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The Mole Unit /

Your notes

The Mole

= The Avogadro constant (N, orL)is the number of particles equivalent to the relative atomic mass or
molecular mass of a substance in grams
= The Avogadro constant applies to atoms, molecules andions
= The value of the Avogadro constantis 6.02 x 1023 mol-!

= The mass of a substance with this number of particles is called the molar mass
=  One mole of a substance contains the same number of fundamental units as there are atoms in
exactly12.00 g of 12C
= |fyouhad 6.02x1023 atoms of carbon-12inyour hand, you would have a mass of exactly 12.00 g
= One mole of water would have a mass of (2x1.01+16.00)=18.02 g
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@ Worked example ,

Your notes
Determine the number of atoms, molecules and the relative mass of 1mole of:
1.Na
2.Hy
3.NaCl
Answer1:

= Therelative atomic mass of Nais 22.99

= Therefore, 1mol of Na has a mass of 22.99 gmol-!

= 1mol of Nawill contain 6.02 x 1023 atoms of Na (Avogadro’s constant)
Answer 2:

= Therelative atomic mass of His 1.01
= Sincethere are 2 HatomsinHyp, the mass of 1mol of Hyis (2x1.01)2.02 g mol-!
= Imol of Hy will contain 6.02 x 1023 molecules of H,

= However, since there are 2 H atoms in each molecule of Hy, 1 mol of H, molecules will contain1.204
x1024H atoms
Answer 3:

= Therelative atomic masses of Naand Clare 22.99 and 35.45 respectively

= Therefore,1mol of NaClhas a mass of (22.99 + 35.45) 58.44 g mol~!

= 1mol of NaClwill contain 6.02 x 1023 formula units of NaCl

= SincethereisbothanNaanda Clatomin NaCl, 1mol of NaClwill contain1.204 x 1024 atoms in total

Summary:

1mole of Number of atoms Number of molecules/ formula units Relative mass
Na 6.02x1023 - 23.99
Ho 1.204 x1024 6.02x1023 2.02
NaCl 1.204 x1024 6.02x1023 58.44
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Relative Atomic Mass

4

Relative atomic mass, A, Your notes

The relative atomic mass (4,) of an elementis the weighted average mass of one atom compared to
one twelfth the mass of a carbon-12 atom

The relative atomic mass is determined by using the weighted average mass of the isotopes of a
particularelement

The Arhas no units asitis aratio and the units cancel each other out

r=

weighted average mass of one atom of an element

1
1; mass of one atom of carbon—12

Table of Relative Molecular Mass Calculations

Substance Atoms present M,
Hydrogen (H,) 2xH (2x1.01)=2.02
Water (H,0) (2xH)+(1x0) (2x1.01)+16.00=18.02

Pot i t
© ass'(‘;mccoar)bona © 2xK) +(1xC)+(3xO) (2x39.10)+12.01+ (3x16.00) = 138.21
2 3

Calcium hydroxide (1xCa) +(2x O) +(2 x H) 40.08x(2x16.00) +(2x1.01) = 74.10
(Ca(OH),)

Ammonium Sulfate

(2x14.01)+(8x1.01)+ 32.07 +(4x16.00) =
(NH,),S04) (2xN)+(BxH) +(1xS) +(4xO)

132.17

Relative formula mass, M,

= Therelative formula mass (M,) is used for compounds containing ions
Itis calculatedin the same way as relative molecular mass

Inthe table above, the M, for potassium carbonate, calcium hydroxide and ammonium sulfate are
relative formula masses

Page 40of16

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Molar Mass

Molar Mass

= Since atoms are so small, any sensible laboratory quantity of substance must contain a huge number of
atoms
= Suchnumbers are not convenient to work with, so using moles is a better unit to deal with the sort of
quantities of substance normally being measured
= Whenwe need to know the number of particles of a substance, we usually count the number of moles
= The number of moles or particles can be calculated easily using a formula triangle
Formula triangle diagram linking moles, particles and Avogadro's constant

L = AVOGADRO CONSTANT
6.02 x 10 mol™

PARTICLES

MOLES

The moles and particles formula triangle — cover with your finger the one you want to find out and follow
the directions in the triangle
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@ Worked example /
Your notes

How many hydrogen atoms are in 0.010 moles of CH3CHO?

Answer:

= Thereare 4Hatomsin1molecule of CHzCHO

= So, there are 0.040 moles of Hatoms in 0.010 moles of CHzCHO
= The number of Hatoms is the amountin moles x L

= Thiscomesto 0.040 x(6.02x1023) = 2.4 x 1022 atoms

@ Worked example
How many moles of hydrogen atoms are in 3.612 x 1023 molecules of HyO5?
Answer:

s In3.612x1023molecules of HyO, there are 2 x(3.612 x 1023) atoms of H
= So,thereare7.224x1023atoms of H

= The number of moles of Hatoms is the number of particles + L

= Thiscomesto7.224x1023+(6.02 x1023) =1.20 moles of H atoms

Moles and Mass

= We countin moles by weighing the mass of substances
= The number of moles can be calculated by using a formula triangle
= The molar mass of a substanceisits relative atomic mass, Ar, orits relative formula mass, M, expressed
ingrams
= Molarmass has the units g mol-!
Formula triangle diagram linking moles, mass and molar mass
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M = MOLAR MASS
IN gmol™

The moles and mass formula triangle - cover with your finger the one you want to find out and follow the
directions in the triangle

Q Worked example
Whatis the mass of 0.250 moles of zinc?
Answer:

= From the periodic table the relative atomic mass of Znis 65.38
= So,the molarmassis 65.38 gmol-!

= The massis calculated by moles x molar mass

= Thiscomesto 0.250 molx65.38gmol'=16.3g

@ Worked example

How many moles arein2.64 g of sucrose, Cy,H;;05, (M, =342.3)?
Answer:

= The molar mass of sucroseis 342.3 gmol"!
= The number of molesis found by mass + molar mass
= Thiscomesto 2.64g+342.3gmol'=7.71x10"3 mol
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O Examiner Tip /

N . . , , " Your notes
Always show your workings in calculations as its easier to check for errors and you may pick up credit if

you get the final answer wrong.
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Empirical Formula

Empirical Formula

= The molecular formulais the formula that shows the number and type of each atomin a molecule

1, SaveMyExams

= E.g.the molecularformula of ethanoic acid is C,H,O,

= The empirical formula is the simplest whole numberratio of the atoms of each element presentin one

molecule or formula unit of the compound

= E.g.the empirical formula of ethanoic acid is CH,O

= |tcanbe deduced from data that give the percentage composition by mass of the elementsina

compound

= Organic molecules often have different empirical and molecular formulae

= The formula of anionic compound is always an empirical formula

@ Worked example

Determine the empirical formula of a compound that contains 10 g of hydrogen and 80 g of oxygen.

Answer:

Hydrogen

Note the mass of each element 109 80g

10 80

Divide the masses by atomic 1.01 16.00
masses _5mol
=10 mol =>mo

10 5.0

Divide by the lowest figure to 5.0 5.0

obtain nearest whole numberratio 5 .

Empirical formula
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@ Worked example

Determine the empirical formula of a compound that contains 85.7% carbon and 14.3% hydrogen.

Answer:

Hydrogen

Note the X by mass of each element 85.6 14.3

85.7 143

12.01 1.01

Divide the X by atomic masses

=7.14mol =14.2 mol

714 14.2

Divide by the lowest figure to obtain 7.14 7.14

nearest whole numberratio 1 9

Empirical formula CH»

Molecular formula

The molecular formula gives the actual numbers of each element present in the formula of the
compound

The molecular formula can be found by dividing the relative molecular mass by the relative mass of the
empirical formula and finding the multiple that links the empirical formula to the molecular formula
Multiply the empirical formula by this number to find the molecular formula
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@ Worked example /

Your notes
The empirical formula of Xis C4H0S and the relative molecular mass of Xis 180.42.

What is the molecular formula of X?
Relative Atomic Mass Carbon:12.01 Hydrogen:1.01 Sulfur: 32.07
Answer:

= Step 1: Calculate the relative mass of empirical formula
Relative empiricalmass = (C x4) + (Hx10) +(Sx1)

Relative empiricalmass =(12.01x4) + (1.01x10) + (32.07 x 1)
Relative formulamass =90.21

= Step 2: Divide relative molecular mass of X by relative mass of empirical formula
The multiple between X and the empirical formula =180.42/90.21=2

= Step 3: Multiply the empirical formula by 2
2XC4H1oS = CgHzoSz

The molecular formula of Xis CgH20S2
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Molar Concentration /

Your notes

Molar Concentration

Volumes & concentrations of solutions

» The concentration of a solution is the amount of solute dissolved in a solvent to make 1dm? of solution
= Thesoluteis the substance that dissolvesin a solvent to form a solution
= Thesolventis oftenwater

= Aconcentrated solutionis a solution that has a high concentration of solute
= Adilute solutionis a solution with alow concentration of solute
= Concentrationis usually expressedin one of three ways:

= moles perunitvolume

= massperunitvolume

= partspermillion

Moles per unit volume

= The formulaforexpressing concentration using molesis:

number of moles of solute (mol)

concentration(mol dm=3) = volinEof soltion (dm®)

* Youmust make sure you change cm®to dm? (by dividing by 1000)
= Therelationships canbe expressed using this formula triangle:
Concentration moles formula triangle diagram

Page120f16

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

VOLUME
IN dm?®

CONCENTRATION X

To use the concentration formula triangle cover the one you want to find out about with your finger and
follow the instructions

Q Worked example

Calculate the mass of sodium hydroxide, NaOH, required to prepare 250 cm3of a 0.200 mol dm-3
solution.

Answer:

= Step 1: Use the formula triangle to find the number of moles of NaOH needed
number of moles = concentration (mol dm=3)x volume (dm?3)

n=0.200moldm=-3x0.250 dm3
n=0.0500 mol

= Step 2: Find the molar mass of NaOH
M=22.99+16.00+1.01=40.00 gmol!

= Step 3: Calculate the mass required
mass = moles x molar mass

mass = 0.0500 molx40.00gmol' =2.00g

Mass per unit volume
= Sometimesitis more convenient to express concentration in terms of mass per unit volume
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= Theformulais:

mass of solute (g)
volume of solution (dm3)

concentration (g dm3) =

To change a concentration from mol dm=>to gdm=3

= Multiply the moles of solute by its molar mass
mass of solute (g) = number of moles (mol) xmolar mass (g mol™')

Parts per million

= When expressing extremely low concentrations a unit that can be used is parts per million or ppm
= Thisisusefulwhen giving the concentration of a pollutant in water or the air when the absolute amount
is tiny compared to the volume of water or air
= Tppmisdefinedas
= Amassof 1mg dissolvedin1dm? of water

= Since 1dm3®weighs 1kgwe canalso sayitis

= Amassof 1mg dissolved in1kg of water, or 10~° gin10° g which is the same as saying the
concentrationis 1in10% or 1in a million

@ Worked example

The concentration of chlorine in a swimming pool should between between1and 3 ppm. Calculate the
maximum mass, in kg, of chlorine that should be presentin an Olympic swimming pool of size 2.5
million litres.

Answer:

= Step 1: calculate the total mass in mg assuming 3ppm(1 litre is the same as 1dm?)
3x2.5x10°=7.5x10°mg

= Step 2: convert the mass into kilograms (1mg =10 kg)
7.5x104 x10° kg =7.5kg
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Avogadro's Law

Avogadro's Law

Volumes of gases

= |n1811the Italian scientist Amedeo Avogadro developed a theory about the volume of gases
= Avogadro’slaw (also called Avogadro’s hypothesis) enables the mole ratio of reacting gases to be
determined from volumes of the gases
= Avogadro deduced that equal volumes of gases must contain the same number of molecules
= Atstandard temperature and pressure(STP) one mole of any gas has a volume of 22.7 dm3
= The units are normally written as dm3mol-I(since it is 'per mole’)
= The conditions of STP are
= atemperature of 0°C (273 K)
= pressure of 100 kPa

Stoichiometric relationships

= The stoichiometry of areaction and Avogadro's Law can be used to deduce the exact volumes of
gaseousreactants and products

= Eg.inthe combustion of 50 cm?3of propane, the volume of oxygen needed s (5x50) 250 cm?, and

(3x50)150 cm? of carbon dioxide is formed, using the ratio of propane: oxygen: carbon dioxide,
whichis1: 5: 3respectively, as seenin the equation

C3Hg (9) + 50, (g) = 3CO, (g) + 4H,0O ()

= Remember thatif the gas volumes are notin the same ratio as the coefficients then the amount of
productis determined by the limiting reactant so it is essential to identify it first
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@ Worked example /

Your notes
What is the total volume of gases remaining when 70 cm?® of ammonia is combusted completely with

50 cm3 of oxygen according to the equation shown?
4NH;3 (g) + 50, (g) = 4NO (g) + 6H,0 (1)

Answer:

= Step 1: From the equation deduce the molarratio of the gases, whichis NHz:0, :NO or 4:5:4 (water
isnotincluded asitisin the liquid state)

= Step 2: We can see that oxygen will run out first (the limiting reactant) and so 50 cm3 of O,
requires 4/5x 50 cm3 of NHztoreact =40 cm3

= Step 3: Using Avogadro's Law, we can say 40 cm?® of NO will be produced

= Step 4: There willbe of 70-40 = 30 cm3 of NHz left over

Therefore the total remaining volume will be 40 + 30 = 70 cm? of gases

© ExaminerTip

Since gas volumes work in the same way as moles, we can use the 'lowest is limiting' technique in
limiting reactant problems involving gas volumes. This can be handy if you are unable to spot which gas
reactantis going to run out first. Divide the volumes of the gases by the cofficients and whichever
gives the lowest numberis the limiting reactant

= E.g.inthe previous problemwe can see that
= ForNHz 70/4 gives17.5
= For0O,50/5 gives 10, so oxygenis limiting
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