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AQA GCSE Chemistry Paper 1 Content

For your End of Year exam, you will be sitting a full AQA GCSE Chemistry Paper 1. You will be examined on

the following topics.

What’s assessed Time Marks available

e Atomic Structure and the
Periodic Table

e Bonding, Structure and the
Properties of Matter 1 hr 45 mins 100

e Quantitative Chemistry
e Chemical Changes
e Energy Changes

Atomic Structure and the Periodic Table

1. Atomic structure 2. The Periodic Table
- Atoms - Development of the Periodic Table#
- Chemical equations - Electronic structures and the Periodic Table
- Separating mixtures - Group 1 —the alkali metals
- Fractional distillation and paper - Group 7 —the halogens
chromatography - Explaining trends
- History of the atom - The transition elements (Chemistry only)
- Structure of the atom
- lons, atoms and isotopes
- Electronic structure

Bonding, Structure and the Properties of Matter

3. Structure and bonding

- States of matter

- Atoms into ions

- lonic bonding

- Giant ionic structures

- Covalent bonding

- Structure of simple molecules
- Giant covalent structures

- Fullerenes and graphene

- Bonding in metals

- Giant metallic structures

- Nanoparticles (Chemistry only)
- Applications of nanoparticles (Chemistry only)




Quantitative Chemistry

Required Practical: Neutralization — Use titration to

Chemical calculations

Relative masses and moles

Equations and calculations

From masses to balanced equations

The yield of a chemical reaction (Chemistry

onl

Atom economy (Chemistry only)
Expressing concentrations

Titrations (Chemistry only)

Titration calculations (Chemistry only)
Volumes of gases (Chemistry only)

find out how much of an acid is needed to
completely react with the alkali

Chemical Changes

Required Practical: Making salts — Prepare with the
appropriate apparatus and techniques, a pure, dry

Chemical changes

The reactivity series
Displacement reactions
Extracting metals

Salts from metals

Salts from insoluble bases
Making more salts
Neutralisation and the pH scale
Strong and weak acids

sample of a soluble salt from an insoluble

carbonate or oxide

6. Electrolysis

- Introduction to electrolysis

- Changes at the electrodes

- The extraction of aluminium

- Electrolysis of aqueous solutions

Required Practical: Electrolysis — Investigate the
electrolysis of different aqueous solutions using
inert electrodes

Energy Changes

Energy changes

Exothermic and endothermic reactions
Using energy transfers from reactions
Reaction profiles

Bond energy calculations

Chemical cells and batteries {(Chemistry only)

Fuel cells (Chemistry only)




W esson

C1: Atomic Structure — papers 1 & 2

~ Aimingford

| can define the word element.

- Aimingfor 6

| can describe the basic structure
of an atom.

“Aiming ¥ors

| can use chemical symbols of atoms
to produce the chemical formulae of a
range of elements and compounds.

| can classify familiar

| can explain in detail, including
diagrams, the difference between

| can explain the significance of
chemical symbols used in formulae

C1.1 Aloms substances as elements or l A
' a pure element, mixtu ?
compounds. coenpo: . re.and and equations.
| can use the periodic table to | can name and give the chemical
find the symbols or names of symbol of the first 20 elements in
given elements. the periodic table.
| can describe familiar chemical I can explain why mass is | can justify in deta_il how mase may
reactions in word equations. conserved in a chemical reaction. f.ﬂfap;f:r:o change in a chemical
: ; : . | can describe unfamiliar chemical
C1.2 Chemical | can state that mass is | can describe familiar chemical : !
5 con din : : ; reactions with more complex balanced
equations served in a chemical reactions with balanced symbol symbol equations, including state

reaction.

equations including state symbols.

symbols.

| can balance given symbol
equations.

| can write balanced symbol
equations.

C1.3 Separating
mixtures

| can define the word ‘mixture’.

| can explain the difference
between a compound and a
mixture.

| can use experimental data to explain
the classification of a substance as a
compound or a mixture.

| can identify a mixture and a
compound.

| can explain how the chemical
properties of a mixture relate to
the chemical it is made from.

| can suggest an appropriate
separation or purification technique
for an unfamiliar mixture.

| can list different separation
techniques.

| can describe different separation
techniques.

| can explain in detail how multi-step
separation technigues work.

C1.4 Fractional
distillation and
paper
chromatography

| can state when fractional
distillation would be used.

| can describe the process of
fractional distillation.

| can explain in detail how fractional
distillation can separate miscible
liquids with similar boiling points.

| can safely make a paper
chromatogram.

| can explain the main processes
occurring in paper
chromatography.

| can evaluate separation or
purification techniques for a given
mixture.

C1.5 History of the
atom

| can list the significant models
proposed for atoms.

| can describe the differences
between the plum-pudding and the
nuclear model of the atom.

| can justify why the model of the
atom has changed over time.

| can identify the key parts of
the plum-pudding model and
the nuclear model of the atom.

I can explain how evidence from
scattering experiments changed
the model of the atom.

28880

| can evaluate the current model of
an atom.

B@®® 0000

C1.6 Structure of
the atom

| can state the relative charges
and masses of subatomic
particles.

| can describe atoms using the
atomic model.

| can use the periodic table to find
atomic number and mass number data
and use it to determine the number of
each subatomic particle in any given
atom.

| can state that atoms have no
overall charge (are neutral).

| can explain why atoms have no
overall charge.

| can recognise and describe
patterns in subatomic particles of
elements listed in the periodic table.

| can label the subatomic
particles on a diagram of a
helium atom.

| can use atomic number and mass
numbers of familiar atoms to
determine the number of each
subatomic particle,

| can explain why we can be confident
that there are no missing elements in
the first 10 elements of the periodic
table.

aje

C1.7 lons, atoms,
and isotopes

| can state what an ion is,

| can describe isotopes using the
atomic model.

| can use the periodic table to find
atomic number and mass number
data and use it to determine the
number of each subatomic particle in
an ion.

| can define an isotope.

| can explain why ions have a
charge.

| can use Sl units and prefixes to
describe the size of an atom and its
nucleus in standard form,

| can state the relative sizes of
an atom and its nucleus,

U000 000eee ® 000

| can use atomic number and mass
numbers of familiar ions to
determine the number of each
subatomic particle.

000 g0

| can explain why chlorine does not
have a whole mass number.




C1: Atomic Structure — papers 1 & 2

C1.8 Electronic
structures

| can state that electrons are
found in energy levels of an
atom.

O
O

| can write the standard electronic
configuration notation from a
diagram for the first 20 elements.

| can use the periodic table to find
atomic number and determine the
electronic structure for the first 20
elements .

| can state the maximum
number of electrons in the first
three energy levels.

| can explain why elements in the
same group react in a similar way .

| can make predictions for how an
element will react when given
information on another element in
the same group.




c2:1
Development
of the periodic

table

| can list the sigicant models

C2: The periodic table - papers 1 & 2

Aimingfora

for ordering the elements.

JAiming for®

| can describe how the elements '
are arranged in groups and
periods in the periodic table.

Aimingfors

I caexp[ain how and why the
ordering of the elements has
changed over time.

O

| can state how the elements are
ordered in the periodic {able.

I can explain why the periodic
table was a breakthrough in how
to order elements.

C2.2 Electronic
structures and
the periodic
table

| can define a group and period
in the periodic table.

| can describe how the
electronic structure of metals
and non-metals are different.

| can explain how the electronic
structure of metals and non-
metals affects their reactivity.

| can describe how electronic
structure is linked to the periodic
table.

| can explain in terms of
electronic structure how the
elements are arranged in the
periodic table.

| can use the periodic table fo
make predictions about the
electronic structure and
reactions of elements.

| can state that noble gases are
unreactive.

| can explain why the noble
gases are unreactive and the

trend in their boiling points.

| can predict the electronic
structure of stable ions for the
first 20 elements.

C2.3 Group 1-
the alkali
metals

| can name the first three
elements in Group 1.

| can recognise trends in
supplied data.

| can illustrate the reactions of
Group 1 metals with balanced
symbol equations.

| can describe the Group 1
metals as having low densities.

| can explain why the elements
in Group 1 react similarly and
why the first three elements float
on water.

| can explain how Group 1
metals form ions with a +1
charge when they react with
non-metals.

| can write word equations from
descriptions of how Group 1
metals react with water.

| can Describe how you can
show that hydrogen and metal
hydroxides are made when
Group 1 metals react with water.

| ean justify how Group 1 metals
are stored and the safety
precautions used when dealing
with them,

C2.4 Group 7-
the halogens

| can name the first four elements
in Group 7.

| can recognise trends in
supplied data.

| can illustrate the reactions of
Group 7 metals with balanced
symbol equations.

| can recognise a halogen
displacement reaction.

OO0 0O O oo ooo ok

| can explain why the elements
in Group 7 react similarly.

| can explain how Group 7
non-metals form ions with a -1
charge when they react with
metals.

O 0 0 000 oo

| can describe the main
properties of halogens.

| can explain how to complete a
halogen displacement reaction
and explain what happens in the
reaction.

| can explain in detail how to
compare the reactivity of the
Group elements.

C2.5
Explaining
trends

| can state the trend in reactivity
in Group 1.

| can explain how electronic
structure affects the trend in
reactivity of Group 1 and Group
7 elements.

| can use electronic structure
to explain the trends in
physical and chemical
properties of Group 1 and
Group 7 elements.

O

| can state the trend in reactivity
in Group 7.

| can use the nuclear model to
explain how the outer electrons
experience different levels of
attraction to the nucleus.

| can apply knowledge of

reactivity of Groups 1 and 7 to
suggest and explain the trend
in reactivity of Group 2 and 6.

O

C2.6 The
transition
elements

| can list the typical properties of
transition metals and their
compounds.

| can describe how the properties
of Group 1 metals compare with
transition metals.

I can justify the use of a
transition metal or its compound
in terms of its chemical
properties.

| can explain why mercury is not a
typical transition element.

0 0 00

| can interpret the formula and
names of familiar transition metal
compounds.

00 0 004 dg d

| can suggest why Group 1
metals have different
properties compared to
transition metals.
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Lesson

C3.1 States of

[ I can idnﬁty the three states of

C3 Structure and Bonding — papers 1 & 2

“Aiming for 4

matter and their state symbols.

| can use data to determine the state

Aiming for 6

of a substance at a given
temperature.

Aiming for's'

| can use the particle model to
describe how energy, movement,
and attraction between particles
changes as a substance is heated or
cooled.

matier

| can describe the process of
melting, freezing, boiling, and
condensing.

I can explain, in terms of particles,
energy and temperature of a
substance when it is at the melting
point or boiling point.

| can suggest why substances have
different melting and boiling points
from each other.

| can use the particle model to
draw a representation of how
particles are arranged in the
three states of matter.

| can describe the factors that affect
rate of evaporation.

| can evaluate a model, explaining its
limitations.

| can state the particles involved
in ionic and covalent bonding.

| can draw dot and cross diagrams
of compounds formed between
Group 1 and Group 7 elements.

| can draw dot and cross diagrams of
unfamiliar ionic compounds.

C3.2 Atoms in ions

| can describe, with an example,
how a Group 1 metal atom
becomes a positive ion.

| can explain how electron transfer
allows ionic bonding to occur in the
compound formed when a Group 1
metal reacts with a Group 7 non-
metal.

I can suggest and explain the charge
of a monatomic ion based on its
position in the periodic table.

O/0 Ol O] Of

| can describe, with an example,
how a Group 7 non-metal atom
becomes a negative ion.

C3.3 lonic

| can state that opposite charges
attract.

| can explain how the position of an
element on the periodic table relates
to the charge on its most stable
monatomic ion.

| can suggest the charge on unfamiliar
ions using the position of the element
in the periodic table.

O

bonding

| can write the charges of ions of
Group 1, Group 2, Group 6, and
Group 7 elements.

| can explain, in terms of electronic
structure, how unfamiliar elements
become ions.

| can explain the ratio of metal and
non-metal ions in compounds.

| can describe an ionic lattice.

| can interpret formula of familiar
ionic compounds to determine the
number and type of each ion
present.

I can generate formula of a wide
range of ionic compounds when the
charges of the ions are given.

C3.4 Giant ionic

| can state that ionic compounds
have high melting points and can
dissolve in water.

I can explain why ionic compounds
have a high melting point.

I can explain in detail why ionic
compounds cannot conduct
electricity when they are solid but
can when molten or in solution.

structures

| can state that ionic compounds
can conduct electricity when
molten or dissolved in water.

| can describe, in terms of ions, how
an ionic compound can conduct
electricity.

| can justify in terms of properties
that a compound has ionic bonding.

| can describe an ionic lattice.

I can explain the movement of ions
in solutions or when molten.

| can apply the ionic model to make
predictions of the physical properties
of ionic compounds.

C3.5 Covalent

| can describe a covalent bond.

| can explain how a covalent bond
forms in terms of electronic
structure.

| can draw dot and cross diagrams
and ball and stick diagrams for
unfamiliar small molecules.

bonding

| can recognise a covalent
compound from its formula,
name, or diagram showing
bonds.

0 O

| can draw dot and cross diagrams
and ball and stick diagrams for Hz,
Clz, 02, Nz, HCl. Hzo. NH_;. and CH..

| can suggest how double and triple
covalent bonds can be formed.

| can name familiar examples of
small molecules which contain
covalent bonds.

| can describe a double bond in a
diatomic molecule.

| can suggest how the properties of a
double bond could be different to the
properiies of a single covalent bond.

| can state that small molecules
have low melting and boiling
points.

| can explain how the size of
molecules affects melting and boiling

points

| can predict the physical properties of
unfamiliar covalently bonded
substances.

C3.6 Simple
molecules

| can state that small molecules
do not conduct electricity.

| can explain why small molecules
and polymers do not conduct

electricity.

0000 00000

| can compare and contrast the
properties of substances with
different bonding.

U
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C3 Structure and Bonding — papers 1 & 2

| can describe an intermolecular
force.

| can identify substances that would
have weak intermolecular forces.

| can justify the use of a model to
explain the physical properties of a
small molecule and discuss the
limitations of various molecular
models.

C3.7 Giant
covalent
structures

| can list the main physical
properties of diamond and
graphite.

| can recognise the structure of
diamond and graphite from
information provided in written or
diagrammatic form.

| can use a molecular model of an
unfamiliar giant covalent structure to
predict and explain is physical
properties.

[ ]

| can state that giant covalent
structures have high melting
points.

1 can explain the properties of
diamond in terms of its bonding.

| can justify in detail a use for
graphite based on its properties.

| can describe the structure of
graphite in terms of layers of
carbon atoms.

1 can explain the properties of
graphite in terms of its bonding.

1 can justify in detail a use for
diamond based on its properties.

C3.8 Fullerenes
and graphene

| can describe the relationship
between graphite and graphene.

000 O

1 can recognise the structure of a
fullerene or nanotube in diagrams and
prose.

| can describe and explain the
applications of fullerenes.

| can list the main physical
properties of fullerenes.

| can explain the structure of
fullerenes.

| can use molecular models of
graphene, nanotubes, and fullerenes
to explain their properties.

| can state the molecular formula
of buckminsterfullerene.

| can list the properties and
consequent uses of fullerenes and
carbon nanotubes.

1 can justify in detail a use for
graphene, nanotubes and fullerenes,
based on their properties.

BSInES

C3.9 Bonding in
melals

| can state that metals form a
giant structure.

| can describe metallic bonding.

| can explain how metal atoms form
giant structures.

| can recognise metallic bonding
in diagrams.

O 00

| can recognise and represent
metallic bonding diagrammatically.

| can evaluate different models of
metallic bonding.

C3.10 Bonding in

| can list the physical properties
of metals.

1 can explain key physical properties
of metals using the model of metallic
bonding.

| can explain in detail, including
labelled diagrams, how alloying
affects the structure and bonding in
metals and its effect on properties.

metals
| can describe the structure of a | can describe why melals are | can justify in detail why alloys are
pure metal. D alloyed. more often used than pure metals. |
| can slate a definition of | can describe the size of | can classify a particle as coarse,
nanoscience. D nanoparticles. fine, or nanoparticles based on their C

size.
c3.11 | can describe how surface area | can explain why surface area to | can quantitatively explain the
Nanoparticles to volume increases as particle D volume ratio increases as particle size relationship between surface area to C
size reduces. decrease. volume ratio and particle size and its
effect on properties.
| can recognise that the negative | can convert lengths into standard 1 can convert standard form into a
indices in standard form used in D form. variety of length units. E
nanoscience are very small
numbers.
| can state that nanoparticles can | can list the advantages and | can evaluate the use of
be used in sun cream. D disadvantages of using nanoparticles in their applications, C
nanoparticles. including sun cream.
C3.12
Applications of | can list a variety of uses of | can explain why nanoparticles can | can decide and justify in detail why
nanoscience nanoparticles. [3 have new applications. nanotechnology research should E

continue,




C4: Chemical calculations - Paper

| can use the periodic table to

identify the relative atomic mass l

for the first 20 elements.

| can use the periodic table to find the
relative atomic mass of all elements.

= OJ0ro

I can explain why some elements have the
same relative atomic mass as each other
and why relative atomic masses may not

C4.1 Relative be a whole number.
= ! and | can calculate the relative | can calculate the relative formula mass I can calculate the number of moles or
moles for unfamiliar compounds when the mass of a substance from data supplied.

formula mass for familiar

compounds when the formula is
supplied and is without brackets.

formula is given.

| can state the units for the amount of
substance.

| can convert between units in calculations.

C4.2 Equations
and calculations

| can explain why chemical equations must
be balanced.

terms of mole ratios.

| can interpret balanced symbol equations in

| can calculate the relative formula mass
for one substance when the relative
formula masses are given for all the other
substances in a balanced symbol
equation.

| can use balanced symbol equations to
calculate reacting masses.

]

| can explain why chemical equations must
be balanced.

I can explain the effect of a limiting reactant
on the amount of product made.

C4.3 From
masses to
balanced | can identify the limiting reactant in a I can use balanced symbol equations to
equations chemical reaction. calculate reacting masses when there is a
limiting reactant.
| can state the definition of | can calculate percentage yield when the I can calculate the percentage yield using
) theoretical yield, actual yield, actual yield is given and the mass of the a variety of units and conversions.
C44Yield ofa | 5ng percentage yield. limiting reactant is given.
chemical
reaction - - e s
| can calculate percentage yield | can list reasons why actual yield is often | can justify why percentage yield can
when actual yield and lower than theoretical yield. never be above 100%.
theoretical yield are given.
| can calculate the formula mass | can calculate the atom economy for a | can evaluate different reactions to decide
of substances when the formula given chemical reaction. the best production method of a chemical,
is given.
C4.5 Atom 1 - = > : — -
can recognise a covalent | can explain why using reactions with high | can explain why the sum of the formula
economy atom economy is important. masses of the reactants is the same as the

compound from its formula,

name, or diagram showing
bonds.

sum of the formula masses of the

products.

| can state a definition of atom
economy,

1]

C4.6
Expressing
concentrations

| can explain how concentration of a
solution can be changed.

| can calculate the concentration of a
solution when the number of moles and

volume in cm? is given.

| can calculate the concentration, in
mol/dm?, of a solution when the number of
moles and volume in dm? is given,

| can calculate the mass of a chemical
when any volume and concentration is
given and independently express their

answers to an appropriate number of
significant figures.

| can calculate the concentration of a
solution in g/dm? of a solution when the
number of moles and volume in dm?* is
given,

| can calculate the amount of solute in a

solution using the concentration of the
solution.

| can calculate a titre.

| can justify the use of a pipette and burette
for a titration, evaluating the errors involved
in reading these instruments.

C4.7 Titrations

| can describe how an indicator can be
used to determine the end point.

| can explain how precise results are
obtained in a titration.

| can explain how accuracy can be
improved in a titration.

I can justify the use of an indicator in an
acid-base fitration.

| can calculate the amount of acid or alkali
needed in a neutralisation reaction.

| can calculate the unknown concentration
of a reactant in a neutralisation reaction
when the volumes are known and the

concentration of one reactant is also
known.




C4: Chemical calculations - Paper

C4.8 Titration
calculations

| can convert units.

| can extract data from given information to
perform multi-step calculations
independently.

L

C4.9 Volumes
of gases

| can calculate the amount in moles of gas
in a given volume at room temperature
and pressure.

| can suggest how the volume of gas
would change when temperature or
pressure was changed.

| can convert units.

| can calculate the moles or volume of a
gaseous substance involved in a chemical
reaction.




Dalton’s model The plum pudding model
John Dalton thought Scientists’ experiments resulted in the discovery of
of the atom as a solid sub-atomic charged particles. The first to be discovered

sphere that could not
be divided into smaller
parts. His model did
notinclude protons,

were electrons - tiny, negatively charged particles.

Iv The discovery of electrons led to the plum pudding model of
the atom - a cloud of positive charge, with negative electrons
embedded in it. Protons and neutrons had not yet been

neutrons, or electrons. discovered. cloud of uun.za charge
Alpha scattering experiment scientists predicted actually observed:
1 Scientists fired small, positively charged particles gold atoms gold atoms
(called alpha particles) at a piece of gold foil only =y

a few atoms thick,
2 They expected the alpha particles to travel
straight through the gold. @
3 They were surprised that some of the alpha
particles bounced back and many were deflected
(alpha scattering).
4 Toexplain why the alpha particles were repelled
the scientists suggested that the positive charge \0
and mass of an atom must be concentrated in a

alpha particle
small space at its centre. They called this space
the nucleus.

Nuclear model Electron shell (Bohr) model The proton
Scientists replaced the Niels Bohr calculated Further experiments provided
plum pudding model that electrons must evidence that the nucleus
with the nuclear l orbit the nucleus l contained smaller particles
model and suggested at fixed distances, called protons. A proton has an
that the electrons These orbits are opposite charge to an electron,
orbit the nucleus, but called shells or
not at set distances, energy levels.

Size Relative mass The neutron
The atom has a One property of protons, neutrons, and James Chadwick carried out

radius of 1x10"*m,
Nuclei {plural of
nucleus) are around
10000 times smaller
than atoms and
have a radius of
around 1x10*m,

electrons is relative mass - their masses
compared to each other, Protons and for a particle with no charge.
neutrons have the same mass, so are given T_ Scientists called this the neutron

a relative mass of 1. It takes almost 2000 and concluded that the protons and
electrons to equal the mass of a single neutrons are in the nucleus, and the
proton ~ their relative mass is so small that electrons orbit the nucleus in shells.
we can consider it as 0.

experiments that gave evidence
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Elements are u_..an.._nmm made of one
type of atom. Each atom of an element
will have the same num ber oq..vaﬁo:m.

Compounds are made of different types
of atoms chemically bonded together.

The atoms in a compound have different
numbers of protons.

. 2

= Amixture consists of two or more
elements or compounds that are not
chemically combined together.
» The substancesin a mixture can be
separated using physical _uanmmmm
* These processes do notuse
‘chemical reactions.

lithium chiorine

* Separating mixtures

* filtration - insoluble solids and a liquid
s naﬁm:_mmg_g soluble solid from a solution

» simple a_m:__m:o: ‘solvent from a solution

= fractional n__m_:__mn_o: two __n_c__am with similar boiling points

= paper nraaunoniv:mt._amsq@ substances from a mixture
insolution

Atoms and particles

+1 1 = atomic number
o 1 = mass number - atomic number
-1 O (very small) = same as the number of protons

;m..s_»nco v»..:.._n ‘massisthe uﬁawm mass of all the nSB« ofan mﬁ:._m:n
(abundance of isotope 1 x mass of

S o

Jch ah ey

- \.ah.ﬂbn

1
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




Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.

@& ‘What is an atom?

o What is Dalton’s model of the atom?
© Whatis the plum pudding model of the atom?

o ' _What fjid scientists discover in the alpha scattering
experiment?

a ?-_E}escrib'é the nuclear model of the atom.

6 What did Niels Bohr discover?

@ ?:Wﬁ:'at'di'd'.lames'- Chadwick discover?

e 'Where are protons and neutrons?

o ‘What is the relative mass of each sub-atomic
_particle?

® ‘What is the relative charge of each sub-atomic
particle?

@ How can you fmd out the number of protons inan
atem'? : '

@ “How can you calculate the number of neutrons in
an atom?

® :‘.'W'hy do -atoni's:'h'é'ﬁé-n'o overall charge?

@ How many electrons would you place in the first,
~second, and third shells?

® What is an element?
@ ‘What is a compound?
@.- What iég"a‘j mixture?
@ What are isotopes?

® ' What are the four physical processes that can be
“used to separate mixtures?

@ ‘What is relative mass?

Bibyiadedang | aleyiededand | aiaysadeding

sEsassusEERE.

218y Jaded 1nd

as b ol ale s patale

213y x‘aded.;_nd

seesassassenansansannen

‘alay saded qnq_ s

oalala aalal s 6o e s u s miale b viseieiae

asay Jaded 3nd

smallest part of an element that can exist

atoms as solid spheres that could not be divided into
smaller parts

sphere of positive charge with negative eiectrons
embedded in it

some alpha particles were deflected by the gold foil -
this showed that an atom’s mass and positive charge
must be concentrated in one small space (the nucleus)

dense _nﬁ_cle;_is‘ with electrons orbiting it
electrons orbit in fixed energy levels (shells)
uncharged particle called the neutron

in the nucleus
proton: 1, neutron: 1, electron: _{J_{very small)

proton: +1, neutron: 0, electron: -1

-t:h‘e"-é'tom'ic number on the Per_io'dic-_;TabIe

mass number - atomic number

electrons . .
up to 2 in the first shell and up to 8.in the second and

third shells
-~ substance made of one type of atom

substance made of more than one type of atom
chemlcally joined together

two or moré substances not chermcally combmed

atoms of the same element (same number of protons)
with different numbers of neutrons

filtrat_i_o_h, ciyétalli_satibh}-, distillation, fractional
distillation, chromatography

the average mass of all the atoms of an element



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,

normally by atomic mass but some
elements were swapped around

by atomic mass by atomic number

ne gaps - all element s up to a certain

for undiscove
alett for v e atomic number have been discovered

grouped by the number of slectrons in

| i
grouped by chemical properties e i SRS

metals to the left, non-metals to

no clear distinction no clear distinction right
incomplete, with no explanation for why
& ¢ ts
Some elements grouped i ol = hsd to b 1t .

rr

inappropriately

fit-in the appropriate groups

c.--oov-.co.-oaaoo-0-o-tlo-o|0¢vvtloo.-ovo-cou-ct.nn-c:o-qc--uou.oon.oooo-qoa-;oo-

,_.ap_oi_aw._unoum:_mm"

* fullouter shells with eight electrons, so do not needto lose or gain
electrons [ ik Mgt B
* are very unreactive (inert) so exist as single atoms as they do not bond
toform molecules L s
= boiling points that increase down the group.

i alkalimetals
| noble gas

chemical properties  displacement
organised  Periodic Table

groups
reactivity

halogens
undiscovered

inert isotope
unreactive

h-ot.oooocoa-cc-----ooloooo.tc-..-o---co-...ooltuo--n.a!o

Group 7 elements are called the halogens. They are non-metals

olecules made up of pairs of atoms.

fluorine _uu 435
chlgrine Cl, gas .
" = increases down the group decreases dovn the group
bromine Br, ligyuid
iodine E solid

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

* theatomsincreasein size A

* theouter shell is further away from the nucleus, and there are more shells
between the nucleus and the outer shell ] :

*  theelectrostatic attraction from the nucleus to the outer shellis weaker soitis

harder to gain one electron tofill the outer shell,

\ 4

More reactive Group 7 elernents can take the place of less reactive ones
in a compound. This is called displacement.
For example, flurine displaces chlorine as it is more reactive:

fluorine + potassium chloride — potassium fluoride + chlorine

E—— s 2

reactivity




Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.

'How is the modern Periodic Table ordered?
How were the early lists of elements ordered?
'Why did Mendeleev swap the order of some elements?

Why did Mendeleev leave gaps in his Periodic Table?

Why do elements in a group have similar chemical
_properties?

Where are metals and non-metals located on the
Periodic Table?

‘What name is given to the Group 1 elements?

Why are the alkali metals named this?

Give the general equations for the reactions of alkali
“metals with oxygen, chlorine, and water.

How does the reactivity of the alkali metals change
down the group?

Why does the reactivity of the alkali metals increase
down the group? -

What name is given to the Group 7 elements?
Give the formulae of the first fou r-haI@éen’s‘.

How do the melting points of the halogens change
down the group?

How does the reactivity of the halogens change down
the group?

Why does the reactivity of the halogens decrease
down the group?

What is a displacement reaction?
What name is given to the Group 0 elements?

Why are the noble gases inert?

1
@
o.
o
5
o
@
o
o
®
®
®.
®
®
®
©
®
®
®
@

How do the melting points of the noble gases change
down the group?

A Ry
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by atomic number
by atomic mass

to group them by their chemical properties

leave room for elements that had not yet been
discovered

have the same number of electrons in their outer shell
metals to the left, non-metals to the right
alkali metals

they are metals that react with water to form an alkali
metal + oxygen — metal oxide

metal + chlorine = metal chloride

metal + water — metal hydroxide + hydrogen
increases (more reactive)

they are larger atoms, so the outermost electron is
further from the nucleus, meaning there are weaker
electrostatic forces of attraction and more shielding
between the nucleus and outer electron, and lt is easier
to lose the electron

halogens
F-z,, Clz,BI'Z, Iz
increase (higher melting point)

decrease (less reactive)

they are larger atoms, so the outermost shellis

further from the nucleus, meaning there are weaker
electrostatic forces of attraction and more shielding
between the nucleus and outer shell, and it is harder to
gain an electron

when a more reactive element takes the place of a less
reactive one in a compound

noble gases

they have full outer shells so do not need to lose or gain
electrons

increase (higher melting point)



The three states of 3»...._3_. can be represented in the particle model.

melting point

liquid

boiling point

o boiling e
—_—

©
©

gas

—
candensing

{HT only) This model assumes that:

* there are no forces between the particles
* thatall particles in a substance are spherical

* thatthe spheres are solid.

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

ettt ittt B R

Covalent bonding

Ifyou include electrons that are
shared between atoms, each
atom has a full outer shell.
‘Single bond =each atom
shares one pair of electrons.
Double bond = each
shares two pairs

Covalent structures

D

&
sodium atom, Na sodium ion, Na*
11 protons 11 protans
11 electrons 10 electrons

overall charge = 0

e . i GIELISE T B SN

Atoms can gain or lose electrons to give them a full outer
shell. The number of protons is then different from the
number of electrons. The resulting particle hasa charge
and s called an jon.

overail charge = 1+

Solid ionic substances do not conduct electricity because
the ions are fixed in position and not free to carry charge:

When metal atoms react with non-metal atoms they transfer

electrons to the non-metal atom.
needs to has one more
lose 1 proton than electrons

@ws _@_%

© @]

needs to has one more
gain 1 electron than protons
has two more
needs to lose 2 protans than electrons

@

‘each other by the strong LY

When metal atoms
transfer electrons to
non-metal atoms you
end up with positive
and negative ions.
These are attracted to ! 2

chloride ion C1-  S0dium ion Na*
-

g

rd

electrostatic force
of attraction. This is
called ionic bonding.

The electrostatic force of attraction works in
all directions, so many billions of ions can be bonded
together in a 3D structure.

The formula of .m:.mo_.._n.m: bstance can be worked out
1 fromits bonding diagram:

for every one magnesium ion there are two fluoride

: When melted or dissolved in water, ionic substances do - ions - so the formula for magnesium fluoride is

- conduct electricity because the ions are free to move and \ MgF,

: carrycharge. / . i 2 froma lattice diagram:

i . - . ; there are nine Fe?* = ion Fel™ ion

. @ _@“ @ @ ionsand 18 S~ ions - i { .

: MSEhERRE < O 5 % Simaiing s =Y

+ lonic substances have high melting points because the needsto  needsto givesa formula of Fes, ¢ !
N 1 electrostatic force of attraction between oppositely gain 1 gain 1 TR ; —V

© & . charged ionsis strong and so requires lots of energy Metal atoms lose electrons to become positive ions. Non- U.
3 break. metal atoms gain electrons to become negative ions.

There are three main types of covalent structure: .~ e T et i) ol
%] Giant covalent m Small molecules ' Large molecules bos
..m Many billions of atoms, each m Each molecule contains only a few atoms Many repeating units joined by covalent bonds F
=l onewith astrongcovalent | with strong covalent bonds between to form a chain. _.
.M bond to anumber of others. | these atoms. Different molecules are held The small sectionis bonded to many identical |
.W An example of a giant  together by weak intermolecular forces. sections to the left and right. The 'n’ represents a _m m
"B covalent structure is diamond. _ For example, water is made of small large number. i
o ‘ molecules. Separate chains are held together [, :
= _ %ﬂ by intermolecular forces thatare | | | :
< _ | @ \ stronger than in small molecules. +c—c .
fur _ % ee Polymers are examples of long _w __ﬂ s
0 _ @ molecules. i

The atoms that make up metals form layers. The electrons in the outer shells of
the atomns are delocalised - this means they are free to move through the whole

structure.

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

electrostatic force of attraction.
Some important properties of metals are:

* pure metals are malleable because the layers can slide over each other
* they are good conductors of electricity and of thermal energy because
delocalised electrons are free to move through the whole structure

"sea’ of delocalised
slectrons

= they have high melting and boiling points because the electrostatic force of
attraction between metal ions and delocalised electrons is strong so lots of

energy is needed to break it.

&
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Learn ::.. answers to the questions below then cover the answers column

with a piece of paper and write as many as you can. Check and repeat.

© © o o

6 6 6 6 BB 6 6 6 6 © 606 6

How are covalent bonds formed?

Which type of atoms form covalent bonds between
them?

Describe the structure and bonding of a giant
covalent substance.

Describe the structure and bonding of small
molecules.

Describe the structure and bonding of polymers.

Why do giant covalent substances have high
melting points?

Why do small molecules have low melting points?

Why do large molecules have higher melting and
boiling points than small molecules?

Why do most covalent substances not conduct
electricity?

Describe the structure and bonding in graphite.

Why can graphite conduct electricity?
Explain why graphite is soft.

What is graphene?

Give two praperties of graphene.
What s a fullerene?

What is a nanotube?

Give two properties of nanotubes.

Give three uses of fullerenes.

- R R L i e
T T T PRy Ty . ean 3

aJay saded Jng

sy saded Ind aay Jaded 3ng. asay saded ng asay saded Jng

Ay saded Jng

aay saded Ing

wesnsssssrsnssanssnanaatras
2y 1aded Ing ;

by atoms sharing electrons

non-metals

billions of atoms aonnma together by strong covalent

- ‘bonds

small numbers of atoms group together into molecules
with strong covalent bonds between the atoms and
weak intermolecular forces between the molecules

many identical molecules joined Snmnrmq by
strong covalent bondsin a long chain, wi
intermolecular forces cmnzmma the chains.

it takes a lot of energy to break the strong covalent
bonds between the atoms

only a small amount of energy is needed to break the .

weak intermolecular forces

the intermolecular forces are stronger in la rge molecules

do not have delocalised electrons or ions

each carbon atom is bonded to three others in
hexagonal rings arranged in layers - it has delocalised
electrons and weak forces between the layers

the delocalised electrons can move through the graphite
layers are not bonded so can slide over each other
one layer of graphite

strong, conducts electricity

“hollow cage of carbon atoms arranged as a sphereora

tube

hollow cylinder of carbon atoms
‘high tensile strength, conduct electricity .

lubricants, drug delivery (spheres}, high-tech electronics

e @ 99@@8969@8@9@@ 9@@9@@

‘When can’ ionic substances conduct mﬂmnn: city?

“surface m_.om._o.co_cgm rati

Whatiis an ion? , atom that has lost or gained electrons

Which kinds of elements form ionic bonds? metals and non-metals

What nrmﬁmw doions :o"._..__ﬁaﬁum_.. ....o._...a 2 form? oi:u.w...._o..m..:m 1+, Group 2 forms 2+
What charges do ions from Groups 6 and 7 form?

Name the force that :o_% ouuom_ m_
together. ;

Group 6 forms 2-, Group 7 forms 1-

regular structure of alternating positive and negative
ions, held together by the electrostatic force of
attraction

electro
negativ

Describe the structure of a giant ionic lattice.

it force of attraction between positive and
> ions s strong and requires lots of m_._m@.. 1o

Jadedng

.2.3 doionic su u.mm..u_..___”o.m._.

. _ ~ break
Why don'tionic substances conduct electricity when :  ions are fixed in position so cannot move, and there
solid? o areno delocalised electrons

when melted or dissolved

Why do ionic substances no:acﬂ m_mnzn_a. when

melied e ik ions are free to move and carry charge

siti ..m...i_m,”.m_..wo?«...uc:_.oc:nwm5%..0@:3&

omun:.cw"_‘_.mnai.nnc.ﬁ_&m.._"_..__._a_n_.._ms_..m. LA ctrons

m:a:m m_mnﬁomﬁcn forces of attraction between metal

Desaribethe E.z..n.:n IS puie Motk . ions mnn_ n_m,onm__wmm electrons

What are four properties of pure metals?

Explain why _ucB_ metals are malleable.

electrostatic force: onmaan_o: um?mm: _uom;_cm metal

Explain why :._mﬁ__w have _.__w= :..m_z:m and vc.__z_w ns and deloca

points..

Why are metals good conductors of mwaﬁzn_q maa

of thermal energy? delocalised electrons are free to move through the metal

alay saded ng

What is an alloy? _._«__m%cmm.qﬂ.w metal with atoms of another element

different sized atoms disturb the _mu__ma. preventing

Explain why alloys are harder than pure metals. .z._ms Pl n__=m i e

a8y JN}F' ing

How big are nanoparticles

.
.
.

nanomaterials have a much higher surface area-to-

.. Yy
How are nanomaterials different from bulk materials? SR

ecreases by a factor of ten; the surface-

What is the relationshiy between side _mann:aan.
P to 5_:30 ratio _=n3m§.c<_m.mmno~ often

aseysaded Jng

used in healthcare, electronics, cosmetics

I 7
What are nanoparticles used for? andeatalysts

"

aremssassssane
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Every substance has a formula mass, M.
formula mase M. = sum (relative atomic mass of all the atoms in the formula)

Avogadro’s constant (HT only)

One mole of a substance contains 6.02 x 10" atoms, ._oar or molecules.
This is Avogadro’s constant.

One mole of a substance has the same massas the M, of the substance.
For example, :.53 (H Q 18,50 18g of water _.zo_mnz_mm contains
6.02x10 322_.___3. and s called one mole of water.

mass
M

r

You can write this as: moles=

.
-
.
.
.
.
.
.
-
.
.
.
13
.
.
.
-
3
.
.
-
.
.
.
3
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.
.
.
.
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.
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.
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The theoretical

yield of a chemical

rescion sthemess ) [PEICONtORSUEN
of a product that you The yield is the amount of product that
expect to be produced. you actually get in a chemical reaction.

Even though no atoms

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

The atom economy of a reaction tells you
the proportion of atoms that you started
with that are part of useful products.

are gained or lost
during a chemical
reaction, itis not always
possible to obtain

the theoretical yield
because

* some of the
product can be
lost when it is
separated from the
reaction mixture
there can be
unexpected side
reactions between

=100

percentage yield =

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

The percentage atom economy is

reactants that calculated by:
produce different
M of useful product
products mSBmS:oawﬂ.Ll|||m«|lx 100
: M_of allproducts
* thereaction may i
be reversible.

atom economy burette concordant  end point
excessreactant  formulamass  limiting reactant
percentage yield pipette room temperature and pressure
ﬂsnoqna_nm_ yield titration titre useful  yield

L e R T R I S O R

Ina balanced symbol: chzo: the sum o::a..s ofthe r am.au:w equals 53:32

If you are asked what mass of aproduct s:__ be
‘formed from a. given mass of a specific reactant,
you can use the steps belowto calculate the result.

Ifyoua asked to balance an. Bsmﬁo.a fou can
‘use the uﬁv.««ca_os_ to wark out the answer.

Excess and limiting reactants (HT only)

In'achemica reactio between two or q_o_.m reactants,

often
:m mn:m reac

thatis left. overisin nxooua The reactant that | 1uns out is the

:
-
: 1 workoutM. of all the uzuﬂm_._nmm limiting 1
1 balance the symbol equation . 2 calculate the number of moles of each mc_unm:nm R S PR
2 calculate moles of Eﬂwmw_uﬁm:nm witha x_..ai__._ ¢ in the reaction using moles = a.awna * Towor whichreactants are in excess and which is the
mass using moles = M, : '3 convert to.awhole number ratio limiting reactant, you need to:.
3 using the balanced mw..q..._.m_.a_ equation, work out  * 4 balance the mv.q_._wo_ equation "1 write the balanced symbol equation for the reaction
the number of moles of the unknown substance . 2 pickone of the reactants maa its quantity as given in the
4 calculate the mass of the unknown substance ‘question
using mass = moles x M, : 3 usethe ratioof the reactants in the balanced equation to
.................................................................................." ....mom_..as__acn_._n::mon:mqsm&awo::mmn
x : 4 compare this value to the quantity given in the question
I | _.._“o_ o4 ¢+ 5 determine s;:n: amnﬁza isin excess.and which
Concentration is the amount of solute in a Concentration can also be measured in ”qw:co_."“.w . . islimiting.
volume of solvent. mol/dm?. o A R R R R RS S s S o e bt e
The unit of concentration is g/dm*. concentration of solution (mol/dm?) =

Concentration can be calculated using; _ nurtiber of moles of solute
; _ mass(g) volume of solution (dm?) 25t
SopenteRtion a/dn volume (dm®) You can use this formula and mass = “..zu.-a\ S
Sometimes volume is measured in cm™ moles x M, to calculate the mass of solute
% dissolved in a solution,
5 volume (em?) RIS
Wlsme (anf) 8= s * The greater the mass of solute in
SR . : solution, the greater the number of
* lots of solute in little solution = high moles of solute, and therefore the
concentration g

greater the concentration,

Ifthe same number moles of soluteis
dissolved in a smaller volume. of solution, -
the concentration will be greater.

little solute in lots of solution = low
concentration

Moles of gases (HT only)

At any given temperature and pressure, the same
number of moles of a mmm will occupy the same
volume.

At room temperature (25°C) and pressure (1 atm),
one mole of any gas will occupy 24 dm?.

T

1 s_ammcm.m:nz_ / 3_35_3

*on the reacti

To calculate the number of moles of a gas:

wvolume Ei& .

moles cmumumol_. A
moles of a gas = younsicm
9= 22000cm®

.. moles

concentration ( 1_.6_____&_._._3 =

volume (dm®)

AL R

.an ex na

i._mﬁ_v. what ,3__._:.3.2.
eds to be added to th mo__._"_aa in §m no:_nmﬂ

Use & beaker and funnel
to fill burette,

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

Swirl the tlask with the
other hand whilst the
drops are being added
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Tick (v') one box.
Q1.

This question is about elements, compounds and mixtures.

Section A only

Figure 1 shows diagrams which represent the atoms and molecules in different .
substances. Sections A, B and C

Figure 1

Sections B, C and D
© @ and O represent different types of atom.

O.UOMNU % ° § % 080 % Section D only .
0| e Pl Do ||H W

(d) Which two of the following are typical properties of a transition metal?

A B C D Tick (') two boxes.
(a) Which diagram in Figure 1 represents a pure compound?
Can be bent and shaped
Tick (v') one box.
Good conductor of electricity
A B [ 55 D
(1) Low density
(b)  Which diagram in Figure 1 represents a mixture of an element and a compound?
Low melting point
Tick (v) one box.
Poor conductor of heat
A B c D _
(2)
)
(e) Potassium and chlorine react to produce potassium chloride.
(c) Elements are metals or non-metals.
An atom of potassium loses an electron to form a potassium ion.
Figure 2 shows an outline of the periodic table.
An atom of chlorine gains an electron to form a chioride ion.
The periodic table is divided into sections.
Complete the dot and cross diagram.
Figure 2
D
A
B Cc

Where are metals found in the periodic table?

Page 1 of 53 Page 2 of 53
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(d) Figure 1 shows the structure of a carbon compound.

Figure 1

1
mimimfm
F F

Complete the formula of the carbon compound.

e FE

(e} Methane:

. is a carbon compound
. exists as small molecules
. has a low boiling point.

What is the reason for the low boiling point of methane?

Tick (v') one box.

Covalent bonds and intermolecular forces are weak.

Only covalent bonds are weak.

Only intermolecular forces are weak.

() Buckminsterfullerene (Cso) is a form of carbon.
Buckminsterfullerene was the first fullerene to be discovered.
What is the shape of a buckminsterfullerene molecule?

Tick (V') one box.

Cubic
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(1)

(1

1

(9)

(h)

Cylindrical

Spherical

Graphite is a form of carbon.

Figure 2 represents the structure of graphite.

Figure 2

Key
© = carbon atom

How many covalent bonds does each carbon atom form in graphite?

Tick (v) one box.

Diamond is another form of carbon.
Figure 3 represents the structure of diamond.

Figure 3
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(b)

(c)

(d)

(e)

Solid calcium chloride cannot be electrolysed.

Give one reason why.

Name the product formed at the negative electrode when aqueous calcium chloride

solution is electrolysed.

What is the half equation for the reaction at the positive electrode when aqueous

calcium chloride solution is

Tick (v') one box.

2CI - Cl+2e

Cl+2e —2CI

40H - 0:+2H:0+4 e

0:+2H:0+4e —40H

A student investigated the electrolysis of green copper chromate solution.

electrolysed?

Figure 1 shows the apparatus.

Figure 1
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(@)

1

0]

U]

Power supply

- +
mW =
. / ”

Negative Positive
electrode electrode

Filter paper soaked in Drop of green copper

an electrolyte solution chromate solution
Figure 2 shows the resuilts.

Figure 2
Power supply
- +
Negative L _ Positive
electrode \ / electrode
Blue colour Yellow colour

Filter paper soaked in an electrolyte solution
Copper chromate solution contains the ions Cu?* and CrO.>-

Explain the results shown in Figure 2.

3)
(Total 10 marks)

Q5.

This question is about iron.

(a) lronis a metal.

Page 10 of 53
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Volume of carbon dioxide =

Q6.
This question is about materials.
Pre-stressed concrete is a composite material.
The concrete is strengthened using high carbon steel bars.

Figure 1 shows the structure of a piece of pre-stressed concrete.

Figure 1

Concrete

High carbon
steel bars

(a)  Which two words describe the high carbon steel bars?

Tick (v') two boxes.

Alloy

Binder

Matrix

Ore

Reinforcement

Limestone is mainly calcium carbonate.
Limestone is a raw material used in the production of concrete.
(b) Inthe first part of the production of concrete:

air is heated by burning methane
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dm?

(5)
(Total 15 marks)

(2)

the hot air is used to heat limestone
. the limestone decomposes.

The equation for the decomposition of limestone is:
calcium carbonate — calcium oxide + carbon dioxide

Give two ways in which a greenhouse gas is rel

1

d in this process.

2)
(c) How could a sample of limestone be tested to show the presence of carbonate ions?
Complete the sentences.
Choose answers from the box.
i
sodium universal
hydroxide indicator
The substance added to the limestone is
The gas produced is identified using
(2
The table below gives some information about plain concrete and pre-stressed concrete.
Plain concrete P...Hmhmo_.w»mmmn_
Cost in £ per m? 75 225
Density in kg per m? 2300 2500
Strength in arbitrary units 600 3000

(d) Explain why pre-stressed concrete rather than plain concrete is used to make
bridges that carry heavy lorries.

Use the table above.
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0]

(f) An element has two isotopes.

The table shows information about the isotopes.

Mass number Percentage (%) abundance

Isotope 1 10 20

Isotope 2 11 80

Calculate the relative atomic mass (A,) of the element.
Use the equation:

A (mass number x percentage) of isotope 1 + (mass number x percentage) of isotope 2
A 100

Give your answer to 1 decimal place.

Relative atomic mass (A/) =

(2)
(g) The radius of an atom is 0.2 nm
1
The radius of the nucleus is 10000 the radius of the atom.
Calculate the radius of the nucleus.
Give your answer in standard form.

Radius = nm

(2
(Total 10 marks)

Qs.

Figure 1 shows the structure of five substances.
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(a)

(b)

(c)

(d)

(e)

A B c D £
[ ]
’ [ s A I
0 %\33 i
TR |
0 | i h.ﬂx\.,l.w?”:.ﬂwy._
o Delocalised e |
electrons _
Which diagram shows a gas?
Tick (v') one box.

Which diagram shows the structure of diamond?

Tick (v') one box.

al T el T el ] of T el]

Which diagram shows a metallic structure?

Tick (V') one box.

Which diagram shows a polymer?

Tick (v') one box.

A chlorine atom has 7 electrons in the outer shell.

Twao chlorine atoms covalently bond to form a chlorine molecule, Clz

Figure 2 is a dot and cross diagram showing the outer shells and some electrons in
a chlorine molecule.

Complete the dot and cross diagram.
Show only the electrons in the outer shell.
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oxides CrQO: Fes0.

CrOs

Use your own knowledge and the data in the table above to compare the chemical
and physical properties of transition elements and Group 1 elements.

(6)
(Total 10 marks)

Q10.
This question is about different substances and their structures.

(a) Draw one line from each statement to the diagram which shows the structure.

Statement Structure
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The substance is a gas _

| The substance is a liquid

__ The substance is ionic |4

m
7 The substance is a solid metal

@

(b) Figure 1 shows the structure of an element.

Figure 1

What is the name of this element?

Tick one box.

Carbon

Chloride

Nitrogen
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(d) Figure 1 shows a model of a Buckminsterfullerene molecule.

Figure 1

A lubricant is a substance that allows materials to move over each other easily.
Suggest why Buckminsterfullerene is a good lubricant.

Use Figure 1.

Silver can form cubic nanocrystals.

Figure 2 represents a silver nanocrystal.
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(4

()

Figure 2

N N

Y Y T

(e) A silver nanocrystal is a cube of side 20 nm

Calculate the surface area to volume ratio of the nanocrystal.

Surface area to volume ratio =

@3

(f) Silver nanoparticles are sometimes used in socks to prevent foot odour.

Suggest why it is cheaper to use nanoparticles of silver rather than coarse particles
of silver.

(2
(Total 16 marks)

Q12.

Figure 1 shows an outline of the modern periodic table.
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(b) How many atoms are present in one mole of fluorine atoms?

Tick (v') one box.

2.03 x 10%

2.06 x 10=

6.02 x 102

6.02 x 10%

(c) The plum pudding model of the atom was replaced by the nuclear model.
The nuclear model was developed after the alpha particle scattering experiment.

Compare the plum pudding model with the nuclear model of the atom.

(d) An element has three isotopes.

The table shows the mass numbers and percentage of each isotope.

Isotope 1 Isotope 2 Isotope 3
Mass number 24 25 26
Percentage (%) 78.6 10.1 11.3

Calculate the relative atomic mass (4:) of the element.

Give your answer to 3 significant figures.
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0

1

(@)

Q14.

Relative atomic mass =

(2)
(Total 8 marks)

The diagram below represents different models of the atom.

(a)

(b)

(c)

(d)

Which diagram shows the plum pudding model of the atom?

Tick one box.

A B Cc D E

1

Which diagram shows the model of the atom developed from the alpha particle
scattering experiment?

Tick one box.
A B o D E
0]
Which diagram shows the model of the atom resulting from Bohr's work?
Tick one box.
A B Cc D E

(1)
Define the mass number of an atom.
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1

The radius of the centre of the atomis 10000 the radius of the atom.
Calculate the radius of the centre of an atom of element X.

Give your answer in standard form.

Radius = m

(2)
(Total 10 marks)

Q16.
This question is about atomic structure.
(a) Atoms contain subatomic particles.
The table below shows properties of two subatomic particles.

Complete the table.

Name of particle| Relative mass | Relative charge

neutron

+1

(2)
An element X has two isotopes.

The isotopes have different mass numbers.

(b) Define mass number.

(4)]
(c) Why is the mass number different in the two isotopes?

(1)
(d) The model of the atom changed as new evidence was discovered.

The plum pudding model suggested that the atom was a ball of positive charge with
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electrons embedded in it.

Evidence from the alpha particle scattering experiment led to a change in the model
of the atom from the plum pudding model.

Explain how.

Q17.

This question is about the periodic table.

(4)
(Total 8 marks)

In the 19th century, some scientists tried to classify the elements by arranging them in
order of their atomic weights.

The figure below shows the periodic table Mendeleev produced in 1869.

His periodic table was more widely accepted than previous versions.

Group Group Group | Group Group Group Group
1 2 3 4 5 6 T
Period 1 H
Period 2 Li Be B Cc N (o] F
Period 3 Na Mg Al Si P S Cl
Period 4 K " Ca - . Ti . v i Cr 5y Mn o
Periods | " Ag y cd A ) sl w|

(a) The atomic weight of tellurium (Te) is 128 and that of iodine (his 127

Why did Mendeleev reverse the order of these two elements?
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(c)  Which substance is a mixture of an element and a compound?

Tick (v) one box.

A B Cc D E

Substances are separated from a mixture using different methods.

(d) Draw one line from each method of separation to the substance and mixture it would
separate.

Method of separation Substance and mixture

biue food colour from a
mixture of food colours

chromatography

copper from an alloy of
copper and zinc

copper sulfate from
copper sulfate solution

crystallisation

ethanol from a mixture of
ethanol and water

(e) Sand does not dissolve in water. A student separates a mixture of sand and water
by filtration.

Draw a diagram of the apparatus the student could use.

You should label:

. where the sand is collected
. where the water is collected.

Diagram

Page 37 of 53

(3)
() A student distils a sample of salt solution to produce pure water.

M Figure 2 shows the apparatus.

Figure 2

Thermometer
(1)

Condenser
Flask

Salt solution g

() — Beaker

Heat

What temperature would you expect the thermometer to show?

Tick (V') one box.

0°C

10°C

50°C
@

100 °C

(1)

(9) Describe how the process of distillation shown in Figure 2 produces pure water from
salt solution.
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Compound electron neutron nucleus proton
Elem
ent A
B
Formulation
v (2)
Solvent (b)  Which particle has the lowest mass?
Choose the answer from the box.
(1)
(f)  The student repeated the investigation using green ink containing 75% yellow dye
and 25% blue dye. electron neutron nucleus proton
What would happen to the R: value of the yellow dye?

Tick (') one box.

(1
The R value would decrease.

(c) Which group of the periodic table contains element Z?

The R value would increase. Use Figure 1.

Group
The Ry value would stay the same.

0]

(d) Give the atomic number and the mass number of element Z.

(1) Use Figure 1.
(Total 8 marks)

Choose answers from the box.

Q20.
This question is about atomic structure. 1 5 6 " 16
Figure 1 represents an atom of element Z.
A Atomic number
Figure 1
Mass number _
B (2)
Bromine has two different types of atom.
@ A The atoms have a different number of neutrons but the same number of protons.

(e) Whatis the name for this type of atom?

Tick (V') one box.

(a) Name the parts of the atom labelled A and B. Compound

Choose answers from the box.
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(d)

Q22.

(2

Give the correct reason why Mendeleev reversed the order of some pairs of
elements.

0]
(Total 8 marks)

This question is about atoms.

Atoms contain three types of particle:

.
.

(a)

(b)

(c)

electrons
neutrons
protons.

Which particle has no electrical charge?

Tick (v') one box.

Electron

Neutron

Proton

W]

Which particles have the same relative mass?

Tick (v') one box.

An electron and a neutron

An electron and a proton

A neutron and a proton

(1)

The formula of a compound is N:O

How many of each type of atom are in one molecule of N:O?

Nitrogen

Page 45 of 53

Oxygen

(@)

An atom of element Z contains:

(d)

(e)

Q23.

3 electrons
4 neutrons
3 protons.

Give the name of element Z.

Use the periodic table.

0]

Complete the figure below to show the position of the particles in an atom of
element Z.

Use the symbols:
X = electron
® = neutron
Q© = proton
\ Moy |
_.., T x
T Nucleus
S e

(4)
(Total 9 marks)

This question is about carbon.

(a)

Which type of substance is carbon?

Tick (v} one box.

Compound
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Different solders have different percentages of tin and lead. [

1 | e — 4 | ; =
Figure 1 shows the arrangement of atoms in pure tin and in a solder. 3M0+—————— ||7_| —
Figure 1 - =y o L il
_ _
wno./ _
| - |
300 1 ._ ! { . il
Solder m
(a) The solder in Figure 1 has 6 lead atoms for every 24 tin atoms. 2801 - I
i i ; Melting point of
Determine the percentage of atoms that are lead atoms in the solder in Figure 1. the solder in °C
260+
2401+—— ] R
Percentage of leadatoms=_ 9% i | | b
(3) i i
(b)  Explain why solder is harder than pure tin. 1 ] .
NOD. HE T VS i FEBEE \
Complete the sentences. ! ! m / \
Use Figure 1. i I _ /\
i 180 - — - .
In solder the layers are distorted. 0 20 40 60 80 100
= o
This is because the atoms of tin and lead have different ] Percentage (%) by mass of tin in the solder
F (c) Describe what happens to the melting point of the solder as the percentage by mass
Therefore the layers cannot easily ; of tin increases.
]
Use data from Figure 2.
Figure 2 shows how the melting point of the solder changes with the percentage by mass

of tin in the solder.

Figure 2
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7 92.4

Calculate the relative atomic mass (A,) of element R.

Give your answer to 1 decimal place.

Relative atomic mass (1 decimal place) =

(3
(Total 9 marks)
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Mark schemes

Q1.
(a) D

(o) C

(c) sections A, BandC

(d) can be bent and shaped

good conductor of electricity

(e) evidence of the outer electron on the potassium atom moving to leave a
potassium ion with no outer electrons

allow any combination of %, = o, e for electrons
ignore any inner shells
allow potassium ion with eight outer electrons

chloride ion with eight outer electrons
an answer of

Cl
Potassium Chierine
atom _ atom
v
+ —
Potassium Chloride
ion ion

scores 2 marks

h B

(9 A

Q2.
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Q5.

(b)

(c)

(d)

(e)

(a)

(b)

(c)

(d)

(e)

allow energy level for shell

the ions cannot move
allow the lons are in fixed positions

hydrogen
allow H:

2CFr—Clz+2e

Cu?* / copper ions are blue
and
CrO.*- | chromate ions are yellow

allow cathode for negative electrode
allow anode for positive electrode
allow attraction for movement

(because) Cu?* / copper ions move to the negative electrode

{and also) CrO.2- / chromate ions move to the positive electrode

(thermal) energy is transferred
allow heat is transferred

by delocalised electrons
(the alloy / mixture has) different sized atoms
(so the) layers are distorted

(so the) layers cannot easily slide
allow (positive / metal) ions for atoms throughout
allow (so the) atoms cannot slide over each other
2Fe+3Cl; — 2 FeCls

1Fe?:2Fe*:40%

(M, Fe;0: =) 232

Page 5 of 23

[10]

(f)

Q6.
(a)

(b)

(c)

3x56
(% Fe =) 535 x .__mMc
1
—_— X
allow 232 W
allow correct use of an incorrectly determined M, using the
values of A, given in the question
=724 (%)
allow 72.41379 correctly rounded to at least 2 significant
figures

(40.0 kg =) 40 000 (g)

a maximum of 4 marks can be awarded for a method which
determines and uses the volume of iron oxide as a gas

40 000
(moles Fe;05 = —T60~ =) 250
allow correct use of an incorrectly converted or unconverted
mass

3
(moles CO, =250 x 5 =) 375
allow correct use of an incorrectly determined number of
moles of Fe,0s

(volume of CO; =) 375 x 24

allow correct use of an incorrectly determined number of
moles of CO;

= 9000 (dm*)

alloy
reinforcement

burning (of methane) releases carbon dioxide
allow burning methane
ignore methane is a greenhouse gas

decomposition (of limestone) releases carbon dioxide
allow decomposition of limestone

hydrochloric acid
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(a)

(b)

(c)

13 (protons)
The answers must be in the correct order.

if no other marks awarded, award 1 mark if number of
protons and electrons are equal

14 (neutrons)
13 (electrons)

has three electrons in outer energy level / shell
allow electronic structure is 2.8.3

Level 3 (5-6 marks):
A detailed and coherent comparison is given, which demonstrates a broad
knowledge and understanding of the key scientific ideas. The response makes
logical links between the points raised and uses sufficient examples to support these
links.

Level 2 (3-4 marks):

A description is given which demonstrates a reasonable knowledge and
understanding of the key scientific ideas. Comparisons are made but may not be
fully articulated and / or precise.

Level 1 (1-2 marks):
Simple statements are made which demonstrate a basic knowledge of some of the

relevant ideas. The response may fail to make comparisons between the points
raised.

0 marks:
No relevant content.

Indicative content

Physical
Transition elements
. high melting points
. high densities
. strong
. hard
Group 1
s low melting points
. low densities
. soft

Chemical
Transition elements
. low reactivity / react slowly (with water or oxygen)
. used as catalysts
. ions with different charges
4 coloured compounds

very reaclive / react (quickly) with water / non-metals

. not used as catalysts
. white / colourless compounds

Page 9 of 23

Q10.
(a)

(b)

(c)

(d)

(e)

]

. only forms a +1 ion

Statement Structure

7 The substance is a gas

h The substance is a hiquid

_.
n The substance is jonic

The substance is a solid metal

more than one line drawn from a variable negates the mark

Carbon

It has delocalised electrons

the atoms / particles / ions are different sizes
do not accept molecules

so there are no rows / layers to slide
accept the layers are disrupted

2
27 = 100

7.4%

allow 7.4% with no working shown for 2 marks

Mixture
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Q13.
(a)

(b)

. Mendeleev predicted properties of missing elements

. elements with properties predicted by Mendeleev were discovered
. Mendeleev's predictions turned out to be correct

. elements were discovered which fitted the gaps

(1]

mass number
allow the number of protons + neutrons

6.02 x 102

Level 2 (3-4 marks):

Scientifically relevant features are identified; the ways in which they are similar /
different is made clear.

Level 1 (1-2 marks):
Relevant features are identified and differences noted.

Level 0
No relevant content.

Indicative content

similarities

. both have positive charges

. both have (negative) electrons
* neither has neutrons

differences

plum pudding model nuclear model

ball of positive charge (spread positive charge concentrated at
throughout) the centre

electrons spread throughout

(embedded in the ball of positive |electrons outside the nucleus
charge)
no empty space in the atom most of the atom is empty space

mass spread throughout mass concentrated at the centre

(24x78.6)=(25%0.1)= (26 x11.3)
100

or
(24 % 0.786) + (25 % 0.101) +
(26 = 0.113)

=243
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Q14.
(a)

(b)

()

(d)

(e)

()

Q15.
(a)

an answer of 24.3 scores 2 marks

sum of protons and neutrons
allow number of protons and neutrons

between 69.5 and 70.0

Chadwick provided the evidence to show the existence of neutrons
allow Chadwick discovered neutrons

(this was necessary because) isotopes have the same number of protons

allow (this was necessary because) isotopes
have the same atomic number

or
(this was necessary because) isotopes are atoms of the same element

ignore isotopes have the same number of
electrons

but with different numbers of neutrons
allow but with different mass (numbers)

nucleus
neutron
neutron
electron

proton

must be in this order
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(f)

Q18s.
(a)

(b)

(c)

(d)

(e)

(M)

(9)

any two from:
. flame

allow burns
(white) solid forms

allow (white) smoke forms

colour of gas / chlorine disappears / fades

B
D
E
blue food colour from a mixture of food
colours
chromatogra,
[ copper from an alloy of copper and zinc |
copper sulfate from copper m:_amﬁm‘_
solution
[ crystaliisation

ethanol from a mixture of ethanol and
water

additional line from a box negates the mark for

that box

(filter) funnel containing filter paper

suitable vessel for collecting filtrate

sand and water labelled in correct place

100 °C

any four from:

. solution is heated

. water evaporates

alfow water boils / vaporises

. the vapour cools in the condenser

. the vapour condenses

or
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Q19.

(a)

(b)

(c)

(d)

(e)

(M

Q20.
(a)

(b)

(c)

the vapour turns to a liquid

. (pure) water collects in the beaker

r
~

buud
o

ignore units

CandD

Mobile phase Ink

Paper

Solvent |4

Start line

additional line from a box on the left negates the mark for that box

1723

formulation

the Ry value would stay the same

A nucleus

B electron

electron

3 /three
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(a)

(b)

(c)

(d)

(e)

Q24.
(a)

(b)

element
protons
allow elecfrons
neutrons
must be in this order
12
6.02 x 102
B
Property Structural feature
Graphite has hexagonal
rings of carbon atoms.
Graphite conducts
electricity. The bonds between carbon
atoms in the layers are strong.
There are no covalent bonds
Graphite is soft between layers of atoms.
There are delocalised
electrons in graphite.

do not accept more than one line from a box on the left

(total atoms =) 30

(percentage =)

6
%x_mo

allow correct use of an incorrectly determined
total number of atoms

=20 (%)

sizes
allow diameters
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7]

(c)

(d)

(e)

Q2s.
(a)

(b)

(c)

(d)

(e)

do not accept shapes

slide (over each other)
allow move over each other

(as the percentage by mass of tin increases the) melting point (of solder)

decreases

to 183°C
allow a value in the range 182-184 °C
allow to 62% (tin)

then increases
232°C

the atoms gain energy and their arrangement becomes less ordered

a ball of positive charge

do not accept references to protons, nuclei,
neutrons

with (negative) electrons embedded

(earliest) electrons
protons
(latest)  neutrons

(number of outer shell electrons) 7

(reason) (tennessine is in) Group 7

allow the number of outer electrons is the same
as the group number

allow tennessine is a halogen

MP2 is dependent on MP1 being awarded

(time needed for) peer review

allow the idea that other scientists had to check
the results

(A=)
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C5: Chemical Changes - Paper

Al

g Horb E

C5.1 The
reactivity
series

| can list the order of common metals
in the reactivity series.

I can describe oxidation and
reduction in terms of gain or loss
of oxygen.

| can justify uses of metals in”the'reactivity
series based on their chemical reactivity.

| can use general equations to write
specific word equations for metals
listed in the reactivity series reacting
with oxygen, water, and acid.

| can write word equations for the
metals listed in the reactivity series
reacting with oxygen, water, and
acid and balance given symbol
equations.

| can write balanced symbol equations,
with state symbols, for the metals listed
in the reactivity series reacting with
oxygen, water, and acid.

| can safely make and record
observations.

| can predict observations for the
metals listed in the reactivity series
reacting with oxygen, water, and
acid.

| can evaluate in detail the investigation of
metals plus acid, assessing the control of
variables and the validity of conclusions
drawn from the data collected.

C5.2
Displacement
reactions

| can recall a definition of a
displacement reaction.

| can explain why a displacement
reaction occurs.

| can describe displacement reactions
using an ionic ¢ighation.

| can use the reactivity series to
determine whether a reaction

between a metal and a different

metal salt would happen or not.

| can write word equations and
straightforward balanced symbol
equations for displacement
reactions.

| can write balanced symbol equations,
with state symbols, for displacement
reactions.

| can safely make and record
observations.

| can predict observations for the
metals listed in the reactivity series
reacting with a different metal salt.

I can determine and explain which species
is oxidised and which species (metal atom
or ion) is reduced in a displacemer
reaction in terms of electron transfer.

C53
Extracting
metals

| can define oxidation and reduction
in terms of oxygen.

| can identify species that are
being oxidised and reduced in a
chemical reaction.

| can explain how carbon or hydrogen can
be used to reduce an ore.

| can describe how metals can be
extracted.

000 00oolo

| can explain why some metals are
found uncombined in the Earth’s
crust.

| can evaluate the extraction process to
obtain a metal from its ore.

C5.4 Salts
from metals

| can recall a definition of a salt.

| can describe how to make a salt
by reacting a metal with an acid.

| can explain the reaction between a
metal a|m|n acid.

| can name a salt formed between a
metal and sulfuric acid or
hydrochleric acid.

| can write a balanced symbol
equation to describe a reaction
between a metal and sulfuric acid
or hydrochloric acid.

| can write ionic and half equations,
including state symbols, to describe a
reaction between a metal and su!furim
acid or hydrochloric acid.

| can recall a general equation for a
metal reacting with an acid and use
it to write specific word equations.

| can identify the formula of the salt
produced from the reaction
between an acid and a metal.

| can identify and explain in detail which
species is oxidised and which is reduced

m reaction.

C5.5 Salts
from insoluble
bases

| can safely prepare a pure, dry
sample of a soluble salt from an
insoluble base and a dilute acid.

| can describe a method to prepare

a pure, dry sample of a soluble salt

from an insoluble substance and a
dilute acid.

| can explain the reaction between a
metal oxide or metal hydroxide and an
acid, including an ionic equati:_m

| can name a salt formed between a
metal hydroxide or metal oxide and
sulfuric acid or hydrochloric acid.

| can write a balanced symbol
equation to describe a reaction
between a metal
hydroxide or oxide and sulfuric
acid or hydrochloric acid.

I can generate the formulae of salts given
the names of the metal or base and the
acid.

| can recall a general equation for a
base reacting with an acid and use it
to write
specific word equations.

| can explain why the reaction
between a base and a dilute acid
is a neutralisation reaction.

| can explain how alkalis are a subgroup
of bases.

C5.6 Making
more salts

| can safely make a salt by reacting a
metal carbonate with a dilute acid.

| can describe how to make a dry
sample of a salt from reacting a
metal carbonate or an alkali with a
dilute acid.

| can explain the reaction between
ammonia and dilute acids to produce
salts and the agricultural importance of
the salts.

| can write a general word equation
for metal carbonates and alkalis
reacting with dilute acids and use this
to make specific word equations.

| can write balanced symbol
equations for neutralisation
reactions.

| can describe neutralisation using ionic
equations, including the ionic equation
for a carbonate plus an acid.

C5.7
Neutralisation
and the pH
scale

| can safely use universal indicator
to classify as acidic or alkaline.

| can describe how universal
indicator can be used to classify a
chemical as acidic or alkaline.

| can evaluate how universal indicator or
a data logger can be used to determine
the approximate pH of a solution.

| can describe the pH scale.

| can describe how solutions can be
acidic or alkali.

| can use ionic equations to explain how
solutions can be acidic or alkali.

| can recall an example of an alkali,
neutral, base, and acidic chemical.

U000 0000 00=

| can describe the relationship
between alkalis and bases.

0000000001 @800

| can explain how the pH of a solulion
changes as acid or alkali is added.

U
O
@
U
O
O
O
U
O
O
U
O




C5.8 m

Electronic
structures

| can recall examples of strong and
weak acids,

I can explain the difference between
concentration and strong or weak in
terms of acids and alkalis.

| can describe how an acid or alkali
can be concentrated or dilute.

| can use ionic equations to explain how
acids can be strong or weak,

| can describe how an acid or alkali
can be weak or strong.

UEE

| can quantatively explain how the
concentration of hydrogen ions relates to
the pH number.

U8®@




C6: Electrolysis - Papel

fesson. |1

A mingiford

| Aimingfor ST

 JAiming for's!

C6.1
Introduction
to
electrolysis

I céﬁ deﬁne eléctrolysis.'

| can describe electrolysis in

terms of movement of ions.

I can éxplain why

electrolysis can only occur

when an ionic compound is
molten or in agueous
solution.

| can write a word equation to
describe the electrolysis of a
molten ionic compound.

| can write a balanced symbol
equation including state
symbols for the overall
electrolysis of a molten ionic
compound.

I can describe electrolysis
with half equations at the

electrodes.

| can predict the products at
each electrode for the
electrolysis of a molten ionic
compound.

| can explain the
classification of the

reactions at each electrode
as oxidation or reduction.

C6.2
Changes at
the
electrodes

| can state that oxygen can be
produced at the anode when
some solutions are
electrolysed.

| can describe electrolysis of
solutions in terms of
movement of ions.

| can explain how hydrogen
ions and hydroxide ions can

be present in solutions,
including a balanced symbol
equation with state symbols,
for the reversible reaction in
which water ionises.

| can state that hydrogen can
be produced at the cathode
when some solutions are
electrolysed.

| can write a balanced symbol
equation including state
symbols for the overall
electrolysis of a solution.

I can describe electrolysis
with half equations at the

electrodes.

| can write a word equation to
describe electrolysis of a
solution.

| can predict the products at
each electrode for the
electrolysis of a molten ionic
compound or its solution.

| can explain the

classification of reactions at

the electrodes as oxidation
or reduction.

C6.3
Extraction
of
aluminium

| can state that aluminium can
be extracted from aluminium
oxide using electrolysis.

I can describe the electrolysis
of aluminium oxide.

O

| can explain why
electrolysis is used to extract

aluminium from compounds.

| can write a word equation to
describe the electrolysis of
aluminium oxide.

| can explain why electrolysis
is an expensive metal
extraction method and
illustrate this with the
extraction of aluminium,

| can describe electrolysis
with half equations at the
electrodes.

| can explain why cryolite is
added to aluminium oxide in
the industrial extraction of
aluminium.

a8

| can explain the
classification of the reactions

at each electrode as
oxidation or reduction.

C6.4
Electrolysis
of aqueous

solutions

| can state the products of the
electrolysis of brine and a use
for each.

| can describe how to
electrolyse brine in terms of
ions moving.

I can explain the
electrolysis of brine using

half equations, classifying
reactions at the electrode
as oxidation or reduction.

| can safely electrolyse a
solution, with guidance
provided.

| can predict the products of
electrolysis of a solution.

| can evaluate in detail an
investigation we have

planned and carried out,
commenting on our
methodology and quality of
the data collected.




C6: Electrolysis - Paper

| can plan and carry out an
electrolysis investigation.

| can explain the
classification of the
reactions at each electrode
as oxidation or reduction.




CT:

Energy changes

[ESson S Aiminggore. _ SAimino¥ors L AIMInGgEoTE.
| can define exothermic and | can describe examples of | can explain a chemical
endothermic reactions. G exothermic and endothermic reaction in terms of energy
reactions. transfer.
Cc7.1
Exothermic G
and
endothermic i
reactions | can state that energy is | can explain, using observations I can plan, carry out, and
conserved in a chemical reaction. from calorimetry, how to classify a evaluate the errors in a D
reaction as exothermic or calorimetry investigation.
endothermic.
| can safely complete a calorimetry | can explain in detail how to carry
experiment for a reaction that out a calorimetry experiment.
takes place in solution.
| can state a use of an exothermic | can explain how an energy | can suggest a chemical
C7.2 Using | reaction and an endothermic change from a chemical reaction reaction for a specific purpose
energy reaction. can be used. based on the energy change for
transfers the reaction.
from | can write word equations for | can write balanced symbol | can evaluate in detail the
reactions familiar reactions. D equations for familiar reactions. uses of exothermic and
endothermic reactions.
| can define activation energy. | can label activation energy on a | can explain why chemical
reaction profile diagram. reactions need activation [:
energy to start them.
| can sketch a generic reaction | can generate a specific reaction | can use the particle model to
C7.3 profile diagram for an exothermic profile diagram for a given explain how a chemical
Reaction or endothermic reaction. chemical reaction when its energy reaction occurs.
profiles change is also supplied.
| can identify bonds broken in | can explain energy change in
reactants and new bonds made in terms of the balance between C
products of a reaction. bond making and bond
breaking.
C7.4 Bond | can explain, using the particle | can calculate the energy
energy model, how reactants become needed to break the reactant
calculations products in a chemical reaction. bonds and the energy
released when the product
bonds are made.
| can explain why bond breaking | can calculate the energy
is endothermic and bond making change for a reaction,
is exothermic. including the correct unit.
| can define bond energy and | can explain in terms of bond
identify all the bonds that break energies how a reaction is
and are made in a chemical either exothermic or
reaction. endothermic.
G5 | can describe a simple cell. | can explain how potential | can describe an
Chemical D difference can be changed in a electrochemical cell with half-
cells and | cell. equations and ionic equations.
batteries i
| can describe a battery. | can interpret data from an | can explain why the reactions
D electrochemical cell to determine in an electrochemical cell are
| the reactivity of the metlals redox reactions and determine
involved. which species is oxidised or
reduced in an electrochemical
cell.
| can give an example of a non- | can explain why non- | can evaluate the use of non-
rechargeable battery. rechargeable batteries stop G rechargeable batteries.
working.
C7.6 Fuels | can describe a hydrogen fuel cell. | can explain how a hydrogen fuel | can describe the reactions in
cells cell produces electricity. D fuel cells using balanced

symbol and half equations.




C7: Energy changes

| can state some uses for
hydrogen fuel cells.

| can list the advantages and
disadvantages of hydrogen fuel
cells.

| can evaluate the use of
hydrogen fuel cells instead of
rechargeable cells and
batteries.

| can state that hydrogen fuel cells

could be an alternative to
rechargeable cells and batteries.

| can explain why hydrogen fuel
cells are an alternative to

rechargeable cells and batleries.

I can determine and explain
which species is oxidised and
which is reduced in a hydrogen
fuel cell
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Reactians of acids with metals
Acids react with some metals to form salts and hydrogen gas.
magnesium + hydrochloric acid = sodium chloride + hydrogen
Neutralisation reactions
Reactions of acids with metal hydroxides
Acids react with metal hydroxides to form salts and water.
hydrochloric acid + sodium hydroxide = sodium chloride + water
The ionic equation for this reaction is always:
H*(ag) + OH" (aq) = H,0(l)
Reactions of acids with metal oxides
Acids react with metal oxides to form salts and water.
hydrochloric acid + sodium oxide — sodium chioride + water
Reactions of acids with metal carbonates
Acids react with metal carbonates to form a salt, water, and carbon dioxide.

hydrochloric acid + sodium carbonate — sodium chloride + water
+ carbon dioxide

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

H, + 0,—H0
unbalanced
there are 2 hydrogen atoms on each
side, but 2 oxygen atoms in the.
reactants and 1in the product

~=.u.+om|vmzm0
balanced
there are 4 hydrogen atoms on
each side, and 2 oxygen atoms.
on each side
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Bases neutralise acids to form

water in neutralisation reactions.
Some metal hydroxides dissolve

in water to form alkaline
solutions, called alkalis.

Some metal oxides and metal
hydroxide do not dissolve in
water. They are bases, but are
not alkalis.

State symbols

Abalanced symbol equation
“should also include state
symbols.
solid (s)
liquid n
gas (g)
agueous or (aq)
dissolved in water

n.m_u_m cement electrolysis extraction half nn.:m.n_az
metal ore oxidation reactivity reactivity series
spectatorion  state symbols

ion
redox

Ionic equation
reduction

sseamn

sasmassamannw

R L T

Sulfuric acid, nitric acid, and hydrochloric acid, are all strong
acids. This means that, when dissolved in water, every
molecule splits up into ions - they are completely ionised:

- H,50,(aq) — 2H" (aq) + SO " (aq)
- HNO,(ag)—H"*(aq) + NO,"(aq)
« HCl(ag) = H" (aq) + C1"(aq)

Ethanoic acid, citric acid, and carbonic acid are weak acids.
This means that only a percentage of their molecules split up
into ions when dissolved in water - they are partially ionised.

For a given concentration, the stronger the acid, the lower
the pH.

Concentration tells us how much
of a substance there is dissolved in

water:

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

+ less concentrated acids (dilute
acids) have little acid in a large
volume
of water.

.._....m.s.ﬂn.ﬂm.u_an_n

< ._.3 Rm_uwn.-__w
usa.ms 4

You can producea solid salt from an _Ea._.a_o base by

The experimental methodiis:

1 Choose the correct acid and base to produce the salt.

2 Putsome of the dilute acid into a flask. Heat gently with a
Bunsen burner.

3 Addasmall mn._a_.__.:..o_ the base and stir.

5 Filter to remove Sm unreacted base. .
& Add the remaining solution to an evaporating dish.

7 Use a water bath or electric heater to oqmvoaﬂo the water.

The salt naam_u will be left behind.

crystalsform
in the solution
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Chapter 6 Electrolys:s

Retﬂeval questlons

Learn the answers to the questions below then cover the answers column

with a piece of paper and write as many as you can. Check and repeat.

6 6 6 ® ® 6 6 © © © 0 60 00 O

What is electrolysis?

alay Jaded 1ng

What is the name of the positive electrode?

sssvananss

What is the name of the negative electrode?

seems

asay Jaded 1ng

What is an electrolyte?

waw

Where are metals formed?

ersanm

e

Where are non-metals formed?

How can ionic substances be electrolysed?

Why can solid ionic substances not be electrolysed?

seasssamnsanmEan.

In the electrolysis of solutions, when is the metal
not produced at the cathode?

In the electrolysis of a metal halide solution, what is
produced at the anode?

In the eIectrolysus of a metal sulfate solution, what is
produced at the anode?

assemsas

e

What is the half equation for the ionisation of water?

sans

What metals are extracted from ionic compounds by
using electrolysis? :

reens

saew

a1au 1aded 1ng

In the electrolysis of aluminium oxide, why is the
aluminium oxide mixed with cryolite?

asayJadedang

In the electrolysis of aluminium oxide, what are-.-t_he
anodes made of?

sane

amana

In the electrolysis of aluminium oxide, why do the
anodes need to be replaced?

asay saded 1ng

asay saded 3ng

aiay saded 3ng

process of using electricity to extract elements from
acompound

anode

cathode

liquid or solution that contains ions and so can conduct
electricity

cathode

anode

by melting or dissolving them, and then passing a direct
current through them

they do not conduct electricity, or the ions
cannot move

when the metal is more reactive than hydrogen
halogen

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

metals that are more reactive than carbon
to lower the melting point
graphite

they react with the oxygen being formed
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Chapter 7: Energy changes

Retrteval questmns

Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.

(1)
(2]
©
(4]
(5]
6]
@
(2]
9]
10
®
12
®
12
®
16
17

What is an exothermic energy transfer?
What is an endothermic energy transfer?

What is a reaction profile?

What is the activation energy?

ee

semmns

What is bond energy?

In terms of bond breaking and making, what is an
exothermic reaction?

aJay Jaded 1nd e

In terms of bond breaking and making, what is an
endothermic reaction?

How are chemical cells made?

asay saded 1ng

What is a battery?

vl
=
+
How does the potential difference of a cell depend on E
the metals that the electrodes are made of? i3
: 3

How can some cells be recharged? :
2
Why can some cells not be recharged? '3
s D
. be
What is a fuel cell? '3
In the hydrogen fuel cell, what is the overall reaction? g
In the alkaline hydrogen fuel cells, whatare the half  : >
equations? @

ssmassnnsan

aiay Jaded 1ng

Give an advantage of the hydrogen fuel cell.

san

Give a disadvantage of the hydrogen fuel cell.

ajay saded 1ng

srssanere

g asay Jaded 1nd 3

ssanssnns

transfer to the surroundings
transfer from the surroundings
diagram showing how the energy changes in a reaction

minimum amount of energy required before a collision
will result in a reaction

the energy required to break a bond or the energy
released when a bond is formed

less energy is required to break the bonds than is
released when making the bonds

more energy is required to break the bonds than is
released when making the bonds

connect two different metals (electrodes) in a solution
(electrolyte)

two or more chemical cells connected in series

the bigger the difference in reactivity, the greater the
potential difference

by applying;én external current

the reaction cannot be reversed

cell that uses a fuel and oxygen to generate electricity
2H,(g) + O,(g) = 2H,0(1)

2H,(g) + 40H (aq) = 4H,0(1) + 4e
O,(g) +2H,0(l) + 4¢- = 40H (aq)

only product is water, do not need to be electrically
recharged

hydrogen is flammable, difficult to store and is often
produced from non-renewable sources
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4 _ Choose gases from this list to complete the word equations below.

carbon dioxide

oxygen

(a) sodium + water — sodium hydroxide +

hydrogen

sulphur dioxide

nitrogen

M
(b) magnesium + — magnesium oxide.
(1)
(Total 2 marks)
B Use the Reactivity Series of Metals on the Data Sheet to help you to answer this question.
The table gives information about the extraction of some metals.
Metal Date of discovery Main source Main extraction method
Gold Known to ancient In the Earth as the Physically separating it
civilisations metal itself from the rocks itis
mixed with
Zinc 1500 Zinc carbonate Reduction by carbon
Sodium 1807 Sodium chloride Electrolysis
{a) Explain why gold is found mainly as the metal itself in the Earth.
(1)
(b) One of the reactions involved in producing zinc is represented by this equation.
Zn0 + C — 2Zn + CO
Explain why carbon can be used to extract zinc.
()]

Page 4 of 54

(c) Sodium is one of the most abundant metals on Earth.

Explain, as fully as you can, why sodium was not extracted until 1807.

)
(Total 4 marks)

Part of a reactivity series is:

sodium
calaum
magnes um
dumimum
mereasing anc
reactvity ron
hydrogen
copper

(a) Carbon is used in blast furnaces to obtain iron and zinc from their oxides, but electrolysis
has to be used to obtain aluminium from its oxide.

Draw an arrow on the reactivity series above to show where carbon fits into the series.

(1
(b) Predict the method of extraction used to obtain calcium from its ore and explain your
answer.
(2)
{c) The formula for zinc oxide is ZnO. Write a balanced equation for the extraction of zinc in
the blast furnace.
(2)

(Total 5 marks)

Page 5 of 54
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A student investigated the reactivity of three different metals. (¢) The student used measuring instruments to measure some of the variables.

This is the method used. Draw one line from each variable to the r ring inst 1t used to measure the
variable.
1. Place 1 g of metal powder in a test tube.
3
w. ﬂwwn___._‘_c hﬂcﬁwﬁ m_.._w..w_”__uw_m_hm__wm. Variable Measuring instrument
4.  Repeat using the other metals and metal sulfates.
Balance
The student placed a tick in the table below if there was a reaction and a cross if there was no —
reaction.
Zinc Copper Magnesium _\ Measuring cylinder _
Copper sulfate v x v Mass of metal powder
Magnesium sulfate X X x Ruler ﬁ
Zinc sulfate X X v
(a) What is the dependent variable in the investigation? Burette
Tl oie bio Volume of metal sulfate
% " Theromometer
ime taken
Type of metal
Test tube
Volume of metal sulfate (2)
Whether there was a reaction or not (d) Use the results shown in table above to place zinc, copper and magnesium in order of
reactivity.
0 Most reactive
(b) Give one observation the student could make that shows there is a reaction between zinc
and copper sulfate. H

Least reactive

(1

) (e) Suggest one reason why the student should not use sodium in this investigation.

(1)

Page B of 54 Page 9 of 54
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(b)  Aluminium is used for drinks cans.
Aluminium is extracted from its purified ore by electrolysis.

Positive carbon
electrode
Molten aluminium zomb——g carbon
oxide (Al,0;) electrode
Electrolysis cell o
2t 950°C Aluminium liquid

(i)  Suggest why the aluminium produced in the electrolysis cell is a liquid.

Q]
(i) In this electrolysis, aluminium and oxygen gas are produced from the aluminium
oxide.
Use the information in the diagram to suggest why most of the waste gas is carbon
dioxide and not oxygen.
(2)
(i)  Aluminium is the most abundant metal in the Earth’s crust.
Suggest two reasons why we should recycle aluminium drinks cans.
1.
2.
(2)
(Total 7 marks)
Page 12 of 54

Iron is extracted from its ore.

(a) lron ore is quarried.

9 upplied by Stackbyte/Tr

Quarrying iron ore has impacts that cause environmental problems.

Tick (v ) two impacts of quarrying that cause environmental problems.

Iimpact of quarrying Tick (v)

puts off tourists

causes dust pollution

increases jobs

increases traffic

(2)

Page 13 of 54
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(i)  Which coin does not contain zinc? @ The iron produced from iron ore in a blast furnace is called cast iron.

Cast iron is converted into steel in a furnace.

m

Coke and
(i) Whatis the percentage of nickel in a 50 p coin? air Oxygen
Percentage = % _. _.
ast iron Steel-making
M Quarry il m%mﬂ_m:mmﬁ%m & furnace at —» Steel
(iv) Draw a ring around the correct metal to complete the sentence. 1500°C
Pure copper is too soft to be used for 1 p and 2 p coins. Iron ore contains iron oxide.
Coke contains carbon.
iron . . .
" (a) Quarrying iron ore will have an impact on everything near to the quarry.
is mi. ith zi i for 1 ins. . oo
Sonbeisilsed Wi dowand TN | for TR Zp colis (i) Describe one positive impact and one negative impact of quarrying iron ore.
tin )
positive impact
(4]
(b} The value of the metal in 2 p coins, made in 1991, is now 3.3 p.
negative impact
Suggest why a 2 p coin made in 1991 is worth 3.3 p.
2
(iiy Draw a ring around the correct answer to complete the sentence.
carbon neutral.
(1)
(TYotal 5 marks) Ores contain enough metal to make extraction of the metal economical.
reversible.
(1)

(b} Many chemical reactions take place in a blast furnace.
Use the flow diagram to help you to answer this question.

Suggest how the blast furnace is heated.

(1)

Page 16 of 54 Page 17 of 54



¥5 10 61 ebey

¥S Jo g1 ebed
Blqisienas
‘lesiwouose [E}all 8y} jo uonoenxe eyew o) soddos yBnous ulejuoo sa.o Jaddon (1)
‘lesinsu uogies
(%]
‘@duajuas yoea 9}ajdwod 0] JaMSUE 23100 8yj punoie Buu e mesq (&)
_ uannjas aleyins Jaddon Tl pioe ounyns ppy
sjue|d woyy
paanposd
Bpixo Joaddog
_ Jaddon | 183y pue uogies ppy
(2)
| ainBi4
"} 8anbi4 u) umoys se ‘uonnjos
2igy|ns Jaddoa Jo saddod aonpoud o) pajoeal 8q ues syueid woyy paonpoid apixo Jaddos 8yl
‘apixo Jaddod sanpoid o) pauing ase sjueld sy
'sjool 8y ybnoiy) spunodwioes jaddos qlosqe sjuejd ay)
‘PuB| 8y} uo sjueid moJB o} s1 saddod ay 1oelpxs o) Aem suQ
‘spunodwoo Jjaddoa
J0 sabejusoiad moj an UIEjUOD jey) pue| Jo Seale aJe siay) paulw uaagq sey 210 saddoo asaypy vl
(ssaew z| jejoy)
) ()
‘pauos aq jsnw
Yaiym [aa1s Jo sadA) Jualeyip ale alay)
‘PBUILL 3q 0] SpPaau 840 Lol 3o
‘Paanpoud s| spixXolp uogiea ssen
srud s ype3 ay)
Ul [E}SW UOWLWLOD JSOW PU02as B S UoJ| @)
(~)wo1L () dorL
abejueapesig afejueapy usuwiaieg

‘I29ys Bupdsel jo abejuenpesip aua (L ) yoi | pue afiejuespe auo () yoi|

'840 uoui woy jeajs Buionpoud uey; ABisua ssaj sasn [oals Buiphoay  (a)

‘Jspliey yonw
‘adeys o} Asea |9a)s ay)

‘Ajises apouos

W 0} S[33JS UOGIEI-MO| O} PIPPE BIE ‘[BXIIU SB LINS ‘S|Ejaly

"83usjuas ay) ajajdwoa 0} Jemsue Joa100 By} punole Buu e mesq (1)

“uoglen ay) jo jsow sarowas uabAxo moy 1sebbng
‘uodi jsea usjjow ojul uabAxo Buimolq Aq pasnpoud si jaa)s uoqies-mo 0]

'$[88}S U0QJI-MO| OJUl PBUBALOD SI UOJI J5BD)
‘UOGIED %P INCQE SUIBUOD Lol jseD  (p)

‘uoianpal
‘uoljepixo £q 810 )t woy pajoesxe si uos|

‘uonisodwodap

"8duajuas ay) sjajdwod O} JAMSUE j021100 By} punole Busemeig (1)

—e

+ UDN  — a3pIXOUOW UOQUED +
‘uonoead [ealUBYD SIY} 10} uonenba piom ay) sjeldwos (1)
‘008 + @42 — 00 + fQled

‘Sl UOI JO UojoeIIXS ay) J0j UoljoRal [EajWBYD Y (2)



(i) Using plants to extract metals is called phytomining.

polymerisation.

photosynthesis.

carbon dioxide.
(iii) Copper oxide reacts with carbon to preduce copper and oxygen.
sulfur dioxide.

(b) Copper is produced from copper sulfate solution by displacement using iron or by
electrolysis.

(i) Complete the word equation.

copper sulfate + iron —s +

(i) Figure 2 shows the electrolysis of copper sulfate solution.

Figure 2

Negalive electrode d.c. power | Posilive elecirode

[ | swply [T ]

Copper sulfale
solution

Why do copper ions go to the negative electrode?

(1)

(1)

(2}

(1

Page 20 of 54

(c) Suggest two reasons why copper should not be disposed of in landfill sites.

(2)
(Total 8 marks)

@ This question is about iron and aluminium.

(a) Iron is extracted in a blast furnace, Figure 1 is a diagram of a blast furnace.

0]

(i

Figure 1
Coke (carbon)
Limestone (calcium carbonate)
Haemalile (iron(lll) oxide)

|
|
I\

+—Hot air
Moilten iron

Calcium carbonate decomposes at high temperatures.
Complete the word equation for the decomposition of calcium carbonate.

calcium carbonate ——— +

(2)

Carbon burns to produce carbon dioxide.
The carbon dioxide produced reacts with more carbon to produce carbon monoxide.
Balance the equation.

C{s) + COxg) —— ___ COg)
(U]
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B A student investigated displacement reactions of metals.

The student added different metals to copper sulfate solution and measured the temperature

change.

The more reactive the metal is compared with copper, the bigger the temperature change.

The apparatus the student used is shown in Figure 1.

(a)

Figure 1

Themmometer

Copper sulfate solution

Metal

State three variables that the student must control to make his investigation a fair test.

1.

2.

(3)
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(b) Figure 2 shows the thermomeler in one experiment before and after the student added a

metal to the copper sulfate solution.

Figure 2
Before adding metal After adding metal
€ —{|—3 o 35
E| 3 .
s 2
im = 20 20
15 15
Use Figure 2 to complete Table 1.
Table 1

Temperature before adding metal in °C

Temperature after adding metal in °C

Change in temperature in °C

(3)
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E This question is about metals. (b) Castiron from a blast furnace contains 96% iron and 4% carbon.

Figure 1 shows lhe metals used 1o make pylons and the wires of overhead cables. (iy Castiron is not suitable for the manufaclure of pylons.

Figure 1

Give one reason why.

(1)
(i) Most cast iron is converted into steel, as shown in Figure 3.

Figure 3
Cast iron

l

Oxygen —s Fumace — Wasle gases

(a) An ore contains a metal compound. —
A metal is extracted from its ore in three main stages. as shown in Figure 2. ;
Figure 2 Describe how cast iron is converted into steel.

Use Figure 3 to help you to answer this question.
Stage 1 | mined

(2)

Explain why Stage 2 needs to be done.

2

Page 26 of 54 Page 29 of 54



¥S o Lg abed

¥5 4o Ot abeg
@
4
t
159] Jiey e st uonebisanul ay) jey) os jouUos pinoys Juspnis aly) sajgeues omy ang (e) (sy1ew gy jejoy)
(z)
2L 9L o8 82 uiz
vzl gL o SZL wnisaubey
19 L9 09 2’9 uojj
GLL 6'9L 841 wngpjen
Aym ujejdxy
D, Ul s IREET [AREEIR L isaL o
aumeladway el ‘uoll Buippe Aq sjjes Jaddos Jo suonn|os woy pajoesxe aq ues saddosy (i)
uespy 0. U} 8511 aumjesadwe)
(2)
"MO[8q S{qE) BY) LI UMOYS aue SYNSal S Juapn)s ay |
‘S8l a8y} [BjaW Yok Joj asu ainjesadwa) ay) painseall Juspn|s ay)
‘S[ejaiu Juaiayip Jnoj pasn Juapnis ay)
Japamod [Ejap
£2iqe)} 21pouad sy Ul |BjeW YoES JO UCHiSod By} Woyy [ejaw
PI2€ Juojya0upAy ana-_ uonisues) B jou si wnjujwnje pue [ejaw uolisues e st saddod jey) 18} nok uea mop (1)
| PSSR (1)
JajBlIowIay | /v/
° ‘sajqes
‘mojag aunby ay) ur umoys smesedde ay) pasn Juapns ayl

PeayJiano Joj Jaddod ey a|geyins alow wniuiwnje sayew jey; Auedosd suo al|ls (1)

‘Slejauw Juasayip jo Aanoeal ey pajebisaaul Juapnys v . "Aiou3oele jo siojanpuos poob ale teddoo pue wnuwny  (2)



(b)

(e

(@)

(e)

One of the results for magnesium is anomalous.
Which result is anomalous?
Suggest one reason why this anomalous result was obtained.

Result

Reason

(2)
Calculate the mean temperature rise for calcium.
Mean temperature rise = ‘C
(1)
The temperature rose when the metals were added to sulfuric acid.
Give one other observation that might be made when the metal was added to sulfuric acid.
How would this observation be different for the different metals?
2
Aluminium is more reactive than iron and zinc but less reactive than calcium and
magnesium.
Predict the temperature rise when aluminium is reacted with dilute hydrochloric acid.
Temperature rise = *C
L))
(Total 8 marks)
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Mark schemes

_M_ (i)

(ii)

E (a)

(b)

idea that:

carbon is above lead in the reactivity series }NOT
for 1 mark

carbon is below aluminium in the reactivity series } OXIDE
for 1 mark

carbon can remove oxygen from/reduce lead oxide
or cannol remove oxygen from aluminium oxide
not aluminium more reactive than lead

for 1 mark

OR similar ideas in comparing bond strengths
(carbon + lead oxide) —"lead + “carbon dioxide
each for 1 mark

accept correct formulae CO, and CO NOT carbon oxide

ideas that itis a

" compound of metal/metal oxide/combined (NOT mixed) cpd/
named cpd O%/S%/CO5% etc

found naturally/in rocks/in Earth's Crust
for 1 mark each

reduction (accepl smelting/refining but not electrolysis)
for 1 mark

One example. Al or above in Reactivity Series
ie Group | or Il metals NOT Pb/Cu or compounds

for 1 mark

"

[s]

"

(4
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{b)

(c)

n (a)

(b)

(i) oxygen/O; g
do not accept O*

(i) any one from:

» potassium / K

. sodium / Na

] calcium / Ca

. magnesium / Mg
symbols must be correct
write name and incorrect symbol,
ignore symbol

(i) heating (with) or hot air blown into furnace
accepl high temperatures or (very) hot

carbon / carbon monoxide / coke / coking coal
do not accept coal / charcoal accept balanced equation only

or
carbon reacts with O, or carbon / coke burning (1)
accept balanced equation only CO/CO,

CO reacts with the ore (1)
for naming the reducing agent

(i) cost of melting ore / electricity

makes aluminium expensive (owtte)

or (large amount of) electricity used

or because you have to use electrolysis

or aluminium is higher in the reactivity series

or aluminium is harder to reduce

or unable to reduce with carbon

or the cost of purifying the bauxite
do not accept harder to extract / produce
more energy is not enough

lead oxide + carbon = lead + carbon dioxide
(A symbol equation was accepted if correct)

oxygen removed (or addition of electrons)

(8]

[2]
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(c)

(d)

(e)

(@)

(h)

U]

Whether there was a reaction or not

brown / orange / dark deposit on zinc
or
blue solution turns colourless / paler

Variable Measuring instrument

Balance

Measuring cylinder

Mass of metal powoer

Volume of metal sulfale

more than one line drawn from a variable negates the mark

(Most reactive) Magnesium

Zinc
(Least reactive) Copper

must all be correct

would nol be safe or

too reactive
allow too dangerous

Gold

2Fe;0; + 3C — 4Fe + 3CO;
allow multiples

carbon

Loss of oxygen

(o}
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(iv)

tin

(b) any one form:

@ (@ M

(i)

high cost of copper

less copper available or (copper ores exhausted / only low-grade ores

allow metal is expensive

available)

allow copper is non-renewable

high demand for copper

high percentage (%) of copper in the coin

inflation (of cost)

Positive impact

any one from:

provides employment or
improves local economy
improved transport - new roads are built, new rail links

after use the quarry could provide recreation facilities

Megative impact

any one from:

destruction of animal habitats
fewer plants and trees to absorb carbon dioxide

visual pollution or noise pollution or atmospheric / air pollution
aflow dust pollution

more traffic

uses non-renewable resources
allow pollutants from burning diesel

economical

[s1
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(b)

(c)

(d)

(e)

(b)

carbon / coke burns (in oxygen / air)

(i}

(ii)

(i)

(i)

accept carbon / coke reacts with oxygen / air

iron oxide (reactant)
must be words

carbon dioxide (product)

reduction

oxygen reacls with carbon

or

oxygen and carbon produce carbon dioxide / carbon monoxide
carbon dioxide / carbon monoxide is a gas

or

the carbon is removed as a gas

much harder

Advantage:

less carbon dioxide is produced

Disadvantage:

there are different types of steel which must be sorted

0}

(ii)

(i)

(0]

economical

phytomining

carbon dioxide

copper [ Cu

iron sulfate / FeSO,4

12
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(c)

- (a}

12
allow ecf

(i)  four bars of correct height
tolerance is + /- half square
3 correct for 1 mark

bars labelled

(i) one variable is non-continuous / categoric
acceplt qualitative or discrete
accept no values between the metals

(iii) magnesium

because biggest temperature change
accept gives out most energy
ignore rate of reaction
dependent on first mark

({iv) does not react/ silver cannot displace copper

because silver not more reactive (than copper) or silver below copper in
reactivity series

do not accepl silver is less reactive than copper sulfate

(v} replace the copper sulfate
could be implied

with any compound of a named melal less reactive than copper
allow students to score even if use an insoluble salt

The ore is not pure or contains impurities or the ore does not contain 100% of the metal
compound

allow to concentrate the metal or metal compound

rock | other compounds need to be removed / separated

-

(18]
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(b)

(©)

E (a)

(b)

(i) (castiron is) brittie

allow not strong
ignore weak

(i) the oxygen reacts with carbon

allow carbon burns in oxygen or is oxidised

reducing the percentage of carbon in the mixture
or producing carbon dioxide

(i)  aluminium has a low density

(i) (because copper)is in the central / middle (block of the periodic table)

whereas aluminium is in Group 3 (of the periodic table)

(iii) iron is more reactive (than copper)

ignore cost

so copper is displaced / reduced

[10]

any two from:

4.2°C

concentration / volume of dilute hydrochloric acid
mass of metal powder

surface area of metal powder

stirring (of any) / rate of stirring

allow reacted for the same length of time

allow Magnesium Test 2

and any one from:

.

lower mass of magnesium added

surface area of magnesium too low

magnesium coated in magnesium oxide (so took a while o start reacting)
not stirred

not stirred as quickly as the other metals

not reacted for as long a time as the other metals

allow reason for break in circuit
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Higher Tier E (a)
This queslion was very well answered by the candidates and allowed them to gain in confidence.
The majority of candidates scored full marks,

(a) These calculations were done well by the candidates.
(b) (i) A fair number of candidates thought that removal of oxygen was oxidation. ‘Redox’
did not receive credit.

(i) This part was usually very well answered, and most candidates were able to name a
suitable reagent. A significant minarity simply said that this reagent was to be ‘used (b)
with', ‘mixed with' or ‘added to’ zinc oxide, rather than stating ‘react with’ or ‘heat

Only better candidates were able to consistently select correct answers. Other attempts
app d to be gu Ork.

Most candidates showed a good understanding of the Reactivity Series in parts (a) and (b).
Although many menlioned electrolysis in (c), they did not always link it to the high reactivity of
sodium,

Because of the error in the direction of the arrow in the reactivity series, parts (a) and (e) were
declared void and were not marked. The arrow of increasing reactivity being reversed did not
seem to disadvantage any candidate. From the (correct) responses to answers, many candidates
probably did not realise the arrow was the wrang way. They were given credit for answers to
other parts of the question based on logical deductions from the given information, as well as
correct chemistry.

Part (a) was very well answered. In part (b}, very few candidates identified that oxygen is
removed during reduction. Part (b)(ii) was often answered correctly even when part (b)(i) was
incorrect. A common incorrect answer was carbon.

A fair number of candidates gained a mark in part (c)(i) for the idea of heating the iron ore but few
correctly identified the reducing agent, Part (c)(ii) was not well answered, despite the hint in the

stem of the question. A simple answer such as the cost of the electricity was all that was
required.

E (a)

(b)

{c)

Page 48 of 54

(i) Many suggestions were incorrectly linked to the amount of copper metal in the
Earth's crust, however, several candidates understood that there was very little metal
available in the copper ore. A few candidates were more concerned with pollution
caused by the waste gases produced from copper sulfide, and made reference to
sulfur dioxide and acid rain.

{ii) There was a wide variety of correct suggestions with most candidates stating that iron
is ‘more useful’, 'more in demand', ‘cheaper’ or 'stronger’. A few candidates comectly
stated that iron is ‘easier to extract. However, candidates should be advised to be
precise and not to write vague statements, such as, "easier to get'.

(iy Fartoo many candidates just stated that it turned into a liquid because ‘it is hot or ‘at
950°C'". This was just restaling the information in the question. The best answers
came from candidates who appreciated that they had to compare the temperature of
the electrolysis cell to the melting point of aluminium. Candidates were awarded the
mark for suggesting that the aluminium ‘meits’ or that the temperature in the call is
either at or above the melting point of aluminium. Marks were consistently lost for
answers that were otherwise good but where candidates referred to boiling point
rather than melting point, for example, ‘aluminium has a low boiling point so it melts',

(i)  This question was poorly answered by candidates. Very few candidates gained two
marks for realising that the "electrode(s) are made of carbon’ and that ‘carbon reacts
with oxygen' to produce carbon dioxide. Most candidates who managed to gain a
mark here got it for mentioning that the ‘electrode(s) are made of carbon’. There were
several common incorrect ideas, these included ‘aluminium burns to give off carbon
dioxide', ‘oxygen bums to form carbon dioxide', ‘carbon dioxide is released because
of heating’ and ‘we use up oxygen when we breathe in and breathe out carbon
loxide'.
(i) The reasons for recycling appeared to be well understood. Most candidates gained at
least one mark usually for ‘saves resources or aluminium is non-renewable’. There
were oo many vague answers including ‘to save money’, ‘to reuse’, less pollution’
and ‘good for the environment’.

The majority of students achieved full marks for identifying the two environmental impacts
of quarrying iron ore.

(i}  Very few students achieved the mark because they did not know that pure iron is too
soft to have many uses. Many gave answers related to pure — ‘it only contains iron
atoms’ or gave incorrect physical properties such as, ‘it is a good conductor of
heat/electricity’ and ‘it has a high meiting/boiling point’.

(i) Many students correctly suggested that stainless steel is more expensive than pure
iron because other metals, chromium and nickel, are used in stainless steel.

(i}  Most students gained the mark for knowing that pure iron is an element.

(i) A large majority of students understood that high carbon steel must be hard to be
used as a drill bit.

Most students knew that stainless steel is used to make cutlery because il is resistant
to corrosion,

(i)
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(b)

(i)

(iii)

()

(i)

(iii)

This question was well answered although some students made substances from B (a)
elements that are not contained in calcium carbonate.
Almost all students gained this mark, However, a few students added an additional
“2" before the carbon or changed the formulae of some of the substances.

(b)
Many fully correct answers were seen to this question. Common errors included
excessive rounding or missing the ratio of iron(lll) oxide to iron in the equation. As in
question 7(e), incorrect answers accompanied by a jumble of random and incorrect (c)
working could not be credited but the inclusion of some words in working to say what
the numbers represent may make it possible to award marks.

This was well answered. Although most students gave clear answers comparing the
reactivity of carbon and aluminium, a few gave answers such as “aluminium is not
less reactive than carbon®, which while correct is not the simplest way of expressing
the idea. A small number of students used phrases such as “it is more reactive than
it" - students should be encouraged to write the correct name rather than *it” as this
will help make their meaning clear.

While many excellent answers were seen, the iwo most common errors were not
stating that aluminium jons are positive and errors or contradictions in explaining the
gain of electrons being reduction (comments such as the aluminium ions gain
electrons and so are oxidised are not credit worthy).

The fact that the anodes are made of carbon was known my most students, and that

the anodes react with oxygen was also well known. However, the mark that was
awarded least often was the one for stating that oxygen is produced at the anode.
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The most common error was to refer lo the 'amount’ of copper sulfate solution rather than
specifically mention concentration or volume. A few students wanted to control the
dependent variable by keeping the temperature constant or the independent variable by not
changing the metal used.

This was very well answered, with few errors. A very small minority of students transposed
digits when calculating the difference.

(i)  Most students gained full marks on this question part. The most common error was lo
have the bar for cobalt at 5 rather than 4.5 or that for tin at 0.5 rather than 1.5. It
should be noted that there is no need for students to spend time shading the bars in:
a label for each bar will suffice.

(i) Some students made excellent use of the terms categoric and non-continuous, and
clearly knew when a line graph was appropriate. However, a significant number
thought that a line graph could not be used either because some of the temperature
changes were zero or because there was no pattern to the data.

(i) This was very well answered.

(iv) Most students scored 1 mark by stating there was no reaction, but many did not then
go on to explain why there was no reaction. In questions that ask students to explain
ideas must be linked together in order to gain full marks.

(v) Most students realised the problem was the copper sulfate solution and that this
needed to be replaced. Ho , some were then vague, just stating use a
salt of a metal less reactive than copper, without naming one. The information in the
question shows that both silver and gold are less reactive than copper, so a salt of
either of these metals would have been suitable.
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