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SECTION A

You should spend a maximum of 20 minutes on this section.
Write your answer to each question in the box provided.

Answer all the guestions.

1 Whatis the name of the compound below? PR
&{/H C'S pegerd L—L e
/CHZCHS Hig""ﬂ‘ﬂ"t P{\m\?} S‘@J.PS‘ on
c 0@5\4& <ideS of C=C S
. 3
@ E3-bromopent-2-ena
B~ E3-bromopent-3-ene
/2’ Z-Z-bromepent-2-ene

,B/ Z-3-bromopent-3-ena

Your answer | -
[
2 Which statement about bonds is correct?
\esS
/T’ha C=C bond in ethena is seea polar than the C—C bond in ethane,

B Ac-bond is stronger than a n-bond, v greaker 4 ShOEY viak ovelapP

ﬁ"' Tha H—-C—H bond angle in ethane is greatar than the H—C—H bond angle in athene.
dnrecc
/lf' A o=bond is formed from sidewsys ovedap of p orbitals.

Your answer ? H ¥ 09.5° (16
i r'_l H 'H..‘_ '!,z—\. ,.-H [1]
H-C-C c=z o
| I 7 4
m o H H

120" > 10%.5"°
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3 Which of these reagent(s) will not react with HOCH,CH,CH,COOH? -
el G\CC*'\HZ $ %MQS\\C acich

@NaCNlnethanol"W Qor hok alkore —> miie
B C,H,OH in the presence of an acid catalyst €S\ i1 L COCH
C (CH,C0),0= A& on\r\;aawde ¥ OH — exer
D concentrated H,S0, OH —>» aA\WerQ

Your answer “A_ ’

1]

4  Which compound can be refluxed with acidified potassium dichromate(Vi) to form an organic
product with molecular formula C.H;0,?

oM
/(3;°:><;/A§b 20's

OH
/110 =8 70 s

* %
c ® CsM¢0y
i =0 g
A~ 40 S
oH

Your answer {
a ]
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5  Which structure shows a section of poly(propena)?

A NN @

no m‘\& W“"”‘

/B'/ o N N h \-It '\

CH, Side chaan

G S

Your answer
D [1]

&  Which aleohol reacts with an acid calalyst ta form a mixture of slerecisomers?

T

A& 3methylbutan-2-ol ne €z a3 Sove priowy
- /\(fﬁ* 3  on SWdes o4 c=C
pentan=1=-ol

&7 2-methylhexan-2-ol /v/\/\ ?
D heptan-d-ol @ [1©
5 H“\
Your answer
d-}w (’T‘"‘-’"'“‘h:!. o ﬁ‘/\/\/\
o E/2

Which one of the Hlnwlng reacts with ethanoic acid and with phena? -

' okt o le
@ Agueous potassium hydroxide
A Bromine oniu reookS ~ o0
Las WA,
& Calcium carbonate mbﬂ E- o o o-
TGS, waiin ooH .
A~ Methanol and an a cgtalyst b ( /-\ Cal™
3 T e <o
Your answer F\ CCHA? ., B¢ ? .
) - +eal. for
B o ocid vk f’\fe""*
)\ sw'e o Hvons
0 o3\ o oh

B OGR 2023
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-]
Which isomer of C,H,,0, produces the smallest number of peaks in its 1%C NMR spectrum?

(o]

A 5~on S peolM3
4 a

Your answer | (.

Ml

£ Shes
What is the structural formula of ethyl 3-methybutanoate?

o
A GH,CH,;COOCH,CH,CH(CHy), AN
CH,CH,COOGH(CH,JCH,CH, o . .
On,

B

€ CH,CH,CH(CH,)COOCH,CH, coullooiai €
TN

D

(CH),CHCH,COOCH,CH; 5 Ay NN
3 310-\95

Your answer | [

- [l

What is the number of alicyclic structural isomers of CgH, ;7
Codioain ﬁ‘f‘a
A W \..-/"":\/ N

B
c
D

Your answer (L = e X -
E : ek S
3&«@; mmmi@ 0l

BOCR FIRD Turn over

LI -~ I
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11  Complete combustion of 1.00 g of a hydrocarbon gives 3.38 g carbon dioxide.

What is the empirical formula of the hydrocarbon?

A CH
3-38 =0.0768 ~md ok ¥
B CH, 12 + [ 6x2Y  oF (O,
C CH, ..
_ - gEMm ot rMyduoladoon
oo S ovee - '®
Youranmeri g2-12 =1 - CH

[

Ml
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13  Which statement(s) is/are correct for gas chromatography?

14

1

The components in & mixture can be identified from their retention time, /
Stmilow ¥O Re VoS n TCC

2 The relative peak areas guve the proportions of components in a mixture.
nok  \weighk FROM. inShROA axeo.
3 Calibration curves are used to confirm the concentrations of components in a mixture,
an  plok gRoM  owreol ogamsk on

A 1,2and3
B Onlytand?2
C Only2and3
D Onlyt

Your answer | A\

(1

A
Which of the following reactions produce propan-1-ol? /\/0\‘\

V4

The alkaline hydrolysis of 1-chloropropane. @ /\Q— g-

V2 Theacid hydrolysis of propyl methanoate.

¥ The acid hydrolysis of propanenitrile. \\
A 1,2and3 () P, o
B Onlytand2 e

5 O
C Only2and3 \1 lk
D Only1 O OoH
- 3

Your answer ﬁi NEJ HO/\/

&
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15 Which compound(s) could ba prepared by reacting benzena with an acyl chloride in the presance
of a halogen carmier? o

CH,COCH,
)Y 2" e

(6]

2 ©/ e =W k O

B Onlyiand2
C OnlyZand3
D Only1

Your answer | C |

(11
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SECTION B

Answer all the guestions.

16 The structure of hydrocarbon A is shown below.

Mo 1

3

A “ F—_ ol codoon cenmve
[a) Hydrocarbon A can be reacted with bromine in the presence of ulraviolet radiation to prapare
{CH4,CCHBrCH,.

What is the systematic name for (CH,);CCHBICH,7?
2 - erW-E:B-dlmmﬂ‘\bﬂﬁf‘e [1]

(b} (CH,4),CCHBrCH,has steracisomers,

(I} Explain the term sterecisomers and name this type of sterecisomerism.

Type of stereoisomerism: 'D?m [1]

(ii) Draw 3D diagrams for the sterecisomers of (CH,),CCHBICH,,

¢ yepoyvadak

?
£
%

>
W
A
™

!
b

[2]
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(c) Complete the table to show the mechanism for the reaction of hydrocarbon A with Br, to form
(CH,),CCHBrCH,. &ree - vodv o SuBHAIN
Use skeletal formulae for all organic compounds. Comvran  exsmfle via
Use 'dots’ (e) to show the position of unpaired electrons, C {7.

Initiation

Tumcmhm. 2 (odicoll —>» o ~ON- (OON @l . [3]
(d) State two limitations of using radical substitution in organic synthesis.
1. fuither.. SulosRan () / erodnces. . dipfRrend ...
Aremiveodion . Eroducxd /. m Anan. one Aesmanetion . SHep/

WWXhUE o Procdueks
2 S0oSrumon.....aX..... &W.,..pos&a\s ...... o\ongy..claaiin..
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17 Compounds B and C, shown below, are unsaturated hydrocarbons containing nine carbon atoms.

; R“*mﬂ v
.,'u.‘l.!'." ™
B c

(a) Compound B reacts with chlorine at room temperaturs, but compound C requires the
presence of a halogen carrier,

In both reactions, the organic compound reacts with chloring in a 1:1 molar ratio.

(i} Draw the structures of the organic product of each reaction.

gledwopmlic  addutien eleckvapnlic soosiiovon

L

Organic product with B

Organic product with G
2]
(i) Explain the relative rasistance to chlorination of compound € compared with compound B,
To. B eeceoed /T baol  i5 \ocausesh
T G X0 slecrond [0 cing,. Sy@em. . is .. detoralised
T B A, Scken.. densdy. 13 iglar.. HE.. 53, 00R...n
Spdeghile... 49, RAckEPlis... okacie / 8. ofvmoia focce@l..

e edewopmle (L) trore [ R, pdoxisen.. Xre.. ECKTe..

L T =~
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(iii} Quthine the mechanism for the reaction of compound € with chlorine,
formund - eleghapiil €
Show the role of the halogen camier. g’/

mu voo, —> cep v A
Ve needd o SWErQRr
erearmpnile wocoupe © S 1&3%
253 ?!ii ro elecreQmlic 0Mack

eareod B will underep
deckofilic OMatie witn cc?

¢
y HF

wey
HY A acl, —s ALY

o nologen Caxriex

[5]

(b) Compound C can be prepared by “trimerisation’ of propanone using concentrated sulfuric
acid as a catalyst. \ (&) 1
C;HO

Suggest an equation for this reaction, using molecular farmulas. Ku\*\

r" I-‘1I 4
Ol Quason, Conbirma 9 Covoend =0
ompownd, O

BCH O —=  CaHia 2 B0 i 3]
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(e} An organic chemist is investigating compound D for possible use as a meadicine.

The chemist proposas & synthesis of compound D from compound G,
O

compound D

{i) Predict the number of peaks in the "C NMR spectra of compounds C and D,

Compound C | Compound D

Nomber o psshs | | D e | sesene b

[2]
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(i) The chemist develops a three-stage synthesis of compound D from compound C.

Complete the flowchart,
Show structures for organic compounds.

ghe Chonili ¢
b shthokomn
reagent: .. HNQq ...
catalyst H;mq. ..................
compound C
o
acyl Chlonde

A

compound D

?

reagert: ..CHg COCL .

MO,

1. Sn+ HCI
2. Neutralise

Ly = ThTa So gl
Cordinng

N,

[5]
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18 Alcohols can be used to prepare organic compounds with different functional groups.

{a) HO(CH,),OH can be oxidised to form HOOC{CH,),COOH.
{i) State the reagents and conditions and write an equation for this oxidation.

In the equation, use [O] for the oxidising agent.
3 .
Reagents and conditions: leTEDq,H: ....... (mﬂ.uﬂﬂﬂ-} ..... ound ...

rerix...... disilanen . wiauldl.... faom....on.. e ...
Equation:
HO (CH)ON + a0 —> HOOC (cry),coon
+ 2¥.0

valonde Xwe 1otk
H's in H,0

[3]
(i) HOOC|CH,),COOH is soluble in water.
Explain, using a labelled diagram, why HOOG({CH,),COO0H is soluble in waler.
o
c\\ ( c = PN 5 H
ft— CH"L\)E — S:—H-'-_:G‘.\
HO o !
v’
y H
o 'rl.:, W word.
A
/’d "
o\ Femodonre

H o oowdh +2

vt [2]

B 2000



17
{b) HOOC{CH,),COOH and HO(CH,),OH react together to form polymer E,
\ 0 clagh e oonsd
(i) Draw one repeat unit of polymer E. are * Coulooxy

4
The functional groups should be ceady displayed. eTVEN & Los iRV

- ---"C"‘C-CH‘L\.L "(CH?J —Q----

edver \inle
u“ Lo Lo
2 ong  ejer Whie) [2]

(ii) Govemments are encouraging the development of biodegradable polymers lo reduce
dependency on persistent plastic waste derived from fossil fuels,

Polymer E is a biodegradable polymer,
Sugaest why polymer E is able to biodegrade.
ENOA.....QrELp....Con.  be.. orMen .. Aduun..Mia......

..%m@.s. ............ e 1

{iiiy A large yield of polymer E can be obtained by reacting a diacyl dichloride with
HO(CH,),OH.

The diacyl dichloride is prepared from HOOG(GH,),COOH.
¢y prepa ( ﬁtﬂiizkm oo Shows Mais

Complete the equation for the formation of a diacyl dichloride from HOOC(CH,LCOOH.

O "] O )

N /
>c—[ﬂklz}z—c< + 2900k, — jc —(cHy) . — c:”

HO OH cL ¢ S
[3]
‘be coside + ZS.‘Q,: +7HCL

i i cllowde ?
diaoyt di ki B\ |
oH 'y \olk
P Codpaadic
ocid aunch
‘valosmoed rard
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18 The carbonyl compounds, F and G, shown below, contribute lu me flavour of coffee.

aldohuyole
CoHO
E‘Lﬂ Hq,ﬂ
£
(Cry 2 C':}

'::h"r. uF
{a) Compound F is a member o i hc- us seﬂas

{i} Explain the term homologous sernies.

{iiy Predict the molecular formula for the member of this homologous series containing
24 carbon atoms.

{b) Describe suitable chemical tests, with observations, that would confirm the presence of the
functional groups in F and G.

FJREWE#ﬂm%lm,&imm\m

W S et Y et esnsaisen
G!akm 51'1 QPRI CAUMRIB
2 _
tesh.. Eﬁ{ﬁimxﬂkﬁﬁhwg—gw
Gl ywebore. . 2,5 DND. .. 0BRGP
Ml%‘ﬁwmammﬁm
............ nesd... e Cankiton.. hak....

s = ‘»LE.kE:-\Q nake o n\dle)-\_ﬁ,l.g
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(e} Compound F reacts with HCN using NaCM{aq) and H™(aq).

{i) Outline the mechanism for the reaction of F with NaCM(aq) and H"{aq) and state the
name of the mechanism. The structure of F has been provided.

Include relevant dipoles, kone pairs and the structure of the organic product.

THB T C_ﬁg w ¥
&H v \ ) ‘_./bH

Hy H & ﬁ?. :‘:M AR

CNT J,
N At
L4lY) 2 E-H. % H
1
F C H C_ - OF

M, I;L:N. hﬂm‘“‘t’“‘\f

ovapIi € eroncic
H CN ko3 een
Uﬂd..‘xj\ '*.'Bﬁ‘ll_l\lﬁ_

Mame of mechanism: W\Nﬁ;m«{m 51

(i) Explain why the mechanism in (e){i) involves heterolytic fission.

Ha&%ﬂh Co0ne.  otew yeorened 2
2 =T = T
Tisston JVRALAXR...... Ok ... CONONRN.. \eaneh

.......... 2]
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20 Cydopentanol can be reactad to form cyclopentene.
Cydopentene is a liquid with a boiling point of 44°C and a density of 0.74gcm™=,
3 demp. e radoanll ak
A student plans to prepare 4.00g of cyclopentena by reacting cyclopentanal (boiling point 140°C)
with an acid catalyst.

= CePio© CeHyg
B (1as)vion16  (1729)4F
= 86 =63

R Q + H,0

The expected percentage yield of cyclopentene is 64.0%.

Method
The student carres out the preparation using apparatus set up for distillation, as shown balow.

1 The reaction mixture is heated gently, and a distilate containing impure cyclopentena is

collected,
cyclopentanol
and water
concentrated out
phosphoric
acid

distillate

ice-water -
mik ure

2  The distillate has an agueous layer and an organic layer.
The student purifies the cyclopentene from the distillate.

000 2000



21

(a)* Calculate the mass of cydopentanol that the student should use and explain how pure
cyclopentene could be obtained from the distillate. [8]

................................................. 2L R S

[faYs
M.xﬁﬁlh ...................... (] Qﬁﬁﬂ* ...... ﬁq.nncnl"“-"ﬂ.ﬂ-

Bt 1 S - S Se;@m&MuﬂLm ...... NN, N pRar.

= Prges  Lavinanihaa i s Salk . Suck. 93, Ma 804 /
.Mﬂqr.m.q...,!{...E.Q.Q!n‘m._................._..,........m._._......BW....M.“...
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21 This question is about organic compounds containing nitrogen.

{a) SaltH, (CHyLCHNHLCL, is used in the manufacture of garden weedkillers.
The flowchart shows the synthesis of the salt H from propanone.

Complete the flowchart.
Show structures for organic compounds.

propanons

O
i
nqd{cf?ﬁ e .f'ﬂ =
) c CH

o

P
H.:‘l: CHg

/I aoicd Cotalfc

reagent NaB[Br T * H, Vs n¥
rochePiie  SulgswruTion

Br

CH
.
ne CHy

reagent N5 0nd edord [ excess eMord
hal golliore —3 amine PED%?J\JTS

N
E@ reagent: Hﬂl |
AN Ll CH
W ..F CH 2 HEC; ~cH 3
salt H

(5]
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(b) Aspartame, shown below, is an adificial sweetener commonly used as a sugar substitute,

(o,ml;j'\lfﬂ

oy, |

aspartame

{I) Aspartame contains several functional groups.
Apart from the benzene ring, name the functional groups In asparame.
X Y= O
2 asR. (22D

(i) A sample of aspartame is hydrolysed with agueous acid,

CH)
Draw the structures of the three organic products of the complete acid hydrolysis of
aspartame,
O &
H C— OH nrs
wo R
aannird ookl
@) Fouwre WM ST ingvend

of hH-z B i
Goidat COwEh D {.H*\J

acvd. Wydaduyns:

egder — olaial

.,*
Y ik ©
el .
):/ cooH o
nooe armsde —» m:“q
CoudocApart



25

(iii) Some people are concerned that aspartame, CyH,N,O;, may have adverse health
effects.
Research shows that the safe maximum daily intake of aspartame is 1.7 x 10 molkg™.

«  Atypical UK adult has a mass of 75kg.
« Acan of a diet drink contains 167 mg of aspartame.

How many cans of this diet drink is it safe for a typical adult to drink in one day?

(1% x12) &+ 18 *» (14 x2) + (5x16)

Q = 294 w"
G- \611
m 3 . S.€3\0°% oan i \ Com

29
\‘-7x\o"* X7S = 0O\ 7S o) peox d“’:S

o-0(21S

=27 4 cona
s.68x\0" %

Number of cans = ............ 1’2' .................................... 3]



22 An organic compound I is analysed, wusing a combination of techniques. The analyfical data is
shown below.

Elemental analyzizs by mass
C, 56.689%; H, 7.09%; N, 11.02%; O, 25.20%

Mass spactrum
Molecular ion peak at mfz = 127.0

IR spectrum

Proton NMR spectrum

q’l\-ﬂ Nﬂl av
3 3 '::__ﬂulrpemﬂ-%
So N Wiy ¥ B2
2 o midtle| C=h rok
aan, MIMIM
1
L LIL o -J
5 ' 4 ' 3 ' 2 ' 1 ' h

Chemical shift, 5 / ppm

a ain the use of two deuterated compounds in NMR g A
(a) Expl oh A po pactroscopy.

CRClg. ased a8 o Sdvenk S
CE?.:D ....... wsed... . IO bN . O er. DL eRoMR

Sieen . D0 Vasd  tve O o N meoud Ao
Jeuk tdven. Do Qrek eredl Ok o N EROMR..0rR. [2]
Prament

& D0 2000
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(b)* Determine the structure of compound I, showing all your reasoning. [6]

Se.€a .09 BRLER S N - S
IR
o J o \6

S L L Lt W - T 1 W PO =S =

anrr o181 o187 a.E

LTt S =

P’y Hﬁ oo REYVATY

_g o o prm qw 2ZH.. QHG-Q\_'_LT-O
S5 2.2 pen.. . Quawtek A .. O S A —

Sl epe Arigek . e SN ... S

END OF QUESTION PAPER



