
Mark schemes

D
[1]1

B
[1]2

(a)     Saturated − single bonds only / no double bonds
1

Hydrocarbon − contains carbon and hydrogen (atoms) only
1

3

(b)     C16H34 + 16.5O2  16CO + 17H2O

Allow multiples
1

(c)     (On combustion) SO2 produced

Allow equation to produce SO2. Ignore sulfur oxides.
1

Which causes acid rain

If formula shown it must be correct

M2 is dependent on M1. But if M1 is sulfur oxides, allow M2.

For M2 allow consequence of acid rain or SO2.

Ignore greenhouse effect and toxic
1

(d)     (i)      C16H34  C8H18 + C2H4 + 2C3H6

Allow multiples
1

(ii)     polypropene / propan(-1 or 2-)ol / propane(-1,2-)diol / isopropanol / propanone /
propanal

Accept alternative names

Ignore plastic and polymer
1

(iii)    

1
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(e)     

Allow any unambiguous representation
1

(f)     2,4-dichloro-2,4-dimethylhexane

Only but ignore punctuation
1

[10]

(a)     M1 acidified potassium dichromate or K2Cr2O7 / H2SO4

OR K2Cr2O7 / H+ OR acidified K2Cr2O7

M2 (orange to) green solution OR goes green

M3 (solution) remains orange or no reaction or no (observed) change

If no reagent or incorrect reagent in M1, CE = 0 and no marks for
M1, M2 or M3

If incomplete / inaccurate attempt at reagent e.g. “dichromate” or
“dichromate(IV)” or incorrect formula or no acid, penalise M1 only
and mark on

For M2 ignore dichromate described as “yellow” or “red”

For M3 ignore “nothing (happens)” or “no observation”

Alternative using KMnO4 / H2SO4

M1  acidified potassium manganate(VII) / potassium permanganate or
       KMnO4 / H2SO4

OR KMnO4 / H+  OR acidified KMnO4

M2  colourless solution OR goes colourless

M3  (solution) remains purple or no reaction or no (observed) change

For M1

If incomplete / inaccurate attempt at reagent e.g. “manganate” or
“manganate(IV)” or incorrect formula or no acid, penalise M1 only
and mark on

Credit alkaline KMnO4 for possible full marks but M2 gives brown
precipitate or solution goes green

3

4
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(b)     M1   (Shake with) Br2 OR bromine (water) OR bromine (in CCl4 / organic solvent)

M2   (stays) orange / red / yellow / brown / the same

        OR no reaction OR no (observed) change

M3   decolourised / goes colourless / loses its colour / orange to colourless

If no reagent or incorrect reagent in M1, CE = 0 and no marks for
M1, M2 or M3

If incomplete / inaccurate attempt at reagent (e.g. Br), penalise M1
only and mark on

No credit for combustion observations; CE = 0

For M2 in every case

Ignore “nothing (happens)”

Ignore “no observation”

Ignore “clear”

OR as alternatives

Use KMnO4 / H2SO4

M1 acidified potassium manganate(VII) / potassium permanganate OR
      KMnO4 / H2SO4

OR KMnO4 / H+ OR acidified KMnO4

M2 (stays) purple or no reaction or no (observed) change

M3 decolourised / goes colourless / loses its colour

Use iodine

M1 iodine or I2 / KI or iodine solution

M2 no change

M3 decolourised / goes colourless / loses its colour

Use concentrated sulfuric acid

M1 concentrated H2SO4

M2 no change

M3 brown

For M1, it must be a whole reagent and / or correct formula

For M1 penalise incorrect attempt at correct formula, but mark M2
and M3

With potassium manganate(VII)

If incomplete / inaccurate attempt at reagent e.g. “manganate” or
“manganate(IV)” or incorrect formula or no acid, penalise M1 only
and mark on
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Credit alkaline / neutral KMnO4 for possible full marks but M3 gives
brown precipitate or solution goes green

Apply similar guidance for errors in the formula of iodine or
concentrated sulfuric acid reagent as those used for other reagents.

3
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(c)     M1 Any soluble chloride including hydrochloric acid (ignore concentration)

M2 white precipitate or white solid / white suspension

M3 remains colourless or no reaction or no (observed) change or no precipitate or
clear solution or it remains clear

OR as an alternative

M1 Any soluble iodide including HI

M2 yellow precipitate or yellow solid / yellow suspension

M3 remains colourless or no reaction or no (observed) change or no precipitate or
clear solution or it remains clear

OR as an alternative

M1 Any soluble bromide including HBr

M2 cream precipitate or cream solid / cream suspension

M3 remains colourless or no reaction or no (observed) change or no precipitate or
clear solution or it remains clear

OR as an alternative

M1 NaOH or KOH or any soluble carbonate

M2 brown precipitate or brown solid / brown suspension with NaOH / KOH
      (white precipitate / solid / suspension with carbonate)

M3 remains colourless or no reaction or no (observed) change or no precipitate or
clear solution or it remains clear

If no reagent or incorrect reagent or insoluble chloride in M1, CE = 0
and no marks for M1, M2 or M3

Allow chlorine water

If incomplete reagent (e.g. chloride ions) or inaccurate attempt at
formula of chosen chloride, or chlorine, penalise M1 only and
mark on

For M2 require the word “white” and some reference to a solid.
Ignore “cloudy solution” OR “suspension” (similarly for the
alternatives)

For M3

Ignore “nothing (happens)”

Ignore “no observation”

Ignore “clear” on its own

Ignore “dissolves”
3
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(d)     M1 Any soluble sulfate including (dilute or aqueous) sulfuric acid

M2 remains colourless or no reaction or no (observed) change or no precipitate or
clear solution or it remains clear

M3 white precipitate or white solid / white suspension

If no reagent or incorrect reagent or insoluble sulfate in M1, CE = 0
and no marks for M1, M2 or M3

Accept MgSO4 and CaSO4 but not barium, lead or silver sulfates

If concentrated sulfuric acid or incomplete reagent (e.g. sulfate ions)
or inaccurate attempt at formula of chosen sulfate, penalise M1
only and mark on

For M3 (or M2 in the alternative) require the word “white” and
some reference to a solid.

Ignore “cloudy solution” OR “suspension”

For M2 (or M3 in the alternative)

Ignore “nothing (happens)”

Ignore “no observation”

Ignore “clear” on its own

Ignore “dissolves”

OR as an alternative

M1 NaOH or KOH

M2 white precipitate or white solid / white suspension

M3 remains colourless or no reaction or no (observed) change or no precipitate or
clear solution or it remains clear

If incomplete reagent (e.g. hydroxide ions) or inaccurate attempt at
formula of chosen hydroxide, penalise M1 only and mark on

If M1 uses NH3 (dilute or concentrated) penalise M1 only and mark on
3

[12]
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(a)     (i)      Initiation
Br2       2Br•

First propagation
Br• + CHF 3       •CF 3 + HBr

Second propagation
Br2 + •CF 3       CBrF3 + Br•

Termination
2•CF 3       C2F6 OR CF3CF3

OR
2Br•       Br2

OR
Br• + •CF 3       CBrF3

Penalise absence of dot once only

Credit the dot anywhere on the radical
4

5

(ii)     Ultra-violet / uv / sunlight
OR
T > 100°C OR high temperature

1

(b)     (i)      

Displayed formula required with the radical dot on carbon
1

(ii)     (The) C‒Br (bond) breaks more readily / is weaker than (the) C‒Cl (bond) (or
converse)
OR
The C‒Br bond enthalpy / bond strength is less than that for C‒Cl (or converse)

Requires a comparison between the two bonds

Give credit for an answer that suggests that the UV frequency /
energy may favour C‒Br bond breakage rather than C‒Cl bond
breakage

Ignore correct references either to size, polarity or electronegativity

Credit correct answers that refer to, for example “the bond between
carbon and bromine requires less energy to break than the bond
between carbon and chlorine”

1
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(iii)    M1
Br•   +   O 3      BrO•   +   O 2

M2
BrO•   +   O 3      Br•   +   2O 2

M1 and M2 could be in either order

Credit the dot anywhere on the radical

Penalise absence of dot once only

Penalise the use of multiples once only

M3 One of the following
They / it / the bromine (atom)
•        does not appear in the overall equation
•        is regenerated
•        is unchanged at the end
•        has not been used up
•        provides an alternative route / mechanism

3
[10]

(a)     (i)      C4H10

Mr          = 4(12.00000) + 10(1.00794)

              = 58.07940 or 58.0794 or 58.079 or 58.08

and           58.1

Working is essential, leading to the final value of 58.1 which must
be stated in addition to one of the four numbers underlined

1

6

(ii)     By definition
OR
The standard / reference (value / isotope)

Reference to 12C alone is not enough
1

(b)     

All bonds and atoms must be drawn

Give credit for the displayed formula for the anion
1

(c)     (i)      H2C = CHCH2OH

Any correct representation including correct use of “sticks”.

Require the double bond to be shown
1
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(ii)     Addition (polymerisation)

ONLY this answer
1

(iii)    M1     C = C (in range) 1620 to 1680 (cm−1)

M2     O ‒ H (in range) 3230 to 3550 (cm−1)

Award one mark for two correct ranges but a failure to draw out the
C = C or O‒H bonds

2

(d)     (i)      CH3COCH3

Any correct representation including correct use of “sticks”
1

(ii)     C
1

[9]

(a)     (i)      2C6H12O6       3CH3COCH3   +   3CO2   +   3H2O

Or multiples
1

(ii)     to speed up the reaction
OR
(provide a) catalyst or catalyses the reaction or biological catalyst
OR
release / contain / provides an enzyme

Ignore “fermentation”

Ignore “to break down the glucose”

Not simply “enzyme” on its own
1

7

(b)     (i)      CH3CH(OH)CH3   +   [O]       CH3COCH3   +   H2O

Any correct representation for the two organic structures. Brackets
not essential.

Not “sticks” for the structures in this case
1

(ii)     Secondary (alcohol) OR 2° (alcohol)
1
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(c)     M1     q = m c ΔT

OR     q =150 × 4.18 × 8.0

Award full marks for correct answer

In M1, do not penalise incorrect cases in the formula

M2     = (±) 5016 (J) OR 5.016 (kJ) OR 5.02 (kJ)
          (also scores M1)

M3    This mark is for dividing correctly the number of kJ by the number
          of moles and arriving at a final answer in the range shown.

Using 0.00450 mol

therefore ΔH = − 1115 (kJ mol−1 )

          OR − 1114.6 to − 1120 (kJ mol−1 )

Range (+)1114.6 to (+)1120 gains 2 marks

BUT − 1110 gains 3 marks and +1110 gains 2 marks

AND − 1100 gains 3 marks and +1100 gains 2 marks
Award full marks for correct answer

In M1, do not penalise incorrect cases in the formula

Penalise M3 ONLY if correct numerical answer but sign is incorrect;
(+)1114.6 to (+)1120 gains 2 marks

Penalise M2 for arithmetic error and mark on

If ΔT = 281; score q = m c ΔT only
If c = 4.81 (leads to 5772) penalise M2 ONLY and mark on for M3 =
− 1283
Ignore incorrect units in M2

If units are given in M3 they must be either kJ or kJ mol−1 in this case

3

(d)     M1  The enthalpy change / heat change at constant pressure when
        1 mol of a compound / substance / element

M2   is burned / combusts / reacts completely in oxygen
OR
burned / combusted / reacted in excess oxygen

M3   with (all) reactants and products / (all) substances in standard /
         specified states

OR
(all) reactants and products / (all) substances in normal states under standard
conditions / 100 kPa / 1 bar and specified T / 298 K

For M3

Ignore reference to 1 atmosphere
3
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(e)     M1

Σ B (reactants) − Σ B (products) = ΔH
OR
Sum of bonds broken − Sum of bonds formed = ΔH
OR
2B(C−C) + B(C=O) + 6B(C−H) + 4B(O=O) (LHS)

− 6B(C=O) − 6B(O−H) (RHS) = ΔH

M2 (also scores M1)
2(348)+805+6(412)+4(496) [LHS = 5957]

(696)           (2472) (1984)

− 6(805) − 6(463) [RHS = (−) 7608] = ΔH

    (4830)     (2778)

OR using only bonds broken and formed (5152 − 6803)

M3
ΔH= − 1651 (kJ mol−1)

Candidates may use a cycle and gain full marks.

Correct answer gains full marks

Credit 1 mark for (+) 1651 (kJ mol−1)

For other incorrect or incomplete answers, proceed as follows

•        check for an arithmetic error (AE), which is either a
transposition error or an incorrect multiplication / addition error; this
would score 2 marks (M1 and M2)

•        If no AE, check for a correct method; this requires either a
correct cycle with 4O2, 3CO2 and 3H2O OR a clear statement of M1 which could be

in words and scores only M1

Allow a maximum of one mark if the only scoring point is LHS =
5957 (or 5152) OR RHS = 7608 (or 6803)

Award 1 mark for + 1651
3
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(f)     For the two marks M1 and M2, any two from
•         heat loss or not all heat transferred to the apparatus or heat absorbed by the

apparatus or (specific) heat capacity of the apparatus not considered
•        incomplete combustion / not completely burned / reaction is not complete
•        The idea that the water may end up in the gaseous state (rather than liquid)
•        reactants and / or products may not be in standard states.
•        MBE data refers to gaseous species but the enthalpy of combustion refers to

liquids in their standard states / liquid propanone and liquid water in standard
states

•        MBE do not refer to specific compounds OR MBE values vary with different
compounds / molecules OR are average / mean values taken from a range of
compounds / molecules

Apply the list principle but ignore incomplete reasons that contain
correct chemistry

Ignore “evaporation”

Ignore “faulty equipment”

Ignore “human error”

Not enough simply to state that “MBE are mean / average values”
2

[15]

(a)     P       3,3−dimethylbut−1−ene
OR

accept 3,3−dimethylbutene
Ignore absence of commas, hyphens and gaps

Require correct spelling

Q       3−chloro−2,2−dimethylbutane
OR

accept 2−chloro−3,3−dimethylbutane
In Q, “chloro” must come before “dimethyl”

2

8
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(b)     M1 Electrophilic addition

M2 must show an arrow from the double bond towards the H atom of HCl
M3 must show the breaking of the H−Cl bond
M4 is for the structure of the carbocation
M5 must show an arrow from the lone pair of electrons on the negatively charged
chloride ion towards the positively charged carbon atom on their carbocation.

NB The arrows here are double−headed
M1 both words required

For the mechanism

M3 Penalise incorrect partial charge on H−Cl bond and penalise
formal charges

Ignore partial negative charge on the double bond.

Maximum 3 of 4 marks for a correct mechanism using HBr or
the wrong organic reactant or wrong organic product (if shown) or a
primary carbocation

Penalise once only in any part of the mechanism for a line and two
dots to show a bond

Credit the correct use of “sticks”

For M5, credit attack on a partially positively charged carbocation
structure, but penalise M4

5
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(c)     M1   Nucleophilic substitution

For M1, both words required.

Accept phonetic spelling

M2 must show an arrow from the lone pair of electrons on the nitrogen atom of an
ammonia molecule to the correct C atom
M3 must show the movement of a pair of electrons from the C− Cl bond to the Cl
atom. Mark M3 independently 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
Award full marks for an SN1 mechanism in which M2 is the attack of the ammonia on the

intermediate carbocation

NB   These are double-headed arrows

For the mechanism

Penalise M2 if NH3 is negatively charged.

Penalise M3 for formal charge on C of the C−Cl or incorrect partial
charges on C−Cl
Penalise M3 for an additional arrow from the Cl to something else

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

Maximum 3 of 4 marks for the mechanism for wrong organic
reactant OR wrong organic product if shown

Accept the correct use of “sticks”
5
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(d)     M1  (base) elimination

M1 Dehydrohalogenation

M2   KOH OR NaOH
M3   Must be consequential on a correct reagent in M2, but if incomplete or
inaccurate attempt at reagent (e.g. hydroxide ion), penalise M2 only and mark on

Any one from
•         high temperature OR hot OR heat / boil under reflux
•         concentrated
•         alcohol / ethanol (as a solvent) / (ethanolic conditions)

M3 not “reflux” alone

M3 if a temperature is stated it must be in the range 78°C to 200 °C

Ignore “pressure”
3

(e)     M1
3NaBr   +   H3PO4       3HBr   +   Na3PO4

M1 Credit correct ionic species in the equation

M2 and M3
SO2 and Br2 identified
M4
Concentrated sulfuric acid
•        is an oxidising agent
•        oxidises the bromide (ion) or Br− or NaBr or HBr
•        is an electron acceptor

In M2 and M3 the two gases need to be identified. If equations are
used using sulfuric acid and the toxic gases are not identified
clearly, allow one mark for the formulas of SO2 and Br2

•        apply the list principle as appropriate but ignore
          any reference to HBr

•        the marks are for identifying the two gases either
         by name or formula

4
[19]

(a)     H2SO4

Allow H3PO4 or HCl
1

9

(b)     Dichromate / Cr(VI) reduced or Cr(III) formed.

Allow Cr6+ and Cr3+

1

(c)     The alcohol is flammable

Allow enables temperature to be controlled
1

(d)     Tollens’
1
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Silver mirror
OR Fehling’s
Red precipitate
OR Benedict’s
Red precipitate

1
[5]

(a)    Crude oil OR petroleum

Not petrol.
1

10

Fractional distillation / fractionation

Not distillation alone.
1

(b)     C12H26 + 12.5O2  12CO + 13H2O

Allow balanced equations that produce CO2 in addition to CO.

Accept multiples.
1

(c)    (i)      M1 Nitrogen and oxygen (from air) react / combine / allow a correct equation

If nitrogen from petrol / paraffin / impurities CE = 0 / 2.
1

M2 at high temperatures

Allow temperatures above 1000 °C or spark.

Not just heat or hot.

M2 dependent on M1.

But allow 1 mark for nitrogen and oxygen together at high
temperatures.

1

(ii)     2NO + O2  2NO2

Allow multiples.
1

(iii)    4NO2 + 2H2O + O2  4HNO3

Allow multiples.
1

(d)    (i)      CnH2n+2

Allow CxH2x+2

CnH2n+2

Allow CxH2x+2
1

(ii)     C12H26  C6H14 + C6H12

Only.
1
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C3H7

Only.
1

Zeolite / aluminosilicate(s)

Ignore aluminium oxide.
1

(iii)    Larger molecule / longer carbon chain / more electrons / larger surface area
1

More / stronger van der Waals’ forces between molecules

Allow dispersion forces / London forces / temporary induced dipole-
dipole forces between molecules.

If breaking bonds, CE = 0 / 2.
1

(e)     2,2,3,3,4,4-hexamethylhexane

Only.

Ignore punctuation.
1

Chain

Ignore branch(ed).
1

(f)     Cl2
Only.

Cl–Cl

Not CL2 or Cl2 or CL2 or Cl2 or CL2.

Ignore Chlorine.
1

[16]
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