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1.     (a)     the minimum energy;
1
Energy required for a reaction to occur;
(or to start a reaction or for successful collisions)
1
(b)     axes labelled:-   y: number (or fraction or %) of molecules (or particles)
x: energy (or KE);
1
curve starts at origin;
1
skewed to right;
1
approaches x axis as an asymptote;
(penalise a curve that levels off > 10% of max peak height or a curve that crosses the energy axis)
1
second curve displaced to the left (and does not cross T1 curve
for a second time)
1
and peak higher;
1
          many fewer molecules;
1
          fewer molecules have E > Ea ;
(can score this mark from suitably marked curves)
1
(c)     molecules (or particles or collisions) do not have enough energy;
(or orientation may be wrong)
1
          increase the pressure;
1
(or increase the concentration or reduce the volume)
increases the collision frequency;
(or more collisions)
(do not allow if stated to be due to increase in energy implied by temperature increase)
1
          add a catalyst;
1
          lowers activation energy (or Ea) (Q of L mark);
1
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2.              (a)     (i)      M1
High (temperature) OR Increase (the temperature)
If M1 is incorrect CE = 0 for the clip
If M1 is blank, mark on and seek to credit the correct information in the text
M2
The (forward) reaction / to the right is endothermic or takes in / absorbs heat
OR
The reverse reaction / to the left is exothermic or gives out / releases heat
M3 depends on correct M2 and must refer to temperature / heat
M3 depends on a correct statement for M2
At high temperature, the (position of ) equilibrium shifts / moves left to right to oppose the increase in temperature
For M3, the position of equilibrium shifts / moves
to absorb heat OR
to lower the temperature OR
to cool down the reaction
3
(ii)     M1
The reaction gets to equilibrium faster / in less time
OR
Produces a small yield faster / in less time
OR
Increases the rate (of reaction / of attainment of equilibrium)
Mark independently
M2
High pressure leads to one of the following
•        more particles / molecules in a given volume
•        particles / they are closer together
•        higher concentration of particles / molecules
AND
•        more collisions in a given time / increased collision frequency
Penalise M2 for reference to increased energy of the particles
2
(iii)    M1 Increase in / more / large(r) / big(ger) surface area / surface sites
Mark independently
For M1 accept Éan increase in surface”
M2 increase in / more successful / productive / effective collisions  (in a given time) (on the surface of the catalyst / with the nickel)
For M2 not simply “more collisions”
Ignore “the chance or likelihood” of collisions
2

(b)     M1
No effect / None
If M1 is incorrect CE = 0 for the clip
If M1 is blank, mark on and seek to credit the correct information in the text
M2 requires a correct M1
Equal / same number / amount of moles / molecules / particles on either side of the equation
OR
2 moles / molecules / particles on the left and 2 moles / molecules / particles on the right
M2 depends on a correct statement for M1
In M2 not “atoms”
2
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3.         (a)     Fractional distillation / fractionation / GLC / gas liquid chromatography
1
(b)     C4H10
Need C4H10 and the reason for the mark
Because it has a higher bp / has stronger IMF / larger molecule / longer chain / larger surface (area)
1
(c)     C4H10 + 6½ O2  file_0.png
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 4CO2 + 5H2O
Accept multiples
Ignore state symbols
1
(d)     CO2 or H2O evolved is a greenhouse gas / CO2 or H2O evolved contribute to global warming / the products are greenhouse gases
Ignore climate change
1
(e)     CH3CH2CH2CH3 + 3.5O2 file_2.png
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 C2H2(CO)2O + 4H2O
Accept multiples
Allow with or without a number 1 before the organic molecules
1
(f)     (i)      C2H5SH + 4.5O2 file_4.png
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 2CO2 + 3H2O + SO2
Accept multiples
1
(ii)     Calcium oxide / calcium carbonate
Allow any base or alkali
Allow correct formulae
1
Neutralises the SO2 / acid base reaction / it is a base
Can only score M2 if base or alkali used in M1
Allow M2 if blank in M1
1
(iii)    Ethanol contains hydrogen bonding
Breaking covalent bonds CE = 0 / 2
Which is stronger than IMF (VDW / dipole-dipole forces) in ethanethiol / (H bonding) is the strongest IMF
Only award M2 if M1 given, but allow IMF in ethanol are stronger than in ethanethiol for maximum 1 mark
1

(g)     (i)      (2,2-)dimethylpropane
Ignore punctuation
1
(ii)     Because molecule is smaller / less polarisable / has less surface (area) / is more spherical / molecules can’t get as close to one another (to feel the vdW forces)
Allow converse answers referring to straight chain isomers CE = 0 / 2 if breaking bonds
1
vdW intermolecular forces or vdW force between molecules are weaker or fewer
Need vdW rather than just IMF
1
(iii)    1 or one
1
(h)     (i)      C9H20
H20C9
1
(ii)     Thermal (cracking)
If not thermal cracking CE = 0 / 2
1
High pressure AND high temperature
If blank mark on
Allow high P and T
1
OR
Pressure of ≥ 10 atm, ≥ 1 MPa ≥ 1000 kPa
AND temp of 400 °C ≤ T ≤ 1000 °C or 650 K ≤ T≤ 1300 K
Do not allow high heat
If no units for T, then range must be 650 − 1000
1
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4.    (a)     Condition: U.V. light or sunlight or 450°C or high temp (1)
Explanation: U.V. light etc. provides energy to break(Cl‑Cl) bond (1)
Do not accept reference to Ea or wrong bond or ‘to make Cl radicals’
2
(b)     (i)      (Free) radical substitution (1)
(ii)     Step 1: initiation (1)
Step 2: propagation (1)
Step 3: termination (1)
Any order
Don’t be too harsh on spelling
4
(c)     (i)      Equation 1: CH3 + Cl• → CH2Cl• + HCl (1)
Equation 2: CH2Cl• + Cl2 → CH2Cl2 + Cl• (1)
or  CH2Cl• + Cl• → CH2Cl2
Mark equ independently
any order
(ii)     CH2Cl• + CH3• → CH3CH2Cl (1)
or CH3CH2• + Cl2 → CH3CH2Cl + Cl•
or CH3CH2• + Cl•→ CH3CH2Cl
Equ must have CH3CH2Cl as product
Accept C2H5Cl
Penalise absence of • once only
3
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5.         (a)    Position(al) (isomerism)
1
(b)file_6.png
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Penalise one mark from their total if half-headed arrows are used
M1 must show an arrow from the double bond towards the H atom of the H–Br
      molecule
M1 Ignore partial negative charge on the double bond.
M2 must show the breaking of the H–Br bond.
M2 Penalise partial charges on H–Br bond if wrong way and penalise formal charges
M3 is for the structure of the secondary carbocation.
Penalise M3 if there is a bond drawn to the positive charge
M4 must show an arrow from the lone pair of electrons on the negatively charged
      bromide ion towards the positively charged carbon atom of either a primary or        secondary carbocation.
Penalise once only in any part of the mechanism for a line and two dots to show a bond
Maximum any 3 of 4 marks for wrong reactant or primary carbocation.
If Br2 is used, maximum 2 marks for their mechanism
Do not penalise the use of “sticks”
NB The arrows here are double-headed
4

(c)file_8.png
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Penalise one mark from their total if half-headed arrows are used
M1 must show an arrow from the lone pair on oxygen of a negatively charged
      hydroxide ion to a correct H atom
Penalise M1 if covalent KOH
M2 must show an arrow from a C–H bond adjacent to the C–Br bond towards      the appropriate C–C bond. Only award if an arrow is shown attacking the      H atom of an adjacent C–H (in M1)
M3 is independent provided it is from their original molecule.
Penalise M3 for formal charge on C of the C–Br or incorrect partial charges on C–Br
Penalise M3 if an extra arrow is drawn from the Br of the C–Br bond to, for example, K+
Ignore other partial charges
Penalise once only in any part of the mechanism for a line and two dots to show a bond.
Maximum any 2 of 3 marks for wrong reactant or wrong product(if shown) or a mechanism that leads to but-1-ene
Accept the correct use of “sticks” for the molecule except for the C–H being attacked
Award full marks for an E1 mechanism in which M2 is on the correct carbocation.
NB The arrows here are double-headed
3
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6.       (a)     Electron pair donor
OR
Species which uses a pair of electrons
to form a co-ordinate / covalent bond.
QoL
Credit “lone pair” as alternative wording
1

(b)     
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M1    Must show an arrow from the lone pair of electrons
on the carbon atom of the negatively charged
cyanide 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.
          Award full marks for an SN1 mechanism in which M1 is the
attack of the cyanide ion on the intermediate carbocation.
Penalise M1 if covalent KCN 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 or “sticks”
2
(c)     Ethylamine / CH3CH2NH2 is a nucleophile
OR
Ethylamine could react further
OR
Ethylamine could make secondary / tertiary amines
OR
To make reaction with ammonia more likely
OR
To minimise further substitution
OR
The idea of releasing free amine from the salt
OR
The idea of removing a proton from the intermediate
alkylammonium ion
OR
The idea that ammonia acts both initially as a nucleophile and
then as a base
Do not credit a simple reference to the equation or the mechanism requiring two moles of ammonia.
1

(d)     Elimination
Credit “base elimination” but NOT “nucleophilic elimination”
No other prefix.
          file_12.png
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1
M1    Must show an arrow from the lone pair on oxygen of a
negatively charged hydroxide ion to the correct H atom
M2    Must show an arrow from the correct C-H bond to the
C-C bond and should only be awarded if an attempt has
been made at M1
M3    Is independent.
          Award full marks for an E1 mechanism in which M2 is on the
correct carbocation.
Mechanism
Penalise M1 if covalent KOH
Penalise M3 for formal charge on C or incorrect partial charges
Penalise once only for a line and two dots to show a bond.
Max 2 marks for the mechanism for wrong reactant or “sticks”
3
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7.    (a)     q = 500 × 4.18 × 40
Do not penalise precision.
1
  = 83600 J
Accept this answer only.
Ignore conversion to 83.6 kJ if 83600 J shown.
Unit not required but penalise if wrong unit given.
Ignore the sign of the heat change.
An answer of 83.6 with no working scores one mark only.
An answer of 83600 with no working scores both marks.
1
(b)     Moles (= 83.6 / 51.2) = 1.63
Using 77400 alternative gives 1.51 mol
Allow (a) in kJ / 51.2
Do not penalise precision.
1
Mass = 1.63 × 40(.0) = 65.2 (g)
Allow 65.3 (g)
Using 77400 alternative gives 60.4 to 60.5
Allow consequential answer on M1.
1 mark for Mr (shown, not implied) and 1 for calculation.
Do not penalise precision.
2
(c)     Molarity = 1.63 / 0.500 = 3.26 mol dm–3
Allow (b) M1 × 2
Using 1.51 gives 3.02
1

(d)     Container splitting and releasing irritant / corrosive chemicals
Must have reference to both aspects; splitting or leaking (can be implied such as contact with body / hands) and hazardous chemicals.
Allow ‘burns skin / hands’ as covering both points
Ignore any reference to ‘harmful’.
Do not allow ‘toxic’.
1
(e)     (i)      4Fe  +  3O2  →  2Fe2O3
Allow fractions / multiples in equation.
Ignore state symbols.
1
(ii)     Iron powder particle size could be increased / surface area lessened
Decrease in particle size, chemical error = 0 / 3
Change in oxygen, chemical error = 0 / 3
1
Not all the iron reacts / less reaction / not all energy released / slower release of energy / lower rate of reaction
Mark points M2 and M3 independently.
1
Correct consequence of M2
An appropriate consequence, for example
•        too slow to warm the pouch effectively
•        lower temperature reached
•        waste of materials
1
(f)     (i)      Conserves resources / fewer disposal problems / less use of landfill / fewer waste products
Must give a specific point.
Do not allow ‘does not need to be thrown away’ without qualification.
Do not accept ‘no waste’.
1
(ii)     Heat to / or above 80 °C (to allow thiosulfate to redissolve)
Accept ‘heat in boiling water’.
If steps are transposed, max 1 mark.
1
Allow to cool before using again
Reference to crystallisation here loses this mark.
1
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