LEP Model Lesson Plan

pH: Acids and Bases

Materials Required

· Hydrochloric acid

· Three test tubes

· Test tube stand

· Magnesium ribbon

· A candle

· Matches or a lighter

· Water

Safety equipment: gloves, goggles, lab coat. Care should be used in handling the hydrochloric acid. As well, mixing magnesium and hydrochloric acid produces hydrogen gas, which is highly flammable. Use caution when mixing these substances.

Curriculum Applications

· S2-2-08: Experiment to classify acids and bases using their characteristic properties.
Include: pH, indicators, reactivity with metals.
GLO: D3, E1

· S2-2-09: Discuss the occurrence of acids and bases in biological systems, industrial processes, and domestic applications.
Include: environmental, health, and safety issues.
GLO: B2, B3, C1, C8

Common Preconceptions as Described by Rosalind Driver

The following are common preconceptions grade 10 students have when first introduced to acids and bases:

· Acids eat materials

· Acids will burn you

· That the two above “facts” are the only way to identify acids

· Acids are made of bases

One problem that surfaces with teaching acids and bases is that students learn many different models describing them over their school lives. When students begin to learn new models, they are not always aware that not only do the models change, the terminology describing them changes as well; the terms that are used don’t always mean what they meant in the old models.  Driver recommends that teachers explicitly show students what has changed between the models, and demonstrate for students why the new model works better than the old model. 

As well, students are more likely to have preconceived notions about acids than they are about bases. This is because acids are encountered more frequently in everyday life. This means that for acids, problems may be encountered when attempting to change the students’ views of what an acid is. As previously stated, teachers need to explicitly state why the new model works better than the old one, and reinforce this regularly. When teaching bases, using a sensory experience with weak bases, such as the ‘soapy’ feeling of a base, or tasting the bitterness of a base, gives students a concrete (if not totally scientific) sense of what the characteristics of a base are. 

Detailed Instructional Sequence

This lesson is mainly focused on an introduction to acids, and what the characteristics of an acid are. This is the focus of the experiential and the psychological phases of the lesson; the psychological section also includes understanding that there is a chemical reaction (which they learned about previously) taking place in the test tube. The theoretical phase addresses why an acid behaves in the manner that it does; for example, what happens when something is consumed in an acid, what the pH scale represents, and how to calculate the pH of a substance given the concentration of H+ ions. 


Bases are a topic that there would not be enough time for in this lesson. In subsequent lessons, we would do something similar with bases as we are going to do with acids; in this case, however, we would provide a more sensory-based approach to understanding the characteristics of a base. For example, comparing the colour of universal indicator in each, or the options described previously by Driver. This would most likely be covered in the lesson directly following this one.

Demonstration (Experiential)

· This is a demonstration done by the teacher at the front of the class.

· The teacher begins with two test tubes containing clear liquid. One contains water and one contains hydrochloric acid (only the teacher knows what is in the tubes).

· The teacher then starts the experiment by placing a magnesium ribbon into the test tube containing water. The class will then observe the ‘reaction’  no reaction.

· Next the teacher will place a magnesium ribbon into the test tube containing the hydrochloric acid. Students will observe that the liquid and the metal begin to bubble and fizz. The teacher will then hold a third empty test tube upside down over the bubbling tube containing the acid and collect the gas that is produced. 

· The teacher will then take the test tube full of gas (keeping it upside down to contain the gas) over to a lit candle, holding it upside down above the flame. The gas will ignite and burn off. This is a quick reaction, and with the lights off, students can see the explosion in the test tube. Also, if there is enough gas and a violent enough reaction occurs, sometimes the candle’s flame will be extinguished by the gush of air produced by the gas in the test tube.

· Let students touch the test tube, feel that it has gotten warm.

Questions to pose after the experiment (Psychological)

· Tell students that the metal is magnesium.

· Ask, “If there are bubbles and heat produced, what has happened between the magnesium and the liquid?”

· Give leading questions until students find that a chemical reaction has taken place.

· Ask students, “After seeing what happened to the magnesium, what do you think is in these test tubes?” 

· If one or both of the liquids remain unguessed, give them leading questions: “Have you ever seen something like this before?” “What kinds of liquids burn/fizz when you put it on something? What kinds of liquids have no immediate reaction when you put a metal in it?” “Has anybody seen Batman Forever? What happens to Two-Face in that movie?” etc.

· If they say that the second test tube is acid, ask “How do you know?” to gauge what the entry knowledge is

· Give them the chemical formulae for HCl and Mg

· “If you have these three elements, which of them do you think is in the gas released?” “We know that the gas is flammable, so which of these could form an explosive gas? “Does anyone know what happened to the Hindenburg?” “Which of the elements do you think are still in the test tube?”

· Students arrive at the conclusion that the gas is hydrogen, and so there must still be magnesium and chlorine in the test tube

· Ask “Is there a difference between the strength of an acid and the concentration of an acid?”

Problem solving and balancing equations (Theoretical)


In this theoretical section, we are assuming that the reader has a basic knowledge of acid reactions, and so are not including the theoretical background of this. For information on this topic, go to http://en.wikipedia.org/wiki/Acid.

In the theoretical phase following the demonstration and discussion of the properties of acids, we can follow up with a lesson about why acids react with various substances, and in particular with certain metals. First, we would start with showing that, for most acids, the formula includes one or more hydrogen atoms, and another negatively charged part, which could be polyatomic. This would serve as a foundation for explaining the difference between the strength and concentration of an acid. Once we have discussed the concentration of an acid, we can introduce the concept of pH, and where acids fit in on this scale. Using the equation pH = -log[H+], we can identify the concentration of acids. We can then show the relationship between concentration of acid and the measure on the pH scale, and demonstrate that for every multiple of 10 more H+ ions, the pH goes down by one.

Next, time permitting, would be a discussion about how the compounds are reacting, and with the teacher helping students decide what type of reaction this is (ex. single replacement, double replacement, etc). This would help explain for students why the reaction occurred. The students would then be given one-sided equations that they would complete, or if they are not quite at that level, then problems involving the balancing of equations involving acids.
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