Conductivity Versus Molarity

NAME:_____________________________________ PERIOD:_________

Prelab
1. A series of solutions are prepared by diluting 10.0 mL, 20.0 mL, 30.0 mL, 40.0 mL, and 50.0 mL of a 1.00x10-2 M CaCl2 solution each to 100.0 mL. Calculate the molarity of each solution. Record these values in the Data Table before you come to lab. Show your work for these calculations.
Conductivity Versus Molarity

If an ionic compound is dissolved in water, it dissociates into ions and the resulting solution will conduct electricity. Dissolving solid calcium chloride in water releases ions according to the equation:

CaCl2 (s) [image: image1.wmf]¾ 

® 

¾ 

 Ca+2(aq) + 2 Cl-(aq)

In this experiment, a series of CaCl2 solutions is prepared by diluting a 1.00x10-2 M solution. This process is sometimes referred as preparing a set of standard solutions.  A conductivity probe will be used to measure the conductivity of each solution. A graph of the conductivity versus the molarity will be prepared which will be used to determine the molarity of an unknown CaCl2 solution.
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Figure 1
Procedure:
I. Preparation of the Standard Solutions
1. Set up and fill a 50 mL buret with 1.00x10-2 M CaCl2. Set the initial volume of the buret at 0.00 mL. Be sure there are no air bubbles in the tip of the buret. A buret reading card is useful in setting the volumes. The buret will have to be refilled three times to prepare the standards.

2. Label five 100 mL volumetric flasks 1, 2, 3, 4, 5 respectively. Label six 50 mL beakers or small vials 1, 2, 3, 4, 5, 6 respectively.

3. To save time in delivering the solution from the buret, deliver 10.00 mL into flask 1 and 40.00 mL in flask 4. Refill the buret. Deliver 20.00 mL into flask 2 and 30.00 mL into flask 3. Refill the buret. Deliver 50.00 mL into flask 5. Carefully fill each flask to the line with distilled water and mix the solutions thoroughly.

4. Label each flask with the corresponding concentration calculated from the prelab.

5. The sixth standard solution will be the original 1.00x10-2 M CaCl2 solution.

6. Pour a small amount of each solution into the corresponding beaker or vial. Enough solution is needed to cover the hole in the conductivity probe.

II. Preparation and standardization of the conductivity probe.
1. Obtain and wear goggles.

2. Prepare the conductivity probe for data collection.

a. Plug the conductivity probe into a DIN adapter and then into Channel 1 of the CBL.

b. Set the selection switch on the amplifier box of the probe to the 0-2000 µS range. 

c. Connect the CBL System to the TI-83+calculator with the link cable using the port on the bottom edge of each unit. Firmly press in the cable ends. Attach a CBL voltage adapter to the CBL.

d. Turn on the CBL unit and the calculator.

3. Press [MODE] on the calculator. Select Normal in the first line. Press [ENTER]. Select Float for the number of decimal places in the second line. Press [ENTER]. Press [QUIT].
4. Press [PRGM] on the TI-83+. Using the arrow keys, highlight the program CHEMBIO. Press [ENTER].
5. (Display should read “prgmCHEMBIO”). Press [ENTER] again.

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

7. 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]. 

8. 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.
9. 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.

10. You should have your probe connected in channel one, CH 1, therefore, press 1 and [ENTER].
11. 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.

12. 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, so enter a reference of 0 on the calculator and press [ENTER].
13. 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]. 

14. The display should show the intercept and slope values of the calibration line just completed. Press [ENTER].  

15. 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. Data Collection
1. If the CBL and calculator have shut off, pressing the ON button on each should take you to the Main menu.

2. From the Main Menu,

    a. Select Collect Data. This takes you to the Data Collection menu. Press [ENTER].
    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].
3. Remove the probe from the distilled water and dry it with Kimwipes or shake off the water into the waste beaker.

4. Place the conductivity probe into standard solution 1 until the hole near the probe end is completely submerged in the solution being tested. Important: Since the two electrodes are positioned on either side of the hole, this part of the probe must be completely submerged.

5. Once the value has stabilized, press [Trigger] on the CBL and enter the molar concentration of solution 1 in the TI-83+ calculator. Enter the value in exponential form: 1.00x10-3 as 1.00E-3. Press [ENTER]. You have now saved the first data pair for this experiment. A graph will be displayed on the calculator screen.

6. Remove the probe from the solution. Rinse it with distilled water into the waste beaker. Dry the probe.

7. Select MORE DATA to collect another data pair. Press [ENTER]. Place the conductivity probe into standard solution 2. Monitor the conductivity value (in (S) on the CBL screen. Once the reading stabilizes, press [Trigger] and enter the molar concentration of solution 2 in the TI-82/83 calculator. Press [ENTER]. You have now saved the second data pair for the experiment.

8. Select MORE DATA. Repeat steps 6 and 7 with the other standard solutions. After the last standard solution has been measured, 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 on the unknown solution.

9. Select STOP AND GRAPH when you have finished collecting data. Press [ENTER]. Press [Trace]. Use the arrow keys to examine the data points along the displayed graph of conductivity vs. molarity. As you move the cursor right or left, the molarity (X) and conductivity (Y) are displayed below the graph. Record the values in the Data Table (round the conductivity to the nearest 1 µS).

10. Press [ENTER]. Select [NO] for repeating the experiment. Press [ENTER]. This returns you to the Main Menu.

11. From the Main Menu,

     a. Select Collect Data. This takes you to the Data Collection menu. Press [ENTER].
     b. Select Monitor Input from the Data Collection menu. Press [ENTER].
     c. The message “Please allow system 10 seconds to warm up” appears. Press [ENTER].
12. Remove the probe from the distilled water and dry it. Place the probe in the unknown solution. Read the conductivity value from the calculator not the CBL screen. Record the value in the Data Table. Rinse and dry the probe between unknown solutions.

13. After recording the conductivity of the unknown solutions, press [+] on the calculator to return 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. Press STAT. EDIT will be highlighted. Press [ENTER]. Clear lists L1 and L2.

17. Enter the molarity data in L1 and the conductivity data in L2.

18. Press [STATPLOT] 

19. Select Plot 1. Press [ENTER]. (this command displays the Plot1 screen)

20. Select :

a) ON: Position cursor over (On). Press [ENTER].
b) Type: Scatter plot (1st type). Press [ENTER].
c) Xlist: (horizontal axis); type list L1, Press [ENTER]. 
d) Ylist: (vertical axis); select type L2, Press [ENTER]. 
e) Mark: Select the small square. Press [ENTER].
21. After selecting the desired options, press [GRAPH].
22. Your graph may not display all of your data points (because the graphing window is not set properly); press [ZOOM]. Select ZoomStat. Press [ENTER] to automatically select a window that displays the full range of your data. Sketch the graph on the Data Table sheet. What is the apparent relationship between conductivity and molarity ?

If there is an apparent linear relationship between our two data sets, find the slope and the 

y-intercept of the line that best fits this linear relationship by the following steps.

23. Press [STAT]
24. Arrow right to CALC.
25. Select LinReg (ax+b) Press [ENTER].
26. Press [L1] [,] [L2]. Press [ENTER].
27. The results of the least-squares fit (linear regression) appear on the (LinReg) screen:


a = slope of the line

b = y-intercept of the line


r = correlation coefficient (a measure of how well the this line fits the data. )

The closer the value is to 1.00, the better the data fits a straight line.)


Record these values in the Data Table

On the TI-83 If the r value does not appear on the screen, press [CATALOG]. Arrow down to Diagnostic On and press [ENTER] twice. The screen should show Diagnostic On and Done. Run the linear regression analysis again.

28. To display the best-fit line on the graph:

a. Press [Y=]
b. Press [ENTER] to select Y1.

c. Press [CLEAR] to delete any unwanted function.

d. Press [VARS]
e. Select Statistics. Press [ENTER].
f. Arrow right to EQ since we want an equation.

g. Press RegEQ and press [ENTER]. The regression equation appears in the Y1 slot.

h. Press [GRAPH] and both the data and the line will be plotted.

29. Use the conductivity of the unknown solutions and the equation for the regression line to solve for the molarity of the unknown solutions. Record the values in the Data Table.

30. Obtain the true value for the molarity of the unknown solutions and calculate the percent error.

This experiment was adapted from Experiment 14-Saltwater Conductivity: The Effect of Concentration-from Chemistry with CBL by Holmquist, Randall, and Volz from Vernier Software 1995. Figure 1 comes from Experiment 21- Household Acids and Bases in the same book.
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Data Table
Concentration of the original CaCl2 solution:_______________________M

	Standard Solution Number
	Volume of the Original Solution Used (mL)
	Molarity of the Standard Solution (M)
	Conductivity ((S)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	1.00x 10-2 
	


	Unknown Solution Number
	
	

	Conductivity ((S)
	((S)
	((S)

	Experimental Molarity of the Unknown Solution
	M
	M

	True Molarity of the Unknown Solution
	M
	M

	Percent error in the molarity
	%
	%


	Slope of the Conductivity vs. Molarity Graph
	Y-Intercept
	Correlation Factor

	
	
	



Calculations:

Conductivity
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Concentration (M0
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