Lab

Conductivity of Solutions
An electrolyte is a substance that conducts electric current by the transport of ions.  This may occur while the electrolyte is in its pure state or dissolved in an aqueous (water) solution.  If the substance produces a high concentration of ions in solution, it is a strong electrolyte and a good electrical conductor.  All strong acids, strong bases, and ionic compounds are strong electrolytes.  If the substance produces a low concentration of ions in solution, it is a week electrolyte and a weak electrical conductor.  Weak acids and weak bases are weak electrolytes.  A nonelectrolyte is a substance that doesn’t produce ions in solution.  Since no ions are available to transport charge, nonelectrolytes are nonconductive.  Most molecular compounds, excluding acids, are nonelectrolytes.  

The process of dissociation is the separation of ions.  Some substances, such as sodium chloride, are ionic in their solid form.  When they are dissolved in water, the ions dissociate.  Other substances, such as acids, are molecular compounds.  Acids form ions when they are dissolved in water solution – a process knows as ionization.  These substances ionize as they dissociate.  In this activity, you will use a CBL 2 unit, a graphing calculator, and a conductivity probe to measure the conductivity of various substances.  You will use your data to classify each substance as a strong electrolyte, weak electrolyte, or nonelectrolyte.

What You’ll Investigate

· What is an electrolyte?

· What are ionization and dissociation?

· How is concentration of ions related to the ability of a substance to conduct electricity?

Goals

· Measure the conductivity of various substances.

· Explain why acids are either strong or weak electrolytes.

· Explain why ionic compounds are strong electrolytes and most molecular compounds are nonelectrolytes.

Materials

· CBL or LabPro unit

· TI graphing calculator

· Link cable

· DataMate program

· Conductivity probe

· 250 mL beaker

· Wash bottle

· Distilled water

· Testing solutions

Pre-Lab Questions

1. Explain the difference between ionization and dissociation.

2. What is an electrolyte?

3. Describe how a conductivity probe works.

Procedure

Part A: Preparing the CBL 2 System

1. Set up the calculator and CBL 2 unit, as instructed by the teacher.  Make sure the switch on the conductivity probe box is set to a range of 0-20000S.  The probe measures in microsiemens, a unit of conductance.

2. Plug the conductivity probe into channel 1 of the CBL 2 unit.  Turn on the calculator and start the DataMate program.  Press CLEAR to reset the program.  The probe should be recognized automatically.  If not, tell your teacher.

3. Select SETUP to choose the conditions for your measurement.  Press the up arrow key once to move the cursor to MODE:TIME GRAPH.  Press ENTER.  Select SELECTED EVENTS.  Then select OK.  The calculator is now set to record a measurement whenever you press ENTER.

Part B: Collecting Data

1. You have a series of testing solutions.  You will use the conductivity probe to record the conductivity of each solution.  Select START to begin the measurement program.

2. Place the conductivity probe into the solution labelled acetic acid.  Swirl the probe gently.  Make sure the end of the probe remains submerged.  After about five seconds, press ENTER on the calculator.  The CBL unit will record the conductivity of the solution.

3. Remove the probe from the solution, being careful not to let it drip on the table.  Hold the probe over an empty 250 mL beaker and carefully rinse with the distilled water in the wash bottle.

4. Proceed to the next testing solution.  Repeat steps 2 and 3 of Collecting Data.  It is very important to rinse the probe with distilled water between measurements.

5. When you have completed taking measurements for all solutions, press STOP to stop the measurements.

Part C: Examining the Data

1. The calculator will display a graph of all data points you have collected.  Use the arrow keys to select the data points.  Record these measurements in the Data Table.  Round to the nearest whole number.

2. Notice how the points on our graph are distributed.  Consider how the ion concentrations of the solutions are related to the placement of the data points.  Answer the Conclude and Apply questions before you turn off your calculator.

Cleanup and Disposal

1. Press ENTER to return to the DataMate screen.  Select QUIT and follow the directions on the screen.

2. Turn off the calculator.  Disconnect the probe from the CBL 2 unit.

3. Clean your work area and return everything to where it belongs.

Data Table: Conductivity Data

	Aqueous Solutions
	Conductivity

(S)
	Ionic (I) or Molecular (M)
	Does ionization occur? (Y/N)
	Level of Dissociation (high, med. none)
	Strong (S), Weak (W), or Nonelectrolyte (NE)

	Acetic Acid

(CH3COOH)
	
	
	
	
	

	Hydrochloric Acid (HCl)
	
	
	
	
	

	Ethanol 

(C2HOH)
	
	
	
	
	

	Sugar Water (C6H12O6)
	
	
	
	
	

	Tap Water

(H2O)
	
	
	
	
	

	Sodium Hydroxide (NaOH)
	
	
	
	
	

	Salt Water

(6 g/L)
	
	
	
	
	

	Salt Water

(10 g/L)
	
	
	
	
	

	Salt Water

(20 g/L)
	
	
	
	
	

	Distilled Water

(H2O)
	
	
	
	
	


Conclude and Apply

1. Are the acids you tested strong, weak, or nonelectrolytes?  Explain why this makes sense.

2. Why are all ionic compounds strong electrolytes and most molecular compounds nonelectrolytes?

3. Look at the data you obtained for saltwater conductivity at three different concentrations.  Write a general statement that describes the change in conductivity for increased concentrations (what is the relationship?).

4. Why is distilled water a nonelelctrolyte and tap water is a weak electrolyte?

