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Ionic Compounds #4
What Does a Conductivity or pH Measurement
Really Tell Us?
I. Strong Electrolytes, Weak Electrolytes, and Non-electrolytes

Previously, you used the conductivity probe to investigate the properties of solutions of ionic compounds. When the probe is placed in a solution that contains ions, and thus has the ability to conduct electricity, an electrical circuit is completed across the electrodes that are located on either side of the hole near the bottom of the probe body. This results in a conductivity value that can be read by the computer.

The size of the conductivity value depends on the ability of the aqueous solution to conduct electricity.  Compounds are classified as strong electrolytes, weak electrolytes or non-electrolytes based on how they behave when dissolved in water.

Strong electrolytes dissociate almost completely in aqueous solution and the resulting solutions are highly conductive.  Non-electrolytes do not dissociate in aqueous solution and the resulting solutions do not conduct electricity. Many molecular (covalent) compounds are non-electrolytes.  Weak electrolytes partially dissociate in water. This means that, at any given time, most of the solute (dissolved compound) exists as molecules, while a small amount exists as ions.

MATERIALS

	computer
	H2O (distilled)

	Vernier computer interface
	0.05 M CH3CO2H (acetic acid)

	Logger Pro
	0.05 M HCl

	Vernier Conductivity Probe
	0.05 M H3PO4

	250 mL beaker
	0.05 M CH3CH2OH (ethanol)

	600 mL beaker
	0.05 M C3H8O3 (glycerol)

	
	0.05 M NaCl

	wash bottle with distilled water
	0.05 M NaOH

	tissues
	Soda water

	ring stand
	Sucrose (s)

	utility clamp
	Citric acid (s) 

	H2O (tap)
	


PROCEDURE

1.
Set up the Vernier system to measure conductivity. 

2.
Prepare the computer to monitor conductivity by opening the file “13 Electrolytes” from the Chemistry with Computers folder.


3.
Measure the conductivity of the 0.05 M CH3CO2H (acetic acid), 0.05 M HCl, 0.05 M H3PO4, 0.05 M CH3CH2OH (ethanol), 0.05 M C3H8O3 (glycerol) and soda water.

a. Fill a test tube with ~10 mL of one of the above solutions.

b. Carefully raise each test tube and its contents up around the Conductivity Probe until the hole near the probe end is completely submerged in the solution being tested. Important: Make sure the metal rod is completely submerged.

c. Briefly mix the test tube contents. Once the conductivity reading has stabilized, record the value in your data table.

d. Before testing the next solution, clean the electrodes by surrounding them with a 600 mL beaker and rinse them with distilled water from a wash bottle. Blot the outside of the probe end dry using a tissue. It is not necessary to dry the inside of the hole near the probe end.

e. Collect solutions in a 600 mL waste beaker. The instructor will give disposal instructions.

4.
For sucrose and citric acid, dissolve 0.1 g into 10 mL until all solid dissolves and measure the conductivity as instructed above in step 3a-c.

DATA TABLE

	solution
	conductivity

	0.05 M NaCl
	

	0.05 M NaOH
	

	0.05 M CH3CO2H (acetic acid)
	

	0.05 M HCl
	

	0.05 M H3PO4
	

	0.05 M CH3CH2OH (ethanol)
	

	0.05 M C3H8O3 (glycerol)
	

	Soda water
	

	0.10 g sucrose (s) dissolved in H2O
	

	0.10 g citric acid (s) dissolved in H2O
	

	         distilled water
	

	
	


Questions: 

1.  Which of the above compounds are strong electrolytes?

2. Which of the above compounds are weak electrolytes?

3. Which of the above compounds are non-electrolytes?

4. How are conductivity and solubility related for:

(a) ionic compounds (recall your data from Ionic#1)?


(b) molecular compounds? 

5.  Consider aqueous solutions of CH3CO2H, HCl, and CH3CH2OH. Assume 5 solute molecules were originally placed in water and draw pictures of the chemical species that exist in solution.  Note: if these compounds ionize, they form H+ as the cation. Your pictures must show the differences between these compounds and explain your observed conductivity results.
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 II. Serial Dilutions of Weak Acid Solutions.  


In a previous lab, we determined the mathematical relationship between the concentration of HCl and pH. In this experiment, you will determine if the same mathematical relationship exists between pH and the concentration of various weak acids. The weak acids, NH4Cl, citric acid, and oxalic acid are solids that are soluble in water. In this lab, you will prepare a 1.0 M solution from the solid and serially dilute your starting solution to prepare 0.10 M, 0.010 M, 0.0010 M, and 0.00010 M solutions. You will measure the pH and conductivity of each solution and plot the pH values as a function of concentration.
PROCEDURE
1. Prepare 25.0 mL of a 1.0 M solution of your assigned acid(s). 
(a) Calculate the mass of the solid acid required to make the solution.

(b) Using a small beaker, weigh out the calculated mass of your assigned acid. Add approximately 15 mL of distilled water to the beaker and gently stir the solution until the solid completely dissolves. Carefully transfer the solution to a 25.0 mL volumetric flask, fill to the mark with distilled water and mix thoroughly.
(c) Record the pH and conductivity of the solution prepared above and each of the solutions prepared in step (d).
(d) Prepare 100 mL of 0.10 M, 0.010 M, 0.0010 M, and 0.00010 M solutions through serial dilutions. The procedures for serial dilutions are the same as those used last week for the serial dilutions of NaOH and HCl. Label each solution.
(e) After collecting your data, get data for other acids from other students in the class.

DATA TABLES
	Concentration of NH4Cl(aq)
	pH
	Conductivity

	1.0 M
	
	

	0.10 M
	
	

	0.010 M
	
	

	0.0010 M
	
	

	0.00010 M
	
	


	Concentration of citric acid
	pH
	Conductivity

	1.0 M
	
	

	0.10 M
	
	

	0.010 M
	
	

	0.0010 M
	
	

	0.00010 M
	
	


	Concentration of oxalic acid
	pH
	Conductivity

	1.0 M
	
	

	0.10 M
	
	

	0.010 M
	
	

	0.0010 M
	
	

	0.00010 M
	
	


DATA ANALYSIS
1.
Using LoggerPro, make graphs of pH versus acid concentration for each weak acid. 

2.
What is the general relationship between pH and concentration for these acids?

3.
What is the general relationship between conductivity and concentration for these acids?

4.
Are there any differences between the plots for the various acids? If so, what are they?
5.
Is the relationship between pH and acid concentration the same for:

(a) a weak acid and a strong acid (recall your HCl data from last week)?

(b) two weak acids?

6. A common working definition of pH is: pH  =  –log [H+]. 
(a) What is the concentration of H+ ions in a 0.10 M solution of HCl?


(b) What is the concentration of H+ ions in a 0.10 M solution of citric acid?

(c)  Based on pH measurements, a 0.010 M solution of HCl(aq) has 

an equal 
or 
a smaller 
or 
a larger 

concentration of H+(aq) ions than a 0.010 M solution of citric acid?
(d)  Based on pH measurements, a 0.000010 M solution of HCl(aq) has 

an equal 
or 
a smaller 
or 
a larger 

concentration of H+(aq) ions than a 1.0 M solution of citric acid?
III.  Hypothesis Testing

Previous experiments involved studies of the properties of compounds using pH and conductivity measurements. During this part of the experiment, you will investigate what conclusions can and cannot be drawn from conductivity and pH measurements. You will be given a series of hypotheses to test. For each hypothesis, you will design an experiment (or experiments) to test the hypothesis and then you will test the hypothesis using your experiment(s).
1. For each hypothesis, write down exactly how you prepared any solutions used and record the conductivity or pH values (as appropriate) of those solutions.

2. Once enough data have been collected (how will you know?), explain how your data supports or does not support the hypothesis.

NOTE for designing your experiment: It is often easier to prove that a hypothesis is NOT TRUE than to prove that it is always true.
You will use the Vernier conductivity and pH probes for the actual measurements.  You may use any appropriate chemicals available in the lab for your experiments. 
Hypothesis #1.   A solution of a strong electrolyte will always have a higher conductivity than a solution of a weak electrolyte.
Hypothesis #2.  A solution of a strong electrolyte will always have a higher conductivity than a solution of a non-electrolyte.
Hypothesis #3.  A solution of a strong acid will always have a lower pH than a solution of a weak acid.
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1. Summarize the procedures and results of your experiment(s) related to testing of Hypothesis 1.

2. A solution has pH = 3. Is it appropriate to conclude that the solution contains a strong acid? Explain.

3. A beaker contains a solution that has a low to medium conductivity reading. Is it appropriate to conclude that the solution contains a weak electrolyte? Explain.

4. Which of the following could be used to generate a solution with high conductivity? (Circle all correct answers.)

(A) All ionic compounds

(B) All soluble ionic compounds

(C) All molecular compounds

(D) Soluble molecular compounds which are strong acids

(E) All soluble molecular compounds.
LAB PRACTICAL QUESTIONS


1.  Are any of the chemicals used today listed as possible unknowns on the LAB PRACTICAL assignment sheet?  If not, skip questions 2-4 this week.  If yes, proceed to question 2.

2.  Which chemicals used this week are possible unknowns?

3.  Do these chemicals have any unique characteristics that could be used to distinguish them


(a)  from chemicals in other groups?  Explain how.

(b) from other chemicals in the same group?  Explain how.
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