot.
e. Click or tap More Options, [image: ], in the Volume column header in the table. Then, choose Add Calculated Column. 
f. Enter d2 as the Name and leave the Units field blank. Click or tap Insert Expression and choose 2nd Derivative(Y,X) as the expression. Select pH as Column Y and Volume as Column X. Click or tap Apply.
g. Click or tap the y-axis label, select only the d2 column, and dismiss the box. On the displayed graph of d2 vs. volume, examine the data to determine the volume when the 2nd derivative equals approximately zero.
11. Repeat the necessary steps to conduct a second titration with a new sample of H2O2 solution. Note: The previous data set is automatically saved.
12. At the direction of your instructor, conduct a third trial.
DATA TABLE
	 
	Trial 1
	Trial 2
	Trial 3

	Volume of H2O2 solution
	 
	 
	 

	Volume of MnO4– solution used
	 
	 
	 


DATA ANALYSIS
1. Calculate the moles of MnO4– used to reach the equivalence point of the reaction for each trial.
2. Use your answer to question 1, along with the balanced redox equation in the introduction, to calculate the moles of H2O2 in the sample of solution for each trial.
3. Calculate the molar concentration of the H2O2 solution for each trial.
4. The hydrogen peroxide solution that you tested is a commercial product with a concentration, as described on the label of the container, as 3%. As stated in the introductory remarks, a 3% H2O2 solution converts to a molarity of 0.88 M. Compare your experimentally determined molarity of H2O2 to the label description.
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