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The Mole

I. Molecular mass and formula mass

A. Atomic mass unit is the standard for measuring mass of atoms or compounds.  

1. Atomic mass unit (amu) Dalton

B. Molecular mass refers to the mass of a molecule

C. Formula mass is the mass of an ionic compound

II. Avagadro’s Number is based on the amount of mass in grams that 1 amu is equal to 

A. 1 amu = 1.6606 x 10-24g 

1. Oxygen has a mass of 16 amu, 

a. so 16 amu x 1.6606 x 1024g/1amu gives the mass of one O atom at 2.657 x 10-23 grams, 

b. and 16 g O x 1atom O2/ 2.657 x 10-23g = 6.022 x 1023 atoms

B. 6.022 x 1023 atoms is Avogadro’s number

C. Any time there is this # of atoms there is a mole

1. 6.022 x 1023 atoms/mole

2. 1 mole you change the amu(s) to grams

D. 1 mole of any substance that is chemically combined is 6.022 x 1023 whether it be atoms, molecules, formula units or ions.

Example:  6.022 x 1023 molecules/mole, atoms/mole, ions/mole, formula units/mole

11g of O2 = ___________ moles of O2 

11g x 1mole/32g = .34 moles of O2
11g of O2 = _____________  moles of O2
11g x 1 mole x 6.023 x 1023 molecules   =
              32g
             1 mole

E. Moles in a solution is called molarity which is a relationship between the moles of solute put in the volume of solvent

1. Molarity = moles/liter = moles/dm3  

a. Example:  What is the molarity of a 2.5 x 102 cm3 of solution containing 9.46 g CsBr? 

9.46g CsBr  x  1 mole  x  1000 cm3 =  .178 mole/dm3 250 cm3            

                          213 g           dm3
= .178 M (Molar) solution

b. Example:  How would you make 500 cm3 of a .133 M solution of MnSeO4
.5 dm3  x  .133 mole  x  198 g  = 13.2g MnSeO4
                    1dm3          1 mole

F. Percent composition -  the percentage of the total mass of a compound contributed by an element

1. Percent composition of aluminum sulfate Al2(SO4)3
2 Al  -  2 x 27.0 = 54.0

3  S   -  3 x 32.0 = 96.0

12 O  -  12 x 16  = 102
                               342

Percent Al    54    x 100  =  15.8 %

                    324

Percent S     96     x 100  =   28.1 %

                   342

Percent  O  192   x   100  = 56.1 %

                   342

G. Empirical formula -  the formula giving the simplest ratio between atoms

1. Example:  What is the empirical formula for a compound if a 2.5 g sample contains .900 g Ca and 1.6 g Cl.

a. First you must calculate the moles of each

b. .900 g Ca x  1mol Ca = .0224 mole Ca

                    40.1 g Ca

1.60 g Cl  x  1 mole Cl  = .0451 mole Cl

                     38.5 g Cl

c. Then divide by the smallest #

a) .0224/.0224 =1

b) .0451/.0224 = 2

d. The ration then is 2 Cl to 1 Ca so the empirical formula is CaCl2 

2. Emperical formula from percent composition

a. Change the percent to grams

b. Use the largest # of moles and divide each # of moles into it

c. When dividing # of moles doesn’t give a whole # multiply to get a whole #

d. Example:   What is the empirical formula of a compound that is 66% Ca and 34% P

1) 66g Ca x 1mole Ca  = 1.65 mole Ca

        40.1 g Ca

2) 34.0g P x  1mole P  =  1.10 mole P

                      31.0 g P

3) Ratio  1.65 mole Ca = 1.5 mole of Ca to 1 mole P

           1.10 mole P  

4) That makes Ca1.5P1, or Ca3P2
3. Molecular Formula -  shows the actual # of atoms of each element present

a. Emperical formula is given and molecular mass is given

b. Find the empirical formula mass and then divide it into the molecular mass

c. Example:  Molecular mass of benzene is 78.0 and its empirical formula is CH.  What is the molecular formula

Mass of Carbon     = 12

Mass of Hydrogen = 1                    78
Mass of CH            = 13                  13   = 6

Since the ratio is 1:1 then 6 times would be 6:6 giving C6H6 

4. Hydrate calculation – means it contains H2O 

a. Example Calculation:

.391 g Li2SiF6, .0903 g H2O

.391 g Li2SiF6 X  1 mole           = .00251 mole

                            156g Li2SiF6 

.0905 g H2O  X  1 mole        =    .00502 mole

                           18.0 g H2O

                                                              .00502/.00251= 2:1 ratio,

So the answer is Li2SiF6·2H2O

