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Materials
For this paper you must have: _
e the Periodic Table/Data Booklet, provided as an insert (enclosed)

s a ruler with millimetre measurements
e a calculator, which you are expected to use where appropriate.

. For Examiner's Use

Instructions Question : Mark.
s Use black ink or black ball-point pen. fHiR T
e Fill in the boxes at the top of the page. 1

e Answer all questions.

¢ You must answer the questions in the spaces provided. 2
Do not write outside the box around each page or on blank pages. 3
e All working must be shown. 4
e Do all rough work in this book. Section B
Cross through any work you do not want to be marked. .
“TOTAL |

Information
s The marks for guestions are shown in brackets.

e The maximum mark for this paper is 90.

Advice
e You are advised to spend about 70 minutes on Section A and 50 minutes on Section B.
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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
MgCl,.4H,0
MgCly(s) + 4H,0(l) —» MgClL..4H,0(s)
[0]1].[1] Suggest one reason why the enthalpy change for this reaction cannot be determined
directly by calorimetry.
[1 mark]
h i t\f‘u!}!-j; i \'16)-‘{,3‘\,.{;- .);L,_ ) |C/ f/' even £ (A S0 L .
Iz’ Some enthalpies of solution are shown in Table 1.
Table 1 “
Enthalpy of solution
Sait ! kJ mol™
MgCly(s) -155
MgClL.4H,0(s) | -39
Calculate the enthalpy change for the absorption of water by MgCl,(s) to form
MgCl2.4H20(S)
[2 marks]
Nall,. + 4H20 Mag CL, .4H 7 O
| Mgz, G J7 =
\. = 34 _
\ e /-3 139
7:‘."‘\?"\ ‘\,L 2 \,' 4'1_> I ,"v'Hj U\'i' ~'fﬁ f_.\.,'- L\(\
- - 7—)7\ . i e . =\
—|SS + L¥59) =110 F el
Enthalpy change ~ kJmol™
‘ ‘“”Lll“,lz“l‘ ‘"’ IB/M/Jun17/7405/3



Do not write
outside the
box

of anhydrous magnesium chloride.
You should use about 0.8 g of anhydrous magnesium chloride.

Explain how your results could be used to calculate the enthalpy of solution.

Mc(zkod : o

@IJ @ Describe how you would carry out an experiment to determine the enthalpy of solution

[6 marks]

¢ Measore SO of water u>".nj a_Measuring th.‘Ao"cr.

L 2 /(QC& i/\+0 an {nlv"&kd— goa‘l"ﬁ\lnef

& AU(_)_ o kmown mass of /l"jC 1(3)

- 4 p( cord [aibal "EM{Y Q-"wrff(C) 'fofa* least 3 mmf/l Jes m.n.);

v Maasore anl recoh bhe Fempestue (‘;C) every miavke for
- f = N

another Fmins | ' -

P|o+ +unp(m'}ua‘(_, vS 4ime on G C;fc-/}"L

3 e.m)rr‘a/)d[t;‘f*t two best ‘)Q*!“ [ire 5 {Df inikql Hm{/czﬂ"'wt_

anth after solid was ao(ftc{,. Use this T Lad

"N
§

Max  +emp ((Se .
¥

® Use Q=mCAT to findd QinT.

N
A"
- g
P v P\‘.i
L& A\
b W

¥ (}; \/iOC ]’)3 No . oF mg[bs +U “'Us/kdﬂf"‘f_ DH

Turn over »
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E Anhydrous magnesium chloride can be formed by direct reaction between its

elements.

Mg(s) + Cly(g) — MgCly(s)

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

Table 2.
Table 2
TIK AG I 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, inJ K mol™", for the formation of anhydrous magnesium chloride from its
elements.

Show your working.
[5 marks]

Do not write
oulside the
box
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AG / kJ mol-1

—592 7o

_593 [

-595 '

-596

—597 e

~5981

—600 4+~ :

—6014-

—-602

—603
240

250

260

280 290 300

- !6‘:}' JK ' mol™
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Concentrated sulfuric acid reacts with alkenes, alcohols and sodium hali

%4

Lt 3 1]

A E Name the mechanism for the reaction of concentrated sulfuric acid with

QZ[&,‘&“.-‘J,;L};![ C uu(,}*ﬁo:l )

Do not write
oulside the
box

des.
an alkene.
[1 mark]

show the formation of the major product.

| ” r [4 marks]
| ' ~H LA H H W
C=C~—=C | | [ .o A -
H-L - L_; b —» W-C~-C—C—-H — H-~C—C—L-
{ N [ ,1 + ] | I I
4 H w [ H H g M
. \ _ ,OH
"\_ L % P I‘S (
Syt s i ! 7\
G W Yom. Ue. 0 Q QO
)QJ\‘ .-./Os \.‘S g
‘o 7N
77 \\ (& O
0O O

@ Draw the structure of the minor product of the reaction between conce
acid and propene.

[0]2].[2] Outline the mechanism for the reaction of concentrated sulfuric acid with propene to

ntrated sulfuric

[1 mark]
H B H
| | !
H-C—=C—C—H
I i §
H H o_ 0
\ j/
Ig W
o O
H[JII”!"” llll 1B/M/Jun17/7405/3
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7 ¥

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

Ahe mu}ur‘ {)/’uc‘yd{ s formed as the carbocs hon }fﬁcvhediai(
Formed is o 2° Qlhocs Pon ant more sichle then Hhe
alternotive |° ahocstion. Dot 4o e }n&uq‘im eblect
e two me &hdc g5 both release electons foucdsth
Cal bace hop § gh’glﬁjﬁ\nj the CLCN-JC

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

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

-

r-l-ene

AN\ z

== | E-But-2-¢nrt

O e
07
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[a]2][8]

' Role of sulfuric acid AC

8

A by-product of the reaction of butan-2-ol with concentrated sulfuric acid has the
molecular formula C4HgO

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 Suran-7-0n o
Role of sulfuric acid (<! I./’.ﬁ:_u',vz\,,_ Qg @ ' )
Name of separation method
Aistillation ) )
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 ANite Skeamy jumes

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.

I

[3 marks]
Black solid | od-ine B
: Sl [N
Yellow solid Dol v .
Gas Y0ioqun /vinde
IB/M/Jun17/7405/3
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9
(03] Benzoic acid can be prepared from ethyl benzoate.
Ethyl benzoate is first hydrolysed in alkaline conditions as shown:
O O
TR
0 o-Na*+~~ “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.

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

; [ | ; ] . b
‘,(: allows Smalles !‘).J l‘)‘lJ(\f_B o Torm rathes than larse

onNe) .

[0]3].[2] Show, by calculation, that an excess of sodium hydroxide is used in this reaction.

[2 marks]
Density = Mass 105 =< §5:0= 5-5q
' volume J
\)-'5‘3 - 2 A
Y. - (-0350moles
| 5C
Conc = moles 2 /30 \: 0.0fmoles :
\/L’\- \4\\)\., > "

Question 3 continues on the next page

Do not write
oulside the
box
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Lo]3][5]

Lo]z] 6]

[o]3][7]

|
|

[o]3][3]

Do not write
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Suggest why an excess of sodium hydroxide is used.

[1 mark]
;Q ensure esSter 1S wompletely reacCked .
= ]

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

[1 mark] |
_s’_"ﬂhz, estel u\-\&\- G&lewﬁ Qce *"f)uf‘.ifx ,[[af"lmu.}}((,
State why reflux is used in this hydrolysis.

[1 mark]

_does not allow reacbants to escafe reacbion michure,

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

CeHsCONa + HUL — CgHsCOOH 4 Na(l

Suggest why sodium benzoate is soluble in cold water but benzoic acid is insoluble in
cold water.
[2 marks]

Sodium Denzoate (s ionic anll heree Sulvble

L L \
f?)p‘\z,uic QACWA 5 S Only ;51.-%1'5‘\&»1 [le\ar (LUUHJ N
k__j [V L [ | v

s o g L W ; ) = o
QA L} ¢ Denrene r g 1> nNon é.’{,.}-’ut
\

nn
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, 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.
[6 marks]
* Djj)ﬂ\uf_ ’lLbe Cruge /E'U&(-'V'U{F lf\ tlﬂe— minmiYiumn, GMovn’] _
0 F‘ L\O‘}’ so)veat
: N 5 § . " ‘fe ;
* J—; H-e(" L}\e SoluEion to remo/e H’\J{.’Idl:)(—{_ .«"VI,‘.LV".]L!C.) :
: _ e
% Cool 1o f’Cu”v}' stallise .
% tilker with o Buchner Flask vnder presSsvre
* waSh with coldt spllenk
*® _0Y.
T )
Question 3 continues on the next page
"""""""" Turn 0\};}* | 2
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@ In a similar experiment, another student used 0.040 mol of ethyl benzoate and
obtained 5.12 g of benzoic acid.
Calculate the percentage yield of benzoic acid.
Suggest why the yield is not 100%.
[3 marks]
47 ¢ , v AL
S Mt _ LJ‘ D47Zmoles Al : (00 - ,. O Jo
I -.).Z- O/ \-‘ ':"-'L :K i
Percentage yield %
) J . { 1 re. - | \ r E
Suggestion  (G(CT nas ot Dten -/ u'."ﬁﬁ—t(r]f"LT oY 1 O\
Or Containy imfunkt.e
18

I
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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

0 5 10 15 20 25 30 35 40
Volume of NaOH /cm3

! _ 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.

w ol
]

v KAl

MW

|

|

I _ [1 mark]

| { o

3-102 ¢

Iz Give the expression for the acid dissociation constant of HX.

o [HILXT

[1 mark]

[Hx]

—

L
13
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0] 4].[3] Calculate the concentration of HX in the original solution.
27 [2 marks]
concC. x Vol = mole S T s ‘
~ g _'J = . 1 ‘\I'L‘,_I;J.
Q|00 X \/ ‘}'"}‘:‘\ - ‘!_,5?_.__ « \( -\’lJ‘u\- or al
J oo/ & l_\} 5 = f'{ % -‘-’\:/'\_,. ]
conc = Mol L-40¥10 ~ | 0-0960 meldm3
Vol (\ YAYT "-“’J' —— —W'—
Concentration mol dm™
E 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.)
5 [2 marks]
\ v ! | IR " ) =
K& = 1"\ L7 Ka * PALYA S
[
- 77%) - == —
I 2t i T |
O -OHM6(
= = ~ o ¢ & p T 272.19Q . 7 .S
g\ = 1S 86«l0 > -log D06 Al ol U s 1A
[ l"1 i AV [4 10 "
pH of HX
[0]4].[5] Calculate the pH of the solution when half of the acid has reacted.
[1 mark]
log ka. = 4°5%
pH of solution
E\ 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 curve between 0 and 20 cm® of
NaOH solution added. O _ - v
Yy NO I i S R e [2 marks] 9

i

IB/M/Aun17/7405/3
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Section B

Answer all guestions in the spaces provided

|

|

@ onhe answer per question is allowed. \

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

®

=| 4]

CORRECT METHOD @ |WRCNG METHODS ‘ &

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

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.

A CH3CH,CH,OH

B CH,;CH,CHO

C CH3COCHj3

ol [of [o] [o]

D CH3COOCH;

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

D chlorine > phosphorus > sulfur > argon

o 9] [o] [of

Turn over for the next question

IB/MAJun17/7405/3

I

Do not use additional sheets for this working. / C
Which compound has the highest boiling point?
| [1 mark]
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0]7] Which is not a correct statement?
[1 mark]
A Transition metals form coloured ions and complexes @
B Transition metals display variable oxidation states @
C A ligand 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 [ O
Thermal H!gh pressure Mainly alkanes I—l
High temperature
B i <
Thermal Sl.lght pressure Mainly alkenes I—J
High temperature
C - Slight pressure Mainly branched @
Catalytic . alkanes and
High temperature :
aromatics
D _ High pressure Mainly branched (@)
Catalytic ; alkanes and
High temperature ;
aromatics
2,4,6-Trichlorophenol is a weak monoprotic acid, with K, = 2.51 x 10 mol dm™ at
298 K.

What is the concentration, in mol dm™, of hydrogen ions in a 2.00 x 10~ mol dm™
solution of 2,4,6-trichlorophenol at 298 K?

5.02 x 107"
7.09 x 107
1.26 x 10™°

3.54 x 107

9] [o] [o] [0

-

[1 mark]

Do not write
cutside the
box
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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

B 13.66

C 13.96

D 14.34

o] [o] o] [9]

1]1] What is the mass, in mg, of carbon formed when 3.0 x 107 mol of propene undergoes
incomplete combustion?

ZC3H5 + 302 - 6C + GHQO
[1 mark]

A 9.0x107°
B 3.6x107?

C 1.08 x 10° )+ 108 w000 = [FUBKIV M -

o 1o] [o] [o]

D 216 x 10°

Turn over for the next question

L
17
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1]2] Which compound gives this infrared spectrum? |
[1 mark]
100
Transmittance / % 50
01— BRUE ResSe i ik T e ] T T T T
4000 3000 2000 1500 1000 500

Wavenumber / cm—1

A 1-bromobutane »

B butan-1-ol

C butanal

o] 19 [o] 9]

D butanoic acid

[T

IB/M/Aun17/7405/3
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n Which pair of compounds does not form a racemic mixture when the compounds
react?
[1 mark]
A "~ + HCI
B 0]
//\\// + HCN
C A"+ HCl
0 )
D M+ HeN
A (=]
B [=]
c (=]
D
The reaction sequence shows how CH3CHj; can be converted into BrCH,CH.Br
Cly NaOH
CH3CH3; ——— CH3CH,Cl ——— CH,CH,0H
38 StepA 312 StepB ke
Step C H2804
Br2
BFCHQCHzBT +— CH?_:CHZ
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

LT
19
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II@ Cisplatin is an anti-cancer drug.
Which structure represents a stereoisomer of cisplatin?
[1 mark]
I\|IH3 l\|IH3 I‘\|H2 -_ i \ i\lin
H3N—F|’t*Cl Cl— F|’t—Cl Cl— Pt—/NH, 7 Cl—Tt—Ci
Cl NH5 ‘ Cl NH,
A B C D
4 =1
B
c [©]
D [=]
The diagram shows the Maxwell-Boltzmann distribution of molecular energies in a gas
at two different temperatures.
A
B

D)

! Which letter represents the most probable energy of the molecules at the higher
l temperature?
[1 mark]
A [=]
B (=]
c = |
D |
m“lzuluollu ‘"‘ IB/M/Jun17/7405/3
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L

V,05 can be used as a catalyst in the Contact Process.

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

A SO, + V,05 - SO; + 2VO, (o]
B SO; + 2V0, — SO, + V,0s [o]
C 2VO, + 20, > V;0s
D v,05 —» 2v0, + 30 [=]
This structure shows a section of a polymer chain formed from the random
polymerisation of two different monomers. _ _ )
SR
‘ , |
DEESAEENONEREH
“ : L, |
H H ' H H H H H H CF3H. H F
Which pair of monomers could produce this polymer?
[1 mark]

L) h'/
A CH,=CHF and CH,=CHCF;

B CH,=CH, and CHF=CHCF;

D CH,=CHF and CHCF3;=CHF

=1
C CH,=CH, and CH,=CHCF; (o]
=)

Turn over for the next question

IB/M/Jun17/7405/3
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[1 mark]

Turn over »
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The equation for the reaction between zinc and hydrochloric acid is
i 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 [o]
B 549 @
C 275x10°
D 5.49x 10° (o]
An equilibrium mixture is prepared in a container of fixed volume.
|
CO(g) + Cly(g) = COCly(g) AH = -108 kJ mol™

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 @
B The partial pressure of chlorine @
C The total pressure of the mixture @
D The value of the equilibrium constant, K El
;
i
M
2 2 IB/M/Jun17/7405/3
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(2 ]1] In concentrated alkali, propanone reacts with hydroxide ions to form an equilibrium
mixture as shown.

T Ty
HO™ + Hﬁc|:—C~CH3 =—— H,0 + H—C=C—CHs

H
Which curly arrow does not appear in the mechanism of this reaction?
[1 mark]
C4C =1
A
H ek
0 (@]
B I
c—C
¢ O =
HO™ ¢

Turn over for the next question

IB/MJun17/7405/3
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2] 2] The diagram shows a pH curve produced by adding a strong alkali to a weak acid.

pH

De

-

Volume of alkali

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

[1 mark]
A [=]
B
c (=]
D =3
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] 19] [¢] [o]

D pentan-3-ol

De not write
oulside the
box
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2|4 Which compound does not show stereocisomerism?
| [1 mark]
A 1,2-dichloropropene @
B 1,2-dichloropropane @
C 1,3-dichloropropene @
D 1,3-dichloropropane
@E] Which compound can form a polymer without needing another reagent?
[1 mark]
A HOCH,CH,OH (o]
B HOOCCH,CH,COOH @
C HOCH,CH,COCL  wlehel
D CICH,CH,COOH [o]
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?
[1 mark]
A 3.88 x 107 mol dm™ (=]
B 7.76 x 107 mol dm™ (o]
C 3.88 x 10™ mol dm™ El
D 7.76 x 107 mol dm™
Turn over for the next question |

LT .
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E The rate equation for the acid-catalysed reaction between iodine and propanone is:
\ rate =k [H+] [CaHﬁO]

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
B 1.30

C 140

D 2.80

o o] o] [o]

" A 385 cm® sample of carbon dioxide at 100 kPa and 25 °C was mixed with
2.89 x 10~ mol of argon. The gas constant, R = 8.31 J K™ mol™

What is the mole fraction of carbon dioxide in the mixture? i
[1 mark] |
[

A 0.35
B 0.46

C 0.54

o] [0 [o] [s]

D 0.65

IB/M/MJun17/7405/3
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How many peaks does this compound have in its *C spectrum?

[1 mark]
A5 =3
B 6 (o]
€ 7 =l
D 8
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?

) [1 mark]

A 450cm® o - I\ FEATS @
B 95.0 cm® S%l0" _ .ldmd or (@ |
C 100 cm® . (2]
D 995cm’® o =
A solution absorbs light with wavelengths corresponding to red, yellow and green light.
Which ion is most likely to be in the solution?

[1 mark]é
A Cr,0/4(aq) ~0ran (o]
B Fe®(aq) E’
C Fe**(aq) . FeON Drovi @
D Cu*(aq) .~blve < Compli

Turn over for the next question

[T

Turn over b
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3]2) A reaction is exothermic and has a negative entropy change.

Which statement is correct?

[1 mark]

A The reaction is always feasible El

B The reaction is feasible above a certain temperature @

C The reaction is feasible below a certain temperature

D The reaction is never feasible @
Phenylethanone can be prepared by the reaction between ethanoyl chloride and
3 benzene.

COCH,4

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?

[1 mark]
A 35¢g @
B 54g
C 87¢g @
D 102g =1 |
IR



LT —
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130 ecm® of oxygen and 40 cm® of nitrogen, each at 298 K and 100 kPa, were placed

into an evacuated flask of volume 0.50 dm?®.

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

A 204kpa | F0’ oF, =3
B 68.0 kPa - (o]
C 34.0kPa
D 13.7 kPa i (o]

END OF QUESTIONS

[1 mark]

Turn over »
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