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Decomposition products are harmless 1 | Do not allow answers which only refer to products without
comment on safety
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Nucleophilic addition

any extra loses the mark
allow minor spelling errors e.q. nucleophyllic

CHsCH;—OH

3 Mt
HC

s

H
M2

M1 for arrow from lone pair on oxygen in ethanol to
C of C=0 (or to space half way between O and C)

M2 for arrow from G=0 bond to oxygen in ethanal

Do not allow M2 as first step without nucleophilic
attack, but can allow M1 for attack on G+ produced

+ rather than &+ on C=0 loses M2
Ignore any further steps
Mark independently





image6.png
b() | Equal mixture of enantiomers/optical isomers OWTTE Lt

{ | (non-superimposable) mirror images T [gnore rotates light in opposite directions
Ignore sterecisomers
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c(i) |Ethanal 033 1
Ethanol 4.16 1 | Allow 4.2 for ethanol
(”) lacetal][ 0] Ignore slips in acetal structure or formula CsHisOz
S orwith names M1
[CH1CHOI[CH;CH,0HT* 1f K. wrong, allow M4 only for units conseq to their K.
If volume omitted (gives 2.93 x 10) may only score
(037/030(065/03) O3D065) M2 e
(0.58/0.31)(3.76/0.31)* (0.58)3.76)* If volume used = 310 cm® allow M2 then award M3
for 9.08 - 9.23 only and M4 for mol-'cm? only
Treat error in converting 310 cm® to dm® as AE
9.1x10° M3 | Allow range 9.08 x 10°-9.23 x 10°
mol'dm®

M4

Not moles™'dm?
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d

H2C—CH;
PG
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(2-)chloroethan (-1-) oyl chloride

2 not required but penalise 1- or other numbers at
start. Ignore 1 in ethanoyl

Ignore hyphens, commas, spaces

&~

CICH,—C-—Cl

R—NH
e
W

M1 for arrow from Ip on N to G
(or to space half way between N and C)
If full amine drawn, ignore slips except in ~-NH;

M2 for arrow from C=0 bond to O
Not score M2 as an independent first step, but can
allow M1 for attack on C+ produced
1fCllost at this stage, Max 1 for M1

M3 for structure of ion including 2 charges

M4 for 3 arrows and Ip on O
- may be scored in two steps

Ignore use of RNH; to remove H+ in M4, but
penalise use of Cf
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b G | nucleophilic substitution |1 [ allow minor spelling errors e.g. nucleophyllic
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19
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M, =234(.0) 1 | 9.4 scores 2 marks
%H= 9.4(0) 1 MZ:%MOD

If M, =234 not shown, can score M1 if
their answer x 234 = their no of H
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e |tertiary amine OR 3" amine OR lII® amine 1 | Ignore N-substituted
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(i)

If agiven: CE=0, can only score if answer given is b
M1lponNeoron b

M2 alkyl groups donate electron density or positive inductive
effect or electron donating groups attached

M3 (Ip on N*) more available or protonated amine stabilised or
better Ip donor/H" acceptor

Ignore reference to nucleophiles

NOTE — there is NO mark for b alone
Altematives:

M1lponN®orona

M2 Ip or electrons (on N°) delocalised into ring
Jtowards O in C=0

M3 (Ip on N less available (to bond to H'/accept
proton)

Salt’s fonic
(more) soluble (in blood/body fluids/water)

Tndependent marks
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[112(.0) [ 1 [Not1125 ignore working
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0O
Cl—cH,—C¢”
"

Allow [CICHCOI"

M
+
,;A COCH,CL

M3
H_ COCH.CI

O

M2

T Arrow from iside hexagon o C or + on G on
correct electrophile
M2 Structure of intermediate:
« horseshoe centred on C1
« +inintermediate not too close to C1 (allow
on or “below” a line from C2 to C6)
M3 Arrow from bond to H into ring
« Allow M3 arrow independent of M2 structure
« +onHin intermediate loses M2 not M3
« Ignore CI removing H- (different from
Qu3a(ii)
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reag | water | (Aqueous) NaOH followed | (Water +) Named alcohol | Na;COs or ammonia
ent sivernitrate | by acidified | named NaHCO,
silver nitrate indicator
P o o reaction (or | no reaction (or | No colour, WC T o Do NOT award
reaction | slow formation | slow formation | change reaction | No observation
of ppt) of ppt)
Q | Steamy | white white indicator Fruty or sweet | Fizzing or white
Imisty/ | precipitate precipitate tums to smell or misty | effervescence smoke
white | (immediately | (mmediately | correct acid fumes (not just gas
fumes | formed) formed) colour produced)
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di) | —o—cH,—c— One unit only
y must have trailing bonds
ignore n and brackets
allow ——0—CH;—CO—
iy He—q
- c/\ Allow CO for C=0






image1.png
Decrease
Higher pressure gives higher yield / moves to right

Equilibrium moves to reduce pressure / favours side with fewer
moles.

CE if wrong
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2(1) —CH—CH;— 1 | One unit only
éH must have trailing bonds
i ignore n and brackets
{) | PGA sutures reactdissolve/break down/are biodegradablel are OR Polypropene not biodegradeablel ot
hydrolysed / attacked by water or nucleophiles /no need to 1| hydrolysed / not attacked by water/nucleophiles
remove
(Ester links have) polar bonds 1| polypropene contains non-polar bonds

ignore intermolecular forces
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a(l)

Only one molecule of each used
M1 for 2 amide links

M2 GH, and CH(CH:)

Allow 1 mark after one error

Dipeptide max 1

Treat both trailing bonds missing as one error
Ignore n
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(i)

No need to show Ip
The covalent bond and the hydrogen bond either

side of the H must be linear.

Allow
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| Z-amino-4-methylpentan(-1-Joic acid

| !gnore hyphens, commas, spaces

(6} 7 ‘Allow NF;*
HOCH;—C—C00
*NH,
(@) H "
| |
HOCH;—€—C00—CH;—C—CO0H
NH, NH,
™ T Allow NF;-
HOOC(CH;),—¢—COOH
+NHj
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a |OrderwrtD= 10R first ~ OR[D]OR[D]" 1 | Ignore working
Orderwrt E= 2 OR second OR [Ef
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2

‘ (At time zero/start) the concentrations are known
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M1 (Calculate) gradient (of tangent/curve/graph) 1 | Allow description of gradient calculation:

M2 att=0 or at start of graph/curve 1 | Changein conc /time

M2 scored only if M1 gained
Ignore the word initial
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a

lodine is not involved in (or before) the
rate determining / slow(est) / limiting step (in the mechanism)

1

Ignore, iodine does not appear in the rate equation
or iodine concentration does not affect the rate
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<107 1 | Mark for answer
* =31(2)x 10°
(582x107) x(4.76x10

1 | Mark units separately,
mol”' dm* s paratey,

i.e. only these units but can be in any order
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rate = k[H] 1 | Ifwrong or missing CE =0

(large excess of propanone) so [CH:COCH] s (effectively) 1
constant
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Exothermic
Increase in temperature decreases yield / moves to left

Equilibrium moves to lower temperature / favours endothermic
direction

1

4

CE if wrong
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M1 NaOH 1 | Only score M2 if M1 gained, but mark on from
hydroxide. Mention of acid loses M1 & M2

M2 Aqueous/(warm) 1| ignore alcoholic / conc / il
M3 (Fractional) distillation or described 1 | Not just evaporation; not reflux
Allow chromatography





image30.png
M1 Sis CHCH(CN)CHCH.

Step3

M2 KGN (mark on from CN)
M3 Alcoholic (faqueous)

Step4

M4 |Hy

M5 | NiorPt
orPd

LiAIH, Na
Ethoxyethane or ether | ethanol

LiAIH, with acid loses.
both M4 and M5

Ignore ‘followed by
acid’

Allow without brackets

Not HCN, not KCN with acid
Allow ethanolic
can only score M3 if M2 gained

can only score M5 if M4 gained
NOT NaBH, OR Sn/HCI
penalise other extras as list
ignore pressure or temperature
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Method 1 Method 3

M1 %0=27.1 3 | Altemative using given molecular formula
610 19 211 M1 =28 100= 61.0%
120 10 16.0 us
=508 =1 =169 M2 H=2XLq00= 11.9%
M2 3 7 1 18
M8 CaH;O = 50 which is half of M, so MF = 2EF M3 0=26%2400= 2719
118
OrR
Method 2

M1 61% of 118 =72.0 and 11.9 % of 118 = 14.0
M2 72+14=86 sooxygen =32 outof 118
OR27.1% of 118 = 32.0

s 120 140 320
120 10 160
4 =2






image32.png
For this question, marks can be awarded either for a description of how the structure is derived or from the given structure
itself. The maximum mark to be awarded is nine from the ten marks listed.

Marks fall into three sections:
o Infrared evidence : two marks are available for use of the infrared evidence, (M1 and M10)
« Chemical evidence: one mark is available for use of the chemical evidence (M2)
o N.m.r. evidence: six marks are available for use of the n.m.r. evidence (M3 — M8 inclusive)

plus one mark (M9) for a completely correct structure.

Suggested procedure for marking
First look at the infrared spectrum: marks M1 and M10 may be scored there or in the writien answer.

Then look for use of the acidified potassium dichromate(V1) evidence, (M2).

Then look at the final structure: this may lead to the award of marks M3 to M9 s shown on the structures below.

Beware contradictions, e.g. using the chemical evidence they may state that R is a primary or secondary alcohol but then
draw a tertiary alcohol. This will lose M2 but may score M3,

The written ‘evidence’ frequently simply contains extracts from the Table B on the Data Sheet and, if only this is given, is
unlikely to score many marks.
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Described

Or drawn

W7 | infrared peakiabsorbance at 3400 (cm") = O-H alcohol Note: please check the spectrum

(reference to ir spectrum needed) If peak at 3000 (cm”) is identified as acid then cannot score M1 (contradiction)
10 | Either No peak between 1680-1750 (cm™) 50 1o G=0 or ot _| Apply Tist principle 1o IR analysis for M10

aldehyde/acid

OR peak at 1000-1300 (cm") so C-O present
T2 | (Acidiied potassium dichromate(VI) fumns green) so prmary | Ignore aldehyde here

alcohol or secondary alcohol or not tertiary alcohol Lose M2 f just tertiary alcohol in structure
M3 1 singlet or integration =1 is O-H Award M3 if structure has 1 O-H group only (can be primary, secondary or

tertiary).
Lose M3if more than one OH group shown
W4 | twotiplels at 14 & 38 = ~CHr-CHr— ‘Allow ~CHz~CH~CH~
M5 8 means CH attached o O (in ether NOT ester) Allow O~CH,~CH;~CHz-C
4 means CH attached to C (but not to C=0)

3 7 (singlet) integration 6 = 2 x equivalent CH; on same C | ~G(CHa—
M7 |5 =1.1 singlet so no H attached to —C(CHs)-- R-C(CH::R
M8 |5=232 singlet integration 3 = -OCH; —OCH;
T3 | For completely correct o structure given then Max 8
Ris M6 This close altemative

V3 M4 U Yo would not score MS, but

HO-[CR—CIa -0 M8 M4 could score up to 8 marks
M5
OCH, T I
M8 plus M9 M3
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a | Reheat the sample at least once. 1 | Heat to constant mass gains both marks.

Mass of ash should not have changed. 1 | Mark independently.
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Allow ‘easier to wash residue to extract all iodide

b | Vacuum fitration is quicker / saves time ‘ 1
ions’.
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Use indicator (paper) on a withdrawn sample /placeapH | 1 If any indicator (including paper) is used directly on
probe into the solution the solution lose this mark but then mark on.

Keep testing until paper shows acidity / until pH drops 1| Indicator does not need to be specified but i it is
below 7. then correct colour must be quoted.





image37.png
d

207+ Hp0; + 2H' - I + 2H,0

Do not accept 21" + H,0, — I, + 20H" as reaction
conditions are acidic.

Accept multiples and fractions.

Ignore state symbols.
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e | Lower layer —as it will be the denser CCls. 1 Mark is for correct identification and correct
reasoning.
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Decomposition photocatalysed/ accelerated by light 1 | Allow ‘v /sunlight'
Do not allow ‘heat’ as reason.
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f | lodine in seaweed = 56.4 x (3/100) = 1692 g 1
lodine left in aqueous layer = 1.692 — 1.673=0.0190 g 1
K= (1.673/(253.8 % 0.05))/ (0.0190/(253.8 x 0.05)) = 88.1 1| Neither 253.8 nor 0.05 have to appear in working

since they cancel
Accept 88
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g | Itwould react with the iodine 1 | Allow (electrophilic) addition or forms 1,2 —
diiodocyclohexane or addition across a double
Itis unsaturated 1| bond for both marks.





image41.png
Solubility (of the iodine in the solvent) is high when hotand | 1
low when cold

(Therefore, on cooling a solution,) a significant quantity of 1
crystals appear
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Filter the solution (under vacuum)
Wash with a (cold) solvent / water / ethanol
Dry the solid by a suitable method

Heat the dry product to constant mass to make sure
itis dry

Iffiltration is not the first step max. 2/4
Steps must be in a logical sequence

Dessicator / oven  leaving out on the side overnight /
washing with propanone

Suitable method for making sure it is dry
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(b) | Toforma saturated / highly-concentrated solution 1 So a saturated solution forms on cooling
To prevent crystals forming during filtration process 1 To maximise the yield (allow for M1 or M2)
To remove any insoluble impurites






