Physical Science
  Science

Module
PS-4.6

Chemical Bonding and
Reactions
Lesson A

Instructional Progression:
In the 7th grade students compared physical properties of matter (including melting or boiling point, density, and color) to the chemical property of reactivity with a certain substance (including the ability to burn or to rust) (7-5.9); and compared physical changes (including changes in size, shape, and state) to chemical changes that are the result of chemical reactions (including changes in color or temperature and formation of a precipitate or gas) (7-5.10). The 7th grade students were also introduced to acids (7-5.6).  
In Physical Science the students will expand the concept for evidences of chemical changes that include the formation of a gas and reactivity with acids.  They will expand their concept for evidences of physical changes to include changes in phase, size, shape, and color.  Students will look at these evidences and determine the relevance of the evidence to distinguish changes that are physical from those that are chemical.

Taxonomy Level of Indicator:

4.1 B   Analyze Conceptual Knowledge
Key Concepts:

Chemical change:  gas formation, reaction with acids, tarnish


Physical change:  phase change, expand/contract 

Content Overview
It is essential for students to understand

Chemical Changes

· A chemical change occurs when there is a change in the arrangement of the atoms involved so a different substance with different properties is produced. When a chemical reaction takes place some type of evidence can be observed.

One type of evidence might the formation of a new gas.  This gas is not a phase change but is a new molecule formed by a chemical reaction. An example of this type of reaction would be the reaction of baking soda with vinegar.  Carbon dioxide gas is formed which is evidence that a chemical reaction has occurred.  The atoms are rearranged and a new substance (carbon dioxide) is formed. 

· The reaction of a substance with an acid is another chemical change

Active metals react with acids. The metal will replace the hydrogen in the acid and form a salt and hydrogen gas.  The atoms are rearranged and new substances are formed with different properties so this is a chemical change.


Acids react with bases to form water and a salt (neutralization reaction). The atoms are rearranged and new substances are formed with different properties so this is a chemical change. 

· Color change may be evidence that chemical change has occurred.  

Metal tarnishing and changing color is a chemical change because in this case atoms are rearranged and a new substance is formed. 

The tarnish is a compound formed when the metal and another substance (such as oxygen or sulfur) combine. 

Physical Changes

· A physical change is a change in matter from one form or appearance to another but does not involve a change in the identity of a substance.

· When physical changes occur a new substance is not produced.  

A substance may change size, such as being broken into smaller pieces,

A substance may change in shape, such as being bent or stretched, 

A substance may expand or contract due to a temperature change.

· Color change may indicate a physical change. 

When different colors of paint, crayon, or food coloring are mixed together a mixture is formed and the color changes.  No rearrangement of the atoms occurs.  You still have the same substances that you started with they are just mixed together.  This is a physical change. 

· Phase changes (freezing, melting, evaporation, sublimation, etc.) are physical changes.

Teaching Lesson A:     
Charcoal Sausage Demo
Introduction to the Lesson:
This demo provides students with a look at the difference between a physical change and a chemical change. It allows students to visualize what a chemical change looks like as well as see the different types of chemical changes that can occur.

Lesson time: 
0.25 day

Materials Needed:

2 150 ml beakers, 


2 glass-stirring rods, 


100 ml of sugar crystals, 


50 ml of concentrated sulfuric acid, 


50 ml of water 
Essential Question:
How can we actually observe the difference between a physical and a chemical change?
Procedure:
· Fill each beaker with 50 ml of sugar. 

· Add 50 ml of water to the first beaker and stir 

· Add 50 ml of concentrated sulfuric acid to the second beaker and stir 

· Wait and make observations 

Assessing the Lesson:

Formative Assessment

Before the Demo: 

1. What are some ways that a physical change can be recognized? 

2. What are some ways that a chemical change can be recognized? 

3. What will happen when we combine the sugar and water? 

4. What will happen when we combine the sugar and acid? 

During the Demo:

1. What are some of the observations that we can see? 

2. Which observations would we classify as a chemical change? 

3. Which observations would we classify as a physical change? 

After the Demo:

1. How do we know that a physical change has occurred? 

2. How do we know that a chemical change has occurred? 

3. Why do we think that a ‘sausage’ formed? 

Disposal: 


Due to the strength of the acid, place the entire demo, sausage and beaker, into a larger beaker full of water. Let this soak overnight and dispose in garbage the following day. The charcoal may not come off side of beaker and it may need to be thrown out. 

Explanation: 


In the first beaker, a physical change occurred when the sugar and water were mixed. As the components were mixed, they retained their properties and no new substances formed. The sugar and water could be separated back to their original form by filter, distillation etc. 


In the second beaker, a chemical change took place between the sugar and sulfuric acid. The new product has different properties than the two original substances. It is impossible to retain the original sugar and sulfuric acid back from this column of charcoal. This is because the hydrogen and oxygen atoms that are within the sugar molecule were “pulled off” the carbons, turning the sugar into a column of black carbon and producing water vapor from the hydrogen and oxygen atoms. 

Additional Instructional Considerations:

Reference: 

Liem, Tik L. (1998) Invitation to Science Inquiry. El Cajon, CA: Science Inquiry 

Enterprises, p.135. 

www.iserv.net/~chargers/chem/secasaus.htm 

Notes:

This is a good demonstration for the students to see. There are several very important chemical changes that are produced during this experiment. For instance, there is a formation of gas, a change in colour and odor as well as the formation of a precipitate. It allows students to observe all of these changes in one simple demo.

Teaching Lesson B:             
Observing Physical and Chemical Changes
Introduction to the Lesson:

In a series of activities it is possible to observe and differentiate between physical and chemical changes.
Lesson Time:

1 day
Materials Needed:

paper clip




tongs


matches
rubber band or pin 



pebbles

magnet

screen




vinegar

charcoal



skewer




sugar cube

Windex  
      phenolphthalein



limestone

dropper

sodium carbonate solution

sand


salt


calcium hydroxide solution

nail


candle

ammonium chloride, solid


paper


magnesium
calcium chloride, solid


selzer tablet
thermometer

plastic medicine or condiment cups

Essential Question:
How can a series of reactions demonstrate that it is possible to observe the difference between physical and chemical changes?

Procedure:

Discussion:
Chemistry is the study of matter and the changes it undergoes. These changes can be broken down into two classes, physical changes and chemical changes. In a physical change, one or more of the physical properties is changed. Examples of such physical properties include size, shape, and physical phase or state. Grinding, melting, dissolving, and evaporating are all physical changes. No new substances are formed as a result of a physical change.


A chemical change results in the formation of one or more new substances. These new substances will differ in chemical properties and composition from the original substances.


In this experiment, you will observe some reactions in order to determine some of the clues that are good indicators that a chemical change has occurred. You should record your observations as they occur so that nothing will be forgotten when you write your report. Remember that the appearance of a substance or solution before it is mixed with something else is an important observation.

Procedure:

For each change answer these questions in your data table:

Is this a permanent change- yes or no? What evidence is there- change in shape, size or state, heat absorbed or released, light, gas produced, color change, or precipitate?

What type of change is it – physical or chemical?

Step #1
Bend a paper clip. Bend it back to its original position.


Step #2
Tear a piece of paper into bits.

Step #3
Hold the bits of paper with tongs and light them.

Step #4
Stretch a rubber band.

Step #5
Magnetize a small nail or pin by using a magnet.

Step #6
Hold the nail or pin into a flame with tongs! Is it magnetic now?

Step #7
Mix sand and pebbles together on a piece of paper.

Step #8
Separate the sand and pebbles with a wire screen.

Step #9
Add a piece of Mg to a spoonful of vinegar in a test tube.



Take the temperature before and after.

Step #10
Light a piece of charcoal. Use tongs.

Step #11
Place a marshmallow on a skewer and hold it near (NOT IN) a candle flame. DO NOT CATCH ON FIRE!

Step #12
Place some water in a cup. Take the temperature. Add a seltzer tablet. Take the temperature again.

Step #13
Crush a sugar cube.

Step #14.
 Add about one teaspoonful of sodium carbonate solution to a cup. Add several drops of calcium hydroxide solution to the cup.

Step #15
Add about 10 ml of water to a cup. Measure the temperature. Add a spoonful of ammonium chloride to the cup. Measure the temperature.

Step #16
Add a few drops of Windex  or ammonia water to a cup. Add a few drops of phenolphthalein.

Step #17
Add about 10 ml of water to a cup. Measure the temperature. Add a spoonful of calcium chloride to the cup. Measure the temperature again.

Step #18
Add water to a cup. Measure temperature. Add a teaspoonful of table salt and stir. Measure the temperature again.

Step #19
Add a piece of limestone (or eggshell) to one-half cup of vinegar.

Step #20
Pour a cup half-ful of carbonated beverage and allow to sit.

Data Table
	Change
	New Substance
	Evidences
	Endo or Exothermic
	Type

	Bending Clip
	
	
	
	

	Tearing Paper


	
	
	
	

	Burning paper


	
	
	
	

	Stretching rubber band


	
	
	
	

	Magnetizing nail
	
	
	
	

	Heating nail
	
	
	
	

	Sand + Pebbles
	
	
	
	

	Separating sand + pebbles
	
	
	
	

	Mg + vinegar
	
	
	
	

	Burning charcoal
	
	
	
	

	Heating marshmallow
	
	
	
	

	Seltzer + water
	
	
	
	

	Crushing sugar cube
	
	
	
	

	Na2CO3 + Ca(OH)2
	
	
	
	

	Ammonium chloride + water
	
	
	
	

	Windex + phenolphthalein
	
	
	
	

	Calcium chloride + water
	
	
	
	

	Salt + water
	
	
	
	

	Vinegar + limestone
	
	
	
	

	Carbonated drink
	
	
	
	


Answers:
	Change
	New Substances
	Evidences
	Endo or Exothermic
	Type

	Bending clip
	None
	Shape
	_____
	P

	Tearing paper
	None
	Shape
	_____
	P

	Burning paper
	Yes
	Color change, heat, light, (gas formed)
	Exo
	C

	Stretching rubber band
	No
	Size and shape
	_____
	P

	Magnetizing nail
	No
	None
	_____
	P

	Heating nail
	No
	None
	_____
	P

	Sand + pebbles
	No
	None
	_____
	P

	Separating sand + Pebbles
	No
	None
	_____
	P

	Mg + vinegar
	Yes
	Heat, gas, color change
	Exo
	C

	Burning charcoal
	Yes
	Heat, light, color change
	Exo
	C

	Heating marshmallow
	Yes
	Color change
	_____
	C

	Selzer + water
	Yes
	Gas
	Endo
	C

	Crushing sugar cube
	No
	Size
	_____
	P

	Na2Co3 & Ca(OH)2
	Yes
	Precipitate (white)
	_____
	C

	Ammonium chloride & water
	No
	State, heat absorbed
	Endo
	P

	Windex & phenolphthalein
	Yes
	Color change
	_____
	C

	Calcium chloride & water
	No
	Heat, state
	Exo
	P

	Salt & water
	No
	State
	Endo
	P

	Vinegar & limestone
	Yes
	Gas
	_____
	C

	Carbonated drink
	Yes
	Gas
	_____
	C


Assessment of Lesson

Formative Assessment

Questions

1. What is a physical change?

2. What evidences indicate a physical change?

3. What is a chemical change?

4. What are five evidences of a chemical change?

5. Define precipitate.

6. When sugar dissolves in water, is there a color change? Would you classify that action as physical or chemical? Why?

7. Were the chemical changes mainly endothermic or exothermic?

Teaching Lesson C:


Take Home Lab – Physical and Chemical Changes
Introduction to the Lesson:

Using household chemicals, students will determine whether changes which occur are physical or chemical. This will reinforce learning which took place in similar activity performed earlier in school. 

Lesson Time:

NA

Materials Needed:
plastic cups, plastic spoons, zip-loc baggies, vinegar, baking soda, rubbing alcohol, vegetable oil, food coloring, penny, steel wool, household ammonia, Morton’s Lite salt, water, Alka-Seltzer, egg, milk, Epson salt, orange, candle, matches  

Essential Question:

Using household chemicals, is it possible to demonstrate the difference between physical and chemical properties of matter?

Procedure:
Have your parent supervise and sign to indicate you completed the lab.  Work in an area where spills can easily be cleaned up and where you will not damage any surfaces.  Dispose of substances one at a time in your kitchen sink rinsing with lots of water.  Do not mix the substances as you throw them out.  Use plastic cups and spoons.    Throw way the plastic cups and spoons after use.  Do not eat or drink any of the substances used or produced.  For each change you observe, state if it was chemical or physical, and explain why.  (10 points for each experiment completed.)

1. Pour vinegar (acetic acid) into baking soda (sodium bicarbonate).  Record your results.

2. Stir rubbing alcohol (isopropyl alcohol) into water.  (Do not drink this:  it is poisonous.)

3. Half fill a clear plastic soda bottle with water.  Add vegetable oil to the water.  Tightly cap the bottle, shake and then let it sit.  Add a few drops of food coloring to the bottle for a dramatic effect.

4. Clean a penny with steel wool. Place in a zip-loc baggie. Add ¼ cup of household ammonia. Seal the bag. Observe.

5. Purchase a salt substitute such as Morton’s Lite salt (potassium chloride) from a grocery store.  Put some of the salt substitute into a plastic zip-loc baggie.  Add water, and zip it locked.  Shake and feel the baggie.

6. Crush up an Alka Seltzer in a baggie using a hammer, and add it to water.

7. Put an egg into vinegar (acetic acid) and observe.  Let it sit for 24 hours.  After 24 hours, pour off the vinegar into the sink, and rinse the egg.

8. Add vinegar to milk.  Stir and let sit for 3-4 minutes.

9. Dissolve Epsom salts (magnesium sulfate) into water in a plastic cup.  Add household ammonia.  You have just made milk of magnesia… but don’t drink it!

10. Peel an orange.  Put a candle into your kitchen sink, and light it.  Squeeze the orange peel onto the flame of the candle.

Assessing the Lesson:

Formative Assessment

Determine whether a physical or chemical change has taken place in each of the steps above and justify your answer.

Assessment 1

Summative Assessment
Physical or Chemical Change? A Worksheet
Choose whether each of the following statements represents a physical or a chemical change. 

1. Sugar dissolves in warm water
[image: image1.wmf]Physical Change
[image: image2.wmf]Chemical Change 

2. A nail rusts.
[image: image3.wmf]Physical Change
[image: image4.wmf]Chemical Change 

3. A glass breaks.
[image: image5.wmf]Physical Change
[image: image6.wmf]Chemical Change 

4. A piece of paper burns. 
[image: image7.wmf]Physical Change
[image: image8.wmf]Chemical Change 

5. Iron and sulfur mix and form a partially magnetic black and yellow mixture.
[image: image9.wmf]Physical Change
[image: image10.wmf]Chemical Change 

6. Iron and sulfur are heated and form a non-magnetic shiny grey substance.
[image: image11.wmf]Physical Change
[image: image12.wmf]Chemical Change 

7. Dry Ice (solid carbon dioxide -- CO2) is sublimed at room temperature. 
[image: image13.wmf]Physical Change
[image: image14.wmf]Chemical Change 

8. Vinegar reacts when mixed with baking soda. 
[image: image15.wmf]Physical Change
[image: image16.wmf]Chemical Change 

9. Water boils at 100 degrees Celsius
[image: image17.wmf]Physical Change
[image: image18.wmf]Chemical Change 

10. Zinc when immersed in hydrochloric acid produces hydrogen gas.
[image: image19.wmf]Physical Change
[image: image20.wmf]Chemical Change 
Answers
1. P
2. C
3. P
4. C
5. P
6. C
7 P
8. C
9. P
10. C

Assessment 2
EOC Type Questions

1.
 The melting of wax is a physical change, yet the burning of wax is a chemical change. What is the essential difference between the physical change and chemical change of wax in a burning candle?

A.
 The burning of wax forms new compounds, while the melting of wax

 does not.

B. 
A higher temperature is needed to burn wax than to melt wax.

C. 
Melted wax can be separated into other substances, while solid wax cannot.

D. 
Melted wax is a different phase of matter than solid wax.

2.
Solutions of lead(II) nitrate and potassium dichromate are mixed. The

solution turns cloudy and yellow. Solid yellow particles fall to the bottom of the beaker. Which statement best describes this reaction?

A. 
A precipitate formed.

B. 
A gas formed.

C. 
The reaction is exothermic.

D. 
The reaction is endothermic.
3.
Which of these is a change in chemical composition?

A.
A lake freezes solid.

B.
Gravel, sand, and water are mixed.

C.
A copper bar is rolled into a flat sheet.

D.
Vinegar bubbles when baking soda is added.

4.
Tearing paper is an example of a —

A.
physical change _

B.
chemical change

C.
chemical reaction

D.
solution
5.
Which process is a physical change?

A.
Rusting iron

B.
 Burning coal

C.
Tarnishing silver

D.
Melting ice 
 Answers

1.
A

2.
A

3.
D

4.
A

5.
D

An
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