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Unit 9 Notes:  The Mole 

I.  What is a mole?
We sometimes use words to represent a specific number of items.  

Examples:  
pair = 2

dozen = 12


gross = 144
In chemistry, we use the term mole to represent a really huge number:
mole = 6.02 x 1023 

This number is known as Avogadro’s number.  The reason why the number is so large is that we use it to count atoms and molecules.  They are very tiny, so even in a small sample, there will be trillions and trillions of them.  

602,000,000,000,000,000,000,000 is a really big number!  If you were to count 5 items per second, how many millenia would it take you to count 6.02 x 1023 items?

II.  Mole-Particle Conversions




1 mole = 6.02 x 1023 particles
Terms for particles:
Atom:  used to describe the individual particles of an element 
Examples:  He, Cu, S  

Molecule:  used to describe the individual particles of a molecular compound or a diatomic element
Examples:  CO2, PCl3, H2O (molecular compounds); H2, N2, O2, F2, Cl2, Br2, I​2 (diatomic elements)

Formula Unit:  used to describe the lowest ratio of the two ions in an ionic compound 
In any reaction that we are performing, there are HUGE numbers of particles reacting.  So we need a way to count these particles in groups.  The unit mole does this for us.       
1 mole = 6.02 x 1023 particles

“Moles” is abbreviated “mol”
It is helpful to group a sample of a certain chemical substance into moles because the number is more manageable using the unit mole.  
Example:  How many moles of copper are in 1.204 x 1024 atoms of copper?
III.  Mole-Volume Conversions

1 mole = 22.4 L
Avogadro discovered something special about gases and moles.  
At the same temperature and pressure, equal volumes of gases contain equal numbers of moles.  

For right now, we will just stick to the case of standard temperature and pressure, or STP.  This is 0oC and 1 atmosphere of pressure.  Under conditions of STP, 1 mole of ANY gas has a volume of 22.4 L.  
IV.  Mole-Mass Conversions

1 mole = molar mass in grams
We know that 1 atom of carbon is equal to 12.01 amu of carbon.  But how many atoms of carbon are in 12.01 grams of carbon?  This number was experimentally determined to be 6.02 x 1023 atoms.

The number 6.02 x 1023 is also known as Avogadro’s Number
6.02 x 1023 particles = Avogadro’s Number = 1 mole

What this means is that the unit on every atomic mass on the periodic table can be changed from amu to grams, and that mass in grams will give you Avogadro’s number of that element.  This is known as the molar mass because it is the mass (in grams) of one mole of that element.  
	Molar mass
	Number of particles
	Number of moles

	Phosphorus:
	
	

	Aluminum:
	
	

	Helium:
	
	

	Silver:
	
	


Now we can convert between grams and moles of a substance, by using the molar mass.  
More on molar mass:  
The molar mass of an element is easy to find.  Just look on the Periodic Table.  
But what if you have a compound?  In that case, you add the molar masses of all the elements in the compounds to get the molar mass for the compound.  
If the formula contains subscripts, you need to count that element the same number of times as the subscript.  Example:  H2O.  Count H twice, O once.
Finding molar masses of compounds:
a. H2O





b. Ca(OH)2
VI.  Percent Composition
The percent composition of a compound is the mass percentages of all elements in the compound.  You can find the percent composition of a compound if you are given its chemical formula, or if you are given the masses of all elements making up a sample of the compound.  

Examples:

1.  Find the percent composition of magnesium chloride.
2.  A sample of MSG (monosodium glutamate) contains 7.10 g C, 0.954 g H, 7.57 g O, 1.66 g N, and 
2.72 g Na.  Find the percent composition of MSG.
VII.  Empirical Formula

The empirical formula for a compound is the most reduced version of the formula (simplest ratio of the elements). 

Example:  Hydrogen peroxide is H2O2.  Its empirical formula is HO.  The empirical formula is the reduced form of the actual molecular formula, H2O2.

You can find the empirical formula for a compound if you have the mass percentages of each element in the compound.

Examples:

1.  A compound is composed of 27.36% Na, 1.200 %H, 14.30% C, and 57.14% O.  Find its empirical formula.  

2.  25.0 g of a compound contains 6.64 g K, 8.84 g Cr, and 9.52 g O.  Find its empirical formula.  Hint:  first find the percentages of each element!
Here is a little poem to help you remember the steps for finding empirical formula:

Percent to mass,

Mass to mole,

Divide by small,

Multiply ‘til whole.

VIII.  Molecular Formula
You can find the molecular formula for a compound if you have its empirical formula as well as its molar mass.

Examples:

1.  Find the molecular formula for a compound with empirical formula CH2 and molar mass = 84 g/mol.

2.  Caffeine, a stimulant in coffee, tea, and sodas, has a molar mass 194.19 g/mol and percent composition 49.48% C, 5.19% H, 28.85% N, and 16.48% O. What is the molecular formula of caffeine?  Hint:  You have to find the empirical formula first!
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