Ditkowsky 2005-6

Name:                                                                        Per:


Instructor Lesson Plan – (R & H Chemistry)

Unit 9:  Stoichiometry

Instructor:

Ditkowsky (Thanks J. Galinski)
Introductory Resources:
Addison-Wesley v.5 - Chapter 9
Addison-Wesley v.3 - Chapter 8
Main Idea Summary:

· The coefficients in a balanced chemical equation tell the relative number of moles of reactants and products.

· Chemists use moles to do chemical arithmetic, or stoichiometry.

· All stoichiometric calculations involving chemical reactions begin with a balanced equation because mass is conserved in every chemical reaction.

· The number and kinds of atoms in the reactants equal the number and kinds of atoms in the products.

· Stoichiometric problems are solved using conversion factors derived from a balanced chemical equation.

· A conversion factor called a mole ratio relates the moles of a given substance to the moles of the desired substance.

· Units such as mass, volume of gases, volume of solutions of known molarity, and particles are converted to moles when working stoichiometry problems.

· Whenever quantities of two or more reactants are given in a stoichiometry problem, the limiting reagent must be identified.

· A limiting reagent is completely used up in a chemical reaction.

· The amount of limiting reagent determines the amount of product formed in a chemical reaction.

· If there is a single limiting reagent in a reaction, all the other reactants are in excess.

· A theoretical yield is the maximum amount of product that can be obtained from a given amount of reactants in a chemical reaction.

· An actual yield is the amount of product obtained when the reaction is carried out in the laboratory.

· A ratio of the actual yield to the theoretical yield, expressed as a percentage, is the percent yield of the reaction.

Worksheet 9.1 – Brownie Recipes
Recipe for Brownies:

1 cup butter
(Bu)

2 cups flour
(F)

4 oz chocolate (Ch)
1 tsp baking powder (Bp)
2 cups sugar
(S)

1 tsp salt
NaCl
4 eggs

(E)

2 tsp vanilla
(V)

(makes 48 brownies)

1. Write this out as a chemical equation.  Shorten the names of ingredients to one to three letters, as needed.

2. How many cups of sugar would be needed to make 96 brownies?
3. How many brownies can be made from 14 cups of flour?
4. How many ounces of chocolate correspond with 10 tsp vanilla?
5. How many brownies would be made using the ingredients from #4?
6. How many cups of butter would be used in a recipe that requires 16 cups of flour?
8. Review: Write a balanced chemical equation for the production of sodium chloride from sodium and chlorine.

9. Review: How many moles of NaCl are found in 5.00 grams of NaCl?

10. Review: How many grams of CaCl2 are found in 0.005 moles of calcium chloride?
Worksheet 9.2 – Grams to Grams Problems
NAME: _________________

Solve the following problems.  Balance the equation, and write out a complete pathway before proceeding through the problem.

1.
The decomposition of sucrose, C12H22O11, occurs in accordance with the reaction equation:

_2_C12H22O11   →   _24_C   +   _22_H2O
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How many moles of sucrose are needed to yield 700.0 grams of Carbon?
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PATHWAY: ex  700.0 g →mole →  mole sucrose
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SOLUTION:  700 g C           2 mole sucrose




  12g C/mole C  24 moles C
2.  What mass of magnesium nitride is formed from 45 moles of magnesium?

___Mg   +   ___N2   →   ___Mg3N2




     Pathway: 45 moles Mg ( moles Mg3N2 ( g Mg3N2
Solution:







3.  How many grams of potassium iodide are produced by reacting 6.029 g of potassium in this reaction?

___K   +   ___I2   →   ___KI


PATHWAY:


SOLUTION:

4.
If 12.48 g of magnesium hydroxide are formed, how many grams of ammonia are made?

___Mg3N2   +   ___H2O   →   ___Mg(OH)2   +   ___NH3
PATHWAY:

SOLUTION:

Worksheet 9.3 – More Grams to Grams Problems
Solve the following problems.  Balance the equation, and write out a complete pathway before proceeding through the problem.

1.
If 150.0 g of mercury (II) oxide are decomposed, what mass of mercury is released?


___HgO   →   ___Hg   +   ___O2

PATHWAY:   150.0 gHgO ( moles HgO ( moles Hg ( grams Hg 

SOLUTION:

2.  Calculate the mass of sulfur needed to react with 40.0 g of copper.

___Cu   +   ___S8    →   ___Cu2S


PATHWAY:


SOLUTION:

3.  Calculate the mass of silver formed by heating 10.0 g of silver oxide.

___Ag2O   →   ___Ag   +   ___O2

PATHWAY:


SOLUTION:

4.
In the thermite process of preparing pure iron, how many g of Al are needed to reduce 60.0 g of Fe2O3?

___Al   +   ___Fe2O3   →   ___Al2O3   +   ___Fe

PATHWAY:

SOLUTION:

Laboratory Activity 9A – Make One Gram of a Compound
You will be making exactly 1.00 grams of a precipitate in a double replacement reaction.

CHEMICALS:

Calcium acetate monohydrate, Ca(C2H3O2)2∙H2O
Calcium chloride dihydrate, CaCl2∙2H2O

Magnesium sulfate heptahydrate, MgSO4∙7H2O

Potassium carbonate, K2CO3
Sodium carbonate, Na2CO3
Zinc sulfate heptahydrate, ZnSO4∙7H2O

MATERIALS:

Balance to measure to nearest 0.01 g
Funnel

Ring Stand

Filter Paper

Beaker
Erlenmeyer Flask
PROCEDURE:
1. You will be assigned two chemical reactants by your instructor.

2. Complete a balanced equation for the double replacement reaction that will occur when the reactants combine.  Using the solubility rules, decide which product will be produced in the reaction.  Assume that when using a hydrate, water is a third product.
3. Using stoichiometric math, calculate how many grams of each reactant will be needed to yield exactly 1.00 grams of your product.  Remember, the water found in the formula of the hydrates must be factored into these calculations.

4. Get a piece of filter paper from your instructor.

5. Using pencil, write your names on the edge of the filter paper.

6. Using a balance, find the mass of the filter paper.

7. Get an Erlenmeyer flask.  Fill the flask to the halfway point with water.

8. Get a weighing boat from your instructor.

9. Find the mass of the weighing boat.

10. Add the correct amount of the reactant to the weighing boat using calculations from step 3.
11. Pour the first reactant in the flask.

12. Repeat steps 9-11 for the second reactant.  Upon adding the second reactant, a precipitate should form in the flask.

13. Swirl the reaction flask to ensure that the reaction completely occurs.

14. Fold the filter paper in half, and in half again.

15. Open one of the folds of the filter paper and insert it into the funnel.

16. Wet the filter paper with water so that it clings to the funnel.

17. Set up the funnel in the ring stand, so that it empties into the beaker.

18. Pour the precipitate onto the filter paper, allowing it to filter into the beaker.  When the filtration is complete, remove the filter paper from the funnel and allow it to dry.  This might take an entire day.  Wash all of the equipment that was used in the experiment.

19. When the filter paper is dry, take the mass of the filter paper.

20. Calculate the mass of the product by subtracting the mass of the filter paper.
21. Calculate the percent yield of your product.  If you didn’t quite make 1.00 grams of the product, hypothesize why.

Laboratory Activity 9A – Assign Student Groups 

Each lab group will draw a card to determine which set of reactants they will be using:

	#1

Zinc sulfate heptahydrate

+

Calcium acetate monohydrate


	#2
Zinc sulfate heptahydrate

+

Sodium carbonate


	#3
Zinc sulfate heptahydrate

+

Calcium chloride dihydrate

	#4
Zinc sulfate heptahydrate

+

Potassium carbonate


	#5
Magnesium sulfate heptahydrate

+

Calcium acetate monohydrate


	#6
Magnesium sulfate heptahydrate

+

Sodium carbonate


	#7
Magnesium sulfate heptahydrate

+

Calcium chloride dihydrate

	#8
Magnesium sulfate heptahydrate

+

Potassium carbonate


	#9
Calcium acetate monohydrate

+

Sodium carbonate

	#10
Calcium acetate monohydrate

+

Potassium carbonate


	#11
Sodium carbonate
+

Calcium chloride dihydrate

	#12
Calcium chloride dihydrate
+

Potassium carbonate



Worksheet 9.5 – Molarity to Molarity Problems
Solve the following problems.  Balance the equation, and write out a complete pathway before proceeding through the problem.

1.
The reaction of calcium oxide and hydrochloric acid occurs as follows:

___CaO   +   _2_HCl   →   ___CaCl2   +   ___H2O


How many milliliters of 3.0 M HCl are needed to react with 75 mL of 1.3 M CaO?


PATHWAY: M1V1 CaO ( moles CaO ( moles HCl ( L HCl  ( mL HCl

SOLUTION:

2.
Zinc reacts with hydrochloric acid as follows:

___Zn   +   ___HCl   →   ___ZnCl2   +   ___H2

How many grams of zinc will be needed to react with 55 mL of 1.05 M HCl?

PATHWAY:


SOLUTION:

3.
Iron reacts with hydrochloric acid producing hydrogen gas:

___Fe   +   ___HCl   →   ___FeCl3   +   ___H2

How many Liters of hydrogen gas will be made from 175 mL of 0.3 M HCl?


PATHWAY:


SOLUTION:

4.
The reaction of calcium fluoride and nitric acid occurs as follows:

___CaF2   +   ___HNO3   →   ___Ca(NO3)2   +   ___HF

What is the concentration of HNO3 if 75 mL is needed to make 50 mL of 1.2 M HF?

PATHWAY:


SOLUTION:
Worksheet 9.6 – More Molarity to Molarity Problems
Solve the following problems.  Balance the equation, and write out a complete pathway before proceeding through the problem.
1.
What volume of a 1.25 M NaOH solution is needed to react with 240.0 g of phosphoric acid?
___NaOH   +   ___H3PO4   →   ___Na3PO4   +   ___H2O


PATHWAY: 240.0g H3PO4 ( moles H3PO4 ( moles NaOH ( L NaOH

SOLUTION:

2.
What volume of a 0.21 M AgNO3 solution is needed to react with 2.3 g Mg?
___AgNO3   +   ___Mg   →   ___Mg(NO3)2   +   ___Ag

PATHWAY:


SOLUTION:

3.
What mass of PbI2 is made when 650.0 mL of a 0.10 M KI solution is used?
___KI   +   ___Pb(NO3)2   →   ___KNO3   +   ___PbI2

PATHWAY:


SOLUTION:

4.
What mass of Lead (II) nitrate is needed to perform the reaction described in problem #3?


PATHWAY:


SOLUTION:
Worksheet 9.4 – More Stoichiometry Problems
Solve the following problems.  Balance the equation, and write out a complete pathway before proceeding through the problem.  All of the problems use the following equation.
___BaCl2   +   _2_NaOH   →   ___Ba(OH)2   +   _2_NaCl

1.  How many grams of BaCl2 are needed to make 750 grams of NaCl?

PATHWAY: 750g NaCl ( moles NaCl ( moles BaCl2 ( grams BaCl2

SOLUTION:

2.  How many milliliters of 3 M NaOH are needed to make 80 grams of barium hydroxide?


PATHWAY:


SOLUTION:

3.  What mass of barium chloride will react with 75 mL of 1.4 M NaOH?


PATHWAY:


SOLUTION:

4.  How many mL of 1.5 M NaCl solution will be produced from 75 mL of 1.2 M NaOH?


PATHWAY:


SOLUTION:

Worksheet 9.7 – Stoichiometry with Gas
Solve the following problems.  Balance the equation, and write out a complete pathway before proceeding through the problem.  All of the problems on this page use the following reaction:

___C3H8   +   ___O2   →   ___CO2   +   ___H2O
1.  How many liters of oxygen gas are needed to react with 75 g of propane?

PATHWAY:  75g C3H8 ( moles C3H8 ( moles O2 ( L O2

SOLUTION:

2.  How many liters of carbon dioxide will be produced from 40 L of oxygen gas?

PATHWAY:


SOLUTION:

3.  How many liters of oxygen gas will be used to make 1.00 gram of water?

PATHWAY:


SOLUTION:

4.  What mass of propane will be burned to yield 75 L of carbon dioxide gas?

PATHWAY:


SOLUTION:

Worksheet 9.8 – Even More Stoichiometry Practice
Solve the following problems.  Write out a complete pathway before solving each problem.  All of the problems on this page use the following reaction:

___KCl   +   ___Pb(NO3)2   →   ___KNO3   +   ___PbCl2
1.  How many grams of PbCl2 will be made from 750 mL of a 1.2 M solution of KCl?

PATHWAY:   _______ (  ________→ __________→   

SOLUTION:

2.  If 40 mL of 3.5 M KCl reacts, how many grams of lead (II) nitrate should be used?


PATHWAY:


SOLUTION:

3.  How many grams of PbCl2 will be made from 750 grams of KCl?

PATHWAY:


SOLUTION:

4.  How many grams of KCl will be needed to make 40 grams of PbCl2?

PATHWAY:


SOLUTION:

 Worksheet 9.9 – Limiting Reactants  (Honors only)
Solve the following problems.  Write out a complete pathway before solving each problem.  All of the problems on this page use the following reaction.  Solve for both reactants, but remember that the smaller answer is the correct one:

___C3H8   +   ___O2   →   ___CO2   +   ___H2O
1.  If 74 g of C3H8 reacts with 100 g O2, how many grams of CO2 will be made?

PATHWAY for C3H8:


SOLUTION for C3H8:


PATHWAY for O2:


SOLUTION for O2:

2.  If 132.4 g of C3H8 reacts with 52.3 L O2 gas, how many molecules of CO2 will be made?

PATHWAY for C3H8:


SOLUTION for C3H8:


PATHWAY for O2:


SOLUTION for O2:

3.  If 50 g of C3H8 reacts with 50 g O2, how many L of CO2 gas will be made?

PATHWAY for C3H8:


SOLUTION for C3H8:


PATHWAY for O2:


SOLUTION for O2:
Worksheet 9.10 – More Limiting Reactant Problems  (Honors only)
Solve the following problems.  Write out a complete pathway before solving each problem.  All of the problems on this page use the following reaction.  Solve for both reactants, but remember that the smaller answer is the correct one:

___C6H6   +   ___O2   →   ___CO2   +   ___H2O
1.  If 7.4 g of C6H6 reacts with 9.8 g O2, how many grams of CO2 will be made?

PATHWAY for C6H6:


SOLUTION for C6H6:


PATHWAY for O2:


SOLUTION for O2:

2.  If 13.4 g of C6H6 reacts with 5.3 L O2 gas, how many molecules of CO2 will be made?

PATHWAY for C6H6:


SOLUTION for C6H6:


PATHWAY for O2:


SOLUTION for O2:

3.  If 920 g of C6H6 reacts with 510 g O2, how many L of CO2 gas will be made?

PATHWAY for C6H6:


SOLUTION for C6H6:


PATHWAY for O2:


SOLUTION for O2:
Laboratory Activity 9B – Molarity Stoichiometry
You will be making exactly 1.00 grams of another precipitate in another reaction.

Ba(NO3)2  +   Na2SO4  (  ___________  +   _________
CHEMICALS:

Barium nitrate, Ba(NO3)2, 0.08 M

Sodium sulfate, Na2SO4, 0.05 M

(Remember M = moles/L and 1000 mL = 1L)
MATERIALS:

Balance to measure to nearest 0.01 g
Filter Paper
Erlenmeyer Flasks

Graduated Cylinders
PROCEDURE:

1.  
Write a balanced reaction for the double replacement that will occur between Ba(NO3)2 and Na2SO4.  Predict which of the products will be the solid precipitate.
2.  
Using stoichiometric math, calculate how many milliliters of each reactant will be needed to yield exactly 1.00 grams of your product.

3.  
Get a piece of filter paper from your instructor.

4.  
Using a pencil, write your names on the edge of the filter paper.

5.  
Using a balance, find the mass of the filter paper.

6.  
Get a graduated cylinder, and fill it with the appropriate amount of the first reactant.
7.  
Pour the first reactant into an Erlenmeyer flask.

8.  
Fill the graduated cylinder with the appropriate amount of the second reactant.

9.  
Pour the second reactant into the flask, creating a precipitate.

10. Fold the filter paper in half and in half again.

11.
Open one of the folds of the filter paper and insert it into the funnel.

12.
Wet the filter paper with water so it sticks to the mouth of the funnel.

13.
Place the funnel on top of a second Erlenmeyer flask.

14.
Pour the precipitate into the filtration apparatus, allowing it to filter into the flask.  When the filtration is complete, remove the filter paper from the funnel and allow it to dry.  This might take an entire day.  Wash all of the equipment that was used in the experiment.

15.
When the filter paper is dry, take the mass of the filter paper.

16.
Calculate the mass of the product by subtracting the mass of the filter paper.

17.
Calculate the percent yield of your product.  If you didn’t quite make 1.00 grams of the product, hypothesize why.
Worksheet 9.11 – More Limiting Reactants  (Honors only)
Solve the following problems.  Write out a complete pathway before solving each problem.  All of the problems on this page use the following reaction.  Solve for both reactants, but remember that the smaller answer is the correct one:

___CH4   +   ___O2   →   ___CO2   +   ___H2O
1.  If 74 g of CH4 reacts with 100 g O2, how many Liters of gaseous CO2 will be made?
2.  If 50 L of O2 gas reacts with 30 g of methane, how many liters of steam will be produced?

3.  10 L methane and 10 L O2 make how many L CO2?

4.  80.40 g methane reacts with 120 L oxygen.  What mass of carbon dioxide is made?
5.  How many grams of water are produced when 70 g oxygen reacts with 70 g methane, CH4?

6.  (HONORS) Write and solve your own limiting reagent problem regarding the equation above.
Laboratory Activity 9C – Stoichiometry With Gas Collection  (Both H and R)
You will combine magnesium metal with hydrochloric acid to yield hydrogen gas and magnesium chloride in accordance with the following single replacement reaction:
Mg(s)   +   2HCl(aq)   →   MgCl2(aq)   +   H2(g)
1.  Use a piece of magnesium strip that is no more than 4.00 cm in length – cut it down to size if necessary.  You should measure it with a ruler to determine how much you have.  For the record, magnesium strip has a mass of 0.0174 grams per centimeter.  Calculate how many liters of H2 gas should be yielded by the reaction.
2.  Use a graduated cylinder to fill a large test tube with 20 mL of 3 M HCl.  Calculate how many liters of H2 gas should be yielded by the reaction.  Compare this amount to the amount determined in step 1.  The smaller of the two amounts is the “theoretical” yield.
3.
Assemble the gas collection apparatus.  The trough must be filled with water.  The test tube should be clamped to a ring stand.  If this is not possible, make sure the test tube sits upright by placing it in a beaker or Erlenmeyer flask.  Secure the rubber stopper to the top of the test tube and let the bent glass tube lie in the water-filled trough.  Fill the gas collection tube with water.  Cover the end of the tube with your thumb, invert the filled tube, and place it in the trough.  Release your thumb, and insert the bent glass tube in the mouth of the tube.  Remove the stopper from the test tube so that you may begin the experiment.

4.  Curl up the magnesium strip into a ball, and drop it into the HCl.  Cap the test tube with the rubber stopper immediately.  Measure how much gas is collected.  This is your “actual” yield.  Use the actual yield and the theoretical yield to calculate percent yield.
POST LAB QUESTIONS:
1. What was the limiting reactant?

2. What was the reactant in excess?

3. How much excess reagent was left over after the experiment reached completion?  (This is tough – you may answer in moles)

4. What was the percent yield?

5. Why was the percent yield not 100%?  Where could you have gained or lost product?

6. How can this experimental procedure be modified to eliminate this problem?

Worksheet 9.12 – Percent Yield  (Honors)
Solve the following problems.  Write out a complete pathway before solving each problem.  All of the problems on this page use the following reaction. (Assume STP)
___H2   +   ___N2   →   ___NH3
1.  If 74 g of H2 reacts with 100 g N2, 23 g gaseous NH3 are made.  Calculate % yield. 
2.  If 74 L of H2 reacts with 100 L N2, 23 L gaseous NH3 are made.  Calculate % yield.

3.  If 45 L of H2 reacts with 35 g N2, 2 g gaseous NH3 are made.  Calculate % yield.

4.  If 1.74 g of N2 reacts with 20 L H2, 12.3 L gaseous ammonia are made.  Calculate % yield.

5.  If 54 L of N2 reacts with 60 g H2, 5 g gaseous NH3 are made.  Calculate % yield.

6.  If 100 g of nitrogen reacts with 100 g hydrogen, 100 L gaseous ammonia are made.  Calculate % yield.
Worksheet 9.12 – Percent Yield  (Regulars)

Solve the following problems.  Write out a complete pathway before solving each problem.  All of the problems on this page use the following reaction. (assume STP, so that 22.4L = a mole of gas)

___H2   +   ___N2   →   ___NH3
1.  If H2 reacts with 100 g N2, 23 g gaseous NH3 are made.  Calculate % yield. 

2.  If 74 L of H2 reacts with 100 L N2, 23 L gaseous NH3 are made.  Calculate % yield.

3.  If H2 reacts with 35 g N2, 2 g gaseous NH3 are made.  Calculate % yield.

4.  If 1.74 g of N2 reacts with H2, 10.3 L gaseous ammonia are made.  Calculate % yield.

5.  If 54 L of N2 reacts with H2, 5 g gaseous NH3 are made.  Calculate % yield.

6.  If 100 g of nitrogen reacts with  hydrogen, 100 L gaseous ammonia are made.  Calculate % yield.

 Worksheet 9.13 – Review Problems
2 H3PO4   +   3 Ca(OH)2   →   Ca3(PO4)2   +   6 H2O

Answer the following questions.  Show your work.

1. How many grams of water can be produced from 88.0 g of calcium hydroxide?

2. How many moles of calcium phosphate will be produced when 45.5 g of H3PO4 reacts with an excess of calcium hydroxide?

3. How many molecules of Ca(OH)2 are required to produce 75.0 g Ca3(PO4)2?

4. How many water molecules would be produced at the same time as 8.67 moles of Ca3(PO4)2?

5. How many calcium ions (Ca+2) would be involved in the production of 165.0 g water? (Honors only)
6. If 46 g of each reactant were to react, and 30 g H2O was yielded, what would the percentage yield be?

7. When 74 g of calcium hydroxide was reacted, 20 g of calcium phosphate resulted.  What is the percent yield?
Worksheet 9.14 – More Review
NAME:  __________________________

3 AgNO3   +   AlCl3   →   3 AgCl   +   Al(NO3)3
Answer the following questions.  Show your work.

1. How many grams of AgCl can be produced from 88.0 g of AlCl3?

2. How many moles of silver chloride will be produced when 45.5 g of AgNO3 reacts with an excess of aluminum chloride?

3. How many molecules of aluminum chloride are required to produce 75.0 g aluminum nitrate?

4. How many silver chloride molecules would be produced at the same time as 8.67 moles of aluminum nitrate?

5. How many silver ions (Ag+1) would be involved in the production of 165.0 g aluminum nitrate?

6. If 46 g of each reactant were to react, and 30 g silver chloride was yielded, what would the percentage yield be? 
7. When 74 g of silver chloride was reacted, 20 g of aluminum nitrate resulted.  What is the percent yield?
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