Quantities of Reactants and Products
OBJECTIVES

12. Predict quantities of reactants and products in chemical reactions.

13. Determine the limiting reactant and the reactant in excess when quantities of reacting substances are given.

14. Determine the percent yield of a reaction, given the actual yield and the theoretical yield.

15. Define the terms relative molecular mass and relative atomic mass.

The procedure for calculating the masses of reactants or products in a chemical reaction is called mass-mass problems or gravimetric stoichiometry. Gravimetric refers to mass measurement. Stoichiometry comes from Greek and Old English words meaning a series of steps for measuring something. Gravimetric stoichiometry is restricted to determining the masses of chemical that react. 

STEPS 

1) Write the balanced chemical equation for the reaction. 

2) Underneath the equation, write the mole ratio of the reactants and the products. 

3) Underneath the mole ratio, write the mass that is given and what is required along with the conversion factors (all the units must correspond).

4) Underneath the masses, write the number of moles. 

5) Convert grams of the substance given in the problem to moles.  

6) If predicting the masses of reactants or products, first determine the limiting the reagent (if necessary, sometimes only one mass is given). Then use the corresponding mole ratio to determine the number of moles and then the unknown mass. 

Example 

What mass of Fe2O3 is required to produce 1000.0 g of iron?
Fe2O3(s) + CO(g) → Fe(s) + CO2(g) 

(MW of Fe2O3 is 159.70 & MW of Fe is 55.85 g)

Balance the chemical equation:

Solution: Fe2O3(s) + 3CO(g) → 2Fe(s) + 3CO2(g) 

mole ratio     1        :    3          :      2        :     3 

                mass ?                        1000.0g 


  1000.0 g      
55.85 g/mol

= 17.90 mol 


17.90 mol 
    2 


= 8.95 mol

mass of Fe2O3 required 

= 8.95 mol x 159.70 g/mol 

= 1429.32 g 
Limiting and Excess Reagents 

Limiting reagent: substance completely consumed in a reaction; it determines the maximum amount of product that can be formed.

Reagent in excess: the substance that is left over at the end of the reaction.
Example 

What mass of HCl is produced when 4.50 g of H2(g) and 140.0 g of Cl2(g) are reacted according to the following equation? 

H2(g) + Cl2(g) → 2HCl(g) 

Determine the number of moles of each reactant. 



  


  

Calculate the number of moles of HCl expected from each reagent. 

From H2 

  

From Cl2 

  

Which is the limiting reagent?  The one producing the least number of moles. 

Determine the amount of product using limiting reagent.

Cl2 is the limiting reagent and H2 is in excess.  Therefore, 144 g of HCl is produced. 
  

The Yield of a Chemical Reaction 

Most reactions do not produce the exact amount of product that is predicted by the balanced chemical equation. You can calculate how many moles of a product would be expected under a certain set of conditions. However, unexpected things occur in the real world of the laboratory. Some of the chemicals could be impure, so even though you put in 5 g of a certain compound, there may actually be only 4.5 g of that compound present (0.5 g would be impurities). Chemicals are sometimes spilled or inadvertently left on the sides of the containers. Other times an alternate reaction occurs rather than the desired reaction. These real situations can lead to a lower than expected yield of product. 

The percent yield is the ratio of the actual yield to the theoretical yield. As with all ratios, as long as you are consistent with your units, it does not matter which ones you use. It measures the efficiency of a reaction.


For example, suppose that you expected 500 g of a product, but actually only saw 250 g. The percent yield is therefore 50%. Likewise, if 6 moles of product is expected and only 3 are produced, the percent yield is 50% in this case as well. 

In order to calculate the maximum expected amount, calculate how much product would be produced if all of the limiting reagent were to react perfectly.

Theoretical Yield: the maximum possible mass of product that could be produced in a chemical reaction.  CALCULATED 
Actual Yield: the mass of product actually obtained from a reaction.  MEASURED
Percentage Yield: a method of expressing how efficiently a reactant can be converted into a product in a chemical reaction. 

  

Example 

Bromine was made according to the following reaction: 

HBrO3 + 5HBr → 3Br2 + 3H2O
If 10.0 g of HBrO3 was reacted with an excess of HBr and 26.3 g of Br2 was produced, what was the percentage yield of the reaction? 

Determine number of moles of reactant used. 


  
  
  
  

Determine the theoretical yield of product (mole ratio, convert moles of product into grams). 

  

Determine % Yield 

The terms atomic weight and molecular weight are obsolete and thus should be avoided. They have been replaced by the equivalent but preferred terms relative atomic mass, symbol Ar, and relative molecular mass, symbol Mr, respectively, which better reflect their definitions. Like atomic weight and molecular weight, relative atomic mass and relative molecular mass are quantities of dimension one and are expressed simply as numbers. The definitions of these quantities are as follows: 

Relative atomic mass (formerly atomic weight): ratio of the average mass per atom of an element to 1/12 of the mass of the atom of the nuclide 12C. 

Relative molecular mass (formerly molecular weight): ratio of the average mass per molecule or specified entity of a substance to 1/12 of the mass of an atom of the nuclide 12C. 

	Examples:   
	Ar (Si) = 28.0855   
	Mr (H2) = 2.0159   
	Ar (12C) = 12 exactly


