
Investigating Conductivity

Investigating Conductivity
To understand conductivity, it is necessary to study the motion of ions in solution. Ions can be dragged through the solvent by the application of a potential difference between two electrodes immersed in the sample. Studying the transport of charge through electrolyte solutions is to study the conductivity of a solution. The conductivity of any material depends on two separate parameters: the number of charge carriers present and their mobilities. In this experiment, you will explore how different variables effect conductivity.
OBJECTIVES

In this experiment, you will answer the following questions about the fundamental characteristics of conductivity:
· What is the effect of concentration on conductivity?
· What is the effect of ionic size on conductivity?

· What is the effect of ionic charge on conductivity?

· What is the effect of solvent on conductivity?

· What is the effect of temperature on conductivity?

MATERIALS

	LabQuest or computer interface
	ice

	LabQuest App or Logger Pro
	0.1 M HCl

	Platinum-Cell Conductivity Probe
	1.0 M HC2H3O2

	Temperature Probe
	0.01 M KCl (aq)

	10 mL graduated cylinder
	0.01 M KBr (aq)

	five 100 mL beakers
	0.01 M KI (aq)

	two 100 mL volumetric flasks
	0.01 M NaClO4 (aq)

	Vernier Stir Station
	0.01 M MgSO4 (aq)

	   or magnetic stirrer and ring stand
	0.01 M LiCl (aq)

	stirring bar or Microstirrer
	0.01 M LiCl, dissolved in acetone


PROCEDURE

1.
Obtain and wear goggles. Protect your arms and hands by wearing a long-sleeve lab coat and gloves. DANGER: Treat all laboratory chemicals with caution. Some of the chemicals you will use are highly flammable. Keep away from heat, sparks, open flames, and hot surfaces. Prudent laboratory practices should be observed. 
Part I  Effect of Concentration on Conductivity 

2.
Prepare the electrode for data collection.
a. Connect the Platinum-Cell Conductivity Probe to the interface. Make sure that the temperature compensation on the Platinum-Cell Conductivity Probe is in the 2% position. For best results, condition the electrode in a standard conductivity solution for three to five minutes prior to use. Common standard solutions are 1413 μS/cm potassium chloride solution or 150 μS/cm potassium chloride solution.
b. Start the data-collection program, and then choose New from the File menu. 
c. Change the data-collection mode to Events with Entry. Enter Concentration as the Event name and mol/L as the Units.
3.
Prepare samples with varying acid concentration.
d. Obtain ~20 mL of the 0.1 M HCl stock solution and ~20 mL of the 1.0 M HC2H3O2 stock solution. 

e. Accurately prepare five HCl solutions by diluting 1.0, 2.0, 3.0, 4.0, and 5.0 mL of HCl stock to a total volume of 100 mL with distilled water.

f. Accurately prepare five HC2H3O2 solutions by diluting 1.0, 2.0, 3.0, 4.0, and 5.0 mL of HC2H3O2 stock to a total volume of 50 mL with distilled water.

4.
Collect conductivity measurements on your five HCl samples.

g. Start data collection. A Keep button should now be visible next to the Collect button.
h. Rinse the tip of the Conductivity Probe with DI water and blot dry. Insert the tip of the electrode into the first HCl solution. Wait for the value to stabilize and click Keep. Enter the concentration when prompted.
i. Repeat Step 4b for all HCl samples. Stop data collection.

j. Store the run. In Logger Pro, choose Store Latest Run from the Experiment menu. In LabQuest, tap the file cabinet icon on the Graph screen. 
5.
Collect conductivity measurements on your five HC2H3O2 samples.

k. Start data collection. 
l. Rinse the tip of the Conductivity Probe with DI water and blot dry. Insert the tip of the electrode into the first HC2H3O2 solution. Wait for the value to stabilize and click Keep. Enter the concentration when prompted.

m. Repeat Step 5b for all HC2H3O2 samples. Stop data collection.
6.
Save the data as directed by your instructor.
Part II  Effect of Anion Size and Mass
7.
Use the live readouts in the meter to measure and record the conductivities of the following solutions. Be sure to rinse the electrode appropriately between runs.

n. 0.01 M KCl (aq)

o. 0.01 M KBr (aq)

p. 0.01 M KI (aq)

8.
(optional) Repeat Step 7 at least two more times for additional statistical analysis.

Part III  Effect of Charge
9.
Measure and record the conductivities of the following solutions. Be sure to rinse the electrode appropriately between runs.

q. 0.01 M NaClO4 (aq)

r. 0.01 M MgSO4 (aq)

10.
(optional) Repeat Step 9 at least two more times for additional statistical analysis.
Part IV  Effect of Solvent on Conductivity


11.
Measure and record the conductivities of the following solutions. Be sure to rinse the electrode appropriately between runs.

s. 0.01 M LiCl (aq)

t. 0.01 M LiCl in acetone. Note: make sure the salt is fully dissolved; if it is not, you may need to add 1–3 mL of water to aid this process.


12.
(optional) Repeat Step 11 at least two more times for additional statistical analysis.

Part V  Effect of Temperature on Conductivity


13.
Set up data collection.

u. Select New from the File menu.

v. Leave the Platinum-Cell Conductivity Probe connected to your interface. In addition, connect a Temperature Probe to your data-collection interface. 
w. Set the temperature compensation on the Platinum-Cell Conductivity Probe to 0%.
x. Extend the duration to 30 minutes, taking data at 50 samples/min.

y. Change the x-axis on the graph to show Temperature.


14.
Obtain ~60 mL of 0.1 M KCl (aq) in a 100 mL beaker and add a stir bar.

15.
Fill a large beaker full of ice and place it on a magnetic stirrer.


16.
Place the small beaker of KCl into the ice making sure that none of the ice enters the beaker with KCl. Make sure the solution is stirring. Put the Temperature Probe and the Conductivity Probe in the solution.

17.
Start data collection. Data collection will stop after 30 minutes. You may stop data collection early if the temperature has approached 0°C.
DATA ANALYSIS

1.
What is the effect of concentration on conductivity for HCl? What is the effect of concentration on conductivity for HC2H3O2? Were the two trends different? Why or why not?
2.
Write the dissociation equations for the ionic compounds tested for Part II. What is the effect of ionic size/mass on conductivity?
3.
Write the dissociation equations for the ionic compounds tested for Part III. What is the effect of charge on conductivity? 
4.
Does solvent have an effect on the conductivity of LiCl? Why or why not?

5.
Using the kinetic molecular theory, explain the effect of increasing temperature on the conductivity of the NaCl(aq).
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