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Science in Motion

Juniata College


pH Titration Curve
PA State Standards:
3.4.12.A
Apply concepts about the structure and properties of matter.

2.2.11.A
Develop and use computation concepts, operations and procedures with real numbers in problem solving situations.

1.2.11.A
Read and understand the central content of informational texts and documents in all academic areas.

Introduction:

One method a chemist can use to investigate acid-base reactions is a titration. The pH titration in this lab is performed by adding small, accurate amounts of  standard base to an acid of unknown concentration.  The pH  is recorded methodically and is plotted vs. the volume of base added to the acid solution. The result of this plot is an "S" shaped curve.  The inflection point of this curve (middle of the "S") is indicative of the endpoint.  This point occurs when the acid and base in solution are stoichiometrically equivalent.  An endpoint can be very useful in determining the concentration of an acid or base.

Guiding Questions:

Please answer the following questions before beginning the lab.

1. Which of the following letters shows where the endpoint of the titration is located?
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2. What is the balanced equation for the reaction of hydrochloric acid and sodium hydroxide?

3. A student is titrating 0.25 M NaOH with a 20.00 mL sample of unknown HCl. If 15.75 mL of 0.25 M NaOH are required to reach the endpoint, how many moles of HCl reacted with the NaOH? What is the molarity of the HCl?
Equipment / Materials:

0.10 M NaOH


Funnel
10 mL autopipet

Kimwipes
250 mL beakers

Magnetic stir plate
50 mL buret


pH meter
Buffer solutions

Plastic droppers

Buret clamp


Stir bar
DI wash bottle


Unknown HCl
Safety:

· Always wear apron and safety glasses in the lab.
· Avoid contact of solutions with skin and clothing.  If there is contact, rinse well with water and alert the instructor.
· Sodium hydroxide can cause instantaneous, permanent eye damage.

Procedure:  

1. Remove the cap from the electrode, and rinse the electrode with DI water.  Blot the end with a Kimwipe.
2. Place the electrode in the pH 7 buffer, push Calibrate on the pH meter, wait until the pH icon stops blinking, and press Calibrate again. Remove the electrode from the buffer, rinse, and blot it.
3. Place the electrode in the pH 4 buffer and press Calibrate when the pH icon stops blinking. Press Measure, rinse, and blot the electrode. 
4. Measure 10.00 mL of unknown HCl into a 250 mL beaker, and dilute it with ~75 mL of deionized water.
5. Place the beaker on the magnetic stirrer, and add a stirring bar.
6. Clean a 50 mL buret and rinse with ~5 mL of NaOH solution.
7. Fill the buret past 0.00-mL mark with NaOH solution, and deliver the excess into a waste beaker.  Make sure the buret tip is full of NaOH solution.  If the 0.00 mL is passed, use a dropper to get the reading to 0.00 mL.

8. Immerse the electrode in the HCl solution, and turn on the stirring bar at a very slow rate.  Higher speeds may cause the stirring bar to hit the electrode and damage it.  Keep the electrode in the solution but away from the stirring bar. See the diagram.
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Begin titrating, stopping to record the pH and the volume of NaOH to two decimal places at intervals of  ~0.2 pH units.  When near the endpoint, a very small amount of NaOH will change the pH dramatically.  When beginning the titration, it may be a good idea to practice adding one drop at a time or even part of a drop – that skill will be helpful when the endpoint is approached.
10. Continue the titration until a pH of ~12 is obtained.
11. Repeat as instructed.
12. When completed, rinse the electrode and replace the cap on the electrode.
Data Table:

	Trial # ____
	
	Trial # ____
	
	Trial # ____

	mL NaOH
	pH
	
	mL NaOH
	pH
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Calculations:
1. Using the data from the table, make a graph of pH vs. volume of NaOH.

2. From the graph, find the volume of base required to reach the endpoint by determining the inflection point in the graph. Record the value below.
3. Write and balance the equation for the reaction of HCl with NaOH.

4. Determine the molarity of the unknown HCl.

5. Repeat for all trials and determine the average molarity.

Questions:

1. How would the following affect the results?

a. The buret is dirty and drops of NaOH cling to the side walls of the buret as it is drained.
b. The buret is not rinsed with NaOH prior to filling.
c. The buret tip is not filled at the start of the titration.

d. 20 mL of unknown acid are used instead of 10 mL.

e. The base is added too rapidly in the region of rapid pH change.

f. 100 mL of distilled water is used instead of 75 mL.

g. The original volume of base is above the 0.00 mL line, but a student assumes it is at the 0.00 mL line.
2. If sulfuric acid were used in place of hydrochloric acid, would the same amount of base be required to complete the titration (assuming the concentration of NaOH stays the same)? Explain.
3. If barium hydroxide were used in place of sodium hydroxide, would the same amount of base be required to complete the titration (assuming the concentration of the unknown HCl stays the same)? Explain.

4. What would happen if you evaporated the water from the beaker at the end of the titration?
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