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1.      (a)     (i)      Moles of gas produced = 3
1
         PV = nRT
1
V = nRT/P = 3 × 8.31 × 298/100000
1
= 7.43 × 10–2 m3
1
(ii)     7.43 × 10–2 × 1000/298 = 0.249 m3
1
(b)     (i)      any two from:
exhaust gases hot so would boil the solution away
solution would splash
reaction might be too slow
would need continuous supply of solution and/or replacement
of products
2
(ii)     Commercial advantage         could sell chlorine and/or hydrogen
1
environmental disadvantage         generation of electricity
                                                       likely to lead
                                                       to release of CO2
                                                       (or chlorine toxic)
1
(c)     % O = 74%
1
N:O = 26/14:74/16
1
= 1.86: 4.63 = 1:2.5 therefore formula is N2O5
1
(d)     2N2O → 2N2 + O2
1
(e)     Proportion of O2 increased leading to higher T (or more
complete combustion)
1
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2.      (a)     (i)      Rates: Rates are equal, forward and backward (1)
Concentrations: Concentrations are constant (1)
Q of L mark
(ii)     Equilibrium yield: Decreases (1)
if wrong allow max 1 for a correct moles statement
         Explanation: More moles / molecules of product (or 2 → 4) (1)
Reaction / equilibrium moves to left / reduce constraint (1)
NOT “volume” answers
Allow one for “Reaction favours fewer molecules”
(iii)     Enthalpy of reaction is positive / endothermic (1)
(iv)    Both forward and backward rates changed / increased (1)
by equal amount (same proportion) (1)
allow one for “Ea of forward and backward reactions reduced by an equal amount”
8

(b)     (i)      The reaction is exothermic (1)
High temperature gives a low equilibrium yield (1)
Rate of reaction higher at higher temperature (1)
An “equilibrium statement” needed e.g. low temp favours
the reaction
Do not allow answers based on cost of higher
temperature etc
(ii)     Higher pressure gives a higher yield (1)
4 moles of gaseous reactant form 2 moles of gaseous
product (1)
Higher pressure generation or equipment is expensive
to produce (1)
Equilibrium statement required
Cost factor
N.B. NOT a safety answer
6
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3.   (a)     (i)      (Free-) radical substitution
Both underlined words are required
Penalise a correct answer if contradicted by an additional answer
1
(ii)     Initiation
F2 file_0.png
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 2F•
Penalise absence of dot once only
First propagation
F• + CH3F  file_2.png
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 •CH2F + HF
Penalise + or − charges every time
Second propagation
F2 + •CH2F  file_4.png
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CH2F2 + F•
Accept dot anywhere on CH2F radical
Mark independently
Termination (must make 1,2-difluoroethane)2 •CH2F  file_6.png

file_7.wmf

 CH2FCH2F
Use of half-headed arrows must be correct to score, but if not correct then penalise once only in this clip
4
(iii)    CH3 CH3 + 5F2 file_8.png
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CF3CHF2 + 5HF
(C2H6)(C2HF5)
1
(b)     1,1,1,2-tetrachloro-2,2-difluoroethane
Accept phonetic spelling eg “fluro, cloro”
Penalise “flouro” and “floro”, since QoL
OR
1,2,2,2-tetrachloro-1,1-difluoroethane
Ignore commas and hyphens
1

(c)    (i)      2O3  file_10.png
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 3O2
ONLY this equation or a multiple
Ignore NO over the arrow
Other species must be cancelled
1
(ii)     O + NO2 file_12.png
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NO + O2
ONLY this answer and NOT multiples
Ignore any radical dot on the O atom
1
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4.     (a)     (i)      (Free) radical substitution
(Both words needed)
1
(ii)     M1 initiation ONLY
1
M2 ultra-violet light OR sunlight OR 1000°C file_14.png
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 T file_16.png
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 450 °C
(Ignore reference to temperature if included with uv light)
(Penalise “high temperature” for M2)
1
(iii)     file_18.png
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 → C2H6
(OR CH3CH3  as alternative to C2H6)
1
(iv)    CH3Br + Br2 → CH2Br2 + HBr
1
(b)     (i)      Electron pair donor
OR species with an electron pair able to form a covalent bond.
1
(ii)     Methylamine
(Credit “aminomethane”)
1
(iii)     
file_20.png
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1
         M1 arrow to show breakage of C – Br bond
1
M2 arrow from lone pair on N of NH3 to form bond with C
1
         M4 arrow from bond of N – H to N atom of CH3file_22.png
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3
(Ignore partial charges on haloalkane but penalise if incorrect)
(Accept file_24.png
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 for M3)
(Full credit for carbocation mechanism; M1 for C – Br bond breakage and M2 for lone pair attack on carbocation)
(Second mole of ammonia not essential to mechanism for full credit)
1
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5.      (a)     (i)      
	file_26.png
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If wrong carbocation, lose structure mark
If wrong alkene, lose structure mark 
Can still score ¾ i.e. penalise M3
Penalise M2 if      polarity included incorrectly
     no bond between H and Br
     bond is shown as file_28.png
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 or file_30.png
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(ii)     file_32.png
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credit secondary carbocation here if primary carbocation has been used in (i)
Ignore attack on this carbocation by file_34.png
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5
(b)     (i)      Structure:
file_36.png

file_37.wmf


 
No credit for propan-1-ol even when named correctly
Credit propane-2-ol
         Name: propan-2-ol (1)
Not 2-hydroxypropane
(ii)     Name of mechanism: nucleophilic substitution (1) (both words)
(NOT SN1 orSN2)
         Mechanism:
file_38.png
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penalise incorrect polarity on C‑Br (M1)
Credit the arrows even if incorrect haloalkane
If SN1, both marks possible
file_40.png
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5
(c)     (i)      elimination (1)
Ignore nucleophylic elimination
Penalise electrophilic elimination
(ii)     base (1)
OR proton acceptor
NOT nucleophile (base)
2
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 6.    (a)     M1 Safety (in Process 1)
Sodium hydroxide / alkali is corrosive / harmful / caustic or sodium hydroxide is 
alkali(ne)
Ignore references to chromium compounds
OR
Bromine compounds are toxic / poisonous
“Carbon-neutral” alone is insufficient for M2
M2 Environmental
Ignore references to greenhouse gases
Process 2 could be used as a carbon sink / for carbon capture
OR
uses waste / recycled CO2 / CO2 from the factory / CO2 from the bioethanol (or
biofuel) production
OR
reduces or limits the amount of CO2 released / given out (into the atmosphere)
OR
Process 2 uses renewable glucose / renewable resource(s)
2
(b)     (i)      M1 nucleophilic substitution
For M1, both words required
file_42.png
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M2 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 M2 if covalent NaOH / KOH is used
Penalise one mark from M2 or M3 if half-headed arrows are used
M3 must show the movement of a pair of electrons from the C–Br bond to the
Br atom. Mark M3 independently provided it is from the original molecule
Penalise M3 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 M2 and M3 award full marks for an SN1 mechanism
For M2 and M3, maximum 1 of 2 marks for the mechanism if wrong reactant is used.
Penalise M3 if an extra arrow is drawn from the Br of the C–Br bond to, for example, K+
Accept the correct use of “sticks
NB The arrows here are double-headed
3
(ii)     M1   B
M2   C
M3   A
3

(c)     M1 fermentation
Mark M2 to M4 independently
Three conditions in any order for M2 to M4
Penalise “bacteria” and “phosphoric acid” using the list principle
M2    (enzymes from) yeast or zymase
M3    25°C ≤ T ≤ 42°C  OR   298 K ≤ T ≤ 315 K
Ignore reference to “aqueous” or “water”, “closed container”, “pressure, “lack of oxygen”,
“concentration of ethanol” and “batch process” (i.e. not part of the list principle)
M4    anaerobic / no oxygen / no air OR neutral pH
4
(d)     M1    primary OR 1° (alcohol)
Mark independently
M2    acidified potassium or sodium dichromate
For M2, it must be a whole reagent and/or correct formulae
OR    H2SO4 / K2Cr2O7 OR H+ / K2Cr2O7
Do not penalise incorrect attempt at formula if name is correct or vice versa
Accept phonetic spelling
If oxidation state given in name, it must be correct.
For M2 accept acidified potassium manganate(VII)
OR    correct combination of formula and name
M3
HOCH2CH2CH2CH2OH + 4[O] file_44.png
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 HOOCCH2CH2COOH + 2H2O
For M3 structures must be correct and not molecular formula
3
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7.       (a)     hydration OR (electrophilic) addition
(penalise incorrect words in front of the word “addition” e.g. “nucleophilic”)
(penalise “indirect hydration” but credit “direct hydration” or “steam hydration”)
1
H2C=CH2 + H2O → CH3CH2OH
(ignore state symbols)
(credit use of C2H5OH for ethanol) 
(penalise use of C2H6O for ethanol on the first occasion)
(credit C2H4 and CH2=CH2 for ethene) 
(penalise CH2CH2, CH2.CH2, CH2:CH2 for ethene on the first occasion)
(ignore H2SO4 OR extra H2O OR H+ if it appears on both sides)
1
conc. H2SO4 OR conc. H3PO4
1

(b)     (i)      Carbon OR C
(credit “soot” or “sooty”)
(penalise “coke” or “coal”)
(credit “carbon + carbon monoxide” provided it is clear that carbon is solid; penalise “carbon + carbon dioxide”)
1
(ii)     CH3CH2OH + O2 → 2C + 3H2O
OR
CH3CH2OH + 1½O2 → C + CO + 3H2O
(credit multiples of these equations)
(credit use of C2H5OH for ethanol)
(penalise use of C2H6O for ethanol, but note a possible repeat error from part (a) above)
1
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