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1.     (a)     Award in either order for curve
“Steeper” requires line to be on the left of the original line, starting from the origin
M1 curve is steeper than original and starts at the origin
M2 curve levels at the top line on the graph
2
(b)     Award in either order for curve
“Shallower” requires line to be on the right of the original line, starting from the origin
M1 curve is shallower than original and starts at the origin
M2 curve levels at the first line on the graph
2
(c)     M1 curve would be steeper than original
“Steeper” requires line to be on the left of the original line, starting from the origin
M2 curve levels at the same original volume of O2
2
(d)     M1    The (concentration / amount of) H2O2 or reactant falls / decreases / used up
Mark independently
OR
The number of H2O2 or reactant molecules/ particles falls / decreases
M2
The rate of reaction / rate of decomposition / rate of formation of oxygen / 
frequency of collisions / (effective) collisions in a given time decreases / is
slower
2
(e)     (i)      2H2O2 → 2H2O + O2
Ignore state symbols
Accept only this equation or its multiples
Extra species must be crossed through
1
(ii)     hydrogen bromide / it does not appear in the overall equation
OR
hydrogen bromide / it is not used up in the reaction / unchanged at the end of
the reaction
OR
hydrogen bromide / it is regenerated / re-formed (in Step 2)
1
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2.         (a)     In either order
For M1 accept [ ] for concentration
M1 Concentrations (of reactants and products) remain or stay constant / the same
NOT “equal concentrations” and NOT “concentration(s) is / are the same”
M2 Forward rate = Reverse / backward rate
NOT “amount”
Ignore “dynamic” and ignore “speed”
Ignore “closed system”
It is possible to score both marks under the heading of a single feature
2

(b)     M1 Catalysts increase rate of / speed up both forward and reverse / backward
reactions
If M1 is given as “no effect” / “no change” then CE= 0 for clip
M2 increase in rate / affect on rate / speed is equal / the same
Ignore references to “decrease in rate”
2
(c)     (i)     M1 (The yield) increases / goes up / gets more
If M1 is given as “decreases” / “no effect” / “no change” then CE= 0 for clip, but mark on from a blank.
M2    There are more moles / molecules (of gas) on the left / of reactants
Ignore “volumes”, “articles” “atoms” and “species” for M2
         OR fewer moles / molecules (of gas) on the right / products
         OR there are 4 moles / molecules (of gas) on the left and 2 moles /      molecules on the right.
         OR (equilibrium) shifts / moves to the side with less moles / molecules
M3 Can only score M3 if M2 is correct
         The equilibrium shifts / moves (from left to right) to oppose the increase
in pressure
For M3, not simply “to oppose the change”
For M3 credit the equilibrium shifts / moves to lower / decrease the pressure
(There must be a specific reference to the change that is opposed)
3
(ii)     M1     The yield decreases / goes down / gets less
If M1 is given as “increase” / “no effect” / “no change” then CE= 0 for clip, but mark on from a blank.
M2     (Forward) reaction is exothermic OR gives out / releases heat
         OR
         reverse reaction is endothermic OR takes in / absorbs heat
Can only score M3 if M2 is correct
The equilibrium shifts / moves (from right to left) to oppose the increase in temperature
For M3, not simply “to oppose the change”
For M3 credit the equilibrium shifts / moves
to absorb the heat OR
to cool the reaction OR
to lower the temperature
(There must be a specific reference to the change that is opposed)
3

(d)     (i)     Must be comparative
Credit correct reference to rate being too (s)low / (s)lower at temperatures less than 600 K
Higher rate of reaction
OR increase / speed up the rate (of reaction)
Ignore statements about the “yield of ammonia”
OR Gets to equilibrium faster/ quicker
OR faster or quicker rate / speed of attainment of equilibrium
1
(ii)     Less electrical pumping cost
Not just “less expensive” alone
OR
Not just “less energy or saves energy” alone
Use lower pressure equipment / valves / gaskets / piping etc.
Credit correct qualified references to higher pressures
OR
Uses less expensive equipment
Ignore references to safety
1
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3.     (a)     Three conditions in any order for M1 to M3
M1    yeast or zymase
M2    30 °C ≥ T ≤ 42 °C
M3    anaerobic/no oxygen/no air OR neutral pH
M4    C6H12O6 file_0.png
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 2C2H5OH + 2CO2
OR
2C6H12O6 file_2.png
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 4C2H5OH + 4CO2
Mark independently
Penalise “bacteria” and “phosphoric acid” using the list principle
Ignore reference to “aqueous” or “water” (i.e. not part of the list principle)
Or other multiples
4
(b)     M1    Carbon-neutral
Ignore “biofuel”
1
M2    6 (mol/molecules) CO2/carbon dioxide taken in/used/used
up (to form glucose or in photosynthesis)
1
M3    6 (mol/molecules) CO2/carbon dioxide given out due to
2 (mol/molecules) CO2/carbon dioxide from fermentation/
Process 2 and 4 (mol/molecules) CO2/carbon dioxide from
combustion/Process 3
It is NOT sufficient in M2 and M3 for equations alone without commentary or annotation or calculation
1

(c)     M1    (could be scored by a correct mathematical expression)
(Sum of) bonds broken – (Sum of) bonds made/formed = ΔH
OR
(Σ) Breactants – (Σ) Bproducts = ΔH
                                          (where B = bond enthalpy/bond energy)
For M1 there must be a correct mathematical expression using ΔH or “enthalpy change”
M2    Reactants = (+) 4719
OR
Products = (–) 5750
M3    Overall + 4719 – 5750 = –1031 (kJ mol–1) (This is worth 3 marks)
Award full marks for correct answer.
Ignore units.
M2 is for either value underlined
M3 is NOT consequential on M2
3
Award 1 mark ONLY for +1031
Candidates may use a cycle and gain full marks.
M4     Mean bond enthalpies are not specific for this reaction
OR they are average values from many different
compounds/molecules
Do not forget to award this mark
1
(d)     M1    q = m c ΔT (this mark for correct mathematical formula)
M2    = 6688 (J) OR 6.688 (kJ) OR 6.69 (kJ) OR 6.7 (kJ)
M3    0.46g is 0.01 mol
therefore ΔH = – 669 kJ mol–1 OR – 670 kJmol–1
OR –668.8 kJ mol–1
Award M1, M2 and M3 for correct answer to the calculation
Penalise M3 ONLY if correct answer but sign is incorrect
In M1, do not penalise incorrect cases in the formula
If m = 0.46 or m = 200.46 OR if ΔT = 281, CE and penalise M2 and M3
If c = 4.81 (leads to 7696) penalise M2 ONLY and mark on for M3 = –769.6 OR –770
Ignore incorrect units in M2
M4    Incomplete combustion
Do not forget to award this mark. Mark independently
4
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4.      (a)     (i)      chlorotrifluoromethane
Spelling must be correct but do not penalise “flouro”
Ignore use of 1–
1
(ii)     CF3•
May be drawn out with dot on C
OR if as shown dot may be anywhere
1
(iii)     An unpaired/non-bonded/unbonded/free/a single/one/lone
electron
NOT “bonded electron” and NOT “paired electron”
NOT “pair of electrons”
NOT “electrons”
Ignore “(free) radical”
1

(b)     M1   Cl• + O3 → ClO• + O2
M2    ClO• + O3 → 2O2 + Cl•
Mark independently
Equations could gain credit in either position
The dot can be anywhere on either radical
Penalise the absence of a dot on the first occasion that it is seen and then mark on. Do not make the same penalty in the next equation, but penalise the absence of a dot on the other radical.
Apply the list principle for additional equations
2
(c)     (i)      (If any factor is changed which affects an equilibrium),
the (position of) equilibrium will shift/move so as to oppose
the change.
OR
(When a system/reaction in equilibrium is disturbed),
the equilibrium shifts/moves in a direction which tends to
reduce the disturbance
Must refer to equilibrium
Ignore reference to “system” alone
A variety of wording will be seen here and the key part is the last phrase.
An alternative to shift/move would be the idea of changing/altering the position of equilibrium
1
(ii)     M1    The (forward) reaction/to the right is endothermic or
takes in heat
OR    The reverse reaction/to the left is exothermic or gives out heat
M2    The equilibrium moves/shifts to oppose the increase in
temperature
M2 depends on a correct statement for M1
For M2 accept
The equilibrium moves/shifts
•    to take in heat/lower the temperature
•    to promote the endothermic reaction and take in heat/   lower the temperature
•    to oppose the change and take in heat/lower the             temperature
(leading to the formation of more ozone)
2
(d)     Any one of
•        Pentane does not contain chlorine OR C–Cl (bond)
•        Pentane is chlorine-free
•        Pentane does not release chlorine (atoms/radicals)
Ignore reference to F OR C–F OR halogen
Ignore “Pentane is not a CFC”
Ignore “Pentane is a hydrocarbon”
Ignore “Pentane only contains C and H”
Ignore “Pentane is C5H12”
1
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5.     (a)     (i)      CHCl3 + Cl2 → CCl4 + HCl (1)
(ii)     UV light / sunlight OR high T OR T ≥ 500°C (1)
maxT = 1000°C
NOT heat / light
Ignore pressure
2
(b)     Initial step: Cl2 → 2Cl· (1)
Condition could be on first equation arrow
          First propagation step: CHCl3 + Cl· → file_4.png

file_5.wmf

 + HCl (1)
          Second propagation step: file_6.png
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 + Cl2 → CCl4 + Cl· (1)
          A termination step: file_8.png

file_9.wmf

 + Cl· → CCl4 (1)
                             OR 2file_10.png

file_11.wmf

 → C2Cl6
Not 2Cl·→ Cl2
Ignore additional termination steps
4
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6.            (i)      3-methylbutan-2-ol (1)
No alternatives
(ii)     elimination or dehydration (1)
(iii)     (c) H2SO4 or (c) H3PO4 – name or correct formula (1)
(iv)    
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Double bond must be shown
Accept any correct unambiguous structures
if but- 1-ene and but-2-ene offered, allow M2
5
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7.      (a)     Name of mechanism: nucleophilic substitution (1)
Mechanism: 
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Marks SN1 using same points
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 M2 requires
          file_18.png
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5
(b)     Role of potassium hydroxide: Base (1)
Mechanism: 
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5
[10]
 
8.    (a)     HOOC—CHOH—CHOH—COOH
Any suitable structural formula.
Displayed formula not required but bond sequences must be correct if shown.
1
(b)     C4H6O6  +  NaHCO3  →  C4H5O6Na  +  CO2  +  H2O
OR
C4H6O6  +  2NaHCO3  →  C4H4O6Na2  +  2CO2  +  2H2O
Allow equations based on the structural formula.
Allow multiples including fractions.
Allow any structure for C4H6O or C4H5O6Na
1

(c)     Suitable named indicator (eg litmus, methyl orange, Universal Indicator) / identified reactive metal (Mg, Zn or Fe)
Do not allow phenolphthalein without explanation of how a colour change would be seen.
Incorrect reagent, chemical error = 0 / 2
1
Appropriate colour in acid (eg red) / gas evolved
1
(d)     (i)      Reagent: Acidified potassium dichromate (solution)
If incomplete (correct) reagent, lose M1 but mark on.
Incorrect reagent, chemical error = 0 / 3
Allow acidified potassium manganate(VII)
1
Obs: orange to green
Purple to colourless (solution).
1
Obs: no (visible) change
Allow ‘no visible reaction’, but do not allow ‘no reaction’ without qualification.
1
(ii)     Both would give the same result / both oxidised by reagent / both react with the reagent or similar
Allow consequential answer from (i).
Chemical error if reagent in (i) is incorrect, 0 / 1
1
(e)     The water would allow the tartaric acid and sodium hydrogencarbonate to react (before use)
Ignore any reference to water reacting with the ingredients.
Ignore references to prevention of ‘caking’ or ‘clumping’.
Ignore references to shelf life without qualification.
1
(f)     Acid reacts (with NaHCO3 / Na2CO3) to form CO2
Allow ‘neutralises (NaHCO3 / Na2CO3) to form CO2’.
1
(g)     It is only used in very small quantities
Allow ‘decomposes in the reaction’.
Do not allow ‘reacts’ without qualification.
Ignore reference to formation of salts.
1
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9.    (a)      Temperature / pressure;
Do not allow ‘amount’ or concentration of reactants.
1
(b)     Determine gradient;
Do not allow volume / time.
Accept ‘steepness’ or ‘slope’
1
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