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AQA GCSE Combined 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.

f What’s assessed Time Marks available
e Atomic Structure and the
Periodic Table
e Bonding, Structure and the
Properties of Matter 1 hr 15 mins 70
e Quantitative Chemistry
e Chemical Changes
e Energy Changes

Atomic Structure and the Periodic Table -
2. The Periodic Table

- Development of the Periodic Table#

- Electronic structures and the Periodic Table
- Group 1-the alkali metals

- Group 7 - the halogens

- Explaining trends

1. Atomic structure

- Atoms

- Chemical equations

- Separating mixtures

- Fractional distillation and paper
chromatography

- History of the atom

- 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




Quantitative Chemistry

4. Chemical calculations

- Relative masses and moles

- Equations and calculations

- From masses to balanced equations
- Expressing concentrations

Required Practical: Neutralization - Use titration to

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

Chemicél éhaﬁgeé

5. 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

Required Practical: Making salts — Prepare with the

appropriate apparatus and techniques, a pure, dry
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

7. Energy changes

- Exothermic and endothermic reactions
- Using energy transfers from reactions
|- Reaction profiles

- Bond energy calculations




~gsson

C1.1 Atoms

C1: Atomic Structure — papers 1 & 2

Aimingford"

| can define the word element.

WAiming fors

| can describe the basic structure
of an atom,

U

Aimingfore!

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

| can classify familiar
substances as elements or
compounds.

| can explain in detail, including
diagrams, the difference between
a pure element, mixture and
compound.

| can explain the significance of
chemical symbols used in formulae
and equations.

| can use the periodic table to
find the symbols or names of
given elements.

| can name and give the chemical
symbol of the first 20 elements in
the periodic table.

C1.2 Chemical
equations

| can describe familiar chemical
reactions in word equations.
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| can explain why mass is
conserved in a chemical reaction.

| can justify in detail how mass may
appear to change in a chemical
reaction.

| can state that mass is
conserved in a chemical
reaction.

| can describe familiar chemical
reactions with balanced symbol
equations including state symbols.

| can describe unfamiliar chemical
reactions with more complex balanced
symbol equations, including state
symbols.

| can balance given symbol
equations.

| can write balanced symbol
equations.

C1.3 Separating
mixlures

| can define the word ‘mixture’.

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

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

Sjagelje

I 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 technigue
for an unfamiliar mixture.

| can list different separation
technigues.

| can describe different separation
techniques.

| can explain in detail how mulli-step
separation techniques work.

C1.4 Fractional
distillation and
paper
chromatography

| can slate 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 aloms.

| 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.

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

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

| can evaluate the current model of
an atom.

C1.6 Structure of
the atom

| can slate 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.

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.

000 0ee®e®e 000

| can explain why ions have a
charge.
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| can use Sl units and prefixes to
describe the size of an atom and its
nucleus in standard form.
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C1: Atomic Structure — papers 1 & 2

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

U

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

U

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

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.

O
O

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

0 0 0

| can state the maximum
number of eleclrons 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

C2: The periodic table - papers 1 & 2

for ordering the elements.

O

| can describe how the elements

Aiming fore

are arranged in groups and
periods in the periodic table.

0

‘I'can explan how and why the

RimingFore

ordering of the elements has
changed over time.

Of

| can state how the elements are
ordered in the periodic table.

| can explain why the periodic
table was a breakthrough in how
fo 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 to
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
metlals as having low densities.

I 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.

| can 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.

| 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.

| 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
reactivily 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,

| can state the trend in reactivity
in Group 7.
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| can use the nuclear model to
explain how the outer electrons
experience different levels of
attraction to the nucleus.

O 00000 OO ogo

| can apply knowledge of

reactivity of Groups 1 and 7 to
suggest and explain the trend
in reactivity of Group 2 and 6.
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C3 Structure and Bonding — papers 1 & 2

[ can idntify the three states of
matter and their state symbols.

=

Aiming for6

| can use data to determine the state |

of a substance at a given

| can use the particle model to

SAiming fors’

describe how energy, movement,

ternperature. and attraction between particles
changes as a substance is heated or
C3.1 Slates of cocled.
matter | can describe the process of | can explain, in terms of particles, | can suggest why substances have

melting, freezing, boiling, and
condensing.

energy and temperature of a
substance when it is at the melting
point or boiling point.

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.

U
U
U

| 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.

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

C3.2 Atoms in ions

| 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.

0000 0O

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

Og o g ok

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

| can state that opposite charges

| can explain how the position of an
element on the periodic table relates

| can suggest the charge on unfamiliar
ions using the position of the element

O

attract.
to the charge on its most stable in the periodic table.
C3.3 lonic monatomic ion.
bonding | can write the charges of ions of I can explain, in terms of electronic I can explain the ratio of metal and

Group 1, Group 2, Group 6, and
Group 7 elements.

structure, how unfamiliar elements
become ions.

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.

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

| can state that ionic compounds
have high melting points and can

dissolve in water.
C3.4 Giant ionic

| 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.

| can describe a covalent bond.

C3.5 Covalent

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

bonds.

| can draw dot and cross diagrams
and ball and stick diagrams for H;,
Clz, Oz Nz, HCI, H20, NH;, and CHa.

| 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
properlies of a single covalent bond.

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

I can explain how the size of
molecules affects melting and boiling
points

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

| can state that small molecules

C3.6 Simple Pk
do not conduct electricity.

molecules
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| can explain why small molecules
and polymers do not conduct
electricity.

0000 0000000

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

0000 0 0000o




C3 Structure and Bonding — papers 1 & 2

| can describe an intermolecular
force.

1 can identify substances that would
have weak intermolecular forces.

| can justify the use of 2 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.

| 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.

| can explain the properiies of
graphite in terms of its bonding.

| 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.

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

I 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.

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

C3.9 Bonding in
metals

| can state that metals form a
giant structure.

| ean describe metallic bonding.

| can explain how metal atoms form
giant structures,

| can recognise metallic bonding
in diagrams.

| can recognise and represent
metallic bonding diagrammatically.

| can evaluate different models of
metallic bonding.

C3.10 Bonding in
metals

| can list the physical properties
of metals.

| 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.

| can describe the structure of a
pure metal.

00 0000000 400

| can describe why metals are
alloyed,

00 g00g0ogo 00

| can justify in detail why alloys are
more often used than pure metals.

00 000000 dauo




C4: Chemical calculations - Paper

| can use the periodic table to
identify the relative atomic mass l

for the first 20 elements.

£ g Torb

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

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

compounds when the formula is
supplied and is without brackets.

C4.1 Relative be a whole number.
" and I can calculate the relative | can calculate the relative formula mass I can calculate the number of moles or
moles formula mass for familiar l for unfamiliar compounds when the l mass of a subslance from data supplied.
formula is given,

| can state the units for the amount of
substance.

I can convert between units in calculations.,

C4.2 Equations
and calculations

| can explain why chemical equations must
be balanced.

| can interpret balanced symbol equations in
terms of mole ratios.

00O

| 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.

I can use balanced symbol equations to
calculate reacling masses.

O

C4.3 From

| can explain why chemical equations must
be balanced.

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

U0 O

masses to
balanced | can identify the limiting reactant in a I can use balanced symbol equations to
eguations chemical reaction. calculate reacting masses when there is a
limiting reactant.
| can calculate the formula mass I 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 - - = - e ;
| can recognise a covalent | can explain why using reactions with high I can explain why the sum of the formula
geanaimy compound from its formula, E atom economy is important. LJ masses of the reactants is the same as the
name, or diagram showing sum of the formula masses of the
bonds. products.

| can state a definition of atom
economy. |

I 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.

O] (]

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

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

| can justify the use of an indicator in an
acid-base titration.

C4.8 Titration
calculations

| 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.

QLOAAa 1O

| can convert units,

| ean extract data from given information to
perform multi-step calculations
independently.
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atom economy concordant
excess reactant formula mass limiting reactant
| percentage yield pipette room temperature and pressure
theoreticalyield  titration  titre  useful  yield |

o = .
The theoretical :
yield of a chemical s
acton sthermas: = [POTCSNIGREVICION :
of aproduct that you The yield is the amount of product that m
expectto be produced. you actually get in a chemical reaction. .
cyen n..._c_._m: noatoms Percentage yield is the actual yield as a 3
ma,mm_zmn arkeat proportion of the theoretical yield: p
during a chemical actual yield :
reaction, it is not always percentage yield = —————x 100
possible to obtain theoretical yield m
the theoretical yield :
g H”.Mm_._”“ ””w_ i The atom economy of a reaction tells you

las whibniEis n_...n proportion of atoms that you started :
separated romthe with that are part of usefuf products. .
reaction mixture High atom economies are more sustainable, m
there can be as they mean fewer atoms are being wasted  *
unexpected side in products that are not useful. s
reactions between The percentage atom economy is m
reactants that calculated by: H
produce different At ocbtasialorodbss :
proticts AR ECHErVS M. of all products IR 3
+ the reaction may L H
be reversible. .
L3

L3

L

Every substance has a formula mass, ..s_...

formula mass M, = sum (relative atomic mass of all the atoms in the formula)
h 4

Avogadra’s constant (HT only)

One mole of a substance contains’6.02 x Edyﬁ._._m. _o__u. or _._._.o_.nn:qﬁ._
Thisis Avogadro’s constant.

Onemole of a substance has the same mass as the M | of the substance.
Forexample, the M, E.O__ 18,50 vmmom water _._‘_o_nn_._ﬁm.no:ﬂa_:w
6.02x= 10" Bo_mncsr and is called one mole of water.

Mass
M

_.

You can write this as: moles=

L L

T T s ]

burette

end point _

Ifyouare um_sn_ what 3333 _uBn:n_.. will un :

.?_.__._ma from a n_em_._ ‘mass ofa: specific reactant,

you can use the steps below to calculate the result.

1 balance the symbol equation

‘2 calculate moles of the substance with a known
mass using moles = Bbmm

3 using the balanced mu___...._co_ equation, work out
‘the number of moles of the Unknown substance

4 calculate the mass of the unknown substance

using mass = moles x M_ ;

smsssssansasans R R ]

Concentration is the amount of solute in a
volume of solvent.
The unit of concentration is g/dm®.
Concentration can be calculated using:
concentration (g/dm?) = Tilltiéﬂ““mﬂw_.w_.v
Sometimes volume is measured in cm’:
volume (cm™)
1000
* |ots of solute in little solution = high
concentration
* little solute in lots of solution = low
concentration

volume (dm?) =

Moles of gases (HT only)

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

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

To calculate the number of moles of a gas:

: : _ volume (dm?)
moles of m@mmnﬂiimu ame
moles of agas = Eé_cﬁn.ﬁnad

8925 = 2000

Ioo.loluiiut“c.nt.t_.t

_mass
_?n.n s 1
3 3:<m: toa i:oﬂm _.E_...cm_.a.ﬂo L gt

4 balance the symbol equation

in 9» reaction .._umzn :..231

u pickone of the reactants and .w quantity as given in the
ncamn_os

seansmenen

m 4 com umi nzm §_:m 5 the nuw:ze given inthe question
¢ 2 n_.__._.M_ . ” . 5 nmﬁwﬂ:_za which reactant is in excess and which -
Concentration can also be measured in i .
molfdm’. ofmoles: § 3
conicentration of solution (mol/dm?) =

“number of moles of solute
volume of solution (dm?)

You can use this formula and mass =

moles x M, to calculate the mass of solute

dissolved in a solution,

» Thegreater the mass of solutein
solution, the greater the number of
moles of solute, and therefore the
greater the concentration.

= Ifthe same numbermoles of soluteis
dissolved in a smaller volume of solution,
the concentration will be greater.

Use a beaker and funnel

Q ta till burette,

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

Use one
Swirl the flask with the
other hand whilst the

flow rate. draps are being added.

concentration Hae:n:& =

,sa:_n @é .
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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 © 86 6 6 6 6 © 606 O

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 32_:2
electricity?

Describe the structure and bonding in graphite.

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

What is graphene?

Give two properties of graphene.
What is a fullerene?’

What is a nanotube?

Give two properties of nanotubes.

Give three uses of fullerenes.

ay Jadea-;nd
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by atoms sharing electrons
non-metals

billions of atoms co_.amn Snﬂrm_‘ by mqo:m noﬁ_aa
bonds

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

“many identical So.nn_.zmm joined together 5. :
 strong covalent bonds in a long chain, with weak
- _32322..__.4 forces rmazamu the chains

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

only m.mam:.n..._._a._.._:»oﬁm:mmﬂ,“.ﬁﬁoma& to break the -

weak intermolecular forces

the intermolecular forces are stronger in large 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 anﬂa._._n.ﬂu.:. 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 u:msnmn as a sphere ora
tube

hollow cylinder of carbon atoms

high tensile strength, conduct electricity

lubricants, drug delivery {spheres), high-tech electronics

What s an fon?
Which kinds of elements form ionic bonds?
What n_.._s_.wmm do 6?2,33 03_._ ps. u. and 2 qo_.aw

What charges do ions from Groups 6 and 7 form?

Name the force that :o_n_wouuomg_v. nsmﬁm&o:m
together.

Describe the structure of a giant ionic lattice.

Why do ionic substances have high melting points?

Why don’t ionic substances no.a.._.u. electricity when .

solid?
When can ionic m_._vnm.._nﬁ 8.._%2 #ﬁnﬂ%

Why do ionic substances 83:9 a_mn:n._e .zrms
melted or dissolved?

Describe the: qE.ﬁEE ofa uca Bms_

Describe the bonding in a pure metal.
What are four properties of pure metals?
Explain why pure metals are malleable.

Explain why Bm..m_m have high BmE.._u and _uo.__q_ g
points.

Why are e metals good conductors of m,mﬁznf and
of thermal energy?

What is an alloy?
Explain why alloys are harder than pure metals,
How big are nanoparticles?

How are nanomaterials different from bulk materials?

Whatis the relationship between side length and.
surface area-to-valume ratio?

What are nanoparticles used for?

atom that has lost or gained electrons

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

£ attraction

) o_mnawﬁ_n force of attraction between positive and
negative ionsiis mzozn,m:n requires lots of energy to
- break

ions are fixed in position so cannot move, and there
are no delocalised electrons

2

]

i3 metals and non-metals

3

3 Group'1 forms 1+, Group 2 forms 2+
M & Group & forms 2-, Group 7 forms 1-
-

= 4 7 . i &

w  electrostatic force of attraction

i3

2 whenmelted or dissolved

ions are free to move and carry charge

layers of positive metal ions surrounded by delocalised
electrons

strong electrostatic forces of attraction between metal
ions and delocalised electrons

rw. high melting/boiling points, good conductors
- of electricity, good conductors of thermal energy

334 Jaded

used in healthcare, electronics, cosmetics,
and catalysts

Sl
ve
M layers can slide over each other easily
% electrostatic force of attraction between positive metal
2% jons and delocalised electrons is strong and: qmn_.__sm a
i lotofenergy tobreak
]
IS ;
3 w delocalised electrons are free to move through the metal
12 mixtureof ametal with atoms of another element
Talm
I different sized atoms disturb the layers, preventing
t 7 them from sliding over each other
8 1-100nm
: w nanomaterials have a much higher surface area-to-
¢ volume ratio
: m um..mu_am._@m%:.annimmmm by a factor of ten, the surface-
i%  area-to-volume ratio increases by a factor of ten
17
iw
i
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Particle model
The three states of matter can be represented in the particle model.

melting point boiling point

@ boiling 1]
P

®

—
condensing o

liquid

gas
{HT only) This model assumes that: .

s there are no forces between the particles

= that all particles in a substance are spherical

* that the 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 Eo
particles, the higher the melting or aﬁ:.._n v&:no-wﬁ substance.

n.n-a-qullnuuuu-.oocu.01l¢||¢:..lntlt..n.u.u..-.l..tulo-

nocm_m:ﬁ _uo_._a__._m

L L e A R RS A R R

Covalent structures

._._dm_.n ma c__dm :._m_a ‘types of ngﬁmsn &QnEa

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 has acharge
andis called an ion.

sedium atom, Na sodium ion, Na®
11 protons 11 protens
11 electrons 10 elecirons

overall charge = 0 overall charge = 1+

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

needs to
lose 1

has one more
praton than electrons

}
@4 @)
W@ mw, %

neads to has one more
gain 1 electron than protons

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

When melted or dissolved in water, ionic substances do
“conduct electricity because the ions are free to move and
carry charge.

lonic substances have high melting points because the
electrostatic force of attraction between oppositely
charged ions is strong and so requires lots of energy

to break.

L Ll T

covalent structure is diamond. _ For example, water is made of small
molecules.

| Structure and bonding

these atoms, Different molecules are held | 1.4 small section is bonded to many identical

Giant covalent _ m:..n__ molecules

Many billions of atoms, each _ Each molecule contains only a few atoms
one with a strong covalent with strong covalent bonds between
bond to a number of others.

An example of a giant together by weak intermolecular fo

Large molecules |
Many repeating units joined by covalent bonds
to form a chain.

TC8S. | sections tothe left and right. The ‘n’ represents a
large number.

Separate chains are held together
by intermolecular forces that are
stronger than in small molecules.
| Polymers are examples of long

| molecules.

O T

has two more
needs to lose 2 protons than electrons

© O
©©Q @ @

needs lo
gain 1

needs Lo
gain 1

Metal atoms lose electrons to become positive ions. Non-
metal atoms gain electrons to become negative ions.

When metal atoms
transfer electrons to
non-metal atoms you
end up with positive
and negative ions.
These are attracted to
each other by the strong
electrostatic force

of attraction. Thisis
called ionic bonding.

+
chioride ign 1= $edium ion Na

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

The formula of an ionic substance can be worked out
‘1 from its bonding diagram:
for every one magnesium ion there are two fluoride
ions - so the formula for magnesium fluoride is
MgF,
from a lattice diag
there are nine Fe**
ionsand 18 $" ions -
simplifying this ratio 2
gives a formula of FeS,

Fe?™ lon

i

).

5% won

S

B L L L E R

The atoms that make up metals form layers. The electrons in the outer shells of

the atoms 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
alectrons

+ 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.



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)
e
©

(4]
(5]
(6]
(7]
©
o
10
(11
12
®
13
®
®
17
®
®
@

.
.
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How is the modern Periodic Table ordered?

a.1ay Jaded ;u-"d

How were the early lists of elements ordered?

Why did Mendeleev swap the order of some elements?

sessssmssnsanns

asay taded 1ng

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?
+ T
What name is given to the Group 1 elements? 5
Why are the alkali metals named this? iz
0
Give the general equations for the reactions of alkali =
metals with oxygen, chlorine, and water. =L
=« T3
- m
o = £
How does the reactivity of the alkali metals change : 2
down the group? ‘3
Why does the reactivity of the alkali metals increase ‘o
down the group? ey
8
o

What name is given to the Group 7 elements?

Arssenesanang

Give the formulae of the first four halogens.

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?

a3y Jaded ng

What is a displacement reaction?

ssssssvesmstnane

What name is given to the Group 0 elements?

Why are the noble gases inert?

srasany

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

- a1y saded ng

a1y saded Ing

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 it is easier
to lose the electron

halogens

Gl Brcl
increase (higher melting point)

decrease (less reactive)

they are larger atoms, so the outermost shell is

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 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.

by atomic mass

normally by atemic mass but some
elements were swapped arouns

by atomic number

nogaps

gaps left for undiscovered elements

no gaps — all elements up to a certain
atomic number have been discovered

not grouped

grouped by chemical properties

arouped bry the number of electrons in
the guter shells

no clear distinction

no clear distinction

metals to the left, non-metals to
the right

some elements grouped
inappropriately

plete. with no ex for why
some elements had to be swapped to

fit in the appropriate groups

st ERsssEsEERTIRESRASRBARSEREEsRRRRERARERS

alkali metals
noble gas

chemical properties
organised

Periodic Table

displacement  groups
reactivity

halogens
undiscovered

B

inert isotopes
unreactive

Besasassnibsssnttastsassssndtslusatasssntssnsnnostnsananns

4as

chlorine Cl, gas
bromine Br, liguicl
iodine 1 solid

increases down the group

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

» the atoms increase insize.

« the outer shell is further away from the nucleus, and there are more shells

between the nucleus and the outer shell

+ the electrostatic attraction from the nucleus to the outer shellis weaker soitis
harder to gain one electron to fill the outer shell.

ETT e ey

reactivity

More reactive Group 7 m_..m_.ua_.a.u can take im.v_mnm of less reactive ones

in a compound. This is called displacement.
For example, fluorine displaces chlorine as it is more reactive:

fiuorine + potassium chloride — potassium fiuoride + chlorine



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.
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Whatisan atom?

What is Dalton’s model of the atom?

What is the plum pudding model of the atom?

TemssmssabEsann

What did scientists discover in the alpha scattering
experiment?

Bsssssssssnanna

Describe the nuclear model of the atom.

What did Niels Bohr discover?

)

What did James Chadwick discover? 5’

*

0

Where are protons and neutrons? ol

. @

What is the relative mass of each sub-atomic 2
particle? :

What is the relative charge of each sub-atomic g

particle? ‘8

How can you find out the number of protons in an =

atom? 13
How can you calculate the number of neutrons in :

an atom? 2

Why do atoms have no overall charge? 8

: e

How many electrons would you place in the first, 3

second, and third shells? : @

What is an element? 5

te

What is a compound? %

_ L2

What is a mixture? ‘3

What are isotopes? o

s c

What are the four physical processes that can be g

used to separate mixtures? 12

(=

1}

o

What is relative mass?

‘asay Jaded 3ng

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 electrons
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 nucleus with electrons orbiting it
electrons orbit in fixed energy levels (shells)
uncharged particle called the neutron

in the nucleus

proton: 1, neutron: 1, electron: 0 (very small)
proton: +1, neutron: 0, electron: -1
the atomic number on the Periodic Table

mass number - atomic number

equal numbers of positive protons and negative
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
chemically joined together

two or more substances not chemically combined

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

filtration, crystallisation, dis‘tili‘ati.on, fractional
distillation, chromatography

the average mass of all the atoms of an element



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 were electrons - tiny, negatively charged particles.

be divided into smaller
parts. His model did
not include protons,
neutrons, or electrons.

l 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

discovered.
Alpha scattering experiment A eI
1 Scientists fired small, positively charged particles gold atoms

{called alpha particles) at a piece of gold foil only

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 To explain why the alpha particles were repelled
the scientists suggested that the positive charge \
and mass of an atom must be concentrated ina 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 AT evidence that the nucleus
with the nuclear l orbit the nucleus contained smaller particles
model and suggested at fixed distances. called protons. A proton has an
that the electrons o 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 1x107m. electrons is relative mass - their masses experiments that gave evidence
Nuclei (plural of compared to each other. Protons and for a particle with no charge,
nucleus) are around neutrons have the same mass, 50 are given Scientists called this the neutron
10000 times smaller a relative mass of 1. It takes almost 2000 and concluded that the protons and
than atoms and electrons to equal the mass of a single neutrons are in the nucleus, and the
have a radius of proton - their relative mass is so small that electrons orbit the nucleus in shells.
around 1x10"%m, we can consideritas 0.

Drawing atoms

Elements are substances made of one
‘type of atom. Eachatom of an element
will have the same number of protons.

‘Compounds are made of different types.
of atoms n__.a_._.__nunz bonded together.

The atoms in a compound have ¢ _ama_.._
numbers of protons,

lithium chlorine

9@

shssvsssnsnsnwnasnnban |

‘» Amixture consists of two or more

elementsor compaundsiial arsnot: » filtration - insoluble solids and a liquid

hemi ned . sl b
achencally comuinediopetipe: 3 * crystallisation - soluble solid from a solution
+ Thesubstances in a mixture can be SR 'S iltatior i f it
uo_umasn E.:nﬁ:«wﬁm. processes. " = Sv_n ﬁ¢ wm_.“..__..n. m.._.;.a_.,__.om_.“, E__..._.,. 2 .
S Thdsairo Gt se : i qﬂnn_o_..w_ distillation - two liquids with similar beiling points
chemical reactions. . = paper chromatography —identify substances from a mixture

in solution

e

= atomic number

= mass number - atomic number

= same as the number of protons

Isotopes

Atoms of the same element can have a different number o:..mEE:m ]
Atoms of the same: m_m_.:n_.: __59 ninqa:n numbers of ﬁncnozm are n.w__ma .8353

The relative atomic mass is the average mass of all the atoms of an element:

ic mase

?_“_.E.-_.nnc.m_u%o? 1 x mass of isotope 1) + (abundance of isotope 2 x mass of isotope 2)..
100 :

. i = = !

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 1\.

T Lk L L R R R R A AR R AR AR




Q1.

This question is about elements, compounds and mixtures.

Figure 1 shows diagrams which represent the atoms and molecules in different

substances.

Figure 1

O @ and O represent different types of atom.

Ce0

%,
oo ®

8

R

g

© oo

el
% e,

A

c

(a) Which diagram in Figure 1 represents a pure compound?

Tick (v') one box.

A B

(b)  Which diagram in Figure 1 represents a mixture of an element and a compound?

Tick (V') one box.

A B

] |

(c) Elements are metals or non-metals.

Figure 2 shows an outline of the periodic table.

The periodic table is divided into sections.

Figure 2

Where are metals found in the periodic table?

Page 1 of 53

0]

0]

Tick (v') one box.

Section A only

Sections A,Band C

Sections B, C and D

Section D only

(1

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

Tick (v') two boxes.

Can be bent and shaped

Good conductor of electricity

Low density

Low melting point

Poor conductor of heat

(2

(e) Potassium and chlorine react to produce potassium chloride.

An atom of potassium loses an electron to form a potassium ion.
An atom of chlorine gains an electron to form a chloride ion.

Complete the dot and cross diagram.
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(d) Figure 1 shows the structure of a carbon compound.

Complete the formula of the carbon compound.

(e} Methane:

Figure 1

F F
||

F—C—C—F

|
F F

C_F

. 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.

(f)  Buckminsterfullerene (Cgo) 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

Page 5 of 53

13

1

(1

M

(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

Page 6 of 53
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Power supply

4
(b)  Solid calcium chloride cannot be electrolysed. _
Give one reason why. /
Negative Positive
electrode \ / electrode
Filter paper soaked in Drop of green copper
(1) an electrolyte solution chromate solution
(c) Name the product formed at the negative electrode when aqueous calcium chioride Figure 2 shows the results.
solution is electrolysed.
Figure 2
M Power supply
(d) Whatis the half equation for the reaction at the positive electrode when aqueous

calcium chloride solution is electrolysed?

Tick (') one box.

2CI - Cl+2e Negative = \ /

electrode electrode

Clz+2e- —2CI' Blue colour Yellow colour

40H - 0:+2H.0 +4 e Filter paper soaked in an electrolyte solution

Copper chromate solution contains the ions Cu?* and CrQ.2-
0:+2H.0+4e —40H

Explain the results shown in Figure 2.
(1)

(e) A studentinvestigated the electrolysis of green copper chromate solution.

Figure 1 shows the apparatus.

Figure 1

(3)
(Total 10 marks)

Q5.

This question is about iron.

(a) Ironis a metal.
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. the hot air is used to heat limestone
. the limestone decomposes.
Volume of carbon dioxide = dm?
(5) The equation for the decomposition of limestone is:
Total 15 marks
( J calcium carbonate — calcium oxide + carbon dioxide

Q6. Give two ways in which a greenhouse gas is released in this process.
This question is about materials. 1

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

(2
Concrete )
(c) How could a sample of limestone be tested to show the presence of carbonate ions?

Complete the sentences.

) Choose answers from the box.

High carbon
i barium hydrochloric fivowater
chloride acid
(a) Which two words describe the high carbon steel bars? sodium universal
hydroxide indicator
Tick () two boxes.
The substance added to the limestone is
Alloy
The gas produced is identified using
. (2
Binder
The table below gives some information about plain concrete and pre-stressed concrete.
Matrix Pre-stressed
Plain concrete concrete
Ore Costin £ per m? 5 225
Density in kg per m?® 2300 2500
fenforcemant Strength in arbitrary units 600 3000
(2
Limestone is mainly calcium carbonate. (d) Explain why pre-stressed concrete rather than plain concrete is used to make

bridges that carry heavy lorries.
Limestone is a raw material used in the production of concrete.

Use the table above.
(b) Inthe first part of the production of concrete:

. air is heated by burning methane
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U]

(f An element has two isotopes.
The table shows information about the isotopes. A B c D E
_
Mass number Percentage (%) abundance 0 1 o v _
S T
la] e A [
Isotope 1 10 20 ey .{M‘q_
0 | T ..N\ﬁp-.v.m.wy_
Isotope 2 11 80 o Delocalised o FUCUCHE |
electrons
Calculate the relative atomic mass (A;) of the element.
Use the equation: (a) Which diagram shows a gas?
A, = (mass number x percentage) of isotope 1 +(mass number x percentage) of isotope 2 Tick () one box.
100
Give your answer to 1 decimal place. A B c D E

(b) Which diagram shows the structure of diamond?

Tick (v') one box.
{1 &7 &) o1 =]

(c) Which diagram shows a metallic structure?

Relative atomic mass (A;) =

(2)
(g) The radius of an atom is 0.2 nm
1 Tick (v') one box.

The radius of the nucleus is 10000 the radius of the atom.
Calculate the radius of the nucleus. A _ _ B 7 * ¢ _ 4 0 _ _ £ _ _
Give your answer in standard form.

(d) Which diagram shows a polymer?

Tick (V) one box.

al Lol [ e[ 1 of ] el]

(e) A chlorine atom has 7 electrons in the outer shell.

Radius = nm

2) Two chlorine atoms covalently bond to form a chlorine molecule, Cl-
(Total 10 marks)

Figure 2is a dot and cross diagram showing the outer shells and some electrons in
Q8 a chlorine molecule.

Figure 1 shows the structure of five substances. Complete the dot and cross diagram.

Show only the electrons in the outer shell.
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oxides CrO: Fei0.

CrO:

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.

(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

Page 21 of 53

The substance is a gas =
— ) 7 .

The substance is a liquid

A

The substance is ionic

__ The substance is a solid _._._wﬁ_l;

()

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

Figure 1

MHW.IMWHMH U-
° y
- "r\.[t %s o
o>
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.

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.

Page 25 of 53

()

(2

Figure 2

T

Ne_® N\

(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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M
(b) How many atoms are present in one mole of fluorine atoms?

Tick (V') one box.

2.03 = 10>

2.06 x 10%

6.02 x 10

6.02 x 10

(1)
(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.

4)
(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 (%) 78.6 101 1.3

Calculate the relative atomic mass (Ar) of the element.

Give your answer to 3 significant figures.
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Relative atomic mass =

2)
(Total 8 marks)

Q14.

The diagram below represents different models of the atom.

(a) Which diagram shows the plum pudding model of the atom?

Tick one box.

A B c D E

M

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

Tick one box.

A B c D E

0]
(c) Which diagram shows the model of the atom resulting from Bohr's work?

Tick one box.

A B Cc D E

1

(d) Define the mass number of an atom.
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Q16.

1
The radius of the centre of the atom is 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 =

(2

(Total 10 marks)

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

+

An element X has two isotopes.

The isotopes have different mass numbers.

(b)

(c)

(d)

Define mass number.

Why is the mass number different in the two isotopes?

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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@

™1

(1

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.

Qi17.

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 4 3 4 5 6 7
Period 1 H
Period 2 Li Be B Cc N 0] F
M.m.launm Na Mg Al Si P S cl
period 4 | Cu o Zn i " & | ao| Br
Period 5 | Ag i cd il o Sb - sl i

(a) The atomic weight of tellurium (Te) is 128 and that of iodine (1) is 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.

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

blue 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
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(1

(1

(2

(f

(9)

@
A student distils a sample of salt solution to produce pure water.

Figure 2 shows the apparatus.

Figure 2

Thermometer

Flask

Salt solution a Baaker

N ———
Heat

What temperature would you expect the thermometer to show?

Tick (') one box.

0°C

10°C

50°C

100 °C

(1)

Describe how the process of distillation shown in Figure 2 produces pure water from
salt solution.
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Compound

Element

Formulation

Solvent

(f)  The student repeated the investigation using green ink containing 75% yellow dye

and 25% blue dye.

What would happen to the R value of the yellow dye?

Tick (v') one box.

The R value would decrease.

The Ry value would increase.

The Rr value would stay the same.

Q20.

This question is about atomic structure.

Figure 1 represents an atom of element Z.

Figure 1

&

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

Choose answers from the box.
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electron neutron nucleus proton

(2
(b}  Which particle has the lowest mass?

Choose the answer from the box.
(1)

electron neutron nucleus proton

(1
(c) Which group of the periodic table contains element 2?

Use Figure 1.

Group

(1)
(d) Give the atomic number and the mass number of element Z.

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

Choose answers from the box.

Atomic number

Mass number

(2)
Bromine has two different types of atom.

The atoms have a different number of neutrons but the same number of protons.
(e) What is the name for this type of atom?

Tick (') one box.

Compound
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(d)

Q22.

(2)

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

(1
(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

(1)
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-O7?

Nitrogen
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Oxygen

2

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.

(W]

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

Use the symbols:

X = electron

® = neutron

O = proton

P

/ \
/ ¢
RN
\ TRy < \

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. =T _ = —]—] T
{ 1
Figure 1 shows the arrangement of atoms in pure tin and in a solder. 340 +—— i B |_ Sy e
| | |
Figure 1 |
320 =
300 -
Solder
(a) The solder in Figure 1 has 6 lead atoms for every 24 tin atoms. 280-
: ; i = Melting point of
Determine the percentage of atoms that are lead atoms in the solder in Figure 1. the solder in °C
260
240
220
Percentage of lead atoms = Yo
(3)
(b)  Explain why solder is harder than pure tin. 200 =
Complete the sentences.
Use Figure 1.
180
In solder the layers are distorted. 100
This is because the atoms of tin and lead have different : Percentage (%) by mass of tn in the solder
Therefore the | . i (c) Describe what happens to the melting point of the solder as the percentage by mass
erefore the layers cannot easily 3

of tin increases.
(2)

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 14

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)

Page 53 of 53



.
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Mark schemes

Q1.
(a) D

(b) 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
Potassium Chierine
atom atom
+ -
Potassium Chioride
lon ion

scores 2 marks

(@ A

Q2.

Page 2 of 23
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Qs.

(b)

(c)

(d)

(e)

(a)

(b)

(c)

(d)

(e)

allow energy level for shell

the ions cannot move
allow the jons are in fixed positions

hydrogen
allow H;

2CF—Cl+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) CrOs>- / 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:— 2FeCh
1Fe* :2Fe*: 40>

(M: Fes0: =) 232

Page 5 of 23

[10]

(M

Q6.
(@)

(b)

(c)

allow correct use of an incorrectly determined M, using the
values of A, given in the question

=72.4 (%)

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,053 = 760 =) 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
males of Fe;0;

(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

. low melting points
. low densities
L] soft

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

. very reactive / 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

—!._....n substance is a liquid

—._._..-Su!!oafoio

T
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

mx.—g

7.4%

allow 7.4% with no working shown for 2 marks

Mixture
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Q13.
(a)

(b)

(c)

(d)

. 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

[11]

mass number
allow the number of protons + neutrons

6.02 x 1022

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)~(25x0.1)~ (26 x11.3)

100
or
(24 x 0.786) + (25 x 0.101) +
(26 x 0.113)
1
=243

Page 13 of 23

Q14.
(@)

(b)

(c)

(d)

(e)

U

Q15.
(@)

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)

(f)

(9)

any two from:

. flame
allow burns
(white) solid forms

allow (white) smoke forms
. colour of gas / chlorine disappears / fades

blue food colour from a mixture of food
colours

[ Q:Smﬁlomamm _\

Ci f from an of co| and zinc

copper sulfate from copper sulfate
solution

[ ystaiisation _\

|

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

100°C

any four from:
. solution is heated

. water evaporates

correct place

allow water boils / vaporises

. the vapour cools in the condenser

. the vapour condenses

or
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(10

Q19.

(a)

(b)

(c)

(d)

(e)

(f)

Q20.
(a)

(b)

(c)

the vapour turns to a liquid

. (pure) water collects in the beaker

ignore units

CandD

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

17:3
formulation

the R value would stay the same

A nucleus
B electron
electron

3 /three
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(a)

(b)

(c)

(d)

Q24,
(a)

(b)

element
protons
allow electrons
neutrons
must be in this order
12
6.02 x 102
B
Property Structural feature
Graphite has hexagonal
rings of carbon atoms,
The bonds between carbon
atoms in the layers are strong.
There are no covalent bonds
Oagm-ﬂ is soft. batween 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

35 " 100
allow correct use of an incorrectly determined
total number of atoms

=20 (%)

sizes

allow diameters

Page 21 of 23

71

(c)

(d)

(e)

Q25.
(@)

(b)

(c)

(@)

(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, nuclej,
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 resuits

(A=)
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C5: Chemical Changes - Paper

?ﬁﬁ?ﬂ*—""i"-:"""ﬂ.
e ).

S P Y
At 4

FAimingifor ™

| can list the order of common metals | can describe oxidation and | can justify uses of metals in the reactivity
in the reactivity series. D reduction in terms of gain or loss D series based on their chemical reactivity.
of oxygen.
C5.1 The
reactivity | can use general equations to write I can write word equations for the | can write balanced symbol equations,
series specific word equations for metals metals listed in the reactivity series with state symbols, for the metals listed
listed in the reactivity series reacting D reacting with oxygen, water, and in the reactivity series reacting with D
with oxygen, water, and acid. acid and balance given symbol oxygen, water, and acid.
equations.
| can safely make and record | can predict observations for the I can evaluate in detail the investigation of
observations. D metals listed in the reactivity series D metals plus acid, assessing the control of D
reacting with oxygen, water, and variables and the validity of conclusions
acid. drawn from the data collected.
| can recall a definition of a | can explain why a displacement | can describe displacement reactions
displacement reaction. [3 reaction occurs. D using an ionic equation. D
@
| can use the reactivity series to | can write word equations and | can write balanced symbol equations,
- C5.2 determine whether a reaction D straightforward balanced symbol D with state symbols, for displacement D
Displacement between a metal and a different equations for displacement reactions.
reactions metal salt would happen or not. reactions.
| can safely make and record | can predict observations for the | can determine and explain which species
observations. D metals listed in the reactivity series D is oxidised and which species (metal atom D
reacting with a different metal sall. or ion) is reduced in a displacemer,
reaction in terms of electron transfer.
| can define oxidation and reduction | can identify species that are | can explain how carbon or hydrogen can
Cc5.3 in terms of oxygen. being oxidised and ra_duced ina be used to reduce an ore. D
Extracting chemical reaction.
metals | can describe how metals can be | can explain why some metals are I can evaluate the extraction process to
extracted. C] found uncombined in the Earth's D obtain a metal from its ore. D
crust.
| can recall a definition of a sall. | can describe how to make a salt | can explain the reaction between a
. by reacting a metal with an acid. . metal and an acid. m .
frcc::\;:‘rr?n:gfs | can name a salt formed between a | can write a balanced symbol | can write ionic and half equations,
metal and sulfuric acid or equation to describe a reaction including state symbols, to describe a
hydrochloric acid. . between a metal and sulfuric acid . reaction between a metal and sulfuri .
or hydrochloric acid. acid or hydrochloric acid. Q
| can recall a general equation for a I can identify the formula of the salt | can identify and explain in detail which
metal reacting with an acid and use D produced from the reaction O species is oxidised and which is reduced D
it to write specific word equations. between an acid and a metal. ‘D reaction.
| can safely prepare a pure, dry | can describe a method to prepare | can explain the reaction between a
sample of a soluble salt from an a pure, dry sample of a soluble salt metal oxide or metal hydroxide and an
insoluble base and a dilute acid. from an insoluble substance and a acid, including an ionic equation.
dilute acid. [H]
lrfrg.isnf;ﬁgle I can name a salt formed between a | can write a balanced symbol | can generate the formulae of salts given
iy metal hydrqx:de or metal o)_clde gnd D equation to describe a reaction D the names of the metal or base and the D
sulfuric acid or hydrochloric acid. between a metal acid.
hydroxide or oxide and sulfuric
acid or hydrochloric acid.
| can recall a general equation for a | can explain why the reaction | can explain how alkalis are a subgroup
base reacting with an acid and use it C] between a base and a dilute acid O of bases. D
fo write is a neutralisation reaction.
specific word equations.
| can safely make a salt by reacting a | can describe how to make a dry | can explain the reaction between
metal carbonate with a dilute acid. sample of a salt from reacling a ammonia and dilute acids to produce
metal carbonate or an alkali with a salts and the agricultural importance of D
dilute acid. the salts.
C5.6 Making | can write a general word equation | can write balanced symbol | can describe neutralisation using ionic
more salts for metal carbonates and alkalis D equations for neutralisation C] equations, including the ionic equation D
reacling with dilute acids and use this reactions. for a carbonate plus an acid.
to make specific word equations.
I can safely use universal indicator | can describe how universal | can evaluate how universal indicator or
to classify as acidic or alkaline. D indicator can be used to classify a D a data logger can be used to determine D
Akp chemical as acidic or alkaline. the approximate pH of a solution.
Neutralisation 1 can describe the pH scale. l l I can describe how solutions can be I can use ionic equations to explain how
ani tJ;tla pH acidic or alkali, D solutions can be acidic or alkali. D
cale




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

| can describe the relationship
between alkalis and bases.

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

C5.8 L]

Electronic
structures

I can recall examples of strong and
weak acids.

| 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.

OB@ O

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

@ [ .




C6.1
Introduction
to
electrolysis

C6: Electrolysis - Paper

L] L)

| can define electrolysis.

L] U L

| can describe electrolysis in
terms of movement of ions.

| can explain why
electrolysis can only occur
when an ionic compound is
molten or in aqueous
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.

| 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.

| can describe the electrolysis
of aluminium oxide.

| 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.

| 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.

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

| can plan and carry out an
electrolysis investigation.




C71
Exothermic
and
endothermic
reactions

C7: Energy changes - paper

ford

| n define exothermic and

endothermic reactions.

Al

0 iming for

| can describe examples of
exothermic and endothermic
reactions.

| can explain a chemical
reaction in terms of energy
transfer.

| can state that energy is
conserved in a chemical reaction.

| can explain, using observations
from calorimetry, how to classify a

reaction as exothermic or
endothermic.

| can plan, carry out, and
evaluate the errors in a

calorimetry investigation.

| can safely complete a calorimetry
experiment for a reaction that
takes place in solution.

| can explain in detail how to carry
out a calorimetry experiment.

C7.2 Using
energy
transfers
from
reactions

| can state a use of an exothermic
reaction and an endothermic
reaction.

| can explain how an energy
change from a chemical reaction
can be used.

| can suggest a chemical
reaction for a specific purpose
based on the energy change for
the reaction.

O

| can write word equations for
familiar reactions.

| can write balanced symbol
equations for familiar reactions.

I can evaluate in detail the
uses of exothermic and
endothermic reactions.

C7.3
Reaction
profiles

| can define activation energy.

| can label activation energy on a

reaction profile diagram.

| can explain why chemical
reactions need activation
energy to start them.

| can sketch a generic reaction
profile diagram for an exothermic
or endothermic reaction.

| can generate a specific reaction
profile diagram for a given

chemical reaction when its energy
change is also supplied.

| can use the particle model to
explain how a chemical
reaction occurs.

U OO0 0

| can identify bonds broken in
reactants and new bonds made in
products of a reaction.

| can explain energy change in
terms of the balance between
bond making and bond
breaking.

C7.4 Bond
energy
calculations

| can explain, using the particle
model, how reactants become
products in a chemical reaction.

| can calculate the energy
needed to break the reactant
bonds and the energy
released when the product
bonds are made.

| can explain why bond breaking
is endothermic and bond making
is exothermic.

| can calculate the energy
change for a reaction,
including the correct unit.

| can define bond energy and
identify all the bonds that break
and are made in a chemical

O 0 O OO0

reaction.

| can explain in terms of bond
energies how a reaction is
either exothermic or
endothermic.

UL O Ol glglo







Raaoess

23f|04329|3 sishjodq23)s
Fpoa3o9|e a3l|ofuo spoyies FpoUE
, - sulia) oy 25943 40} uoRIuYep € a3m u
Jeay FPUoHYI
¥ Ui Uy ow

'dn 43| ging sy Aym 23u3y *S1uBLND 213998 Aued

PUE pUNOJE ANOW 0} 3]G 218 IPLO)YD IUIZ UDJ|OLI 34 WOy SUOI 3314 apoue
8y} 3e p2a122)103 51 se8 aupo|yd uaaid ajed e pue apoyIed AUy 18 Pa1IA||0I S|
123210 2UIZ SURBLW S1Y 1 "SISK|04303]3 Aq UMOP U3X0JG S1 3PLIO|YD DUIZ UAYO

2pII0JY3 duIZ 30 SISA101393]3

PEATWL pue paonpasd apodis pue

S WMUIWINE uajow P WniuLune
10 MNP Lajlow
sed apixop uoquEs
SWL0) PUR 3pasjodle
] 0 uogUED ay)
YiM 512800 UaBAKD By
= 9pIIHe angrsod ay)
1e paonposd 51 uaBkxo

USGIED Wy spew

pailsea aaqsoed @

UOGIED W) apew
SpoTae daeEaU
e st Suw sy

: : . “Apusnbay
padejdal aq 01 spaau a10j313y3 3 “Aeme sieam Ajmojs os pue appxolp u0G4ed W) 0} _._.vm@o..m.zu yymsioeas alydesd ay |

‘ayydesd o apew 5| 3poue 3L ‘WhiuILN|e j0 SisK|031931 3y) u|
2+ (&0 )0t
pauLio} 51 uaBhxo :9poue
(DIV = -3¢ + (D-v.
palLio) sy wnjujwnje 3ind :apoyjed
Goe + vy~  Oo've
uzbfxo 4 E;.___._._.im — PO Wnjuwn|e
*5154101323]9 $30813pun 2INXILW LA oW Buninsasayy g
“U2|OWI S131 13uN Palealy UsY) SiBInXIWAY] T
‘Juiod Bunjaw ayy s1amo) Ydiym ‘@3joAss pajjes 82UL}SGNS € L}IM PIXIL S| BPIX0 WNIUWneay] T

515410413312 Aq apix0 Wwiniuiwni|e woy pajeixa st wniuiwn]y
"UOGIED UBL) 3A112831 310W §1 |e3al 241 J1 pasn 51 515A)0399]3
'Spunoduiod 1ol 4181 WoJ) S[EI3LL 10RIIXE 0) Pasn 3q ued siskjoaidal3

SPIX0 wniuiwn)e 1o sisA101393]3

casenmens e sssssnsban srmmn
T o R R ) e “uw snan . . sheaEmrann

CIETTN wnuged 97+ (8)'1D = (be) DT +

BRALS o "apoue

. 3y} e pauuio) | sed usdojey ayy uauy

i ‘uadojey e st uol [BJALL-UOU ALY )

UORNIOS Ul UIBLUDA SUO] Bl Y] » " WSS " b+ (DO'HZ + (3’0« (be).HOY =
()'H 27+ (be).Hz » el

*sed uadfxo wioj pue apoue ay;
u 03 5U01333}3 350) suot (be) . HO ayy «
™ ‘apoue ayj
0] PajIRIje i J3JeMm JO UOIJeSILON

*sed usBoiphy wioy pue
9POLIED 3y} woly suoipafe uled suor (be). g ayy
3 YHM 13834 pue 3pOYIR AU 03 pardeIpe

e I20eM JO UOIESIUOI 3L Woyy suol (be).H ayy « ﬂﬁ..g Y1 woly pawioy suol (be).Hoayl -
; :3POy3ed 3y1 18 paloy kb :3poue ay) 18 pawuoy si sed uadhxo
st sed uaBospAy uayy uaBophy ueyy aansess asow wnssudew uayj uadAxo sulejuod |elaw-uou ayy
S1 |ej3u 3y §i 'uonn|os ejo sishjoap3)a ayy u| i $1Uonnjos e jo sisfjosrdaja auy uj ug

1500 wimssejod *

(be).HO + (B®).H — (VO'H
:uones|uol 0d1apun osje ued Jalem 3y asnesaq s siy )
‘paanpo.d skeme jou die sjuswaja aind ay) 'SUonN|os 4o sisfjoda)a Ayl ul lanamoy «

“WIBLY 13U 03 SI0P I UBY] J33eM Ul SPUNOdLIOD D1U0) JAJOSSIP 03 ABJala $53) salinbasy|
491eM U| panjossip uaym sishjoJ1d3]2 08iapun osje ues spunoduiod J1uo! pijog

e .

22+ (3D~ ()12
‘apoueaylie =
{(S)eNZ «— 27 + (1).BNT
‘BpoyIEI BYIIE
@D+ (eNz—  (DENT
AULOIYD + WNIPOS «— BPLIOJLD WINIPOS

(Ajuo 1H) suonenba jjeH

afjonae)a

(spospdefe
annedau)
apoyien

(sponze@
anisod)
spoue

"BPOUR 3Y) Je 3ULO|YD pue
3POUILI 341 Je WNIPOs wuoj 0 Sisk|0ia)a
odiapun ues ‘|oeN ‘apuo|y2 Wwnjpos uajjow ‘ajdwexa 104
leRw
-uou aind ay} 3WEaq pue SUCIPI|B 350] |Im Kay) 2Jaym
‘apoue 3y} 01 paga0.10 e SUO! [eBW-Uou aaledauay| -
18321 2.nd 8y W0} 0 SUCIBJ3 WDk |)1m Kay) saym
‘8POYIEd 313 0] PAJIDIII0 BIE SUOI [EJAW BARISOd BY | =
uAjow st punodwod d1U01 e uaLm
"3ADW 0} 3344 818 SUOI BY] OS ‘PANOSSIP 10
uayjow aq 1snw Aay3 siskjoi1da)d 02iapun o) ‘anowWw Jouued
SUOI 3L3 se A3131323]2 39NPU03 30U 0P SpUNodLLE 310! P1joS

|

‘Sjuawa)a aind wuoj fay) alaym ‘sapoaydaja ay)

0} 3AOW 0} 5UO] ) s3sned sjy| "A151193]3 1anpuod
UeJ 05 pue SUCH SUIBJUOD Jey) uolnjas Jo pinbij e

s1 a3Aj0003)2 Uy “93kj04333)2 ue YSnoiy passed si
juaLInd 31313 ue ‘siskjoayIe)s jo ssacoud ayy u)




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.

666@@96@@0@000@0

What is electrolysis? o
3]
What is the name of the positive electrode? '3
o

What is the name of the negative electrode? :
¥
What is an electrolyte? i
3
o=y
Where are metals formed? ¥o
Where are non-metals formed? >
e
e
: R
How can ionic substances be electrolysed? b
g

Why can solid ionic substances not be electrolysed?

fesasanennn

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

ssssssamsun

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

anan

asay saded l-ncl

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

(R e

What is the half equation for the ionisation of water?

What metals are extracted from ioni"ccdm_pounds"jﬁy
using electrolysis?

sy sdeding 8

e w

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

semn

a:;q-Jadé&'zr;d

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

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

@18y saded 3ng

process of using electricity to extract elements from
a compound

anode

cathode

liquid or solution that contains ions and so can conduct
electricity

cathode
anode

by melting or dlssolvmg them and then passung adirect
current through them

they do not conduct electricity, or the ions
cannot move

when the metal is more reactive than hydrogen
halogen

oxygen

H,O(l) ~ H*(aq) + OH~(aq)

‘metals that are more reactive than carbon

to lower the melting point

-graphite

they react with the oxygen being formed



SuljEy|E [ennay

ipioe

‘|einau a1e f = Hd ylim suonjos snoanby .
‘auleyje aJe ; < Hd Ym suonnjos snoanby .
‘dipiease | » Hd ypm suonnjos snoanby .

“pT 01T Wody suni 3
‘Kunesje pue Qipide jo ainseaw e s1ajess yd ay)
'SUO| _HQ asea)al agem

Ul paAjessIp usym ‘Jey) spunodwod ale sijexjy
4 “[OH p1ae auojyz0ipAy

pue “ONH p1ae s “0s’H poe unyins ispe
UIBW 33Uy} Ue a5y | 'suOl, H aseajal ‘alem

Ul panjossip uaym ‘Jey3 spunodwiod ase spay

L R N R ]

‘PadNpai uaaq aney suot Jaddos .
PaSIpIX0 Uaaq aney SWOJe UoH o
‘uonaeal Juawadeldsip 3diuexa ayy uy

"SUOIII2|3 JO LIDB 33
$1UONINPaI PUE ‘SUOJ1Y2)3 JO S50] 3y3 51 UONEPIQ

'5U01133]3 Jo UjeB Jo S50 3L Se pauljep
29 osje ued Inq ‘uaBAxo jo swia) ul pauyap aq
uea (suoijaeas X0paJ) UoNINPaI PUE UOREPIXD
(Auo 1H) suo.3asja
:UDIIBPIX0 PUE LDI13INpay

SUolJoje)lads anoWal ¢

Suoi se Ino spunodwod asoy} M £
spunodwiod Jjuo) snosnbe |je Ajuapi
paauejeq si uoenba joquiks yai

(A)uo {H) uoizenba
Aluolue Buillim 103 sdajs

'suo) seddod jou ..e,___o_
UGl im Y3 21e nok uonoeal ays jo pua .

addod

Uey3 AJisea 10w uoj Ue suLio Lol ol pue *

2gy|ns saddod jo uoipeal Juawade|dsip ayy u)

“suoipaj Surso| Aq uol ue suo)
11 A)tpeas moy uo spuadap MiANdea: s [e1aw v

SUoI pue A31a132e3y

A

‘uonnjos e 4o Hd 30exa syj sn and ued sagosd Hd ol .

‘uonnjos e jo Hd ajewixoidde ay) sn |3 os|e U3 103831pUI |ESIBAIUN -«

“I|eY|e U JO pide ue S| BUIYISLIOS Ji MOYS Ue) S1ojedipu|

R e N L i T

‘uonenba 31uo ays jo jjey
MOys ydes Aay) - suopenba jley pajjea ase su onenbs om3 asayy

(8)nD = _az + (be),;nD
‘woye 13ddod e o) 03 SU04123}3 oMy suies uor Jaddod v
-3¢ + (be) ,3d = ()34
1UO} UoJ| B W0 0}
SUGIP3|3 M) 5350] LLOJE L0 UB "Uofdea) Judwsde|dsip ayl uj

(A)uo 1H) suoizenba §jeH

N

‘uonenba 31uol ay1 ui suol o3uIds
30U Op S3JUEISGNS IIUOI PIJOS PUE ‘SIIUBISQNS JU|EA0D ‘S|E1aN

(s)n3 + (be), ;34 = (be), N + (s)ad

‘uopenba
3juoj ue 318 03 uonenba Ay WL panowial ale suoliojepads
“uol J0je13ads e 5131 - UonIRAI Y LI padueyaunsi "osayy

! (s)no
+ (be)_"08 + (be). A3+ (PR)_'08 + (Be).:n] + (s)ay

5B UaILM
2 ued uoui pue 3jejns saddod Jo uondeal Juswadeldsip ay |

‘(be)_;'0s pue (be),n se uapum ag
ued nus 0SnD 'ajdwiexa Jo4 "suol sjesedas si se punodwod 3y
S)LIM UBD 3M ‘UOIIN|OS e Ul PaAjossIp Si punoduiod 21U01 UR UaYM

(Ajuo 1H) suoizenba 2iuoj

‘2iej|ns x..&mou
uliaddod 3y) savejdsip uou) o5 43ddod ueyy 3ARIEas BI0W S| UOJ|
(5D + (b®)'053d = (5)34 + (b8)'O5ND
43ddo3 + 212405 ULl +— UioJ| + 33835 1pddos

3)dwexa 104
“punodwiod e ulJUsWa}a 3nRIeas ssaj e jo ade|d
94} SIE} UBIRI3 A1) /0L € UoIYIeas Juawareldsip e uj

suoljaeaijuawadeldsiq

femsssmseENES RV EE e

4

. o 'S}|BS JWeU 0) MOY SMOYS 3|ge) ay|
ONEN 05'eN 10BN
FEHLIL WNipos ‘FEYNS Wnipos FPLOID Winipos ‘BN ..wu___s padejdad si
> ayy -
I8 |29 384G [e3eu PO (Eew et ,_”_n. ozmz A
Z - Lnipos yum speal “ONH ‘prae suju
_‘ON pue  H _L08 pPuE  HZ _ID pue H -3)dwexa Jo4 ‘|ejaus e Aq padejdal
- T udaq sey pjoe ue wouy uafosphy
ONH OS'H IDH ay3 aJaym punodwon e s1jjes y
PI2€ Juu PioE Junyjns P10 oop20IPAY ‘s)|es Loy Aoy ‘spunodwiod jejai
40 S|eIALW UYIim 13831 SPIde uym
padnpai usaq sey apixo uoJl - .n_ua_.z«...o_u pajje2 ssadoid
FPIXOIP LIOGIED + Ubi| +— LIOGIES + 3P1X0 ioJ| eduisn Pa12e/3%a 3 LB UOGIEI UBY) 3ARDRAI 3.0 3.8 eyl sjelep
POSIPIXO 1330 Sey uosl APIXO|p UOGIED + L0l e LOGIES + BP0 L)

w_n_Em_a 404 °"U0gIe y3im LolINpPal
Aq vuﬁEﬁu an ued _._on:..u UL 2A1DR) 32 e IRy S|ERW
‘al0 ue pajjea s mc_tm._ﬁw YoM

FPIXO LC o UBAX0 + Lol

‘a|dwexa o4 f

- ‘paanpas E.an seyy 34 03 4204 3y U1 punodiod jejsw y3noua ﬂg,_:_ {201 343 Woly
‘Uoioeal e Ul Uadfxo saso] adueisgns e | PaAJIBLXa 3G 0} BAY PUR 30 U1 SPUNOAUIO? 5€ J51Xa S|elaLL 150
"pasip|X0 U33q sey 1 "PAUIW 3 UeD PUE SN SYLIET ALY Ui S|RIBW

co_ﬁaﬂ e ur uadfxo'suied adueisqns e )|
HOI1EePIXO pue uoildnpay

241381 n3oeaiun 0s

103 ERTIR .m_EoE m.__._om
U0IIBIIXS B1o |

ssnip | RHARIRAL piob _
sumezagwoypouw | MO T e voroess cu [
o s e uciioead ou |
Frrr m
”G.. E ped| Pioe uLem
LOGHED UM LOj1onPpad ] m. ug Y3m Apwois s1oeau
wﬂu B == uodp 3
o
a2 sujz .
w {woq.es, sebusboiply Apmols fian 3oeas
i s o 59 ‘sazzy
g wnisoubew
eiiie e ot —
wniojes
siskjosoae ! L=
g sl usbouphy
wnipos sapojdxs Hosenb sazzy
wnisseiod

sje1aW-ol “A1ARJea. M) BAeY S|BIALL B53Y) - || 38 10Bal
1.UOM 10 “P1de J0 J3jem yum Pea) f|aseq |im sjejaw

aue Kay1 y3nouyy uana 'sauss alyl ul PapN|ILI ale Uogaes vt ; : iRl =
pue uaBoiphy ‘mojaq ajqey ayy Ui ajdiuexa 10} ‘suipuios ? 22110 “Ayiandeas ybiy aney sjelaw asay) - AjsnoioBia

Aian 1831 5]E33W 3WOS ‘I31eMm 0} pappe LAl 'S1 1l
“Rnioeal 113y3 40 J3pa0 Ul sje3aw sade|d saLas asﬁme E L 2NN2edI A]|eNWBYD MOY S 213w € Jo Ayanaeas ay|



Reactions of acids with metals
Acids react with some metals to form salts and hydrogen gas.
magnesium + hydrochloric acld — sodium chloride + hydrogen

Neutralisation reactions
Reactions of acids i.n,_._. metal’ _._vaax_n_mm
.5& react in: ‘metal _._wiax.nmms 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()
Reactions of acids with metal oxides
Acids react with metal oxides to form salts and ws

© hydrochlonic acid + sodium oxide — sodium chloride + water
Reactions of acids with metal carbonates
Acids react with metal carbanates to form a salt, water, and carbon dioxide.
hydrochloric acid + . .

Balancing symbol equations

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) + 50" (aq) :

» HNO,(aq) +H"(aq) + NO,~ {aq)

+ HCl(aq) = H* (aq) + Cl-(aq)

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

..mmam.m?.m_._.ngnm..:_.m..n_moa...nw__mgﬁ.gﬁm\n_n.ﬂ.w:ﬁ%

water. ._._.aemm«m._.-uou..a:“.sa

not alkalis.

[ solid

liquid

8as

- @.5,&

| aqueous or
dissolved in water

199 ¢ 6= 69

R R R

reactivity series

ion
redox

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

* more concentrated acids have
lots of acid in a small volume of

less concentrated acids (dilute
acids) have little acid in a large

R L

m.—na.. to remove the unreacted base.
Add the. ..m.._._m__._._.__m solution to m:mcm_uo_.a.__._mn_m:

Usea iw:..n bath or electric rmu_.m_.na m__..u_uaa_ﬁ .:« water.
The salt: anBw will be left behind. ;

ionic equation
reduction
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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 ®© 060 0

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

What is a reaction profile?

What is the activation energy?

What is bond energy?

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

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

L T T T e

ey saded Ind aJay Jaded nd.

alay saded Ind

transfer to'ii:be_f su rrou nd i ngs

transfer from the surroundings

\m showing how the energy changes i

minimum amount of energy required before a celllsmn
will resultin a reaction

th_'e_-_enel:gy' éiqjhire'& to break a bond or the en
released when a bond is formed '

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

i

more energw_s reqwred to break the bonds t.
released when making the bonds Lo
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_M— Choose gases from this list to complete the word equations below,

carbon dioxide

oxygen

(a) sodium + water — sodium hydroxide +

(b) magnesium +

hydrogen

sulphur dioxide

nitrogen

— magnesium oxide.

(Total 2 marks)

m_ 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 it is
mixed with
Zinc 1500 Zinc carbonate Reduction by carbon
Sodium 1807 Sodium chloride Electrolysis

(a) Explain why gold is found mainly as the metal itseif in the Earth,

(b) One of the reactions involved in producing zinc is represented by this equation.

Zn0 + C — Zn + CO

Explain why carbon can be used to extract zinc.

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

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

u

1

2)
(Total 4 marks)
n Part of a reactivity series is:
sodium
calgum
magnesum
duminium
increasing anc
reachivity iron
hydrogen
copper
(a) Carbon is used in blast fumaces 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 fis into the series.
(W)
(b) Predict the method of extraction used to obtain calcium from its ore and explain your
answer.
m
(2)
(c) The formula for zinc oxide is ZnO. Write a balanced equation for the extraction of zinc in
the blast furnace.
(1 (2)
(Total 5 marks)
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_M_ A student Investigated the reactivity of three different metals.
This is the method used.

Place 1 g of metal powder in a test tube.

Add 10 em® of metal sulfate.

Wait 1 minute and observe.

Repeat using the other metals and metal sulfates,

Eat o

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
Copper sulfate v X v
Magnesium suifate X X X
Zinc sulfate X X v

(a) What is the dependent variable in the investigation?

Tick one box.

Time taken

Type of metal

Volume of metal sulfate

Whether there was a reaction or not

L

(b) Give one observation the student could make that shows there is a reaction between zinc
and copper sulfate,

(1

m

Page B of 54

(c)

(d)

(e)

The student used measuring instruments to measure some of the variables.

Draw one line from each variable lo the measuring instrument used to measure the
variable.

Variable Measuring instrument

_ Balance _

_ Measuring cylinder _

Mass of metal powder
_ Ruler _
4 Burette _
Volume of metal sulfate
_ Theromometer _
_ Test tube 4
2)
Use the results shown in table above to place zinc, copper and magnesium in order of
reachivity.
Most reactive
Least reactive
m
Suggest one reason why the student should not use sodium In this investigation.
M
Page 9 of 54
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(b)  Aluminium is used for drinks cans. H Iron is extracted from its ore.
Aluminium is extracted from its purified ore by electrolysis.

{a) Iron ore is quarried.

Positive carbon
electrode
Molten aluminium zs_ng carbon
oxide (ALO,) electrode
El |
mm_mwowwmg Aluminium liquid

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

1
i Quarrying iron ore has impacts that cause environmental problems.
{ii)  In this electrolysis, aluminium and oxygen gas are produced from the aluminium .
oxide. Tick (v ) two impacts of quarrying that cause environmental problems.
Mﬂwmwzhmﬁwozzﬂwwm“u_” _..__..o diagram to suggest why most of the waste gas is carbon R — Tk )
puts off tourists
causes dust pollution
increases jobs
(2) increases traffic
(iiiy Aluminium is the most abundant metal in the Earth's crust. (2)
Suggest two reasons why we should recycle aluminium drinks cans.
1.
2.
2)
(Total 7 marks)
Page 12 of 54
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(0)

(i)  Which coin does not contain zinc?

(liiy What is the percentage of nickel in a 50 p coin?

Percentage =

(iv) Draw a ring around the correct metal to complete the sentence.

Pure copper is too soft to be used for 1 p and 2 p coins.

iron
Copper is mixed with zinc and nickel | for 1 p and 2 p coins.

tin

The value of the metal in 2 p coins, made in 1991, is now 3.3 p.

Suggest why a 2 p coin made in 1991 is worth 3.3 p.

(1

%
n

(1)

(1
(Total 5 marks)
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@ The iron produced from iron ore in a blast furnace is called cast iron.

Cast iron is converted into steel in a furnace.

Iron ore

Coke and
air

|

Quarry

Iron ore contains iron oxide.
Coke contains carbon.

Blasl fumace
at 1500°C

Casl iron

Oxygen

_

Steel-making
furnace at
1500°C

— Steel

(a) Quarrying iron ore will have an impact on everything near to the quarry.

(i) Describe one positive impact and one negative impact of quarrying iron ore.

positive impact
negative impact
2)
(iiy Draw a ring around the correct answer to complete the sentence.
carbon neutral.
Ores contain enough metal to make extraction of the metal economical.
reversible.
(1)
{b) Many chemical reactions take place in a blast fumace.
Use the flow diagram to help you to answer this question.
Suggest how the blast furnace Is heated.
(1
Page 17 of 54
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(c) Suggest two reasons why copper should not be disposed of in landfill sites.

photosynthesis.
(i) Using plants to extract metals is called phytomining.
polymerisation.
1)
carbon dioxide. 2)
(iliy Copper oxide reacts with carbon to produce copper and oxygen, (Total & marks)
sulfur dioxide. @ This question is about iron and aluminium.
m (a) lIron is extracted in a blast fumnace. Figure 1 is a diagram of a blast furnace.
(b) Copper is produced from copper sulfate solution by displacement using iron or by
electrolysis. Figure 1
Coke (carbon)
{iy Complete the word equation. Limestone (calcium carbonale)
Haemalile (iron(lll) oxide)
copper sulfate + iron — + _.
@ r
(i) Figure 2 shows the electrolysis of copper sulfate solution.

— Waste gases
—

Figure 2

.+ Hol air
- Molten iron

(i) Calcium carbonate decomposes at high temperatures.

Complete the word equation for the decomposition of calcium carbonate.

Why do copper ions go to the negative electrode? calcium carbonate — = *

(2

{1 (i) Carbon bums to produce carbon dioxide.
The carbon dioxide produced reacts with more carbon to produce carbon monoxide.
Balance the equation.

C(s) + COg) —— ___ CO(g)
(1)
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H A student investigated displacement reactions of metals. (b) Figure 2 shows the thermometer in one experiment before and after the student added a
metal to the copper sulfate solution.
The student added different metals to copper sulfate solution and measured the temperature

change. Figure 2
The more reactive the metal is compared with copper, the bigger the temperature change. Before adding metal After adding metal
The apparatus the student used is shown in Figure 1.
‘c —35 *C 35
Figure 1 =
— Thermomater 30 30
il ~
i -
i —25 25
t -
| —
i 20 20
|
”_m Copper sulfate solution 15 15
T ~Metal

Use Figure 2 to complete Table 1.

(a) State three variables that the student must control to make his investigation a fair test. Table 1

1.

2 Temperature before adding metal in *C

3 Temperature after adding metal in °C

(3) Change in temperature in °C

(3)
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E This question is about metals.
Figure 1 shows the metals used to make pylons and the wires of overhead cables.

Figure 1

[~ Aluminium

(a) Anore contains a metal compound.
A metal is extracted from its ore in three main stages, as shown in Figure 2.

Figure 2

Stage 1 | mined

[ o ]

Stage 2 | separated

Stage 3 | extracied

metal

Explain why Stage 2 needs to be done.

(b) Castiron from a blast furnace contains 96% iron and 4% carbon.
(i) Castironis not suitable for the manufacture of pylons.

Give one reason why.

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

Figure 3
Cast Iron

_

Oxygen—{ Fumace |—> Wasle gases

I

Steel

Describe how cast iron is converted into steel.

Use Figure 3 to help you to answer this question.

(2)
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(b)

(c}

(d)

(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 temperalure rise = *C
(1)
The temperature rose when the metals were added to sulfuric acid.
Give one other cbservation that might be made when the matal 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
(1)
(Total 8 marks)
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Mark schemes

B ()

(i)

_m (a)

(b)

(c)

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

carbon is below aluminium in the reactivity series
for 1 mark

} OXIDE

carbon can remove oxygen from/reduce lead pxide
or cannot 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

[51
ideas that it is a
. compound of metal/metal oxide/combined (NOT mixed) cpd/
named cpd O%/S%/CO4% elc
. found naturallyfin rocks/in Earth's Crust
for 1 mark each
H
reduclion (accept smelting/refining but pot electrolysis)
for 1 mark
|
One example. Al or above in Reactivity Series
ie Group | or |l metals NOT Pb/Cu or compounds
for 1 mark
i
(4]
Page 33 of 54



vS jo g¢ alieq

¥5 IO v abeg
]
joed)xa o) piey eiouby
Afisea puy jouues eoub)
Ppunoy Ajuowwos jou Jdssae
Jatel f (sjuawsja) eses jdasoe
(¥8y) yanwi jou ba ‘Junowe
l1ewWs e st a19y) jey) uonespu; Aue
(1sruo s,ype3 sy w) unowe ; ebejussiad llews (Lsa)  (e) H [ 4]
1
tsl _ wew | 1o
00 + Uz = 9 + ouz e 9
I
00 + Uz «~ 00 + Ouz spew | Joy _M_
200 + uzz ~ D + QuzzZ uaboiphy  (e)
Buroueleq ioj yiew | sl
(1) sishlonosle
SEJNLLLIOY J28.LI0D 10} iew | ) uejow
Wwoy uopenbs fue () :siskjonosie
) 10
(4amo] Jo uoquea uewy) eAnseas ssa| S| Wniojeo asnesaq
1
I
Syiew g Joj uojenba [oquiAs PEIUEE] joaL09
SOBLNISRI0.B ) Yiew | Joj SBNULIOJ 9809
so SBW Z Joj uojenba piom Joanios
8402 / (803 / 8piXoUoW uoqes Jdasde
_ 0quwAs Jo sjuewsfe PBET Joybiy jdeae
eayoeas fuen Jo @oejdsip aiouby
SAgoBe aiows s ) jdecoe Auanoeal ul JeyBly eauejsqns / Juswale / 18w & yim
{uoqJes Jo wnupunie uey)) aanoess siow SI Wnig|es asnedaq
1
! uofioeal (|eojways) 40 yum 1oeal / sonpal j yumieay (i)
sisfjonosje  (q)
1
1 . 9 ] uonepixosp / xopes Jdasoe Jou op
Uz pue winjujwnie usamiaq uopisod e Bunesipul moue uy  (g) * paonpa (s) jdeose
Ivl uogonpas (1) (q)
1
Apupsaele jo Aieaodsip yiem o} t
pey / sisfjonsaie Aq pajoesxe eq Ajuo ues / Spoyjaw juswade|dsip asn jouued e | Joy
! 04
sauas Ayanoeal jo doj Jeau ; angoeal Aaa {2) Lx M
1
sauas A)iaoean dn saybly ; anyoeas siow uoguea  (q) seo (W

'
salas Aaoral jo woyoq Jeau / aAeasun  (B) m_ (%s () (o) _M_

=



(b) A.U oxygen /10 2/0

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

{c} (i) heating (with) or hot air blown into fumace
accept high temperatures or {very) hot

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

or
carbon reacis with O; or carbon / coke burning (1)

accept balanced equation only CO / CO;,

CO reacls 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

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

(b) oxygen removed (or addition of electrons)

(€]

[2]
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E (a)

(&)

(c)

(d)

(e)

(a)

(h)

U]

Whether there was a reaction or not

brown / orange / dark deposit on zinc
or
blue solution tums colouress / paler

Variable Measuring instrument

A ]

= Iiepsuring cylinder

| Mass of metsl powder _\\

Volume of metal sulfate
: - Themomeie:

Terst fubse

more than one line drawn from a variable negates the mark

(Most reactive) Magnesium
Zinc
(Least reactive)  Copper
must all be correct

would not be safe or

too reactive
allow too dangerous

Gold

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

carbon

Loss of oxygen

[10]
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(iv) tin

{b) any one form:

high cost of copper

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

aflow metal is expensive

available)

allow copper is non-renewable

high demand for copper

high percentage (%) of copper in the coin

inflation (of cost)

@ (a) (i) 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

Negative 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
allow dust pollution

more traffic

uses non-renewable resources
allow pollutants from buming diesel

(i) economical
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(b)

(c)

(d)

(e)

{b)

carbon / coke burns (in oxygen / air)

(iy

(ii)

0]

(ii)

accept carbon / coke reacts with oxygen / air

iron oxide (reactant)
must be words

carbon dioxide (product)

reduction

oxygen reacts 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

U]

(i)

(i)

(i

economical

phytomining

carbon dioxide

copper [ Cu

iron sulfate /| FeS0O,

2]
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(c)

E (a)

12

i)

(i)

{iii)

(iv)

v)

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

allow ecf

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

bars labelled

one variable is non-continuous / categoric
accept qualitative or discrete
accept no values between the melals

magnesium

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

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

replace the copper sulfate
could be implied

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

compound

allow to concentrate the metal or metal compound

rock / other compounds need to be removed / separated

[16]
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(b)

(c)

H (a

()

(i) (castiron Is) brittle

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

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

(i) iron is more reactive (than copper)

ignore cost

so copper is displaced / reduced

any two from:

.

42°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 look a while to 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

(o]
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[7]

Higher Tier E (a)
This question 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.

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

Only better candidates were able to consistently select correct answers. Other attempts
appeared to be guesswork.

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

Because of the emor 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 wrong 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 comreclly 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.

@ (@)

(b)

(c)
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() 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.

(i) 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 o get’.

(i) Far too many candidates just stated that it turmed into a liquid because it is hot' or ‘at
950°C". This was just restating 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 ‘melts’ or that the temperature in the cell is
either at or above the meiting 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 candidales. Very few candidates gained two
marks for realising that the 'electrode(s) are made of carbon’ and thal ‘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 bumns to form carbon dioxide’, ‘carbon dioxide is released because
of heating’ and ‘we use up oxygen when we breathe in and breathe out carbon
dioxide'.

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 loo many vague answers including ‘to save money’, ‘to reuse’, ‘less pollution’

and 'good for the environment’.

(i)

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 conlains iron
atoms’ or gave incorrect physical properties such as, ‘it is a good conductor of
heat/electricity’ and ‘it has a high melting/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 it is resistant
to corrosion.

(iity
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@ (a)

(b}

U]

(i)

(iii)

U]

(i)

(ili)

This guestion was well answered although some students made substances from
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.

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
working could not be credited but the inclusion of some words in working to say what
the numbers reprasent 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 comect name rather than “it” as this
will help make their meaning clear.

While many excellent answers were seen, the two most common errors were not
stating that aluminium ions 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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E (a

(b)

(c)

The most common error was to refer to 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)

(it)

(i)
(iv)

)

Most students gained full marks on this question parl. The most common error was to
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.

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 nol be used either because some of the temperature
changes were zero or because there was no pattern to the data.

This was very well answered.

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.

Most students realised the problem was the copper sulfate solution and that this
needed to be replaced. He , 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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