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A-level
CHEMISTRY

Paper 3

Time allowed: 2 hours

Materials —_
For this papear yvou must have: For Examiner's Use
= the Periodic Table/Data Booklet, provided as an insar (enclosed)

« a ruler with millimetre measurements Cuestion | "Ma
= & scientific calculator, which you are expecled lo use where appropriate,

Instructions

= Use black ink or black ball-point pen,

= Fill in the boxes at the fop of this page. 1]

& Answer all questions.

= You musl answer the quastions in the spaces provided, Do not write outside
the box around each page or on blank pages. -

» |f you need exira space for your answer(s), use the lined pages at the end of Seation H
this book. Write the queslion number agains! your answer(s), TOTAL

= All waorking musl be shown.

= Do all rough work in this book, Cross through any work you do not
want to be marked.
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Information
« Tha marks for questions are shown in brackets.
= The maximum mark for this paper is 30.

Advice
* You are advized to spend 7O minutes on Section A and 50 minutes on Section B.
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Section A roed

| Answer all questions in this section,

This guestion is about ethanedioic acid (HOOGCOOH) and the
[ ethanadicate ion ("OOCCOO"),
. EEH_T! Ethanediolc acid reacts with propane-1,3-diol (HOCH:CH2CH:OH) to form a polyester.

Draw the repeating unit of this polyester.
[2 marks]

—_— = C— O=—0N uilL'_c'Hl-* =

‘ TP

! Q_.| ‘HE] Explain why polyesters are bicdegradable bul polyalkenes are not blodegradable.
| [2 marks]

| Fol v Polef =0 and c-u
bovds Szl cse Suvepbhle to mudecpliie

olade allosing toem Yo be hydoiel. Py
aMeenes  Gonben gt bonds L Saghe,
ofe  ronfdac  amd Sa  oredl  bln to b

hy dxw?w

|I E!Nlu ||I bl b 1T AHEID



3

s e it

oo the
| LT_[I]EI Sodium ethanedioate is used to find the concentration of solutions of oK
potassium manganate(VIl) by titration. The equation for this reaction is
| EMHﬂq'+1ﬂH++Ecqu?_ —FEMI'IJ**'E-H:‘D""’GEG?
A standard solution is made by dissolving 162 mg of NasCs0. :M. = 134.0) in water
I and making up o 250 em? in a volumetric Task,
| 25.0 cmi” of this solution and an excess of sulfuric ackd are added to a conical flask,
The mixiure is warmed and titrated with potassium manganate{Vil] solution,
The litration Is repeatad untll concordant results are oblained.
The mean fitre s 23.85 om?
Calculate the concentration, in mol dm-?, of the potassium manganate(Vil) solution, |
[4 marks]
el
A MMLLLD‘% = L = H.Ooo\n .«.M!'.k';'!:.
4
L\ ﬂmﬂmq_ = 5,.%- Htiafz e g:L[ﬂ.ﬂEJK \}
2 §OUF .
= &, mulﬁ.ﬁ
- -1 =
A Loem nMalp = g ogt ™
1 &
= G.84%(0° pbles
I = s
LMn 0, 1 - Q. Yyl
= b.00t0 el
X 55‘/’?5 [t ]
Concentration b- Ol oM mol dm™
| .
Turn over »
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| [0 1].[a] Figure 1 shows the 25.0 cm? pipette used to measure the

4

sodium ethanedioate solution.

Figure 1

GGraduation mark

On Figure 1, draw the maniscus of the solution when the pipette is ready lo tranafer
25.0 cm? of the sodium ethanedicate solution.
[1 mark]

[011]./8] Potassium manganate(vil) is oxidising and harmful,
Sodium ethanedioate is toxic.

suggesl safely precautions, other than eye protection, that should be taken whan:
* filling the burette with potassium manganata{Vil) solution
= dissolving the solld sodium ethanedioate in water.
[2 marks]

Filling the bureite rj“l/{ lj.E:[ub.‘: &0 ﬂ.jr :&PJJ_M-L_ ——

Dissolving the solid el SL:;\IE'L

[0]1].[6] State the colour change seen at the and paint of each titration,

[1 mark] |

Lolows ltr%ig.‘a}hf .
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Lo[1].[7] Figure 2 shows the buretts containing potassium manganate(Vil) solution, i

Figure 2

Eh_ﬂﬂf_ﬂ—ﬂ Tap

Give two praclical steps needed before recording the initial burette reading.
[2 marks]
1 lemove Moo }u.-\/(el !
2 ensuse Hrak 'VﬁLdF_e,lln- 5 Fllui. !
Queslion 1 continues on the next page
Turn ovar »
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[0T1].[8] When Na:C:04(aq) is added 1o a solution containing [Fe(H-0)J** ions, a reaction o

TN

ocours In which all six water ligands are replaced by ethanedioate ions.

Explain why the replacemanl of the water ligands by ethanedioate jons is favourable.

In your answer refer 1o

» the enthalpy and entropy changes for tha reaction

= how the enthalpy and entropy changes influence the free-enargy change for the
reaction.
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Turn over for the next question
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[a]z]
[e[2).[1]

The protein fibrain can be broken down into amino acids using an enzyme.
A student uses thin-layer chromatography (TLC) lo identify these amino acids.
The student identifies two aof the amino acids as alanine and sefing.
Use Figure 3 to calculate the Ry value of the unknown amino acid,
Show yvour working.
Use your R, value and Table 1 {o identify the unknown amino acid.
[2 marks] |
Figure 3 Table 1
Amineo acid Ri value
< Solvent front ol | 025
Lgydne ot D
valine 0.64
laucing 0.73
(] «—1— Alanine
0 dizteonCe ko Spdk
o Unknown amino acid = e
b Aiionte ‘o
1%&*.
() «—1— Serine
. Starting line - E:.El—_-
Lo
= 0-H
Re value G - -S"LT
identity  Caluy, Csne_
.t
AL TN

0 &

| O ! e
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E' Thi amino acids cannot be sean as thay move during the axpariment. i

State how the amino aclds can be made visible at the end of the experiment.

whe ol e W lawg

[1 mark]

L]

EEHE' State why each amino acld has a diffarent R: value,
[1 mark]

eadh  apnane  ace ol ke o ddtesenk

atbondiy, Yo the  SkdFnacy  Phate amh
Adecu® stk bt molile phnge ;

Turn over for the next question
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This question is aboul ketonas,
[0]3].[1] solution X reacts with liquid ketones to form & crystalline solid.

This reaction can be used to identify a ketone if the crystalline solid is separated,
purified by recrystallisation, and the melting paint determined.

Describe how the crystaling solid Is separated and purified.
[5 marks]
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| [0]3][2] Propanone (CHsCOCH:) reacts with the weak acid HGN to form & hydroxynitrile. tor
Thiz hydroxymitriie 12 usually made by reaction of propanone with KCN followed by
dilute acid, instead of with HCM
State the hazard associated with the use of KGN
Suggest a reason, other than safety, why KCM is used instead of HCN.
[2 marks] |
Hazard T isicdra,
= —
Why KCN is used [ S TR T
E[ Oulling the mechanism for the reaction of propanone with KCN lollowed by dilute acid,
[4 marks]
H*r
&
!
~ 0
Hf_._._(:_,fu_f' —_— H f..-""‘-—r"'m:l.
A SO S50
T C
1
)
= \
o\
\
— LK
-
(o
KT
Turn over for the next guestion
- Tum over b
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This question is aboul Group 7 chamistry.

Give an equation for the reaction of solid sodium bromide with
concentrated sulfuric acid to form braminea.

State one obeervation made during this reaction,
Equation

2 W50y ¥ TNaBe T Nl KIS G w0
Observation A mmann ‘;Lu.-w'ui..h ar  Selakfn

L=

[2 marks]

& solutlen that Is thought to contain chloride lons and lodide fons is tested,
1. Dilute nilrc acld |s added to the solution.

2. Agueous silver nilrale is added o the solulion,

3.4 pale yellow precipitale forms,

4, Excess dilute agquaous ammonia is added to the mixtura.

5. Soma of the precipilate dissolves and a darker yellow precipitale remains,
Give a reason for the use of each reagent.

Explain the observations.

Give ionic equations for any reactions.
[5 marks]

ANO, ol reads wibh obkeC rens thak
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A mixture af mathanoic acid and sodium methanoals in agueous solution acts as an
acidic buffer solution.

The equation shows the dissociation of melhanolc acid.
HCOOH(aq) == HCOO-(ag) + H'(aq)

Calculale the mass, In g, of sodium methanoate (HCOONa) that must be added to
25.0 cm?® of 0,100 mol dm™ methanoic acid to produce a buffer solution with
pH = 4.05 al 288K +
____.___-—-——"l

PH': Lp‘-& L {H' :['

For methanoic acid, pK. =3.75 a1 2 o

T J)
Agsume that the volume of the solution remains constant. H'=

|5 marks]

Fo 2 1 LS80 el

MY = 057 o a5 e

~Y
(] ijﬂm_ . 00 _ 4 4 e
D .U xles

n= Ve = O.1ooxs - 5. cog mies

]‘{:u:n;?i

M = AMc = 0.005x (69

Mass

D b wyile
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A student plans an experiment to investigate the yleld of propancic acid when a P
sample of propan-1-ol is oxidised,
Figure 4 shows the apparalus thal the studen! plans 1o use for the experimant,

The student's teacher says that the apparatus is not safe.

Figure 4

:ﬂ: . Bung
|
i

Water in —— _—"" ___ Themometer

il

- Clamp

Water out =

§

Round-bottomed
flask ‘

Mixlurf; of propan-1-of and
Small glass beads _ | | - potassium dichramate(Vi) |

|

Heat

' E Give two reasons why the apparatus shown in Figure 4 is not safe.

| 1 The  Hude B e (lonnped

[2 marks]

2 Fla EM;J o e Cﬂr‘-d&ﬂm}gp;_
_ Celeanse Q\,__ql&_&ud‘e'_
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[0]6].[3]

(06 ].[4]

1.9

o g

Glve onae additional reagant that is needed to form any propanoic acid.

[1 mark]
Selluse aao
State two more mistakes in the way the apparatus is set up in Figure 4. ;
[2 marks] |
1 "?ir..n. RN v S H,h.‘.bu-\& s, HCE‘..L#‘%
e Jovean, )
2 Tletmomelel ©  wom nu.u..f...:a.r:j
State the purpose of the small glass beads in the flask in Figure 4.
[1 mark] |

Yo preveak fhwpttﬂ; (£-y. +o Sop lutye

lonbles M‘s

Quastion 6 continues on the next page

Turn over »
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E After correcting the mistakes, the student heats a reaction mixiure containing 6,50 g of o

propan-1-alwith an excess of the oxndising ageni. e
The propanoic acid separated from the reaction mixiure has a mass of 3.25 g
Slale the name of the technique used lo separate the propanoic acid from the reaction
miikiLre,
Calculate the percentage yield of propanaic acid,

[4 marks]
Technique _7[_'!"— I Coral, E]U_\LFJGJ.'TM

“"‘-r Pfﬁ?m—-—ll' ol = éD
F el r:}L = E’ P ~ 3 |
n Fogun-). —= 20105 mdes = n Prepunsic Buas
Lt = -'!'I'P}
Mass = aAswr = O.|o8x T
Predadeed,
— 5 : Cﬁl 'c_-:}
38
Z fidd = —— xleo
&L
= 4p. 5 /,
Percentage yield q 0.5
@EH_TJ State a simple chemical tesl that distinguishes the propanoic acid from the

propan-1-ol,
Give one cbsarvation for the test with each substance.

[3 marks]
Test add  Sodiwmn (odosmake I
Propancicacd € H’ELF e
Propan-1-ol rJo Cewcliva w‘ﬂ'}g,ln__._ - 13

T 8 ML /P
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‘ Section B P

I answer all guestions in this section.

énly one answer par question is allowed. \\I
Far each answer completely fill In the circle alongside the appropriale answar.

commecTHETHOD | | wrosauETHoos |5 || =] b |

If you wan! 1o change your answer you must cross oul your original answer as shown. m

If you wish to return 1o an answer previously crossed out, ring the answar you now wish to select
as shown.

Yau may do your working in the blank space around each question but this will not be marked.

\D\unm use additional sheets for this working. //
[0]7] Which dogs not involve the absarption of ullraviolet radiation or visible light?
[1 mark]
A The biue appearance of copper(ll) sulfate solution In daylight. E
B The breakdown of azane in the upper atmosphera, @
C The ionisation of & molecule in a mass spaclrometer. |_T_]

D The reaction betwesn chlorine and methane at room temperaiure. | = |

Which statement about chioride ions is not correct?

[1 mark]

They form a while precipitale with siver nilrale solulion that is
A soluble in difule aguaous ammonia.
8 They form an octahedral cobalt(ll) complex when agueous El

cobalt{ll) ions are reacted with an excess of chioride jons.
C They form when chlorine reacts with potassium bromide sclution. | = |
D They have the alectron configuration 1s?2572p®3s"3pk

Turn over &
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What is the maole fractian of 1.0 g of a compound of relative molecular mass 100.0
dissalved in 30.0 g of a solvent of relative molacular mass 50.07

[1 mark]
A B0 =107 =
B 1.6 =107 =
€ 1.7 %107 [=]
D 30=10% El
Which has the slectron configuration of & nobla gas?

(1 mark] |
A (=]
B O £3
C Se*- (=]
D Zn* [=]
Which statement does not suppart the suggestion that an unknown organic
compound is

HiC—C —0 —CH;—CH;
|
o

[1 mark]
A Its 'H NMR spectrum has 3 peaks with an integration ratio of 2:3:3 [ = |
B Its "C NMR spectrum has 3 peaks. =]
C lis infrared spectrum has an absorphion at 1735 cm™ El
D It has 36.36% by mass of oxygen and 9.09% by mass of hydrogen. [ = |

VB 17403



2

21

Which statement about inorganic ionic compounds is always comect?

& They dissolve in water to give nautral solutions.
B They release energy whan they mait,
C They contain metal cations.

D They form giant structures,

Which species hasz a lone pair of electrons on the central atom7?

A CO:
B 50;
C PCls

D 50>

In which substance do covalent bonds break whan it malls?

A hexane
B ice
C lodine

D silicon dioxide

In which molecule are all the atoms in the same plana’?

A CHiCHO
B CHaMNH;
€ CsHsClL

D CeHaCHa

Do ot i
DlEle Me

[1 mark]

0] o] (o] [o]

I
N
i

[1 mark]

o] [of [o] o

[1 mark)

o) [of D] [o]

[1 mark]

o] [o] [

Turn ovar »
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Which molecule has a parmanent dipola? |

[1 mark) i
A BFy E
B MHs; |:|‘:’
¢ SiCl
D SO =]
117 Which stalement about (CHs)CHCH:COOH is correct?
[1 mark]
A In agqueous solution it reacts with magnesium 1o form carbon E'
dioxide.
B It can form hydrogen bonds. [=]
C It has opbical isomers. |:':' |
D It has the IUPAC name 2-methylbutanoic acid. [=]
A mixture of 2 dm?* of hydrogen and 1 dm? ol oxygen is at room temperature.
Which statement is correct?
[1 mark]
A There is no reaction to form water because the molecules do nol El
collide with sufficient enargy.
" There is no reaction to form water because the molecules do not E
collide with sufficient frequency.
The mean velocity of the hydrogen maolecules |s less than thal of
G the oxvgen maolaculas. E
| D The partial pressure of each gas is the same.
I
l":lllJN"H | I 1 T
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| | t_| 9 | Which statement aboul the distribution curve of molecular energles in an kdeal gas al
| a given lempearature is corract?
[1 mark]
A There are no molecuies with zeroc anargy. El
B The curve Is symmetrical aboul the maximum, | = |
Changing the temperalure has no affect on the position of the li_l
maximurm,
D Most molecules have the maan enengy.

Which statement about the addition of a catalyst to an equilibrium mixture is correct?

[1 mark]

A The activation anergy for the reverse reaction increases. E|

B The equilibium constant for tha forward reaction increases.

C The rate of the reverse reaction Increases. E|

D The enthalpy change for the forward reaction decreases. E

EE] Which equation does not show the reduction of a transition metal?

[1 mark]

A TICL + 2Mg — Ti + 2MgCl [=]

B 2FeCly + 2Kl — 2FeCl + ZKCl + I3 [=]

€ MnC; + 4HGl — MnCly + Cly + 2H;0

D CoO + 4HCL -+ [CoClLJ* + HO + 2H' Bl

Turn over for the next question

Turn ovar »
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Which substance contains delocalised alectrons?

A cyclohexans
B graphite
C iodina

D sodium chloride

Which compound has E-Z isomers?

A CH=CHBr
B CH:=CBr;
C CHBr=CHBr

D C8r=CHBr

Which polymer has hydrogen bonding between the polymer chains?

A Keviar
8 PVC
C poly(phenylalheng)

D Terylena

| D ol Wit

1 mark]

o] [o] [o] [

[1 mark]

o] [o] o] (2]

[1 mark]

[o] [o] o] [s]
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OLEAde ey



25

| % ol st
ke sl
E!_I Which compound neads the greatest amount of oxygen far the completa combustion o
of 1 mol of the compound?
[1 mark]
A athanal E
B ethanol |:'“|
C nathane-1,2-diot | o |
D methanol | E__|
| 2 | 6 t Which compound is produced when 1-phemnylethanol reacts with
acidified potassium dichromate(\V1)7?
[1 mark]
A CgHsCH,CH:OH EI
B CqHsCH:CHO | = I
C CaHsCOCH; [ ]
D CeHsCH{OH)CHs
EEl Which s the comect general formula for non-cyclic compounds in the
homologous sernes?
[1 mark]
A slcohols GublznsaO (=]
B aldehydes CeHaiO [=]
C estars CaHzne 102 E!
D primary amines CyHan.aN
Turn over for the next question
Turn over &
T .
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Which compoind forms a white precipitate when added o aqueous silver nltrate?
[1 mark]

A bromoethane

C ethanoic anhydride

=]
B ethanal [=]
=]
D ethanoy chioride E

Nitration of 1.70 g of methy| benzoate (M, = 136.0) produces methyl 3-nitrobenzoate
{M: = 181.0). The percentage yield is 65.0%

What mass, in g, of methyl 3-nitrobenzoate is produced?

[1 mark]
A 0.830 [=]
B 1.10 [‘:':|
C 147 [ =]
D 226 | = |
A two-step preparation of propylamine is shown,

bromoethane —» X — propylamine

What Is X7

[1 mark]
A CHyCHCHaNH: [=]
B CHiGH.CN |- |
C CHyCH,CH:Br
D CHaCHaNH; [=]

(=L N PR R T T
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| Ot wrile
attty e
Which compound reacts with warm dilute aqueous sodium hydroxide? s
[1 mark]
A CiHs
B CHiCH=CHz

C CHiCH:CH:MNHz

(o] [o] [o] [

D (CHCO)0

Methylarmine reacts with bromoathane by nucleophilic substitution to produce a
imiixture of products.

Which is not a possible product of this reaction?

[1 mark]
A CagHsMNHCH: E
B (CyHs)NCH: E
C [{CaHslN{CHa)a]' Br- E'
D [{CoHeNCHy]' Br- E'
Turn over for the next question

|

Turn ovar &
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Which is tha repaating unit of a polyamide?

NHs
I
A  —CHs—CH—
NH, ©
I I
B —CH—C—0—
0 o)
I i
c C—CH;—C—0 EH;---LI:H;—CI—
NH;
0 o)
| I
D —c—an—c—rlq EHE—EHE—T—
I H

Which type of polymer is not hydrolysed by heating with concentraled
aqueous sodium hydroxide?

A polyialkena)

B polyiamide)

C polylester)

D protein

[1 mark]

=]

[=]

[1 mark]
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[3]1s] Which [s the structure of @ zwitterion of an amino acid?
[1 mark]
HyN' — CH — COG™
A | . [=]
HsC — CHy —CHg — CHz— "NH3
HaN' — CH —'CO0”™
B |
HsC — COO™
HaM — CH—COO™
C | D:
HzC — "OH;
HyN™ — CH — COO"™
D | (=]
H4C — &SH
[3]s8] Which row shows a pair of bases thal can link two strands of DNA with three
hydrogen bonds?
Use the Data Booklet to help you answer this question.
[1 mark]
Base 1 Base 2
A adenine guanine [=]
B eytosine thyminge E
c cytosine guanine |E|
D adenine thymine

END OF QUESTIONS
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