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{e) The n.m.r. spectium ol one of the carbonyl compounds In the lable Is shown betow.

/ 6
absorplion
of
energy loeeven. e
1
I i
.
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10 9 i} 7 6 5 4 3 i V]
&lppm
(I} Whal do the relalive peak areas on lhe speclrum reprasent?
(M) The peaks at §= 1.0 end 9.5 ppm are both doublets,
Whal does thls infermallon {ell you about the struclure?
Voo weef]
() Draw the displayed formula of the compound.
1]
{iv) Label lhe spectrum lo show which atoms on your struclure are responsible lor sach paak
on the speclrum. @
[Tolak: 11]
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2 Mordant Orange 1 Is an azo-dye wiih the siruclure shown below.

GOOH
O A

Mordant Orange 1
{a) Draw a circla around the azo group thai Identifles this moleculs as an azo-dys. 11

(B) Descrlbe how Mordant Orange 1 can be made starting from 4-nltrophenylamine and anolher
suliable organtc reagent.

Include In your answer:

*  the struclure of 4-nilrophanylamine, lhe Intermadiata diazonlum fon and the olher organle
reagenl;
*  egsontlal reagenls and condilions lor each slage.
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(c) Ghuathlone s a nalurally oceurring motecule made from glutamic acid and lwo other amino
aclds. The struclure of giulathlons I3 shown below. :

&)

I
HaNmG—CHZCHz—é—N—(!—C—N— —COCH

IT—0—

I I

COOH H (|:H2 H
SH
glutathlone

{I) Show lhe slruclures ol the other Iwo amino aclds used lo make glulathlons.

2]

{) State lho lype ol reaclion ihal iakes place when glutalhlone Is made from lls lhreo
conslituent amino aclds.

we[1]

(i) Glutalhlone can be hydrolysed by enzymes. Describa one other way that this reaclion
can be carrled out in lhe laboratory.

SRR | |
[ Tolal: 9]
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Thymol [s a phenol 1hal is used in mouthwashes.

thymol
{8) Suggesl why phencls are oltan used In moulhwashes.
{(b) Thymol can be manulaclured from 3-methylphano! by a Frlede-Crafls reactlon.
() Gomplete the equation for his reaction balow,

OH OH

/CHa
Ho . —— HG F

2]
................... OSSOSO OSSP OTRT PPN |

{c} Inatyplcal mouthwash, the concentration of thymol Is 3.0 x 10 moldm,

Calculate tha mass of thymot that would be contalned In & bollle conlaning 400¢m? of
moulhwasi. Show all your working clearly.

mass of thymol = ...

©CCR P00

VR

701768108




ADADIATTISIIADN LT L MM

TSI INIINILIIOCIIITIAIIITNIIIIDIAI D IINI S I NOXIDINATT I L DI DTN D,

PEDIATIAIDIR DI TIO0D

11
{c) Ropes can also be made from polymers such as Terylone.

() Draw the struclures of lhe two ntonomers used to make Terylone.

(I) Draw ihe slrielure ol & section of Terylene, showlng one repeat uni,

|—9mﬂm

Terylene Is made from benzene-1,4-dicarboxylic acld and sthane-1,2-dlol,

{2l

[2)
|Total: 9)
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2-Fhenylolhylamine, CH CH,CGH,NH,, Is & cempound thal Is found {n chocolate.

(a) 2-Phenylethylamine can be synlheslsed by lhe iwo reactlons shown balow.

H
|
—C! raactlon1 . reactlion 2 T“CEN
Ty
H H

2-phanylethylamine

H H

O-H

I—0

() Slate the reagent for reaction 1,
{il) What type of reacilon Is reaction 17
]

agent for reacllon 2,

(b} 2-Phenylethylamine can be converlad Into C,H,CH,CH,NHCOCH, by reaclion wilh a sullable
reagenl.

Wrile a balancad ecuallon for the reacllon.

2)
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8  There are many lsomers wilh the molocular formula CgHy00,.

{a) Ester C, GH3GH,CH,COOC,H;, Is used In The manwfaclure of a varlely of foods and drinks.
When heated, ester C can be hydrolysad by aquecus hydrochlorlc acld or aqueous sodium
hydroxlde.

{l) Stale lhe name of thls ester,
(Il} Wite a batanced equation for the hydrolysis of ester C with aqueous hydrochlorle acld,

() The hydrolysis of estar C Is carded oul with aqueots sodium hydroxide.
Identify the producls.

{b) Part of the mechanism for the reaction of esler C with aqueous sodium hydroxide Is shown

below.
% P Vi
step 1 slep 2
CaH,—c\ — ST /G\\ L/ 03H7—C\ ~OC,H,
( OC,H; CHy 1, 00Hs OH '
L]
“OH

Intermadlate 1
{l) Add curly arrows to Interimed!ale 1 1o show how the producls of step 2 are formed, [2)
{l) Slate whal the curly arrows represent.

(I} Why Is the OH- fon acting as a nucleophile?
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Each structural Isomer has one chiral carbon atom.

Draw tha slruglurel formulae of the sliuclural Isomers D, E and F.

(c) The siructural lsomers D, E and F are all cathoxyllc aclds wilh the molecular formula

\
i3l
TURN OVER FOR QUESTION 8(d) AND (e)
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Answer all the questions.
1 Anunknown aldehyde A, C,H,,0, was analysed using different lechniques.
(a) {) Describe a chemical lest ihat could be used to confirm that compound A Is an aldehydle.

(1)) Idenlify the functlonat group formed In this chemical lest.

(b) Pescribe a chemical meihod that could be used to confirm the presence of the carbonyl
group In cempound A,

Explaln how you would use the praduct of this test to identily compound A.

(¢} Inamass speclruin of compound A, determine the mfe value of the molecular lon peak.

(d) There are the four possible struclural Isomers for the aldehyde A, CgH, ;0. Two siruclures are
shown below.

Isomer 1 [somer 2

{

L o

i

[ ) 1

(I} Draw the skeletal formula for slructural Isomer 2.

Ml

(I)  Draw the two other possible structural Isomers of the aldehyde A, G;H, 0.

2

(e) The n.m.r. spectrum of aldehyde A Is shown below.

absorption of energy —

T T T U " T "1 T "~ T "1
12 1 10 9 8 7 ] [ 4 3
chemleat shiit §7ppm

idenilify aldehyde A. Explaln your reasoning.
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Alanlne, CHyCGH{NH,)COOH, and vallne, {CH3),CH(NH,)JCHCOOH, are bolh a-amino aclds that
oceur natura?ly.

(a) Draw the zwilterion struclure of alanins.

g

{b) Draw the structures of two different dipeptides that could be formed from the reaclion of ona
molecule of alanine with one molecule of valine.

L)
(s} Aqueous sodium hydroxlde was added to vallne.

Draw tha struclure of the lon formad.

LQDGRNOB m

MRE A M

[ . 1

{d) Hydrochlorc acld was added to alanlne, The resuiting sotufion was concentrated and crystals
of a compound B were separated.
Draw the dlsplayed formula of compound B.

1?1

(e)

lgghorus penlachlorlde, PCI, was added fo alanine forming an acyl chloride.
The ac)™iglpride was then roacled separataly with meihanol and wlth ammenla.

Draw lhe striclure™
chloride.

acyl chloride product with methanol

{f) Compounds C and D are also u-amino aclds.
Compound G has the molecular formula C,H,NO,.
Gompound D has the molecular formula GgH, ,N,0,.

Suggest slructures for amine aclds € and D.

2]
{Total: 12}
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& Compound E Is used by torenslc sclentists to Investigate fingerprints.

11 _l

aldentify the reagents required for stage 2.

H COOCH
N\ / 8
C=C
/ AN
H GN
compound E

(v} Deduce the other product formed In stage 3.

{a) Compound E forms a polymer when its vapour comes into contact with the lingerprint.
Dranw & short section of his polymer showing tw repoal unils. B OSSOSO (

(d) Atyplcal yleld of compound E from 2-oxopropanclc acld is 30%,

Caleulate the mass of compound E yow would expsct to produce from 10kg of 2-oxopropanole
acld. Glve your answer to two signlficant figures,

Show your working,
(1)
{b) Compound E reacts wilh hol aguecus hydrochloric acld te form an unsaturated organic
compound.
Suggest the slruclure of this compound.
[y (
{(¢) Compound E can be manufaclured from 2-oxopropanolc scld In three stages as shown
below, mass of compound E = ......coenemnnssnimernreenens. Kg (4]
COOH  COOCH, COOCH, |-\ £OOCH; [Totat: 12}
H3C—C\\ slage H;,C%C\ stage 2 HsC— C—OH stage 3 C=—C
4] 0 CN H CN
2-oxopropanoic acld

() Identiiy the reagents and conditlons required for slage 1.

Lo | L o]
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In this questlon, one mark Is avallable for the qualily of spelliing, punctuation and grammar.

(a) Cyclohexene reacts with bromine at room temperalure. Benzene reacls with bromine onfy In
the presence of a halogen carrler. Phenol rapldly decolourlses bromine at room temperature.

Explain the different reacliviilas of bromine with cyclohexene, with benzene and with phencl.
in your answer, Include balanced equalions and state the reactlon type In each cass.

h . (
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Quallty of Written Communlcalion [1]

(b} Compound K Is an aromelic hydrocarbon with the moleculer formula CgHyp
When compound K reacls wilh bromine In the presence ol a halogen carrler, only one organlc

product, L, Is formed.

identify compounds K and L by drawing thelr slruclures below,

I—eomm

I

1260616*

(2
[Total; 14)

|

END OF QUESTION PAPER
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(c) The saclion of the n.m.r. spectrum, In B,0, of another alcohol with the molacular formuta

CH 0 Is shown balow.

1 6

absorplion
of energy

2 3
bl LL_

dfppm

=

{I) Gompleie the table below lo help you idenlily the protons responsibla for each peak.

refallve splilling number of H on
o/ ppm peak area paltern the adjacent C type of proton
0.9 3 friptet R-CH,
1.2 6
14 2
13]
() Deduce the slructure of this alcohol.
4}
()  Exptain how the n.m.r. spectrum would difier from the one above i it was re-run without
D,0.
- 12]
[Total: 11]
GocR 208 Turn over
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2 Caprolactam is a cyclic amida ussd In The manufacture of one lype of nylon. Over 4 milllon tonnes
of eaprolactam are produced annually worldwide.

O
NH

caprolactam

{a) Caprolactam can be synthesised from cyclohexanone using NH,OH.
0 0
NH
NH,0H
_— + HO

cyclohexanone caprolactam

() Describe a simple chemlcal lest to show Lhal cyclohexanone conlalns a carbonyl group.

- [1]

(ll} Describe a simple chemlcal tesl to show lhal cyclohexancne is not an aldehyds.

- [2]

(ill) The reaction of NH,OH with cyclohexanone begins with a nucleophilic additlon
machanlsm. Complele the {irst pari of this mechanlsm by adding relevant dipoles, long

pairs and curly arrows {o the reactanls. 3]
H OH
N, S
H—N
0
o
cyclohexanone Intermediate

©0CcA2009
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(I} Oleocanthal reacts wilh hot agueous sedium hydroxids. 4 Qrganle bases are used widely In the manufacture of drugs and other chamilcals.

Draw slructures to show the two organlc products formed In this reaction. (a) Ethytamine, CH,CH,NH,, can ba made from ethanenitrite, CH,C=N.

(i) Name a suitabler uld use o carry oul this reaction i

-[1]

lale the type of reacilon accurring.

~-[11
{b) Organlc bases such as elhylamine can be neulralised by aclds to form salls.
[3] Glve the formula of the salt formed whan ethylamine is neulralised by:
(¢} The struclure of oleocanthal, C,;H,,0;, was determined using speciroscopy. {l) dilute hydrochloric acld,
() Deduce the n¥e value of the malscular lon peak in the mass speclrum of oleocanthal.

.-[1] (1}

(Il) Identify the wavenumber ranges of three absorptions you would expect 16 sos on lhe (i) dilule ethanolc acid.

Inirared spectrum of oleocanthal. For each rangs, siate the bond responsible.

]

{c) Inthls queslion, ons mark Is available for the quality and use of lechnical terms.

the relative basiclties of elhylamine and phenylamine.

- 13]

(d) OCleocanlhal has shown pharmaceloglcal aclivity as an anti-inflammatory drug. Chemists have
altempled to syntheslse oleccanthal In the laboratory.

The product from this synlhesis had a lowsr pharmacological aclivity than oleccanthal
exlracled from olive oil. Suggesl why.

1

[Totalk: 15] Qualify of Writlen Communicalion: [1]

..[2]

©0CA 2009 Turn over GCCR 2003
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(b) The slructure of a dye called solochroma brown is shown below. 7 (a) Inthis question, one mark is avallable for the quality of spelling, puncluation and grammar.
H,N NH, Benzene and cyclohexene have difierent reactions with bromins.
OH Describe and explain 1he relative reaclivily of bromine with cyclohexene and wilh benzene.
. -+
N=N 50, Na Include the type of reaction cccurring and an equation for each reaclion In your answer.
NO,

solochrome brown

Oulllng how this compound can be made In two slages lrom a suitable amine and Ihe phenol
shown below.

OH

NO,

In your answer;
+  draw the struclure of the amine;

+  lhe product formed after the first stage;
«  identiiy the essenlial reagenis and condilions lor sach stage.

[

Qualily of Wrilten Gommunicalion [1]

...[5]

[Total: 11]
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Answer all the quastions. {¢) Inthis question, one mark is avaitable for the quality of spelling, puncivallon and grammar.

lbuprefen is a chirai drug that Is usually produced as a mixlure of stereclsomers.

1 Ibuprofen Is & highly successful anli-inflammaiory drug. The siructure of ibuprofen Is shown ) *  Using Ibuprofen as an example, explain what is meant by the term chirat
below.
+ Discuss lhe possible disadvaniages of producing a chiral drug as a mixlure of
stereoisomers.
P
(CHE)ZCHCH2©G—COOH
H

(a} Ibuprofen Is sometimes sold as ihe sodium sali of thae compound shown above.

() State a reagent that would convert the slruclure above into the sodium sall.

«[1]

() Draw the slructure of the sedium sali of ibuprofen.

Ibuprolen is syntheslsed by the drug company from smaller molecules.

Idenlify any essenllal nts and condillons.

{CH,),CHCH,

... [6]
Quality of Wrilten Communicalion [1}
[Total: 12]
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Poly{propene) and PTT are iwo polymers used In the manufacture of carpels. The repsal unils of
these lwo polymers are shown below.
H CH, O o
(llﬁ(f C—@C——O—(CHE)SMO
H H
poly{propene) PTT
{2} Draw each repeat unii as a skelelal formula.
i2]
{b) Slale and explain the type of polymerisation used to make poly(prepene) and PTT {rom thelr
Monomers.
POI{DIOPEIIE] .1.ocrireervtariersseserssessssersssssessssesssssamressmmse savesssesssassasssanssspansnas sessassssnssnssatesssnpennes
. [2]
(¢} Draw lhe struclures of lwo monomers that could be combined to glve PTT.
i2]
©0OCA 2008

7

(d} The propertles of poly{propens) fibres can be improved by blending slrands of Iso!
syndiotaclic forms of the polymer.

3-D diagrams lo show the difference between lsolaclic totactic poly(propene).

[3]

(e) Forensle scientists can use inlra-red spectroscopy 1o ldentlfy small amounls of carpet fibres
left on the shoes of people al the scene of a crime.

Give the wavenumber ranges of two absorptions you could use lo dislingulsh between lhe
Infra-red spectra of poly{propene) and PTT.

. [2]
[Total: 11]

©0cR 2008 Turn over
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Phenyl 2-hydroxybenzoale 1s an ester used In the manufacture of cleaning products. It has also
been used as an anliseplic in cosmelics.

OH
phenyl 2-hydroxybenzoate

{a) Circle the part of the molecule respensible for the antiseplic properties of phenyl
2-hydroxybenzoate. i1l

{b) Phenyl 2-hydroxybenzoate can be made {from 2-hydroxybenzole acld and phenol by healing
lhe two compounds strongly together.

Write an equation for this reaction.

(2]

(¢} Complele and balance the equation for ke alkaling hydrolysls of phenyl 2-hydroxybenzoale,

[3]

©OCA 2009

13

(d) Cleaning preducis based on phenol have occaslonally causaed bad tasting water. This Is
bacausse phendl reacts readily with the chlorine used [n water purilication.

{I} State the type of reaction that cccurs between phenol and chlorine.
.1

(1) Suggest the structure of the product that forms that causes bad tasting water.

11

(lll) Explain why chlorine reacts much more readily with phenaol than it does wilh benzene,

..[4]
[Total: 12]

©0oR2009 Turn over
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In this quesiion, one matk Is available for the qualily of use and organisation of technlcal lerms.
An unknown compound X conlaining 54.5% carbon, 8.1% hydrogen and 36.4% oxygen was
analysed by dillerent speclroscopic melhods.
The mass spactrum of compound X Is shown below.
100+
80
0
relalive
Inlensity
(%) 40
20
Q |||=]|||Ii|nr||:!ILInuunln! IL-“|uu|||ui|u|||||i|||u|uu|uu|nn
1¢ 20 30 40 50 80 70 80 80
mie
The high reselulion n.m.r. spectrum of compound X is shown below.
]
3
absorpticn 3
of energy
2
T 717 1T T1rrr1r 71 +«717 1 1 717 F 1
it 10 9 8 7 6 5 4 3 2 1 0
&/ppm
Use the informatlon above to Idenlily compound X by deducing:
*  lts molecular formula;
* iis siructural fermula.
Show all your working and account for the chemical shills and splilting of each peak on the n.m.r.
spectrum,
0 OCA 209

©OCH 2009

17

...19]

Quality of Written Communicallon [1]

END OF QUESTION PAPER

[Total: 10]
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2  Glutamic acld and glyclne are boliv a-amino acids that occur widaly in living organisms.

The struclures of the amino aclds are shown below.

H H
H,N— C-— COOH H,M —(Il.t— COOH
(CH,), H
COCH
glutamlc acld glycine

(a} State tha goneral formula of an a-amino acid.

- 1]
SN 11| {b) Glutamle acld has optical Isomers but glycine does nol.
Quality of Wrillen Communication {1] Explaln why.
(¢) 4-Meihylphenylamine can be converted Inlo the azo dye, shown balow, via a diazonlum lon, Include sultable 3-D diagrams in your answer.
N CH
3
7
N
(I} Draw the structure of the diazonium lon.
[4]
[1] (¢) Amino aclds form different lons at dilferenl pH values.
{ll} Deduce the number of carbon and the number of hydrogen aloms In Ihe azo dye. {)) Draw the structure of the lon formad by glycine at pH 2,
number of C aloms .....cvcevvervvernene. AUMDEr of H AOMS cvvvii e 2]
[Total: 16]
{1
Turn over ’ ocR2010
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(I Write a balanced equation for the oxidalion of compound X to form HOOC(CH,),COOH.

Use {O] lo represent the oxidising agent.

- M

(i) Explain how Infra-red specira of compound X and HOOC{CH,),COCH could be used lo
confirm thal the oxidation had laken place.

- 1]

(d) Poly(bul-1-ena} can be made from the monomer but-1-ene, CH,CH,CH=CH,.

Draw a section of poly{but-1-ene) 1o show two repeat unlis.

(1

(e) Ecollex® and poly{bul-1-ens) are bolh polymers but the type of polymerisatlon reaclion used
to make each one Is different.

State the lype of polymerisalion reaction used to make each polymer.

BOOMIEME....... e reneccresreaern s e e e s e e e s e £ b et st st e et s samne st e nnat e s noeesenr e s seeeaea
POIV{BUET-BN8) ettt ctebse s seneresenserennes [1]

() Describe how lhe struciure of ataclic poly(bul-1-ene) differs from Isotaclic poly{but-1-ens).

- [2]
[Total: 12]

QOCAZOID Turn over
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5 Neral, C,oH,;0, Is a nalurally occurring compound found In many plants. il has a sweel lemon

smell and Is used exlenslvaly in perfumery. Tha skelslal formula of neral Is shown halow.

(a} Name the two functional groups in neral.

(b) Neral has stereolsomers.

(i) Whatis meant by the lerm slerecisomors?

w [1]

{I) The slereclsomerism in neral is caused by one ol the double bonds.
Cn tha skeletal formula above, clrcle the double bond that glves rise to sterecisomerlsm.

Explain why this double bond causes slerecisomarism.

- [3]

{c) Neral is used In scented candles, When burnt il produces carbon dioxide and water Vapour.

Wrile a balanced equation for lhe comptele combustion ol neral.

- M

[-LTer  FL
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Identify the lype of protons responsible for peak X.

- 1]

Explain how D,0 can be used to help confirm which prolons are responsible for peak X.

. [2]

Use peaks Y and Z to declde whelher structure E or slructure F Is correct for Felst's
acld.

Explain your reasoning and state how the n.m.r. spectrum for lhe other structure would
dilfer.

- [3
[Total: 10]

Turn over
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6 Compounds A, B and C all have lthe same relative molacular mass. The mass speclrum ol

compound A Is shown balow.

100

80+

relative
Intensity

T L] | I

0 16 20 25 30 35 40 45 50 55 60 65 70 75

mie

*  Compound A reacis with 2,4-dinllrophenylhydrazine to glva an orange precipltate but does
no! glve a positive result with Tollens' reagenl.

*  Compound B is a saturaled hydrocatbon and the n.m.r. of compound B contains just one

peak.

*  The Infra-red speclrum of compound C confalns a bread absorplion between 25600-3300
cm~ as well as an absorption belween 16801750 em™1.

Idenlily compounds A, B and C.

Show all of your reasoning.

compound A

compound B

compound G

SOCAZ0ID
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.. {10}
Qualily of Wrillen Communication [1]
[Total: 11]

END OF QUESTION PAPER
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4

Azo dyes can be made from amines and phenols.

(a) Describe how you could prepare a sample of an azo dye in ihe laboratory from phenylamine,
phenol and any other reagents.

Include in your answer:

essentlal reagents and condilions for each stage;
the displayad formula of the organic producls in each slage.

. 18]

(b} Resorclnol Yellow, E103, is an azo dye which was used as a colouring agent In food.

The slruclure of E103 Is shown below.

n

(n

SOCRZDID

805 Na*

N
R
Y

HO CH

E103

On the struciure above, draw a ¢lrele around the functional group Lhal Idenlilies E103 as
an azo dyse, [

How many carbon and hydrogen atoms are lhere In the structure of E103 shown
above?

CArDON AlOMS, .vvviccec s s e e e sas e namean

hydrogen aloms. ....c.cececveeriereresses e e see e esae s sene e sgenne

12]

5

{I0) In the boxes below, draw the structures of a pheno! and an amine lhat could have been

used to make E103 by lhe method described in (a).

phenol amlne
[2)
{¢) E103 can also be used as an acid-base Indicator, At high pH, E103 lurns rad.
Suggest the structure of E103 at high pH.
i1

[Total: 11]
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8 9
4 All a-amino aclds have the general formula H,NCH(R)GOOH. ¢) In lhe laboratory ornithine can be converled Into an acyl chloride.

(a) The u-amino acid, ornlihine, has the formula H,NCH{CH,CH,CH,NH,}COOH.

{I) Identily ithe R group in ornithine.

. 1] Complsle the equatlon above.
(I) Draw the skelelal iormula of ornithine. (d) Ornithine, orn, and alanine, ala, can be reacled to form a mixlure of dipeptides.
Analysis of the mixture revealed that four dilferent dipeplides had been formed.
The four dipaptides are:
orn-orm
om-afa
ala-orn

ala—ala.

*  The formula of omnithine Is H,NGH(CH,GH,CH,NH,)COOH.
*  The formula of alanine Is H,NCH(CHZ}COCH.

Draw the two dipeplides: crn-ala and ata—orn,

om-ala
21
(b) Ornithine reacls with both acids and bases.
{l) Idenlily the organtc product when ornithine rezcls with excess HCI(aq).
ala—orm
[21
(Il) Identify the organlc product when ornithine reacts with NaOH(aq).
[3]
[Totalk: 12]
[l
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12
(c) Another unknown compound C is an aldehyde wilh lhe molecular formula CgH,O-

Show the four structural isomers of G H, 4,0 that are aldehydes.

(4]
(d) Inthis queslion, one mark is avaitable for the quality of spelling, punctualion and grammar.

The three ketones D, E and F are struclural lsomers.

(I) 0 0]
I
HC—C—CH—CH; HyC-—C—CH;—CH;—CH; HiC—H:.C—C-—CH,—CHj4
CHj
D E F

Explaln how the thres Isomers D, E and F can be distinguished by their n.m.r. speclra.
For each isomar, describe:

*  lhe numbar of peaks and thelr relalive peak areas;

+  lhe chamlcal shift of each peak;

+  the splitling paliern of each peak.

COCAII0

13
- 9]
Quality of Wrilten Communicallon [1]
[Total: 22]
END OF QUESTION PAPER
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