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THE MOLE CONCEPT 

Remember the reaction between iron and sulfide 

powders to obtain iron (II) sulfur. Let us now write 
the chemical equation of this reaction 

Fe + S → FeS 

When taken in 1:1 ratio by mass (Fe:S), some sulphur is 

left unreacted and when taken in 2:1 ratio by mass (Fe:S) 
some iron is left unreacted. 

From the above chemical equation, 1 atom of iron reacts with 1 atom of sulphur 
to form 1 molecule of iron (II) sulfide (FeS). It means that if we had taken equal 

number of atoms of iron and sulphur, both of them would have reacted completely. 

Thus, we may conclude that substances react in a simple ratio by number of 

atoms or molecules. 

It is clear that the number of atoms or molecules of a substance is more relevant 
than their masses. In chemistry such large numbers are commonly represented 

by a unit known as mole. It is defined as; 

“A mole is the amount of a substance that contains as many elementary entities 

(atoms, molecules or other particles) as there are atoms in exactly 12 g of the 
carbon-12 isotope.” 

 

Avogadro’s Constant 

Question: How many atoms are there in exactly 12 g of 
carbon-12?  

This number is determined experimentally, and its 
currently accepted value is 6.022045*1023. Thus 1 
mol = 6.02*1023 entities or particles, or atoms or 

molecules. (Practically rounded) 

The number along with the unit 6.02*1023 mol–1 is 

known as Avogadro constant. It is represented by the 
symbol NA.  

So;  

1 mole of carbon–12 means 6.02*1023 atoms of carbon–12 whose mass is exactly 

12 g. This mass is called the molar mass of carbon-12.  

The molar mass is defined as “the mass (in grams) of 1 mole of a substance. 

Similarly, a mole of any substance would contain 6.02*1023 particles or elementary 
entities”. 
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Now, let us take the examples of different types of substances and correlate their 
amounts and the number of elementary entities in them. 

1 mole C = 6.02*1023 C atoms 

1 mole O2 = 6.02*1023 O2 molecules 

1 mole H2O = 6.02*1023 H2O molecules 

1 mole NaCl = 6.02*1023 formula units of NaCl 

1 mole Ba2+ ions = 6.02*1023 Ba2+ ions 

We may choose to take amounts other than one mole and correlate them with 

number of particles present with the help of relation: 

Number of elementary entities = number of moles × Avogadro’s constant 

1 mole O2 = 1 * (6.02*1023) = 6.02*1023 molecules of O2 

0.5 mole O2 = 0.5 * (6.02*1023) = 3.01*1023 molecules of O2 

0.1 mole O2 = 0.1 * (6.02*1023) = 6.02*1022 molecules of O2 

Exercises: 

1. Fill in the blanks. 

1 mole C6H12O6 contains: 

....... moles of C atoms 

....... moles of H atoms 

....... moles of O atoms 

....... moles of atoms in total 

2 moles C6H12O6 contains: 

........ moles of C atoms 

........ moles of H atoms 

........ moles of O atoms 

........ moles of atoms in total 

3 moles BF3 contains: 

....... moles of B atoms 

....... moles of F atoms 

....... moles of atoms in total 

4 moles Ca(NO3)2.10H2O contains: 

....... mole of water 

....... moles of Ca atoms  

....... moles of N atoms 

....... moles of O atoms 

....... moles of atoms in total 
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• 3 mol of BF3 contains: 
a) ........ molecules of BF3 

b) ........ moles of B atoms 
c) ........ molecules of F atoms 

d) ........ moles of atoms in total 
e) ......................... B atoms 

f) ......................... F atoms 
g) ......................... atoms totally 

 

2. Find the number of sulphur atoms in 4.0 moles of sulphur, S. 

 

3. Calculate the number of hydrogen atoms in 0.3 moles of water, H2O.  

 

 

4. Calculate the number of moles in 2.5x1023 molecules of sulfuric acid, H2SO4. 
How many oxygen atoms are there in the same amount of H2SO4. 

 

 

5. Determine the number of: 
a) Helium atoms in 1.5 mol of helium atoms, He 
b) Oxygen atoms in 0.0050 mol of oxygen molecules, O2. 

c) Ammonia molecules in 2.5 mol of ammonia molecules 
d) Oxygen atoms in 4.0 moles of glucose molecules, C6H12O6 

e) Oxygen atoms in 0.50 moles of carbon dioxide molecules 
f) Hydrogen atoms in 0.25 moles of ammonia molecules 

g) total ions are there in 4.0 moles of CaCl2 
h) Molecules in 6.0 moles of hydrogen sulfide, H2S 

i) Gold ions in 0.30 moles of gold (III) chloride 

 

 

6. Determine the number of moles in: 

a) 2.408 x 1023 atoms of neon 
b) 3.01 x 1023 molecules of carbon dioxide 

c) 3.612 x 1024 molecules of hydrogen gas  
d) 1.204 x 1023 sodium ions 
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7. A sample of phosphoric acid, H3PO4 contains 1.806x1023 molecules. So, 
a) How many moles of phosphoric acid is this? 

b) How many atoms of phosphorus, hydrogen and oxygen will there be in this 
number of moles of phosphoric acid? 

 

8. Calculate number of formula units of K2Cr2O7 that contains 1.806x1023 Cr 

atoms. 

 

 

9. A sample of nitrogen gas consists of 4.22*1023 molecules of nitrogen. How 

many moles of nitrogen gas are there? 

 

 

 

10. In a metallic piece of magnesium, 8.46*1024 atoms are present. Calculate the 
amount of magnesium in moles. 

 

 

 

11. Calculate the number of Cl2 molecules and Cl atoms in 0.25 mol of Cl2 gas. 

 

 

 

Mole, Mass and Number Relationships 

Atomic Mass Unit 

By international agreement, a unit of mass to specify the atomic and molecular 
masses has been defined. This unit is called atomic mass unit and its symbol is 

‘amu’. The mass of one C-12 atom, is taken as exactly 12 amu. Thus, C-12 atom 
serves as the standard. The atomic mass unit is defined as a mass exactly equal 

to the 1/12th of the mass of one carbon-12 atom. 

1 amu = 
Mass of one C −12 atom

12
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Atomic mass unit is also called unified atomic mass unit whose symbol is ‘u’. 
Another name of atomic mass unit is dalton (symbol Da). The latter is mainly used 

in biological sciences. 

Relative Atomic and Molecular Masses 

 

You are aware that atomic mass scale is a relative scale with C-12 atom (also 

written as 12C) chosen as the standard. Its mass is taken as exactly 12. Relative 
masses of atoms and molecules are the number of times each atom or molecules 

is heavier than 1/12th of the mass of one C-12 atom. Often, we deal with elements 
and compounds containing isotopes of different elements. Therefore, we prefer to 
use average masses of atoms and molecules. 

Relative atomic mass = 
Average mass of 1 atom of the element

1/12th of the mass of one C −12 atom
 

Experiments show that one O-16 atom is 1.333 times as heavy as one C-12 atom. 
Thus, 

Relative atomic mass of O-16 = 1.333*12 = 15.996 ~ 16.0 

 

The relative atomic and molecular masses are just numbers and 
dimensionless, unit-less quantities. 

Atomic, Molecular and Formula Masses 

Since  1 amu = 1/12th the mass of one C-12 atom 

Mass of one O-16 atom = 16 amu 

Or Atomic mass of O-16 = 16 amu 

Relative molecular mass of O2 = (2*relative atomic mass of O) (2 * 16) = 32 

Relative molecular mass of water, H2O  
= (2*relative atomic mass of H) + (relative atomic mass of O)  
= (2 * 1) + (16) = 2 + 16 = 18 
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Example: Calculate the molecular mass of ammonia, NH3. 

Solution: One molecule of NH3 consists of one N atom and three H atoms. 

Molecular mass of NH3 = (Atomic mass of N) + 3 (Atomic mass of H) 

= [14 + (3*1)] amu  

= 17 amu 

Exercise: 

1. Calculate the formula mass of sodium chloride (NaCl). (Na: 23, Cl: 35.5) 

 

2. How many moles are in a lithium sample with a mass of 69.4 amu? 
 

 

3. Calculate the mass in amu of 3 moles of carbon. 

 

 

Molar Masses 

Molar mass = Mass of 6.02*1023 elementary entities 

(i) Molar mass of an element 

Since the relative atomic mass of O-16 is 16, a 16 g sample of it would contain 
6.02*1023 O atoms and would constitute its 1 mole. 

➔ Atomic mass of O-16 = 16 amu (The mass of 1 O atom) 

➔  The molar mass of O–16 is 16 g.mol–1 (The mass of 1 mole of O atom) 

(ii) Molar mass of a molecular substance 

➔  Molecular mass of water, H2O = 18 amu (The mass of 1 H2O molecule) 

➔  Molar mass of water, H2O = 18 g.mol–1 (The mass of 1 mole of H2O) 

(iii) Molar masses of ionic compounds 

Molar mass of NaCl = molar mass of Na+ + molar mass of Cl–  

= (23 g mol–1) + (35.5 g mol–1) 

= 58.5 g mol–1 
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Example: Find out the mass of carbon-12 that would contain 1.0*1019 carbon-12 
atoms. 

Solution: Mass of 6.02*1023 carbon-12 atoms = 12 g 

Mass of 1.0*1019 carbon-12 atoms = 
12∗1∗1019

6.02∗1023  g 

= 1.99*10–4 g 

Example: How many molecules are present in 100 g sample of NH3? 

Solution:  Molar mass of NH3 = (14 + 3) g mol–1 = 17 g mol–1 

∴ 17 g sample of NH3 contains 6.02*1023 molecules 

Therefore, 100 g sample of NH3 would contain  

6.02∗1023molecule

17g
*100g = 35.42*1023 molecules 

Example: Molar mass of O is 16 g mol–1. What is the mass of one atom and one 
molecule of oxygen? 

Solution:  Mass of 1 mol or 6.02*1023 atoms of O = 16 g 

∴ Mass of 1 atom of O  = 
16g

6.02∗1023 

      = 2.66*10-23 g 

Since a molecule of oxygen contains two atoms (O2), its mass = 2*2.66*10–23 g  

= 5.32*10–23 g. 

Exercises: 

1. Calculate the molar mass of hydrogen chloride, HCl. (H: 1, Cl: 35.5) 

 

 

 

2. Calculate the molar mass of argon atoms, given that the mass of single atom 

is 6.634*10–26 kg. 
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3. Calculate the mass of 1.0 mol of potassium nitrate, KNO3  
(atomic masses; K: 39, N: 14, O: 16). 

 

4. The formula of sodium phosphate is Na3PO4. What is the mass of 0.146 mol of 

Na3PO4?  
(atomic masses; Na: 23.0, P: 31.0, O: 16.0). 

 

 

 

Mass, Molar Mass and Number of Moles 

Molar mass (MM) = Mass of one mole of the substance. 

Number of moles (amount) of a substance = 
mass of the substance

molar mass of the substance
 

n = 
m

MM
  or   m = n*MM 

Example: In a reaction, 0.5 mol of aluminium is required. Calculate the amount 
of aluminium required in grams? (atomic mass of Al = 27 amu) 

Solution: Molar mass of Al = 27 g mol–1 

Required mass = no. of moles * molar mass 

= (0.5 mol) * (27 g mol–1) 

= 13.5 g 

Exercise: 

1. Answer these questions for 26 g Cr. Calculate, 
a) the mole number of atoms it contains  

b) the number of atoms it contains  
c) the mass of a single Cr atom (Atomic mass of Cr is 52 g/mol)  

 

 

2. An average signature written in pencil contains about 1 mg of carbon. How 
many carbon atoms are used in an average signature? (C: 12)  
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3. Calculate the number of atoms in each of the following. 
(Avogadro’s number= 6.02x1023, S: 32, Mg: 24, N: 14) 

 

a) 2.5 mol Mg 

b) 96 g S8 
c) 0.2 mol P4 

d) 1.2x1022 Al atoms     
e) 72 g Mg 

f) 15.2 g N 

 

Molar Volume, Vm 

Molar volume is the volume of one mole of a substance. It depends upon 

temperature and pressure. It is also related to the density: 

  Molar volume = 
Molar mass

Density
 

In case of gases, we use their volumes at standard temperature and pressure 

(STP) which T is 0°C and P is 1 atm. At STP, the molar volume of an ideal gas is 
22.4 liter. 

Exercises: 

1. How many moles of Cu atoms are present in 3.05 g of copper (Relative atomic 

mass of Cu = 63.5). 

 

 

2. A piece of gold has a mass of 12.6 g. How many moles of gold are present in 

it? (Relative atomic mass of Au = 197) 

 

 
 

3. In a combustion reaction of an organic compound, 2.5 mol of CO2 were 
produced. What volume would it occupy at STP (273 K, 1 atm)? 
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SUMMARY 

• Mole is the amount of a substance which contains as may elementary 

entities as there are atoms present in 12 g of C-12. Thus, mole denotes a 
number. 

• The number of elementary entities present in one mole of a substance is 
6.02*1023.  

• The mass of one mole of a substance is called its molar mass. It is 
numerically equal to relative atomic mass or relative molecular mass 

expressed in grams per mole (g mol–1). 
• Molar volume is the volume occupied by one mole of a substance. One mole 

of an ideal gas at standard pressure and temperature, STP (273 K and 1 
atm) occupies 22.4 liters. 

• In ionic substances, molar mass is numerically equal to the formula mass of 
the compound expressed in grams. 

• If the molar mass of a substance is known, then the amount of a substance 
present in a sample having a definite mass can be calculated. If M is the 

molar mass, then, the amount of substance n, present in a sample of mass 

m is expressed as n = 
m

MM
 

Terminal Exercise: 

1. How many atoms are present in a piece of iron that has a mass of 65.0 g? 
(atomic mass; Fe = 55.9 amu). 
 

2. A piece of phosphorus has a mass of 99.2 g. How many moles of phosphorus, 
P4 are present in it? (atomic mass, P = 31.0 amu) 

 
3. Mass of 8.46*1024 atoms of fluorine is 266.95 g. Calculate the atomic mass of 

fluorine. 
 

4. A sample of magnesium consists of 1.92*1022 Mg atoms. What is the mass of 
the sample in grams? (atomic mass = 24.3 amu) 

 
5. Calculate the molar mass in g mol–1 for each of the following: (Na: 23, O: 16, 

H: 1, Cu: 64, S: 32, C:12) 
(i) Sodium hydroxide, NaOH 

(ii) Copper Sulphate CuSO4.5H2O. 
(iii) Sodium Carbonate, Na2CO3.10H2O 

 
6. For 150-gram sample of phosphorus trichloride (PCl3), calculate each of the 

following: (P: 31, Cl: 35) 
(i) The number of moles of PCl3 and Cl in the sample. 

(ii) The number of grams of Cl atoms in the sample. 
(iii) The number of molecules of PCl3 in the sample. 

 

7. Find out the mass of carbon-12, that would contain 1*1019 atoms. 
 

8. How many atoms are present in 100 g sample of C-12 atom? 
 

9. How many moles of CaCO3 would weigh 5g? (Ca: 40, C: 12, O: 16) 
 

 



 

A. Güler TUNCA & Nihal İKİZOĞLU 11 

10. If you require 1.0*1023 molecules of nitrogen for the reaction  

N2 + 3H2 → 2NH3  

(i) What is the mass (in grams) of N2 required? (N: 14) 
(ii) How many moles of NH3 would be formed in the above reaction from 

1.0*1023 molecules of N2? 
(iii) What volume would NH3 gas formed in (ii) occupy at STP? 

 

 

Additional Practice  

1. What is the mass of 0.46 mol of MgCl2? 

(44g) 

 

2. How many moles is 1.438 g of HCl? 
(3.944x10-2 mol) 

 
 

3. How many liters at STP is 0.22 mol of neon? 

(4.9 L) 

 

4. How many atoms is 0.85 g of gold (Au)?  
(2.6x1021) 

 
 

5. What is the volume at STP of 33.1 g of hydrogen gas (H2)? 
(367 L) 

 

6. How many atoms are there in 7.2 moles of iron (Fe)? 

(4.3 x 1024) 
 

 

7. How many molecules are in 3.78 x 10-3 moles of water?  

(2.28x1021) 
 

8. What is the mass of 837 L of methane gas (CH4) at STP?  
(599 g) 
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9. How many molecules are in a weather balloon filled with 102 L of air at STP?  
(2.74x1024) 

 

10. A container holds 10.4 L at STP of SO2 gas. What is the mass of the gas? 

(29.7 g) 
 

 

11. What is the mass of 3.51 x 1025 molecules of acetylene gas (C2H2)? 

(1.52x103) 

 

12. If 437 g of helium are released into a balloon at STP, what will the volume be? 
(2.45 x 103) 

 
 

13. How many molecules of hemoglobin are there in 8.4x10-3 g? The molar mass 
of hemoglobin is approximately 68,000 g/mole. (7.4 x 1016) 

 

14. Aspartame is an artificial sweetener that is 160 times sweeter than sucrose 

(table sugar) when dissolved in water. It is marketed by G.D. Searle as Nutra 
Sweet. The molecular formula of aspartame is C14H18N2O5. 
a) Calculate the molar mass of aspartame.   (294 g/mole) 

 

b) How many moles of molecules are in 10 g of aspartame? (0.034 moles) 

 

c) What is the mass in grams of 1.56 moles of aspartame? (458.64g) 

 

d) How many molecules are in 0.005g of aspartame? (1.02 x 1019) 

 

e) How many atoms of nitrogen are in 1.2 grams of aspartame? (4.914 x 1021) 
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