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Grade Level: High School

Content (what is taught): 

· Application of the Law of Conservation of Mass and oxidation numbers to balance chemical equations
· Define and use coefficients to balance chemical equations
Context (how it is taught):

· Balance chemical equations using oxidations numbers
· Use manipulatives to visualize the process of balancing chemical equations
Activity Description:

This lesson will teach the students how to balance a chemical equation. This will be similar to how Nucor Steel decides how much of a certain compound they need to add when making a specific type of steel. Students will be paired up and asked to balance chemical equations. Next the students will be asked to create a chart, so they can keep track of how many atoms of each element is on each side of the arrow or yields symbol in the equation. The students will also need to make a larger chart, so they can use different colored M&M’s to represent different atoms of different elements. This will be a visual aid for the students to understand the Law of Conservation of Mass.

Standards: 

Math: MA1, ME1




Science: SA1, SA2, SB1
Technology: TA3, TB4, TD2



Engineering: EA1
Materials List: 

· M&M’s

Asking Questions: (How Many Do I Need?)

Summary:  Students are asked to consider the relationship between reactants and products in a chemical equation, the Law of Conservation of Mass, and oxidation numbers. 
Outline: 

· Students will consider the chemical equations as either balanced or unbalanced.

· Students will apply the Law of Conservation of Mass.

· Discussion will be guided toward the importance of the use of oxidation numbers and coefficients in chemical equations.

Activity:  The lesson should start by displaying basic chemical equations for students.  Some of these equations should be balanced and some should not be balanced.  The balanced equations should be marked in some fashion.  As students consider the chemical equations, guide them to why some are marked and others are not.  See if students can figure out why the equations are marked.  After a time, introduce the Law of Conservation of Mass as the reason for the equations being balanced.  Discussion should include oxidation numbers and coefficients of chemical equations.  The discussion should be sure to include the questions below.

	Questions
	Answers

	What does the Law of Conservation of Mass state in regards to a chemical reaction equation?
	The law states that the mass of the reactants will equal the mass of products in a reaction as matter is neither created nor destroyed during ordinary chemical reactions. Hence, for each atom of each element on the reactants side, there must be the same number of atoms for each element on the product side of the chemical reaction.

	Why do you need to know the oxidation number for each element or ion?
	Oxidation numbers help determine if the compounds are neutral before the coefficients are added.

	What are coefficients and why are they needed in a chemical reaction?
	Coefficients are a number placed before the compound to indicate the number of molecules (if compound is covalent) or formula units (if compound is ionic) used before the compound or element to balance the ratio of reactants to products.

	Why is it important to have the equation balanced?
	Once the equation is balanced a person is able to determine the amounts of each reactant and product needed to complete an ideal reaction.




Exploring Concepts: (How Many Do I Need?)
Summary: Students explore why balancing chemical equations are important in industries, like steelmaking. Students will learn the significance of knowing the amount of each compound in relationship to different compounds to complete a reaction process.
Outline: 

· Students will research the steelmaking process

· Students will follow a chemical reaction formula used in steelmaking to understand why balancing an equation is so important

· Discussion will follow about what information industries need to understand (quantities and types of materials) to balance chemical equations

Activity:  Students will research the steelmaking process looking for chemical equations. Students will follow the chemical equations of the steelmaking process to understand why the balancing of chemical equations is so important. The students will discuss what other industries use chemical equations and why it is important to balance these equations.

Resource:

· World Steel Association:  http://www.worldsteel.org/
Instructing Concepts: (How Many Do I Need?)
Balancing Chemical Equations
A. Chemical Reactions:  A chemical reaction is a process by which one or more substances are changed into new substances by breaking or rearranging chemical bonds between elements. There are three key factors that help identify if a chemical reaction occurred:

   1) Form a new substance (indicated by writing a new chemical formula)

       Ex. H2O goes through electrolysis to produce H2 & O2 
   2) The change cannot be reversed by physical means

       Ex. burnt toast (burnt carbon remains cannot be reversed without more chemical reactions 

       back into the wheat flour) vs. bent penny (can easily be reversed by physical means) 
   3) New physical properties such as: different color, different odor, release of gas (fizzing or 

       foaming), production of sound heat, light, and solid (precipitate).
B. Writing Chemical Equations 

1) Terms to Know: 
a) Law of Conservation of Mass:  Matter is neither created nor destroyed within ordinary chemical reactions

b) Coefficient: A number placed in front of a compound indicating the amount of molecules (if a covalent compound) or formula units (if an ionic compound) of that compound.  Ex. 6 H2O means there are six molecules of water present
c) Oxidation Numbers: Hypothetical numbers (following a list of rules) assigned to an individual element or ion in a reaction indicating the exchanging or sharing of electrons within a compound until it is stable or neutral.  

Ex. 2 H1++ O2- → H2O (Note the 1+ and 2- are the oxidation numbers)

d) Chemical Equation: A chemical equation is a set of symbols and formulas written to identify the amounts of reactants to products in a chemical reaction.  There are three types used:
1) Word Equation:-the reactants and products in a chemical equation are represented by words  Ex. water + carbon dioxide → glucose + oxygen
2) Formula Equation:-the reactants and products in a chemical equation are represented by their symbols or formulas (unbalanced)
Ex. H2O + CO2 → C6H12O6 + O2
3) Balanced Chemical Equation: - the amount of the reactants and products follows the Law of Conservation of Mass, so there must be equal amount of elements on the reactants and products side, which is determined by the use of oxidation number for establishing the chemical formula of a compound and then by adding coefficients to determine the ratio of reactants to products 
Ex.6H2O + 6CO2 → C6H12O6 + 6O2  (Total of 12 H on each side etc.)


Organizing Learning: (How Many Do I Need?)
Summary:  Students will design three different reactions using different elements and/or ions. Next, students will use coefficients to balance the equation so that it follows the Law of Conservation of Mass. The students will then complete a table showing how many of each atom is on each side of the equation.

Outline: 

· Design three different reactions using different atoms and ions

· Balance each reaction using coefficients

· Use multiple colors of M&M’s to represent each atom to visibly see that each side of the equation has the same number of the same atoms

Activity:  Students will work in pairs to balance three chemical equations following the Law of Conservation of Mass. They will be required to use a chart to work out their equations. 

Ex.  HgO →  Hg + O2   (mercury I oxide decomposes using heat into mercury and oxygen gas)

Answer: 2HgO →  2Hg + O2   (total of 2 M&M’s for Hg and 2 M&M’s for O on both sides)

Ex. Mg + H2NO3  (aq)→ Mg(NO3)2 + H2 (magnesium reacts with nitric acid to form magnesium nitrate and hydrogen gas) 
Answer:  Mg + 2H2NO3  (aq)→ Mg(NO3)2 + 2H2 (total of 1 M&M for Mg, 2 M&M’s for N, 4 M&M’s for H and 6 M&M’s for O on both sides)
Ex. Ca(OH)2 + HCl → CaCl2 + H2O

(calcium hydroxide reacts with hydrochloric acid to produce calcium chloride and water)
Answer: Ca(OH)2 + 2HCl → CaCl2 + 2H2O (total of 1M&M for Ca, 2 M&M’s for O and Cl as well as 4 M&M’s for H on both sides) 
Charts:  Each student will fill out a chart with the number of atoms for each element in each reactant and then each product. They need to make sure that they have the same number M&M’s of a certain color representing each element on either side of the arrow or yields symbol. Each student will visually be able to see how balancing equations is done. 

Chemical Reaction and/or M & M’s Chart

	Reactant 1
	Reactant 2
(if present)
	Equals
	Product 1
	Product 2

	
	
	➜
	
	


Understanding Learning: (How Many Do I Need?)

Summary:  Students will balance equations using coefficients.  

Outline: 

· Formative Assessment of Balancing Chemical Equations
· Summative Assessment of Balancing Chemical Equations
Activity:  Students will complete written and quiz assessments related to balancing chemical equations.

Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) What do you need to know about elements and ions to solve chemical reactions?

2) What does the term coefficient mean?
3) How do you use coefficients to balance a chemical reaction?

4) How do you know when a chemical equation is balanced?

Summative Assessment: Students can complete one of the following writing prompts:

1) Explain what the Law of Conservation of Mass is and how it applies to balancing chemical equations.

2) What do you need to consider when you are balancing a chemical equation?
Students can balance the following chemical equations:
1) Ca + O2 ➜ CaO

2) Ca + BaSO2 ➜ Ba + CaSO2
3) K3PO4 + NaOH ➜ Na3PO4 + KOH

4) C2H6 + O2 ➜ CO2 + H2O

5) NH3 ➜ N2 + H2
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