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The Mole ,

Your notes

The mole & the Avogadro Constant

Extended tier only
= Chemicalamounts are measured in moles
= The mole, symbolmol, is the Sl unit of amount of substance
= One mole of asubstance contains the same number of the stated particles
= This canbe atoms, molecules orions

= Onemole contains 6.02 x 1023 particles; this number is known as the Avogadro
Constant

= Forexample:
= One mole of sodium (Na) contains 6.02 x1023 atoms of sodium
= One mole of hydrogen (H,) contains 6.02 x 1023 molecules of hydrogen

= One mole of sodium chloride (NaCl) contains 6.02 x 1023 formula units of sodium
chloride

= The mass of Imole of a substance is known as the molar mass
= Foranelement,itis the same as the relative atomic mass writtenin grams

= Foracompound,itis the same as the relative molecular or formula mass in grams

The mole & volume of gas

Extended tier only

Molar volumes of gas

= Avogadro’s Law states that at the same temperature and pressure, equal amounts of
gases occupy the same volume of space

= e.g.1mole of hydrogen gas occupies the same volume as 1mole of methane gas

= Atroomtemperature and pressure, the volume occupied by one mole of any gas was
found to be 24 dm3 or 24,000 cm3

= Thisisknown as the molar gas volume at RTP

= RTP stands for “room temperature and pressure” and the conditions are 20 °C and 1
atmosphere (atm)

= Fromthe molargasvolume, the following formula triangles can be derived:

Molar gas volume (dm?) formula triangle
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Your notes
VOLUME
(dm3)
AMOUNT 24
OF GAS (dm? /mol)
(MOLES)

This shows the relationship between moles of gas, volume in dm® and the molar volume

= Ifthe volumeis givenin cm?instead of dm?, then divide by 24,000 instead of 24:

Molar gas volume (cm?) formula triangle

VOLUME
(em?)
AMOUNT 24,000
OF GAS (cm? /mol)
(MOLES)

This shows the relationship between moles of gas, volume in cm3and the molar volume

= Theformulacanbe used to calculate the number of moles of gases from a given volume
orviceversa

= Simply cover the one you want and the triangle tells you what to do
= Forexample, to find the volume of a gas:

= Volume = Moles x Molar Volume

Examples of Converting Moles to Volume Table

Gas Amount (moles) Volume

Hydrogen 3 (3x24)=72dm?3

(3x24000)=72000 cm?
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Carbon dioxide 0.25 (0.25%24) = 6 dm> ,

(0.25x24000) = 6000 cm? Your notes

Oxygen 5.4 (5.4x24)=129.6 dm?

(5.4x24000)=129600 cm?

Ammonia 0.02 (0.02x24)=0.48 dm?

(0.02x24000) =480 cm?

= Forexample, to find the number of moles of a gas:

= Moles = Volume = Molar Volume

Examples of Converting Volume to Moles Table

Gas Volume Moles
Methane 225.6dm3 (225.6 +24)=9.4 mol
Carbon monoxide 7.2dm3 (7.2+24)=0.3mol
Sulfur dioxide 960 dm? (960 +24) =40 mol
Oxygen 1200cm3 (1200 +24000) =0.05mol
p
O
Examiner Tips and Tricks
= You are not expected to know the value of Avogadro's constant
= But, you do needto know the equation as well as how to use and re-arrange it
\
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Linking Moles, Mass & Mr ,

Your notes

Linking moles, mass & Mr

Extended tier only
= One mole of any element is equal to the relative atomic mass of that elementin grams

= |fyouhad1mole of carbonatomsinyourhand, that number of carbon atoms would have
amass of 12 g (because the A, of carbonis 12)

= S0, onemole of helium atoms has amass of 4 g (A;of He is 4)
= One mole of lithiumhasamass of 7g (A;of Liis7)and soon

= One mole of any compoundi s the relative molecular mass or relative formula
massin grams

= To find the mass of one mole of acompound, add up the relative atomic masses

= Forexample, carbon dioxide has an Mr of:
(1xC)+(2x0)
(1x12) +(2x16)=44

Moles, mass andrelative mass
= The number of moles of any chemical can be calculated using:

mass

Moles =

= We canuse the following formula triangle to convert between moles, mass in grams and
the molarmass:

M = MOLAR MASS
IN gmol™

Formula triangle for moles, mass and molar mass
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= Calculating the number of moles of an element uses the same equation, but with relative ,

atomic mass replacingM
Your notes

o

Worked Example

What is the mass of 0.250 moles of zinc?
Answer:
= Fromthe Periodic Table, the relative atomic mass of Znis 65

= So,themolarmassis 65g/mol
= The massis calculated by moles x molar mass:

= 0.250molx65g/mol=16.25¢g

o

Worked Example
How many moles arein 2.64 g of sucrose, CioH22011 (M, = 342)?
Answer:

= The molarmass of sucroseis 342 g/ mol
= The number of molesis found by mass + molar mass:

2.64
342

=7.72x10-3 mol

o

Examiner Tips and Tricks

Always show your workings in calculations as its easier to check for errors and you may
pick up creditif you get the final answer wrong.

\
Calculating moles & masses

= Chemical amounts are measured in moles

= Themole, symbolmol, is the Slunit of amount of substance

= One mole of any substance contains the same number of the stated particles
= Thiscanbe atoms, molecules orions

= Onemole contains 6.02 x1023 particles

= Thisnumberis known as the Avogadro constant
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= Forexample: ,

* One mole of sodium (Na) contains 6.02 x 1023 atoms of sodium Your notes
= Onemole of hydrogen (H») contains 6.02 x 1023 molecules of hydrogen

= One mole of sodium chloride (NaCl) contains 6.02 x 1023 formula units of sodium
chloride

o

Worked Example
Formagnesium chloride, MgCly, calculate the number of:

1. MoleculesinTmole

2. AtomsinTmole

3. ChlorideionsinTmole

4.Magnesiumionsin2 moles
Answers:

1. The formulais MgCly, so Tmole of MgCl,is:

= 1x6.02x1023=6.02x1023 molecules
2.There are 3 atomsin MgCl,, so 1mole of MgCl, contains:

= 3x6.02x10%23=18.06 x1023 atoms
3. There are 2 chloride ions in MgCly, so Tmole of MgCl, contains:

= 2x6.02x10%3=12.04x1023 chloride ions
4. Thereis Tmagnesiumionin MgCly, so 2 mole of MgCl, contains:

= 2x(1x6.02x1023)=12.04x10%Z3 magnesiumions

o

Worked Example

In15.7 g of water (M, =18):

1.How many molecules are there?
2.How many atoms are there?
Answers:

1. The number of molecules:

= The molarmass of wateris 18 g/ mol
= The number of molesis found by mass + molar mass

= 157g+18g/mol=0.872 mol
= Thereare 6.02x1023 molecules of waterin1mole of water
= S0,in 0.872 moles of water, there are:

= 6.02x1023%x0.872=5.25x1023 molecules
2.The number of atoms:
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= |neachmolecule of water, there are 3 atoms (2 hydrogen atoms, one oxygen ,
atom)
= So,the numberof atomsin15.7g= 3x5.25x1023=1.58 x 1024 atoms Your notes
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Reacting Masses ,

Your notes

Reacting masses

Extended tier only
= Chemical/symbol equations can be used to calculate:
= The moles of reactants and products
= The mass of reactants and products
= Todothis:

= [nformation from the questionis used to find the amount in moles of the substances
being considered

= Then, theratio between the substances is identified using the balanced chemical
equation

= Once the moles have been determined they can then be convertedinto grams using
the relative atomic orrelative formula masses

o

Worked Example

Magnesium undergoes combustion to produce magnesium oxide.

The overallreaction thatis taking place is shown in the equation below.
2Mg (s) + O2(g) —2MgO (s)

Calculate the mass of magnesium oxide that can be made by completely burning 6.0
g of magnesiumin oxygen in the following reaction:

A(O)=16 A(Mg)=24
Answer:

1. Calculate the moles of magnesium

r

2.Use the molarratio from the balanced symbol equation

= 2 moles of magnesium produce 2 moles of magnesium oxide
= Theratiois1:1
= Therefore, 0.25 moles of magnesium oxide is produced

3. Calculate the mass of magnesium oxide

= Mass=molesxM,;=0.25molesx(24+16)=10g

—
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J
' ,
Worked Example Your notes
In theory, aluminium could decompose as shown in the equation below.

2A|203 — 4Al + 302

Calculate the maximum possible mass of aluminium, in tonnes, that can be produced
from 5Ttonnes of aluminium oxide.

A(O)=16 A/(Al)=27
Answer:
1. Calculate the moles of aluminium oxide

» Mass=51tonnesx10°=51000000¢g

» M, of aluminium oxide = (2x27) +(3x16) =102

mass 51 000 000
T 102

2.Use the molarratio from the balanced symbol equation

= Moles= =500000

= 2 moles of aluminium oxide produces 4 moles of aluminium

= Theratiois1:2

= Therefore, 2x500 000 =1000 000 moles of aluminiumis produced
3. Calculate the mass of aluminium

= Mass=molesxM,;=1000 000 molesx27=27000000g

. 27 000 000
= Massintonnes = B — =27tonnes
10

\
>

Examiner Tips and Tricks

Remember: The molarratio of abalanced equation gives you the ratio of the amounts

of each substanceinthereaction.
L

Limiting reactants
= Achemicalreaction stops when one of the reactantsis used up

= Thereactant thatis used up firstis the limiting reactant, as it limits the duration and
hence the amount of product that areaction can produce

= Theonethatisremainingis the excessreactant
= Thelimitingreagentis thereactant whichis not presentin excessin areaction

= The amount of product is therefore directly proportional to the amount of the limiting
reactant added at the beginning of areaction

Determining the limiting reactant
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= |nordertodetermine whichreactantis the limitingreagentin areaction, we have to
consider the amounts of each reactant used and the molarratio of the balanced
chemical equation

= When performing reacting mass calculations, the limiting reagent is always the number
that should be used, as it indicates the maximum possible amount of product that can
form

= Onceallof alimitingreagent hasbeenused up, the reaction cannot continue
= The stepsare:

1. Convert the mass of eachreactant into moles by dividing by the molar masses

2. Write the balanced equation and determine the molarratio

3. Look at the equation and compare the moles

o

Worked Example
9.2 gof sodiumis reacted with 8.0 g of sulfurto produce sodium sulfide, Na,S.
Whichreactantisin excess and whichis the limiting reactant?
Relative atomic masses (4A;): Na=23; S=32
Answer:
1. Calculate the moles of eachreactant

mass

= Moles=
r

9.2
= MolesNa=——=0.40
23

8.0
= MolesS=——=0.25
32
2. Write the balanced equation and determine the molarratio

= 2Na+S—NayS
= So,themolarratioofNa:Sis2:1
3. Compare the moles

= Toreactcompletely 0.40 moles of Narequires 0.20 moles of S
= Sincethere are 0.25 moles of sulfur:

= Sisinexcess
= Therefore, Nais the limiting reactant

s

Your notes
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