CHAPTER 11
SECTION 11.4  EMPIRICAL AND MOLECULAR FORMULAS
 
I.
Percent Composition



A. 
Defined:  the percent by mass of each element in the compound



B.
Determining the percent composition of a known compound




1.
determine the molar mass of each element in the compound 





and the molar mass of the entire compound




2.
divide the molar mass of each element by the molar mass of the 




entire compound and then multiply by 100.


Sample Problems:



  Calculate the % composition of 



a.  C2H6



b.
calcium acetate:  Ca(C2H3O2)2
You try!

II.
Empirical and Molecular Formulas


1. 
Empirical Definition:  formula giving the lowest whole-number ratio of 


the elements in a compound


2.
may or may not = molecular formula (actual # of atoms)


3.
example:  





molecular formula for dinitrogen tetrahydride = N2H4




empirical formula = NH2




molecular formula for carbon dioxide = CO2




empirical formula = CO2

4.
Molecular Formula Definition:  actual # of atoms in a molecule

5.
Steps to calculating empirical and molecular formulas






a.
Write each element down in column form.



b.
If given %, assume 100 grams…  This means that 25% is 25 





grams.  So instead of %, write the unit g.



c.
Divide the number of grams of each element by its molar 





mass to determine moles.




d.
Choose the least moles and divide all of the moles by it.




e.
If you get whole numbers, then these are the subscripts for 





each element in the compound.  If you don't get whole numbers, 




then multiply all by 2, 3, or 4 to get a whole number.




f.
Write the empirical formula, each element with its subscript.




g.
To determine the molecular formula, calculate the molar mass of 




the empirical formula.  Compare it to the molar mass of the 





compound which must be given.  If they are equal then the

empirical formula and the molecular formula are the same.  If not, divide the larger by the smaller.  You should get a whole number.  Multiply 
the subscripts of the empirical formula by the whole number and rewrite the formula with the new subscripts.
Sample problems
1.
What is the empirical formula for a compound that contains 10.89% 
magnesium, 
31.77% chlorine, and 57.34% oxygen?
2.
Methyl acetate is a solvent commonly used in some paints, inks, and adhesives.  
Determine the empirical formula for methyl acetate, which has the following 
chemical analysis:  48.64% carbon, 8.16% hydrogen, and 43.20% oxygen.
You try!
Section 11.5

Hydrates


A.
Definition:  ionic crystals with water molecules adhering to the 




crystal lattice.


B.
Format:
# of water molecules written after "dot" in formula





example:  CaCl2 • 2H2O


C.
Naming:




1)
name the ionic portion as usual




2)
name the water portion of the molecule with a prefix and 





the word hydrate




3)
example:  calcium chloride dihydrate

D.
Try these:




a)
CuCl2 • 4H2O




b)
CoCl3 • 10H2O


E.
Molar mass of the compound includes the mass of the water molecules


F.
Dehydrated hydrates are called anhydrous.


Sample Problem:



1.
A mass of 2.50 g of blue, hydrated copper sulfate, (CuSO4 • xH2O) is placed 


in a 
crucible and heated.  After heating, 1.59 g white anhydrous copper 


sulfate remains.  What is the formula for the hydrate?  Name the hydrate.



2.
A hydrate is found to have the following percent composition:  48.8% MgSO4 

and 
51.2% H2O.  What is the formula and name for this hydrate?
CHAPTER 11.4 AND 11.5 

CLASS WORKSHEET
1.
Determine the percent by mass of each element in calcium chloride.

2.
Calculate the percent composition of sodium sulfate.

3.
Which has the larger percent by mass of sulfur, H2SO3 or H2S2O8?
4.
Analysis of a chemical used in photographic developing fluid indicates a 
chemical composition of 65.45% carbon, 5.45% hydrogen, and 29.09% oxygen.  
The molar mass is found to be 110.0 g/mol.  Determine the molecular formula.
5.
A compound was found to contain 49.98 g carbon and 10.47 g hydrogen.  the 
molar mass of the compound is 58.12 g/mol.  Determine the molecular formula.
6.
A blue solid is found to contain 36.84% nitrogen and 63.16% oxygen.  What is the empirical formula for this solid?
7.
A compound was found to contain 49.98 g carbon and 10.47g hydrogen.  The molar mass of the compound is 58.12 g/mol.  Determine the molecular formula.

8.
If 11.75g of a hydrate of cobalt (II) chloride is heated, 9.25 g of anhydrous cobalt chloride remains.  What is the formula and name for this hydrate?
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