- Sidc

|y -

'llu)l)
/]

Sidcot . Sidcot
Knowledge Organisers
and Retrieval Questions
Name:
Higher Triple Chemistry
i £
ot ~ Sidcot |




Chapter 1: Atomic structure

Knowledge organiser

Development of the model of the atom

" Dalton’s model The plum pudding model . o 4 clectron
John Dalton thought Scientists’ experiments resulted in the discovery of e gtoe .
ofthe_ __ as ‘ sub-atomic particles. The first to be discovered s | O
a solid sphere that were electrons - tiny, charged particles. © Gj o +
.COUId not be lelded. H The discovery of electrons led to the Te e+ +@ o
Into smaller parts. His of the atom - a cloud of charge, with negative i +® :

embedded in it. and had not o

model did not include ‘

yet been discovered.

cloud of positive charge

or—_ . ‘

T

Alpha Scattering expenment scientists predicted: actually observed:
1 Scientists fired small, charged gold atoms gold atoms
particles (called particles) at a piece of ©
foil only a few atoms thick. . B
2 They expected the alpha particles to travel ) ____;___-Z'-'\
through the gold. © B
3 They were surprised that some of the alpha i *
particles back and many were © -8 © ,
(alpha scattering). = el
4 To explain why the alpha particles were repelled e 91_,//
the scientists suggested that the positive charge & —F--— o
and mass of an atom must be concentrated in a alpha particle i
small space at its centre. They called this space e ©
‘ I the ;
1 o
Nuclear model Electron shell (Bohr) model The proton

/\

‘ ‘ Scientists replaced the

’ ‘ plum pudding model
with the nuclear
model and suggested

that the electrons

‘ the nucleus,

- ‘ but not at set

Niels Bohr calculated ‘
that electrons must
orbit the nucleus
at fixed distances.
These orbits are
called or

[ .

! | Size
‘ The atom has a |
‘ ‘radiusof . |

{plural of I
' | nucleus) are around ’h
|| times '
smaller than atoms
and have a radius of !
| | around |

Further experiments provided
evidence that the nucleus
contained smaller particles
called . A proton has an
charge to an electron.

1

Relative mass |
One property of protons, neutrons, and |
electrons is - their masses ‘
compared to each other. Protons and |
neutrons have the same mass, so are given h
a relative mass of It takes almost |
electrons to equal the mass of a |
single proton - their relative mass is so

| small that we can consider it as

The néutron ] |

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 nucleus in




Elements and compounds - | Drawing atoms
Elements are substances made of one | . | Electronsin an atom are placed in fixed Name the elements
type of atom. Each atom of an element will | | | shells. You can put _
have the same number of : e upto____electrons in the first shell
_ aremade of differenttypesof | . | ® eightelectronseachinthe
atoms chemically together. The . and_____ shells.
atomsinacompoundhave__ * | Youmustfill up a shell before moving on
numbers of protons. * | tothe nextone.
Mixtures
* Amixture consistsof ______elements : Separating mixtures
orcompounds that are not . ¢ —insolublesolids and a liquid
combined together. : . .
) . : e -solublesolid from a solution
* The substances in a mixture can be .
. . .. - solvent from a solution
using physical processes. ’ o T N _
. These processes do not use . - two liquids with similar boiling points
reactions. : °* - identify substances from a mixture
in solution
Atoms and particles
Relative charge Relative mass
Proton = number
Neutron = number—-____ number
Electron = same as the humber of
\ll atoms have numbers of protons and electrons, meaning they have overall charge:
total negative charge from electrons = total positive charge from protons

i

sotopes
itoms of the same element can have a different numberof | giving them a different overall
itoms of the same elementwith ____numbers of neutrons are called isotopes.

he 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)...
100

relative atomic mass =

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

000 EOERA00EESNEREeR0EETS0ER00CCHSSRNSROR0RE0eRSe0ERSSeTRE0eRd0SccRcaRSdcEtEesoSTOREeRRORARCSORSRR

Group O

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

e 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.

®- 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




Group 1 elements

Group 1 elements react with oxygen, chlorine,

H | He
and water, for example: :
B C N o] F | Ne
i i b d
lithium + oxygen Al|si|P | s |alfar
lithium + chlorine =
o Sc| Ti|V |Cr|Mn|Fe|Co|Ni|CufZn [Ga|Ge |As| Se | Br| Kr
lithium + water — +
Y | Zr |Nb|Mo | Te |Ru |Rh | Pd |Ag |Cd | In | Sn | Sb | Te 1 | Xe
Group 1 elements are called -
. . La | HF | Ta | W |Re [Os | Ir | Pt |Au |Hg | TL | Pb | Bi | Po | At | Rn
because they react with water to form an alkali
(a solution of their metal hydroxide). Ac | Rf | Db | Sg | Bh | Hs | Mt ] Ds | Rg

Group 1 properties

Group 1 elements all have
Reactivity
the group:

e the atoms in size

¢ the outer electron is further away from the nucleus, and there
the outer electron from the nucleus
attraction between the nucleus and the outer

so it is easier to lose the one

are more shells
e the

electron is
¢ the melting point and boiling point

electron in their outer shell.
down Group 1 because as you move down

electron

reactivity

down Group 1.

Group 7 elements

Group 7 elements are called the

. They are non-metals that exist as molecules made up of

of atoms.

Name Formula

State at room temperature

Melting point and boiling point

Reactivity

fluorine

chlorine

bromine

jodine

¥

Group 7 reactivity

Reactivity decreases down Group 7 because as you move down the group:

¢ the atoms in size

¢ the outer shellis further away from the nucleus, and there are more

between the nucleus and the outer shell
the electrostatic attraction from the nucleus to the outer shell is
is harder to one electron to fill the outer shell.

so it

4

Group 7 displacement

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

in a compound. This is called
For example, fluorine displaces chlorine as

itis more
fluorine + potassium chloride — +

B
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Chapter 3: Bonding 1

Knowledge organiser

Particle model

lons

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

melting point boiling point
<
o___6©¢ 4
©
C © ©
e

(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.

(LA N E SR ENERREERERREE RN EERNERNERERSENRERNNENESENENNENENENNNENRNENSENNENSE]

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
shares pairs of electrons.

L]
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Atoms can or electrons to give
a full outer shell. The number of protons is then dift
from the number of electrons. The resulting particle
acharge and is called an

sodium ion, N
protor

electro
overall charge = _

sodium atom, Na
protons
electrons

overall charge =

Conductivity

Solid ionic substances do not electricity be
the ions are fixed in position and not free to carry _

When or in water, ionic substai
do_____ electricity because the ions are
to move and carry charge.

Melting points

lonic substances have melting points be:
the force of attraction between
charged ions is strong and so requires lots of

to break.

Covalent structures

Structdre and bo

There are three main types of covalent structure:

ng' Giant covalent

=1 Many billions of atoms, each
c | one with a covalent
bond to a number of others.

An example of a giant

covalent structure is
@

Small molecules
Each molecule contains only a few atoms

| with strong covalent bonds between

these atoms. Different molecules are held
together by weak

For example, is made of small
molecules.
@
e,
B 8

[ Large molecules
Many repeating units joined by covalent bon
 toforma

The small section is bonded to many identical
| sections to the left and right. The ‘1’ represents

Separate chains are held together
by intermolecular forces that are
stronger than in ___ molecules.

are examples of long
| molecules.

H H
|
C—C-
.
H H_




1se

lonic bonding

Giant ionic lattice

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

needs to
1

needs 1o
1

»

@l

has one more
than protons

has one more
than electrons

+

(]

&)

needs to lose

needs to
gain 1

/

needs to
gain 1

has

more
than electrons

2+

®

Metal atoms

Non-metal atoms

electrons to become

electrons to become

ions.
ions.

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

The electrostatic force of attraction works in
all_____ somany billions of ions can be bonded
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 i

there are nine Fe?* S ion Fe2* ion
jons and 18 S-ions - Wi ‘
simplifying this ratio \'-i \\ \,\
gives a formula of W v i [
. - “\‘ - o J

pfemesaspsecssaBnssacOsscBRanDRssORRDSRGEARRROIRRS

Metals: Structure and properties

The atoms that make up metals form

means they are free to move through the

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

The electrons in the outer shells of the atoms are
structure.

Some important properties of metals are:

- this

positive lons_
”o_—o_%_ ®-
@ @ o _ o _@
e e -&6 @ _@
® @ @e-9@ @
® _ e © & e-
P

‘sea’ of delocalised
electrons




Chapter 3: Bonding 2

Knowledge organiser

High melting and boiling __ melting and boiling Melting and boiling points are
points becausethe | points becauseonlythe | compared to giant
n covalent bonds between the | forces need to be overcome to melt | substances but higher than for small
Q@ |atomsmustbe_____ to or boil the substances, not the molecules.
+ | meltor boilthe substances. | between the atoms.
o Large molecules have
QL | This requires a lot of This does not require a lot of energy | intermolecular forces than small
o as the intermolecular forces are molecules, which require more
Q. at room to overcome.
temperature.
Normally or at | Normally________atroom
room temperature. temperature.
Most covalent structuresdonot__ electricity because they do not have or
that are free to move to carry charge.
Graphite Fullerenes
Graphite is a giant covalent structure, but is different to * —cagesof carbonatoms bonded
other giant covalent substances. together in one molecule
e can bearranged as a ora
Structure & % a (called a nanotube)
Madeonlyof_____-each gﬁ G@ ¢ molecules held together by
carbon atom bondsto_______ N ‘:: forces, so can §l|fje over each other
others, and forms hexagonal § o % * conduct electricity
ringsin__ Each carbon Sph
atomhasone_________ electron, which is delocalised pheres
and therefore ____ to move around the structure. Buckminsterfullerene was the
first fullerene to be discovered,
Hardness andhas_________carbon atoms. [4
The layerscan —_______over each other because Other fullerenes exist with ‘
theyarenot___ bonded. Graphite is therefore different numbers of carbon
softerthan_____ eventhough both are made atoms arranged in rings that
only of carbon, as each atom in diamond has form hollow shapes.
strong covalent bonds. Fullerenes like thiscanbeusedas_—___andin
Conductivity
I The electrons are free to move Nanotubes
| through graphite, so can carry charges and allow an RE)
electricalcurrentto____ . Graphite is therefore a ?: %
of electricity.
. 4 \@
dﬁa‘e‘e‘é‘
[ Graphene The carbon atoms in nanotubes are arranged in
_ cylindrical tubes.
Graphene consists of only asinglelayerof . iis Theirhigh__ strength (they are difficult to
strong covalent bonds makeita______ material that break when pulled) makes them useful in electronics.
can also conduct electricity. It could be used in composites
and high-tech electronics.
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Alloys

dure metals are oftentoo____ to use as they are. Adding atoms of a different
2lement can make the resulting mixture _ because the new atoms will

e adifferent_____ to the pure metal’s atoms. This will disturb the
irrangement of the layers, preventingthemfrom_______ over each other.

rhe harder mixture is called an alloy.

iron alloy

OO U PECEE00 0000000000000 SO0CC0000EREA0CEERS00RO0CDEOEEREEEIERBEE0POEOTRCADcRERROSERAEOREESRS

Measuring particles

We use different units and scales to measure the size of particles.

Particle Particulate matter Size Standard form Full form
grain of sand N/A O0.1mm 1x10™ m 0.0001Tm
coarse particles (e.g., dust) M., 10 pm 1x107°%m 0.0000Tm
fine particles PM, 100 nm 1x107"m 0.0000001 m
nanoparticles <PM,, 1to 100 nm 1x107%10 1x107"m o ggggggg?ij m
PM stands for and is another way of measuring very small particles.

Jses of nanoparticles

lanoparticles often have very different ________ to bulk materials of the same substance, caused by their high surface
irea-to-volume-ratio.

lanoparticles have many uses and are an important area of research. They are used in
and as

jowever, nanoparticles have the potential to be hazardous to healthandto____, soitisimportant that they
re researched further.

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 to volume ratio transfer




Chapter 4: Calculations

Knowledge organiser

Formula mass

Using balanced equations (HT ot

Every substance has a
M =

h 4
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

For example, the M (H,0) = , SO
molecules, and is called one

asthe M of the substance.
g of water molecules contains
of water.

You can write this as: moles =

In a balanced symbol equation the sum of the M,

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

1,

2.

Theoretical
yield

The theoretical

yield of a chemical
reaction is the mass

>

Percentage yield

of a product that you

The yield is the amount of that
expect to be

you actually get in a chemical reaction.
Even though no
are gained or lost
during a chemical
reaction, itis not

Percentage yield is the actual yield as a
proportion of the theoretical yield:

percentage yield =

always possible to

obtain the theoretical

yield because: Atom economy

* The atom economy of a reaction tells you

the of atoms that you started
with that are part of products.

High atom economies are more sustainable,
. as they mean atoms are being
wasted in products that are not useful.

The percentage atom economy is
calculated by:

| atom economy =

L

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

burette
formula mass

atom economy concordant end point

excess reactant limiting reactant

percentage yield pipette room temperature and pressure

titration titre useful

yield

\ theoretical yield y

RKeSsEesdsSROSIR OISR ESERARERERARERsARS
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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 cm?:

volume (dm?®) =

e |ots of solute in little solution =

e little solute in lots of solution =

Moles of gases (HT only)

At any given temperature and pressure, the sam
number of moles of a gas will the sam.
volume,

At room temperature ( ) and pressure
(_),onemoleof any gas will occupy |

To calculate the number of moles of a gas:

moles of a gas =
or

24 dm?®

moles of a gas =
cm




ly)

Excess and limiting reactants (HT only)

of the reactants equals the sum of the M_of the products.

Write down the steps for how to balance an

In a chemical reaction between two or more reactants, often
one of the reactants will run out before the others. You then

equation.
1,

2.

BesOeseE 0000 BRDR000800 B

is left overisin

have some of the other reactants left over. The reactant that
. 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.

" AR sy e R E N N N R R R R R R R RN R

Concentration in mol/dm3

Concentration can also be measured in
mol/dm3,

1.

2.

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

concentration of solution (mol/dm?®) =

You can use this formula and mass =
moles x M_to calculate

e The greater the mass of solute in
solution, the greater the number of
of solute, and therefore the
greater the
e |[fthe number moles of solute

is dissolved in a smaller volume of
solution, the concentration willbe .

Calculating concentration

To calculate the concentration of the

unknown solution (tho 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 present in the
unknown solution.

4 Calculate the concentration of the
unknown solution using:

concentration (mol/dm®) =

Titration

N

concentration of an

and an

Use a

Titration is an experimental technique to work out the
solution in the reaction between an

to extract a known volume of the solution with an

unknown concentration. A pipette measures a

Add the solution of unknown concentrationto a

put the conical flask on a white tile.

Add a few

flask 1 cm? at a time until

the is reached.
The______ iswhen
the indicator just
changes .
Recordthe _____ of
the end point as your
rough value.

Now repeat steps 1-7,
but as you approach

the end point add the
solution from the burette
drop-by-drop.

the conical flask in
between drops.

Record the volume of
the end point.

of a suitable indicator to the conical flask.
Add the other solution with a known concentration to the

Carry out a rough titration to find out approximately what volume of
solution in the burette needs to be added to the solution in the conical
flask. Add the solution from the burette to the solution in the conical

volume only.
flask and

Ao

Use one
hand to
control thes
flow rate.

to fill burette.

Use a beaker and funnel

The burette reading is
taken from the bottomn
of the meniscus.

Swirl the flask with the
other hand whilst the
drops are being added.




Chapter 5: Chemical changes 1

Knowledge organiser

 Reactions of metals Reactivity series

The of a metal is how chemically reactive The reactivity series places
it is. When added to water, some metals react very *

vigorously - these metals have reactivity.

Other metals will barely react with water or acid, or
won’t react at all - these metals have reactivity.

. 2 2 —

in order of their reactivity.

Sometimes, for example in the table below, hydrogen and
carbon are included in the series, even though they are

Reactivity series

gy

Reaction with water Reaction with acid — Extraction method
Metal Reactivity
potassium high
sodium reactivity
lithium
calcium
magnesium 2
>
aluminium ..3
<
zine .
; oo
iron £
(7]
tin P
v
lead g
(h }l
copper

silver
\/ low
gold reactivity

A 4

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 compoundsinrock 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

iroh oxide + carbon — +

Metals that are more reactive than carbon can be extracted using a
process called

+ carbon = iron + carbon dioxide

has been reduced

E B U EEEOON NN EDTEE NP0 EETUGEEEOPCENRIEIRUEEEETEEPNEETEOOSOEOEOEEO0O0EROEROEBRSERBROREBEBRBOEBEROERES

Salts

When acids react with metals A S T
or metal compounds, they form ' (e NI
.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. Sodium salt example

The table shows how to name salts.

hydrochloric acid sulfuric acid nitric acid




Displacement reactions

In a displacement reaction a reactive element takes the
place of a less reactive element in a compound.

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

-»

Reactivity and ions

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

In the displacement reaction of copper sulfate
and iron, iron forms an ion more easily than
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,?~ is unchanged in the reaction - itisa
. 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.

Steps for writing an ionic
equation (HT only)

1.

2.
3.
4

¥

rHalf equations (HT only)

In the displacement reaction, an iron atom loses two electrons
to form a iron ion:

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.

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
reduction is the

In the example displacement reaction:

of electrons, and
of electrons.

iron atoms have been

copper ions have been

Acids and alkalis

S e eCES S ERERENEREEDOOERTEERAcOREBERBESRCAORBOROERERS

"5 a9 eSsaesosSSsSsseRSSSOEAEDRROBOD O

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

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

can also tell us the approximate pH of a solution.
o can give us the exact pH of a solution.

The pH scale

9 10 11 12 13 14

0 1
B E

e e ———

2 3 4 5 6 7 8




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

Acids react with metal oxides to form and

+ - +

Reactions of acids with metal carbonates

Acids react with metal carbonates to form a and

hydrochloric acid + sodium carbonate —

» reactions. Some metal

neutralise acids to
form water in neutralisation

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.

Balancing symbol equations

State symbols

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

H, + 0, = H,0
unbalanced

there are __ hydrogen atoms on
each side, but __ oxygen atoms in
the reactante and ___in the product

__H,+0,— _H0
balanced

there are __hydrogen atoms on

each side, and __ oxygen atoms

on each side
e e
0 ¢ ¢ O

o0 ee «Pu

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 extraction half equation

metal ore oxidation reactivity reactivity series

spectatorion state symbols

ion ionic equation

redox reduction

E R N R N R N N N N N R R N R R R NN




strong and weak acids

ulfuric acid, nitric acid, and hydrochloric acid, are all : acid, acid, and acid
icids. This means that, when dissolved in water, every E are weak acids. This means that only a percentage of their
nolecule 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) = + * For a given concentration, the the acid, the

» HCl(aq) = H*(aq) + . the pH.

oncentrated and dilute acids

“oncentration tells us how much

of a substance there is dissolved in strong acid strong acid weak acid weak acid

vater:

v more concentrated acids have
lots of acidina
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. jonised. ionised.

Crystallisation

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

The experimental method is:
1.

2.

water

wire gauze

crystals form
in the solution

L




Chapter 6: Electrolysis

Knowledge organiser

Electrolysis

Electrolysis of molten compounds

In the process of electrolysis, an electric

that contains

is passed through an electrotyte. An electrolyte is a

and so

can conduct electricity. This causes the ions to move
tothe__ _ wheretheyform pure elements.

Label the diagram.

Solid ionic compounds do not conduct electricity as the
ions cannot move. To undergo electrolysis they must be
or dissolved, so the ions are free to move.

When an ionic compound is molten:

e The positive metal ions are attractedtothe ___ |
+ wheretheywill ______ electrons to form the pure metal

* The negative non-metal ions are ottractedtothe ___
wheretheywill _____ electrons and become the pure
non-metal.

For example, molten sodium chloride, NaCl, can undergo

electrolysistoform ________ at the cathode

and____ attheanode.

4

Half equations (HT only)

™~ = sodium chloride — sodium + chlorine
- +
L S e atthe cathode:
\_ “"//’ + -
e atthe anode:
- +

0 800S00SO NPEROENOETREE0EDSREEEDEOCEOESCOEUNE00ESEeCEDESNOECIDCOeTNCcE0S0CcEccCEEEEcdcCUDBE0aBsBRAERE

Electrolysis of aqueous solutions

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

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

H,0(l) = H*(aq) + OH(aq)

1

Products at the anode

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

e The ions formed from the
jonisation of water are attracted to
the anode.

= The OH-(aq) ions electrons
to the anode and form oxygen gas.

e 40H-(aq) —

If the non-metal ion is a halogen,
then the halogen gas is formed at the
anode.

e 2Cl(aq) —

_

~ (carhon)

(hydrogen)

=1

!

- least '
\/ reactive

most i

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:

e The_____ jonsfrom the ionisation of water
are attracted to the cathode and react with it.

e TheH*(ag)ions_____ electrons from the
cathode and form hydrogen gas.

e 2H*(aq) +
¢ The metal ionsremainin
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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.

aluminium oxide = aluminium  +  oxygen

2A1L,0,(D) - +

cathode: pure aluminium is formed

+ —_

anode: oxygen is formed
= 0,(g) +4e”

In the electrolysis of aluminium, the anode is made of

The graphite reactswiththe_____ toform
be replaced frequently.

@

and so slowly wears away. It therefore needs to

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
produced and removed

and

Electrolysis of zinc chloride

Molten zinc chloride is broken down by electrolysis. This means
metalis collectedatthe__ 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.

anode cathode cryolite electrode
electrolysis electrolyte reactivity




Chapter 7: Energy changes

Knowledge organiser

Energy changes

The surroundings

During a chemical reaction, energy transfers
occur.

Energy can be transferred:
e tothe surroundings -
e from the surroundings -

This energy transfer can cause a
change.

Energy is always conserved in chemical reactions.
This means that there is the

—

When chemists say energy is transferred from or to “the
surroundings” they mean
For example, imagine you have a reaction mixture in a test

tube. If you measure the temperature in the test tube using a
thermometer, the thermometer is then part of the surroundings.

e Ifthe thermometer records an increase in temperature, the
reaction in the test tube is

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

Reaction profiles

A shows
whether a reaction is exothermic or
endothermic.

The is the
minimum amount of energy that
particles must have to react when
they .

energy

reactions

reaction

energy

progre

ss of reaction progress of reaction

Bonds (HT only)

Atoms are held together by strong
bonds. In a reaction, those bonds are
and new ones are made between

atoms.
e Breakingabond energy so is
* Making a bond energy sois

—)

Breaking bonds

If a lot of energy is released when the bonds and
onlya energy is required to break them, then overall
energy is released and the reaction as a whole is

-

{

Making bonds
Ifa energy is released when making the bonds and
a________ isrequired to break them, then overall energy is

taken in and the reaction as a whole is

Bond calculations

overall energy change of a reaction, you need to:

2 work out how much energy is

Different bonds require different amounts of energy to be broken (their bond energies). To work out the

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

overall energy transferred =

= A number means an endothermic

* A

reaction.

number means an exothermic number.




Temperature
Reaction Energy transfer P Example Everyday use Bonds
change
L] L]
exothermic ’ *
L]
L] L]
endothermic -
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Chemical cells Batteries
In a metal displacement reaction, one metal is . These electrons are A battery is formed of
to another metal, which gains the electronsandsois . cells

connected in

By using a chemical cell to conduct this reaction, the electron’s movement generates a

* o Some batteries are
. An external
In the cell shown, the zinc atoms from the - electric current is applied
electrode lose electrons, turn into , which reverses the reactior;
and move into the solution. '
L e Some batteries, like
The__ travel through the circuit batteries. are not
It_clJEchte ———electrode, causing the : *———-":’::ﬂ. zinc rod rechargeable because the
0= copper ——T reaction is not
Once at the copper electrode, a metal ion rd | \\ Once the reactants are
from the solution will pick the electrons up e | 1 used up, the chemical
and become a atom. Nt reaction and no
. . . or dilute more potential differences
The greater the difference in reactivity —U | acid are
between the two metals in the cell, the Q
greater the produced.
Hydrogen fuel cells
Fuel cells use a and from the Advantages ®- B,
air to generate a potential difference. . Make sure you can write a
fuel cells generate electricity from ' o definition for these key terms.
hydrogen and oxygen. The overall reaction is: " L B
activation energy battery
2H,(g) + O,(g) = . bond energy chemical cell
o Disadvantages
~ The hydrogen is oxidised to produce . combustion endothermic
There are different types of hydrogen fuel cell. In ' exothermic fuel cell
alkaline fuel cells, the half equations are below: neutralisation oxidation
© 2H,(g) + 40H (aq) = * . reaction profile  rechargeable
. + + 4e” — 40H(aq) -
thermal decomposition
\_ P v,




Chapter 8: Rates and equilibrium 1

Knowledge organiser

Rates of reaction

Change in mass

The rate of a reaction is how quickly the
turninto the

To calculate the rate of a reaction, you can measure:

e how quickly a reactant is used up

mean rate of reaction =

* how quickly a product is produced.

mean rate of reaction =

For reactions that involve a gas, this can be done by

R 4

Volume of gas produced

The reaction
mixture is
placedona
mass balance.
As the reaction
proceeds and
the

product is given
off, the mass

of the flask will

The rate for the reaction is then:

rate =

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

The reaction mixture
is connected to a

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

The rate for the reaction
is then:

rate =

Volume is measured in and time in

the unit for rate is

, S0

TSP SR FERSEPETESTEOEFOdOCOCO0RtoERER Ea0EEE0OE

Mean rate between two points in
time

To get the mean rate of reaction between two points
intime:

S
=
)
ol
<
£ =
£ mass at 100 seconds:
§ 0.4 1 mass at 50 seconds:
0.3 change in mass: - =
| change in time: - =
024, !
mean rate of reaction between 50 and
0 100 seconds = =
Oil‘l;lilllblllllll'l'_l_|
50 100 190
timeins

.lI.ll....I.-I.I...'........'..
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Calculating rate from graphs (HT only)

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

* Asteep gradient means

¢ Ashallow gradient means

¥

Mean rate at specific time

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

1.0 T s e
| ) J— —
0.9 1 & / ;
al ’ __ | ‘
0.7
> {
- {
e 067 ‘ 0.70g |
© | (opposite
g 0.5 1 side to 2) |
2 04 s —
k] : —
0.3 =71- r = h el e
27— { ==
N E {1005 i | H
o14f ! (adjacent side to a) =
b
T [ B T e T e e e e B B B e e |
© 50 100 150
timeins
Rate at 50s = =

The gradient is the change iny divided by the
change in x for a right-angled triangle drawn
from the tangent.
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Collision theory

For a reaction to occur, the reactant particles need to
need to have enough
the

You can increase the rate of a reaction by:

. When the particles collide, they
to react or they will just bounce apart. This amount of energy is called

4

Factors affecting rate of reaction

Condition that increases rate How is this condition caused?

Why it has that effect

increasing the temperature

increasing the concentration
of solutions

increasing the pressure
of gases

increasing the surface area
of solids

Catalysts

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

A catalyst provides a different
thathasa__ activation energy. As such, more
particles will collide with enough energy to react, so more
collisions result in a reaction.

energy

activation energy
withoul catalysl

Iwith catalyst

/
reactants lf

products

activation energy

|
|
-

progress of reaction




Chapter 8: Rates and equilibrium 2

Knowledge organiser

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:

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
or the
Chatelier’s principle.

. This is 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

I P B EEEEOEECEBROEANEENEGEEEN0000SU0NEPETEONEEEUBEOOERE0EEREEEEEROSEEEREREOESRERERERRRRRRRRS

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

)

activation energy catalyst
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

n some reactions, the

rroducts can react to produce
he original reactants. This is
alled a reversible reaction.
Vhen writing chemical
quations for reversible
eactions, use the___ symbol.

endothermic

O\

A+B = C+D

~

N

n this reaction: exothermic

Ina system no reactants or products can
escape. If a reversible reaction is carried out in a closed
system, it will eventually reach -a
point in time when the forward and reverse reactions
have the same rate.

At dynamic equilibrium:

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

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

he different directions of the reaction have
hanges.

reaction.

‘the forward reaction is , the reverse reaction

/ill be exothermic.

he same amount of energy is transferred in each

energy

¥

Dynamic equilibrium

At dynamic equilibrium the amount of reactant and
product are constant, but not necessarily

You could have a mixture of reactants and productsin
a 50:50 ratio, in a 75:25 ratio, or in any ratio at all. The

of the reaction are what change that ratio.

iow dynamic equilibrium is reached

Progress of reaction start of reaction middle of reaction at dynamic equilibrium
Amountof A+B high decreasing
Frequency of collisionsA+B high
Rate of forward reaction

forward reaction

C
£ equilibrium is
Q
o reached at
o this point
o
[
®
reverse reaction
time
AmountofC+D
Frequency of collisions C +D constant

Rate of reverse reaction




Chapter 9: Crude oils and fuels

Knowledge organiser

Crude oil Combustion

Crude oil is incredibly * Hydrocarbonsareusedas_________. Thisis because when they reactwith______ 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

. - how easily it burns
black_____ made
of a large number of o -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 _____ bonds in them.
The first four alkanes are:
i Pl ToL L
|
S A A S S O 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
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®- 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
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Fractional distillation

The different hydrocarbons in crude oil are
separated into based on their
points in a process called fractional
distillation. All the molecules in a fraction
have a similar number of

atoms, and so a similar boiling point.

The process takes place in a fractionating
column, which is hot at the bottom and
cooler at the top.

The process works like this:

1
2 the oil is vaporised
—  before it goes into
the tower
5
6

T
T

—_—

T 5 |
==
—— gasoline/petrol

refinery/petroleum gas
(short-chain hydrocarbons
and low boiling point

—
0°C alkanes, used as fuel)

(used for fuel in car engines)

T
T

I

= kerosene
(used for aircraft fuel)

= diesel oil/gas ol
(used as fuel in diesel
engines and as boiler fuel)

350°C

residue

(very thick, sticky mixture
of long-chain hydrocarbons,
used in making roads and
flat roofs)

¥

Products from fractional distillation

Many useful products come from the separation of crude oil by fractional distillation.

Fuels Feedstock

Useful materials produced

petrol, diesel oil, kerosene, heavy fuel oll,
and liquefied petroleum gases

\ 4
Cracking

Alkenes

Not all hydrocarbons are as useful as each other.

tend to be less useful than shorter ones. As such, there
is a higher demand for shorter-chain hydrocarbons than longer-chain
hydrocarbons.

A process called cracking is used to longer hydrocarbons and

turn them into shorter ones.
Cracking produces shorter alkanes and alkenes.

Two methods of cracking are:

=

Alkenes are a family of hydrocarbons
that contain
between carbon atoms.

Alkenes are also used as ,and
to produce and many
other materials.

They are much more reactive than
. When mixed with bromine
water, the bromine water turns from
to . This can
be used to tell the difference between

alkanes and alkenes.




Chapter 10: Organic reactions
Knowledge organiser

Organic chemistry
There are lots of different ‘families’ of carbon-containing compounds, for example, alkanes and alkenes. These families are called
specific atoms in specific orders, calledthe _________ group. Complete the table and draw the structural diagrams in the rele
Homologous | Functional First four of .
. . n U
series group homologous series Formatio Ses ¢
® ® C
P
a
e r
n
alkenes i
* b
C
a
. ® s
e
C
W
- p
+ _ : a
alcohols _ (ag)— 2_
—(aq)
+
L ]
° o C
g
| a
carboxylic
acids
|

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

additionreaction  alcohols  alkene  alkoxide  carboxylic acid ester  fermentation crackin




a . Each compound within a homologous series has similar properties and reactions. They all contain

sant boxes.

ombustion reaction

Other reactions

Other information

ymplete combustion
roduces
nd

icomplete combustion
are likely, resulting in a
flame

sth types of alkene
ymbustion release

per mole than
kanes

Addition with halogens CH, + Br,» C,HpBr,
The two atoms from the
halogen molecule are

across the carbon -

carbon double bond. Draw the structural diagram of the reaction.

Alkenes are called

because they
have double bonds. As
such, atoms can be added
to the molecule by breaking

Addition with hydrogen CH, + H, =~ CH,
The two atoms from the hydrogen
molecule are across the
carbon - carbon double bond to

the double bond.

This contrasts with alkanes
which are called

as there is no space to add
more atoms.

form an . Draw the structural diagram of the reaction.
Addition with steam C,H, + H,0 = C,HOH
React with steam at high

and

in the presence of a
to form alcohols. Draw the structural diagram of the reaction.

Alkenes have a general
formula

lort alcohols are very
fective and
ymbust easily, burning

ith a flame and
oducing carbon dioxide
'd water

Reaction with sodium
Alcohols react with

from this reaction is called an
forms a strongly alkaline solution.

to release hydrogen. The product
, which if added to water

Alcohols are highly
flammable and must not

+ 3 -
be handled near
2. +4
. . flames.

Oxidation
Alcohols can react with  like
potassium dichromate, to form carboxylic acids.

rhavylic acids can underga | Carboxylic acids react in the same waoy 09 other ocida.

butwedonot  Fpeaction with sodium carbonate

nerally do this or use them o )

2 fuel Carboxylic acids react with bases to form . For example,
carboxyli'c aFids react with a metal carbonate to produce a salt, (HT only) When added to
carbon dioxide, and water. water, carboxylic acids are
Reaction with alcohols i 2° to form weakly
Carboxylic acids react with alcohols to H—C—C N T T acidic solutions. They are
make and .Thereaction j 0—C—c—H weak acids.

H H
Esters have distinctive smells and are used in perfumes and flavourings.
The product of ethanol and ethanoic acid is

requires as a catalyst.

functional group

homologous series oxidation oxidising agent

saturated

unsaturated




