Science Teaching Using the LEP Model
Title: 
Teaching Physical and Chemical Changes Using the LEP Model

Materials Needed: 

Projection equipment for slideshow, labeled construction paper (5 colours to represent different elements – Hydrogen, Oxygen, Sodium, Chloride and Iron), and tape to adhere construction paper to students.

Curriculum Connections:

Cluster 2: Atoms and Elements
Specific Learning Outcomes: 

S1-2-12 Differentiate between physical and chemical changes
GLO D3, E1, E3

S1-2-14 Investigate technologies and natural phenomena that demonstrate chemical change in everyday situations

Examples photography, rusting, photosynthesis, combustion, baking

GLO A3, A5, B1, B2

Common Alternate Conceptions:

	[Physical and] Chemical Reactions

	Freezing and boiling are examples of chemical reactions
	Freezing and boiling are examples of changes of state, which are physical reactions, not chemical. Other changes of state include melting, condensation, and sublimation. One characteristic that changes of state do share with chemical changes: energy is either added or removed from the system, unlike other physical changes.

	Physical changes are reversible while chemical changes are not
	A very common misconception. Chemical changes are also reversible. Consider equilibrium reactions in which forward and backward reactions are both occurring at the same time, as well as Le Chatalier’s Principle. Some physical changes are also hard to reverse, for example, crushing a rock. 

	The original substance vanishes "completely and forever" in a chemical reaction
	The original substance can be produced if the reaction can be reversed under the necessary conditions.


(Chemistry Misconceptions)
The two most prominent alternate conceptions in our particular lesson are the following:

“A rusting nail won’t change weight because: the rust was already in the nail, or the iron had only reacted with the oxygen in the air which does not weigh anything”.
“Rust ‘eats away’ the metal” (Students Preconceptions and Misconceptions in Chemistry).
Instructional Sequence:
Experiential Plane


We will begin the lesson on Physical and Chemical Changes with this plane. Our presentation will begin with a very brief definition of the difference between these two types of changes: 
Physical Change ( no new substance is formed



    
Chemical Change ( new substance is formed

These simplified versions of the definitions of each type of changes will serve the students as a guiding, or a reference point, for what is coming up next in the lesson. 


Immediately after presenting the definitions, the students will be given the first task. In this task, each students will be asked to write down what type of change each set of pictures represent, and briefly explain why. The students will first be presented with 3 physical changes: 


1) Ice cube (solid) + Heat ( Water (liquid)


2) Water (liquid) + Heat ( Water vapour  


3) Water + Salt ( Salt water

Following this, the students will be presented with 2 chemical changes:


1) Wood + Fire ( Burning Wood (Ashes)


2) Car (iron) + Oxygen (from air) ( Rust


We believe that by doing this, the students will be provided with initial first-hand relevant experience that engages them in the topic. As the lesson progresses and makes its way into the theoretical and psychological planes, the students will constantly think back to the presented examples and evaluate whether their initial reasoning was right or wrong.

After the students have written down their responses, we will move from the Experiential Plane to the Theoretical Plane. We will provide the students with a more elaborate definition of physical and chemical changes, which may help the students in the second task.


For the second task, the students will go in groups of two and discuss their answers. This proves to be a nice lead into the psychological plane as it relates evidential experience to understanding and making sense of the material mentally.
Psychological Plane
Students will perform role plays (in groups) of various physical and chemical changes. The slideshow projection can act as a guide for both teacher and students to make visual connections from formulas to the role play.  A quick note to the students is that the role play is a simplified version of what actually happens on an atomic level. Each student will represent one atom of a specific element. They will do this by attaching one piece of construction paper (that holds the identity of an atom to their clothing) with some tape.
Students will act out process for physical change. For example: two students labeled with hydrogen will hold hands with one student labeled oxygen to form a molecule of water.  Ideally students should only move around at a moderate pace all in an effort to look like water at a molecular level.  Two other students labeled with sodium and chloride, respectively, will also hold hands this time forming salt.  They will then be asked to role play what occurs when the two substances collide.  In our example, water is salted, stirred and turns to salt-water.  Students will see that no chemical alteration has taken place, only a physical change had occurred. The instructor will correct the role play simulation if necessary to show that H2O and NaCl are in tact; salt has simply undergone a physical change called dissolution.
Rusting will provide the basis for the second role play.  Four students with an iron labeled piece of construction paper will stand in line (close proximity to each other, but not touching).  Oxygen labeled atoms will partner up to form three molecules of O2 gas.  The students will pretend to collide and reform (locking arms and forming a group) as two molecules of iron oxide (rust).  This is demonstrated by two groups of two iron atoms, holding hands with three oxygen atoms. As both role plays are acted out, the chemical equation and a real-life example will be projected so students can make reference to the visual while they role play if they deem it necessary.
The Theoretical Plane
After the slideshow presentation, discuss the following terms and definitions. Once the students have an idea of what these terms are, they will form groups and discuss their answers and see if this discussion changed their answers. 
Physical Changes
A physical change is any change NOT involving a change in the substance's chemical identity. These changes DO NOT produce a new substance. Physical changes go through what are known as phase changes. 
A phase change occurs when a substance moves between a solid, liquid, or a gas (fig.1). Single phase changes, multiple phase changes and dissolution and crystallization are types of single phase changes. 
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Single phase changes occur with the addition or removal of heat or cooling. Vaporization, condensation, freezing, melting, sublimation and crystallization are types of single phase changes. Let us use water as an example:

Vaporization(  water (liquid) + heat = becomes water vapor (gas)

Condensation(  water vapor (gas) + cooling = water (liquid)

Freezing(  water (liquid) + cooling = ice (solid)

Melting(  ice (solid) + heat = water (liquid)

Sublimation(  (water does not do this) dry ice (solid) + heat = vapor (gas) 

Crystallization(  (reverse to sublimation) vapor (gas) + cooling = solid

Multiple phase changes occur in a chain like manner. Distillation, sublimation and recrystallization are types of multiple phase changes. 

Distillation

· Liquid ( Gas ( Liquid

Sublimation

· Solid ( Gas ( Solid

Recrystallization

· Solid ( Liquid ( Solid

Dissolution occurs when a solid (most often) “disappears” into a liquid. An example of this is when salt is placed into water. No new substances are being produced as a result. The water is still water, and the salt is still salt; they have merely changed condition. Crystallization is the opposite of this process (evaporate water to retrieve solid salt). 

Dissolution

· Solid ( Solution

Crystallization

· Solution ( Solid
· Chemical Changes
A chemical change is any change involving a change in the substance's chemical identity. These changes DO produce a new substance. Chemical changes go through what are known as chemical reactions.

A chemical reaction occurs when a change in substance and energy happens. “Neither matter or energy is created or destroyed in a chemical reaction---only changed”(Utah State Office, 2000). There are four general types of chemical reactions: synthesis, decomposition, single replacement, and double replacement. Also, there are two types of energy change: endothermic and exothermic. 
A synthesis reaction occurs when two or more simple substances combine to form a more complex substance. During these reactions two or more reactants yield one product. The chemical equation for the synthesis of water looks like this:

[image: image1.png]2H, + 0,——2H,0




(reactant) + (reactant)             (product) 

A decomposition reaction occurs when a complex substance breaks down into simple parts. One reactant yields two products during these reactions.  The chemical equation for the decomposition of water looks like this:
[image: image2.png]2H,0 ———2H, + 0,




(reactant)                  (product)  +  (product) 

A single replacement reaction occurs when a single uncombined element replaces another in a compound. During these reactions two reactants yield two products. The chemical reaction for the single replacement of zinc and hydrochloric acid looks like this:
[image: image3.png]Zn + 2HCI—ZnCl, + H,




(reactant) + (reactant)                 (product)  +  (product) 

A double replacement reaction occurs when two compounds switch places to form two new compounds. During these reactions two reactants yield two products. The chemical reaction for the double replacement of silver nitrate and sodium chloride looks like this:

[image: image4.png]AGNOD; + NaCl —RAgCl + NaN0;




   (reactant) + (reactant)                         (product)  +  (product)
Energy of Chemical Reactions
Exothermic- process that gives off heat. This heat is transferred to the surroundings
Ex) making ice cubes, a candle flame, condensation of rain from water vapor
Endothermic- process in which heat has to be supplied to the system from the surroundings.
Ex) melting ice cubes, evaporation of water, cooking an egg
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