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	      (a)     P       3,3−dimethylbut−1−ene
OR
accept 3,3−dimethylbutene
Ignore absence of commas, hyphens and gaps
Require correct spelling
Q       3−chloro−2,2−dimethylbutane
OR
accept 2−chloro−3,3−dimethylbutane
In Q, “chloro” must come before “dimethyl”
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(b)     M1 Electrophilic addition
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M2 must show an arrow from the double bond towards the H atom of HCl
M3 must show the breaking of the H−Cl bond
M4 is for the structure of the carbocation
M5 must show an arrow from the lone pair of electrons on the negatively charged chloride ion towards the positively charged carbon atom on their carbocation.
NB The arrows here are double−headed
M1 both words required
For the mechanism
M3 Penalise incorrect partial charge on H−Cl bond and penalise formal charges
Ignore partial negative charge on the double bond.
Maximum 3 of 4 marks for a correct mechanism using HBr or the wrong organic reactant or wrong organic product (if shown) or a primary carbocation
Penalise once only in any part of the mechanism for a line and two dots to show a bond
Credit the correct use of “sticks”
For M5, credit attack on a partially positively charged carbocation structure, but penalise M4
5

(c)     M1   Nucleophilic substitution
For M1, both words required.
Accept phonetic spelling
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M2 must show an arrow from the lone pair of electrons on the nitrogen atom of an ammonia molecule to the correct C atom
M3 must show the movement of a pair of electrons from the C− Cl bond to the Cl atom. Mark M3 independently provided it is from their original molecule
M4 is for the structure of the alkylammonium ion, which could be a condensed formula. A positive charge must be shown on, or close to, the N atom.
M5 is for an arrow from the N−H bond to the N atom
Award full marks for an SN1 mechanism in which M2 is the attack of the ammonia on the intermediate carbocation
NB   These are double-headed arrows
For the mechanism
Penalise M2 if NH3 is negatively charged.
Penalise M3 for formal charge on C of the C−Cl or incorrect partial charges on C−Cl
Penalise M3 for an additional arrow from the Cl to something else
The second mole of ammonia is not essential for M5; therefore ignore any species here
Penalise once only for a line and two dots to show a bond
Maximum 3 of 4 marks for the mechanism for wrong organic reactant OR wrong organic product if shown
Accept the correct use of “sticks”
5
(d)     M1  (base) elimination
M1 Dehydrohalogenation
M2   KOH OR NaOH
M3   Must be consequential on a correct reagent in M2, but if incomplete or inaccurate attempt at reagent (e.g. hydroxide ion), penalise M2 only and mark on
Any one from
•        high temperature OR hot OR heat / boil under reflux
•        concentrated
•        alcohol / ethanol (as a solvent) / (ethanolic conditions)
M3 not “reflux” alone
M3 if a temperature is stated it must be in the range 78C to 200 °C
Ignore “pressure”
3

(e)     M1
3NaBr   +   H3PO4   file_4.png
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   3HBr   +   Na3PO4
M1 Credit correct ionic species in the equation
M2 and M3
SO2 and Br2 identified
M4
Concentrated sulfuric acid
•        is an oxidising agent
•        oxidises the bromide (ion) or Br− or NaBr or HBr
•        is an electron acceptor
In M2 and M3 the two gases need to be identified. If equations are used using sulfuric acid and the toxic gases are not identified clearly, allow one mark for the formulas of SO2 and Br2
•        apply the list principle as appropriate but ignore
          any reference to HBr
•        the marks are for identifying the two gases either
         by name or formula
4
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2.   (a)     (i)      Change in concentration (of a substance / reactant / product) in unit time / given time / per (specified) unit of time
This may be written mathematically OR may refer to the gradient of a graph of concentration / volume against time
OR
Amount of substance formed / used up in unit time / given time / per (specified) unit of time
Ignore additional information including reference to collisions
1
(ii)     At W
M1 (QoL)
The rate / it is zero
M2
The magnesium has all reacted / has been used up
Ignore reference to the acid being used up
OR
No more collisions possible between acid and Mg
OR
Reaction is complete / it has stopped
OR
No more hydrogen / product is produced
2
(iii)    M1
Twice / double as many particles / hydrogen ions (in a given volume)
Penalise reference to (hydrochloric acid) molecules in M1
Penalise reference to “HCl particles” in M1
OR
Twice / double as much hydrochloric acid
M2
Twice / double as many effective / successful collisions (in a given time)
OR
Twice / double as many collisions with either sufficient energy to react OR with E ≥ Ea
OR
double the successful / effective collision frequency
2



(b)    (i)      The activation energy is the minimum energy for a reaction to go / start
OR
Minimum energy for a successful/ effective collision
1
(ii)     M1   Products lower than reactants on the profile
Mark independently
M2     Activation energy (Ea) shown and labelled correctly from reactants to peak of curve
Mark independently
2
(c)    (i)      Ba + 2H2O  file_6.png
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 Ba(OH)2 + H2
Ba + 2H2O file_8.png
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Ba2+ + 2OH− + H2
Allow multiples
Ignore state symbols
1
(ii)     M1    Ba2+ + SO42− file_10.png
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 BaSO4
Ignore state symbols in M1
Not multiples in M1
M2      White precipitate / solid
Extra ions must be cancelled
Penalise contradictory observations in M2
2
(iii)    M1     Barium meal / barium swallow / barium enema
Accept a correct reference to M1 written in the explanation in M2, unless contradictory
OR    used in X-rays OR to block X-rays OR X-ray contrast medium OR CT scans
M2      BaSO4 / barium sulfate is insoluble (and therefore not toxic)
For M2 NOT barium ions
      NOT barium
      NOT barium meal and NOT “It”
Ignore radio-tracing
2
[13]

3.       (a)     [Co(H2O)6]2+
1
octahedral
Only allow if species has 6 ligands
but allow if M1 not given because charge missing
1
(b)     CoCO3
Mark independently
1
Purple solid (allow pink)
Allow pink precipitate
1
(c)     [Co(H2O)6]2+ + 6NH3 → [Co(NH3)6]2+ + 6H2O
Allow [Co(NH3)5H2O]3+
Formula of product
1
Balanced equation
1

(d)     [Co(H2NCH2CH2NH2)3]2+
Allow use of en [Coen3]2+
1
Entropy change for reaction is positive
Mark independently
1
Because 4 mol reactants form 7 mol products
(or increase in number of particles)
Or bidentate replaces unidentate
1
(f)      [CoCl4]2–
1
Cl– ligand too big to fit more than 4 round Co2+
Allow Cl– is bigger
Allow chlorine and Cl but NOT chlorine molecules.
1
[11]
 
4.     (a)     effect on reaction rate:     catalyst provides an alternative reaction route.;
1
with a lower Ea;
1
more molecules able to react or rate increased;
1
equilibrium:               forward and backward rates changes by
                                 the same amount;
1
                                 hence concentration of reactants and
                                 products constant or yield unchanged;
1
(b)     heterogeneous: catalyst in a different phase or state to that of
the reactants;
1
          active site:    place where reactants adsorbed or attached or bond etc.;
1
          reaction occurs or an explanation of what happens;
(allow absorbed)
1
          reasons:              large surface area;
                            reduce cost or amount of catalyst;
2
          catalyst poison:   lead adsorbed;
                            lead not desorbed or site blocked;
(lead adsorbed irreversibly scores both of these marks)
2
(c)     reaction slow as: both ions negatively charged or ions repel;
1
2Fe2+ + S2O82– → 2Fe3+ + 2SO42–                 Species;
                                                         Balanced;
2
2Fe3+ +2I–    →   2Fe2+ + I2                         Species ;
                                                         Balanced;
2
[17]
 

5.	D
[1]
6.	A
[1]
7.	A
[1]
8.	D
[1]
9.	C
[1]
10.	D
[1]
11.	C
[1]
12.	C
[1]
13.	C
[1]
14.	D
[1]
15.	A
[1]
16.	D
[1]
17.	D
[1]
18.	B
[1]
19.	D
[1]
20.	D
[1]
21.	A
[1]
22.	D
[1]
23.	D
[1]
24.	A
[1]
25.	D
[1]
26.	B
[1]
27.	D
[1]
28.	D
[1]
29.	B
[1]
30.	B
[1]
31.	A
[1]
32.	B
[1]
33.	A
[1]
34.	A
[1]


