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Instructional Progression:

Students in the 7th grade “explained how a balanced chemical equation supports the law of conservation of matter” (7-5.8).  

In Physical Science students expand the concept of balanced chemical equations by recognizing when certain equations are balanced or not balanced.  

Taxonomy level of indicator:
1.1-B   Remember Conceptual Knowledge

Key Concepts:

Single replacement reaction

Double replacement reaction

Content Overview:

It is essential for students to know

· That a single replacement (displacement) reaction is a reaction in which one element takes the place of another element in a compound.  For example:



Zn   +   2 HCl    (    ZnCl2   +   H2
· That a double replacement (ionic exchange) reaction is a reaction in which there is an apparent exchange of atoms or ions between two compounds.  For example:



FeS   +   2 HCl    (    H2S   +   FeCl2
· That a balanced equation represents a chemical reaction that rearranges atoms but does not create or destroy them. For each element, the number of atoms on the reactant side must equal the number of atoms on the product side. 
· The meaning of the coefficients and subscripts with respect to how many atoms are represented.

Teaching Lesson A:

The Can Ripper – A Demo

Introduction to the lesson:

Students will observe what happens when one element replaces another in a dramatic demonstration.

Lesson time:

0.50 day

Materials Needed:

10 g copper chloride crystals (may not use copper sulfate) 

500 mL distilled water 

triangular file 

2 aluminum pop cans 

empty 400 mL beaker 

samples of copper chloride solution and aluminum chloride solution

Essential Question:

How can a demonstration actually show how one element replaces another in a single replacement reaction?

Procedure:


Mix 20 g copper chloride crystals with 1000 mL water until dissolved. 

Use file to scratch a line entirely around the inside of one can. 

Pour copper chloride solution into the can past the scratched line.

Pour copper chloride solution into the second unscratched can. 

Let the cans sit for 15 to 20 minutes. 

When scratched line becomes more pronounced, pour the solutions into separate beakers.

Try ripping each can in half. See staging suggestions.

Assessing the Lesson:

Ask the students who thinks that he (she) is the strongest person in the class to volunteer. Once a student volunteers, give him (her) the unscratched can. Now select or get a second volunteer or the teacher. The scratched can is then given to the second one.

Ask each student to try to rip the can in half. 

Questions:

1. Compare the color of the two chloride solutions.

Copper chloride solution __________  aluminum chloride solution ___________

2. Compare the color of the two metals, copper and aluminum.

Copper ________________
aluminum _______________________________

3. Which is the more reactive metal, copper or aluminum?_____________________

4. What is the red-orange material in the solution that was in the scratched can? __________________________________________________________________

5. Balance the equation for the reaction.

Al    +    CuCl2--->     Cu  +    Al Cl3

6. What  type of chemical reaction does the equation represent? __________




Additional Instructional Considerations:

Aluminum cans have a polymer coating on the inside of the can. When the file is used to scrape away the polymer coating, the aluminum metal is exposed. 

The aluminum reacts with the green copper chloride solution and a single replacement reaction occurs. Aluminum is a more active metal than copper and will replace the copper out of the solution.

Al  + CuCl2---> Cu  + Al Cl3

The orange red particles you see at the bottom of the solution are copper metal particles. The aluminum has become part of a compound and is dissolved in the liquid. Note that the liquid has changed color.

Reference: Flinn Scientific - Chemfax 

Teaching Lesson B:


Single Replacement Lab

Introduction to the Lesson:

Students will observe a number of single replacement reactions in order to understand the chemical change which occurs when one element replaces another.

Lesson Time:

.5 day

Materials:

Class set of micro-plates, condiment cups or small paper cups Plastic squeeze bottles for dispensing solutions 

Sandpaper or steel wool 

Samples of copper, magnesium, zinc, and iron 6 M-HCl, 200 mL 

Add 100mL of concentrated HCl to 100 mL of water 

0.2-M magnesium nitrate solution, 200 mL (5.9 grams of magnesium nitrate. 

Add enough water to make 200 mL of solution 

0.2-M copper (II) nitrate solution, 200 mL (7.5 grams of copper nitrate. 

Add enough water to make 200 mL of solution. 

O.2-M zinc nitrate- 200 mL (7.6 grams of zinc nitrate. 

Add enough water to make 200 mL of solution. 0.2-M iron (III) nitrate, 200 mL ( 9.67 grams ferric nitrate. 

Add enough water to make 200 mL. 

Essential Question: 

How can a number of single replacement reactions be carried out in the laboratory?

Procedure:

1.
Obtain 5 strips of each of the four metals to be tested. (You will have 20 samples.) Clean the surface of each piece of metal with sandpaper or steel wool if they have not been pre-cleaned. 

2.
Place a piece of copper in each of the five top row well plates

3.
Repeat in second row with zinc, in third row with magnesium and in fourth row with iron

4.
Cover each metal in column one with hydrochloric acid and observe (at least 5 minutes). 

5.
In column two add copper nitrate solution and observe as before. 

6.
In column three, add magnesium nitrate solution and observe

7.
In column four, add iron (III)nitrate solution and observe. 

8.
In column five, add zinc nitrate solution and observe.

9.
Complete the data table below. 

	Metal
	HCl
	Cu(NO3)2
	Mg(NO3)2
	Fe(NO3)3
	Zn(NO3)2

	Copper
	
	
	
	
	

	Zinc
	
	
	
	
	

	Magnesium
	
	
	
	
	

	Iron
	
	
	
	
	


Assessing the Lesson:

Formative Assessment

1.
Which metal reacted with the fewest solutions? 


2.
List the four metals in order of activity with the most reactive first and the least reactive last. (This is called an activity series.) 


3.
Based on this activity, explain why the Statute of Liberty was made of copper and not zinc? 

4.
Which of the metals tested might be found free or uncombined in nature? 

5.
Write word equations for each reaction that occurred. Hint: There are nine of them.

6.
Why are these reactions called single replacement reactions? 

7. What evidences were observed to indicate a chemical change? 

Additional Instructional considerations:

      Teacher Notes:

      Cleaning and cutting samples before class cuts required time considerably! You   

      may use a paper cutter. Size and shape of materials does not affect outcome of 

      this activity. 

      The amounts of solutions will suffice for 60 students working alone (based on 

      experience).

Data Table – Answers

	Metal
	HCl
	Cu(NO3)2
	Mg(NO3)2
	Fe(NO3)3
	Zn(NO3)2

	Copper
	NR
	-------------
	NR
	NR
	NR

	Zinc
	Gas, fast, heat
	Color lightens, red-brown solid
	Nr
	Color lighter, gray solid
	---------

	Magnesium
	Gas, very fast, hot
	Color lightens, red-brown solid
	-----------
	Color lighter, gray solid
	Slow

Fine pieces of gray solid

	Iron
	Gas, slow
	Color lightens, red-brown solid
	NR
	-----------
	NR


1.
 Which metal reacted with the most solutions? 

magnesium 

2.
Which metal reacted with the fewest solutions? Copper 

3.
List the four metals in order of activity with the most reactive first and the least reactive last. (This is called an activity series.) magnesium, zinc, iron, copper. 

4.
Based on this activity, explain why the Statute of Liberty was made of copper and not zinc? Zinc would react and corrode quickly.

5.
Which of the metals tested might be found free or uncombined in nature? copper

6.
Write word equations for each reaction that occurred. Hint: There are nine of 

          them. 

Zinc + copper (II) nitrate (copper + zinc nitrate 

Zinc + iron (III) nitrate -(iron + zinc nitrate 

Magnesium + hydrochloric acid ( hydrogen + magnesium chloride Magnesium + copper(II) nitrate (copper + magnesium nitrate 

Magnesium + iron (III) nitrate -(iron + magnesium nitrate 

Magnesium + zinc nitrate ( zinc + magnesium nitrate 

Iron + hydrochloric acid -(hydrogen + iron chloride 

Iron + copper(II) nitrate (copper + iron nitrate 

7.
Why are these reactions called single replacement reactions? A single element replaces another element, like substitution in a sporting event. 

8.
What evidences were observed to indicate a chemical change? Gas, color change and heat 
Teaching Lesson C:
Double Replacement Lab

Introduction to the Lesson:

The students have experienced working with single replacement reactions. Now they will observe reactions in which two elements each replace another element. They will be able to determine if the equation for the reaction is balanced.

Lesson Time:

.5 day

Materials Needed:

Stirring rod

Dropper bottles or pipettes

0.1-M solutions of  (Prepare by adding the amounts given to water for a total volume of 200 ml.)


silver nitrate, 3.4 grams


lead(II) nitrate, 6.6 grams


copper(II0 nitrate, 3.8grams


barium nitrate, 5.2 grams


sodium hydroxide, 0.8 grams


hydrochloric acid, 1.7 mL of 12 M (concentrated) 


sodium phosphate, 3.3 grams

potassium sulfate,  3.5 grams


sodium carbonate, 2.1 grams

Data table printed on transparency

Data table for recording

Sheet of white paper

Sheet of black construction paper

Essential Question:

Is it possible to carry out double replacement reactions in the lab and observe which substance is precipitated in each chemical change?

Procedure:

1. Place transparency over white paper.

2. Place one drop of the designated solutions in the appropriate square. You will end up with a total of two drops on each square. Do Not mix yet!

3. Mix the drops of on each square with the stirring rod, being sure to clean the rod each time before you move on to another square.

4. Record any color changes, presence of gas bubbles, or cloudiness (evidence of precipitate).

5. Carefully move transparency over black paper and continue to observe. Cloudiness may be more evident over the black.

Data Table:

	
	AgNO3
	Cu(NO3)2
	Pb(NO3)2
	Ni(NO3)3
	Ba(NO3)2

	NaOH


	
	
	
	*
	

	HCl


	*
	
	
	
	

	Na2CO3

	
	*
	
	
	

	K2SO4

	
	
	
	
	*

	Na3PO4

	
	
	*
	
	


Assessing the Lesson: 
Formative Assessment 

Questions:

1.
In which horizontal row(s) did most reactions occur? __________ 

2.
In which vertical column did most reactions occur? __________

3.
What can you conclude about the solubility of the nitrates? ________

________________________________________________________

4.  
What can you conclude about the solubility of sodium compounds?  

________________________________________________________

5.
 What evidences were observed that a chemical change was occurring? 

________________________________________________________

6. 
Write word equations for five of the reactions that occurred.  These are starred  (*).

7. Why are these reactions called double replacement reactions?__________________________________________

_____________________________________________________

Additional Instructional considerations:

Teacher Notes:
Sets of filled pipettes with labels and packaged in cassette holders make for much greater ease in lab design. Allow each group to refill for next class if necessary. The 0.1 M concentrations are not critical to the success.

Some of the compounds formed immediately decompose. Save this for chemistry!

Take pictures of the jewels!!

Answer Sheet

Data Table:

	
	   AgNO3 
	Cu(NO3)2
	Pb(NO3)2
	Ni(NO3)3
	Ba(NO3)2

	NaOH


	White ppt –turns dark
	Blue gel
	Cloudy, ppt
	*Green ppt
	NR

	HCl


	*White ppt


	NR
	NR
	NR
	NR

	Na2CO3

	White ppt
	*Green ppt
	White ppt
	green ppt
	cloudy ppt

	K2SO4

	Cloudy ppt
	NR
	Cloudy ppt
	NR
	*white ppt

	Na3PO4

	White ppt
	Blue ppt
	*White ppt
	Green ppt
	White ppt


Questions:

1. In which horizontal row(s) did most reactions occur? 3rd and 5th
2.  In which vertical column did most reactions occur? 1st
3. What can you conclude about the solubility of the nitrates? Soluble

4. What can you conclude about the solubility of sodium compounds?  soluble

5. What evidences were observed that a chemical change was occur? Color

change and precipitate

6. Write word equations for five of the reactions that occurred.  These are starred  (*).

Hydrochloric  acid  + silver nitrate  (
hydrogen nitrate (nitric acid)  +  silver chloride

Sodium carbonate  + copper(II) nitrate-( sodium nitrate + copper(II) carbonate

Sodium phosphate + lead(II) nitrate( sodium nitrate + lead(II) phosphate

Sodium hydroxide + nickel nitrate( sodium nitrate  + nickel hydroxide

Potassium sulfate + barium nitrate( potassium nitrate + barium sulfate

7. Why are these reactions called double replacement reactions? Both ions switch partners.

Teaching Lesson D:
Four Types of Reactions – Pictures (Web Site)
http//www.usoe/k12.ut.us/curr/science/sciber00/8th/matter/scober/chemtype.htm
Lesson Time:

.5 day

Assessment 1
Are These Single and Double Replacement Reactions Balanced?

Summative  Assessment

Directions:



Mark each of the following reactions as B (balanced) or U (unbalanced), determine whether it is a single (S) or double (D) replacement reaction and give a reason for your answer.

1.

Zn    +    HCl      ----->      ZnCl2     +     H2


________________________________________________________________

2.

AgNO3     + CaCl2       ----->    AgCl      +  Ca(NO3)2


________________________________________________________________

3.

2 KI      +     Cl2      ----->      2 KCl      +      I2


________________________________________________________________

4.

NaOH     +    3 Al2(SO4)3    ----->     6 Al(OH)3   +  3 Na2SO4


________________________________________________________________

5.

F2     +      NaBr     ----->       2 NaF      +    Br2


________________________________________________________________

6.

H2SO4    +     KOH     ----->     K2SO4     +      H2O


_______________________________________________________________

7.

Ca(OH)2    +   2 HNO3     ----->    Ca(NO3)2     +    H2O


________________________________________________________________

8.

Sr     +    Cu(NO3)2      ----->      Sr(NO3)2      +     Cu


________________________________________________________________

9.

2 Na     +     H2O    ----->      2 NaOH     +      H2


________________________________________________________________

10.

(NH4)2CO3   +     2 HCl     ----->      2NH4Cl    +   H2O    +   CO2


________________________________________________________________

11.

NH4Cl    +    KOH      ----->       NH3      +    KCl       +    H2O


________________________________________________________________

12

HC2H3O2     +    Zn    ------->    Zn(C2H3O2)2  +   H2


________________________________________________________________

13.

Mg   +    H2SO4 ----->    MgSO4     +     H2


________________________________________________________________

14.

BaCl2    +    CuSO4  ----->     BaSO4    +    CuCl2


________________________________________________________________

15.

ZnS     +       HCl        ----->             ZnCl2    +    H2S


________________________________________________________________

Answer Sheet to Balancing Single and Double Replacement Reactions

1.
U, SR

Zn    +    HCl      ----->      ZnCl2     +     H2

 
H and Cl are not balanced; 2 H and 2 Cl are in products and only one of each in reactants.

2. 
U, SR

AgNO3     + CaCl2       ----->    AgCl      +  Ca(NO3)2

Cl, N and O are not balanced; 2 Cl must be in products; then 2 Ag must be in both reactants 
and products.

3.
B, SR

2 KI      +     Cl2      ----->      2 KCl      +      I2

4.
B, DR

6NaOH     +     AL2(SO4)3    ----->     2 Al(OH)3   +  3 Na2SO4

5.
U,SR

F2     +      NaBr     ----->       2 NaF      +    Br2

2 Na nd 2 Br needed in reactants.

6.
U, DR

H2SO4    +     KOH     ----->     K2SO4     +      H2O


The O, K, and the H are not balanced; 2KOH in reactants (on left) and 2 H2O in products (on 
right) will balance the equation.

7.
U, DR

Ca(OH)2    +   2 HNO3     ----->    Ca(NO3)2     +    H2O


H and O are not balanced; 2 H2O is needed on the right ( products).

8.
B, SR

Sr     +    Cu(NO3)2      ----->      Sr(NO3)2      +     Cu

9.
U, SR

2 Na     +     H2O    ----->      2 NaOH     +      H2

H and O are not balanced.. Need 2 H2O in products (right).

10. B, DR followed by decomposition



(NH4)2CO3   +     2 HCl     ----->      2NH4Cl    +   H2O    +   CO2

11. B, DR followed by decomposition



NH4Cl    +    KOH      ----->       NH3      +    KCl       +    H2O

12.
U, SR

HC2H3O2     +    Zn    ------->    Zn(C2H3O2)2  +   H2

The H, O, and Cu are not balanced: 2 HC2H3O2 is needed to balance the equation.

13.
B, SR

Mg   +    H2SO4 ----->    MgSO4     +     H2

14.
B, DR

BaCl2    +    CuSO4  ----->     BaSO4    +    CuCl2

15.
U, DR

ZnS     +       HCl        ----->             ZnCl2    +    H2S


H and Cl are not balanced; 2HCl is needed in the reactants (on right).

Assessment 2
Summative Assessment

Writing and Balancing Equations Worksheet

Part 1 


1. Zinc (Zn) + hydrogen chloride (HCl) zinc(II) chloride (ZnCl2) + 

hydrogen (H2)

a. Write the chemical equation by using the formulas instead of the words:

Zn      +        HCl      =       ZnCl2      +      H2
b. Balance the chemical equation:

Zn      +       2 HCl      =       ZnCl2      +      H2
2. The acid, hydrochloric acid (HCl) reacts with the base, sodium hydroxide (NaOH) to produce the salt, sodium chloride (NaCl) and water.

a. Write the chemical equation by using the formulas instead of the words:


HCl       +        NaOH      =      NaCl    +    H2O

b. Balance the chemical equation:


HCl       +        NaOH      =      NaCl    +    H2O

3. A single replacement reaction is one in which one element replaces another element in a compound. In this single replacement reaction, atoms of the element sodium ( ) + hydrogen chloride (HCl) ___ sodium chloride ( ) + hydrogen (H2)

a. Write the chemical equation by using the formulas instead of the words:


Na    +    HCl    =     NaCl     +     H2

b. Balance the chemical equation:


2Na    +   2 HCl    =    2 NaCl     +     H2

Part 2 
Balancing Equations

1. __Cu + _2__AgNO3       =      Cu(NO3)2 + __2_ Ag

2. __Pb(NO3)2 + _2_ KI    =      PbI2 + _2__ KNO3

3. ___K + ___H2O      =      ___KOH + ___H2

4. __2_ SO2 + ___O2         =        2__ SO3

5. ___ CaCO3 + __2_ HCl         =    CaCl2 + ___ H2 CO3
Assessment
EOC Type Questions

1.

Sr     +   2 Cu(NO3)2      ----->      Sr(NO3)2      +     Cu


How should  the equation above be balanced?


A.

Add a coefficient 2 to the first product {Sr(NO3)2 } .   

B.

Add a subscript 2 to the Cu product.


C.

Remove the subscript 2 from the first product {Sr(NO3)2 }    

D.

 Remove the coefficient 2 from the second reactant {Cu(NO3)2  } 
[image: image1.emf]
2. 
When this equation is correctly balanced, the coefficient of the AlCl3 will be 


a. 1

b. 2

c. 4

d. 6    



[image: image2.emf]
3. 
Which of the following is the balanced equation for the reaction shown above? 


a. Al + H2SO4 → Al2(SO4)3 + H2

b. 2Al + 3H2SO4 → Al2(SO4)3 + 3H2


c. 2Al + 3H2SO4 → Al2(SO4)3 + H2

d. 2Al + H2SO4 → Al2(SO4)3 + H2
4.
 ?AgNO3+?AlCl3 = ?AgCl_+ ?Al(NO3)3

Which of these sets of coefficients will balance this equation?

A
 3, 3, 2, 1

B
 3, 1, 3, 1 _

C
1, 6, 1, 9

D
 9, 3, 3, 3
5.

NaOH     +     Al2(SO4)3    ----->      Al(OH)3   + Na2SO4



If the above equation is balanced, what should be the coefficient of the sodium sulfate? 
A.
1
B.
2

C.
3

D.
6

Answers

1.
D

4.
B
2.
B

5.
C
3.
B
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