
Ch. 9 – Moles

Law of definite proportions – for a pure 
substance, each element is always present in the 
same proportion by mass.

●Also, for a pure substance, each element is 
always present in whole number ratios relative to 
the other elements



  



  



 Atomic mass – Actual mass of an atom
 slightly different than mass # due to 

electrons and nuclear binding energy
 Average atomic mass

 Most elements in nature are composed 
of multiple isotopes

 The decimal value on the periodic table 
gives the weighted average of these 
isotopes in amu (atomic mass units)



Formula Mass
 The average mass of a compound
 Calculated by adding up the atomic masses 

of all of the atoms in one formula

For CO
2
:

 1 carbon atom + 2 oxygen atoms
 formula mass = 12.01 + 2(16.00)

                    = 44.01 amu



Percent by mass

(% by mass of an element in a compound)

% by mass of X = (mass of X)/(total mass) * 100%



 If the atomic mass of an isotope is known, 
then any mass of that isotope can be 
converted to a number of atoms

 If the average mass of an element is known, 
then the number of atoms can also be 
calculated

 If the mass of a molecule is known, the we 
can also calculate the number of molecules 
in a sample from the mass



The Mole
 The key to converting between mass and 

numbers is the mole
 'Mole' is just a number

 1 mole (mol) = 6.022E23 (Avogadro's #)
 We can have a mole of anything:

 atoms
 molecules
 grains of sand....



  



To convert between moles and numbers:
Use the conversion factor: 

1 mole = 6.022E23

For example:
  1.204E24atoms (

1mole atoms
6.022E23atoms

)=2.000molesatoms

2.50moles atoms(
6.022E23atoms

1mole atoms
)=1.506E24atoms



1.5mole molecules(
6.022E23molecules

1mole molecules
)=9.03E23molecules

1.5mole H 2O (
6.022E23H 2O

1mole H 2O
)=9.03E23H 2O (molecules)

3.01E23H 2O (
1mole H 2O

6.022E23H 2O
)=0.500mole H 2O



 One mole of protons (or neutrons) has a 
mass of one gram
 (exactly one mole of C-12 atoms has a 

mass of exactly 12 grams)
 The decimal value on the PT (the average 

atomic mass) may also be used to 
convert mass to moles

 This value gives the mass, in grams, of 
one mole of the element





For example, to find the moles of hydrogen 
atoms in 1.01 grams:

or for 12.5 grams of hydrogen atoms:

1.01 g H (
1mole H
1.01 g H

)=1.00mole H

12.5 g H (
1mole H
1.01 g H

)=12.4mole H



Or to find the mass of 2.5 moles of helium:

or for 2.5 moles of lead:

Note these two examples have the same 
number of atoms, but different masses

2.5moles He(
4.00 g He
1mole He

)=10. g He

2.5moles Pb(
207.20 g Pb
1mole Pb

)=518.0 g Pb



Formula Mass
 The average mass of a compound
 Calculated by adding up the atomic masses 

of all of the atoms in one formula

For CO
2
:

 1 carbon atom + 2 oxygen atoms
 formula mass = 12.01 + 2(16.00)

                    = 44.01 amu
 also: 1 mole CO

2
 = 44.01 g CO

2
 

 molar mass = 44.01 g CO
2
 / mol CO

2
 



So, to find the mass of 1.5 moles of CO
2
:

or to find the moles of 85.0 grams of CO
2
:

1.5molesCO2(
44.01 gCO2

1moleCO2

)=66.02 gCO2

85.0 g CO2(
1moleCO2

44.01 g CO2

)=1.93moleCO2



  



  



moles moleculesgrams
use
molar
mass

      use
Avogadro’s
   number

IT’S SIMPLE – THINK IN TERMS OF PARTICLES!

Keep these relationships in mind:

3.7

Remember – the critical link between moles 
and grams of a substance is the molar mass.

numbers (#)



Purity of Samples

To find the mass of a compound in an impure 
sample:

%Purity=
massof the compound

total mass
∗100%

massof the compound=
%Purity
100%

∗total mass



Empirical Formula

 Empirical formula – subscripts show the lowest 
whole number ratios of elements

 May be determined from percent by mass data:
• Assume a 100.00 g sample
• Determine the mass of each element in the 

100 g
• Convert mass to moles
• Determine the lowest whole number ratios



For ionic compounds, the empirical formula is the 
chemical formula.

For molecular compounds, more data is needed to 
determine the molecular formula
– The molar mass usually needs to be determined
– This molar mass will be a multiple of the molar 

mass of the empirical formula
– Divide the molecules molar mass by the 

empirical formulas molar mass
– Multiply the subscripts by this integer to get the 

molecular formula
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