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Section A

Answer all questions in the spaces provided

Anhydrous magnesium chloride, MgCl,, can absorb water to form the hydrated salt

MgCly(s) + 4H,0(l) — MgCl,.4H,0(s)

E’ Suggest one reason why the enthalpy change for this reaction cannot be determined

directly by calorimetry.
[1 mark]

s pok lDossu__bJ:g___.JfU Pw Some

'sselurq
~J
EI Some enthalpies of solution are shown in Table 1.
Table 1
Enthalpy of solution
2l  kJ mol™
MgCla(s) -155
MgCl,.4H,0(s) -39

Calculate the enthalpy change for the absorption of water by MgCly(s) to form
MgCl,.4H,0O(s).
o [2 marks]

Atk
ombgdous MAC, () rog —> Ny, Lo 94 Wb

AH::I \ l/bﬁ%dl
s wiS'S = -39 M\
el bag)
o
Abe = -1ss - (-29)
Enthalpy change - 116 kdmol™  MA_

L
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@ Describe how you would carry out an experiment to determine the enthalpy of solution
of anhydrous magnesium chloride.
LE W E (LLEDYou should use about 0.8 g of anhydrous magnesium chloride.

Explain how your results could be used to calculate the enthalpy of solution. -
[6 marks]

RQ.JQNMO'.‘ : Hmsm"e 2S5 CW\3 dee a‘dm‘h_g( vJoJ-Q_r LJSt\h:kl
o W\“&Sun\ﬂ CH( rar.
« Placa rnhl a_pd Ws‘/-rﬁfene cap wtha Iid

@MLL‘MM ok one
whate  frervals e 2 menules .

« Weigh 0. %q cmk»doLmM Ihagneg. Om chlovide
Ty c}oooefed We g bofHe.
o M the H&\ M e Umcfm Hacr,. o Tre
u\laﬁaf 0—v~o( E{‘{‘\Y‘«
Qa—ue,‘ém T we,@wa o ttte  oval e cocd wogs .
. Canbnve b eBrPe gauhon .
M he TH wmunute  od Quo—q in e
wp 1S inakes pecord TreS ? fempurechue .
fasotke P(cH- e mperatuce v, fime
. Bxhopiole e lhes bofve o d adifer
el Moy B find e (nhed ard
| RMM&M
M—ﬁu@ﬂj&, qraphreaduigy
« Calrutole ep\“\lmov\ 9= mcAT
« Cudrudafe  pdlen Hqu usad ns M/ Me
. Calestale mwovi d/\ameto Stsor = F/n

L
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|Z| Anhydrous magnesium chloride can be formed by direct reaction between its

M

elements.
Mg(s) + Cla(g) — MgCly(s)

The free-energy change, AG, for this reaction varies with temperature as shown in
Table 2.

Table 2
TIK AG | kJ mol™
298 -592.5
288 -594.2
273 -596.7
260 -598.8
240 -602.2

Use these data to plot a graph of free-energy change against temperature on the grid
opposite. -

Calculate the gradient of the line on your graph and hence calculate the entropy
change, AS, in J K™ mol™, for the formation of anhydrous magnesium chloride from its
elements.

Show your working.

[6 marks]
Gradieak = A(86) - -592s - (-6o2.2)  ¢.7
AT 218 - 240 ;5 N3

0-167 kT mal™!

Aq:> A - TAS Qq—arra.fﬂg D) 8:\\re threJ—
DG = - AST +AH 0= DONEE

\i

Se C&qo.dq‘tv\i =} S Tk"wl"
e AR = -0-l()7)<103 = - 167 TI(*’W’J Y

Mit (ontk  canversion)
(Mes -163 =171 )

1B/M/Jun17/7405/3



AG / kJ mol-1

05

-5927

-5931

-594 }—— ——

595

~596 1

~597 1

~598{-

—-5991

-600{

-6011

-602 /

S

-603

240

'300

JK 'mol™

Turn over b
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Concentrated sulfuric acid reacts with alkenes, alcohols and sodium halides.
m Name the mechanism for the reaction of concentrated sulfuric acid with an alkene.
[1 mark]
E/ech‘opk’((‘ adds hon
[0]2].[2] Outline the mechanism for the reaction of concentrated sulfuric acid with propene to
show the formation of the major product.
" H " H H‘ |+ [4 marks]
N \ [
Gs<e<k =3 - C-—c c-H
Ho Mo H M3 %H
-0 - So,H
3 0= So
S 3H
N2 \\/
H' Hood
! f
H —C’l "(% -c-H
1
H o H
|
So,H

El Draw the structure of the minor product of the reaction between concentrated sulfuric
acid and propene.

[1 mark]
¥ w5
\
k —C-C—-C~-0SOH
\ v 3
oW

L
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EI Explain why the product shown in your answer to Question 2.2 is the major product.
[2 marks]

. Hadvo,r {)Yvd\u.d‘ 1S Q(med \ff‘d‘_h‘Q Ware My
Aﬁﬂgﬁ&m@%&%ﬁ&mﬁﬁni
. RN ] ve (Y01
GQ_. D adey)  aups
g Ay

IEJ Butan-2-ol reacts with concentrated sulfuric acid to form a mixture of three isomeric
alkenes. Two of the alkenes are sterecisomers.

Draw the skeletal formula of each of the three isomeric alkenes formed by the reaction
of butan-2-ol with concentrated sulfuric acid.

Give the full IUPAC name of each isomer.
[3 marks]

Skeletal formula Name

/\/ buk - |- ene
/\/ E- buk- 2-ene

/:__ﬁ_——\ Z-buu‘(?'ﬂ*QnQ

IB/M/Jun17/7405/3
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A by-product of the reaction of butan-2-ol with concentrated sulfuric acid has the
molecular formula C4HzO

Name this by-product, identify the role of the sulfuric acid in its formation and suggest

the name of a method that could be used to separate the products of this reaction.
[3 marks]

By-product buk'cm one

Role of sulfuric acid Oxidis :‘13 0\804/\)('

Name of separation method

distllahon

Concentrated sulfuric acid reacts with solid sodium chloride.

Give the observation you would make in this reaction.

State the role of the sulfuric acid.
[2 marks]

Observation with sodium chloride M(S‘{:j ! S‘{Qn M% QCAMF A\

Role of sulfuric acid m’(‘l ( Pﬂ) J’!)T\ ({@T\c)r‘

Concentrated sulfuric acid reacts with solid sodium iodide, to produce several
products.

Observations made during this reaction include the formation of a black solid, a yellow
solid and a gas with the smell of bad eggs.

Identify the product responsible for each observation.
[3 marks]

Black solid Ladine / T4
Yellow solid SQlphss /S’ { Ce

Gas Ldmgm Sulphide / Hgg - 19

1B/M/Jun17/7405/3
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E Suggest why an excess of sodium hydroxide is used.
[1 mark]

re gnfed

E Suggest why an electric heater is used rather than a Bunsen burner in this

hydrolysis.
[1 mark]

TO “ngéjw |\jn.lj’\dﬂ¢é a% Clﬂt‘é&&!!(f \Jg‘;o,,(g

E State why reflux is used in this hydrolysis.

[1 mark]

wmwpmw
% i mcKaﬂ M o< e
ory Doegwd astawd ngdO—-J' V&POUJT ho efCL_Q.PQ

El Write an equation for the reaction between sodium benzoate and hydrochloric acid.
[1 mark]

Cehe COON + BHCV = (e COOH +  Nacy

. Suggest why sodium benzoate is soluble in cold water but benzoic acid is insoluble in

cold water.
[2 marks]

s Sedduwm bﬁﬂzt\&JF 'S lapie wl
« Razeic oxid  conkaing o non- @lac  beazenc
('mﬁ Wl Un mwgﬂmﬂ)u&ﬁ&g@&'

the  Coott is oble to  Alm l/udentau\ bond.s

L
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Benzoic acid can be prepared from ethyl benzoate.
Ethyl benzoate is first hydrolysed in alkaline conditions as shown:
0 O
O/\\ O-Na* 4 SN OH

+ NaOH —

A student used the following method.

Add 5.0 cm® of ethyl benzoate (density = 1.05 g cm™, M, = 150) to 30.0 cm? of
aqueous 2 mol dm™ sodium hydroxide in a round-bottomed flask.

Add a few anti-bumping granules and attach a condenser to the flask. Heat the mixture
under reflux for half an hour. Allow the mixture to cool to room temperature.

Pour 50.0 cm® of 2 mol dm™ hydrochloric acid into the cooled mixture.
Filter off the precipitate of benzoic acid under reduced pressure.

|I] Suggest how the anti-bumping granules prevent bumping during reflux.
[1 mark]

Allos  swasd _Oubbfes‘ b Brm

o Jhbl M

@ Show, by calculation, that an excess of sodium hydroxide is used in this reaction.

2 [2 marks]
ANaOl = Je20x1077 = 5.06 wd M
A=C
v
r\d\«dl ‘Dﬂa\zeqje = W
Mr
me‘*‘*}\ rnzeale = oS xS = 9;13‘3
woaAayV
N = $2S = 0.035 pual P
(SO

Question 3 continues on the next page

N
09
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[0]3].[8] After the solid benzoic acid has been filtered off, it can be purified.

Describe the method that the student should use to purify the benzoic acid.
—— o [6 marks]

o Disselve  crude  Benzaic axid (n hot solyend M1

« USe  punihum valowe M2

. filler Wlek hot H  remace Lnsaleble M3
'\u{)ur—;h\oﬁ

. (ol & :e;u\dg\-qha-g My

. bller  yndsr reducd ()\'e Qs USe MS

etk wcth cd\d Solveat and duy M6

Question 3 continues on the next page

L
11
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[0]3].[9] Inasimilar experiment, another student used 0.040 mol of ethyl benzoate and
obtained 5.12 g of benzoic acid. Il wdle ratio Aom Qﬂrva.r\o'f\
Calculate the percentage yield of benzoic acid.

Suggest why the yield is not 100%.  ¥¢ bonzerc otd 2192

_ \ou\ : § . sJqa [3 marks]
(22 NV d

00k w 100> |0k 97

0-o4O
Percentage yield Iog‘ % MA
Suggestion |M{>U~Et}\I€J {JT‘ML._}' M benic aqed MR
( waker PMPI]

1 2 IB/M/Jun17/7405/3
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@ Calculate the concentration of HX in the original solution.

Nm\fVaLLA&J\m = 2.0 cug NoaoH (qu\ cb-(?pk)
ANaoH = Ol % 2o 3= w0

[2 marks]

M

AR = Dupcio 3
357&10”3

Concentration 00960 moldm™ M

[0]4].[4] Calculate the pH of the solution of HX before the addition of any sodium hydroxide.

(If you were unable to calculate a value for the concentration of HX in Question 4.3
you should use a value of 0.600 mol dm™ in this calculation. This is not the correct
value.)

ka = D—@*:{ *
(i<l

[2 marks]

pHofHX  2- %O [ B
(2d-p)
[0]4].[5] Calculate the pH of the solution when half of the acid has reacted.
A bl - nesdvatabon i)\’-a = f'r‘«
S

[1 mark]

?\f.a - - loj 262w j0”

pH of solution [(.-58

[0]4].[8] Plot your answers to Questions 4.4 and 4.5 on the grid in Figure 1.
Use these points to sketch the missing part of the curye between 0 and 20 ¢cm® of
NaOH solution added. =
[2 marks] 9

T

IB/M/Jun17/7405/3
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A 0.100 mol dm™ solution of sodium hydroxide was gradually added to 25.0 cm® of a
solution of a weak acid, HX, in the presence of a suitable indicator.

A graph was plotted of pH against the volume of sodium hydroxide solution, as shown
in Figure 1.

The first pH reading was taken after 20.0 cm® of sodium hydroxide solution had been
added.

The acid dissociation constant of HX, K,, = 2.62 x 10™° mol dm™

Figure 1

15 20 25 30 35 40
Volume of NaOH /cm?3

_ The pH range of an indicator is the range over which it changes colour.

Suggest the pH range of a suitable indicator for this titration.

o
oy (o SR ) S
R
o

[1 mark]

1-102 (wat{) 2 yoluas N*L‘Sr&uﬂej

[0]4].[2] Give the expression for the acid dissociation constant of HX.
e = 7+ % [1 mark]

= [wrl(x]
LHXx]

L
13
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Section B

Answer all questions in the spaces provided

Do not write
outside the
box

,-Gly one answer per question is allowed.

" For each answer completely fill in the circle alongside the appropriate answer.

\ Do not use additional sheets for this working.

s [=[&]

CORRECT METHOD El WRONG METHODS ‘ X

If you want to change your answer you must cross out your original answer as shown. i

| If you wish to return to an answer previously crossed out, ring the answer you now wish to select as

shown. @

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

/

\\.x i S e . _,_/
Which compound has the highest boiling point?
[1 mark]

A CHiCHCHOH  lujduden bonddrey
B CH,CH,CHO

C CH;COCH;,

o] [9] [o] [9]

D CH;COOCH;

Which is the correct order of melting points of these Period 3 elements?
[1 mark]
A phosphorus > sulfur > chlorine > argon
B argon > chlorine > phosphorus > sulfur
C sulfur > phosphorus > chlorine > argon

Ss Py U,
D chlorine > phosphorus > sulfur > argon

o] [o] [o] [q]

Turn over for the next question

L Tuover »
15
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Which is not a correct statement?
'P‘
[1 mark]
A Transition metals form coloured ions and complexes [ |
B Transition metals display variable oxidation states @
deralen o
C Aligand accepts a pair of electrons from a transition
metal
D A complex is a central metal atom or ion surrounded by @
ligands
The table shows possible conditions and products for the cracking of alkanes.
Which row is correct?
[1 mark]
Type of cracking Conditions Products
A Thermal High pressure Mainly alkanes LQ]
High temperature
B Slight pressure . O
Thermal High temperature Mainly alkenes
C . Slight pressure Mainly branched @D
Catalytic ; alkanes and
High temperature ;
aromatics
D _ High pressure Mainly branched O
Catalytic ; alkanes and
High temperature .
aromatics
2.4 6-Trichlorophenol is a weak monoprotic acid, with K, = 2.51 x 107® mol dm™ at
298 K.
What is the concentration, in mol dm=, of hydrogen ions in a 2.00 x 107 mol dm™
solution of 2,4,6-trichlorophenol at 298 K?
[1 mark]

A 502x 10"
B 7.09x10°
C 126x10°

D 354x107°

N’f] - j ka [HA] (o]

.

= "1-64 )crb-{‘

(=]
[<]

1B/M/Jun17/7405/3
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10| What is the pH of a 0.46 mol dm™ solution of potassium hydroxide at 298 K?
(Ky = 1.0 x 107" mol?dm™ at 298 K)
[1 mark]
A 034 Kuw = [(ch(oul 5]
B 13.66 EH*] - kw /fo H']
y i
C 13.96 =[x 10 0pg = HTxi [2]
D 14.34 P\.\ - |03 {H—tl (o]
[1]1] What is the mass, in mg, of carbon formed when 3.0 x 10 mol of propene undergoes
incomplete combustion?
2C3Hg + 30, » 6C + 6H,0
[1 mark]
=
= = .0 [») =
A gox10® nC = 30%q
) 2 [=]
= 9oxi0
B 36x107 .
mC 2 qoxto g,cl.l [=]
C 1.08x 10’ > 0-loBq x lo®
D 2.16 x 10? = o8 wmy (o]

Turn over for the next question

L
17
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Which compound gives this infrared spectrum?

[1 mark]

100

R

4000 3000
A 1-bromobutane
B butan-1-ol

C butanal

D butanoic acid

T o T S
2000 C=01500
Wavenumber / cm—1

—T

L
1000

o] [# [o] [0

500

IB/M/Jun17/7405/3
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Which pair of compounds does not form a racemic mixture when the compounds

react?
[1 mark]

A P + HCI

B| _~_~" + HCN

C Z>~~  + HCl

D )k + HCN

¢ [0 [o] [o

The reaction sequence shows how CH;CH; can be converted into BrCH,CH,Br

c < ot —2M | oH.CHO
T < A BERGE T T C bnl H
F=B Step A GHgeth Step B e

Step C HQSO4
Br2
BI'CH2CH28F — CH2 — CH2
Step D

Which step occurs by nucleophilic substitution?

[1 mark]
A Step A =
B StepB
C StepC [©]
D StepD [o]

Turn over for the next question

Turn over b
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Cisplatin is an anti-cancer drug.

Which structure represents a stereoisomer of cisplatin?

[1 mark]
NH3 NH3 NH, NH,
H3N—F|’t—Cl Clﬁl-l’tAC{ Cl——[—l’tNHz Cl—Fl’tﬁCl
¢ Ay 3
A c D

'\-rg__nSB‘) \&'\:\ n

o] [0 [o] [o]

The diagram shows the Maxwell-Boltzmann distribution of molecular energies in a gas
at two different temperatures.

A

Which letter represents the most probable energy of the molecules at the higher

temperature?
[1 mark]

[0 [o] [o]

IB/M/Jun17/7405/3
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V.05 can be used as a catalyst in the Contact Process.

802 + V205 —> 803 + 2V02
S0O; + 2V0, —» SO, + V,04

2VO, + gog 5 Va0

VO 5 20 + %oz

polymerisation of two different monomers.

A

B

2 1

/
CH,=CHF and CH,=CHCF; \C:C,
AR
CH»,=CH, and CHF=CHCF; F
b, 3
CH2=CH2 and CH2=CHCF3 C —c

CH;=CHF and CHCF;=CHF

Turn over for the next question

Do not write
outside the
box

ox&q:wmote(mf

Which is a step in the Contact Process in which the vanadium is oxidised?

oS €7
oM 4

(=]

(=]

[1 mark]

This structure shows a section of a polymer chain formed from the random

[1 mark]

Turn over »

IB/M/Jun17/7405/3
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1]9] The equation for the reaction between zinc and hydrochloric acid is
Zn + 2HCl — ZnCl, + H;

What is the minimum mass, in mg, of zinc (A, = 65.4) needed to react with
50.0 cm® of 1.68 mol dm™ hydrochloric acid?

[1 mark]
A 275 A - \-637:90#.0“_3__0-?5?4@
B 5.49 n2n =z 00%%/ -0.04d [T
C 275x10° M 2N 20 -042=6S-4 (@]
D 5.49x 10° = 3'753 5]
An equilibrium mixture is prepared in a container of fixed volume.
CO(g) + Cly(g) = COCly(g) AH = =108 kJ mol™

Caotiverwnic

The temperature of this mixture is decreased and the mixture is allowed to reach a
new equilibrium.

Which is greater for the new equilibrium than for the original equilibrium?
[1 mark]

A The mole fraction of carbon monoxide Swaller El
B The partial pressure of chlorine < w~allec @
C The total pressure of the mixture Sawe @

D The value of the equilibrium constant, K T&m E]

1B/M/Jun17/7405/3
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IZIIl In concentrated alkali, propanone reacts with hydroxide ions to form an equilibrium
mixture as shown.

ﬁT

(ﬁ H :0-
|
HO™ + H_(I;}C_Cm = H,0 + H—C=C—CH;,

H
Which curly arrow does not appear in the mechanism of this reaction?
[1 mark]
C40C [=]
A
H
0
B Il
cC—C
¢ O =
HO™ C
0 [=]
p <

Turn over for the next question

IB/M/Jun17/7405/3
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@ZI The diagram shows a pH curve produced by adding a strong alkali to a weak acid.

pH

Me

-

Volume of alkali

Which point on the curve represents a solution that can act as a buffer?

[1 mark]
A =l
B hall- newhabisahon
c S]
: ]
@E Which alcohol could not be produced by the reduction of an aldehyde or a ketone?
[1 mark]
A 2,2-dimethylpropan-1-ol (®

B 2-methylbutan-2-ol

C 3-methylbutan-2-ol

o] [o] [¢] [o]

D pentan-3-ol

1B/M/Jun17/7405/3
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Which compound does not show stereocisomerism?

[1 mark]
A 1,2-dichloropropene k-7 @
B 1,2-dichloropropane ¢luvelk cocbon @
C 1,3-dichloropropene F -7 @
D 1,3-dichloropropane E
Which compound can form a polymer without needing another reagent?
[1 mark]

A HOCH,CH,OH

B HOOCCH,CH,COOH

C HOCH,CH,COCI A(—‘\mqm\ms plae

o] [0

A e acy| Untovide

D CICH,CH,COOH needs mj-ﬂk—&v* []

A solution of lead(ll) chloride (M, = 278.2) contains 1.08 g of PbCl, in 100 cm® of
solution. In this solution, the lead(ll) chloride is fully dissociated into ions.

What is the concentration of chloride ions in this solution?

Sl = Y D" (1 markd
2
A 388x10°moldm™ nfbUy = 08 . 3 ¢80 [S]
278:2
B 7.76x10°moldm® A C(™ . 3.§8%02x D |O]
-3
= [} 1o
C 3.88 x 1072 mol dm™ T e 3 [©]
cCl” = 7.76 %10
D 7.76 x 10" mol dm™ et e
)
= T eIt

Turn over for the next question

Turn over »
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n The rate equation for the acid-catalysed reaction between iodine and propanone is:
rate = k [H"] [C3HsO]

The rate of reaction was measured for a mixture of iodine, propanone and sulfuric acid
atpH =0.70

In a second mixture the concentration of the sulfuric acid was different but the
concentrations of iodine and propanone were unchanged. The new rate of reaction
was a quarter of the original rate.

What was the pH of the second mixture?

[1 mark]
A 1.00 [o]
B 1.30
C 1.40 (=]
D 2.80 (o]
A 385 cm® sample of carbon dioxide at 100 kPa and 25 °C was mixed with
2.89 x 1072 mol of argon. The gas constant, R = 8.31 J K mol™
What is the mole fraction of carbon dioxide in the mixture?
[1 mark]

VznT n=zfV

A 0.35 o (@]
g -
OO X 10° ) 38S x10© _ \.Sgym'a
B 0.46 =
$.3] » 248
C 054 | e frochin [©]
D 0.65 l-'S§><ro"1 @

(1SS % \a'3+2-%‘h<ro"°>

L
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How many peaks does this compound have in its 3C spectrum?
[1 mark]

A student is provided with 5.00 cm® of 1.00 mol dm™ ammonia solution. The student
was asked to prepare an ammonia solution with a concentration of 0.050 mol dm™

What volume of water should the student add? .
moles NHz Same M eacen sdwhn o n - ng, [1 mark]

C\NV = G, N,
3

A 450cm®

; [-00 xS-00 xi0
B 95.0cm 2

Va2 Bwd | 5. 8>

(o]
=1
Cc 100cm® . rs
=

D 995cm’

A solution absorbs light with wavelengths corresponding to red, yellow and green light.

nob blue

Which ion is most likely to be in the solution?
[1 mark]

A Cr2072'(aq)
B Fe®'(aq)

C Fe*(aq)

ol [9 [o] [o]

D Cu®(aq) look blLaa

Turn over for the next question

Turn over »
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[3]2] A reaction is exothermic and has a negative entropy change.
Which statement is correct?
‘ . K
[easile \F 8GO L1 mark]
A The reaction is always feasible @ AG = AY - TAS
B The reaction is feasible above a certain temperature [ O | (-—\(e) -T(- VC)
= v AG b beg O
C The reaction is feasible below a certain temperature
T warshk be swod
D The reaction is never feasible (o]
[3]3] Phenylethanone can be prepared by the reaction between ethanoyl chloride and
benzene.

COCH;
oo+ () — [+

In a preparation, with an excess of benzene, the mass of ethanoyl chloride (M = 78.5)
used was 5.7 x 107 kg.

The percentage yield of phenylethanone was 62%.

What mass, in grams, of phenylethanone was produced?

Py [1 mark]
nCha0eCl = S w0 i lo®
- 0.726
& 735

B 54gn CeMgoMa - 0.726

Ke Colg Collty = 120

M CeHgColly ~6 T26~ 120
D 102¢g - %7.|23

%712 % 627, = S4q

C 87¢

o (o] (8] [o]

2 8
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29

130 cm® of oxygen and 40 cm® of nitrogen, each at 298 K and 100 kPa, were placed
into an evacuated flask of volume 0.50 _c_ima.

What is the pressure of the gas mixture in the flask at 298 K?

[1 mark]
A 204kPa ‘2ot U0 - o3y (o]
S oD
B 68.0 kPa @
(oo » O34
C 34.0 kPa
D 13.7kPa (o] 30

END OF QUESTIONS
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