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Titration of a Strong Acid with a Strong Base

(Teacher Copy)

Introduction:

When acids are added to bases in a controlled manner, the operation is known as titration and the “neutralization” which occurs produces a salt and water.  When the acid and base are both strong, the solution which results has a pH of 7.0 when the point of equivalence is reached; where the numbers of moles of H3O+ ions and OH- ions will be equal.  In Part A of this skill-building activity, students will learn how to properly use a burette, measure volume accurately, as well as take careful consideration in observing a colour change.  In Part B, students will perform a fair test investigation based on their newly-learned skills.

Students performing this activity will have been introduced to basic acid/base chemistry including the topics of pH, molarity, concentration, indicators and neutralization reactions. This activity would be scheduled to be completed in one class period (approximately 1 hour) and the emphasis of the activity is the proper laboratory procedures of performing a titration. In the following class or classes students could be further introduced to the calculations involved in acid/base titrations and titrations curves. These calculations will not be the focus of this activity.
Safety Considerations:


Bromothymol blue, which is used as the indicator, can stain clothing, and should not come into contact with skin or eyes.


Sodium hydroxide and hydrochloric acid are very corrosive.  Avoid direct contact with skin or eyes.

Curriculum Objectives (SLOs and GLOs):

CHM40S 4.5.1-  Describe and perform an acid/base titration. 

CHM40S 4.5.2 - Compare and contrast the end point and the equivalence point of a titration
S3C-0-S1:
Demonstrate work habits that ensure personal safety, the safety of others, as well as consideration for the environment.
Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials Information System (WHMIS), and emergency equipment.

S3C-0-S3:
Design and implement an investigation to answer a specific scientific question.

Include: materials, independent and dependant variables, controls, methods, safety considerations.

S3C-0-S9:
Draw a conclusion based on the analysis and interpretation of data.      
Include: cause and effect relationships, alternative explanations, supporting or rejecting a hypothesis or prediction.

Materials:


Burettes, ring stands, burette clamps, Erlenmeyer flasks, graduated cylinders and beakers, bromothymol blue, 1 M HCl, 1 M NaOH, and distilled water. 

Teacher-lead Procedure:

1. Introduce apparatus and chemicals used in the activity, reiterating safety considerations.

2. Measure out 25 mL of 1 M HCl and add 3 drops of indicator to make one of the three solutions. Students will make their own diluted samples (0.5 M and 0.25 M HCl), while the teacher is performing this at the front of the classroom.

3. Add approximately 50 mL of 1M  NaOH to the burette, making sure to note the volume accurately, looking at the bottom of the meniscus.  At this point, students should be observing the teacher.

4. Turn the stopcock on the burette clockwise, letting NaOH mix with the HCl in the Erlenmeyer flask.  Tell students to do this slowly, always swirling the flask and watching for a colour change.

5. Continue to add base until the equivalent point is reached, when the pH changes from blue to greenish-yellow.  Make sure that NaOH flow is slowed to a drip when about 24 mL NaOH is used, since the indicator changes at approximately a pH of 7.0, and overshooting the end point will give an incorrect volume.

6. After end point is reached, read the volume on the burette.  The total volume of NaOH used is the difference between Final Volume and Initial Volume.

7. Allow students to perform activity on their own, using their three solutions (1 M, 0.5 M, and 0.25 M HCl).  Teacher should be available for any questions or concerns that students may have.

Titration of a Strong Acid with a Strong Base

(Student Handout)

Now that you have been introduced to the basic practice of carrying out an acid-base titration you will have a chance to do your own titration.  Be sure you have your three solutions of HCl properly labeled (A=1M, B=0.5M, C=0.25M) and all three have about three drops of phenolphthalein added. You will titrate each HCl solution with 1M NaOH (the titrant) and fill in the information in the tables provided.
Safety Considerations:


Bromothymol blue, which is used as the indicator, can stain clothing, and should not come into contact with skin or eyes.


Sodium hydroxide and hydrochloric acid are very corrosive.  Avoid direct contact with skin or eyes.

Part 1: Titration of 1M HCl

Add NaOH to your burette accurately noting the volume. Titrate until the solution turns from blue to a yellowish-green colour. Be very careful not to keep adding NaOH once the solution changes colour. Accurately note the volume in the burette after the solution has reached the endpoint.

	Initial volume NaOH (ml)
	

	Final volume NaOH (ml)
	

	Volume NaOH used (ml)
	


Part 2: Titration of 0.5 M HCl
Perform the same titration using your 0.5M HCl solution. Again, note the initial and final volumes of NaOH in the burette by accurately reading at the bottom of the meniscus.
	Initial volume NaOH (ml)
	

	Final volume NaOH (ml)
	

	Volume NaOH used (ml)
	


Part 3: Titration of 0.25M HCl
Now titrate your third solution using 1M NaOH. Tabulate results accurately in the table below.

	Initial volume NaOH (ml)
	

	Final volume NaOH (ml)
	

	Volume NaOH used (ml)
	


Questions: Answer in the spaces provided
1. What pattern did you notice between the volumes of NaOH used for the three different solutions of HCl?


2. Explain the procedure that you followed when doing dilutions to make the different HCl solutions. What did you notice about the amount of water that was added to each solution?


3. Why do you think it was important to be constantly swirling your Erlenmeyer flask while you were adding NaOH to the HCl solution? Did you notice how the colour change occurred in one spot in the solution before the whole solution turned colour?

4. Using what you have previously learned about concentrations of solutions and the reaction between HCl and NaOH why do you think the volume of NaOH used was approximately halved for each solution of HCl?





























