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Answer all the questions.

1 Anunknown compound A is thought to be either an aldehyde or a ketone.

(@) The molecular formula of compound A is deduced with the help of the molecular ion
peak of its mass spectrum.

(i) What information does the molecular ion peak of a mass spectrum give?

(b) The molecular formula of compound A is found to be CH, 0.

Show the four possible structural isomers of C.H, ,O that are aldehydes.

[4]

(c) Describe how you would carry out a simple chemical test which can be used to
distinguish between aldehydes and ketones. Give the expected result in each case.

..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

result for an aldENYAE .......coo oo et r e e s anear e e e s

FESUIL fOr @ KELONE ...eeeeeeee ettt e e e e e e e s e s seee e e s e s s e e e e s nnes [4]
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(d) This test indicates that compound A is in fact a ketone. Three possible ketones with v

molecular formula C.H, ,O are shown below.

CHS—E—CHZ—CHz—CH3 CH3—CH2—@—CH2—CH3 CH,- H-CH,
Hy
pentan-2-one pentan-3-one methylbutanone

A solution of 2,4-dinitrophenylhydrazine is added to compound A.

(i) State what you would see.

(if) Describe the method, which does not involve spectroscopy, that uses the product
from this test to distinguish between the possible structures of compound A.

-----------------------------------------------------------------------------------------------------------------------------------
...................................................................................................................................
...................................................................................................................................

(e) The structure of compound A can also be identified from its n.m.r. spectrum shown
below.

The relative peak area is shown by
the number above the peak

1 | ! | LIL | 1 ! - 1 1 | L 1 L ] 1 |
2

chemical shift

(i) Explain how this spectrum confirms that compound A is not an aldehyde.

2814 Jan04
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(ii)) Use the n.m.r. spectrum to deduce which of the ketones shown in part (d) is the
correct structure of compound A.

Explain your reasoning clearly, identifying which part of the molecule is responsible
for each peak.

...................................................................................................................................
-----------------------------------------------------------------------------------------------------------------------------------
...................................................................................................................................
-----------------------------------------------------------------------------------------------------------------------------------
...................................................................................................................................
...................................................................................................................................
-----------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------
...................................................................................................................................

[Total: 21]
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6

Alizarin is a red coloured compound used to dye fabrics. Its structure is shown below.

(ﬁ OH
OH

C

I

o)

alizarin

(a) Apart from the benzene ring, name two different functional groups in this molecule.

............................................................. =1 3 (o [OOSR 24 |

(i) To dye a piece of cloth with alizarin, an aqueous solution needs to be made to a
concentration of about 0.015 moldm™3,

Calculate the mass of alizarin present in 800 cm® of a 0.015 mol dm= solution.
M. of alizarin = 240.

mass of alizarin = .......c..cccceeeees g [2]
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7
(c) Alizarin reacts with cold aqueous sodium hydroxide.

Complete the equation to show the reaction of alizarin with an excess of aqueous
sodium hydroxide. Show clearly the structure of the organic product and balance the
equation.

ﬁ OH

C

o)

AliZArIN e etrstrraererrre et aerenannas

[3]
(d) Infra-red spectroscopy can be used to identify bonds in dye molecules such as alizarin.

State the particular bonds in alizarin that give rise to characteristic peaks on its infra-red
spectrum. Give the wavenumber range for each peak.

..........................................................................................................................................

(e) The structure of another dye called chrysoidine is shown below.

H,N

N NH; CI~
/

N
chrysoidine

Chrysoidine is described as an azo dye, but alizarin is not.

Draw a circle around the part of the molecule in chrysoidine that identifies it as an azo
dye. (1]

[Total: 14]
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3 Ethanal, CH,CHO, can be reduced using an aqueous solution of sodium borohydride,
NaBH,, as the reducing agent.

(a) Write a balanced equation for this reaction using the symbol [H] to represent the
reducing agent.

(b) This is a nucleophilic addition reaction in which the nucleophile can be represented as a
hydride ion, H™.

A mechanism for the reaction is shown below.

5—
o]
_8_+C// \}

CH; \
H
H_
ethanal
0]
(i)
(iii)
(iv)

o-
NaBH, o C/
——f-
step 1 ? / \H
H
intermediate

H
[
H—O

o
>
|

organic product

Add ‘curly arrows’ to the mechanism to show how the intermediate reacts with the

water molecule in step 2. [2]
Draw the structure of the organic product of this reaction in the box above. (1]
What is meant by the term nucleophile?

............................................................................................................................... [1]

Describe in words exactly what is happening to the electron pairs and bonds in

step 1 of the mechanism above.

2814 Jan04
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(c) ltis also possible to reduce ethanal to the same product using hydrogen gas, H,, in the %

presence of a catalyst. This reaction does not go by a nucleophilic mechanism.

Explain why hydrogen gas cannot act as a nucleophile.

[Total: 10]
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Phenylalanine is a naturally occurring a-amino acid. Its structure is shown below.

H H 0

L7

N

H NH, ©OH
phenylalanine

(a) State the general formula of an a-amino acid.

(b) Phenylalanine exists at pH 7 in the body as a zwitterion.

Complete the displayed formula of phenylalanine below to show the zwitterion of
phenylalanine.

C—C—C

[2]
(¢) Phenylalanine has two stereoisomers.

(i) What is the name of the type of stereoisomerism shown by phenylalanine?

(if) Complete the structures below to show the three-dimensional arrangement of the
two stereoisomers of phenylalanine.

2]

2814 Jan04
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(d) Compound G is used to make a drug that inhibits the action of the HIV virus.

|/
C—C——C——-C/
LT N\
H NH, H
compound G

Compound G is a B-amino acid, whereas most naturally occurring amino acids are
o-amino acids.

State three differences between the structures of compound G and phenylalanine.

..........................................................................................................................................

For

Examiner’s

Use

TP LT p
C—C—C C—C—C—C
T\ T N\,
H NH, H NH, H
phenylalanine compound G
reduction hydrolysis
H H 0O H H
| |y HCN/KCN ||
C—C—C - cC—C—
LN |
H NH, H H NH,
compound E compound F
(i) Complete the structure of compound F in the box above. [1]

2814 Jano4 [Turn over
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(ii) Explain why reaction of a carbonyl compound, such as compound E, with
HCN/KCN is particularly useful in the synthesis of organic compounds.

...................................................................................................................................

(f) Compound G contains two chiral centres and its stereochemistry has been found to be
significant in the action of the drug. The drug works because it has the right shape to
inhibit an enzyme that is needed by the HIV virus.

(i) Identify the two chiral centres in compound G by placing an asterisk * by the
appropriate atoms on this structure of G.

i
/
C—C—C——-C/
LT\,
H NH; H
compound G

[2]
(ii) State whether the compound G made by this method will contain a single

stereoisomer or a mixture containing more than one stereoisomer. Explain your
answer.

(g) To finally make the drug, compound G is made into a dipeptide by combining it with an
a-amino acid such as glycine, H,NCH,COOH.

Complete the diagram to show the displayed formula of the peptide bond between
compound G and glycine.

R
/
C—C——C—-C/
Y
H H
|
H—-?—H
NH,

[2]
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(h) Discuss the possible disadvantages of producing an anti-HIV drug which contains vee

more than one stereocisomer.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

[Total: 19]
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Clear plastic drink bottles are usually made from either HDPE (high-density polythene) or
from PET (polyethylene terephthalate). HDPE is an addition polymer and is used for softer
bottles, whereas PET is a condensation polymer used for bottles needing a greater rigidity.
PET is also known as Terylene when it is used to make fibres.

The monomers used to make these two polymers are shown below.

/H H H |(|) Icl)
C==C HO—C—C—OH HO—C C—OH
\, |
H H
ethene ethane-1,2-diol benzene-1,4-dicarboxylic acid

(a) In this question, one mark is available for the quality of written communication.

Using HDPE and PET as your examples, explain the difference between addition and
condensation polymerisation.

Include equations to show the polymerisation reaction forming each polymer and clearly
show the repeat unit in HDPE and PET.

..........................................................................................................................................
..........................................................................................................................................
T TR Y P T PR YT
..........................................................................................................................................
..........................................................................................................................................

(7]

Quality of Written Communication [1]

2814 Jan04
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(b) Bottles made from PET are often used to contain carbonated drinks. However PET vee
allows the gas to escape slowly. A layer of another polymer can be included to decrease
the gas leakage. One such polymer is PVOH (polyvinyl alcohol). This is manufactured in
two steps as shown below.
CH;
\
C=0
addition H O H OH
polymerisation | | | |
—_— CcC—¢C I —— c—cC
step 1 ] ] step 2 ] |
H H H H
n n
monomer PVOH
(i) In the box above, draw the structure of the monomer used in step 1. [1]
(ii) Step 2 involves hydrolysis of the ester in the side chain.
State the reagents and conditions required for step 2.
FEAGENLS ..oeeiiitiiiite et bbb s s ar s s ans
(o013 To 1110} o1 O [3]
(iii) Another compound is formed in step 2. Identify this compound.
............................................................................................................................... [1]
(c) Research is being carried o)
out to find alternatives to ”
PET that do not allow gases C CH _0
to escape. The formula of the S0 eH;
repeat unit of one possible
condensation polymer is
shown. ﬁ
o n
Deduce the structures of the two monomers from which this polymer could be made.
[2]
[Total: 15]
2814 Jan04 [Turn over
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6 2-Methylphenylamine is used in the large-scale production of a variety of dyes, pesticides
and pharmaceuticals.

It can be manufactured from benzene in three stages, as shown below.

CHg, CH;
NH,
stage 1 stage 2 stage 3
—_— e —_ —_—
benzene methylbenzene 2-methylphenylamine

(a) The conversion of benzene to methylbenzene in stage 1 needs another reagent and a
halogen carrier.

(i) Identify the reagent. .........cccoemiinninici [1]
(ii) Suggest a suitable halogen carrier. ........ccccvieerrerrmcceerr et eeerenees [1]

(b) In the box above, draw the structure of the compound formed in stage 2. [1]

2814 Jan04
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(c) In this question, one mark is available for the quality of written communication.
Outline how stage 2 and stage 3 can be carried out.
In your answer, state the reagents and conditions and include a balanced equation for

each reaction.
(You do not need to include details of the separation or purification of the compounds).

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

Quality of Written Communication [1]

[Total: 11]

END OF QUESTION PAPER
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Mark Scheme Unit Code | Session Year
2814 Jan 2004
Page 1 of 8
Qu. Expected answers: Marks:
1(a)(i) (relative) molecular mass /M, v’ [1]
(i) right / highest M/ / highest mass /
second highest mass etc v/ AW [1]
(b)
HOH Hoe A A A
H=C—C—C—C—C H-G—C—C—C~H
HHHH OV HOH A v
H™ ~o
W
H H-C-H
oo ol
Ho| B M pc—c—c-n
H-C—c—C—cC H (I: H
HHH ov o> v
(4]
(©) Tollens’ reagent / ammoniacal silver nitrate v/ iallow use of warm acidified
warm / heat v/ ' K,Cr,05 to give green
aldehyde: silver mirror v ior Fehlings/ Benedicts to
ketone: no reaction /change v 1 give red ppt (4]
(d)(i) vyellow/orange /red v
precipitate / solid / crystals v (2]
(i) measure the melting point (of the solid / ppt) v
(re)crystallise / purify /
compare result with known compounds / data book v (2]
(e)(i) nopeakat9.5-10.0/peak with area 1l v [1]

Mark Scheme

Qu 1 continued overleaf

Revised 01/03/04




Mark Scheme Unit Code | Session Year
Page 2 of 8

2814 Jan 2004

Qu.

Expected answers:

Marks:

1(e) (i)

Q 1 continued

o}

CH3-CH,-C-CH,-CH
s 2% | pentan-3-one v

1 mark for identifying the correct structure

the peak at 1.1 ...
(is in the range 0.7-1.6 so) is due to CH3/R-CH3 group(s) v
isatriplet/ 1:2:1 as it is next to a CH, /two protons v/

is due to six protons/two CHjs (in the same environment) v/
the peak at 2.4 ...
(isin the range 2.0 — 2.9 s0) is due to the CH, /-CO-CH,-R

group(s) v
is a quartet / 1:3:3:1 as it is next to a CHs/three protons v/

is due to four protons/two CH, (in the same environment) v/
the number of peaks ...
(two peaks, so only) two environments/ two types of proton

/ Ha and Hb on structure /each CH;CHo>- is identical etc v/

three environments for methylbutanone so would get 3
peaks/ Ha, Hb, Hc shown on a structure v/

four environments for for pentan-2-one so would get 4
peaks / Ha, Hb, Hc, Hd shown on a structure v/

ANY 5 reasoning marks out of 9

max

(6]

[Total: 21]
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Revised 01/03/04
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Page 3 of 8

Unit Code
2814

Session
Jan

Year
2004

Qu. Expected answers:

Marks:

2 (a) carbonyl / ketone v/
phenol v

(b)(@i) C14HgO4
1 for Cis... v
1for...HgO, v

(i) moles dissolved = 0.800 x 0.015 = 0.012
/ conc in gdm™ =0.015 x 240 = 3.6(g) v

mass dissolved = 0.0120mol x 240 / 3.6gdm™ x 0.800
=2.88/2.9(g) v (or ecf)

(c)

H,0 as product v/
balanced equation v’

(d) C=0/ carbonyl v
1680 — 1750 v
O-H / hydroxy(l) v
3230 - 3550 v

(e

o) O Na'
eoges
o)

a+
v

) H,N
O @ O
v

(2]

(2]

(2]

(3]

(4]

(1]

[Total: 14]
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Mark Scheme Unit Code | Session Year
2814 Jan 2004
Page 4 of 8
Qu. Expected answers: Marks:
3(a) CH3CHO + 2[H] —> C2H5OH
where CH;CHO ——» C,HsOH gets v
and also 2[H] to give a correct balanced equation v/ 2]
(b) (i) H
N
o ¥
/
¥v'v'one mark for each curly arrow [2]
(i) O-H
CHa—
(iii) electron/lone pair donor [1]
(iv) nucleophile/hydride is attracted to a positive (charge) centre
/8" carbon /area of electron deficiency v/
(its lone pair of electrons) forms a (covalent/dative) bond v
the double/r electron pair goes to the oxygen atom ... v/
... (causing )the carbonyl/double/= bond to break v’
ANY 3 out of 4 marks
(3]
(c) hydrogen has no lone pair
(1]
[Total: 10]

Mark Scheme
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Mark Scheme Unit Code | Session Year
2814 Jan 2004
Page 5 of 8
Qu. Expected answers: Marks:
4 (a) RCH(NH,)COOH v
(1]
(b) HoH o
@ L1 7
c—c—cC
|L ,|\|H3+ - (or shown with delocalised COO ")
either -NH; ¥ or -COO ~ shown in the right place v/
rest of the structure correct v/ 2]
(c)(i) optical (isomerism) [1]
(i) .
Ol b ot
C""u : i
cHy” Yddon Hogc’C\CHz
(or shown as zwitterion, or with C;H5)
at least one structure correctly drawn v/
a correct mirror image v/
(2]
(d) difference in position of the NH; relative to the COOH v
an OH group (in G) v
extra carbon /longer chain (in G) v
extra chiral centre (in G) v/
ANY 3 outof 4
(3]
(e) (i) ||4 ||4 (I)H
O
H NH, H v [1]
(ii) for lengthening the carbon chain / increasing the number
of carbon atoms v/ [1]
() @) v v
e To
_(l:*_c*_
NH, H 2]
(ii) a mixture of stereocisomers ... because G is made synthetically / not
naturally /in the laboratory /the HCN can add above or below etc v .

Qu 4 continued overleaf

Mark Scheme Revised 01/03/04



Mark Scheme Unit Code | Session Year

o}
' NHand CO v
all bonds displayed correctly v/

(h) (only) one stereoisomer has the right shape / fits the active site
etc / is pharmacologically active v

the other stereocisomer may have (harmful) side-effects v/
increased dose is heeded v

valid reason for increased costs - eg testing of both isomers
(NOT just related to increased dosage) v/

ANY 3 out of 4 marks

Page 6 of 8 2814 Jan 2004
Qu. Expected answers: Marks:
Q 4 continued
4(9) H H OH o
@| I T
c—C—C—C
I T Y
H ll\l—HH OH
O:C|: |
H—C—H NH
NH, c

(2]

(3]

[Total 19 Marks]
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Page 7 of 8 2814 Jan 2004
Qu. Expected answers: Marks:
5 (a) addition involves breaking a double bond v

condensation involves loss of water / small molecule v

correct PE repeat unit (either: {CH,-CHy}- or {CH3}) v

equation to form PE from ethene showing ‘n’ monomers to
give a polymer using ‘n’ / with at least 4 carbons extending
on v

correct ester link displayed in PET v/
correct PET repeat unit indicated v/

equation to form a correct repeat of PET and H,O, showing
at least one of each monomer v

(7]
Quality of written communication
mark for good organisation and a logical response ... examples are linked to the
relevant definitions / the response attempts or implies a comparison (1]
(b) (i) CH3
/
H  0—C
c=c ©
/ \
H H v [1]
(ii) dilute / aq / named concentration v/
acid / H*/ alkali / OH ~ / suitable named acid or alkali v
heat / reflux v
(3]
(iii) CH3COOH (if acid hydrolysis in (ii)) / CH;COO ~ (from
alkaline hydrolysis in (ii)) 1
(c) (I?
C\
”
HO_
C CHy
I HO/ _OH
v CH3 v
(2]
[Total: 15]
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Mark Scheme Unit Code | Session Year
2814 Jan 2004
Page 8 of 8
Qu. Expected answers: Marks:
6(a)(i) CHsCI/CHzBr v [1]
(i) AICl;/ FeBrsetc v [1]
(b) CH;
NO,
v (1]
(c) stage 2
H,SO, v
HNO; v
60°C v
CsHsCH; + HNO; —— C6H4(CH3)N02 + H,O v
stage 3
tin v/
HCI v
heat / reflux v
CeH4(CH3)NO, + 6[H] —— CgH4(CH3z)NH, + 2H,0
(or with H* as well to give the salt CgH4(CH3)NH3") v/
ANY 7 out of 8 max
[7]
Quality of Written Communication
mark for technical terms ... answer contains at least two of the following terms:
concentrated/conc (for any acid), nitration, nitrating mixture, electrophilic, substitution,
reduction, catalyst (for H,SO, or tin), 2-methylnitrobenzene v
(1]
[Total 11 Marks]
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