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Chapter 1: Atomic structure

Knowledge organiser

__D_evelopment of the model of the atom

The plum pudding model

Scientists’ experiments resulted in the discovery of
‘ sub-atomic
were electrons - tiny,

=
Dalton’s model |

John Dalton thought
‘ of the as
a solid sphere that

charged particles.
|

particles. The first to be discovered

electron
O

] + 0
+ «® @+
[N SR
e O
+ ©

| could not be divided ' The discovery of electrons led to the

| intc:jsrlnda.l(;er pta.rtsi ,-:j's , ' of the atom - a cloud of
| modetdidnotinclude | ‘ embedded in it.

| |
| yet been discovered.

and

charge, with negative
had not

BRSO o
+ +G)
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/

cloud of positive charge

ior | '
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| Alpha scattering experiment

scientists predicted:

actually observed:

Niels Bohr calculated
‘ | that electrons must
._” orbit the nuclens
I at fixed distances.
' i These orbits are

Scientists replaced the

‘ plum pudding model

' | with the nuclear

| l model and suggested
that the electrons

| the nucleus, called or
| ‘ but not at set i ‘
| Size - Relative mass
| | Theatomhas a | One property of protons, neutrons, and :
| | radius of . ' electronsis - their masses
' (plural of | compared to each other. Protons and _ 5
nucleus) are around ' neutrons have the same mass, so are given 'h
times a relative mass of . It takes almost

smaller than atoms ! electrons to equal the mass of a
- and have a radius of ; " single proton - their relative mass is so

| Scientists fired small, charged gold atoms gold atoms
: particles (called particles) at a piece of T
' foil only a few atoms thick. . ®
2 They expected the alpha particles to travel @ it i":
; through the gold. e g . “\
| 3 They were surprised that some of the alpha == *
i particles back and many were ©-------8 s
I (alpha scattering). « o
4 To explain why the alpha particles were repelled " '///
‘ | thescientists suggested that the positive charge & -—------- =
‘ and mass of an atom must be concentrated in a alpha particle @
‘ small space at its centre. They called this space ®
‘ the .
Nuclear model ‘ Electron shell (Bohr) model ‘ The proton

} Further experiments provided
| evidence that the nucleus

. contained smualler purlicles

| called .Aprotonhasan |
charge to an electron.

|

The neutron
James Chadwick carried out

| experiments that gave evidence for

a particle with no charge. Scientists
called this the and concluded
that the and arein
the nucleus, and the electrons orbit
the nucleusin

' | around ' i small that we can consider it as




lements and compounds - Drawing atoms

lements are substances made of one . | Electronsin an atom are placed in fixed
/pe of atom. Each atom of an element will ‘ . | shells. You can put
ave the same number of :

B e upto_____ electronsin the first shell

are made of different types of e eight electrons each in the
toms chemically together. The .| and—____ shells.

toms in a compound have You must fill up a shell before moving on
umbers of protons. | * | tothe nextone. |

) 2

. . . . |
A mixture consistsof _______elements . Separating mixtures |
or compounds that are not . |
combined together.

Aixtures

R

- insoluble solids and a liquid

=ness

. . e -solublesolid from a solution
The substances in a mixture can be )
. . . - solvent from a solution
using physical processes.
° - two liquids with similar boiling points

These processes do not use

reactions. - identify substances from a mixture

in solution
itoms and particles
Relative charge Relative mass
roton = number
leutron = number—______ number
lectron = same as the number of
| atoms have numbers of protons and electrons, meaning they have overall charge:
total negative charge from electrons = total positive charge from protons
otopes |

oms of the same element can have a different numberof _________ giving them a different overall
omsof thesame elementwith___ numbers of neutrons are called isotopes.

1e relative atomic mass is the average of all the atoms of an element: ‘

(abundance of isotope 1 x mass of isotope 1 ) + (abundance of isotope 2 x mass of isotope 2)...

relative atomic mass =

100
_ _ e
Make sure you can write a definition for these key terms.
abundance atom atomic number aqueous compound electron
element energy level isotope neutron nucleus orbit
product proton reactant relative atomic mass

relative charge relative mass shell




Chapter 2: The Periodic Table

Knowledge organiser

' Development of the Periodic Table

The Periodic Table has changed over time as scientists have organised it differently. Mendeleev was
able to accurately predict the properties of undiscovered elements based on the gaps in the table.

First lists of elements Mendeleev's Periodic Table Modern Periodic Table

How are elements
ordered?

Are there gaps?

How are elements
grouped?

Metals and non-metals

Problems
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Group 0

Elements in Group 0 are called the . They have the following properties:

o full outershellswith________electrons, so do not need to or electrons
e arevery so exist as single atoms as they do not bond to form molecules

e boilingpointsthat___ down the group.

Name the group 0 elements.

I®- Make sure you can write a definition for these key terms.

alkali metals chemical properties displacement groups halogens inert isotopes
noble gas organised Periodic Table reactivity undiscovered unreactive

ST




FGroup 1 elements

Group 1 elements react with oxygen, chlorine, IEI =
and water, for example: i

lithium + oxygen =
lithium + chloring —
lithium + water — +

Al | si | P S | Clj|aAr

Zr | Nb | Mo [ Tc [Ru |Rh |Pd|Ag |Cd |in |Sn |Sb| Te | 1 | %e

Group 1elements are called
because they react with water to form an alkali
(a solution of their metal hydroxide).

Hf | Ta | W | Re | Os Ir | Pt {Au |Hg | TI | Pb | Bi | Po | At | Rn

Rf | Db | Sg | Bh [ Hs | Mt [ Ps | Rg

JEroup 1 properties

Group lelementsallhave_______ electron in their outer shell.

Reactivity ______ down Group 1 because as you move down

the group:

s theatoms____ insize

' * theouter electron is further away from the nucleus, and there

aremoreshells______ the outer electron from the nucleus

e the__ attraction between the nucleus and the outer
electronis soitis easier to losetheone______ electron

¢ the melting point and boiling point________down Group 1.

reactivity

Group 7 elements

Group 7 elements arecalledthe________ . They are non-metals that exist as molecules made upof ____ ofatoms.

Name Formula State at room temperature Melting point and boiling point Reactivity

fluorine

chlorine

bromine

iodine

\ 4

Group 7 reactivity

Reactivity decreases down Group 7 because as you move down the group: o
o theatoms______ insize A e G
. P =B N T

* the outershellis further away from the nucleus, and therearemore ¢ [/ \\ 9 &/ &~ \b
between the nucleus and the outer shell (Ib‘?@ @ 60 | EQ Qr;lg

. Fhe electrostatic attraction from the nuFIeus tothe outershellis____ soit \ e/ N/
isharderto______ one electron to fill the outer shell. M-{):/// S~ J

o

[ reactivity

Group 7 displacement

More reactive Group 7 elements can take the place of less reactive ones

inacompound. Thisiscalled |

For example, fluorine displaces chlorine as it is more ‘
fluorine + potassium chloride — + |




Chapter 3: Bonding 1

Knowledge organiser

| Particle model

The three states of matter can be represented in the particle model.

melting point boiling point
(¥
o—-——>° ©
©
¥ ® ©
©
— @ @

(HT only) This model assumes that:

The amount of energy needed to change the state of a substance depends
onthe between the particles. The stronger the between
the particles, the the melting or boiling point of the substance.

Covalent bonding

Atoms can or electrons to form strong chemical bonds.

A covalent bond is when electrons are between atoms.

The number of electrons shared depends on how many
electrons an atom needs to make a full

If you include electrons that are
shared between atoms, each
atom has a full outer shell.
Single bond = each atom
shares pair of electrons.
Double bond = each atom
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lons

Atoms can or electrons to gi
a full outer shell. The number of protons is then
from the number of electrons. The resulting part
a charge and is called an

23
N

11
sodium atom, Na sodium ion
protons prc
electrons elec

overall charge = overall charge

Conductivity

Solid ionic substances do not electricity
the ions are fixed in position and not free to carr

When or in water, ionic subs
do________ electricity because theionsare ____
to move and carry charge.

Melting points

lonic substances have melting points t
the force of attraction between
charged ions is strong and so requires lots of ____
to break.

Lshares pairs of electrons.
Covalent structures
There are three main types of covalent structure:
| wp Giant covalent Small molecules Large molecules
.S % Many billions of atoms, each Each molecule contains only a few atoms | Many repeating units joined by covalent bo
4 c onewitha covalent | with strong covalent bonds between to form a
' _8 ; bond to a number of others. these atoms. Different molecules are held The small section is bonded to many identica |
| © | Anexample of a giant together by weak sections to the left and right. The ‘1’ represen
! FU | covalent structure is For example, is made of small
-y * - molecules. Separate chains are held together [, .
' ,B i @ by intermolecular forces that are |
g @ /e \ stronger thanin ____ molecules. c—cC
= ¢ o ﬁ Q@ ‘ are examples of long PII JI
n; | @ | molecules.




lonic bonding

Giant ionic lattice

When metal atoms react with non-metal atoms they
electrons to the non-metal atom.

needs to has one more
1 than electrons

- . N

@ @

needs to has one more
1 than protons

When metal atoms
electrons
to non-metal
atoms you end up
with and
ions. These
are attracted to each
other by the strong
electrostatic force
of attraction. This is

L

called

The electrostatic force of
all

attraction works in

, so many billions of ions can be bonded

has more

needs to lose _____

2+

than electrons

Ise
H .
=

Q) (4] 4] e

-G G
. needs to needs to
e ) .
gain 1 gain 1
Metal atoms electrons to become ions.
Non-metal atoms electrons to become jons.

togetherina structure.
Formulae
The formula of an ionic substance can be worked out
1 fromits :
for every magnesium ion there are
fluoride ions - so the formula for
magnesium fluoride is MgF,
2 froma :
there are nine Fe?* S ion Fe* ion
ions and 18 S~ ions ~- / ‘./
simplifying this ratio @ : ™
gives a formula of '\'2 - f\[
a I 4'\ |
- ] -

Metals: Structure and properties

The atoms that make up metals form
means they are free to move through the

Some important properties of metals are:

structure.

The positive metal ions are then attracted to these delocalised electrons by the

. The electrons in the outer shells of the atoms are

— this

positive ions

g

‘sea’ of delocalised

electrons

-
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Chapter 3: Bonding 2

Knowledge organiser

High melting and boiling
points because the
covalent bonds between the

melting and boiling
points because only the

forces need to be overcome to melt

Melting and boiling points are
compared to giant
substances but higher than for small

Graphite is a giant covalent structure, but is different to
other giant covalent su bstances.

p I R S\ TR L TR TR RS S

. Structure
—each “:)- 5{: .&ﬁ

. Made only of
<$£3%

ST T e T e TR S N

' carbonatombondsto____
: others, and forms hexagonal

¢ ringsin . Each carbon
! atom hasone electron, which is delocalised i.'
: and therefore to move around the structure
Hardness
' The layers can over each other because
. Lhey are not bonded. Graphile is thereluie
. softer than , even though both are made

only of carbon, as each atom in diamond has
strong covalent bonds.

Conductlwty

The electrons are free to move

through graphite, so can carry charges and allow an

electrical current to . Graphite is therefore a
of electricity.

 Graphene

Graphene consists of only asingle layerof __ | Its
strong covalent bonds make it a material that
can also conduct electricity. It could be used in composites
and high-tech electronics.

together in one molecule
e canbearranged as a ora

0
Q@ |atomsmustbe___ to or boil the substances, not the molecules.
+ | melt or boil the substances. between the atoms.
o Large molecules have
Q. | This requires a lot of This does not require a lot of energy | intermolecular forces than small
= at room as the intermolecular forces are molecules, which require more
Q to overcome.
temperature.
Normally or at | Normally at room
room temperature. temperature.
Most covalent structures do not electricity because they do not have or
that are free to move to carry charge.
Graphite Fullerenes
e __ cagesofcarbonatoms bonded

(called a nanotube)

* molecules held together by
forces, so can slide over each other
J conduct electncnty

f Spheres
. Buckminsterfullerene was the

first fullerene to be discovered,
| and has

Other fullerenes exist with
different numbers ol Larbon

. atoms arranged in rings that
form hollow shapes.

Fullerenes like this can be used as

Nanotubes

e N e i N B o I

~ The carbon atoms in nanotubes are arranged in

cylindrical tubes.
Their high

strength (they are difficult to

break when pulled) makes them useful in electronics.

..I.l.l....l.-.III...........I.I.I'.I.'...-...'..l..-I..Il..I.I...'...II.Il-.'I..".........I.-..I'-I-...."..l



lloys

ire metals are oftentoo_________ to use as they are. Adding atoms of a different
ement can make the resulting mixture _____ because the new atoms will
2adifferent______ to the pure metal’s atoms. This will disturb the
rangement of the layers, preventingthem from____ over each other.

e harder mixture is called an alloy.

iron alloy
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leasuying particles_,

P 4
7 e use dlﬁWﬂd scales to m?ad@@slze of particles. // ﬂ

Partlc/ Mate }{ Size ﬁandard form 4

ﬁn ofsand/ // }/ /(ﬁmm 1x10- }/ A)OOT m -7
coarse pa’,{cles (6.9, 40s1) / M., /'( 10um /(( / 0.00001 / /

ﬁnepa%cles/ / PM/ 100¢ /1><10- /, 0.0MO’Im/
4 . . 0000000gf m
nanfpaptliles / CPM,, 1o OOV 11010 1x10" L0000

PM stands for é/ and is another wé)?éasuring very small pa/M / /
v (g
ﬂ nanoparticlee- P

nce, caused by their highsurface

es have man
,and as

,so it is impogftant that they

®- Make sure you can write a definition for these key terms.

conductivity conductor delocalised electron electrostatic force of attraction
ion lattice layer malleable nanoparticle particulate matter
surface area tovolumeratio  transfer ),




Chapter 4: Calculations

Knowledge organiser

MMake sure you can write a definition for these key terms-.\

| percentage yield

\
N

M =

Formula mass

Every substance has a

A 4

l

Avogadro’s constant (HT only)

One mole of a substance contains atoms, ions, or molecules.

| This is Avogadro’s constant.

One mole of a substance has the same
Forexample, the M (H,0) = , SO
molecules, and is called one

g of water molecules contains
of water.

You can write this as: moles =

asthe M_of the substance.

S eS0OS 0RO ReORRBRERDeRORRRORENS

Using balanced equations (HT

In a balanced symbol equation the sum of the

Write down the steps for how to calculate
the mass of a product from a given mass of a
specific reactant.

1.

2.

etical

L

burette concordant

formula mass

atom economy end point

excess reactant limiting reactant
room temperature and pressure

titre yield

pipette

theoretical yield titration useful

ﬂl...---.llIII......III......I..IIl.....l-----.l-.....l’..'.....--l.I.-.III."--0.......--.

Concentration

Concentration is the amount of solute in a
of solvent.

The unit of concentration is g/dm?,
Concentration can be calculated using:

concentration (g/dm?) =

Sometimes volume is measured in cm3:

volume (dm?®) =

e |ots of solute in little solution =

o [little solute in lots of solution =

M -‘.-‘f gases (HT only)




ly)

Excess and limiting reactants (HT only)

f the reactants equals the sum of the M of the products.

Write down the steps for how to balance an
equation.
1.

2.

4,

In a chemical reaction between two or more reactants, often
one of the reactants will run out before the others. You then
have some of the other reactants left over. The reactant that
‘ is left overisin . The reactant that runs out is the

-

Write down the steps for working out which reactants are in
excess, and which is the limiting reactant.

atlon in /dm3

1.

2.

3.
molisa | s | 4.
the unit E 5.
of moles .

ﬁc ration ¢ so bgfmeasured in
m3
MaW

You canSet
mole

Calculating concentration

To calculate the concentration of the

unknown solution (the solution in the

conical flask):

1 Writea
for the reaction.

2 Calculate the moles used from the
known solution using:

|| moles =
| 3 Usethe from the balanced
symbol equation to deduce the

' number of moles presentin the

. unknown solution.

' 4 Calculate the concentration of the
‘ unknown solution using:

‘ concentration (mol/dm?) = |

Titratj%,

niqug#o work out the
soly#6n in the reaction bety

“N ap

with an
volume only.
flask and

to extragfa known volume gPfhe solutjs
own concentrajifn. A pipette megséres a
'Add the solution#f unknown congefftration to 3
put the conica#tlask on a whijgfile.
Add a few of a sifftable indicatg
Add thedther solutig@fvith a known géncentration to the
Carrybut a roughMtration to find géit approximately w
solftion in thgfburette needs toe added to the 50
fiask. Adddie solution from j#e burette to the
tlask 3 at a time until

to the conical flask.

the  isreacheg
he_____ _i1swh

the indicator just

changes

Record the

drop-by-drop.
the conical fla

control the
flow rate.

the end

—l e




Chapter 5: Chemical changes 1

Knowledge organiser

]rReactions of metals Reactivity series
The of a metal is how chemically reactive The reactivity series places in order of their reactivity.ﬁ
:;EI;; ,Y(\,IE;; ?riﬁzset:)n \;v;tlir;]sac\)/rene metalsr(r;ac?c?v\i,te;y * SOmetimes,. for exam.ple in the.table below, hydrogen and
Other metals will barely react with water or acid, or carbon are included in the series, even though they are

| won’treact at all - these metals have reactivity.

. 4 . 4

Reaction with water Reaction with acid Reactivity series — Extraction method
Metal Reactivity
potassium . high
sodium - reactivity
lithium
calcium
magnesium =
2|
aluminium E R
o
zinc ed
Bo
iron £
w
tin @
=
lead @
(hydrogen) = i
copper i
silver
\/ low
gold . reactivity
Metal extraction Reduction and oxidation
Some metals, like gold,areso_—_ that they are found as pure If a substance gains oxygen in a reaction,
metals in the Earth’s and can be mined. it has been
Most metals exist as compoundsin rock and havetobe If a substance loses oxygen in a reaction,
from the rock. If there is enough metal compound in the rock to be it has been

worth extracting it is called an

For example:

Metals that are reactive than carbon can be extracted by , , ,

. iron + oxygen = iron oxide
with carbon. For example:

iron has been

iron oxide + carbon — +
Metals that are more reactive than carbon can be extracted using a
process called

+ carbon = iron + carbon dioxide

has been reduced

TGO CEDEEO PO EEOPOEESAECEOORESOOER0ORC0000RSREEEE0OEROSEOOPERE0OCR0O0RRESCORRBRERGRODREROERRBEERS

Salts

When acids react with metals

| or metal compounds, they form
.Asaltis a compound where
the from an acid has been

| replaced by a metal. For example
nitric acid, HNO,, reacts with
sodium to form .TheHin
nitric acid is replaced with Na.

hydrochloric acid sulfuric acid nitric acid

| The table shows how to name salts.




|
In a displacement reaction a reactive element takes the
place of a [ess reactive element in a compound.

Displacement reactions

For example:
copper sulfate + iron = +
Jaq) + —_(s)— (aq) + —(s)
‘ is more reactive than copper, so iron displaces the copper
| in copper sulfate.

* and iron, iron forms an ion more easily than

Reactivity and ions

A metal’s reactivity depends on how readily it
forms an by losing electrons.

in the displacement reaction of copper sulfate

copper.

At the end of the reaction you are left with
ions, not ions.

lonic equations (HT only)

When an ionic compound is dissolved in a solution, we can write
the compound as its separate ions. For example, CuSO,(aq) can
be written as and

The displacement reaction of copper sulfate and iron can be
written as:

The SO,2~ is unchanged in the reaction - itis a
. Spectator ions are removed from the equation
to give an ionic equation:

Metals, covalent substances, and solid ionic substances do not
split into ions in the ionic equation.

\ 4

Half equations (HT only)

=

Np

In the displacement reaction, an iron atom loses two electrons
to formaironion:

Fe(s) — +
A copper ion gains two electrons to form a copper atom:

+ = Cu(s)

These two equations are called - they each show

half of the ionic equation.

" ® "ORPSPDERASISORDERRDRERREDEDERD D

Steps for writing an ionic
equation (HT only)

2
3.
4

Reduction and oxidation:
electrons (HT only)

Oxidation and reduction (redox reactions) can
be defined in terms of oxygen, but can also be
defined as the or of electrons.

Oxidation is the of electrons, and
reduction is the of electrons.

In the example displacement reaction:

iron atoms have been

s copperions have been

Acids and alkalis

Acids are compounds that, when dissolved
in water, release ions. There are three
main acids:

and .
Alkalis are compounds that, when dissolved i
water, release ions.
The pH scale is a measure of acidity and alkalinity.
It runs from 1 to 14.
* Aqueous solutions with pH <7 are
» Aqueous solutions with pH> 7 are
e Aqueous solutions with pH=7 are

Indicators |
Indicators can show if something is an acid or an alkali. The pH scale
. can also tell us the approximate pH of a solution. 0 1 2 3 4 s 9 10 11 12 13 14
o can give us the exact pH of a solution. ..E = |5
i =l




Chapter 5: Chemical changes 2

Knowledge organiser

Reactions of acids

Alkalis and bases

Reactions of acids with metals

Acids react with some metals to form

and

magnesium + hydrochloric acid =

Neutralisation reactions
Reactions of acids with metal hydroxides

' Acids react with metal hydroxides to form

and

hydrochloric acid + sodium hydroxide —

The ionic equation for this reaction is always:

Reactions of acids with metal oxides

and

Acids react with metal oxides to form

+ -

Reactions of acids with metal carbonates

Acids react with metal carbonates to form a

and

neutralise acids to
form water in neutralisation
reactions. Some metal
hydroxides dissolve in water to
form______ solutions, called
alkalis.

Some metal oxides and metal
hydroxide do not dissolve in

. They are bases,
but are not alkalis.

hydrochloric acid + sodium carbonate —

Balancing symbol equations

State symbols

oh each side is
H, + 0,— H,0
unbalanced

the reactants and ___in the product

__H, +0,—~__HO0

When writing symbol equations you need to ensure that the number of each

2
balanced

there are __hydrogen atomson | there are __ hydrogen atoms on
each side, but __oxygen atomsin ; each side, and __ oxygen atoms

on each side

00 ¢ » P

80 ¢ " B¢

e ¢%¢

A balanced symbol equation
should also include state
symbols. Complete the table.

State Symbol

®- Make sure you can write a definition for these key terms.

displacement electrolysis

metal ore oxidation

spectatorion

extraction
reactivity

half equation
reactivity series
state symbols

ion ionhic equation

redox reduction




trong and weak acids

Jlfuric acid, nitric acid, and hydrochloric acid, are all . acid, acid,and_______ acid
zids. This means that, when dissolved in water, every « are weak acids. This means that only a percentage of their
iolecule splits up into ions - they are completely ionised: ¢« molecules split up into ions when dissolved in water - they
(aq) — 2H" (aq) + 50,2~ (aq) E are______ ionised.
HNO, (aq) = + * Foragiven concentration,the_______the acid, the
HCl(aq) —» H* (aq) + the pH.
oncentrated and dilute acids
oncentration tells us how much
‘a substance there is dissolved in strong acid strong acid ] weak acid weak acid

ater:

more concentrated acids have
lots of acid in a
volume of water

less concentrated acids (dilute

acids) have little acid in a large
volume of water.

There are a _ acid
ions.
They are

ionised.

There are of acid There are a acid There are of acid
ions. ions. ions. ;
They are They are , - They are
ionised. ionised. ionised.

E R R RN E R ERE R R R R R RN R R A R R R A N N N N R NN S R N N R N R N R R R R R R R R R R A R R NN

rystallisation

iu can produce a solid salt from an insoluble base by crystallisation.

1e experimental method is:

water

wire gauze

tripod

crystals form
in the solution

N




Chapter 6: Electrolysis

Knowledge organiser

[
| Electrolysis Electrolysis of molten compounds
In the process of electrolysis, anelectric Solid ionic compounds do not conduct electricity as the
is passed through an electrolyte. An electrolyte is a ions cannot move. To undergo electrolysis they must be
thatcontains____andso or dissolved, so the ions are free to move.
can conduct electricity. This causes the ions to move When an ionic compound is molten:
to the ——— where they form pure elements. e The positive metal ions are attracted to the )
Label the diagram. + where theywill________ electrons to form the pure metal
Iy o The negative non-metal ions are attracted to the __ ,
! where theywill________electrons and become the pure
non-metal.
+ - For example, molten sodium chloride, NaCl, can undergo
_.]@, @E.i electrolysistoform________ at the cathode
and________ attheanode.

i
™~ | '

; . 4
Half equations (HT only)
\\,‘ L sodium chloride — sodium + chlorine

i - +
o at the cathode:

,fi; + -

e atthe anode:

- +

LR BC B B R B L B UL B I BB B L BN B B N B N NN NN RN ENRNRERNRRNRNRHNRENRENNRNNENNENERNRNR N NN RN N RN NN NN NNN]

Electrolysis of aqueous solutions

Solid ionic compounds can also undergo electrolysis when dissolved in water.
e |trequires______ energy to dissolve ionic compounds in water than it does to melt them.

* However, in the electrolysis of solutions, the pure elements are not always produced.
This is because the water can also undergo

H,0(1) = H*(aq) + OH" (aq)

most_ i
Products at the anode

reactive
Products at the cathode

In the electrolysis of a solution, if the metal is
reactive than hydrogen then hydrogen
gas is formed at the cathode:

In In the electrolysis of a solution, if
| the non-metal contains oxygen then
is formed at the anode:

oxygen
(carbon)

e The ions formed from the e The_____ ionsfrom theionisation of water
ionisation of water are attracted to ' are attracted to the cathode and react with it.
the anode. e TheH*(aq)ions— electrons from the

e The OH-(aq) ions electrons | cathode and form hydrogen gas.
to the anode and form oxygen gas. e 2H'(aq) +

(hydrogen) [

e 40H (aq) = * The metal ions remain in

If the non-metal ion is a halogen,

then the halogen gas is formed at the L .

anode. — o Lleast '
\/ reactive

'* 2Cl(ag) =




Electrolysis of aluminium oxide

Electrolysis can be used to extract metals from their ionic compounds.
Electrolysis is used if the metal is more reactive than

Aluminium is extracted from by electrolysis.

1 The aluminium oxide is mixed with a substance called ____ which lowers the melting point.
2 The mixture is then heated until it is
3 The resulting molten mixture undergoes electrolysis.

aluminiumoxide = aluminium  +  oxygen

2A1,0,(1) - 0+

cathode: pure aluminium is formed
+ -

anode: oxygen is formed
= 0,(g) +4e”

In the electrolysis of aluminium, the anode is made of

The graphitereactswiththe ___ toform and so slowly wears away. It therefore needs to
be replaced frequently.

@ positive electrode

made from

oxygen is produced at

the positive electrode —

the reacts with
the carbon of the

electrode and forms

the lining is a
electrode
made from carbon

molten mixture of

molten is

and produced and removed

Electrolysis of zinc chloride

Molten zinc chloride is broken down by electrolysis. This means
metaliscollectedatthe _ anda

is collected at the . Free

from the molten zinc chloride are able to move around and carry
, hence why the bulb lights up. Label the diagram.

®- Make sure you can write a definition for these key terms.

I anode cathode cryolite electrode
Y electrolysis electrolyte reactivity




Chapter 7: Energy changes

Knowledge organiser

Energy changes | The surroundings
During a chemical reaction, energy transfers | When chemists say energy is transferred from or to “the
occur, surroundings” they mean
Energy can be transferred: For example, imagine you have a reaction mixture in atest
| e tothe surroundings - tube. If you measure the temperature in the test tube using a
* thermometer, the thermometer is then part of the surroundings.

e from the surroundings -
o |fthe thermometer records an increase in temperature, the

reaction in the test tube is
e Ifthe thermometer records a decrease in temperature, the
reaction in the test tube is

This energy transfer can cause a
change.

Energy is always conserved in chemical reactions.

(==

This means that there is the

Reaction profiles

reaction __ reactions
A A

A shows
whether a reaction is exothermic or
endothermic. = -

oy Eﬂ -_—

@ [0]
The is the 5 s
minimum amount of energy that
particles must have to react when -
they

progress of reaction g progress of reaction i
Bonds (HT only) Breaking bonds
Ifalot of energyisreleasedwhen______ thebondsand
Atoms are held together by strong * onlya____ energyis required to break them, then overall
bo;lds. In a reaction, t;ost;e tbonds A e l energy is released and the reaction as awhole is
and new ones are made between
atoms. .
e Breakingabond___________ energysois Making bonds
. * Ifa_____ energyis released when making the bonds and

« Makingabond energy so is a_____ isrequired to break them, then overall energy is

[ ) . .
taken in and the reaction as a whole is

| Bond calculations

Different bonds require different amounts of energy to be broken (their bond energies). To work out the
overall energy change of a reaction, you need to:

‘ 1 work out how much energy is required to break all the bonds in the
2 work out how much energyis_— when making all the bonds in the products.

‘ overall energy transferred = -

a A__  number means an endothermic reaction.
e A numbermeans an exothermic number.

e et e T o




Temperature
Reaction Energy transfer P Example Everyday use Bonds
change
[ ] L]
. L] [ ]
exothermic

L]

[ [ ]

endothermic
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l cells

0 another

. These electrons are

ons and so is

, the electron’s movementﬁ%es a

\._‘_\‘ .

copper —
rod

or dilute

%rw
Ils

Disadvantages

Make sure you can write a
definition for these key terms.

activation energy battery

bond energy chemical cell
combustion endothermic
exothermic fuel cell
neutralisation oxidation
reaction profile

thermal decomposition

rechargeable

S




Chapter 8: Rates and equilibrium 1

Knowledge organiser

—

' Rates of reaction Change in mass

The rate of a reaction is how quicklythe The reaction
turnintothe | mixture is A
To calculate the rate of a reaction, you can measure: placedon a

mass balance.
* how quickly a reactant is used up As the reaction

+ proceeds and
mean rate of reaction = the

product is given
off, the mass
of the flask will

e how quickly a product is produced.

mean rate of reaction =

For reactions that involve a gas, this can be done by The rate for the reaction is then:

rate =
The mass is measured in grams and time is measured in
Volume of gas produced seconds. Therefore, the unit of rate is

IR E NN NN NERENMNENMNHEHN BN BN B R E BN R R R RN NN NN NNNNNNNNI

The reaction mixture
is connected to a

or an upside
down measuring cylinder,
As the reaction proceeds
the gasiis collected.

Calculating rate from graphs (HT only)

The results from an experiment can be plotted
on a graph.

s Asteep gradient means

The rate for the reaction
is then:

¢ Ashallow gradient means

rate =

¥

Mean rate at specific time

Volume is measured in andtimein__________ so

l_the unit for rate is

..-....--..0...-..--.......-.
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To obtain the rate at a specific time draw a
to the graph and calculate its

Mean rate between two points in

time 10
' 09 1F¢
To get the mean rate of reaction between two points 06 4=
intime: T
0.7 = o —
10 e N R s
e o 061 EEE e 0709 | {
09 .“-. T = qN) 0.5 P et ._.;.. A _ = & {OPPOSiR’- _._E
08 E e sdeton) T T
: 2 04 ==
0.7 s 7 ——
? 0.3 Pl g I—'i“‘:;‘—
9 00 ~—————— op SF , S===c==
0 T i T — ' ; L 3 B 4 ¥ I
£ mass at 100 seconds: _____ 0.1 i .i' }(adjacent sidetoa) =] -l-—
8 047 mass at 50 seconds: it ] ; T
E OS % 4 ChangeinmaSﬁ' _ - O I T I L I L I L [ (O O R N R | T—1
' |change in time - = | 50 100 150
0.2 1 i i | timeins
I 'mean rate of reaction between 50 and
| 017 : | 1100 seconds = ——= Rateat 50s = =
T T T T T 7T T 17T 177 UL LA B B B | n . N P
th
o] 50 100 150 . The graéhent is th; change myoﬁwded by the
change in x for a right-angled triangle drawn

timeins from the tangent
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Collision theory

For a reaction to occur, the reactant particles need to ___ . When the particles collide, they
needtohaveenough____ to react or they will just bounce apart. This amount of energy is called
the

You can increase the rate of a reaction by:

1

Factors affecting rate of reaction

Condition that increases rate How is this condition caused? Why it has that effect

increasing the temperature 2

increasing the concentration
of solutions

increasing the pressure
of gases

increasing the surface area
of sollds

|-

| Catalysts

Some reactions have specific substances called A
that can be added to increase the rate. These
substances are not used up in the reaction.

|
|
i |
activation energy |
without catalyst ‘ ‘
|

/
-

A catalyst provides a different % L [aqtivation energy
thathasa_— activation energy. As such, more 2 reactants { \\ with catalyst

| particles will collide with enough energy to react, so more |
collisions result in a reaction. products ,

| progress of reaction ‘
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Reaction conditions

Le Chételier’s principle (HT only)

The conditions of a reaction refer to the external
environment of the reaction. When the reaction occurs
in a closed system, you can change the conditions by:

y >

At equilibrium, the amount of reactants and

products is constant. In order to change the

amounts of reactant and product at equilibrium the

of the reaction must be
changed. The closed system will then counteract the
change by favouring either the
ot the
Chatelier’s principle.

. Thisis known as Le

—

¥

Changing concentrations (HT only)

Change Effect Explanation
decrease concentration of product
increase concentration of product
decrease concentration of reactant
increase concentration of reactant
| .
Changing temperature (HT only)
Change Effect Explanation

increase temperature of
surroundings
decrease temperature of
surroundings

Changing pressure (HT only)

Change Effect Explanation ‘

increase the
pressure
decrease the
pressure
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®- Make sure you can write a definition for these key terms.

catalyst

|
activation energy
conditions
{

Le Chatelier’s principle

collision
dynamic equilibrium
rate of reaction

collision theory closed system
frequency of collision gradient
reversible reaction tangent

)
|
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eversible reactions Equilibrium

some reactions, the endothermic Ina_____ system no reactants or products can

oducts can react to produce escape. If a reversible reaction is carried outin a closed
e original reactants. This is : /\ system, it will eventually reach -a
lled a reversible reaction. | point in time when the forward and reverse reactions

hen writing chemical A+B = C+D * have the same rate.
|uations for reversible | Atd i equilibrium:
actions, use the ____symbol. [ ynamiceq )
this reaction: exothermic )

A and B can react to form C .

andD-the_____ reaction.

C and D can react to form A and B - the

reaction. +
ie different directions of the reactionhave _ energy Dynamic equilibrium
ianges.

At dynamic equilibrium the amount of reactant and
the forward reactionis ________ the reverse reaction product are constant, but not necessarily

Il be exothermic. i .
You could have a mixture of reactants and products in

ie same amount of energy is transferredineach_______. a 50:50 ratio, in a 75:25 ratio, or in any ratio at all. The
of the reaction are what change that ratio.

ow dynamic equilibrium is reached

Progress of reaction start of reaction middle of reaction at dynamic equilibrium
Amount of A+B high decreasing
‘requency of collisions A + B high
Rate of forward reaction

A

g : -~ torward reaction
c : "
-% equilibrium is
> reached at
- this point
o
[}
®

reverse reaction
time
AmountofC+D
requency of collisions C+D — constant
Rate of reverse reaction




Chapter 9: Crude oils and fuels
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Crude oil i Combustion
f.‘.rude oilis incredibl.y » Hydrocarbons are used as . This is because when they react with they
Important to our society releasealotof____  Thisreactioniscalled . Complete combustion
and economy. Itis is a type of combustion where the only products are and
formed from the remains —
ofancient - $
| living organisms (mostly =
| )thatdied Properties
of years ago. Whether or not a particular hydrocarbon is useful as a fuel depends on its properties:
Raw crude oil is a thick . _h ily it b
black made — -howeasilyitburns
of a large number of e __ -thetemperature at whichitboils
different e _ -howthickitis
mixed together. Most Its properties in turn depend on the length of the molecule. Complete the table.
of the compounds are
of various Chain length Flammability Boiling point Viscosity
sizes. Hydrocarbons are
long chain low
short chain
Alkanes
One__ ofhydrocarbon molecules are called alkanes. Alkane moleculesonlyhave__ bondsin them,
The first four alkanes are:
Pl T P r
S N A A S D A
H H H H H H H H H H
The different alkanes have different numbers of carbon atoms and hydrogen atoms. You can always work the molecular
formula of an alkane by using

®- Make sure you can write a definition for these key terms. ‘]

alkanes alkenes boiling point combustion cracking crude oil feedstock
flammability fractional distillation fuel hydrocarbon viscosity




