
Stoichiometry and the Mole 

• The mole is the standard method in chemistry for communicating how much of a substance is present. 
• This is the fundamental definition of what one mole is. One mole contains as may entities as there are in 12 grams 
of carbon-12 (or 0.012 kilogram). 
• In one mole, there are 6.022 x 1023 atoms of carbon in 12 grams of carbon-12. 
• One mole of ANYTHING contains 6.022 x 1023 atoms or molecules. 

Molecular Weight 

The molecular weight of a substance is the weight in atomic mass units of all the atoms in a given formula. 

How to calculate the molecular weight of a substance 

Example #1- Al2(SO4)3  There are: 

• Two atoms of aluminum and the atomic weight of Al is 26.98 amu. 
• Three atoms of sulfur and the atomic weight of S is 32.06 amu. 
• Twelve atoms of oxygen and the atomic weight of O is 16.00 amu. 

First multiply: 
2 x 26.98= 53.96 total weight of all Al in formula 
3 x 32.06= 96.18 total weight of all S in formula 
12 x 16.00= 192.00 total weight of all O in formula 
Then add: 53.96 + 96.18 + 192.00 = 342.14 amu. 
This answer, 342.14 amu, represents the molecular weight of Al2(SO4)3 

You might be asking why I used oxygen at 16.00 and not 15.9994. Actually, we will be using the complete molecular 
weight in our calculations. This will promote consistency in our final answers. 

1 mol of any compound or element = the MW = 6.023x1023 atoms 

 



Percent Mass Composition 

• Percent composition is the percent by mass of each element present in a compound. 

Example: Glucose C6H12O6 

1. Figure out the molar mass from the formula 
2. Figure out the grams each atom contributes by multiplying the atomic weight by the subscript 
3. Divide the answer for each atom by the molar mass and multiply it by 100 to get a percentage 

 

Elemental Part Weight x 100%= % Comp. 

Total Molecular Weight 

Remember, you may figure out the last percentage by subtracting the total percent from 100, as will be 
done in a moment. 

Step One: mass of one mole = 180.16 g 

Step Two:  

Carbon = 6 x 12.011 g= 72.066 g 

Hydrogen= 12 x 1.008 g= 12.096 g  

The oxygen’s percentage will be arrived at by subtraction. 

Step Three: 

Carbon’s percentage: (72.066 g/180.16 g) x 100= 40.00% 

Hydrogen’s percentage: (12.096 g/180.16 g) x 100= 6.71% 

Oxygen’s percentage: 100- (40.00+6.71)= 53.29% 

Determining the Molecular & Empirical Formulas 

Consider the data obtained by analyzing a compound. A chemist determines that the substance contains 
potassium, chlorine, and oxygen.  Here is some sample data: 

Element Mass(g) 
Potassium 0.479 
Chlorine 0.434 
Oxygen 0.588 

 

What is the chemical formula of this compound? It might be tempting to say K0.479Cl0.434O0.588 but of 
course that is not correct, 

The numbers in chemical formulas are always integers since they represent actual whole atoms which 
combine. The fact that they represent the numbers of atoms and not their masses should suggest a 
direction to follow. If we knew the moles of K, Cl, and O, we would be that much closer to knowing the 
formula. 



2.78 g NiSO3 | 1 mole NiSO3                             
          | 139 g 

 

= .02 moles NiSO3 

2.16 g water | 1 mole water                             
          | 18 g 

 

= 0.12 moles water 

Law of Multiple Proportions: when two elements combine with each other to form more than 
one compound, the weights of one element that combine with a fixed weight of the other are in a 
ratio of small whole numbers. 

Rules: 

• If the tenths position after dividing by the lowest mole number is: .1 or .2, you can round 
down safely. 

• If the tenths position after dividing by the lowest mole number is: .8 or .9, you can round 
up safely. 

• IMPORTANT: If the number of moles is .5, such as .5 or 3.5, you must round up and that 
integer must be multiplied by each molar quantity by that factor. 

• If the tenths position after dividing by the lowest mole number is: .3, .4, .6, or .7, you must 
use the Law of Multiple Proportions. 

• Molecular Formula= Molar Mass(given)/ Empirical Formula 

Hydrates 

Some substances incorporate water into their structure when they crystallize. While this water is not 
exactly chemically bonded to the compound (it can be “boiled off”), it usually is combined in a definite 
ratio (ie. BaCl2 • 2 H2O, CuSO4 • 5 H2O). Determining the formula of a hydrate is very similar to an 
empirical formula problem. 

 

 

 

 

 

 

 

Example: 4.94 g of a hydrate of NiSO3 are heated until all the water is driven away. The mass of the 
remaining anhydrous substance is 2.78 g. What is the formula of the hydrate? 

Step 1: Determine the mass of the water and the anhydrous material. 

Anhydrous NiSO3 = 2.78 g  water of hydration= hydrate– anhydrous= 4.94 g -2.78 g = 2.16 g 

Step 2: Determine the moles of water and anhydrous material 
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18.1 g NH3 | 1 mole NH3                             
       | 17.0 g NH3   

 

= 1.06 mole NH3   
available/present 

90.4 g CuO | 1 mole CuO                             
        | 79.5 g CuO 

 

= 1.14 mole CuO 
available/present 

1.06 moles NH3 | 3 moles CuO                             
               | 2 moles  NH3   

 

= 1.59 moles CuO 
needed ؞ limiting 

Step 3: Determine the simplest whole number ratio of moles water/ moles anhydrous substance. 

.012 moles water/ .02 moles NiSO3 = 6/1 

Step 4: Write the correct formula: NiSO3 • 6H2O 

Limiting Reagents 

Most everyone understands the concept of a limiting reagent. It is the same idea as when you go to the 
grocery store and buy a package of hot dogs and a package of hot dog buns. When you get home, you 
realize that you bought 10 hot dogs but only 8 hot dog buns (you’re two hot dog buns short!). If you want 
to put one hot dog in one bun then your limiting reagent will be the hot dog buns. Likewise, your excess 
ingredient will be the hot dogs. The same happens in chemistry. 

 Limiting Reagent- Reagent that limits the amount of products that can be formed. 

For example, nitrogen gas is prepared by passing ammonia gas over solid copper (II) oxide at high 
temperatures. The other products are solid copper and water vapor. 

   2NH3(g) + 3CuO(s)  N2(g) + 3Cu(s) +3H2O(g) 

If 18.1 g of NH3 are reacted with 90.4 g of CuO, which is the limiting reagent? How many grams of N2 
will be formed? 

First, we compute the number of moles of NH3 (M.W. = 17.0 g/mole) and the number of moles of CuO 
(M.W. = 79.5 g/mole). 

 

 

 

To determine which reagent is limiting, we use the mole ratio from the chemical equation to convert 
moles NH3 to mole CuO. 

 

 

So, only 1.14 moles of CuO is available, therefore CuO is the limiting reagent. That is, CuO will run out 
before the NH3 does.  The mass of N2 produced will be: 

 1.14 mol CuO   │ 1 mol N2   │ 28.0g N2     = 10.6 g N2 produced 
         │3 mol CuO│ 1 mol N2 
      
 
 % Yield = Actual Yield (Lab/experimental mass)   X 100 

                             Theoritical Yield (Stoichiometric mass) 
 
Note: The theoretical yield is determined from the limiting reactant and the 
calculated value is converted into grams. 


