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3.     (a)      (i)     CnH2n / CxH2x
1
(ii)     Fractional distillation / GLC / gas liquid chromatography / fractionation
Do not allow cracking / distillation
1
(b)     (i)     But-1-ene / but1ene
Ignore hyphens and commas
Do not allow butene-1 / but-2-ene / butane / butane /alkene / C4H8 / propene / straight-chain alkene
1
(ii)     A structure of cyclobutane or
methyl-cyclopropane
Allow skeletal formula.
1
(c)     (i)     C15H32 → 2C4H8 + C7H16
Do not accept multiples.
1
(ii)     Thermal cracking
Not catalytic cracking or cracking.
1
To produce products that are in greater demand / more valuable / more
expensive / more profitable
The (unsaturated) alkene or the (unsaturated) molecule or X produced can be polymerised or can be made into plastics.
Ignore more useful products.
1
(iii)     Break (C–C or C–H) bonds
Allow to overcome the activation energy.
Allow to break the carbon chain.
Penalise breaking wrong bonds.
1
(d)     (i)     C4H10 + 2.5O2 → 4C + 5H2O
Accept multiples.
1
(ii)     SO2 / sulfur dioxide
If other sulfur oxides, mark on.
1
Calcium oxide / CaO / lime / quicklime
Allow CaCO3 / allow Ca(OH)2 or names.
Allow any solid base.
M2 dependent on M1.
Do not allow limewater.
1
(iii)     Neutralisation
Allow acid-base reaction.
Allow flue gas desulfurisation / FGD
1
(e)    (Molecules) are similar sizes / have similar Mr / have similar number of electrons
Chemical error CE = 0/2 if breaking bonds.
Allow similar number of carbon and hydrogen atoms / similar surface area / similar chain length.
Can accept same number of carbon atoms.
Do not accept same number of H atoms / same number of bonds.
Ignore similar amount of bonds.
1
Similar van der Waals forces between molecules / similar intermolecular forces
(IMF)
Not similar incorrect IMF eg dipole-dipole
1
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4.      (a)     (i)      Prevents release of toxic CO
More energy efficient (releases more energy on combustion)
1
(ii)     C6H14 + 6.5O2 → 6CO + 7H2O
1
         Suitable product eg CO or C
1
         Balanced equation
1
(iii)     Detect CO gas or C (soot or particles) in exhaust gases
1
(b)     CH3CH2CH2CH(CH3)2
1
          2-methylpentane
1
          CH3CH2CH(CH3)CH2CH3 etc
1
(c)     (i)      CH3CH2CH2CH=CH2
1
(ii)     Alumino silicate etc
1
(iii)     Can be made into polymers (or alcohols etc)
1
(d)     (i)      % atom economy = mass CH2Cl2/total mass
reactants = 85 × 100/158
1
= 53.8%
1
(ii)     Because expensive chlorine is not incorperated into
desired product Raise money by selling HCl
1
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CCLF2 OR CF;Cl; OR structure drawn out

M1 %F=545

M2 molC = 115120 and molCl = 34.0/35.5

(mol F = 54.5/19.0)

M3 Ratio 0958 - 0.958 : 287 OR
(correct answer gains full credit)

1

1

3 and CCIF;
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2-bromo-2-methylbutane
2-methylbut-1-ene

2-methylbutan-2-ol
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Elimination
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M1 must show an arrow from the lone pair on oxygen to the
correct H atom

M2 must show an arrow from the correct G-H bond to the
correct C-C bond and should only be awarded if an attempt
has been made at M1

M3 s independent

Award full marks for an E1 mechanism in which M2 is on the
correct carbocation.
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Electrophilic addition

Hyo—

Mimust show an arrow from the double bond towards the
H atom of the O-H bond OR this could be to an H+ ion.
M2 must show the breaking of the O-H bond.

M3 is for the structure of the tertiary carbocation.

M4 must show an arrow from the lone pair of electrons on
the oxygen of the negatively charged ion towards the
positively charged carbon atom
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Nucleophilic substitution

CH, M2

e

—CHy-C——Br
M CHy
“OH

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.

Award full marks for an SN1 mechanism in which M1 is the
attack of the hydroxide ion on the intermediate carbocation.

Total 15
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Process 1 3 Process1

M1 Hydration OR (electrophilic) addition Ignore *hydrolysis® for M1
M2 Cloncentrated) H;SO, OR c(oncentrated) H;POy

For M3, ignore unqualified references to cost and to
M3 (Approx.)100% or high yield OR (more) pure product OR energy and to the use of a continuous process
fast reaction

Process 2 3 Process 2
M1 Fermentation For M3, ignore unqualified references to energy
M2 Yeast or suitable enzyme (zymase) NOT "glucose s a renewable energy resource”
M3 Renewable source of raw materialisugariglucose/reactant Ignore references to carbon dioxide.

OR (uses) cheap equipment M3 QoL
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PV =nRT;

Moles methanol = n = 1.04 (= 0.0325 mol);
2
V= nRT/p = 0.0325 x 831 x 350 Conseq on eror in moles
101000
=936 x 10 m*; ignore missing units but penalise incorrect units

36 cm®:  mark is for correct conversion from their M4 units to cm®

If_1_used, &V =.936 dm? allow M3 & M4
01

If _1 used, &V = 936 m*/cm?no units,
701 penalise M3 allow M4 conseq

If no units in M4, assume them to be m*
when awarding M5
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'Y axis labelled as number/ fraction/ % of molecules
X axis labelled energy }
Both axes must be correctly labelled for 1 mark

Curve starts at origin

Curve skewed to the left and has a decreasing gradient to 2 maximum

Curve after maximum decreases in steepness, never touches x axis, levels out at
<10% of the maximum height

W is displaced to the right
and is flatter/ lower
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‘The change in concentration per unit of time QoL

Both cxes must be labelled to gain maris for graph. y axis conc NO; and x axis
time

Curve starts at origin
and levels off

I candidates graph does not level off then second mark can be scored for a curve
with a contimuously decreasing gradient.

Initial rate can be found by finding the gradient at t=0
Candidates may score this mark if they have shown this on their graph
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250, +0; — 2505
accept multiples

NO is a catalyst

itis regenerated at the end of the reaction
provides an alternative route

of lower activation energy
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(b) But-2-ene can exist in two isomeric forms. Give the structures of these two isom
name the type of isomerism.
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Initiation Fa — 2F-
(credit correct half arrows, but penalise double headed arrows)
(penalise Fi once only)

(penalise the absence of dots once only)

First propagation CHiF + F- —— -CHF + HF
Second propagation -CHF + F: ——» CHiFz + Fr
(accept CH:F)

CiHe + 5F —— CFiCHF: + SHF
(penalise if any radicals appear in this equation)
(accept CoFsH in equation)




