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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 questions.

1  Whatis the name of the compound below?

[W C'S vegere C
/CHZCH h\@,\@k Q“Q"\'S S(MS on
C oQQOSi"Q 0SS oOf =Cc S

@ E-3-bromopent-2-ene

/B/ E-3-bromopent-3-ene
/e/ Z-3-bromopent-2-ene

/ Z-3-bromopent-3-ene

Your answer | — -

[1]

2  Which statement about bonds is correct?

\esS
/The C=C bond in ethene is mere polar than the C-C bond in ethane.
B Aoc-bond is stronger than a n-bond. v/ %’W + ShorQeY Yiek ovelap

/ The H-C-H bond angle in ethane is greater than the H-C—-H bond angle in ethene.

Awrect
/D/ A o-bond is formed fromsigewsays overlap of p orbitals.

Your answer | & \" \;',)|04-5° (200 W
‘ -, 1
it h N 0
I P S A
m ™ H

20° >104.5°
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3 Which of these reagent(s) will not react with HOCH,CH,CH,COOH? e\
alcov el Codoargh ¢ ALt

@ NaCN in ethanol T€2enkS Cor hol ol oy —> NiMM\e
B C,H;OH in the presence of an acid catalyst €S\ 1§\ CON wwWn (oo
C (CH,C0),0= A&k ox\\r\;scswo\e FOR — exer

D concentrated H,SO, OH —> aA\wexe

Your answer A

[1]

4  Which compound can be refluxed with acidified potassium dichromate(VI) to form an organic
product with molecular formula C;HO,?

oH
~ ’5°HO></&O 20°s

CH
/'3/1@0 <8 7/_0 >

o O
1
c o Csh¢0,
1% \ 0
B HO a0's

Your answer C

[1]
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5  Which structure shows a section of poly(propene)?

RN N
/ ne AOUJO\Q ‘0"”0"

/B////

C Y\ Side chasn

& - JJ)E

Your answer D

[1]

6  Which alcohol reacts with an acid catalyst to form a mixture of sterecisomers?

A 3-methylbutan-2-ol ’Q no €/z a3 Sasve M
%Y~

o i s on Swdes ot Cc=C
pentan-1-o
£~ 2-methylhexan-2-ol /V /\/\ 7

D heptan-4-ol )Q/\/
5
Your answer | QO /\/\/\
AviRarenk PVionky

g o €E/2

7  Which one of the following reacts with ethanoic acid and with phenol? -
A O k¥ o le
@ Aqueous potassium hydroxide )\
B Bromine oniu veagks ~3 O
ovin ¢
£~ Calcium carbonate only g (8 & o
rALAS W Y1, CO0M : 24
A~ Methanol and an acid catalyst B /\ CC\
oy FROQKS  LIVAN ~0"t
M‘V’
Your answer ocvd ?
A (¢, COOH) it [1]
o - +est fov
° o) ocid ok ("\W
AN I\ e
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Which isomer of C4H,,0, produces the smallest number of peaks in its 13C NMR spectrum?

O

X"Z < SQ-QQAA%

OH

/B/ \ 5 >0oH g(}Q_(lM»g

4 4

Your answer
,Q_S\-QN"

What is the structural formula of ethyl 3-methylbutanoate?

[

A CH,CH,COOCH,CH,CH(CH,)

B CH,CH,COOCH(CH,)CH,CH,
e o\\ c omx

C CH CH CH(CHS)COOCH CH
a.eoéx

D (CH;),CHCH,COOCH,CH, 2 o alk M\V\Y\\\l‘%
3 Wﬁfs

Your answer D

[

What is the number of alicyclic structural isomers of C;H,,?

. \Cod\ocmrwg\/\/ Y)\/

B 4

\
Your answer | C @ o \C%O’\\C

sonmertd ) o e [
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11 Complete combustion of 1.00g of a hydrocarbon gives 3.38 g carbon dioxide.

What is the empirical formula of the hydrocarbon?

Ao 3-3%8 =0.0768 ™ /hax

B CH, 12 + ((6x2) oF CO,

C C,Hq ‘

D C.H, Sooce © 1z = @EM ok raydurodaoon
-O

Your answer P\ | g - 12 =\ >, C H

[

A 1 . \€

A Cighy0, 1

B C18H2602

C C18H2802 0\% H W
D C18H3002

Your answer l\

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

1 The components in a mixture can be identified from their retention time. /
Similow YO R Vodwes w TLC

2  The relative peak areas give the proportions of components in a mixture.
nok whwerghtt O oM insheod areol
3  Calibration curves are used to confirm the concentrations of components in a mixture. (_/

N pldk RO  oweol ogamnsk Conferaton
1,2and 3
Only 1 and 2

Only 2 and 3

o o m »

Only 1

Your answer A

[1]

14 Which of the following reactions produce propan-1-ol? /\/O\’\

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

‘/ 2  The acid hydrolysis of propyl methanoate.

/ The acid hydrolysis of propanenitrile. \\ OH
/\/

A 1,2and3 @ O + CU
B Only 1and 2 ‘l,\'o/\/
, (@)
C Only2and3 * \ ‘
D Only1 l\ OH

®
‘\/
Your answer 6 N — H O/\/

x 1]
i g

O
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15 Which compound(s) could be prepared by reacting benzene with an acyl chloride in the presence

of a

halogen carrier?

CH,COCH,

e

o o m »

Your answer | C

© OCR 2020

1,2and 3
Only 1 and 2
Only 2 and 3

Only 1

@)

=

Qﬂﬁﬁ

[1]
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SECTION B
Answer all the questions.

16 The structure of hydrocarbon A is shown below.

A >§¢/€'\cv\wa& Cooloon  Cermve

(@) Hydrocarbon A can be reacted with bromine in the presence of ultraviolet radiation to prepare
(CH;);CCHBrCH,.

What is the systematic name for (CH,),CCHBrCH,?

(b) (CH,);CCHBrCH;has stereoisomers.

(i) Explain the term stereoisomers and name this type of stereocisomerism.

Type of stereocisomerism: .......... Q. ?'\*Q:)‘)‘ ............................................................ [1]

(i) Draw 3D diagrams for the stereoisomers of (CH;),CCHBrCHs,.

( A4
BY' / BY' ‘”m&\\k
\ ' \
’ C

[2]

© OCR 2020
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(c) Complete the table to show the mechanism for the reaction of hydrocarbon A with Br,, to form

(CH,),CCHBICH,. £ree - rodi O SUBTUNON

Use skeletal formulae for all organic compounds.

Comeran  @os\e uvarh

Use ‘dots’ (@) to show the position of unpaired electrons. C (‘Z

Initiation

............  JA— B I TTTPITIIEPN SR ¢ s

[3]
(d) State two limitations of using radical substitution in organic synthesis.

1. Qe Suloshhuiton (8D, /. erodmees. . SRRk

AN, XSARED /. NOre. . aan. one.. Aesminadion... ep /

WXUUR o Srodneks (R

2 .svboshiumion......aXk... AR poSDON S ... o\onay... claaun...
[2]

Turn over
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17 Compounds B and C, shown below, are unsaturated hydrocarbons containing nine carbon atoms

HQD; @Q\wm -
awert
B C

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

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

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

("

cC CC

Organic product with B Organic product with C

[2]

(ii) Explain the relative resistance to chlorination of compound C compared with compound B.

To.. R .. & . eecoon /1. baok. is. locanaesh ...

TG edeovony. [0 ring . Syem. .. is.... detoralusscd
T B Mo 2Achon.. denamy.. i3, bigher.... 30,55 o
Sodeehole... A2 eASEONIS . advacie / 8. oo JaccePR
e eecropmle (0. moe [/ B . pdoxses.. X, Qeckagve..
(o P S = O
...................................................................................................................................... [3]

© OCR 2020
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(iii) Outline the mechanism for the reaction of compound C with chlorine.
Eormwng - eleorwpril e
Show the role of the halogen carrier. (

+ cla

eseonmpnte .
cL M Sosede O eleorvnlic Qbhacik
Wrareos B will undee
—> W\‘Q oMoore wdwn  CC
\ cl
¥ MY
» Rrcl

regene xo»Q Wologen CQouriex

[3]

(b) Compound C can be prepared by ‘trimerisation’ of propanone using concentrated sulfuric
acid as a catalyst. \ e}
Ao

Suggest an equation for this reaction, using molecular formulae. )2\'\

© OCR 2020 Turn over
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(c) An organic chemist is investigating compound D for possible use as a medicine.

The chemist proposes a synthesis of compound D from compound C.

compéund C compound D

(i) Predict the number of peaks in the 3C NMR spectra of compounds C and D.

Compound C Compound D

Number of peaks 3 R

[2]

© OCR 2020
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(ii) The chemist develops a three-stage synthesis of compound D from compound C.

Complete the flowchart.
Show structures for organic compounds.

ehe Chvofri i ¢
SubsRYLRON NO2

reagent: ...... t(N.Qg. ....................

'
catalyst: ....!‘.(.z_.SQ“. ..................
compound C
1. Sn + HCI
2. Neutralise
O TRALChON
)J\ acﬁ\ cMonde CordWioNnS
HN Lt
N~
reagent: Cﬂ3COC( ............
-
compound D
[5]
Turn over
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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.

> A
Reagents and conditions: kQCVzO-, | (aevd. HQ&) ound

o CoovdifNed) ond ..
redaax . Acslanon weuldh . e cun.. QOSPE ...
Equation:

HO (CHY)OM + 40} —> HOOC (Cry) cooN

*» 2H,.0

Yalonge Xve \odk
H's in H,0

[3]
(i) HOOC(CH,),COOCH is soluble in water.

Explain, using a labelled diagram, why HOOC(CH,),COOH is soluble in water.

(o O
» —C// Sx s-/H
/C—(CH-,JZ ~SN3—H----10
HoO x Y
s T
JH \
o H\JW Yvoord\
\
/ﬁ "
o\ Femokvve

ANOUN) [2]

© OCR 2020

PMT



PhysicsAndMathsTutor.com PMT

17
(b) HOOC(CH,),COOH and HO(CH,),OH react together to form polymer E.
alcanol + couooxywe oad

Y

SLIRN & LoV

O
\ -
] _---c—CCHz\z—‘ (cu) ,—Q--

edver \ink
(one vepeok wuik
< One  edwer \ink) [2]

(i) Draw one repeat unit of polymer E.

The functional groups should be clearly displayed.

(ii) Governments are encouraging the development of biodegradable polymers to reduce
dependency on persistent plastic waste derived from fossil fuels.

Polymer E is a biodegradable polymer.

Suggest why polymer E is able to biodegrade.

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

The diacyl dichloride is prepared from HOOC(CH,),COOH. .
reaokon ™Mo Shows s
Complete the equation for the formation of a diacyl dichloride from HOOC(CH,),COOH.

o) 0 O o)
N \N 7
C—(CH,),—C + ?-SQ.C.L.& — > Cc —(cH ). — C
/ tle ~
HO OH cC cc

Ye conN e

2
Al oLy i cmlonde \3\ f

© OCR 2020 Turn over
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19 The carbonyl compounds, F and G, shown below, contribute to the flavour of coffee.

alqmam_g kel

C.H.O
¢l CH,
O / i
+ Coo qu CH J
~ \ o\kere
f H,C
(Cwn, Xx20) R
F ov\\Aj G

bk o compemd
(@) Compound F is a member of a homologous series.

(i) Explain the term homologous series.

ORI, [ FEOQINONN..... ORI SORCRIIVR. /o
Sulesamuends... oo SRRV ooy Sl

(ii) 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.

"f‘/os.\clejzxﬂg\e ......... "\'d\\e,v;&reg%o.v\k)&\\mm\w

...................................... *d\em‘swmsxwm«mr
................................................................ neeA...re... conion...hak SO
(s X wekenp ok on QW

© OCR 2020
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(c) Compound F reacts with HCN using NaCN(aq) and H*(aq).

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

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

CH, H

g ¥ +
! C/CH\C/ Nof- 7 /ci _c- o
’ H, S T L INRamciaR

2
‘CN "~ J/

WUQA@@/\\\Q C\’ls H

(
CH !

\11 CN ),\%M\\\)w\e
e I
H CN W3 N
J .\_0%

F

© OCR 2020 Turn over
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20 Cyclopentanol can be reacted to form cyclopentene.
Cyclopentene is a liquid with a boiling point of 44 °C and a density of 0.74gcm™3.
——> temp. re redoshll ok
A student plans to prepare 4.00g of cyclopentene by reacting cyclopentanol (boiling point 140 °C)
with an acid catalyst.

Equation Cs\'\\oo C’SH‘B
B (12x8)+ 10416 (12x5)+%
= 806 =69
— + H,0

The expected percentage yield of cyclopentene is 64.0%.

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

1 The reaction mixture is heated gently, and a distillate containing impure cyclopentene is
collected.

cyclopentanol

and
concentrated
phosphoric
acid

water bath
distillate

ice-water
mik ure

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

© OCR 2020
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(a)* Calculate the mass of cyclopentanol that the student should use and explain how pure
cyclopentene could be obtained from the distillate. [6]

L

...... Rodoshll ..ok .. @QPEX. & lC NN

© OCR 2020 Turn over
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(b) The organic layer in the distillate was analysed by IR spectroscopy.
The IR spectrum is shown below.

100

Transmittance (%) 50 M \

4 e

al
v v

| 0-H
peak

0+ T T T T T T T T T T T T T T
4000 2000 1500 1000 500
Wavenumber/cm™

3000

Explain how the IR spectrum of the organic layer suggests that cyclopentene has been
formed and that the reaction is incomplete. d.—— <ame Cycloportere ouwnd

O-H/o«\cw ..... PO 1N we§m....3296.:.3.600.§m:‘. ...........
Cz=Clalkane  eeal in.. region. 820716 0em™\ ...

© OCR 2020
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21 This question is about organic compounds containing nitrogen.
(a) SaltH, (CH;),CHNH,CI, 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.

propanone ?\
noc e\ ¢ /c\
ec? l—\BC CH
Qdd\b(\m NaBH4 3
o
1
oy
HC CH
3 3 / acid  Covvaluypc

reagent: N(&B’{&-‘\'Hq_g)‘l' IH*
rocagPniic  SUioswruTion

Br

CH
~N
H3C/ CH3

reagent: NKSWW/ excess exora

hol oo\ uawre —> amtne
essvey H, CL

é " reagent: ...... 2.3 1 S |
7\ - CH__
RS  CH, H3C/ CH,
saltH

[5]

© OCR 2020 Turn over
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(b) Aspartame, shown below, is an artificial sweetener commonly used as a sugar substitute.

aspartame

(i) Aspartame contains several functional groups.

Apart from the benzene ring, name the functional groups in aspartame.

I =3 X Y =3 T
R -3 s LI O I R
=T L S O N

(ii) A sample of aspartame is hydrolysed with aqueous acid.

CHY)
Draw the structures of the three organic products of the complete acid hydrolysis of
aspartame.
(@) A
HC— OH nHe

O R

vl oo

\Q/ ouR NM " inStend
of

N, 08 in
dee ™

ocvd WS\ S:

Lher —m» ol
+
X Qou.\!box.\d\io

3 oo =
rooce e — o“"“_“_ B
CoANCARANC

c.c\‘ﬁ]
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(iii) Sfc?me people are concerned that aspartame, C,,H,sN,O5;, 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?

(14 x12) + 18 + (14 x2) + (Sx16)

Q = 294 S'(V\O\-\

Mol % REM 0-\673
29

\.7%x\O0~ T x7S =0 0172 7S o pex Aoy

= S.63¥3x\07F o in \ Com

o.0(21S
s.68x\0° %

=22 -4 cona

Number of Cans = ... e [3]

© OCR 2020 Turn over
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22 An organic compound I is analysed, using a combination of techniques. The analytical data is
shown below.

Elemental analysis by mass
C, 56.69%; H, 7.09%; N, 11.02%; O, 25.20%

Mass spectrum
Molecular ion peak at m/z =127.0

IR spectrum

Proton NMR spectrum

2 a
oW\ M\\M/M\ée
1
Al |
5 ' 4 ' 3 ' 2 ' 1 ' 0
Chemical shift, 8 / ppm
(@) Explain the use of two deuterated compounds in NMR spectroscopy.
> Chloroemn-~a
COCL g oS OS  Q  SAWENE
C‘j,,..O. ....... sed. ... X0 IO O e N VoW == XU SO
....... Wen... D093 tve  OH. .o W . . moMms . A0
Jouk odven DOtk 0kt O or N CEAMS. ore [2]

© OCR 2020
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(b)* Determine the structure of compound I, showing all your reasoning. [6]
S56.e2 ... .99 ... W02 ... 2.8 2 e
...... V2 NG
TAZ IO 2080 S eSS
loRat- W o181 o871 «Bak-am!
-SR-S ST S 22
CeHo
L6\ £ X & (16X 2 \2:Q
S=2%.2¢pMm....... q uoﬁe);,ZﬂQ\-&SC\'_‘_lz-C) ...................
S=. 2. pom.... ALk , AN \Cl N
........................................................................................... L
Sl e . dovovek |, .3 CH - O ——
83139‘”“ ..... (\—r‘ ) -QYS, C\'\z .......................................................

L © SN = VI = = Y
u .

....... C\'(3"CH2.-O"C\-—C‘-"C-\)\-§ ~ SN

....................................................................... N e N N

L = W S & =~ -
‘ \!

....... CMom CR s = O = Cm Cm O e

3 2 A
............................................................ CHig oo

END OF QUESTION PAPER
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