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In section 10.4 you will study how to :
a- Find the percent composition of compounds . 
b- Determine the empirical formula of compounds(formula units or molecule)
c- Determine the molecular formula of compounds.  
                                                    

Vocabulary : 

1. Percent by mass : The ratio of the mass of each element to the total mass of the compound expressed as a percent . 
2. Percent composition : Percent by mass of each element in the compound . 
3. Empirical formula : the formula with the smallest whole number ratio of the elements.
4. Molecular formula : Formula that specifies the actual number of each element in the molecule or the chemical formula. 

            
            ___________________________________________________________________________________ 

** Percent composition can be found using the  chemical formula of the compound.
-Assume that one mole is being taken ,then 

Percent composition of each element ( % )  = 

Mass of element in one mole of compound    x 100                                (formula 1)
     Molar mass of the compound .


	Example (1) : 
  
          Example 1: Determine the percent composition in NaHCO3 .

Steps :
1- Find the molar mass of  NaHCO3

Molar mass = ( 22.99 + 1.00 + 12.01 + 48.00) =84.01 g/mol.

2- Find the mass of each element in the compound 

Mass of Na = 22.99g 
Mass of H = 1.00 g 
Mass of C = 12.01 g 
Mass of O = (3X 16.0) =48 g ( three atoms of oxygen ) 

3- Find the percent mass ( % ) of each element using formula ( 1) 

% Na = 22.99 x 100  = 27.37%
              84.01
                
       %H =    __1__  X 100 = 1.2%  
                    84.01       

% C =  12.01     X 100 = 14.3 %
            84.01

% O =   48__      X 100 = 57.13%
              84.01

Then ,  NaHCO3  is  27.37% Na , 1.2 % H , 14.3% C and 57.13% O . 


(Now , do the questions given to you . ) 

** Empirical formula: 
-Percent composition is used to determine the empirical formula ( assume that 100g is considered ) 
- The empirical formula should show the smallest whole number mole ratio.

Before starting:
Molar ratio is written using moles of the elements . 
For example : 
If 1.27 mole S and 3.26 mole of O , then the molar ratio of S to O  is 1.27:3.26. 






Example 2 :
Determine the empirical formula of the compound that has the following percent composition : 
48.64% carbon, 8.16% hydrogen and 43.20 % oxygen . 
Steps :
 Since the percent composition is given (and not the mass of each element ) then the percent should be changed into mass by the assumption :

 (100 g sample is given )

Step (1) : 
1. Mass of carbon =   48.64 x100 = 48.64g 
                              100
Moles of carbon = Mass /molar mass = 48.64 = 4.05 mol
                                                          12.0

2. Mass of  hydrogen =    8.16   x 100 =8.16g 
                                 100
 Moles of hydrogen = mass / molar mass = 8.16 = 8.10 mol
                                                                 1.008
	
3. Mass of oxygen = 43.20 x 100 = 43.20 g 
                            100
Moles of oxygen = mass/ molar mass =  43.20 = 2.700 mol
                                                            16.00


             One moment please ………

                  What is the molar ratio between carbon , hydrogen and oxygen ? 

                 Answer :   C            :  H           : O 
 The molar ratio is      4.05 mol : 8.10 mol  : 2.70 mol
	
                 Ok …  Now continue ……
   
       Step 3 : Find the simplest ratio of elements moles .

                 C 4.05  H 8.01  O 2.7  ( Divide by the smaller mol value  _which is 2.7_)
        
             Then it will be :
                    C 4.05   H 8.01   O 2.7         →       C 1.5 H3 O 1
                       2.7       2.7       2.7
Now : think,  what is the smallest whole number that makes  fractional subscripts as whole numbers ?  


Step 4 :  Since carbon has 1.5 as its mole in the above formula ,then the formula should be multiplied by 2 , 

2 (C 1.5 H3 O 1)  →   C3H6O2    
       
This formula is the empirical formula, it has the smallest mole ratio of elements. 
This formula is the empirical formula of many compounds .    
  
That’s all …..       

*molecular formula : 
  The empirical formula is used to find the actual molecular formula using the formula : 

 n x (Molar mass of the empirical formula ) =Molar mass of the actual compound 
Where ( n ) represents number of multiple of empirical formula .
 OR …..
 n x empirical formula = actual molecular formula 

Example 3 : The empirical formula of an unknown compound is C2H3O2 . find the molecular formula if the molar mass of the actual compound is 118.1 g/mol.
Solution : 

Use the formula : 
n x (Molar mass of the empirical formula ) =Molar mass of the actual compound 

Molar mass of the empirical formula = (2x12.00) +( 3x1.00) + (2x16.0)=59.04g/mol
 
 Now use the formula:
 n x 59.04g/mol = 118.1 g/mol  →  n=  2    ( unit less) 
( Which means that the empirical formula should be multiplied by 2 ) 

Then the molecular formula is :

  n x empirical formula = actual molecular formula 

  2 x (C2H3O2)   =  C4H6O4


( Study figure 10.15 page  347 ) 
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