Title of Unit: Stoichiometry
Audience: 9-12

Michigan Content Standards: 

C4.6a Calculate the number of moles of any compound or element given the mass of a substance. 

C4.6b Calculate the number of particles of any compound or elelment given the mass of the substance.

C5.2A Balance simple chemical equations applying the conservation of matter.

C5.2d
Calculate the mass of a particular compound formed from the mases of starting materials.

C5.3e Identify the limiting reagent when given the masses of more than one reactant.

C5.3f Predict volumes of product gases using initial volumes of gases at the same temperature and pressure.

Overarching Understandings

Key Concepts

· Balancing chemical equations

· Moles and dimensional analysis (converting between mole to mole; mole to mass; grams of A to grams of B; volume to volume using chemical equations)

· Limiting reactants 

Concept Map
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Misconceptions:

· Incorrect visualization/conceptualization of coefficients and subscripts.

· Students think coefficients can represent mass. 

· Conservation of coefficients / moles.

Essential Questions:

Overarching 

· How do you predict information about a product from information about a reactant?

Topical

Listed in chronological order… how many per day will be determined by class format (60 minute vs. block scheduling)

· What is a mole?

· How is the concept of a mole applied in chemistry? How do you determine the number of moles from the number of grams of a substance? How do you determine the number of molecules of a substance given the number of grams or moles?

· How do you balance a chemical equation? How can you check to see if an equation is balanced?

· How are coefficients in chemical equations used in stoichiometry? What is a mole ratio and when do you use it?

· How do you determine the product mass from mass of a reactant?

· What is a limiting reactant and how is it determined?

Knowledge:  SWAT predict the masses or moles of products and reactants by determining the path to take stoichiometrically. 

Skills:  

SWAT demonstrate use of stoichiometry when given a chemical equation and moles or masses of reactants and product.

· Balance chemical equations

· Convert between grams of A, moles of A, moles of B, grams of B, molecules of A, molecules of B, etc.

· Use conversions and knowledge of stoichiometry to complete lab calculations, analyze data, and draw conclusions

Assessment Evidence:

· Formative

· Powerpoint practice questions (on paper/white boards, presented & discussed)

· Student performance & ability to follow & answer questions on guided inquiry activities 

· Mr. Mole & the Chalk

· Lego Stoichiometry

· Balancing Equations Using Models

· Lab discussions and lab group report-outs of results

· Fizzy Drinks Lab

· Balloon Demo / Lab

· Syringe Lab 

· Practice questions

· Stoichiometry Introduction

· Real World Stoichiometry

· Textbook/resource booklet practice problems (supplement)

· Summative

· Mole Project

· Lab questions/write-ups turned in 

· Rocket Stoichiometry Lab 

· Synthesis/Decomposition Lab 

· Air Bag Simulation

· Unit test

Unit Prerequisites:

· Atomic mass 

· Nomenclature

· PV=nRT

	Mole Concept
	Mole Conversions
	Equations/Mole to Mole Conversions
	Stoichiometry Calculations
	Limiting Reactants

	Introduction Mole Concept

Real world dimensional analysis

Manipulative Board
	What is mole? Powerpoint & practice  (including molar mass & Avogadro’s #

 (C4.6a, C4.6b)

Mr. Mole and the Chalk (C4.6a, C4.6b)

Mole Project (C4.6b)
	Review balancing equations (What is the meaning of coefficients?) (C5.2A)

Foamie shapes
LEGO lab (C5.2e, C5.3e)

Balancing Equations Using Models (C5.2A)

Mole to mole-Conversions 

between substances

Stoichiometry Introduction (C4.6a, C4.6b, C5.2d)

Mole Rocket Lab (C5.3e, C5.3f, C5.2A)

Stoichiometry Calculations Powerpoint
	Conversions between substances (C5.2d)

Mass to mole (C4.6a)

Mass to mass (C5.2d)

Mole Map (C4.6a, C5.2d, C5.3f)

Fizzy Lab (C5.3e)

Synth/decomp MgO and NaHCO3 lab (C5.2d)


	Balloon demo (C5.3f) 

Limiting reactants

Real world stoichiometry (C5.3e)

Powerpoint: Stoichiometry in the Real World (Limiting Reactants) (C5.3e)

Syringe Lab (C5.3e)

Volume to Volume (C5.3f)

Airbag Lab (C5.3e)

Propane Balloon (C5.3f)

	
	
	
	
	


Learning Plan Calendar & Classroom Activities**:
**Summaries of activities below. Full write-ups of each activity are in a separate packet.

Activities:

1. Introduction:  Mole concept activity:  Define a mole/Avagadro’s number, use examples of moles of substances, classroom discussion.

2.  Real world dimensional analysis:  Guided inquiry

3. Manipulative Board:  hands-on activity for dimensional analysis
4. What is a Mole?:  Power point activity with student notes outline

5. Mr. Mole and the chalk:  Guided inquiry lab activity where students convert between moles, mass and particles of chalk

6. Mole Project:  Student project in which they must describe properties connected to a mole of a substance of their choice.

7. LEGO lab:  Using models to determine the relationship between equations, coefficients and masses.

8. Balancing equations:  Students use foamie shapes to balance equations

9. Using models to balance equations:  guided inquiry using drawings to describe relationships in equations (coefficients and subscripts)

10. Stoichiometry introduction:  guided inquiry on balancing equations and basic stoich

11. Mole rocket lab:  Lab in which students must determine the optimal ratio of oxygen and hydrogen to fuel a mini-rocket

12. Powerpoint:  Overview of mole and mass relationships with a student notes handout. (Use slides that apply)

13. Mole map:  Visual to assist students in making the connection between conversions

14. Fizzy lab:  Lab in which students must use stoichiometric conversions to prepare a drinkable substance.

15. Synthesis of MgO and decomposition of NaHCO3:  Lab in which students must relate chemical equations to products they obtain from chemical reacations.

16. Balloon demo/student activity:  Visual activity to show how the concept of limiting reactants.

17. Real world stoichiometry:  guided inquiry in which students use real world examples to describe limiting reactants

18. Limiting reactants powerpoint:  Continued from previous topic with student outline.

19. Syringe lab: Lab to determine limiting reactant by charting class data to determine maximum yield

20. Airbag lab:  Determination of the optimal amounts of reactants to yield a given amount of product (must know PV=nRT)

21. Propane balloon:  demonstration using propane and oxygen to predict optimal volumetric ratios

Materials:

Manipulative boards:  magnetic white board/magnetic strips/cardstock/laminate

Mr. Mole and the chalk:  chalk/black construction/Dixie cups

LEGO Lab:  Lego car kits

Balancing equations: Foamie shapes 

Mole Rocket:

Flinn Scientific list:

Hydrochloric acid solution, 3 M H0034 250 mL

Hydrogen peroxide, 3% H0009 250 mL

Yeast, active, dry Y0008 2 g  ( I prefer MnO2)

Zinc, mossy Z0003 100 g

250-mL beakers GP1020

Graduated cylinders

10-mL GP2005

Test tubes, 13 100 mm GP6010

Safety matches AP2037

Spatula AP8338
Test tube racks AP1319

Wooden splints AP4444 or candles

Fizzy drink: koolaid, testing Dixie cups, large 16 oz cups for starter solution, citric acid, sugar, spoon, paper muffin cups, baking soda

Synthesis/Decompostion lab:  baking soda, magnesium ribbon, crucible/lid, clay triangle, ring stand, Bunsen burner

Balloon demo:  Erlenmeyer flasks, vinegar, baking soda, Helium rated balloons, scoopulas, funnel graduated cylinders

Syringe lab:  Mg ribbon, HCl 50 ml syringe with tip caps, old caps to float inside syringe. 

Propane balloon demo:  Small propane tank with aerator, bored #3 rubber stopper, seamstress measuring tape, Helium rated balloons, earplugs, goggles, meter stick, tape, Oxygen tank, Bunsen burner.

Daily Plans: Determine how to break up activities based upon type of schedule (60 minutes vs. block). Topics and activities listed in chronological order in learning activity calendar above.

