Physical Science
Science

Module 
PS-4.11
Chemical Bonding and Reactions

Lesson A-D

Instructional Progression: 


In the 7th grade students 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)
In Physical Science students will expand their concept of chemical reactions.  For the first time students will explain factors that affect the rate of reaction.  Students will explain the affect that changes in temperature, concentration, surface area, and the presence of a catalyst have on reaction rate. 

Taxonomy level of indicator:  

2.7-B   Understand Conceptual Knowledge
Key Concepts:

Reaction rate factors: temperature, concentration, surface area, catalyst

Particle collisions

Content Overview:

It is essential for students to 

Understand that chemical reactions occur when the particles of the reactants collide with sufficient energy to react.  Factors that affect reaction rate are as follows:

· Temperature:  When the temperature increases, the rate of a chemical reaction increases.

· The average kinetic energy of the molecules of reactants increases with increased temperatures and a greater number of the molecules will be moving faster.  

· Since more of the particles are moving faster and fewer of the particles are moving slowly, there will be more total collisions between particles and more collisions can a mean faster reaction rate.  

· More of the reactant particles will be moving faster and will, therefore, have enough energy to produce successful collisions and the reaction will proceed faster.

· Concentration:  When reactants are more concentrated, the rate of a chemical reaction can increase.  

· When reactants are more concentrated, it means there are more particles per unit volume.  Because there are more particles in a given volume, there is a greater chance that reactant particles will collide. 

· More collisions can mean a faster reaction rate.

· Surface Area:  When the surface area of reactants increases, the reaction rate increases.

· Only the particles at the surface of a sample of reactant can collide with particles of other reactants.  

· If the same mass of reactants is broken into smaller pieces, there is greater surface area. 


With many more particles on the surface, there is a greater chance for collisions to occur, and the chemical reaction will proceed faster.

· Catalyst:  A catalyst is a substance that speeds up a reaction without being permanently changed itself.   The presence of a catalyst will speed up a chemical reaction. 

· Catalysts can lower the amount of energy needed to start a reaction (activation energy).

· Since the energy needed for successful collisions is less, there will be more successful collisions, and the chemical reaction will proceed faster.

Teaching Lesson A:

Blast Off 1, 2, 3 – A Demo
Introduction to the lesson:

Isopropyl alcohol has stored energy in its chemical bonds and can be used as a fuel. Homogeneous reaction systems are those that involve reactants in gaseous or liquid solutions. In this gas the solution is a mixture of gases in the air and alcohol vapor. From collision theory, a rate increase might be expected if the concentration of one or more of the reactants is increased. In this case, it was the alcohol. Lowering the concentration should have the opposite effect. The specific effect of concentration changes on reaction rate, however, must be determined experimentally. 
Lesson time:

0.25 day

Materials Needed:
Three 2-liter plastic bottles

Three ballpoint pen barrels (with “guts” removed)

Duct tape

String

About 20 ml each of 50%, 70%, and 91% isopropyl alcohol,

Long match or candle on a stick

Goggles

Essential Question:
How can the effect of varying the concentration of reactions be observed during a chemical reaction?

Procedure:

Use the tip of a hot glue gun to punch a hole in each bottle cap. The diameter of the hole should be approximately one centimeter.

1.
Lay each bottle on its side and securely tape the barrel of the pen to the top.

2.
Thread the barrel with a string that will reach about 1/3 or ½ way across room. This is about 20-30 ft long.

3.
Tie the end of the string from the bottom of each bottle to something sturdy at the front of room. (I usually tie to the television stand.)

4.
Put on goggles.

5.
Place 20 ml of 50% alcohol in the bottle and swirl it until the bottle is filled with vapor.

6.
Pour out the excess liquid. Be sure to remove all liquid alcohol from the area!!

7.
Screw on the cap. Tie the end of string near bottle mouth to a desk leg near middle of room.

8.
Light a match or the candle.

9.
Turn off lights.

10.
Hold the match flame near the hole in cap until the rocket blasts.

11.
Measure the distance and observe the speed of the bottle.

12.
Repeat the exact same procedure with the other two bottles, using the 70% alcohol in the second bottle and the 91% alcohol in the third.

You may wish to ignite simultaneously all three bottles. If so, you will need three volunteers with goggles and three long matches
Assessing the Lesson:

Formative Assessment

Have students make observations. Did they see, feel or hear anything?

in the reactions Was there any difference in the distances the bottles traveled? Allow the students to feel the bottle. Were there any differences? 

Additional Instructional Considerations:
Students may wish to investigate the reaction using other alcohols, specifically ethyl. This should work well. Do NOT use methanol.
Students may wish to investigate lower concentrations which should prove interesting.

Teaching Lesson B:


Witch’s Fire – A Demo

Introduction to the Lesson:

In order for material to burn it must come in contact with oxygen molecules. Furthermore, the temperature of the fuel must reach a certain point (its kindling temperature) in order for combustion to occur. If the fuel is in large pieces, such as blocks of wood, it will burn very slowly because only the surface of the fuel which is in contact 
with the oxygen molecules will burn. This is why we use kindling to light a fire! But if the fuel is finely divided, such as sawdust, it will burn rapidly because of the much greater relative surface area of the fuel. If the finely divided fuel is dispersed in air, it could burn rapidly enough to cause an explosion. This is what happens in grain elevators and mines when such explosions have been reported.

When the Cremora in the spoon is first lit, relatively few particles are exposed to oxygen. When the powder is dropped on the flame the tiny particles separate; each is in contact with oxygen and is small enough for its temperature to be raised to the combustion point in a fraction of a second.

This demonstration dramatically illustrates the effect of surface area on the rate of a reaction. It has far-reaching applications in major industries and drives safety precautions .when such reactions need to be controlled.

Lesson Time:

0.25 day

Materials Needed:

Spoon, Cremora coffee creamer (NOT fat-free), candle in holder, aluminum foil

Essential Question:

How does surface area affect the rate of a reaction?

Procedure:

1.
Lay aluminum foil down on the floor under the candle in its holder.

2.
Light the candle.

3.
Hold a spoonful of Cremora over a lighted candle. 

4.
Observe any evidence of the Cremora burning

5.
Turn off the lights.

6.
Sprinkle the Cremora from the spoon at a height of about 1.5 meters above the flame of the candle.

7.
Observe for any evidence of the Cremora burning.

Assessing the Lesson:

Formative Assessment

Observation of student reaction will indicate clearly their understanding of the relationship between surface and the rate of a reaction. Ask the students for any personal experiences with this concept (boy scouts know how to use kindling wood to light a fire).

Mine explosions in news reports provide the perfect venue for scientific explanations as connections to real world events to this concept..

Teaching Lesson C:


Factors influencing Reaction Rate

Introduction to the Lesson:

This activity serves to engage the students in a study of the factors that affect reaction rates.

Lesson Time:

1.0 day

Materials Needed:

Bunsen burner, paper ash, copper foil, 10 mL graduated cylinder, magnesium ribbon, matches, paper clip, two quart ziplock bags, teaspoon, yeast, sugar, thermometer, sandpaper, steel wool, two sugar cubes, white vinegar, zinc strip, six test tubes or small plastic cups, tongs

Essential Question:

How can factors that affect reaction rates be identified experimentally?

Procedure:

1.
Add 10 mL of vinegar to each of three cups or test tubes. To one test tube, add a 30cm strip of magnesium; to a second one, a 3-cm zinc strip; and to a third, a 3-cm copper strip.  (All metals should be about the same width.) If necessary, use sandpaper to make them shiny.

2.
Using tongs, hold a paper clip in the hottest part of the burner flame for 30 seconds.

3.
Repeat with a ball of steel wool 2 cm in diameter. Observe

4.
To one cup add 10 mL of vinegar; to a second, 5 mL of vinegar and 5 mL of water; to a third, 2.5 mL of vinegar and 7.5 mL of water. To each of the cups add a 3-cm strip of magnesium ribbon.

5.
Place 100 ml of tap water in a quart baggie. Add one teaspoon of sugar. Record the temperature. Place 100 ml of lukewarm water in a second bag with one teaspoon of sugar. Record temperature. Add 2 teaspoons of yeast to each baggie and seal. Try to get all of the air out. Gently swirl. Observe.

6.
Using tongs, try to light a sugar cube over a match. Rub paper ash on a second cube and try to light with a match.

Data and Observations

	Reactants
	Observations

	Vinegar +

Mg
	

	Vinegar +

Zn
	

	Vinegar +

Cu
	

	Heating

paper clip
	

	Heating

steel wool
	

	Vinegar +

Mg
	

	Vinegar (5 mL),

water (5mL) + 

Mg
	

	Vinegar(2.5 mL), water(7.5mL) 

+ Mg
	

	Yeast, sugar,

 tap water
	

	Yeast, sugar, + 

warm water
	

	Heating 

sugar cube
	

	Heating sugar 

cube with ash
	


Assessing the Lesson:

Formative Assessment

Questions:

1.
What factor influenced the rate in:
Procedure 1 ________________________________________________________


Procedure 2 ________________________________________________________ Procedure 3 ________________________________________________________ Procedure 4 ________________________________________________________ Procedure 5 ________________________________________________________
Procedure 6 ________________________________________________________
2.
In order to increase the rate of a particular reaction what steps would you take?


________________________________________________________________________________________________________________

3.
To slow down a particular reaction, what might you try?

____________________________________________________________________________________________________

Data and Observations  (Answers)

	Reactants
	Observations

	Vinegar +

 Mg
	Gas bubbles, fast

	Vinegar + 

Zn
	Gas bubbles, medium

	Vinegar + 

Cu
	No reaction

	Heating

 paper clip
	Turned red-hot, did not burn up

	Heating 

steel wool
	Sparks, fast burning

	Vinegar +

 Mg
	Gas bubbles, fast

	Vinegar(5 mL),

 water(5mL) +

 Mg
	Gas bubbles, medium

	Vinegar(2.5 mL),

water(7.5mL) +

Mg
	Gas bubbles, very slow

	Yeast, sugar, 

tap water
	Tap water temperature (20 C), gas bubbles,

balloon inflated some

	Yeast, sugar, + 

warm water
	Warm water (40 C), gas bubbles, faster than tap,

balloon inflated more

	Heating 

sugar cube
	No burning

	Heating sugar 

cube with ash
	Burned readily


Questions: 
1. What factor influenced the rate in


Procedure 1 the nature of the reactants 

Procedure 2 surface area

Procedure 3 concentration

Procedure 4 temperature

Procedure 5 catalyst
In order to increase the rate of a particular reaction what steps would you take? Grind materials into fine pieces (more surface area), use a greater concentration, raise the temperature and find a catalyst.

2. To slow down a particular reaction, what might you try? Lower the concentration, lower the temperature and add an inhibitor.
Additional Instructional Considerations:
Having the strips cleaned and cut prior to lab activity is critical in conserving time.
You may wish to set one Burner at your desk for all of the students to use if safety is a problem.

Teaching Lesson D:

Changing the Speed of a Chemical Reaction

Introduction to the Lesson:

In this activity a comparison in the speed of chemical reactions will  be observed as changes are made in the surface area and the temperature of the reactants.

The speed of a reaction depends on how many reactant particles come in contact with each other over a period of time. A large surface area increases the number of particles available for direct contact. Higher temperatures increase the speed of the particles, increasing the number of collisions. Both factors can cause a chemical reaction to proceed more rapidly. Stirring, in effect, increases both the temperature (making the molecules move more rapidly) and the surface area (allowing reactant molecules to come in contact with one another).

Lesson Time:

0.50 day

Materials Needed:


8 plastic foam cups






antacid tablets


room temperature water 


ice water


hot water


thermometer


stop watch


4 small plastic bags 


marking pen

Essential Question:

What is the effect on the rate of a reaction as the surface area and temperature are changed?

Procedure:

1.
With a marking pen, label two plastic foam cups – ICE; two plastic foam cups - ROOM; and two plastic foam cups - HOT.

2. Place one antacid tablet into each of four small plastic bags. Carefully break each tablet into three or four pieces.

3. Measure the temperature of the ice water. Record the temperature in the chart provided.

4. Half-fill both cups that are labeled - ICE with ice water.

5. At the same time, drop one whole antacid tablet into one of the cups, and into the other cup empty one of the plastic bags containing broken pieces of an antacid tablet.

6. Record the time it takes for each tablet to dissolve completely. Stop the timing when the bubbling or foaming stops.

7. Repeat the last two steps using hot water and room temperature water. (Allow the teacher to pour the hot water into your cup.)

8. Fill each of 2 cups with room temperature water. Add a whole tablet to one and the tablet pieces to another. Stir both cups and record the length of time it takes for each tablet to dissolve completely.

Data Table:
	
	Temperature
	Time of reaction

(whole tablet)
	Time of reaction

(tablet pieces)

	Cups marked

ICE
	
	
	

	Cups marked

HOT
	
	
	

	Cups marked

ROOM
	
	
	

	Cups marked

STIRRED
	
	
	


Assessing the Lesson:

Formative Assessment

Questions:

1.
In which cup did the chemical reaction take place fastest?


__________________________________________________________________________________________________________________________

2.
In which cup did the chemical reaction take place slowest?


__________________________________________________________________________________________________________________________

3.
What does the effect of surface area have on the speed of a chemical reaction? 


__________________________________________________________________________________________________________________________

4.
What does the effect of temperature have on the speed of a chemical reaction? Explain your answer using the results of the experiment.


__________________________________________________________________________________________________________________________

5.
Which do you think will mix in a cup of hot tea faster, a lump of sugar or a teaspoon of sugar? Explain your answer based on what you learned in this experiment.


__________________________________________________________________________________________________________________________
6.
How did the rate of the reaction in the cups marked ROOM and those marked STIRRED compare? If there was a difference, why do you think there was?


__________________________________________________________________________________________________________________________

Assessment 1

EOC Type Questions

1.
A catalyst accelerates a chemical reaction because the —

A.
catalyst decreases the number of collisions in a reaction

B.
the catalyst lowers the amount of energy needed to start the reaction_
C.
catalyst decreases the concentration of the reactants

D.
temperature of the reaction increases due to the catalyst
2.
A catalyst is a substance used in chemical reactions to --

A.
Provide an increase in the amount of energy needed to start the reaction

B.
Decrease collisions between reactant molecules.

C.
Increase the rate of the reaction.

D.
Change the equilibrium to favor the products.

3.
A student uses a mortar and pestle to crush 1.0 g of marble chips and places them into a test tube labeled A. A whole 1.0 g marble chip is placed into a second test tube labeled B, and an equal volume of HCl (hydrochloric acid) of the same concentration is added to each test tube. The bubbling speed of the produced CO2 gas is noted. In which tube was the rate of the reaction faster?
A.
Tube A, because of increased surface area of the marble 

B.
Tube A, because of the decreased surface area of the marble.
C.
Tube B, because of increased surface area of the marble.

D. 
Tube B, because of the increase in temperature.

4.
An increase in temperature generally increases the rate of a reaction because:

A.
temperature decreases with the time it takes for the reactants to combine

B.
temperature increases with the time it takes for the reactants to combine

C.
temperature decreases the number of collisions which occur

D.
temperature increases the number of collisions which occur

5.
If in the experiment above, the same mass of marble had been used, but in one tube, A. the concentration of the acid used was twice as concentrated as in the other, tube B:

A.
the rate of the reaction would be faster in A
B.
the rate of the reaction would be faster in B

C.
the rate of the reaction would be the same in A and B

D.
there would be no difference in the rates of reaction

Answers

1. B

2. C

3. A

4. D

5. A
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	Standard(s) addressed:  PS-4 The student will demonstrate an understanding of chemical reactions and the classifications, structures, and properties of chemical compounds.
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Explain the effects of temperature, concentration, surface area and the presence of a catalyst on reaction rates.
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Factors Influencing Reaction Rate – Lab
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Changing the Speed of a Chemical Reaction - Lab
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EOC Type Questions
The objective of this indicator is to explain how certain factors affect reaction rate, therefore the primary focus of assessment should be construct cause and effect relationships that show how and why the temperature, surface area, concentration and presence of a catalyst affect the  reaction rates.

In addition, to explain assessments  may require that students: compare reaction rates under different conditions; summarize the effects of changes in 
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Standard: The student will demonstrate an understanding of chemical reactions and the classifications, stuructures ad properties of chemical compounds.








Indicator: Explain the effects of temperature, concentration, surface area and the presence of a catalyst on reaction rates.








Other Indicators Addressed: PS-1.1, 1.2, 1.3, 1.9, 4.6, 4.8 








