Mark schemes
1

(a)

Ca(OH)2 OR Mg(OH)2
Ignore name
Could be ionic
1

(b)

NaF or sodium fluoride
OR
NaCl or sodium chloride
Either formula or name can score
Do not penalise the spelling “fluoride”
When both formula and name are written,
•

penalise contradictions

•

if the attempt at the correct formula is incorrect, ignore
it and credit correct name for the mark unless
contradictory

•

if the attempt at the correct name is incorrect, ignore it
and credit correct formula for the mark unless contradictory
1

(c)

NaClO OR NaOCl
Ignore name (even when incorrect)
The correct formula must be clearly identified if an equation is
written
1

(d)

Br2 (ONLY)
Only the correct formula scores;
penalise lower case “b”, penalise upper case “R”, penalise
superscript
Ignore name
The correct formula must be clearly identified if an equation is
written
1

(e)

M1 S OR S8 OR S2
M2 I2 (ONLY)
Ignore names
penalise lower case “i” for iodine,
penalise superscripted numbers
Mark independently
The correct formula must be clearly identified in each case if an
equation is written
2
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(f)

(i)

CH3CH2CH=CH2
Structure of but-1-ene. Ignore name
Credit “sticks” for C-H bonds
1

(ii)

CH3CH2CH2CH2OH
Structure of butan-1-ol. Ignore name
Credit “sticks” for C-H bonds
1

(iii)

CH3CH2CH3
Structure of propane. Ignore name
Ignore calculations and molecular formula
Credit “sticks” for C-H bonds
Ignore the molecular ion
1

(iv)

CH3CH2Br OR C2H5Br
Structure of bromoethane.
Ignore name and structure of nitrile
Credit “sticks” for C-H bonds
1

[10]

2

(a)

(i)

M1 (yellow precipitate is) silver iodide OR AgI (which
may be awarded from the equation)
M2 Ag+ + I–

→ AgI (Also scores M1 unless contradicted)

M3 sodium chloride OR NaCl
For M2
Accept multiples
Ignore state symbols
Allow crossed out nitrate ions, but penalise if not crossed out
3
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(ii)

The silver nitrate is acidified to
•

react with / remove ions that would interfere with the test

•

prevent the formation of other silver precipitates / insoluble silver compounds
that would interfere with the test

•

remove (other) ions that react with the silver nitrate

•

react with / remove carbonate / hydroxide / sulfite (ions)
Ignore reference to “false positive”
1

(iii)

M1 and M2 in either order
M1 Fluoride (ion) OR F
M2

•

Silver fluoride / AgF is soluble / dissolves (in water)

•

no precipitate would form / no visible /observable change

Do not penalise the spelling “fluoride”,
Penalise “fluride” once only
Mark M1 and M2 independently
2

(b)

M1 Ba2+ + SO42-

→ BaSO

4

(or the ions together)
M2 white precipitate / white solid / white suspension
M3 Barium meal or ( internal ) X-ray or to block X-rays
M4 BaSO4 / barium sulfate is insoluble (and therefore not toxic)
For M1, ignore state symbols
Allow crossed out sodium ions, but penalise if not crossed out
For M2, ignore “milky”
If BaSO3 OR BaS used in M1 and M4, penalise once only
For M3 Ignore radio-tracing
For M4 NOT barium ions
NOT barium
NOT barium meal
NOT “It” unless clearly BaSO4
4
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(c)

M1 2(12.00000) + 4(1.00794) = 28.03176
M2 Ethene and CO or “they” have an imprecise Mr of 28.0 / 28
OR
Ethene and CO or “they” have the same Mr to one d.p.
OR
These may be shown by two clear, simple sums identifying
both compounds
M3 C2H4 + 2O2

→ 2CO + 2H O
2

(H2C=CH2)
M4 Displayed formula

M5 Type of polymer = Addition (polymer)
M1 must show working using 5 d.p.for hydrogen
Penalise “similar” or “close to”, if this refers to the imprecise value
in M2, since this does not mean “the same”
For M3, accept CH2=CH2 OR CH2CH2
For M4, all bonds must be drawn out including those on either side
of the unit.
Penalise “sticks”
Ignore brackets around correct repeating unit but penalise “n”
Penalise “additional”
5

[15]

3

(a)

(i)

M1 Elimination
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M2 must show an arrow from the lone pair on the oxygen
of a negatively charged hydroxide ion to a correct H atom
M3 must show an arrow from a C-H bond adjacent to
the C-Br bond towards the appropriate C-C bond.
Only award if a reasonable attempt has been made
at the attack on the H atom of the appropriate adjacent C-H
M4 is independent provided it is from their original molecule
Award full marks for an E1 mechanism in which M3 is on the correct carbocation.
N.B. These are double-headed arrows
For M1, accept “Base elimination” but no other prefix.
Penalise M2 if covalent KOH
Penalise M4 for formal charge on C of C-Br or incorrect partial
charges on C-Br
Ignore other partial charges
Penalise once only in any part of the mechanism for a line and two
dots to show a bond.
Max any 2 of 3 marks for the mechanism for wrong reactant (or
wrong product if shown).
Accept the correct use of “sticks” for the molecule except for the
C-H being attacked
4

(ii)

Structure for pent-1-ene
CH3CH2CH2CH=CH2
Penalise C3H7
Accept correct “sticks”
1

(b)

M1 Electrophilic addition

M2 must show an arrow from the double bond towards the Br atom of the Br-Br molecule
M3 must show the breaking of the Br-Br bond.
M4 is for the structure of the tertiary carbocation with Br on the correct carbon atom.
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M5 must show an arrow from the lone pair of electrons on the negatively charged bromide
ion towards the positively charged carbon atom.
N.B. These are double-headed arrows
For M1, both words required.
For the mechanism
M2 Ignore partial negative charge on the double bond.
M3 Penalise partial charges on Br-Br bond if wrong way and
penalise formal charges
Penalise once only in any part of the mechanism for a line and two
dots to show a bond
Max any 3 of 4 marks for the mechanism for
wrong organic reactant or wrong organic product (if shown) or
primary carbocation.
If HBr is used, max 2 marks for their mechanism
Accept the correct use of “sticks”
5

(c)

M1 Nucleophilic substitution

M2 must show an arrow from the lone pair of electrons on the nitrogen
atom of an ammonia molecule to the C atom.
M3 must show the movement of a pair of electrons from the C-Br bond
to the Br atom. M3 is independent provided it is from their original molecule
M4 is for the structure of the alkylammonium ion, which could be a
condensed formula. A positive charge must be shown on/or close to,
the N atom.
M5 is for an arrow from the N-H bond to the N atom.
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Award full marks for an SN1 mechanism in which M2 is the attack
of the ammonia on the intermediate carbocation.
N.B. These are double-headed arrows
For M1, both words required.
Penalise M2 if NH3 is negatively charged.
Penalise M3 for formal charge on C or incorrect partial charges
The second mole of ammonia is not essential for M5; therefore
ignore any species here.
Penalise once only for a line and two dots to show a bond.
Max any 3 of 4 marks for the mechanism for wrong organic
reactant (or wrong organic product if shown)
Accept the correct use of “sticks”
5

[15]

4

(a)

Hydrochloric acid = C
1

Barium chloride = A
1

(b)

Barium sulfate is insoluble
1

CuSO4 + BaCl2 → BaSO4 + CuCl2
Accept multiples.
Accept ionic equation.
Do not penalise lack of state symbols, but if used they must be
correct.
1

(c)

CO2 / Carbon dioxide
1

(d)

Reagent 1 silver nitrate (solution)
Ignore lack of reference to acidifying prior to addition of silver nitrate
solution.
1

Observation 1 White precipitate
1

Reagent 2 (dilute) ammonia solution / aqueous ammonia
Do not accept addition of ammonia only.
1
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Observation 2 (Colourless) solution
Allow ppt dissolves.
Do not allow ‘goes colourless’ or ‘goes clear’.
Chlorine and no visible change or solution does not
become orange scores M3 and M4.
1

(e)

Gloves / wash hands after use
Ignore ‘eye protection’.
Do not accept ‘do not ingest the chemicals’, ‘wipe up spillages’, ‘use
a fume cupboard’, ‘wear a lab coat’ (list principle).
1

[10]

5

(a)

To ensure that other (an)ions do not interfere
Accept ‘to prevent other salts precipitating’.
Accept ‘to remove carbonate / hydroxide (ions)’.
1

(b)

Concentrated (ammonia)
‘Precipitate partially soluble in dilute ammonia’ scores both marks.
1

Precipitate soluble / dissolves
1

[3]

6

(a)

(i)

MnO2 (+) 4
1

(ii)

MnO2 + 4H+ + 2e–

Mn2+ + 2H2O

Or multiples
Ignore state symbols
Credit electrons subtracted from RHS
Ignore absence of charge on e
1

(iii)

Iodide ion(s) is/are oxidised because they have lost electron(s)
Do not penalise reference to iodine; the mark is for electron loss
1

(b)

(i)

M1
M2

Cl2

0

HClO (+) 1
2
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(ii)

M1

Equilibrium will shift/move to the right

OR

L to R

OR

to favour the forward reaction

OR

to produce more HClO

M2

Consequential on correct M1
To oppose the loss of HClO

OR

replaces the HClO (that has reacted)
for M2
NOT just “to oppose the change”
2

(c)

(i)

The answers can be in either order
Br2 + 2e–

M1

2Br–

M2

4H+ + SO42– + 2e–

SO2 + 2H2O

OR
2H+ + H2SO4 + 2e–

SO2 + 2H2O

NOT multiples
Ignore state symbols
Credit electrons subtracted from incorrect side
Ignore absence of charge on e
2

(ii)

KCl + H2SO4

KHSO4 + HCl

OR
2KCl + H2SO4

K2SO4 + 2HCl

Credit ionic equations
1

(iii)

For M1 and M2, chloride ions are weaker reducing agents
than bromide ions, because
M1

Relative size of ions
Chloride ions are smaller than bromide ions OR
chloride ion electron(s) are closer to the nucleus
OR chloride ion has fewer (electron) shells/levels
OR chloride ion has less shielding (or converse for
bromide ion)
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M2

Strength of attraction for electron being lost

Outer shell/level electron(s) OR electron(s) lost
from a chloride ion is more strongly held by the
nucleus compared with that lost from a bromide
ion (or converse for bromide ion)
If the forces are described as intermolecular or Van der Waals then
CE = 0
Ignore general reference to Group 7 trend
For M1 accept reference to chlorine/bromine or reference to atoms
of these but NOT “chloride/bromide atoms” or “chlorine/bromine
molecules”
For M2 insist on reference to the correct ions
This is the expected answer, but award credit for a candidate who
gives a correct explanation in terms of hydration enthalpy, electron
affinity and atomisation enthalpy.
2

[12]

7

(a)

(i)

M1
Cl2

Initiation
2Cl•

M2 First propagation
•CH 2CH3 + HCl
Cl• + CH 3CH3
C2H6
M3 Second propagation
CH3CH2Cl + Cl•
Cl2 + •CH 2CH3
C2H5Cl
M4 Termination (must make C4H10)
C4H10 or CH3CH2CH2CH3
2 •CH 2CH3
Penalise absence of dot once only.
Penalise + or – charges every time
Penalise incorrect position of dot on ethyl radical once only.
Penalise C2H5• once only
Accept CH3CH2 • with the radical dot above/below/to the side of the
CH2
Mark independently
4
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(ii)

M1 ultra-violet/uv/sun light
OR (very) high temperature OR 500 °C ≥ T ≤1000 °C
M2

(free-)radical substitution
Ignore “heat” for M1
Both words needed for M2
For M2, ignore the word “mechanism”
2

(b)

(i)

Cl2 + H2O

HClO + HCl

OR
Cl2 + H2O

2H+ + ClO– + Cl–

Accept HOCl or ClOH
Accept other ionic or mixed representations
Ignore state symbols
1

(ii)

M1
•
•
•
•

Any one from
in swimming pools
in drinking water
to sterilise/disinfect/sanitise water
in water treatment
Ignore the manufacture of bleach
Ignore “to clean water”
Ignore “water purification”

M2

The (health) benefit outweighs the risk or wtte
OR a clear statement that once it has done its job,
little of it remains OR used in (very) dilute concentrations/
small amounts/low doses
Mark independently but M1 can score from (M2) explanation
2

(iii)

Sodium chlorate(I) or sodium hypochlorite
Must be named
Ignore (in)correct formulae
Insist on the (I) in the name
1

(c)

(i)

Cl2 + 2Br–

Br2 + 2Cl–

Or half this equation
Ignore state symbols
1
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(ii)

M1

The relative size (of the molecules/atoms)
Bromine is larger than chlorine OR has more
electrons/electron shells
OR It is larger/It has a larger atomic radius/it is a
larger molecule/atom

M2

How size of the intermolecular force affects
energy needed
The forces between bromine/Br2 molecules are
stronger (than the forces between chlorine/Cl2
molecules leading to more energy needed to
separate the molecules) (or converse)
OR bromine/Br2 has stronger/more (VdW) intermolecular
forces.
(or converse)
For M1 ignore whether it refers to molecules or atoms.
CE = 0 for reference to (halide) ions
Ignore molecular mass
QoL for clear reference to the difference in size of the force
between molecules
Penalise M2 if covalent bonds are broken
2

[13]

8

(a)

Correct completion of table
(7.2 – 9.4 – 10.3 – 11.5 – 12.2 – 13.1)
Any error loses the mark.
1

Appropriate scales for axes
No penalty for missing labels but the graph must cover at least half
of the available area.
1

All points plotted correctly
Allow ±1 small square.
1

Line of best fit acceptable
Must be a reasonably smooth curve but make allowance for
freehand drawing passing within one small square of each point.
Do not penalise minor doubling of line.
1
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(b)

Maximum mass at (44.0 / 4) = 11.0 g
giving a max. pressure of 1.7 ± 0.1 MPa
Allow this pressure range only.
Check that candidate’s answer matches graph.
1

(c)

7.2 g of NaCl in 250 cm3 represents 28.8 g dm–3
Allow 0.49 but not 0.5; otherwise do not penalise precision of
answer
1

Molarity = 0.492 mol dm–3
Conseq. to their graph value for 100 kPa to 2 or 3 sig.
1

(d)

Measuring cylinder = (1 / 250) × 100 = 0.4%
Balance = (0.1 / 7.2) × 100 = 1.4%
Both values correct for the first mark.
Balance error conseq. on their 100 kPa mass value.
Ignore precision of answers.
1

Combined error 1.8%
When error being calculated is not stated, allow if the calculations
are in the same order as in the question (measuring cylinder,
balance).
If only combined error given then 1 mark only.
1

(e)

(i)

The points are good enough to be able to draw a smooth curve because the
line passes through / close to all points.
Mark consequentially on candidate’s graph
1

(ii)

There are no anomalous points
Mark consequentially on candidate’s graph
1

(f)

The experiment only seeks an approximate figure for the maximum pressure
Allow words to that effect.
1

(g)

(i)

Toxic (to marine life)
Allow phrasing which implies a detrimental effect on marine
ecology.
1

(ii)

Mixing the effluent with (sea) water to dilute it
Penalise any method which removes the salt or which implies
storage.
1

Page 30 of 31

(h)

2Br– + Cl2 → 2Cl– + Br2
Allow NaBr or KBr
1

(i)

The cost of removing water / heating would be too high
Discount answers based on toxicity or speed of reaction.
Allow answers based on cost of using sulfuric acid.
1

(j)

(i)

Carbon
Allow C, soot, graphite, coal.
1

(ii)

Formed by the decomposition of organic material / living organisms in the sea
water
Allow ‘erosion of coal beds’.
1

(iii)

Dissolve the solid formed in water
Do not allow melting of the solid.
1

Filter off the insoluble particles
1

(k)

Ca(OH)2 + 2HCl → CaCl2 + 2H2O
Allow Ca(OH)2 + 2H+ → Ca2+ + 2H2O
Allow multiples.
1

(l)

In agriculture / to raise the pH of soil / (Lime-based) mortars in construction
Allow words to that effect.
1

[22]
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