
The mole concept
Learning objectives 
• Define relative atomic mass and relative molecular mass 
• Understand what is meant by one mole of a substance 
• Calculate the mass of one mole of a substance 
• Calculate the number of moles present in a specified mass of a substance 
• Work out the number of particles in a specified mass of a substance and also the mass of one molecule

Relative atomic mass (Ar)
The mass of a hydrogen atom is approximately 1.7 × 10−24 g.  
Such small numbers are not convenient to use in everyday life, so we use scales of relative mass. 
These compare the masses of atoms and molecules etc. to the mass of one atom of carbon-12, which is assigned a mass of exactly 12.00. As these quantities are relative, they have no units.
The relative atomic mass (Ar) of an element is the average of the masses of the isotopes in a naturally occurring sample of the element relative to the mass of 1/ 12 of an atom of carbon-12.  


Relative molecular mass (Mr)

An relative molecular mass (Mr) is the sum of the relative atomic masses of the individual atoms making up a molecule.
The relative molecular mass (Mr) of a compound is the mass of a molecule of that compound relative to the mass of 1 12 of an atom of carbon-12.


Moles

One mole is the amount of substance that contains the same number of particles (atoms, ions, molecules, etc.) as there are carbon atoms in 12 g of carbon-12. This number is called Avogadro’s constant, has symbol L (or NA), and has the value 6.02 × 1023 mol−1.
You can have a mole of absolutely anything. [image: ]
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1. Calculate the number of moles of magnesium atoms in 10.0 g of magnesium.

0.411moles of magnesium

2. Calculate the mass of 0.3800 mol CH3COOH.
22.8 g

Communication 
When we write ‘1 mol O2’, it means one mole of O2 molecules: that is, 6.02 × 1023 O2 molecules. Each O2 molecule contains two oxygen atoms; therefore, one mole of O2 molecules contains 2 × 6.02 × 1023 = 1.204 × 1024 atoms. That is, one mole of O2 molecules is made up of two moles of oxygen atoms.

3. How many moles of oxygen are in 0.25 mol H2SO4 ?
1 mole of oxygen

Empirical and molecular formulas
[image: ]
4. Find the percentage by mass of each element present in C6H5NO2.
Percentage of carbon is 59.01%
Percentage of hydrogen is 4.09%
Percentage of nitrogen is 11.48%
Percentage of oxygen is 26.23% 



5. Calculate the mass of oxygen present in 2.20 g of CO2.
1.6
2.2/(12+32)*2*16

6. What mass of HNO3 contains 2.00 g of oxygen?
Method1:
· (2.00/16/3)(15)+2 = 2.625
Method2: 
· 1+14+15.999*3=62.997
· Composition of oxygen =(16*3)/62.997=0.762
· 2/0.762=2.62



7. 
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 is the empirical formula

8. 
[image: Table

Description automatically generated]
Calculate the empirical formula of the copper oxide and write an equation for the reaction.

· CuO is the empirical formula 
· CuO+Cu+
· Can observes color change, CuO is black, and Cu is reddish brown




Composition by mass from combustion data
Worked examples 1.13 
1. An organic compound, A, contains only carbon and hydrogen. When 2.50 g of A burns in excess oxygen,  8.08 g of carbon dioxide and 2.64 g of water are formed. Calculate the empirical formula.





2. An organic compound, B, contains only carbon, hydrogen and oxygen. When 1.46 g of B burns in excess oxygen, 2.79 g of carbon dioxide and 1.71 g of water are formed.
a.  What is the empirical formula of B?
b.  If the relative molecular mass is 92.16, what is the molecular formula of B?
Reacting masses and volumes
Learning objectives 
• Solve problems involving masses of substances
• Calculate the theoretical and percentage yield in a reaction 
• Understand the terms limiting reactant and reactant in excess and solve problems involving these
There are three main steps in a moles calculation. 
1. Work 2out the number of moles of anything you can. 
2. Use the chemical (stoichiometric) equation to work out the number of moles of the quantity you require. 
3. Convert moles to the required quantity – volume, mass etc.

Example: Consider the reaction of sodium with oxygen: 4Na(s) + O2(g) → 2Na2O(s) 
a. How much sodium reacts exactly with 3.20 g of oxygen? 
b. What mass of Na2O is produced?
Number of moles of oxygen = = 0.100 mol
the coefficients in the chemical (stoichiometric) equation tell us that 1 mol O2 reacts with 4 mol sodium. Therefore 0.100 mol O2 reacts with 4 × 0.100 mol sodium, i.e. 0.400 mol sodium.
convert the number of moles to the required quantity, mass in this case: mass of sodium                  = 0.400 × 22.99 = 9.20 g
Masses may also be given in kilograms or tonnes. 1 kg = 1000 g 1 tonne = 1 × 106 g Before working out the number of moles, you must convert the mass to grams. To convert kilograms to grams, multiply by 1000; to convert tonnes to grams, multiply the mass by 1 × 106.
Solve the following 
1. Consider the following equation: 2NH3 + 3CuO → N2 + 3H2O + 3Cu
 If 2.56 g of ammonia (NH3) is reacted with excess CuO, calculate the mass of copper produced.




2. The following equation represents the combustion of butane: 
2C4H10(g) + 13O2(g) → 8CO2(g) + 10H2O(l) 
 If 10.00 g of butane is used, calculate the mass of oxygen required for an exact reaction.

                                                  Use the formula  

Reading : What can a balanced chemical equation tell us about a reaction?
Calculating the yield of a chemical reaction and limiting reactant 
In any commercial process it is very important to know the yield (the amount of desired product) of a chemical reaction. For instance, if a particular process for the preparation of a drug involves four separate steps and the yield of each step is 95%, it is probably quite a promising synthetic route to the drug. If, however, the yield of each step is only 60% then it is likely that the company would look for a more efficient synthetic process.
Imbalanced relationships affect finite resources, both locally and globally. 
All of the resources we use in chemical reactions are in finite supply, but some will be rarer in terms of natural abundance and more expensive. Most reactants in chemical processes are typically less expensive or less finite resources, and are said to be “in excess”. It is fundamentally important that we understand the stoichiometric amounts of the reactants required for a given reaction, so that a valuable finite resource is the limiting reactant. A limiting reactant determines the amount of product resulting from a chemical reaction. By designing a method that attempts to completely consume the limiting reagent in the reaction, we minimize wasting valuable resources.
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A compound has the following composition by mass: C, 0.681g; H, 0.137g; O,0.181 g.
a Calculate the empirical formula of the compound.
b If the relative molecular mass of the compound is 88.17, calculate the molecular formula.
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The experimental set-up shown in the figure can be used to
determine the empirical formula of copper oxide. The following
experimental results were obtained.
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