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4.	(a)    Exp 2   14.(4) ×10–3   OR   1.4(4) ×10–2   or 0.014
Allow 2sf
1
Exp 3   0.1(0)
1
Exp 4   0.3(0)
If three wrong answers, check their value of k in 1(b).
They can score all 3 if they have used their (incorrect) value of k. see below.
Exp 2   rate = 0.096 × k
Exp 3   [Q] = 0.015/k
Exp 4   [P] = 0.116/√k
1
(b)      [image: ]
mark is for insertion of numbers into a correctly rearranged rate equ , k = etc
1
= 0.15 (min 2sfs)                   (allow [image: ])
if upside down, score only units mark
AE (–1) for copying numbers wrongly or swapping two numbers
1
mol–2 dm+6 s–1
Any order
If k calculation wrong, allow units conseq to their k
1
(c)     G
1
[7]



5.      (a)     necleophilic addition;
	[image: ]
1
M3 structure;
(be lenient on position of charge on CN– )
(M2 not allowed independent of M1, 
but allow M1 for correct attack on C+
if M2 show as independent first.)
(+on C of C=O loses M2 but ignore δ+ if correct)
(M4 for arrow and lone pair (only allow for correct M3 or close))
4
(b)     (i)      2-hydroxybutanoic acid
1
(ii)
[image: ]
 
1
geometric(al) or cis-trans
1
(c)     (i)
[image: ]
(one unit only) (ignore brackets or n) (trailing bonds are needed)
1
(ii)     can be hydrolysed
         OR
         can be reacted with/attacked by acid/base/nucleophiles/H2O/OH–;
1


(d)     (i)
[image: ]
(allow –NH3+)
1
(ii)
[image: ]
(or zwitterions product)
1
(iii)     nucleophilic substitution;
1
[14]
 
6.      (a)     diethylamine OR ethyl ethanamine OR ethyl aminoethane
ignore N–
1
(b)     For (b) and (c)
There are three valid routes for this synthesis called
Routes A, B and C below
•        Decide which route fits the answer best (this may not be the
best for part b) to give the candidate the best possible overall mark.
•        Mark part (b)
•        For this best route mark the mechanism and reagent independently
•        Migration from one route to another is not allowed
•        Either name or formula is allowed in every case.
•        Ignore conditions unless they are incorrect.
 
	 
	Route A
	Route B
	Route C
	 

	F
	CH3CH2Br or CH3CH2Cl
	C2H6
	CH3CH2OH
	1

	G
	CH3CH2NH2 ethylamine OR ethanamine OR aminoethane
	CH3CH2Br OR
CH3CH2Cl
	CH3CH2Br OR
CH3CH2Cl
	1





(c)     
	 
	 
	Route A
	Route B
	Route C
	 

	Step 1
	Reagent(s)
	HBr OR HCl
	H2/Ni (Not NaBH4)
	H2O & H3PO4 OR
H2O & H2SO4
	1

	
	Mechanism
	Electrophilic addition
	addition (allow electrophilic OR catalytic but not nucleophilic) ignore hydrogenation
	Electrophilic addition
	1



 
	Step 2
	Reagent(s)
	NH3
	Cl2 OR Br2
	HBr OR KBr & H2SO4 OR PCl3 OR PCl5 OR SOCl2
	1

	
	Mechanism
	Nucleophilic substitution
	(free) radical substitution
	Nucleophilic substitution
	1



 
	Step 3
	Reagent(s)
	CH3CH2Br OR CH3CH2Cl
	CH3CH2NH2 OR NH3 but penalise excess ammonia here
	CH3CH2NH2
OR NH3 but penalise excess ammonia here
	1

	
	Mechanism
	Nucleophilic substitution
	Nucleophilic substitution
	Nucleophilic substitution
	1



(d)     tertiary amine OR triethylamine OR (CH3CH2)3N
Quaternary ammonium salt
OR tetraethylammonium bromide OR chloride OR ion
OR (CH3CH2)4N+ (Br– OR Cl–)
1
further substitution will take place OR
diethylamine is a better nucleophile than ethylamine
1
[11]
 
7.       (a)     CH3COCl or (CH3CO)2O (1)
AlCl3 or H2O or CH2SO4 loses this mark
CH3COOH loses reagent and M3, M4 = max 3
          nucleophilic addition–elimination (1)
[image: ]
M3: structure
M4: 3 correct arrows
Allow M1 for attack on CH3‑C+=O
Penalise Cl– removing H+
6


(b)     Conc HNO3 (1)
Conc H2SO4 (1)
HNO3 + 2 H2SO4 → NO2+ + H3O+ + 2 HSO4– (2)
         (or H2SO4 )             (or H2O + HSO4–)
HNO3 / H2SO4 scores 1
Any 2
          electrophilic substitution (1)
	[image: ]
M2 structure
M3 arrow
6
(c)     Sn (or Fe) / HCl or Ni / H2 (1)
NOT LiAlH4 NaBH4
[image: ]
3
[15]
 
8.              (i)
 
	Reagent
	Tollens
	Fehlings or Benedicts
	K2Cr2O7/H+
or acidified
	KMnO4/H+
	I2/NaOH

	Propanal
	silver (mirror)
	red ppt or goes red
(not red solution)
	goes green
	goes colourless
	No
reaction

	Propanone
	no reaction
	no reaction
	no reaction
	no reaction
	Yellow
(ppt)



(penalise incomplete reagent e.g. K2Cr2O7 or Cr2O72–/H+ then mark on)
3
(ii)     propanal 3 peaks
ignore splitting even if wrong
1
propanone 1 peak
1
 [5]
 


9.          X is methyl propanoate
	[image: ]
1
         M1 for arrow and lone pair,
4
M2 for arrow
addition-elimination
1
          Spectrum 2
if thinks Spectrum 1 = X can only score for structure of Y
1
Y is CH3COOCH2CH3
1
The two marks for explanation are awarded for discussing one or more of the
four peaks (not those for the CH3 of the ethyl groups)
for stated δ values the integration or the splitting should be related to the
structure: e.g. structure of X shows that
at δ 3.7 – 4.1 (1) spectrum of X should have integration 3 / singlet (1)
or
at δ 2.1 – 2.6 (1) spectrum of X should have integration 2 / quartet (1)
Spectrum 2 has these
[OR Spectrum 1 has
at 3.7 – 4.1 (1) quartet / integration 2 (1) so not X
at 2.1 – 2.6 (1) singlet / integration 3 (1) so not X]
2
[10]
 
10.	         M1        In acid lysine has double positive or more positive charge
1
M2        (Lysine ion) has greater affinity / greater attraction / adheres better / sticks              better to polar / stationary phase
M2 only scores after a correct M1.
Ignore greater retention time.
1
[2]
11.          (i)      3,3-dimethylbutan-1-ol
Allow 3,3-dimethyl-1-butanol
1
4
1
Triplet on three
1
(ii)     2-methylpentan-2-ol
Allow 2-methyl-2-pentanol
1
5
1
Singlet or one or no splitting
1
[6]
 
 
12.    (a)     GLC or distillation
1
(b)     C=O
1
(c)     (i)      e.g. CDCl3 or CCl4
1
(ii)     Si(CH3)4
1
(d)     0 and 3
1
(e)      
	[image: ]
1
(f)     CH3CH2CH2COCl or (CH3)2CHCOCl
1
[7]
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(i) State what is meant by the term hydrocarbon.
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Give the molecular formula of an alkane with ten carbon atoms.
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An activity which has no net / overall (annual) carbon emissions to the
atmosphere / air

OR An activity which has no net/ overall (annual) greenhouse gas
emissions to the atmosphere / air.

OR There is no change in the total amount of carbon dioxide / carbon
Jgreenhouse gas present in the atmosphere / air

1

The idea that the carbon / CO, given out equals the

carbon / CO, that was taken in from the atmosphere /
air

Answer must refer to the atmosphere or air
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the appreciation of scale s max 4 scoring points
(i) correct reaction equation (1:1)

) calculates theoretical mass of BCG to make 59 PBG 3.569

calculates minimum mass of BCC to make 5g PBC 5099

(iv)calculates mass of phenol needed 3399

Notes * Allow theoretical mass of phenol, 2.37. in iv)
* Consequential marking from answer {o (ii)
* Ignore precision of answers
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the purification process m  max 7 scoring points
dissolves in the minimum quantity

of hot ethanol not solvent, not warm

filters hot/ decants solution

cools hot solution

collects crystals

Buchner apparatus/ suction or reduced pressure or vacuu fitration aflow mention at
any stage of process

dries crystals

weighs (dry) sample

Notes *If method completely unworkable CE means no points scored in this section

* If method flawed( eg evaporates to dryness) mark up to error; wite CE at point of error;
ignore reflux f it does not negate the process

* Can score from a diagram; does not need to be labelled as long as unambiguous

*If solvent used is water then m = 5 max

* If method seriously unsafe e.g. uses a naked flame mark normally then penalise 1
mark at end
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the check on purity
melts sharply! over small temperature range
melting point agrees with data value/ mpt of known sample

r max2 scoring points

Notes ~ Allow =2 for mix product with sample of pure substance
mixture melts sharply at expected mpt
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the appreciation of safety h  max4 scoring points
phenol corrosivetoxic skin protection or flood affected area with water
benzenecarbonyl chioride iritant vapour  fume cupboard

hydrogen chloride corrosive! iritant fume cupboard

ethanol flammable avoid naked flames/ electric heating/ water bath

eye protection

Notes * Need hazard and sensible precaution for points 1-4
* Do not allow "Use a fume cupboard” as a precaution for toxicity
* Do not allow *do not eat/ consume, do not breathe in” as precautions
“If candiidate lists hazards and precautions separately, without connection,
max h=2
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GRADING
16-17 points
1415 points
12413 points
10-11 points

Total 17 scoring points

scores 8 marks
scores 7 marks
scores 6 marks
scores 5 marks

89
67
45
13

points scores 4 marks
points scores 3 marks
points scores 2 marks
points scores 1 mark
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(i)

Electron pair/ lone pair acceptor OR secking/bonds with an electron pair

(insist on reference to a pair of electrons)

M1 curly arrow from middle of C=C bond of the alkene towards/alongside
the H atom of the H-Br;

(penalise arrows which go towards one of the carbon atoms)

(ignore a partial negative charge on the C=C)

M2 curly arrow from H-Br bond to side of Br atom;

(penalise M2 if there are formal charges on HBr or if there are partial
charges which are the wrong

ifthe single bond has two dots in ad_ition to the line)

(penalise )
M3 correct structure for carbocation;
(penalise M3 if the positive charge is placed on the end of a bond)

(penalise M3 if any alkene other than ethene is used-all other marks
can score)

M4 curly arrow from lone pair on bromide ion fo the positive carbon of
carbocation, ensuring that bromide ion has a negative charge:
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MI: potassium cyanide OR KCN OR sodium Cyanide OR NaCN;
(ignore conditions — dissolved in (ag) or (alc) or KOH{(ag) all work)
(penalise HCN)

M2: propanenitsile

(credit propan-I-nitrile OR propan nitrile, but not propanitrile)
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M1: ammonia OR NH;;

(fformula is written, insist that it is correct)
(ignore condlitions, but penalise acidic)

M2: ethylamine;

(credit aminoethane)
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Mi: curly arrow from lone pair on nitrogen of (correct formula for)
ammonia towards/alongside C atom of C-Br;

(penalise M ifformula of ammonia is wrong or has a negative charge or
has no lone pair or arrow is from negative charge)

M2: curly arrow from C-Br bond towards/alongside side Br atom;
(credit M2 independently)
(penalise M2 ifformal positive charge on C atom of C-Br)

M3: correct structure of the ethylammonium ion;

(credit the structure drawn out with all four bonds around the nitrogen
atom OR written as C;HNH;™ OR CH;CH:NH;')

Mé: curly arrow from the middle of one of the H-N bonds towards the
positive N atom;

(possible to credit M4 on an incorrect ethylammonium ion with no positive
charge)

(ignore use of ammonia or bromide ion etc to remove proton from
etlylammonium ion)
(Ifthe wrong haloalkane is used, award MAX. 3 maris for the mechanism)

(1f Sx1 mechanism is used, give full credit in which M1 is for a curly arrow
from the lone pair of the N atom of (correct formula for) ammonia
towards/alongside the positive carbon atom of CH;CH;”)




