
 

 

 

 

 

 

Moles and Mass 

 
The big concept to understand is the idea of the mole.  It can be DIFFICULT to wrap your mind 

around, but you MUST have an understanding of the mole.  If you do not understand, work until 

you do.  Memorizing a definition will NOT help you on this one. 

 

Read pp. 72-74 in your text. 

 

Here is the chain of logic with two necessary but arbitrary assumptions.  

 

1.  Elements are made of atoms that are particles. 

2.  These particles are COUNTED in whole numbers, no partial atoms. 

3.  These particles interact in whole numbers, no partial atoms. 

4.  But these particles are too small to see.  Scientists need a way to know how many particles 

they have so that they can understand and develop chemical reactions. 

5.  Solution: find a way to MEASURE out a mass of a substance and know how many particles 

are in that mass. 

HOW? 

ARBITRARY IDEA #1 

6.  The standard of mass is the carbon-12 atom.  It has a mass of EXACTLY 12 amu. 

7.  EXPERIMENTALLY determine the masses of all other atoms compared to that standard. 

8.  Result = the red numbers (average atomic masses) on the periodic table.  Why are these not 

whole numbers?  (1) Loss of mass with nuclear fusion.  (2)This average takes into account the 

different isotopes of each element and the relative abundance of each isotope. 

9.  Okay.  But we still do not have a scale or balance that can easily measure amu amounts.  1 

amu = 1.66053892 × 10-24 grams 

HOW can we measure in grams and know how many particles we have? 

ARBITRARY IDEA #2 

10.  Whatever the number of atoms is in EXACTLY 12g of carbon-12 will be our standard for a 

counting unit called the mole. 

11.  This number has been EXPERIMENTALLY  determined to be 6.02214 x 1023 atoms of 

carbon-12.  We use 6.022 x 1023 for most calculations. 

So, if we mass out 12.00 grams of carbon-12, we know that we have 6.022 x 1023 atoms. 

 

So, say we want to react carbon-12 with oxygen to make carbon dioxide.  In chemical language, 

we can write:   C   +  2O   CO2. 

 



 

We know that for one mole of carbon-12, we mass out 12g.  But how much do we mass out for 

two moles of oxygen? 

 

What is the ratio of carbon mass to oxygen mass?  LOOK AT THE RED NUMBERS ON THE 

PERIODIC TABLE.  These compare everything to carbon-12 in atomic mass units. 

One atom of carbon-12 : one atom of oxygen = 12 amu:15.9994 amu. 

Well if one atom to one atom has a mass ratio of 12:15.994, wouldn’t 6.022 x 1023 atoms to 

6.022 x 1023 atoms have the same ratio?   

 

So, the mass of one mole of carbon-12: the mass of one mole of oxygen = 12:15.994 

 

What is the mass of one mole of carbon-12?  12g 

So, what is the mass of one mole of oxygen? 15.994g 

 

So to run our reaction, C   +  2O   CO2,  we need to mass out 12 g of carbon-12 and 2(15.994) 

g of oxygen. 

 

But can we really have pure carbon-12?  Possible, but difficult.  In most cases, we would mass 

out one mole of carbon using the average atomic mass value from the periodic table.   

 

We would use 12.011g of carbon and 15.994 grams of oxygen 

 

12.  This is the big take away.  When you want to know the mass of one mole of an element, 

you look on the periodic table at the red number.  This is the average atomic mass in amu.  

The molar mass is that same number with grams as the unit. 
 

 


