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1.      (a)     Graph starts at origin
1
          Graph skewed to left and has decreasing gradient to maximum
1
Graph after maximum decreases in steepness, never
touches x axis, levels out less than 5 mm from x axis.
1
(b)     Minimum energy
1
          To start a reaction (or for a reaction to occur)
1
(c)     Molecules gain energy (or always some molecules have E > Ea)
1
          Due to collisions
1
(d)     Decreases
1
Ea lowered (1)
By alternative route (1)
So more molecules have energy > Ea (1)
max 2
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2.      (a)     Same
1
(b)     (i)      Decreases
1
         More moles on left hand side
1
         Equilibrium moves to increase the pressure
(Or to oppose the change or to compensate for low pressure)
1
(ii)     Cost of producing high pressure (1)
Cost of plant to resist high pressure (1)
Correct safety factor with reason (1)
max 2
(c)     No change
1
          Catalyst has no effect on equilibrium position
(Or catalyst affects rate of forward and backwards reactions equally)
1
(d)     Negative
1
Reaction (or equilibrium) moves in the exothermic
direction (or to the right)
1
          In order to oppose the change (or to raise the temperature)
1
(e)     Recycled (or re-used or ‘put back in’)
1
[12]
 


 


3.      (a)     (i)      Identify shortfall in supply - e.g. petrol / small molecules (1)
			Higher value products OR more useful products (1)
OR cracking produces more of material (problem solving)
(ii)     Motor fuels
Aromatic hydrocarbons
Branched alkanes / hydrocarbons
Cycloalkanes
Any two (2)
Ignore specific fractions, alkanes, shorter alkanes, penalise alkenes, and hydrogen
4
(b)     Catalyst: Zeolite / aluminosilicate (1)
Conditions: High temp OR around 450 °C [300 – 600] °C NOT heat / warm (1)
Slight pressure [> 1 atm file_0.png
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 10 atm OR 1 megaPa, 1000 kPa] (1)
NOT high pressure
3
[7]
 
4.      (a)     (i)      C8H18 + 8½O2 → 8CO + 9H2O (1)
OR double this equation
(ii)     Condition: Spark OR high T OR T = 2500 – 4000 °C (1)
Equation: N2 + O2 → 2NO (1)
OR half this equation
3
(b)     (i)      platinum OR rhodium OR palladium (1)
(ii)     2CO + 2NO → N2 + 2CO2 (1)
OR half this equation
2
(c)     Reason for SO2 in exhaust gases: fraction / petrol / fuels contain sulphur
or sulphur-containing impurities (which burn to give SO2) (1)
Environmental effect SO2: acid rain OR a specific effect (1)
NOT greenhouse effect
NOT damages ozone layer
2
[7]
 
5.      (a)     Contains a C=C OR a double bond
1

(b)     Electrophilic addition
Both words needed
1
          Mechanism:
          file_2.png
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Ignore partial negative charge on the double bond.
M2 Penalise partial charges on bromine 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.
M1    Must show an arrow from the double bond towards one
of the Br atoms on a Br-Br molecule.
Deduct 1 mark for sticks.
M2    Must show the breaking of the Br-Br bond.
M3    Is for the structure of the secondary carbocation with Br substituent.
M4    Must show an arrow from the lone pair of electrons on a
negatively charged bromide ion towards the positively
charged carbon atom.
Deduct 1 mark for wrong reactant, but mark consequentially.
If HBr, mark the mechanism consequentially and deduct one mark
If but-1-ene, mark the mechanism consequentially and deduct one mark.
If both HBr and but-1-ene, mark the mechanism consequentially and deduct ONLY one mark.
4
 [5]
 
6.    (a)     2-bromobutane;
1
(b)     Elimination;
(penalise “nucleophilic” OR “electrophilic” before the word “elimination”)
1
M1: curly arrow from lone pair on oxygen of hydroxide ion to H atom
on correct C-H adjacent to C-Br;
(penalise M1 if KOH shown as covalent with an arrow breaking the bond)
1
M2: curly arrow from single bond of adjacent C-H to adjacent
single bond C-C;
(only credit M2 if M1 is being attempted to correct H atom)
1
          M3: curly arrow from C-Br bond to side of Br atom;
(credit M3 independently unless arrows contradict)
(Credit possible repeat error from 2(c)(iii) for M3)
(If the wrong haloalkane is used OR but-1-ene is produced, award MAX. 2 marks for the mechanism)
(If E1 mechanism is used, give full credit in which M1 and M2 are for correct curly arrows on the correct carbocation)



(c)     (i)      (structural) isomers/hydrocarbons/compounds/they have the same
molecular formula, but different structural formulas/different structures;  1
(penalise statements which are not expressed in good English and which do not refer clearly to structural isomers i.e. plural)
(penalise statements which refer to “different (spatial) arrangements”)
(credit” different displayed formulas”)
(Q of L mark)
(ii)     Correct structure for but-1-ene;
1
[7]

7.      (a)     Functional group (isomerism)
1
(b)     
M1 Tollens’ (reagent)
(Credit ammoniacal silver nitrate OR a description of making Tollens’)
(Ignore either AgNO3 or [Ag(NH3)2+]
or “the silver mirror test” on their
own, but mark M2 and M3)
M2 silver mirror
OR
black solid/precipitate
(NOT silver precipitate)
M3 (stays) colourless
or no change or no reaction
M1 Fehling’s (solution) or
Benedict’s solution
(Ignore Cu2+(aq) or
CuSO4 on their own, but mark on to M2 and M3)

M2 Red solid/precipitate
(Credit orange or brown solid)
 
 
M3 (stays) blue
or no change or no reaction

Mark on from an incomplete/incorrect attempt at the correct
reagent, penalising M1
No reagent, CE=0
Allow the following alternatives
M1 (acidified) potassium dichromate(VI) (solution)
M2 (turns) green
M3 (stays) orange/no change
OR
M1 (acidified) potassium manganate(VII) (solution)
M2 (turns) colourless
M3 (stays) purple/no change
For M3
Ignore “nothing (happens)”
Ignore “no observation”
3
(c)     (Both have) C=O OR a carbonyl (group)
1

(d)     (i)      (Free-) radical substitution ONLY
Penalise “(free) radical mechanism”
1
(ii)     Initiation
Cl2 → 2Cl•
Penalise absence of dot once only.
First propagation
Cl• + CH3CH2CH3 → •CH2CH2CH3 + HCl
OR C3H8
Penalise incorrect position of dot on propyl radical once only.
Penalise C3H7• once only
Second propagation
Cl2 + •CH2CH2CH3 → CH3CH2CH2Cl + Cl•
OR
C3H7Cl
Accept CH3CH2CH2• with the radical dot above/below/to the side of the last carbon.
Termination (must make C6H14)
2 •CH2CH2CH3 → C6H14 or CH3CH2CH2CH2CH2CH3
Use of the secondary free radical might gain 3 of the four marks
4
(e)     Mr = 44.06352 (for propane)
Mr = 43.98982 (for carbon dioxide)
Mark independently
M1 a correct value for both of these Mr values.
M2 a statement or idea that two peaks appear (in the mass spectrum)
OR
two molecular ions are seen (in the mass spectrum).
2
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8.	(a)    M1   C6H12O6   file_4.png
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   2CH3CH2OH   +   2CO2
                                             (2C2H5OH)
Mark independently
For M1 and M3 ignore state symbols and credit multiples
For M1 and M3 penalise C2H6O once only
M2   fermentation
M3   CH3CH2OH   +   3O2   file_6.png
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   2CO2   +   3H2O
 (C2H5OH)
M4   A specified process e.g. planting / harvesting / transport / extracting sugar /
        distilling ethanol solution / fertiliser production etc.
M5   The specified process uses / burns (fossil) fuel that releases CO2
For M5, “releases / increases carbon emissions” is insufficient as an alternative to releases CO2
5

(b)     M1 sodium or potassium hydroxide / NaOH / KOH
Mark on to M2 from hydroxide ion
M2   depends on correct M1
Ignore OH– if KOH/ OH–
warm / heat / reflux and aqueous or (aq) or water
For M2 ignore “dilute”
For M2 penalise T > 100 °C
M3 nucleophilic substitution
Acidified KOH/NaOH or H2SO4 with KOH/NaOH loses M1 and M2file_8.png
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For M3, both words required
NB The arrows here are double-headed
M4 must show an arrow from the lone pair of electrons on the oxygen atom of the      negatively charged hydroxide ion to the C atom.
Penalise M4 if covalent NaOH / KOH is used
Penalise one mark from M4 or M5 if half-headed arrows are used
M5 must show the movement of a pair of electrons from the
C— Br bond to the Br atom. Mark M5 independently provided it is from their original molecule.
Penalise M5 for formal charge on C of the C–Br or incorrect partial charges on C–Br
Penalise once only for a line and two dots to show a bond.
For M4 and M5, award full marks for an SN1 mechanism
For M4 and M5, maximum 1 of 2 marks if wrong reactant is used.
Penalise M5 if an extra arrow is drawn from the Br of the C–Br bond to, for example, K+span>
Do not penalise the use of “sticks”
M6   One statement from
         •   The yield is (very) low / not a high yield OR elimination occurs / ethene formed
         •   The rate of reaction slow
         •   Bromoethane has to be manufactured / made first
         •   Bromoethane is expensive
For M6 ignore references to other costs and expenses
6

(c)     M1 concentrated phosphoric acid / conc. H3PO4 OR concentrated sulfuric acid /conc. H2SO4
Answers in any order
Ignore reference to support medium in M1
M2 hydration or (electrophilic) addition
For M3 and M4 any two from
Do not apply the list principle to these three chosen criteria in M3 and M4
     •   Excess ethene
         OR Excess steam / water / H2O
         OR remove the ethanol as it forms
         OR recycle the ethene
     •   Specified Pressure
         50 atm ≤ P ≤ 100 atm
         OR 5000 kPa ≤ P ≤ 10000 kPa
         OR 5 MPa ≤ P ≤ 10 MPa
     •   HighTemperature unless they give a value that is not in the ranges given here;
         OR 300 °C ≤ T ≤ 600 °C
         OR 570 K ≤ T ≤ 870 K
Accept a reference to “low temperature” if they specify a correct temperature range or a correct temperature in the range
4
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9.	(a)     H2SO4
Allow H3PO4 or HCl
1
(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
Silver mirror
OR Fehling’s
Red precipitate
OR Benedict’s
Red precipitate
1
[5]

