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YOU NEED TWO HYDROGEN
MOLECULES FOR EVERY
OXYGEN MOLECULE




All videos are at mrscrane.wiki.farmington.k12.mi.us
Stoichiometry Learning Goals
· Worksheet #1 (Math) I can calculate from grams of one compound to grams of another, using two molar mass calculations

· Worksheet #2 (Math)- I can calculate from grams of one compound to liters of another, using one molar mass calculation and 1 mol = 22.4 liters

· Worksheet #3 (Math) I can calculate from liters of one compound to liters of another, using 1 mol = 22.4 liters twice.
· Worksheet #4 (Math) I can determine when to calculate from grams to grams, grams to liters or liters to liters when given a mixed set of problems.
Chemistry Self Assessment Sheet

Directions: Record the learning goal and homework from the board each day at the start of class. Self evaluate yourself at the end of class using the scales on the learning goals sheet. 











Worksheet #1
 - Grams to Grams Problems
Now that we understand what a mole is (a molar mass of grams, 6.02 x 1023 atoms/molecules, and 22.4 liters of a gas at STP) and have reviewed equation writing, we are ready to combine the two ideas. This is called stoichiometry- the method for calculating amounts of reactants and products in chemical reactions.
EXAMPLE: How many grams of oxygen (O2) would be produced by decomposing 868 grams of mercury(II) oxide (HgO) by heating strongly?

First:  Write a balanced equation describing the reaction.


2 HgO

(  
2 Hg
   +          O2
Second:  Write the given information over its appropriate term in the equation. CROSS OUT EXTRAS!
 
868 grams



X grams


2 HgO

(  
2 Hg
   +          O2
Third: Write the number of moles for the two materials we are concerned with (oxygen and mercury (II) oxide) directly below the two formulas. The coefficients in the equation tell how many moles of each reactant and product are involved in the reaction. 

 
868 grams



X grams

2 HgO

(  
2 Hg
   +          O2

2 moles



 1 mole

Fourth: Calculate the molar mass of the two materials we are concerned with (oxygen and mercury (II) oxide)  **DO NOT MULTIPLY BY THE COEFFICIENTS!

HgO




O2

Hg = 200.59



2 O = 2(16.00) = 32.00

O = 16.00



O2   =                  32.00 g


HgO = 216.59 g

Fifth: We solve the problem by factor-label. We turn the given mass into moles of given, then moles of given to moles of product formed, and finally moles of product into grams of product.

 
# g O2 =  868g HgO   x    1 mole HgO    x    1 mole O2    x    32.00 g O2  =  64.12  =      64.1g O2



 216.59 g HgO       2 mole HgO      1 mole O2
**Notice that the only time we use the coefficients in the problem is in the moles over moles step. We always use the number of grams in one mole when we are working with grams. The moles over moles step does not say two moles of mercury (II) oxide is the same thing as one mole of oxygen – it is saying that two moles of mercury(II) oxide react to produce one mole of oxygen.
EXAMPLE:
How many grams of water would be produced by burning 16.00 grams of hydrogen?
Balanced Equation: 2H2 + O2  ( 2H20









H20


16.00g


Xg




2H=2(1.01)
=2.02


2 H2
+   O2    (
2H20

H2


O

=16.00

2 moles

2 moles
2H=2(1.01)=2.02
H20

=18.02g







H2
      =2.02g


# g =  16.00g H2    x     1mole H2      x      2 moles H20    x    18.02 g H20 = 142.73 =   142.7g H20

  H20        
            2.02 g H2                   2 moles H2               1 mole H2

Worksheet #1 (cont.)

Solve the following problems on a separate sheet of paper.  You must set them up and solve them as shown in the examples.  You must show calculations of the molar mass of each compound.

1.  How many grams of oxygen would be produced by the electrolysis of 72.0 grams of water?  



2H2O --> O2 + 2H2 
2.  How many grams of zinc chloride would be formed if 130.74 grams of zinc reacts?


Zn + 2HCl --> ZnCl2 + H2
3.  What mass (grams) of copper (II) oxide will be formed if 125 grams of copper reacts? 


2Cu + O2 --> 2CuO
4.  What mass (grams) of oxygen will be released when 250.0 grams of potassium chlorate is thermally 
decomposed?




2KClO3 --> 2KCl + 3O2
5.  What mass (grams) of oxygen would be released by the thermal decomposition of 1255 grams of mercury ¨
(II) oxide?




2HgO --> 2Hg + O2
6.  What mass (grams) of magnesium chloride would be formed by the complete reaction of 75.0 grams of magnesium?

Mg + FeCl2 --> Fe + MgCl2
7.  What mass (grams) of silver oxide would you need to decompose in order to produce 432 grams of silver?




2Ag2O --> 4Ag + O2
8.  How many grams of magnesium oxide would be formed if 35.75 grams of magnesium was burned?




2Mg + O2 --> 2MgO
9.  How many grams of zinc would you need to produce 8.08 grams of hydrogen?


Zn + H2SO4 --> ZnSO4 + H2
10. What mass (grams) of sodium sulfate would be formed by the complete reaction of 120.00 grams of sodium hydroxide?

2NaOH + H2SO4 --> Na2SO4 + 2HOH
11. What mass (grams) of oxygen would you need to completely burn 80.00 grams of methane CH4?




CH4 + 2O2 --> CO2 + 2H2O
12. How many grams of iron would be produced by the reduction of 325 grams of iron (III) oxide?




3CO + FeO3 --> Fe + 3CO2 
Worksheet #2 – Grams to Liters Problems

We can apply the same principles used for mass-mass problems to mass-volume problems that involve gases at STP. Remember, one mole of any gas has a volume of 22.4 liters at STP.
EXAMPLE:
What volume (liters) of oxygen, measured at STP, will be produced when 90 grams of water are decomposed by electrolysis?

First you write a balanced equation and put the given information and the information that you are trying to find over the appropriate terms.










Molar Mass Calculation:


90 g




X liters


H2O


2 H2O

(
2 H2
+
   O2


2H=2(1.01)
= 2.02


2 moles




1 mole


O

= 16









H2O

= 18.02g

Then you calculate the molar mass of one mole of the material which you are considering in grams; you don’t need to calculate the mass of one mole of the gas since you are dealing in liters and know it is 22.4 liters at STP.


# liters O2 =  90g H2O   x    1 mole H2O    x    1 mole O2    x    22.4 liters O2  =    55.93  =  56 liters O2
    

                 18.02 g H2O       2 moles H2O          1 mole O2
EXAMPLE:
What volume (liters) of oxygen, measured at STP, will be need to completely burn 80 grams of methane CH4?


Molar Mass Calculation


80g

    X liters

               


CH4
CH4
        +         2 O2        (        CO2       +       2 H2O

C
         = 12.01


1 mole

    2 moles





4H = 4(1.01) = 4.04










CH4
         = 16.05 g



# liters O2  =  80g CH4    x    1 mole CH4    x    2 moles O2    x    22.4 liters O2  =  223.30 liters  =    223 liters O2



        16.05g CH4          1 mole CH4           1 mole O2
Solve the following problems on a separate sheet of paper. You must do the problems by the method shown above. Be sure to show all work including the calculation of molar mass. Round to 2 decimals.

1. What volume (liters) of carbon dioxide, measured at STP, will be produced when 160 grams of methane CH4 is burned? 

CH4 + 2O2 --> CO2 + 2H2O
2.  What volume (liters) of hydrogen, measured at STP, will be produced when 180 grams of water are decomposed by electrolysis?





2H2O --> O2 + 2H2
3. What volume (liters) of oxygen, measured at STP, will be needed to completely burn 16.16 grams of hydrogen? 


2H2 + O2 --> 2H2O
4. What volume (liters) of methane CH4, measured at STP, would you need to burn to produce 88.02 grams of carbon dioxide?

CH4 + 2O2 --> CO2 + 2H2O

Worksheet #2 (continued)
5. What mass (grams) of potassium chlorate would you need to decompose to produce 336 liters of oxygen, measured at STP?


2KClO3 --> 2KCl + 3O2
6. What volume (liters) of carbon dioxide, measured at STP, will be given off when 300.08 grams of calcium carbonate reacts? 

CaCO3 + 2HCl --> CaCl2 + CO2 + H2O
7. How many grams of ammonia NH3 will be formed by 179.2 liters of nitrogen, at STP?

3H2 + N2 --> 2NH3
8. What volume (liters) of hydrogen, measured at STP, will be formed when 86.68 grams of magnesium reacts?

Mg + 2HCl --> MgCl2 + H2
9. What mass (grams) of sodium aluminate is formed when the reaction produces 112 liters of hydrogen measured at STP?

2Al + 2NaOH + 2 H2O --> 2NaAlO2 + 3H2
10.  Chlorine gas is passed through potassium iodide solution until 12.7 grams of iodine is precipitated. What volume (liters) of chlorine, measured at STP, was used?

Cl2 + 2KI --> 2KCl + I2
MIXED PROBLEMS:
Some of the following are grams to grams problems (like Worksheet #1) and some are grams to liters problems (like Worksheet #2). Read them carefully and the decide how to proceed.

11.  125 grams of sodium reacts forming sodium hydroxide and hydrogen. What volume (liters) of hydrogen, measured at STP, will be produced?

2Na + 2H2O --> 2NaOH + H2
12.  425 grams of potassium reacts. What volume (liters) of hydrogen, measured at STP, will be formed?

2K + 2H2O --> 2KOH + H2
13.  475 grams of aluminum reacts with hydrochloric acid. What volume (liters) of hydrogen, measured at STP, will be formed?

2Al + 6HCl --> 2AlCl3 + 3H2
14.  What mass (grams) of sodium hydroxide would you need to react with 200.0 grams of sulfuric acid?

H2SO4 + 2NaOH --> Na2SO4 + 2H2O
15.  What volume (liters) of carbon dioxide, measured at STP, will be released when 250.0 grams of calcium carbonate is decomposed?


CaCO3 --> CaO + CO2
Worksheet #3 – Liters to Liters Problems

We have learned how to solve mass-mass problems and mass-volume problems but the easiest problems of all are volume-volume problems. When a reaction involves two gases we have no molar masses to calculate – one mole of any gas has a volume of 22.4 liters at STP.

EXAMPLE:
What volume (liters) of oxygen, measured at STP, would be needed to completely burn 44.8 liters of propane, C3H8, also measured at STP? 

We first write the balanced equation, put the given and desired information over the appropriate terms in the

equation, and then write down the relevant number of moles under the equation. There are no molar masses to 

calculate; we can move directly to the factor-label step.



44.8 liters
       X liters



C3H8
         +
         5 O2
(
3 CO2
           +
4 H2O



1 mole                      5 moles


# liters O2  =  44.8 liters C3H8  x  1 mole C3H8    x    5 moles O2    x    22.4 liters O2  =  224 liters O2



 
22.4 liters C3H8     1 mole C3H8          1 mole O2
(Note:
the 22.4 liters appears in both the numerator and the denominator and therefore cancels out. In all 

liters to liters problems this is true; we will just be multiplying the initial volume times the ratio of the 

coefficients. However, don’t decide that this is such a nice easy way to do problems that you will use it on all

problems – it doesn’t work that way on grams to grams and grams to liters problems.)

Solve the following problems using the method shown above. Be sure to show all work and round to two decimals.  

1. What volume (liters) of carbon dioxide would be produced by the complete combustion of 145 liters of propane, C3H8, assuming all gas volumes are measured at STP?

C3H8 + 5O2 --> 3CO2 + 4H2O
2. What volume (liters) of oxygen would be produced in the electrolysis, which forms 548 liters of hydrogen, both gases measured at STP?


2H2O --> 2H2 + O2
3. What volume (liters) of chlorine would be needed to react with 786 liters of hydrogen to form hydrogen, assuming both gases are at STP?

H2 + Cl2 --> 2HCl
4. How many liters of ammonia NH3 would be produced by the reaction of 847 liters of hydrogen at STP?

3H2 + N2 --> 2NH3
5. What volume (liters) of oxygen, measured at STP, would be needed to produce 62.5 liters of sulfur dioxide, also at STP?

S + O2 --> SO2
THE FOLLOWING PROBLEMS ARE A MIXTURE OF Grams to Grams, Grams to Liters, AND Liters to Liters problems.
6. What mass (grams) of antimony(III) chloride would be produced by reacting with 112 liters of chlorine measured at STP?

2Sb + 3Cl2 --> 2SbCl3
Worksheet #3 (cont.)

7. How many grams of sodium hydroxide would be required to react with 400 grams of sulfuric acid?

2NaOH + H2SO4 --> Na2SO4 + 2H2O
8. How many liters of hydrogen, measured at STP, would be needed to produce 88.5 grams of ammonia NH3?
3H2 + N2 --> 2NH3
9. How many grams of water would you need to decompose by electrolysis to produce 112 liters of oxygen? (Assume STP.)


2H2O --> 2H2 + O2
10. What mass (grams) of sodium would you need to react to release 34.8 liters of hydrogen at STP? 

2Na + 2H2O --> H2 + 2NaOH
11. What volume (liters) of oxygen, would be needed to completely burn 75.0 liters of acetylene C2H2, at STP?

2C2H2 + 5O2 --> 4CO2 + 2H2O
12. 125 grams of zinc was reacted. What volume (literes) of hydrogen, measured at STP, was released?

Zn + H2SO4 --> H2 + ZnSO4

Extra Challenges:

13. Steam passed over hot carbon produces a mixture of carbon monoxide and hydrogen. What volume of carbon monoxide, measured at STP, would be formed by the complete reaction of 1.00 pound of steam? (1 lbs = 454 g)

H2O + C -->  CO + H2
14. The electrolysis of brine (a solution of sodium chloride and water where the water is a reactant in the problem) produces sodium hydroxide, hydrogen and chlorine. What volume of chlorine, measured at STP, will be released when 500 pounds of sodium hydroxide is formed? (1 lbs = 454 g)


2NaCl + 2H2O --> 2NaOH + H2 + Cl2
Worksheet #4 – Stoichiometry Review: Mixed types of problems.
Solve the following problems on a separate sheet of paper using the set-ups that you have been shown. YOU MUST SHOW ALL MOLAR MASS CALCULATIONS. Show cancellation of units, round to two decimals and circle your final answers.

1. How many liters of oxygen, measured at STP, would be produced by the decomposition of 735.3 grams of potassium chlorate?


2 KClO3 --> 2KCl + 3O2 



            Ans.  202 liters of oxygen

2. What mass (grams) of water would be formed by burning 85.0 grams of hydrogen?

2 H2 + O2 --> 2H2O   




Ans.  758 grams of water

3. What volume (liters) of nitrogen would be needed to react with 93.0 liters of hydrogen, assuming STP?

N2 + 3H2 --> 2NH3 




            Ans.  31.0 liters of nitrogen

4. What mass (grams) of ammonia NH3 would be produced by the reaction of 8.39 grams of hydrogen?

 N2 + 3H2 --> 2NH3





Ans.  47.2 grams of ammonia

5. What mass (grams) of zinc would you need to react with sulfuric acid in order to produce 44.8 liters of hydrogen at STP?

Zn + H2SO4 --> ZnSO4 + H2



            Ans.  131 grams of zinc

6. What mass (grams) of silver would precipitate if 85.0 grams of magnesium reacted?

Mg + 2AgNO3 --> Mg(NO3)2 + 2Ag


            Ans.  754 grams of silver

EXTRA CHALLENGE EXPLANATION AND PROBLEMS:


It is possible to apply the same system of problem solving to find the number of moles of product or the number of molecules of product just as we solved for grams or liters.

EXAMPLE:
How many molecules of ammonia NH3 will be formed by the reaction 85.0 grams of nitrogen?




Molar Mass Calculation



8.05 g



   X molecules

N2


N2
+
3 H2
    (
      2 NH3

2 N = 2(14.01) = 28.02 g


# molecules NH3  =  85.0 g N2  x    1 mole N2    x    2 moles NH3    x    6.02 x 1023 molecules NH3




   28.02 g N2          1 mole N2                        1 mole NH3








= 3.652 x 1024 = 3.65 x 1024 molecules NH3
EXAMPLE:
How many moles of hydrochloric acid would you need in order to react with 250. grams of aluminum?



250.g

  X moles
Molar Mass



2 Al
    +
    6 HCl
(
2 AlCl3

+
3 H2

Al = 26.98 g



2 moles

   6 moles


# moles HCl  =  250. g Al  x    1 mole Al    x    6 moles HCl    =  27.79  =  27.8 moles HCl




          26.98 g Al           2 moles Al
Worksheet #4 (cont.)
Remember that we also know how to deal with moles when we are dealing with only one substance instead of a chemical reaction
EXAMPLE:
What would be the mass of 675 liters of oxygen at STP?


# g O2  =  675 liters O2  x    1 mole O2     x    32.00 g O2    =  964.28  =        964 g O2



    22.4 liters O2        1 mole O2
Note:
There was no need to write an equation for this problem since there was only one substance involved.

7. How many molecules of ammonia NH3 would be produced by the reaction in question 3?

N2 + 3H2 --> 2NH3





Ans.  1.67 x 1024 molecules of ammonia

8. How many molecules of carbon dioxide are released when 1.00 pound of baking soda (sodium bicarbonate) reacts with excess vinegar (acetic acid)?

NaHCO3 + HC2H3O2 --> CO2 + H2O + NaC2H3O2
           Ans.  3.25 x 1024 molecules of CO2
9. How many grams of lye (sodium hydroxide) would you need to neutralize 5.00 pounds of sulfuric acid?  (By neutralize we mean react with the acid and form a salt and water.)

2NaOH + H2SO4 --> Na2SO4 + H3 


            Ans.  1.85 x 103 grams sodium hydroxide

10. How many molecules of oxygen would be released by the thermal decomposition of 1.00 pound of 

       mercury (II) oxide?

     

       2HgO --> 2Hg + O2




            Ans.  6.31 x 1023 molecules of oxygen
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Math  Scale:


4 = I can set up and correctly solve nearly all assigned problems





3 = I can set up and correctly solve at least half of the assigned problems





2 = I can set up and correctly solve these problems with some help.





1 = I can set up and correctly solve these problems when following an example.





0 = I cannot set up or correctly solve these problems
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