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1.       (a)     (i)      (free–) radical substitution
(both words required for the mark)
1
initiation Cl2 → 2Cl·
(credit correct half arrows, but penalise double headed arrows)
1
first propagation CH3Cl + Cl· → ·CH2Cl + HCl
1
second propagation ·CH2Cl + Cl2 → CH2Cl2 + Cl
(penalise the absence of dots on radicals once only)
(penalise radical dot on Cl of CH2Cl once only)
1
(ii)     CH3Cl + Cl2 → CH2Cl2 + HCl
(penalise if any radicals appear in this equation)
1
(b)     M1:   mol C = 10.1/12.0    and    mol Cl = 89.9/35.5
1
M2:   Ratio 0.842 : 2.53     OR    1: 3      OR    CCl3
1
M3:   237.0/Mr of CCl3 = 237.0/118.5 = 2           Therefore C2Cl6
(correct answer gains full credit)
1
OR
M1:   237.0 × 10.1/100 and 237 × 89.9/100
1
M2:   Ratio 23.9/12.0 : 213/35.5 OR 2 : 6
1
M3:   C2Cl6
(correct answer gains full credit)
1
(c)     any two from CHBr3 or CBr4 or C2H2Br4 (or CHBr2CHBr2) or
C2Br6 (or CBr3CBr3)
(ignore HBr or H2)
(ignore equations and ignore names when given in addition to formulae)
(penalise names alone)
2
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2.	(a)     (i)      2C6H12O6   file_0.png
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   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

(b)     (i)      CH3CH(OH)CH3   +   [O]   file_2.png
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   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
(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

(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
(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
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3.      (a)     (i)      
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(ii)     The total number of particles (or molecules) in the sample
OR the number of molecules present
(iii)     No molecules have no energy
OR all molecules have some energy
Do not allow  “if there are no molecules there is no energy”
4
(b)     (i)      The minimum energy required (1)
for a reaction to occur (1)
OR to start reaction or for a successful collision
(ii)     Changes: Catalyst (1)
Explanation: Alternative route (1), with a lower activation energy (1)
OR a lower activation energy (1)
so more molecules can react (1)/more molecules have this energy
If change incorrect CE = 0
Allow answers anywhere in b (ii)
5
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4.      (a)     Low temperature
Reaction is exothermic
1
Low T reduces effect of heat evolved
or heat evolved opposes the change in temperature
1
High pressure
3 mol gas → 1 mol gas
1
High p favours fewer moles by lowering p
or forward reaction reduces volume and lowers p
1
(b)     High T gives a low yield
1
but    Low T gives a low rate file_6.png
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 compromise
1
increases reaction rate/catalyst surface contact
1
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5.      (a)               C21H44 → 3 C2H4 + 2 C3H6 + C9H20 correct alkenes (1)
                 Accept CH2CH2 & CH2CHCH3 all correct (1)
2
(b)     (i)      Sulphur (containing impurities) burn to form or forms SO2 or
oxides of sulphur (if oxide identified, must be correct) (1)
OR equation: e.g. S + O2 → SO2 or H2S + 1½O2 → SO2 + H2O
Leading to acid rain (must have specified oxides of S or burning)
or toxic product or respiratory problems (1)
(ii)     NO formed by reaction between N2 and O2 from the air (1)
OR N2 +O2 → 2NO
High combustion temperature or spark in engine (1)
provides EA or sufficient heat / energy to break Nfile_8.png
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N (1)
(iii)     Need to remove NO as forms acid rain or toxic product or causes
respiratory problems (1)
2NO + O2 → 2NO2 (1)
4NO2 + O2 + 2H2O → 4HNO3 (1)
         Need to remove CO as it is poisonous (1)
Catalytic converter (1)
uses Pt / Rh / Pd / Ir (wrong answer cancels a correct one) (1)
Provides active sites / reduces EA (1)
Forms N2 + CO2 (1)
2NO + 2CO → N2 + 2CO2 (correct equation worth last 2 marks) (1)
Max 10
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6.         (a)      file_10.png
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Penalise one mark from their total if half-headed arrows are used
Penalise M3 for formal charge on C of the C-Br or incorrect partial charges on C-Br
Ignore other partial charges
M1 must show an arrow from the lone pair on oxygen of a negatively charged hydroxide ion to the correct H atom
Penalise once only in any part of the mechanism for a line and two dots to show a bond.
M2 must show an arrow from the correct C–H bond to the correct C–C bond.
Only award if an arrow is shown attacking the H atom of the correct C–H
bond in M1
M3 is independent but CE=0 if nucleophilic substitution
N.B these are double-headed arrows
3



(b)     file_12.png
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M1must show an arrow from the double bond towards the H atom of the H – O bond 
OR HO on a compound with molecular formula for H2SO4
M1 could be to an H+ ion and M2 an independent O – H bond break on a compound with molecular formula for H2SO4
M1 Ignore partial negative charge on the double bond.
M2 must show the breaking of the O – H bond.
M2 Penalise partial charges on O – H bond if wrong way and penalise formal charges
In M2 do not penalise incorrect structures for H2SO4
M3 is for the structure of the carbocation.
M4 must show an arrow from the lone pair of electrons on the correct oxygen of the negatively charged ion towards a correct (positively charged) carbon atom.
M4 NOT HSO4–
For M4, credit as shown or –:OSO3H ONLY with the negative charge anywhere on this ion
OR correctly drawn out with the negative charge placed correctly on oxygen
Penalise once only in any part of the mechanism for a line and two dots to show a bond
NB The arrows here are double-headed
Max 3 of any 4 marks for wrong organic reactant or wrong organic product (if shown)
Accept the correct use of “sticks”
4
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7.            (a)   		An electron pair donor
OR
  	Forms a covalent or co-ordinate or dative bond by donating
	a pair of electrons
1
Answer must refer to an electron pair.
Credit “lone pair”
“Attracted” does not equal “donated”


(b)     
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M1 must show an arrow from the lone pair of electrons on the
oxygen atom of the negatively charged hydroxide ion to the
central C atom.
M2 must show the movement of a pair of electrons from the
C─Br bond to the Br atom. Mark M2 independently.
NB The arrows here are double-headed
Penalise M1 if covalent NaOH is used
Penalise M2 for formal charge on C or incorrect partial charges
Penalise once only for a line and two dots to show a bond.
Max 1 mark for the wrong reactant
Award 1 mark only for C-Br bond breakage if an SN1 mechanism is used.
Do not penalise the use of “sticks”
2
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8.      (a)     (i)      
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 (1)
(ii)     
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(1)
2
(b)     (i)      Al2O3 or H2SO4 or H3PO4 (1)
Name or formula
(ii)     
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For M1 the + can be on O or H if ‑OH2 used
For M2 the arrow must go to the + or to oxygen
Synchronous loss without carbocation loses carbocation
structure mark; can still score ¾ i.e. penalise M3
5
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9.	(a)     M1 Br2 OR bromine (water) OR bromine (in CCl4 / organic solvent)
If M1, has no reagent or an incorrect reagent, CE=0.
Ignore ‘acidified’.
M2    Isomer 1: decolourised / goes colourless / loses its colour
For M1 penalise Br (or incorrect formula of other correct reagent), but mark on.
M3  Isomer 2: remains orange / red / yellow / brown / the same OR no reaction / no (observable) change OR reference to colour going to the cyclopentane layer
For M1, it must be a whole reagent and / or correct formula.
If oxidation state given in name, it must be correct. If ‘manganate’ OR ‘manganate(IV)’ or incorrect formula, penalise M1, but mark on.
Alternatives : potassium manganate(VII)
M1 KMnO4 in acid M2 colourless M3 purple
M1 KMnO4 in alkali / neutral M2 brown solid M3 purple
Credit for the use of iodine
M1 iodine (solution / in KI) M2 colourless M3 (brown) to purple (credit no change)
Credit for the use of concentrated H2SO4
M1 concentrated H2SO4 M2 brown M3 no change / colourless
Ignore ‘goes clear’.
Ignore ‘nothing (happens)’.
Ignore ‘no observation’.
No credit for combustion observations.
3
(b)    (i)      (Both infrared spectra show an absorption in range) 1620 to 1680 (cm−1)
Ignore reference to other ranges (eg for C–H or C–C).
1
(ii)     The fingerprint (region) / below 1500 cm−1 will be different or its fingerprinting will be different
OR
different absorptions / peaks are seen (in the region) below 1500 cm−1 (or a specified region within the fingerprint range)
Allow the words ‘dip’ OR ‘spike’ OR ‘low transmittance’ as alternatives for absorption.
QoL
1
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10.	Increase in volume
If a volume is quoted it must be less than 300
1
Smaller increase in T above room temperature
Or increased contact between calorimeter and water
Or smaller heat loss by evaporation / from the surface
1
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11.	Acidified potassium dichromate
Accept words or formulae.
Accept acidified potassium permanganate.
Accept Lucas reagent (conc HCl, ZnCl2) (cloudy in 5 mins for 2°, instantly for 3°).
Mark on for incomplete reagent.
Incorrect reagent CE = 0 / 3
Inclusion of Tollen’s etc with acidified potassium dichromate is incorrect reagent.
Not no reaction.
Either
Obs with 2-methylpropan-2-ol
No visible change
1
Obs with butan-2-ol
Orange to green (both colours needed)
1
or
 
 
Obs with 2-methylpropan-2-ol
orange
 
Obs with butan-2-ol
green
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