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Introduction: 
At swimming pools, swimmers must leave the water for a period of time after nearby lightning strikes.  Why is this so?  What is special about water that we are concerned about when electricity is around?  What kinds of liquids would this not be true for?  Does distilled water have this same status?    

Consider the following:

· What do you see take place when a solute dissolves in a solvent?  Does the solute disappear? How could you find out?

· What physical process is occurring at the molecular level to result in what you see happening when something dissolves?
· Does the same thing happen when all substances dissolve?  Do salt and sugar both dissolve in the same way?  How about all acids and all bases?  Do they dissolve in the same way?
Substances that are capable of conducting an electric current in solution are known as electrolytes.  Ionic compounds are electrolytes since they form positively and negatively charged ions in solution to conduct the electrical charges.  Electrolytes are divided into three substances: Acids, Bases, and Salts.  Not all electrolytes conduct electricity to the same degree.  Non-electrolytes are compounds that do not conduct electric currents in aqueous solutions.  Most molecular (covalent) compounds are non-electrolytes since there are no positively and negatively charged ions in solution to conduct the electrical charges. 
Electrolytes dissolve in water and dissociate, at least partially, into free ions.  In a solution of electrolytes, several different species might be present, including intact molecules and dissociated ions. Strong electrolytes dissociate completely into ions.  Weak electrolytes dissociate incompletely.  Non-electrolytes do not dissociate at all.  Strong electrolytes include strong acids, strong bases and soluble salts, while weak electrolytes include weak acids, weak bases and low-solubility salts.  Non-electrolytes include all molecular (covalent) compounds.

Strong and Weak Electrolytes
a) Acids
Acids ionize or dissociate in aqueous solution to produce hydronium ions (H3O+ (aq)).  The strength of an acid depends on the amount it ionizes or dissociates.  Strong acids ionize almost completely, while weak acids ionize to a much lesser degree.

Examples:



Strong acid:     

HCl(g)    +    H2O(l)       →       H3O+(aq)      +     Cl-(aq)



     0%



    100 % Ionized

Weak acid:

CH3COOH(aq)  +  H2O(l)     ↔   H3O+(aq)   +  CH3COO-(aq)



    ~99%



~1% ionized

Note:  The dissociation of a substance with complete ionization is shown with a single forward arrow, while the dissociation of a substance with a low % ionization is shown with a double arrow.   

See animation below for illustration of a strong vs. weak acid ionizing in water:

http://preparatorychemistry.com/Bishop_Water_frames.htm  (choose ‘acid animation’ from the menu)
b) Bases

Bases ionize or dissociate in aqueous solution to produce hydroxide ions (OH- (aq)).  The strength of a base depends on the amount it ionizes or dissociates.  Strong bases ionize almost completely, while weak bases ionize to a lesser degree.

Examples:



Strong Base:

NaOH(s)   →     Na+(aq)      +     OH-(aq)
Weak Base:

NH3(aq)  +  H2O(l)     ↔     NH4+(aq)  +  OH-(aq)
c) Salts
Salts dissociate in aqueous solution to produce a positive metal ion and a negative non-metal ion.  Soluble salts dissociate almost completely, while low-solubility salts dissociate to a lesser degree.  A table of solubilities (included) allows you to determine the solubilities of many salts.
Examples:
Soluble Salt:

NaCl (s) → Na+(aq) + Cl–(aq)

Low-solubility Salt:  
Ca(OH)2(s)   ↔    Ca2+(aq)  +  2OH-(aq)
Non-Electrolytes
Sucrose, or table sugar, is a non-electrolyte.  Its molecules remain intact when dissolved in water as shown in the equation below:





C12H22O11(s)   →    C12H22O11(aq)
Ethanol is also a non-electrolyte as shown in the following equation:





CH3CH2OH(l)   →   CH3CH2OH(aq)
A circuit can be created to test the conductivity of various solutions.  Conductivity can be measured using a variety of both qualitative and quantitative conductivity meters.  The conductivity of a solution is dependent upon the type of solute, the concentration of the solution and the movement of free ions in solution.  The number of free ions in solution and thus the amount of current flowing is indicated by the brightness of the bulb (qualitative), or the conductivity value – measured in Siemens/cm (quantitative).  In this lab you will use a conductivity bulb to measure only the qualitative differences between strong and weak electrolytes and non-electrolytes.
In this lab you will construct an inexpensive conductivity testing device using a light emitting diode (LED’s) and a nine volt battery.  (Light-emitting diodes are solid state devices that emit light when electric current flows through them).   
Purpose:
In this experiment, you will construct a conductivity tester and study the electrical conductivity of water and various water solutions.  You will then identify the solutions as electrolytic and non-electrolytic, and identify variations in conductivity among electrolytes.

Pre-lab Information:

Many of the materials you will be using today are found in common household items. A list of common names or uses can be found below:

	Hydrochloric acid, HCl

Acetic acid, CH3COOH

	Stomach acid

Vinegar

	Sodium hydroxide, NaOH
	Lye; used in soaps, detergents

	Ammonia(aq), NH3(aq)
	Household cleaners



	Sodium chloride, NaCl
Calcium hydroxide, Ca(OH)2

	Common household salt

Slaked lime; used in making mortar, cements, calcium salts, paints, hard rubber products, and petrochemicals. 


	Ethanol, CH3CH2OH
	Found in gasoline or in alcoholic beverages. 

	Sucrose, C12H22O11
Gatorade™
	Table sugar, beet or cane sugar
Energy Replacement Drink

	
	


Materials:
25 mL tap water
25 mL distilled water
25 mL 1.0 mol/L HCl in a 100 mL beaker
                         

25 mL 1.0 mol/L HC2H3O2 in a 100 mL beaker

25 mL 1.0 mol/L NaOH in a 100 mL beaker


25 mL 1.0 mol/L NH3(aq) in a 100 mL beaker
25 mL 1.0 mol/L NaCl in a 100 mL beaker


25 mL 1.0 mol/L Ca(OH)2 in a 100 mL beaker
25 mL 1.0 mol/L C12H22O11 in a 100 mL beaker


25 mL 1.0 mol/L CH3CH2OH in a 100 mL beaker
25 mL Gatorade™

Microplate
Wash bottle with distilled water
14 Eyedroppers

Homemade Conductivity tester
Procedure:
Before beginning the experiment, prepare your homemade conductivity tester as described below:
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Homemade Conductivity Tester
· Materials: 

· 1 light emitting diode (LED) 

· 1 KOhm resistor

· 1 9 V-battery

· 1 battery connector
· 1 piece of fibre board or plywood

· 1 rubber band

· 3 pieces of wire

· Tape

Dip the open wire ends in different the different solutions to test if they conduct electricity.  The brightness of the light will show if the conductivity is high or low. 
http://www.chm.davidson.edu/dustriplin/Che105/Conductivity.pdf
CAUTION: Be careful not to touch the exposed wire of the electrodes that are used for testing!
Below you will find a relative scale of conductivity from 0 (non-conductor) to 4 (excellent conductor). You will use this scale in conjunction with your conductivity tester in order to quantify the conductivity of various solutions.

	Conductivity Scale for Conductivity Measurements

	Scale
	LED Brightness
	Conductivity

	0
	Off
	Very low or none

	1
	Dim
	Low

	2
	Medium
	Medium

	3
	Bright
	High

	4
	Very Bright
	Very High


In all cases you should predict whether a solution will conduct electricity or not.
1. Dim the classroom lights.

2. Obtain a clean, dry microplate. 
Tap water vs. Distilled Water
3. Predict whether distilled water or tap water will conduct electricity. Justify your answer.
4. Place 10 drops* of distilled water and ten drops of tap water into separate wells in the microplate.  Test the conductivity of each water sample.  Record your results in the table that follows. Was there a difference in the conductivities of each?  Explain.  Was your prediction correct?
*Note:  If you use the dropper correctly, it will dispense exactly the same volume with each drop.  Hold the dropper at the same angle each time. 
Strong and Weak Acids and Bases

5. Predict whether each of the acids and bases being tested will conduct electricity (and to what extent). Again, justify your answer.
6. Place 10 drops each of 1.0 mol/L solutions of HCl, NaOH, HC2H3O2 and NH3(aq) into separate wells in a clean microplate. Test each solution with the conductivity apparatus.  (Rinse the electrodes with distilled water between each test to avoid contamination). 
7. Why is it important that the solutions are equimolar?
8. Describe the relative brightness of the four solutions.  What does the level of brightness represent?
9. Based on your results, which of the four substances do you think would have the most H+ (H3O+) ions?  The least?
10. Based on your results, which of the four substances do you think would have the most OH- ions?  The least?
11. Explain your results using ionization equations for each acid and base.
12. Which acid and base is considered strong?  Which acid and base is considered weak?
13. How does the strength of the acid or base relate to the level of brightness observed in the bulb?

Salts

14. Predict whether each of the salts being tested will conduct electricity (and to what extent).

15. Place 10 drops each of 1.0 mol/L solutions of NaCl and Ca(OH)2 into separate wells in a clean microplate. Test each solution with the conductivity apparatus.  (Rinse the electrodes with distilled water between each test to avoid contamination). 
16. Describe the relative brightness of the two solutions.  What does the level of brightness represent?
17. Based on your results, which substance dissolved the most?  Which substance dissolved the least?  How do you know?

18. How does the solubility of the salt relate to the level of brightness observed in the bulb?
19. Write the dissociation equation for NaCl and Ca(OH)2 and explain what occurs at the molecular level when each substance dissolves.  
20. Would pure, crystalline table salt (NaCl) have conducted an electric current? Explain your answer.
Non-Electrolytes
21. Predict whether each of the non-electrolytes being tested will conduct electricity (and to what extent).

22. Place 10 drops each of 1.0 mol/L solutions of C12H22O11 and CH3CH2OH into separate wells in a clean microplate. Test each solution with the conductivity apparatus.  (Rinse the electrodes with distilled water between each test to avoid contamination).
23. Explain the results you observed when the conductivity tester was placed in the non-electrolyte solutions. 
24. How does dissolving occur in non-electrolytes?  Write the equation for the dissolving of C12H22O11 and CH3CH2OH and explain what occurs at the molecular level when each substance dissolves.

25. Are non-electrolytes generally covalent or ionic?

Gatorade™ 
26. Predict whether Gatorade™ will conduct electricity (and to what extent).

27. Place 10 drops of Gatorade™ a clean well in the microplate. Test the solution with the conductivity apparatus.
28. Based on your results, is Gatorade™ an electrolyte or non-electrolyte?  If it is an electrolyte, is it strong or weak?  What is in Gatorade that might cause electrolytic behavior?
29. Why do people drink Gatorade™?
Data and Observations:
For each solution tested, record the intensity of light produced from the LED. Use the following descriptive terms as used on the previous page: Off, dim, medium, bright, very bright.  Then, record the conductivity using the terms: Very low or none, low, medium, high, very high. 

	Substance Tested
	LED Brightness
	Conductivity

	Distilled Water
	
	

	Tap Water
	
	

	Hydrochloric acid solution, 1 mol/L
	
	

	Acetic acid solution, 1 mol/L
	
	

	Sodium hydroxide solution, 1 mol/L
	
	

	Aqueous ammonia, 1 mol/L
	
	

	Sodium chloride solution, 1 mol/L
	
	

	Calcium hydroxide solution, 1 mol/L
	
	

	Sucrose solution, 1 mol/L
	
	

	Ethanol solution, 1 mol/L
	
	

	Gatorade™ Energy Drink
	
	


Summary Questions:
1. What effect would concentration have on the conductivity of a substance?

2. Describe the difference (macroscopically) between an ionic compound and a molecular compound?
3. Draw microscopically what happens to an ionic and a molecular compound when dissolved in water.
4. Explain why some materials are strong, weak or non-conductors.
5.  What are the predominant and minor (if any) species present in each of the solutions tested?

6. What trend might you observe if you tested the conductivity of NaCl, CaCl2, and AlCl3 solutions?  Explain why a trend might be observed.
7. Explain why 5 mol/L HC2H3O2 would conduct electricity but pure HC2H3O2 (called glacial acetic acid) would not.
8. Which would have more ions:  1.0 mol/L HCl or 5 mol/L HC2H3O2?  How could you find out?
9. Write an operational definition for ‘electrolyte’.  What is the difference between an electrolyte and a non-electrolyte?
10. If you were caught in a thunderstorm, which of the solutions tested would you least like to be standing in?
11. What would happen to the conductivity of a substance if you dilute its solution with water?
Extension Activities:

1. What is the relationship between the amount of electrical current passing through a solution and solute concentration?  Design an experiment to find out.
2. Devise and carry out an investigation to determine how sensitive your conductivity detector is to the presence of ions in solution.  Record your method and results.

3. Fill 3 separate beakers with 40-mL samples of 0.1 mol/L HCl, H2SO4 and HC2H3O2.  Add ten drops of phenolphthalein to each beaker.  Now add 0.1 mol/L NaOH slowly to each beaker of acid until the indicator just turns from colorless to pink.  Compare the volumes of NaOH needed for each acid.  Explain the results.  
4. Perform a titration experiment with 1.0 mol/L HCl and NaOH 1.0 mol/L with the use of your conductivity apparatus.  Begin with the HCl.  Which species are present in the solution at this point?  Titrate the HCl with the NaOH until the bulb goes out.  At what point does the bulb go out?  Why does the bulb go out?  Which species are present in the solution at this point?  Now continue adding NaOH to the solution.  What happens to the bulb?  Why?  Which species are present in the solution now? 
Summary:

In this experiment, students discovered some properties of strong electrolytes, weak electrolytes, and non-electrolytes by observing the behavior of these substances in aqueous solutions. When the conductivity apparatus is placed in a solution that contains ions, and thus has the ability to conduct electricity, an electrical circuit is completed across the electrodes.  This complete circuit causes the LED bulb to glow to varying degrees.  The brightness of the light depends on the ability of the aqueous solution to conduct electricity. Strong electrolytes produce large numbers of ions, which results in a very bright light. Weak electrolytes result in low conductivity and thus a dim light and non-electrolytes should result in no conductivity and thus will not cause the LED light to glow at all.  
Quantitative Conductivity... Did You Know?
Any solution, even one containing ions, provides considerable resistance to the flow of current through it. Conductivity is, essentially, the reciprocal of this resistance -- high resistance means low conductivity; low resistance means high conductivity.  Resistance is measured in ohms, so conductance is measured in ohms-1, more commonly called mhos or Siemens (S, the official Systeme Internationale (SI) name of the unit). Chemists measure the conductivity of a solution by using the solution to complete an electrical circuit, usually by inserting a pair of electrodes into the circuit, and immersing the electrodes in the solution. The resistance that the solution adds to the circuit is converted to conductivity by a computer chip, and displayed on a meter.

Online Resources:

Weak Acid Equilibrium:
http://www.dlt.ncssm.edu/tiger/Flash/electrochem/WeakAcidEquilibrium.html
To access the T.I.G.E.R site enter username: htaccess and password: tiger.core 

Strong Acid Ionization:

http://www.dlt.ncssm.edu/tiger/Flash/electrochem/StrongAcidIonization.html
To access the T.I.G.E.R site enter username: htaccess and password: tiger.core 

Conductivity Simulation #1:  Greenbowe  (Test Acids, Bases, Salts and Unknown Solutions with 1.0 M solutions)

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/electroChem/conductivity.html
Conductivity Simulation #2:  Greenbowe  (Test Acids, Bases, Salts and Unknown Solutions with changing molarity)

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/electroChem/conductivity-2.html
NaCl dissolving in Water:  Greenbowe

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/thermochem/solutionSalt.html
Collision of HCl with H2O:  Greenbowe

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/HCl(aq).html
Collision of NH3 with H2O:  Greenbowe

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/NH3eqtg.html
Solubility Rules Table:
	Negative Ion (Anions) 
	Positive Ions (Cations) 
	Solubility of Compounds

	All negative ions are_____with 
	Alkali ions ( Li+, Na+, K+ etc)
	Soluble

	All negative ions are ____ with 
	Hydrogen ( H+)
	Soluble

	All negative ions are ____ with 
	Ammonium ion (NH4+)
	Soluble

	Nitrate NO3- ions are ____ with 
	All positive ions are
	Soluble

	Acetate CH3COO- ions are____ with
	All positive ions are
	Soluble

	Chloride, Cl- 

Bromide Br- 

Iodide I-
	Ag+, Pb2+, Hg22+, Cu+      (


All other positive ions   (
	Low solubility 


Soluble

	Sulfate SO42-
	Ba2+, Sr2+, Pb2+    (
All other positive ions    
	Low solubility 
Soluble 

	Sulfide S2-
	Alkali ions, H+, NH4+, Be2+    
Mg2+, Ca2+, Sr2+, Ba2+    (
All other positive ions    (
	Soluble 

Low solubility

	Hydroxide, OH-
	Alkali Ions, NH4+, Sr2+, Ba2+  (
All other positive ions   (
	Soluble 

Low solubility

	Phosphate PO43- 

Carbonate CO32- 

Sulfite, SO32-
	Alkali Ions, H+, NH4+   (


All other positive ions  (
	Soluble 


Low solubility
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