CHEM 1405 - Stoichiometry Worksheet
Objectives:  To learn to convert between masses, moles and molecules (or atoms) in a sample. 

To calculate percent composition of compounds, empirical formulas and molecular formulas.

To interpret information given by chemical equations in moles, molecules (or atoms) and grams.
Using balanced chemical equations, investigate mole - mole relationships, mass calculations limiting reactant calculations and percent yield.

Background: 
The mole is the central unit in chemistry. One mole is always the same number of objects which is Avogadro’s number, 6.022 x 1023. The mass of 1 mole equals the molar mass in grams. For atoms this is the atomic weight in grams and for molecules it is the sum of the atomic weights (or molecular weight) in grams.

1 mole = 6.022 x 1023 atoms, molecules or particles = molar mass in grams

Many times it is useful to know the composition of a compound in terms of masses of its elements. From the formula of the compound, we can compare the mass of each element to the total molar mass of the compound then multiply by 100 to get the percent.
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If the formula of the compound is unknown, its empirical formula, or formula giving the simplest ratio of atoms of each element, can be determined by knowing which elements are present and how much of each. To obtain the empirical formula, follow the steps below:
1. Obtain mass of each element present in grams (if percents are given, assume 100 grams of compound and percents become grams for each element).

2. Determine moles of each element present.

3. Divide each number of moles calculated by the smallest number of moles calculated. If all whole numbers are obtained, these are the subscripts. Round off if within + 0.1 of a whole number.

4. If all whole numbers are not obtained, try multiplying all results by 2,3,4…until all whole numbers are obtained. These are the subscripts.

To find the molecular formula, or formula giving the actual number and kinds of atoms present, we must know the empirical formula and molar mass. To obtain the molecular formula, follow the steps below:

1. Calculate molecular weight of empirical formula.

2. Divide measured molecular weight (given) by molecular weight of empirical formula to get a whole number.

3. Multiply subscripts in empirical formula by the whole number.

A balanced chemical equation gives us direct information about the number of moles, molecules (or atoms if an atom is present).  The coefficients tell us how many moles and how many molecules (or atoms if an atom is present) react and are produced. To obtain the grams that react or are produced, the moles must be multiplied by the molar mass.
The coefficients in a balanced equation can also be used as conversion factors or mole ratios to calculate how many moles of one reactant react with another reactant or how many moles of product are produced.

To relate masses of reactants, products or a reactant and product, you must first determine the moles of the one that is known by dividing grams by molecular weight, then apply the appropriate mole ratio to find the moles of the desired reactant or product and then convert back to grams by multiplying by the appropriate molecular weight.

When chemicals are mixed together they react in fixed ratios. If they are not mixed in exactly correct amounts, we will run out of one of the chemicals, the limiting reactant, and some of the other chemical will be left unreacted, the excess reactant. We can calculate the mass in grams of product produced from each amount of reactant given. The smaller answer will tell us how many grams of product are actually produced. The reactant we started with that gave the smaller answer is the limiting reactant and is used up. The other reactant is the excess reactant and we can calculate how many grams of it were used and how many grams are left. To find how many grams of excess reactant are used, begin with the mass of the limiting reactant. This is converted to moles, then use the mole ratio to find moles of excess reactant and then convert moles to grams. To find moles of excess reactant left over, subtract grams of excess reactant used from the original grams of excess reactant.
In calculating the limiting reactant, we calculated the maximum mass of product that could be produced from a given mass of the limiting reactant. This calculated amount is the theoretical yield or maximum amount of product that can be formed from the mass(es) of reactant(s) used. It is rare that we obtain this mass in an experiment due to experimental error and side reactions that may occur. The actual yield is the mass of product obtained in a laboratory experiment. The ratio of the two yields times 100 gives the percent yield.
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Calculations:
SHOW WORK on separate paper and copy final answers in the boxes provided. Use correct number of significant figures and report units with answers where required.
1. Find the number of moles in 25.0 grams of each of the following:


a.
Ni


b.
C6H6


c.
Ca(OH)2


2. Find the mass of 0.750 moles of each of the following:


a.
Br2


b.
P4O10


c.
Cu2S


3. Find the number of particles in 35.0 grams of each of the following:


a.
Ag


b.
CF4


c.
C6H12O6


4. Find the mass of 4.52 x 1023 particles of each of the following:


a.
N2


b.
Li3N


c.
H2SO4


5. Determine the % composition of the following compounds:


a.
MgCl2


b.
SiO2


c.
(NH4)2S


6. Determine the empirical and molecular formula of the following:


a.
caffeine, 49.48%C; 5.19%H, 28.85%N and 16.48%O; Molar mass = 194.2.



b.
octene, 85.7%C and 14.3%H; Molar mass = 112.



c.
an oxide of phosphorous, 43.7%P and 56.3%O; Molar mass = 284.


7. How many moles of O2 react with or are produced by 6.75 moles of the first reactant shown in each balanced equation?


a.
2C2H6  +  7O2                4CO2  +  6H2O


b.
2KClO3                2KCl  +  3O2



c.
4Fe  +  3O2                2Fe2O3

8. How many grams of the second reactant is needed to react with 20.0 grams of the first reactant in each balanced equation?


a.
P4  +  6Cl2               4PCl3


b.
P4O10  +  6H2O                4H3PO4



c.
Fe2O3  +  3CO                2Fe  +  3CO2


9. Using the three balanced equations below, do 9.a through 9.d for each: 
a. 
How many grams of the first product can be produced from 20.0 grams of the first reactant and 20.0 grams of the second reactant?  
b.
Which reactant is the limiting reactant?


c.      How many grams of the excess reactant are reacted?


d.      How many grams of the excess reactant are left unreacted?

         P4  +  6Cl2 (4PCl3             
P4O10  +  6H2O ( 4H3PO4          Fe2O3  +  3CO (2Fe  +  3CO2


10. A student carried out the reaction shown by reacting 10.0g P4 with excess Cl2 and obtained 35.0g of PCl3.  


P4  +  6Cl2              4PCl3

a.        What is the theoretical yield of PCl3?



b.        Calculate the % yield of PCl3.
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