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QUESTION ONE

There are two enantiomers (optical isomers) of glucose, called D-glucose and L-glucose.
——_\

(a) (i) Label all the asymmetric-carbon-atoms-with an asterisk (*) in the structural formula of
D-glucose shown below.

H O

N

C
I
H-CiOH &
I
HO-(,*H
I
H-C-OH
%
H-(|3 OH ¢
CH,OH g

(i) Explain how D-glucose and L-glucose could be distinguished.
P- Sluw}? ond |- jlutoJQ could ko oistin uuf‘od af

—H«ej rotate f)(cmo Folqv{.(eaf liﬁh{- i oﬂ)oj.('e Airetons.

(iii) When D-glucose is heated with Tollens’ reagent, a silver mirror forms.

Explain this observation with reference to the functional group involved and the type of
reaction occurring.
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(b) Devise a reaction scheme to convert propanal into N-propylpropanamide.
0
Vi
CH,«CH-C  H
)
N
\
CH,-CH,-CH,
N-propylpropanamide
Assume that you are provided only with the following reagents:
SOCL, CrZO,Z"/ H', NaBH,, conc NH, (reagents can be used more than once).

0
Vi
CH,=CH, = C\
H
i propanal
iy / (n03/ NaBH 4
Heat \
o4
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A student wanted to make some butanal, CH,CH,CH,CHO, in the school laboratory. The student
heated some butan-1-ol and excess acidified potassium permanganate, KMnO,/H", under reflux
for 20 mi . The student then distilled the reaction mixture to collect the butanal fraction.

However, no fraction was collected at 73-76 °C.

Compound Boiling point/ °C
Butan-1-ol 118
Butanal 74.8
Butanoic acid 163

(i) Describe the colour change that would be observed as the reaction is heated, and link this
observation to the type of reaction occurring.

Tee will be a (olour change from “'f" to coloure 55 , olue
4o te o¢idation reacdtion “betueen butan-l-»| and
ocdidied fa{qsrmm Ferma:jana{‘l ander reflux.

(ii) Explain why no fraction was collected at 73-76 °C.
No ~raction was elleded ot 33-U°C 1pcanse T buimﬁ
Eo‘m-fﬁ butanal 15 eachod B witwin 4hat regton ond
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(iii) Outline why the student should have used distillation instead of heat under reflux to
produce butanal.

You should include an explanation of the process of distillation, and compare the position
of the condenser between distillation and heat under reflux.

Refer to the diagrams provided below.

Fig. 1 Fig. 2
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QUESTION TWO

(a)

(1)

(i)

Complete the table below by either naming or drawing the structural formula.

Structural formula IUPAC name
0 hexan-2-2
A [
CH,-CH,-CH,-CH,-C~-CH,
0
B 04 7t 0 e 04 c..l n c"} propyl ethanoate

O
Cq‘\; /c‘-l,_ GL Clq R 2-methylpentanamide
N
“h
”O L, lpome loutanal
D CH,-CH-CH,- C\
Br H

Draw the enantiomers (optical isomers) of Compound D in the box below.

H
O m,) G"IL(DPI

Ack

A

e \"’ZC\HJ
Br

S —— ____
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Three bottles, each containing a different colourless liquid, have not been labelled. The
laboratory technician confirms they are:

A student devised the following procedure to positively identify each of the three colourless liquids:

* ethanol * ethanoy! chloride * ethanal

Step 1: Add water to all three colourless liquids.

Step 2: Add Fehling’s solution to the remaining two colourless liquids, and heat.

Step 3: Add acidified potassium dichromate, K. Cr,0,/H", to the remaining colourless liquid,

(i)

and heat.

Complete the table below for each step, only including observations for reactions that occur.

b | e | Tmaeis ] e ome
Mi{e “Q\AWS Su\b‘ﬁtqf{on E'“'\anDY,
]
onb el (,3) ¥ chlovide
Rack - red Eth i
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L e b ovidation Ethomol .
Jreen -

(ii)  Justify why the three steps should be followed in the order given to positively identify each
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Compound A has the molecular formula C H,0. and exists as enantiomers (optical isomers).
When dilute sulfuric acid, H,SO,. is added, two organic compounds are formed: Compound B
and Compound C. Compound B is present in the higher proportion.

Compound B is reacted with excess thionyl chloride, SOCL,, followed by concentrated ammonia,
NH., to form Compound D. Compound I) turns damp red litmus paper blue.

Compound C is heated with excess acidified potassium permanganate, KMnO, /H", to form
Compound E. Compound E forms bubbles when sodium carbonate, Na,CO,, solution is added.

Draw the structural formulae for Compounds A, B, C, D, and E in the table on the next page.

Space for working: o],'
(o ou P :
mpound B)  ohizol - A - ol [
& oy (aq) T o
ol = of- o] -y A= eda-od oy (C)
*

2 :
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Compound Structural formula
o
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QUESTION THREE

(a) (i) Using the following two amino acids, draw the structural formulae for the two possible
dipeptides that could be formed.

H H

| 0 | 2
HN G- c HN:C-C

CHZSH OH H O

0O H @2
H)_N —~c — - H ¢ \

l ! (_{ o'-f

o2 H H

(i) Identify and explain the type of reaction ocurring to form the two dipeptides.

O u

Twe +}72€(\ reaction occum'tﬁ % a chenieal IJ-O(ZJf
ondlensotion , whe Fas Swall wolecules \')o;t’]
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403e+her to torm o lqnaq organlC molecul 2 «oth
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Dacron is a polymer used in the furniture industry. Two repeating units of Dacron are shown
below:

1 § -3
~-C~<_)-C-9Q~CH,~CH,-0-C~ )~ C-O-CH,-CH,-0—

Note: @ is a benzene ring, and does not change when Dacron is heated in part (iv).

(iii) Circle ONE ester linkage in the above diagram of Dacron.

(iv) Identify and explain the type of reaction that would occur when Dacron is heated under

reflux with sodium hydroxide, NaOH, solution.

Draw the structural formulae of the organic products in the box below to support your
answer.

When Daeron v heated wnder veﬂwx;u{{'h 4 NaoH/ beasic
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Question Three continues
on the next page.
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(b) (i) Consider compounds W, X, and Y, shown below: Vi

H

OH

Compound W Compound X' Compound Y
//O //O ? 0
CH,-CH,-CH=CH-C_ |CH,=CH-CH,-CH,-C CH3~C—CH=CH-—C//
A\

OH

Identify the ONE compound that has ALL the following properties:

. exists as cis-trans (geometric) isomers

. reacts with thionyl chloride, SOCL, to produce steamy fumes
. can be reduced by sodium borohydride, NaBH,.

Compound (W, X, or Y):

f

Explain your choice, including why the other two compounds were eliminated.

CPMFOW‘U( Y s chasen Lor ham:ﬂ all the rvo erties .

14 exist as 8- tans Gomers , heeanse it ontaing a agi c{
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(i)

(iii)

-~
o

/\/ /\ 7 13 Ll " C” o &
Draw the structural formula of Compound S, given its molecular formula is C.H, O,, and it
has the following properties: O
. can be oxidised to a ketone Sccoi«d‘lﬁﬂ alt"""‘ Hé‘ i 6 Ees 0‘! 2

. can form a cyclic ester with four carbon atoms in the ring when heated with
concentrated sulfuric acid, H,SO,.

Draw the structural formula of Compound T, given its molecular formula is C_H,Br, and it
has the following properties:

. branched carbon chain
. exists as enantiomers (optical isomers)
. classified as a secondary haloalkane

. causes a colour change of orange to colourless when mixed with bromine water,

Briag). , ..

B e
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Extra space if required.
Write the question number(s) if applicable.
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Grade
score

Marker commentary

One

A3

This response provided enough evidence for A3.

Although the candidate did not identify all chiral carbons, they
explained how to identify the two forms of glucose enantiomers.
The explanation for reaction with Tollen’s reagent does not identify
the type of acid.

To gain a higher grade in the reaction scheme, an amine rather
than an amide and acyl chloride are needed to form
propylpropanamide. Steps after the propan-1-ol incorrect /
missing.

The candidate correctly stated the colour change and type of
reaction.

To gain a higher grade, the candidate needed to identify that
butan-1-ol under reflux formed butanoic acid, with supporting
data.

The candidate defined distillation. To gain a higher grade for this
part, the candidate needed to relate the process of distillation to
oxidation of butan-1-ol to butanal, and how the horizontal position
of condenser allows the purified butanal to be collected compared
to the vertical position of the condenser in reflux.

Two

M5

This response provided enough evidence for M5.

The structural formulae appear correct. For a higher grade, the
handwriting is not distinct enough, as C and H joined together and
inconsistent sizing.

Enantiomers drawn in a tetrahedral shape, to obtain a higher grade
a CHO functional group needed to be drawn ,rather than a COH.

Three types of reaction and compounds identified. The colour
change for Fehling’s solution is incomplete.

The candidate explained why the order must be followed; a more
complete answer would recognise that acidified potassium
dichromate solution is a stronger oxidising agent than Fehling’s
solution, and that if acidified potassium dichromate or Fehling’s
solutions were added first then either ethanal or ethanol would
also react.

Three correct structures are drawn from the molecular formula and
information of the reactions. A higher grade for this question would
recognise that both alcohol groups form the amine and that both
alcohol groups reacted completely with acidified potassium
dichromate.




Three

A4

This response provided enough evidence for A4.

Two correct dipeptides are drawn. For a higher grade, the answer
needed to use the terms related to the question rather than a
generic answer.

The ester link and type of reaction are correct.

For a higher grade, the candidate needed an explanation of how
the water molecule is added to the broken ester link to form the
alcohol and the carboxylic acid.

The candidate selected Compound Y and supported the three
properties of Y and eliminated W and X with reasons.

The candidate recognised that Compound S has a secondary
alcohol, though no structure is drawn, and that Compound T has a
carbon double bond and a secondary haloalkane; to gain a higher
grade, a chiral carbon is required to form enantiomers.




