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1.     (a)     enthalpy change/ heat energy change when 1 mol of a substance
1
is completely burned in oxygen
1
at 298K and 100 kPa or standard conditions
1
(not 1atm)
(b)     ∆H = ∑ bonds broken – ∑ bonds formed
1
= (6 × 412) + 612 +348 + (4.5 × 496) – ((6 × 743) + (6 × 463))
1
= – 1572 kJ mol–1
1
(c)     by definition ∆Hf is formation from an element
1
(d)     ∆Hc = ∑ ∆Hf products -∑ ∆Hf reactants or cycle
1
= (3 × – 394) + (3 × –242) – (+20)
1
= − 1928 kJ mol–1
1
(e)     bond enthalpies are mean/average values
1
from a range of compounds
1
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2.         (a)    Amount / number / proportion / percentage / fraction / moles of molecules / particles
Penalise an incorrect qualification of the number eg NOT number of molecules with E greater than Ea.
Not ‘atoms’.
1
(b)     There are no molecules / particles with zero energy
OR
All of the molecules / particles are moving / have some energy
Not ‘atoms’.
The answer should relate the energy to the molecules.
1
(c)     C (The most probable energy)
1
(d)     M1 The peak of the new curve is displaced to the right and lower than the original
M2 All of the following needed
•        The new curve starts at the origin and should begin to separate from the original almost immediately
•        and the new curve only crosses the original curve once
•        and the total area under the new curve is approximately the same as the original
•        and an attempt has been made to draw the new curve correctly towards the axis above the original curve but not to touch the original curve
2
(e)     None / no effect / stays the same
1
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3.       (a)     rate forward reaction = rate backward reaction (1)
concentration remains constant (1)
NOT ‘Equal’,
Allow  ‘The same’ if clear that means constant
2
(b)     fewer moles (of gas) on R.H.S (1) (or converse)
(methanol favoured) by reducing applied pressure (1)
Or removing constraint
2
(c)     Power / energy required to provide high pressure / pumping (1)
Strong pressure vessel / or equipment (1)
High maintenance costs (1)
High insurance costs (1)
Any two
2
(d)     Effect: decreases (1)
Explanation: reaction exothermic (or reverse reaction endothermic) (1)
                   system tries to lower T or remove constraint or
                   oppose the change
                   or endothermic reaction favoured
3
(e)     to speed up reaction (1)
or otherwise to slow
or takes too long
or to give more molecules E > EA
1
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4.      (a)     (i)      (free–)radical substitution
(both words required for the mark)
1
(ii)     uv light OR sunlight OR high temperature OR 150 °C to 500 °C
1
(iii)     Propagation
(ignore “chain”, “first”, “second” in front of the word propagation)
1
(iv)    Termination
1
•CH2CH3 + Br• file_0.png

file_1.wmf

 CH3CH2Br 
OR 2•CH2CH3 file_2.png
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 C4H10
(penalise if radical dot is obviously on CH3, but not otherwise) 
(penalise C2H5•)
(credit 2Br•file_4.png
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 Br2)
(ignore “chain” in front of the word termination) 
1
(b)     (i)      Fractional distillation OR fractionation
(credit gas–liquid chromatography, GLC)
1
(ii)     CH3CH3 + 6Br2 file_6.png
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 C2Br6 + 6HBr
(credit C2H6 for ethane)
1
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5.       (a)     (base) elimination
(penalise other words before ‘elimination’ e.g. nucleophilic)
1
M1: curly arrow from lone pair of electrons on oxygen of hydroxide ion
(insist on a lone pair of electrons on the oxygen atom and a negative charge, but only credit this mark if the attack is to a correct H atom)
1
M2: curly arrow from the middle of the C-H bond to the middle
of the C–C bond
1
(only credit this mark if the arrow originates from the correct C–H bond and if an attempt has been made at M1)
M3: curly arrow from the middle of the C–Br bond towards/alongside
the Br atom
(credit M3 independently unless the bond breaking is contradicted by an additional arrow)
(penalise curly arrow if the C–Br has a formal positive charge)
(credit full marks for an E1 mechanism, with M2 awarded for a correct curly arrow on the correct carbocation)
(award a maximum of two marks for either an incorrect haloalkane or an incorrect organic product)
(maximum 2 marks for use of 'sticks' for the haloalkane, unless RE from 2(b), when credit can be given)
(b)     nucleophile or electron pair donor
(penalise ‘base’)
1
(c)     CH3CH2CH2CH2Br + 2NH3 → CH3CH2CH2CH2NH2 + NH4Br
(M1 correct product)
(M2 balanced equation using 2NH3 and leading to NH4Br)
(penalise M1 for use of C4H9NH2 or for incorrect haloalkane, but allow consequent correct balancing of equation with 2 moles of ammonia)
2
(1–)butylamine
(credit 1–aminobutane and butyl–1–amine)
(award QoL mark for correct spelling)
1
[8]

6.       (a)     (i)      Uses sensible scales.
Lose this mark if the plotted points do not cover half of the paper.
Lose this mark if the graph plot goes off the squared paper
Lose this mark if volume is plotted on the x-axis
1
All points plotted correctly
Allow ± one small square.
1
Smooth curve from 0 seconds to at least 135 seconds − the line must pass through or close to all points (± one small square).
Make some allowance for the difficulties of drawing a curve but do not allow very thick or doubled lines.
1
(ii)     Any value in the range 91 to 105 s
Allow a range of times within this but not if 90 quoted.
1

(b)     (i)      Using pV = nRT
This mark can be gained in a correctly substituted equation.
1
100 000 × 570 × 10−6 = n × 8.31 × 293
Correct answer with no working scores one mark only.
1
n = 0.0234 mol
Do not penalise precision of answer but must have a minimum of 2 significant figures.
1
(ii)     Mol of ZnCO3 = 0.0234 
Mark consequentially on Q6
M1
1
Mass of ZnCO3 = M1 × 125.4 = 2.9(3) or 2.9(4) g
If 0.0225 used then mass = 2.8(2) g
M2
1
(iii)    Difference = (15.00 / 5) − Ans to b
If 2.87 g used then percentage is 4.3
M1
1
Percentage = (M1 / 3.00) × 100
Ignore precision beyond 2 significant figures in the final answer
If 2.82 g used from (ii) then percentage = 6.0
M2
1
(c)     A reaction vessel which is clearly airtight round the bung
1
Gas collection over water or in a syringe
Collection vessel must be graduated by label or markings
Ignore any numbered volume markings.
1
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8.	C
[1]
9.	D
[1]
10.	A
[1]
11.	A
[1]
12.	A
[1]
13.	C
[1]
14.	A
[1]
15.	B
[1]
16.	A
[1]
17.	A
[1]
18.	B
[1]
19.	B
[1]
20.	A
[1]
21.	A
[1]
22.   C
[1]
23.   D
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