
Conductivity Titration of a Ba(OH)2 solution with H2SO4
NAME:________________________________________  PERIOD:___________

Prelab
1. Predict whether you would expect the conductivity reading to be high or low, and increasing or decreasing, in each of these situations?

a. When the conductivity probe is placed in Ba(OH)2, prior to the addition of H2SO4.


Conductivity reading: high or low (Circle one). Why?

b. As H2SO4 is slowly added, producing BaSO4 and H2O.


Conductivity reading: increasing or decreasing (Circle one). Why?

c. When the moles of H2SO4 added equal the moles of Ba(OH)2 originally present.


Conductivity reading: high or low (Circle one). Why?

d. As excess H2SO4 is added beyond the equivalence point.


Conductivity reading: increasing or decreasing (Circle one). Why?

2. 5.00 mL of 0.1034 M HCl reacts with 42.60 ml of a Ba(OH)2 solution of unknown

    molarity.

a. Write a balanced equation for the reaction.

b. What is the molarity of the Ba(OH)2 solution? Show your calculations.

3. 12.90 ml of 0.1590 M NaOH reacts with 50.00 mL of a H2SO4 solution of unknown 

    molarity.

a. Write a balanced equation for the reaction.

b. What is the molarity of the H2SO4 solution? Show your calculations.

4. 15.50 ml of 0.02500 M H2SO4 reacts with 50.00 mL of a Ba(OH)2 solution of unknown

     molarity.

a. Write a balanced equation for the reaction.

b. What is the molarity of the Ba(OH)2 solution? Show your calculations.

Conductivity Titration of a Ba(OH)2 solution with H2SO4

In this experiment, you will monitor conductivity during the reaction between aqueous solutions of sulfuric acid, H2SO4, and barium hydroxide, Ba(OH)2, in order to  determine the equivalence point. From this information, you can find the molar concentration of the Ba(OH)2 solution. You will also see the effect of ions, precipitates, and water on conductivity. The equation for the reaction in this experiment is:

Ba(OH)2 (aq) + H2SO4 (aq)  (  BaSO4 (s)  + 2 H2O (l)
The net ionic equation is:

Ba+2 (aq) + 2 OH-1 (aq) + 2 H+1 (aq) + SO4-2 (aq)  ( BaSO4 (s) + 2 H2O (l)
Before reacting, Ba(OH)2 and H2SO4 are almost completely dissociated or ionized into their respective ions. Neither of the reaction products, however, is significantly dissociated or ionized. Barium sulfate is a slightly soluble precipitate and water is predominantly molecular.


As 0.0200 M H2SO4 is slowly added to Ba(OH)2 of unknown concentration, changes in the conductivity of the solution will be monitored using a conductivity probe. When the probe is placed in a solution that contains ions, and thus has the ability to conduct electricity, an electrical circuit is completed between the electrodes that are located of either side of the hole near the bottom of the probe body (see Figure 1). This results in a conductivity value that can be read by the CBL System. The unit of conductivity used in this experiment is the microsiemen, or (S. Conductivity readings are usually expressed as (S/cm. This SI derived unit has replaced the conductivity unit of (ohm-1/cm (sometimes written as micromho/cm) which relates the conductivity to the inverse of the resistance of the solution per cm. Since the Vernier conductivity probe has a cell constant of 1.0cm-1, (S is used for the conductivity unit.
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Figure 1

PROCEDURE:
1. Obtain and wear goggles.

2. Measure out approximately 60 mL of an approximately 0.0200 M H2SO4 into a 100-mL beaker. Caution: H2SO4 is a strong acid, and should be handled with care.

3. Record the actual H2SO4 concentration in the Data Table

4. Obtain a 50-mL buret and rinse the buret with a few mL of the H2SO4 solution as described by your instructor. Use a buret clamp to attach the buret to the ring stand a shown in Figure 1. Fill the buret a little above the 0.00-mL level of the buret. Drain a small amount of H2SO4 solution into the waste beaker to fill the buret tip and leave the H2SO4 at the 0.00 mL level of the buret. Dispose of the waste solution in this step as directed by your instructor.

I. Set up the calculator and CBL for Conductivity measurement:

1. Connect the CBL unit to the TI-83+ calculator with the unit-to-unit link cable using the I/O ports located on the bottom edge of each unit. Press the cable ends in firmly.

2. Connect the CBL DIN adapter to the end of the Vernier conductivity probe and plug the adapter into channel 1, CH 1, on the CBL unit. Set the switch on the probe to 

0-2000(S. Plug the CBL voltage adapter into the bottom of the CBL.

3. Turn on the CBL unit and calculator. The CBL system is now ready to receive commands from the calculator.

4. Press [MODE] on the calculator. Select Normal in the first line. Press [ENTER]. Select 2 for the number of decimal places in the second line. Press [ENTER]. Press [QUIT].
II. Calibration Procedure:

Make sure the CBL unit and the calculator are turned on. 

1. Press [PRGM] on the calculator. Using the arrow keys, highlight CHEMBIO. Press [ENTER].
2. (Display should read “prgmCHEMBIO”). Press [ENTER] again.

3. (Display should read “VERNIER SOFTWARE...”). Press [ENTER] again

4. Select Set Up Probes by using the arrow keys to highlight this choice. Press [ENTER]. If you get the ***Link Error*** message check all link connection and make sure CBL is turned on. Press [ENTER]. 

5. The display should read “Enter number of probes.” You are using only one probe, therefore press [1] and [ENTER]. The CBL display should show three dashes.
6. You are using the conductivity probe, therefore, select Conductivity. Press [ENTER]. The calculator will show the message “Be sure to set switch on probe. CBL shows only 3 sig. figures ex. 1134 ( 113. Collected data shows all digits”. Press [ENTER]. Read the data from the calculator screen and not the CBL.

7. You should have your probe connected in channel one, CH 1, therefore, press 1 and [ENTER].

8. The display should now show a Calibration Menu. You want to select Perform New by using the arrow keys to highlight this choice then press [ENTER]. The message “Use [CH View] Button on CBL to Monitor Voltage When Stable Press CBL Trigger” will appear.

9. Remove the probe from the distilled water and carefully shake the water off the probe. Hold the probe in the air. When the CBL display is stable, press [TRIGGER] on the CBL. There are no ions present, therefore, enter a reference of 0 on the calculator and press [ENTER].
10. Place the probe in the 1000 (S standard solution. When the CBL display is stable, press [TRIGGER] on the CBL unit. Enter a reference value of 1000 on the calculator. Press [ENTER]. 

11. The display should show the intercept and slope values of the calibration procedure just completed. Press [ENTER].  
12. You should now be back at the Main Menu display on the calculator. Rinse the conductivity probe with distilled water into the waste beaker. Place the conductivity probe back in the distilled water until you are ready to take measurements. 

III. Collecting Conductivity Data:
1. Pipet 50.00 mL of unknown molarity Ba(OH)2 into a clean, 250-mL beaker. Add 120 mL of distilled water to the beaker using a graduated cylinder.

2. Remove the conductivity probe from the distilled water and rinse with distilled water. Arrange the buret, conductivity probe, beaker containing Ba(OH)2, and stirring bar as shown in Figure 1. The conductivity probe should extend down into the Ba(OH)2 solution to just above the stirring bar, so the hole in the probe end is completely submerged. Be sure that the stirring bar will not strike the probe when the stirrer is turned on.

3. If the CBL and calculator have shut off, press the ON button on the CBL and calculator. You should see the Main menu.

4. From the Main Menu,

a. Select Collect Data. This takes you to the Data Collection menu

b. Select Trigger/Prompt from the Data Collection menu. Press [ENTER].
c. The message “Please allow system 10 seconds to warm up” appears. Press [ENTER].

5. Before adding H2SO4 titrant, monitor the conductivity value (in (S) on the CBL screen. Once the value has stabilized, press Trigger on the CBL and enter "0.00" (the buret volume, in ml) in the calculator. Press [ENTER]. You have now saved the first data pair for this experiment. A graph will appear on the calculator screen with one point.

6. You are now ready to begin the titration. This process goes faster if one person manipulates and reads the buret while another person operates the calculator and enters volumes.

7. Select MORE DATA to collect another data pair. Press [ENTER]. Add 1.00 mL of 0.0200 M H2SO4 to the beaker. Monitor the conductivity value (in (S) on the CBL screen. Once the reading stabilizes, press [Trigger] and enter the current buret reading to the nearest 0.01 mL. Press [ENTER]. You have now saved the second data pair for the experiment. There should be two points on the graph on the calculator screen.

8. Select MORE DATA. Continue adding 1.00 mL increments of H2SO4 solution, each time entering the current buret reading, until the conductivity has dropped below 100 (S.

9. After the conductivity has dropped below 100 (S, add 0.50 mL increment and enter the buret reading.

10. Continue adding 0.50 mL increments until the minimum conductivity has been reached at the equivalence point. When you have passed the equivalence point, continue using 0.50 mL increments until the conductivity is greater than 50 (S again.

11. Now use 1.00-mL increments until the conductivity reaches about 1000 (S, or 25 mL of H2SO4 solution has been added, whichever comes first.

12. Select STOP AND GRAPH when you have finished collecting data. Press [Trace]. Use the arrow keys to examine the data points along the displayed graph of conductivity vs. H2SO4 volume. As you move the cursor right or left, the volume (X) and conductivity (Y) are displayed below the graph. Sketch your graph on the data sheet

13. Press [ENTER]. Select [NO]. Press [ENTER]. This returns you to the Main Menu.

14. Select Quit. Press [ENTER].
15. Dispose of all solutions as directed by your instructor. Rinse off the conductivity probe and place it back in the distilled water.

16. To see the data, press STAT. EDIT will be highlighted. Press [ENTER].
17. The H2SO4 volume data is in L1 and the conductivity data in L2. Record the values in the Data Table.

18. Transfer L1 and L2 to your partner so each of you can analyze the data and compare your results.

IV. Data Analysis Using the INTRSECT Program:

Many chemical experiments produce graphs where the quantity plotted reaches a maximum or a minimum. The maximum or minimum value collected in the experimental data may not be the maximum or minimum value that could have been produced given the starting conditions. A better estimate for the true maximum or minimum point is determined by drawing the best straight lines through the ascending and descending points and finding the point of intersection of these lines. Since it may be difficult to decide if the maximum or minimum value in the experimental data belongs to the set of ascending or descending points, it is better not to include that point in the analysis. The following instructions allow the student to graph experimental data, to draw the linear regression lines (least squares fit) through the ascending and descending points on the graph, and to find the point of intersection of these lines on the TI-83+ calculator using the program INTRSECT.


In a conductivity titration of a solution of Ba(OH)2 with a solution of H2SO4, the conductivity of the solution decreases as the BaSO4 precipitates and water is formed and then increases as excess H2SO4 is added. A typical graph of the data is shown in Figure 2 below. The intersection point will give the equivalence point of the titration.
















Figure 2

To use the program, the data must be in [L1] (the x-value, volume H2SO4) and [L2] (the y-value, conductivity). The data should already be in these lists. If they are not, clear these lists if necessary and enter the data in these lists. To run the program:

a. Press [PRGM].
b. Use down arrow key to select the program INTRSECT. Press [ENTER].
c. The name of the program (prgm INTRSECT) will appear. Press [ENTER].
d. You will be asked if the data is in [L1] and [L2] . YES will be highlighted. If you have entered the data in these lists, press [ENTER].  If you have not, select NO, press [ENTER], enter the data, and rerun the program.

e. Follow the prompts for setting the left and right boundaries using the arrow keys to move the cursor. Press [ENTER] after each selection is made. The program will display the two selected portions of the graph with the linear regression lines drawn through them and will show where they intersect. The x and y value of the point of intersection will be displayed. The x-value should be a good estimate of the equivalence point volume of H2SO4.

f. Press [ENTER] after you are finished observing the graph or printing the graph.

g. The screen will show DONE.

V. PROCESSING THE DATA:
1. Determine the equivalence-point volume of H2SO4. Record the value in the Data Table.

2. Calculate moles of H2SO4 added at the equivalence point. Use the molarity, M, of the 

    H2SO4 and its volume, in L. Record the value in the Data Table.

3. Calculate the moles of Ba(OH)2 at the equivalence point. Use your answer in the 

    previous step and the ratio of moles of Ba(OH)2 and H2SO4 in the balanced equation.

    Record the value in the Data Table.

4. From the moles and volume of Ba(OH)2, calculate the concentration of Ba(OH)2, in 

    mol/L. Record the value in the Data Table.

This experiment was adapted from Experiment 26- Using Conductivity to Find an Equivalence Point from Chemistry with CBL by Holmquist, Randall, and Volz from Vernier Software 1995 

Conductivity Titration of a Ba(OH)2 solution with H2SO4
NAME____________________________________________PERIOD__________

LAB PARTNER_____________________________________COURSE_________

Data Table

	Volume H2SO4 (mL)
	Conductivity ((S)
	Volume H2SO4 (mL)
	Conductivity ((S)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	Molarity of H2SO4 solution
	

	Volume of Ba(OH)2 solution (mL)
	

	Volume of Ba(OH)2 solution (L)
	

	Volume of H2SO4 solution at equivalence point (mL)
	

	Volume of H2SO4 solution at equivalence point (L)
	

	Moles of H2SO4
	

	Moles of Ba(OH)2
	

	Experimental Molarity of Ba(OH)2
	

	Accepted Molarity of Ba(OH)2
	

	Percent error
	



Calculations: Use the back of this page.
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