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For this paper you must have:

the Periodic Table/Data Sheet, provided as an insert (enclosed)
a ruler with millimetre measurements
a calculator, which you are expected to use where appropriate.

Instructions

Use black ink or black ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions.

You must answer the questions in the spaces provided.

Do not write outside the box around each page or on blank pages.

All working must be shown.

Do all rough work in this book. Cross through any work you do not want
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Section A

Answer all questions in this section.

[of1].[1]

[of1].[2]

i'@

02

Figure 1 shows the Maxwell-Boltzmann distribution of molecular energies in a
sample of gas at a fixed temperature.

Figure 1

Number of
molecules

Label the horizontal axis in Figure 1.
[1 mark]

On Figure 1, sketch a distribution of molecular energies for this sample of gas at

a higher temperature.
[2 marks]

This gas decomposes on heating.

Explain why an increase in temperature increases the rate at which this gas

decomposes.
[2 marks]
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An experiment was carried out to determine the relative molecular mass (M) of a
volatile hydrocarbon X that is a liquid at room temperature.
A known mass of X was vaporised at a known temperature and pressure and the
volume of the gas produced was measured in a gas syringe.
Data from this experiment are shown in Table 1.
Table 1 Unt conversions
-3
Mass of X 194 mg (Qy =10 9
Temperature 373K
=3
Pressure 102 kPa o2 =10 a
-6
Volume 72 cm® T2 =10 w3
.[1] Calculate the relative molecular mass of X.
Show your working.
Give your answer to the appropriate number of significant figures.
The gas constant, R=8.31J K" mol™’
[6 marks]
V= nRT M
, 3 -6 3 K2
; - TS _P__‘{ (02 x< 10 x 1d»x 10 _ 2.3%31x10 N3
| =
-2 -3 = 37173
% !
| iz
o N
- \Qy >0 o e (;)s.f.) ¥
1 By = (2R e & F |
| n 3.371=10 |
: \
Relative molecular mass qg & NS
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Analysis of a different hydrocarbon Y shows that it contains 83.7% by mass of
carbon.

Calculate the empirical formula of Y.

Use this empirical formula and the relative molecular mass of Y (M, = 86.0) to
calculate the molecular formula of Y.

[4 marks]
e b
3.7 16-3
A R S LT S T
|20 »O
cadie l 227 35
3 ' 1
ewpii cal (vt e 2 L2
B -2
L2
Empirical formula (, 2 \-\ 9
Molecular formula C,s Hu.;

A

Mo
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.[ 1] Compounds A, B and C all have the molecular formula CH,
CHALLENGING A and B decolourise bromine water but C does not.
B exists as two stereoisomers but A does not show stereoisomerism.

Use this information to deduce a possible structure for each of compounds
A, B and C and explain your deductions.

State the meaning of the term stereoisomers and explain how they arise in

compound B. LEVELLED
[6 marks]
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0
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When alkanes are burned in an excess of oxygen they produce carbon dioxide
and water.
.[1] Write an equation for the complete combustion of propane in oxygen.
[1 mark]
.[2] Anexpression can be derived using bond enthalpy data to estimate the enthalpy
of combustion (A.H) of an alkane.
For an alkane with n carbon atoms: AH =— (496n + 202) kJ mol™"!
The enthalpy of combustion of an alkane was calculated to be —-6650 kJ mol ™’
using this expression.
Deduce the molecular formula of this alkane.
Show your working.
[2 marks]
A\'\'C -~ - (q-%n 4‘3—033 - - 66S0
-~ - A i %
~L9bn = —6bSO * 3o |
-4q9bn = - 448
n = B P
Molecular formula of alkane C 12 1 NG Mo
F
| .[3] Suggest one reason, other than the use of mean bond enthalpies, why a value for
the enthalpy of combustion of a liquid alkane is different from the value obtained
using the expression in Question 4.2
[1 mark]

| . alkone nd- qamus
of _egqvahon m}ub %cwu ahkone
ov k taku T }N (onvert & to ﬂaﬂ

R
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Table 2.

Table 2

[0]4].[4] Values of the enthalpy change for combustion of 1 g of some alkanes are shown in

methane

ethane

propane

butane

pentane

Enthalpy change in
kJ for combustion of

149

-55.6

—52.0

e S0 L

-49.6

—48.7

= \
Plot the enthalpy change for the combustion of 1 g against the number of carbon
atoms in the alkanes in Table 2.

-

ES

Y

S

Draw a best fit line and use this to estimate the enthalpy change for combustion of

1 g of propane.

Write your answer in Table 2.

Number of carbon atoms

2

3

4

[3 marks]

—48 - 7 T . T T T1 =3
= i ! 6o W g e | it i g

| it | Hi8

! P S [ (S | | L I S - O e l 2
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HERs A R ":/::! i ii
=51 ThE
Enthalpy T T
change ; 1 | g
inkJfor  -52{- Y : :
combustion - S ] i g
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g
—-53+ i ; ‘ |
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.[5] Isooctane (2,2,4-trimethylpentane) is an important component of petrol used in
cars.

When isooctane is burned, the enthalpy change is —47.8 kJ g—'1

Isooctane is a liquid at room temperature with a density of 0.692 g om®

Calculate the heat energy released, in kJ, when 1.00 dm?® of isooctane burns in

excess oxygen. (000 ¢mS
Give your answer to the appropriate number of significant figures.

[2 marks]
Masg = 0.692 x 1000 = 6q33 WA
A% - ~L{——f-%>c-6qg = - 3377 6
Heat energy released — S 3| 00O kJ Ma

(3s.f.)
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Do nof write

e

outside the
9 box
- S ~ -
Ethanedioic acid (H,C,0,) is a diprotic acid. Beekeepers use a solution of this
acid as a pesticide.
A student carried out a titration with sodium hydroxide solution to determine the
mass of the acid in the solution. The student repeated the titration until
concordant titres were obtained.
H,C,0,(aq) + 2NaOH(aqg) — NayC,04(aq) + 2H,0(1)
[1]  The student found that 25.0 cm® of the ethanedioic acid solution reacted
completely with 25.30 cm?® of 0.500 mol dm ™ sodium hydroxide solution.
Calculate the mass, in mg, of the acid in 25.0 cm® of this solution.
3 [4 marks]
fa el A Raol = 0:S x 26-20%=10 = gaplate ML
& o
r\\A}CQOLr = 0.0138S _ 6.22G < 1D M
o B
B
- . 39g O o — . 61 9 S
il W HpUgl, o 6 BSgeT A Y050 6 g m3
3
x 10
Mass of acid 5 6 ci mg H"f
; .[2] The student used a wash bottle containing deionised water when approaching the
| end-point to rinse the inside of the conical flask.
|
Explain why this improved the accuracy of the titration.
[1 mark] I
To  rewane any accd oc alkali ot Wt be
r_m'h-? Sadoh d “\'ke CKM\(— "l'v CAS (€ "n,_e;d
ot peaxt.
. E Give the meaning of the term concordant titres. |
[1 mark]
Titres (\IG\UW\PQ) Yok ace  within e
mr\cuHJh‘b UQ e \n\u elle - '1Lu:|) are
3 ;
2 0lcwe o caet othar |—
| 6

Turn over b
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' 2-Methylpropan-1-ol can be prepared by reacting 1-bromo-2-methylpropane with
dilute aqueous sodium hydroxide.
.[1] Name and outline the mechanism for this reaction.
! [3 marks]
Name of mechanism nwcle Ole\\.(‘ S ubs%‘lw\‘;e\« ()
\
Mechanism
(W2 B ’
{ (St &
WC-cC—C= 8B
2 P 'Yt%
Wooow o
|
|
E . E] When 2.0 cm® of 1-bromo-2-methylpropane (M, = 136.9) were reacted with an
cﬂﬁ\, LENG WG excess of sodium hydroxide, 895 mg of 2-methylpropan-1-ol (M, = 74.0) were
head hp uge  obtained. FAS = |0'3 9
; density » The density of 1-bromo-2-methylpropane is 1.26 g cm >
Calculate the percentage yield for this reaction.
W Cq- Hqg( = |.0brd= 9-§33 [3 marks]
n C.Lr I—Lg\ Bf = -S> - O.o\glf- wal ok
| [36-9 |
| n CyWol = 0.0184 wel
i k. Ccfl-lqOH - 0.0\ R 4.0 = l-§69I5 MO
. - |
| s \@ud: BAS <107 00 |
! 1. 3621
: Percentage yield 6 S. 7 i / . M S

[bs-FT )
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‘I .[3] When 1-bromo-2-methylpropane reacts with hot, concentrated ethanolic
potassium hydroxide rather than dilute aqueous sodium hydroxide, a different
product is formed. |
Name this organic product and name the mechanism for this reaction.
[2 marks]
NC W\
s ¥
= & (mk requr ed)
N\
n / Y
3
| Name of organic product Mf’\"l\\\\ Popene M
N 1
Name of mechanism e\liwinabon No
;‘ Turn over for the next question
1
|
|
| ‘
|
i
i
[l 8

L
11
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(0]7] Alcohols undergo dehydration in the presence of concentrated phosphoric acid,
via a carbocation intermediate, to form alkenes.
[0]7].[1] Complete the mechanism for the conversion of 2-methylcyclohexanol into
1-methylcyclohexene via carbocation D by drawing
e the structure of the missing intermediate
o all necessary curly arrows.
[4 marks]
H+
\ A w
o oM o ™
OH e
N2 '
CHs HiC H
My
+
—
carbocation D

.[2]] Draw the structure of a different cyclic alkene formed from carbocation D.
[1 mark]

W a

I
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[0]7].[3] Carbocation D can undergo a type of reaction called a rearrangement to form
carbocation E. In this reaction, a hydrogen atom and its bonding pair of electrons
move from carbon a to carbon b as shown in Figure 2.

Figure 2
CH
HsC  H #
+ H
¥ o
2 o 3
i carbocation D carbocation E

Use your knowledge of carbocations to explain why this rearrangement takes

place.
[2 marks]

D hiS a 3-. CMBO(&hbn ad £ a ?)‘ CQJ\)oco.F\or\ [t
N wore  clalle cacbocabon s — M)

[0[7].[4] Asaresultof the rearrangement in Question 7.3, a third alkene is formed in this
reaction.

Draw the structure of this third alkene.
[1 mark]

Turn over for the next question
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[o]7].[5]

CHALLENG NG

I

Cyclohexene is prepared by the dehydration of cyclohexanol using concentrated
phosphoric acid as a catalyst. The structure of concentrated phosphoric acid is
shown.

OH
|
O=—P—OH

OH

Identify the factors that influence the boiling points of each of the compounds
in this reaction mixture. State how and explain why cyclohexene can be
separated from the reaction mixture.

[6 marks]

‘ C\:\)cloh&we has yender Woals QNCQJ
Bebeon To walerlos
; Cﬁg(ohuc,r\o\ o HM%M bord¢  \notwea n
the  wolecodes
(o Proshacic erid was ludogen behoes
the  wolecudes )
o e con be seporalted by distllaton
; %c(m\\@.we hon the  Wweakest &orean
o Stk bole Bt o hor lowent \pn‘,\\\r\aj

mgiv\t
X
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This question is about the structures of some organic molecules.

i |I| Draw the skeletal formula of 3-methylbutanal.
f O
0 |
| )\/\ =
3

.[2] Draw the displayed formula of CsH,Br that is the major product of the reaction
of 2-methylbut-2-ene with hydrogﬁn bromide.

[1 mark]

l [1 mark]
| h—C -H
| A \ 1

| \ [

| Hh—-C—C—c—C-W%
| ‘ \ \ |

W 3! Be W

‘ .[ 3] Thermal cracking of hydrocarbons produces molecules that are attacked by |
| electrophiles because they have a region of high electron density. i

Draw the structure of one of these molecules that contains four carbon atoms.

[1 mark]
| \'\2C\ /\3; W /\'\ v . /(\43
| /(, = C\(\; oY ,C,:('.\ ol /L = c,\ !
W 3 W CH,(H, M CHy |

Turn over for the next question

15 1B/M/Jun17/7404/2
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[0]3].[2]

AN

Chloroethene can be polymerised to form poly(chloroethene), commonly known
as PVC. This polymer can be used to make pipes, window frames and electrical
insulation. Plasticisers can be added to change the properties of PVC

A section of poly(chloroethene) is shown.

H CLH CL H ClLH cl
O O O O
DR EEES

.
H H HHHHHH

Chloroethene has a melting point of —154 °C
All types of PVC melt at temperatures over 100 °C

Explain why PVC melts at a higher temperature than chloroethene.
[2 marks]

o

NC s o iu%qr maletale

PNC  hag S\'W“%Q[ Geies  babuenn g

S

wdiecilen [ pdawdisnotine feegx)

.3

This structure shows a molecule that has been used as a plasticiser in PVC.

\ g ' >
] =X
0 S
\ © 2V
\
0

Deduce the number of hydrogen atoms in this molecule.
[1 mark]

58

IB/M/Jun17/7404/2
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.[3] Use your understanding of the properties of PVC to explain whether you would
=‘ expect to find a plasticiser in the PVC used to insulate electrical cables.
[1 mark]
B t\)\oS\"rc,n‘w would _be v ONC @¢
elexticat  cablen
o |lorouae ‘\‘wd) feed o Y ,[Iej{\})]f‘
.[[4] A section of the polymer poly(chloroprene), a synthetic rubber, is shown.
= = =
Cl Cl Cl
! Draw the displayed formula for the repeating unit of poly(chloroprene). i
[1 mark]

OrWwes O £ 00 \wa.‘,j'! ?oS‘;\‘)\-e

\ l )
_______c-—c::c—-fi_*"_”

)

Woew M

Turn over for the next question
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Section B

Answer all questions in this section.
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For each answer completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E WRONG METHODS I (V7o) “ ® I‘@J{ @6 J

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

shown.

You may do your working in the blank space around each question but this will not be marked.
@ot use additional sheets for this working. /

What is the burette reading for this transparent liquid?
- [1 mark]
=«

A 2410 cm’ [S]
B 24.30 cm® (@]
C 2570 cm® (=]
D 25.90 cm® [©]

I

IB/M/Jun17/7404/2

@ one answer per question is allowed. \

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




A volumetric flask was used to prepare 250 cm® of a solution.

The solute was added from a plastic weighing container.

Transmittance

MR

(%)

Mass/g

Weighing container with solute 10.13

Weighing container after solute added to volumetric flask 4.48
Each reading from the balance has an uncertainty of £0.005 g
What is the percentage uncertainty in the mass of the solute used?

[1 mark]
A 009%  Wass seluk - l03-hUuR2 G.4Cq o
' N
B 011% Fwo wagy teody . oncextod 'H S]
+ 2w 0005 = 0-0109
C 0.18% /
g uv\ce,(%o.mlj 0.0\ « 100
30, —_—
D 0.22% S.6C (o]
The infrared spectrum of an organic compound is shown.
100
50
0 L | ﬁr"'l'g:—'o'\"-'l- T
4000 3000 2000 1500 1000 500
Wavenumber /cm-1
Which compound produces this spectrum?
[1 mark]

A butanone

B ethanol

C pent-2-ene

D propanoic acid

9[9[ [»

Turn over b
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Which is the most likely bond angle around the oxygen atom in ethanol?

104.5° Qp
109.5° R’ X “a
120° e rahedual
o hl\}' \e
180
ftd:(;ad
due o

S lone ?cu.(s

Which compound is a structural isomer of Z-but-2-ene?

o O m >

butane nor {Sower

E-but-2-ene Stereon \sowel
cyclobutane

methylbut-2-ene not isower

9 19 o] o]

o) 19] [o] |9

[1 mark]

[1 mark]

Which equation is a propagation step in the conversion of trichloromethane into
tetrachloromethane by reaction with chlorine in the presence of ultraviolet light?

CHCL, + Cl, — CCly + HCL  ONexo
oCCl, + oCl — CCl, feswairabhon
CHCL, + oCl — CCl, + oH

CCly + Cl, — CCl, + oCl ?r‘o?o%od\dﬂ

o [ 19 o

IB/M/Jun17/7404/2
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Which compound has the fastest rate of reaction with potassium cyanide to form

pentanenitrile?
[1 mark]

A 1-bromobutane

B 1-chlorobutane

C 1-fluorobutane

6 ieddbtae  omibr Mol Teleane
Coson o-d M\o%e,n

berasne 108dne {3 o \orfesr wileeide

9 19 9 [o

(1] 7] Which alcohol can be oxidised by acidified potassium dichromate(VI) but cannot
be dehydrated by heating with concentrated sulfuric acid?

[1 mark]

A  2,3-dimethylbutan-2-ol
B 2,2-dimethylpropan-1-ol  |* glcolro)

| C 2-methylpropan-2-ol

9 [9] (9 [9

| D pentan-3-ol 1
| |
How many structural isomers are there with the molecular formula CsHsBrCl?
! [1 mark]
| C\

A 4 4

B 5 Br\/g\/u
. i

C 6 /\/c\

D 7 ]
{
(o

PN

e

9 [of [o] |9

2 1 1B/MAJun17/7404/2
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i - o ] ' |
| Which sample contains the most molecules?
|
! =
i The Avogadro constant, L = 6.022 x 10% mol 1
|
|
molecutenr = n b [1 mark]
| A 2.10 x 10%* molecules of methane, CH,
i 22
B 1.00 g of oxygen, O, l—:—-ng z [ratw10 [S]
S ¢ 22
C 65.0mg of hydrogen, H, 6S %10 - = |-94 =10 [o]
2- QQ

D 0.0300 mol of ethane, CoHg (.03 = L. = .8l =10 [O]
Which compound forms a molecular ion with a different precise molecular mass
f from the other three?
| [1 mark]

A butanone Cqy A g O

B cyclobutanol  Cy Hg O

| C dimethylpropane CS“‘Q

o) [9] 19 [o

D methylpropanal C . it R O

2 2 1B/M/Jun17/7404/2
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I

Hydrogen can be produced by this reaction.

0y oo .00 0 o
CO(g) + Hy0(g) = CO4(g) + Hy(9)
Neqn U3-16 do-1.6 16 16

In an experiment 4.20 mol of carbon monoxide were mixed with 2.00 mol of
steam. When the reaction reached equilibrium, 1.60 mol of hydrogen had been

formed.

What is the value of the equilibrium constant, K., for this reaction?

ko Ceo, 10651 [1 mark]
[(o'}ﬂ—\go-l

A 0.30 (2]
B 041 = -6 » 1.4 =
C 1.54 b it [©]
D 246 = 256 |
ot
= a.ub

A sample of 2.0 mol dm™2 acid has a volume of 100 cm®

What volume of water, in cm3, should be added to this acid to dilute the sample

to a concentration of 1.5 mol dm ™ °?
Nu»huo—k waleh (Ewmount the Sowe g N Z N, [1mark]

C\Ny = CoNs

|
|

25 -

A Qxlmx\o;: -.Sx N3 (=]

B 333 " 3 (@]

C 50 1-S -3 (=]
p 133 e¢w

D 66.7 [©]

* sad 183 100

Turn over for the next question

Turn over b
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ELT_[ Two sealed flasks with the same volume are left side by side.
So Sawe nuwberol wmaoles
Flask A contains 4.0 x 10~> mol of methane. 2
Flask B contains 340 mg of a different gas. 340 k0 T
Both gases are at the same temperature and pressure.

Which gas could be in Flask B?

e [1 mark] |
W "

CH,Cl, RS-0 -0 x |o"3

HBr %09 Hes B
n

Kr 83-? _
= S.-p0%|0
PF3 k.0 4:-;—""_‘
\O

gS

o o o »r

9 [9] Lo [9]

B

Analysis of a sample of a chemical with formula Cp,H3oNgO,4S, showed that it
contained 0.0195 mol of carbon.

What mass of nitrogen was present in the sample?

c N

92 b

A 0041g 0-.045 : 0:019Sx6
N

B 007 5. 3% w0

C 0.074g N P
: D 0420g ‘—5'3‘%><'0"3mu+

ke ¥ ks [1 mark]

ERCRElE

END OF QUESTIONS
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