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Introduction to Moles 
 
You know the common joke, “Which weighs more: a pound of feathers or a pound of lead?” People often 
pick lead because they might know that lead is denser than a feather but what they are really comparing 
is particles. Lead is heavier than feathers when you compare the same number of particles. But upon 
reflection of the initial question you realize the question asked about equal weights. Now change that to, 
“What weighs more: a gram of hydrogen or a gram of lead?” and we are talking CHEMISTRY! Obviously 
the same result, they weigh the same; but can we compare them particle to particle as some do with 
feathers and lead? That would require us to define a specific amount of particles to compare, which is no 
easy feat, since these particles are pico-scopic. We need millions and billions and trillions of particles all 
together in order to just see the sample and weigh it on a balance. So what’s the number chosen? It’s not a 
pair, dozen, million, billion, or trillion. It’s a mole and it is defined at 6x1023 particles of any substance. 
That is 600,000,000,000,000,000,000,000 particles. If we gather up that amount of even the lightest 
element, we can weigh it on a balance.  
 
Most hydrogen atoms have a mass number of 1 because the most common isotope of hydrogen is H-1 
with 1 proton with 1 atomic mass unit and 1 electron with relatively no mass (no neutrons in H-1). This 
isotope of hydrogen is so common that its average atomic mass is rounded to 1amu as well (1.00794 to 
be exact). And carbon is similar in that it has a very common isotope C-12 (6 protons, 6 neutrons, and 6 
massless electrons) which constitutes so much of the average that the average atomic mass of carbon also 
rounds to 12amu (12.011amu to be exact).  Therefore, as long as we compare the same number of 
particles of hydrogen and carbon, carbon will always weigh 12 times more than hydrogen.  

 For example:   1H = 1amu   and  1C = 12amu 
    100H = 100amu  and  100C = 1200 amu 
 

Recall that the amu, or atomic mass unit, is a count of the number of nucleons in the atom and not a mass 
determined by a balance. But when extrapolated to the mole 6x1023 particles it actually can be massed on 
a balance. When a mole of hydrogen is massed on a balance it equals 1.00794g! And carbon is about 12 
times that mass at 12.011g. These masses are the same as the average atomic masses and are reported on 
the periodic table. When 6x1023 atoms of an element are massed on a balance it is called the molar mass 
or gram formula mass of the element.  
 
The number 6x1023 is known as Avogadro’s number because he was a scientist who first determined that 
equal volumes of different gases at the same temperature and pressure contained the same number of 
particles. Avogadro and other scientists calculated this number by various methods including using 
electron’s charges and x-ray technology. Presently Avogadro’s number has many more decimal places 
(6.02214076x1023) with much more significant figures. The number was created so the atomic mass 
would equal the molar mass of an element.  
 

Find the molar mass of the following elements:  

1. Lead      
 

2. Iron 

3. Potassium  
 

4. Gold 
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When elements combine to form compounds their masses can be summed together. The sum of the mass 
of a compound is also known as the molar mass or gram formula mass.  
 

Find the molar mass of the following: 

5. CO  
 

6. CO2 

7. H2O 
 

8. NaCl 

 
Will we always work with just one mole of a substance? We can mass any quantity of an element or 
compound on a balance and it is not necessarily one mole worth of the substance. If carbon weighs 12g 
for every mole, if you mass 24g that means you will have twice the molar mass of carbon and therefore 2 
moles of carbon. Remember that the mole represents 6x1023 particles of a substance. So 24g would be 
equivalent to 12x1023 atoms of carbon. 
 

 Find the moles of the following 
measurements: 

Find the number of particles in the 
following measurements: 

9.  46g Na   

10. 96g S    

11. 160g Ar   

12. 36g H2O   

13. 132g CO2   

14. 140g CO   

 
Additionally, we will not always mass a full mole of massive substances on a balance. For example, if you 
massed 6g of carbon on a balance, that is half the molar mass and therefore half of a mole or 3x1023 
particles.  
 

 Find the mass of the following 
measurements: 

Find the number of particles in the 
following measurements: 

15.  0.5 moles Be   

16.  0.5 moles Si   

17. 0.5 moles H2O   

18.  4 moles CO   
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19.   10 moles of CO2   

20.  100 moles Cr   

 
In reality, we can measure any quantity of a substance on a balance and it probably will not be a whole 
number of moles. For example if I randomly mass out 8.45g of carbon, that's not a full mole , 2 moles or a 
half of a mole.  Let’s think about this: 
 

21. Explain the mathematical calculation you are doing to convert from moles to mass.  
 
 

22. Explain the mathematical calculation you are doing to convert from mass to moles.  
 
 

23. Which equation could be used to calculate the  moles for any number? “Grams given” is the mass 
provided by a balance.  

a. moles = grams given * gram formula mass 

b. moles = gram formula mass ፥ grams given 

c. moles = grams given ፥ gram formula mass 
d. moles = gram formula mass * grams given 

 
When reactions are written for reacting chemicals the substances on the left are known as reactants 
and the substances after the arrow are the products. The reactions can be interpreted on the atomic 
scale. For example:  
    Ca(s) + S(s) → CaS(s)  
 
“One atom of calcium is reacting with one atom of sulfur to create one molecule of calcium sulfide.” But 
these can also react in any proportional ratio. So 2 Ca atoms react with 2 S atoms to form 2 CaS molecules 
and  100 Ca atoms can react with 100 sulfur atoms to form 100 molecules of CaS. Therefore 6x1023 atoms 
of Ca can react with 6x1023 atoms of S to form 6x1023 molecules of CaS. It is much easier to write that as 1 
mole of Ca reacts with 1 mole of S to form 1 mole of CaS. 
 

24. For each reaction provided below, explain how the chemicals are reacting in terms of atoms and 
moles. The first one is done for you. 

a. Na + Cl2 → 2NaCl 
One atom of sodium reacts with 1 molecule of chlorine to form 2 molecules of sodium chloride.  
One mole of sodium reacts with 1 mole of chlorine to form two moles of sodium chloride.  

b. Al + P → AlP 
 
 

c. 2H2 + O2 → 2H2O 
 
 

d. N2 + 3H2 → 2NH3 
 

25. Can the reaction Ca(s) + S(s) → CaS(s)  be read as “1 gram of calcium reacts with 1 gram of sulfur 
to form 1 gram of calcium sulfide?” Explain your answer using the law of conservation of mass.  


