Lesson Plan – Acids, Bases, and pH

Benchmarks:

SC.912.P.8.11: Relate acidity and basicity to hydronium and hydroxyl ion concentration and pH.


Enduring Understanding:

	The pH scale measures the concentration of hydrogen ions in a solution.

Essential Questions:

	What is pH?
 
What causes changes to pH?

Prior Knowledge:

SC.8.P.8.5 Recognize that there are a finite number of elements and that their atoms combine in a multitude of ways to produce compounds that make up all of the living and nonliving things that we encounter.

Summative Questions:

Target Question:
 
As food travels through the digestive system, it is exposed to a variety of pH levels. The stomach has a pH of 2 due to the presence of hydrochloric acid (HCl), and the small intestine has a pH ranging from 7 to 9. HCl converts pepsinogen into pepsin, an enzyme that digests proteins in the stomach. Which of the following most likely happens to pepsin as it enters the small intestine?
 
A. It becomes inactive.
B. It begins to replicate.
C. Its shape changes to engulf large proteins.
D. Its activity increases to digest more proteins	

Background Knowledge:

An acid is defined as a substance that produces hydrogen ions (H+) or hydronium ions (H3O+) when dissolved in water. A base is defined as a substance that donates electrons or hydroxide ions (OH-) or accepts protons.
 
The pH scale measures the concentration of hydrogen ions in a solution. The scale has a range of 0-14. The lower the pH, the greater the concentration of hydrogen ions. An acid has a pH of less than 7, a base has a pH of greater than 7 and a substance with a pH of 7 is considered neutral.
 
Misconceptions:

	The pH scale measures the strength of an acid or a base.
 
Acids dissolve substances that are placed in them.
 
Acids are more corrosive and more dangerous than bases.
 
Formative Assessment:

	Journal entry done after the engage the student activity.

	Questions attached to the titration lab.

Summative Assessment:

	See attached summative exam.
	
Engage the Student Activity:

	Materials needed:
		2 beakers (100mL or 250mL)
		2 solutions of different concentrations of HCl. I use 6M and 1M solutions.
		Magnesium ribbon
		pH probe (optional)
		Safety goggles
		Lab apron
		Gloves

This activity is to be performed by the teacher while the students observe. Take the 2 beakers and pour approximately 25mL of 6M HCl in one and 25mL of 1M HCl in the other. Place a 1 inch piece of magnesium ribbon into the 1M HCl and have the students observe the reaction. Then place a 1 inch piece of magnesium ribbon into the 6M HCl and have the students observe the reaction. Both pieces of magnesium will react, but the piece placed in the 6M solution will react much faster. If a pH probe is available, measure the pH of each solution prior to adding the magnesium.
 


Pre-Assessment:

After completing the Engage the Student Activity, have the students complete a journal entry with the following prompts. The prompts will likely uncover some common misconceptions.
 
What happened to the magnesium? 
Many students will say that the magnesium dissolved. This is untrue. The magnesium reacts with the hydrochloric acid to produce magnesium chloride and hydrogen gas. Evidence of a chemical reaction can be seen in the formation of a gas (bubbles), and the transfer of energy. If you have a student touch the beaker before and after adding the magnesium, the beaker is much warmer after the reaction. 

Why did the magnesium react faster in the 2nd beaker?
A common answer to this question would be that the acid in the 2nd beaker is stronger than the acid in the first. The real reason is that the concentration is higher in the 2nd beaker than in the first. Whether an acid is strong or weak is not based on concentration, it is by definition. A strong acid is one in which 100% of the hydrogen atoms ionize into hydronium ions in solution. Hydrochloric acid is a strong acid by definition. Therefore, both beakers contain a strong acid. The difference has to do with concentration and not strength. This would be a good point to bring up pH because pH is related to concentration. The activity could be extended by using a pH probe to measure the pH of the solutions prior to adding the magnesium. 
Inquiry Activity: 

Perform Acid/Base Titration Lab – There are several ways to do a titration lab. My suggestion is to find a lab that fits your situation. The availability of equipment and chemicals will determine the titration that you do.
 
A virtual lab may be performed in place of an actual lab. 

Another activity to perform would be to set up a pH scale on a table using post it notes to mark the scale from 0 – 14. Provide the students with several solutions and have them place the solutions on the pH scale where they believe they belong. Some examples of solutions include soda, coffee, milk, orange juice, soapy water, salt water, and water. Other items like blood and stomach acid could be written on notecards or post it notes for students to place on the pH scale. Students could work in small groups to decide where to place items. Each individual item could then be discussed in terms of properties to try to determine where they belong. For actual solutions, a pH probe could be used to measure the pH. For items written on notecards, the teacher could provide information on its pH obtained from the internet. 

Content Delivery:
	
Powerpoint presentation with vocabulary and Discovery Education video discussing the definition of pH. The definitions of strong and weak acids and bases should be included. 
pH virtual simulation - http://phet.colorado.edu/en/simulation/ph-scale
Hands on activities – Acid/Base Titration Lab
pH Scale Activity

Summative Assessment:

	See attached assessment document

Closing:

	Exit Cards:
1.  What did you learn?
2. Where would you like to gain more knowledge?
3. Did you final thought process change from the initial thought process?


Extension Activity:

[bookmark: _GoBack]	Place a clear bowl on an overhead projector. Crack an egg open and place the contents into the bowl. Make sure that students understand that the white of the egg, which is clear at this point, consists mostly of protein. Take a dropper full of 6M HCl and add it to the egg white. The clear liquid egg white will turn into a white solid similar to a cooked egg white. Explain to students that the acid denatures the protein which means it changes the shape of the protein. Review enzyme structure and function and discuss the effect of acids on vital enzyme activity in the body.

