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Section A

Answer all questions in this section.

AT

Hydrogen peroxide solution decomposes slowly to form water and oxygen.
The reaction is much faster in the presence of a manganese(lV) oxide catalyst.

2H;05(aq) — 2H,0(l) + Ox(g)
Three experiments, shown in Table 1, were carried out to investigate how the volume

of oxygen produced varied over time under different conditions. The same mass of
catalyst was used in each experiment.

Table 1
Experiment Cg? Eigiizg?n V::gzr(lz;q?f Tem;; g(r:ature Catalyst
{ mol dm™ fcm
1 1.0 50 20 lumps
2 1.0 50 20 powder
3 0.5 50 20 lumps

Figure 1 shows how the volume of oxygen collected varied with time in
Experiment 1.

Figure 1

Volume @ | @

of oxygen

/l // '
iy 3
A e -

Time
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! m Explain, in general terms, how a catalyst increases the rate of a reaction.
' [2 marks]
. provedes  ga allemotive  oule ({)aﬂw&»\j K
v Witk lguwer axhvohon enecqy Ha
\N|
@ Draw two lines on Figure 1 to show how the volume of oxygen collected varied with
time in Experiments 2 and 3.
Label each line with the experiment number.
[2 marks]
i E Explain, in terms of collision theory, the effect of increasing the concentration of
! hydrogen peroxide on the rate of reaction.
[2 marks]
« Mafe 'POJ‘\L'"(' leg ! mdlecu e HJO; In_Same M|
Valame
e quent £l e Ha
. More  trequeatT  Successtud (ollisions
6

Turn over p
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Citric acid, CsHsO(COOH), occurs naturally in many fruits and can also be
synthesised in the laboratory for use as a food flavouring. A student analysed a
sample of citric acid to determine its percentage purity.

The student dissolved 784 mg of impure citric acid in water to prepare 250 cm?® of
solution in a volumetric flask.

The student titrated 25.0 cm® samples of this solution with 0.0500 mol dm™
sodium hydroxide solution using phenolphthalein as the indicator.

C3HsO(COOH)4(aq) + 3NaOH(agq) — C3HsO(COO0);Nas(aq) + 3H,0(1)

III The student rinsed the burette before filling it with the sodium hydroxide solution.
State why the student should use sodium hydroxide solution rather than water for the

final rinse of the burette.
[1 mark]

woler would  dilule e NaoH

or  walec  wpad cMe_"Wt_cgmLeAhQMgo_ﬁ

or __ensure  (ancentrahon NaOH Te et Clrargad

‘ @ The student carried out several titrations. The results are shown in Table 2.

Complete Table 2 to show the titre in each titration.

i [1 mark]
| Table 2
Titration Rough 1 2 3
; Final reading / cm® 252 23.95 | 4765 24.10
| Start reading / cm® 0.0 | 005 | 2395 | 0.10
‘ Titre / cm® 5.2 2390 2370|214 -00
t J
- Calculate the mean titre using the concordant results. gdP
i Give your answer to the appropriate number of significant figures.
f [2 marks]

23-90 + 24-00
| B

| Mean titre 33 G' 5 cm?®

I
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IZI The total uncertainty when using the burette is +0.15 cm®. This is the combination of
uncertainties in the start reading, final reading and the determination of the end point.

Use your answer to Question 02.3 to calculate the percentage uncertainty for the use
of the burette in this experiment.

[1 mark]
235
Percentage uncertainty 0-6 3 %

5 E Use your answer to Question 02.3 to find the mass, in mg, of citric acid dissolved in
250 cm® of the solution.
The relative molecular mass (M,) of citric acid is 192.0

[3 marks]
ANaol - cv o~o§><293-°|5>uo"3 = 1978 5ej0™2 M
- 11 - 2
3
 nCA MW 2D cw > 3'°’"“'°"qx39‘3 = 3-1Ixi07>| M2
5
| LN nMr 3_0’G]>c’0—3k T 07663
| . 3 W
| o CRwm B = 6766 % o
|
| Mass 766 mg
| El Calculate the percentage purity of this sample of citric acid.
[1 mark]
166 o oo
181 —
Percentage purity q', z 7 % 2

Turn over »
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This question is about enthalpy changes.

5 - When ethanoic acid reacts with sodium hydroxide, the enthalpy change, AH, is
-56.1 kJ mol™

CH3COOH(aq) + NaOH(ag) — CH;COONa(aq) + H,0()

Calculate the temperature rise when 25 cm® of 2,0 mol dm™ aqueous ethanoic acid
react with 25 cm® of 2.0 mol dm™ aqueous sodium hydroxide.

Assume that both solutions have the same initial temperature, have a density of
1 —1

1.0 g cm™ and a specific heat capacity of 4.18 JK™' g

[4 marks]
A= q kT mol™ = me AT T
n W= 35425 = Sog
Nz dx DSK:O’E ol & £ 5 . M\
G = A¥xn S6-1 <005 = 2. 805 kT -
280 T
DT - i't_ > 8oS N3
Me 38w Wty Ml
Temperature rise | 3 G Lf» °C

flow 13
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A student recorded the temperature of aqueous ethanoic acid in a polystyrene cup for

three minutes.

At the fourth minute, the student added sodium hydrogencarbonate.

The student stirred the mixture and carried on recording the temperature every minute
for several minutes.

The student’s measurements are shown in Figure 2.
A best-fit line showing the temperature before mixing has been drawn.
Draw an appropriate best-fit line on Figure 2 and use it to find the temperature

change at the time of mixing.
[2 marks]

Figure 2

| - ——
16, = SIS (O S 0 Wi e e ,.}._.__.._. e
| |

15

Temperature |
/°C 14_" T T

134 ——F—— LLAULIL

124—

1hE

I
l
|
10 I SREN B RRRNS SO0 IRENE FN I
0 1 2 3 4 5 6 7 8 9 0 11 12
Time / minutes

17:3 =l

Temperature change at time of mixing 6 D- °3

Shaigd fwe 2124 = g

Turn over »
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n The alkanes nonane and 2,4-dimethylheptane are structural isomers with the
molecular formula CqHag
They are found in crude oil and can be separated by fractional distillation.
Both can be used in fuels or cracked to form other products.

nonane 2,4-dimethylheptane

H H H H H H H H H H CH3H CHyH H H

O s e A B Y e

H H H H H H H H H H H H H H H H

boiling point 151 °C boiling point 134 °C

i - State the general formula of an alkane containing n carbon atoms.

‘ Deduce an expression for the relative molecular mass (M,) of an alkane in terms of n.

‘ [2 marks]
General formula CY\ \"1 ant A
I ,
lan + lanta
| Expression (Len + 3—
\
i @ Explain why nonane has a higher boiling point than 2,4-dimethylheptane.
. [2 marks]

o Nonane  mélexules (‘)o.da clogar f more Wl

. Su([&.(e Cor\l-ﬁjul"

‘ S\Yov\gui,wwre Van der Waals' fces M2
bp‘[‘wee/\ mélecu len

ML
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- Give an equation for the complete combustion of nonane.

[1 mark]

Cablyy + 0, = 9C0, + 10H,0

‘ E Nonane is often found in fuel for jet engines. Combustion in jet engines produces
pollutants including nitrogen monoxide (NO).

Explain how this nitrogen monoxide is formed.
[2 marks]

. n‘\\rfn%en Och ox\d%nn _recudf M)

| »ob  high bempicatuces bt

! EI Nonane can be cracked to form large quantities of propene.

Name the type of cracking used. a\kene

[1 mark]
' @ The main use of propene, formed from cracking, is to make poly(propene).
Draw the repeating unit of poly(propene).
[1 mark]

Lo
ey PR L
|
TR

Turn over for the next question

Turn over b
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. A hydrocarbon contains 87.8% by mass of carbon and has a relative molecular mass
(M) of 82.0
The hydrocarbon decolourises bromine water. al\k ene

Determine the empirical and molecular formulae of the hydrocarbon.
Suggest two possible structures for the hydrocarbon.
Name the ty type of reaction taking place when bromine water reacts with the

hydrocarbon
T [6 marks]
& H
37-% [Da.3 MU
n Mo ik 12, = 12.2
tabio 731677 306 < m'l-?.zm = |- 67T w3
3 ]
ewmpifical B muto C He vl
(EF) = ulo S %Q/w 2.9

Mol frewmedo A CBe > C W,y N3

S :

% 4 % & N J
Y Y YN

)

Elechophilic  dddihon Mo

R

IB/M/Jun18/7404/2
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There are no questions printed on this page
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" Compound A is a halogenoalkane.

Compound A

H CHy Cl CHs H

R

H—C—C—C—C—C—H

R R R

H H H H H

| - Name Compound A.
| 3- chlom - 2, i = di methylpentane

[1 mark]

| . Comgound A has a relative molecular mass (M) of 134.5

The main isotope of hydrogen is H
The main isotope of carbon is '2C__
Chlorine consists of two common isotopes, **Cland ¥Cl, of which 75% is **Cl

The mass spectrum of A was recorded when A was ionised by electron impact to form
A’ ions.

Draw, on Figure 3, the peaks for the main molecular ions in the mass spectrum of A.

(;..’H C‘ - l%lf [2 marks]
C Htguﬂ M= 136

Figure 3

Relative
abundance =

Question 6 continues on the next page

Turn over »
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E’ Reaction of A with warm, dilute aqueous sodium hydroxide forms alcohol B.

i

Name the mechanism for this reaction.

Outline the mechanism using the structure of A shown.
Include the structure of the product, alcohol B.

[4marks]j
Mechanism nNJuc¢ |weo P\f\l Il‘(’ Cu b g-H—wl*;'an
Outline of mechanism
H C"'3 CH; H Mo, ot cHa B
| 5“ | \’: l3i %31
H‘?_f_I*T_T—H 7 p-C-C- O ~g— W M
HoOH{H R OH WW R R
Wy .
- O4

IB/M/Jun18/7404/2

Do not write
outside the
box

M



15

Do not write
oulside the
box

Name the mechanism for this reaction.
State the role of the hydroxide ions.

Qutline the me ism using the structure of A shown.

Include the structure of the product, alkene C.

Mechanism F_HN\:\*\CLh&)“

E Reaction of A with hot, ethanolic potassium hydroxide gives alkene C.

[6 marks]
M

MO

Role of hydroxide ions 7%_0&@

Outline of mechanism

| L ed

Question 6 continues on the next page

L

H  CHs Clx CHs H Bz Qs
(

Turn over »
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EI The infrared spectrum in Figure 4 is that of either alcohol B or alkene C.

Figure 4
100
Transmittance 50
! %
O""I""I"" S T 1 r v Ut Fr 7 T T T T
4000 3000 2000 1500 1000 500

Wavenumber / cm-1

Tick the box that shows the correct compound.
Explain your answer with reference to a bond and the wavenumber of its absorption.
[1 mark]

Alcohol B Alkene C w4

Explanation '.llbto.k ok (626 —-[680 R, B
ok no P‘m\c okl 323 -3s<0 6-H

IB/M/Jun18/7404/2
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Compound D reacts with dilute aqueous sodium hydroxide in a similar way to A to
form alcohol B.

Compound A Compound D
H CHy Cl CH; H H CHsz Br CH; H
T S SV VD 0 S S S
RN RNy

Explain why D reacts more quickly than A with dilute aqueous sodium hydroxide at

the same temperature.
[1 mark]

C-Br bord i weakel tan C-C\
or C-@c bod.  bresks MOV QQQLMJMC-CI

Do not write
oulside the
box
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El Four compounds, all colourless liquids, are

butan-2-ol (° alcewe |

butanal oAide

butanone ke Hr\c
2-methylpropan-2-ol 2° alcole

Two of these compounds can be identified using different test-tube reactions.

Describe these two test-tube reactions by giving reagents and observations in each
case.

Suggest how the results of a spectroscopic technique could be used to distinguish
between the other two compounds.

[6 marks]
. P‘Cx‘dic\fﬂ‘ PO\‘C\QSI{)M o chnale |
b\JHLn d-ol and bukeno | quin
J
_LQL%@ h)
o Tolleng' or Fchll'}*ﬂA
e‘uxd‘i ‘JUJ‘MQJ 0&\.3
Sulver  wccor o (he 1) red ppt

» \R
Alcoholg oH 2230 — 35S0
P‘(dfk“fﬂ(ﬁ(}-\ﬂd ke bone czco |l —~1780

Ft\'\%uorﬂr\f recnmn co~  bo (god b
rLFsM.:rl« bdw«ag.m Mdleritle s wiba
| SatMe vCuu\c‘lﬁomJ ﬂ—mupf

M
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J
Methanol can be manufactured in a reversible reaction as shown by the equation.

CO(g) + 2Hx(g) = CH;0H(g)

i ,I] State and explain the effect of using a catalyst on the yield of methanol in this

equilibrium.
[2 marks] |
. na__ellort on %JMJ
\
| . ncreates robe  of both  Lrwaid
and \)&Ckad raomhowx <gvally
! @ Give an expression for the equilibrium constant (K.) for this reaction.
[1 mark]

| ke = ThzoH]
feoliu,]

2

Ll

IB/M/Jun18/7404/2
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|__3__| A mixture of carbon monoxide and hydrogen was allowed to reach equilibrium in a

A

container of volume 250 cm?® at temperature T.
At equilibrium, the mixture contained 0.340 mol of carbon monoxide, 0.190 mol of
hydrogen and 0.0610 mol of methanol.

Calculate the value of the equilibrium constant (K,) for this reaction at temperature T.

[3 marks]
Ke = 0-06|0/9S0X’0“3

A4
/ >
(ncomo‘3 SRR

- 024l

p—

|+ 36 > 0-76:1

K. B &1 mol2 dm®

Methanol decomposes on heating in a reaction that is the reverse of that used in its
manufacture.

CH;0H(g) = CO(g) + 2H(g)

Use your answer from Question 08.3 to determine the value of K. for this equilibrium
at temperature T.

State the units for this value of K.

(If you were unable to complete the calculation in Question 08.3, assume a value of
K. = 0.825 mol™ dm®. This is not the correct value.)

kc = CCO] [""‘9’]2—
CekzoH]

[2 marks]

\ic N P % a8
031 wol T dm

Value of K 39-3. ) _ M|

Uniits of K. mal > dw«'6 Ma

Turn over »
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Section B

Answer all questions in this section.

| / Only one answer per question is allowed.
‘ ‘ For each answer completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E WRONGMETHODS | ® | @ | = | &

as shown. @

Do not use additional sheets for this working.

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

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

N

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

‘ A student has a 10 cm® sample of 1.00 x 107 mol dm™ methanoic acid solution.

The student is asked to dilute the methanoic acid solution to a concentration

of 2.00 x 10™* mol dm™ by adding distilled water.

Which volume of water should be added?
r\ 1 - r\ a

i A 200 cm?
| B 490 om® <1072 % 10x10"3 = 2 w107H Vs
T T B
. 3 = IR IR
' C 500 cm’® g
| ol N s
D 510 cm® = 0.Sdm? = 500 ¢m 3

| waler oddad Svo-lo = 90 cm

Which molecule doeirf_t have a permanent dipole?
W—é-gr

Rr

} \
| B CHzBrz gf‘-‘é'gr gr"_lc’—gr

R

A CHBr

F

s o

C CHBI‘g
Br
|
D CBr, Br —C- Ry
]
rr

LI

o] [o] [o] [¢]

w

o) (o] [o] [1]

[1 mark]

[1 mark]

IB/M/Jun18/7404/2
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1 IIE Which is the major product of the reaction between 2-methylbut-2-ene and

iodine monochloride (ICl)?

C"\?, \), [1 mark]
CHa BC - L C (W
| N
A c|;H2ﬂ<|;CH2—CH3 i) [=]
I Cl \\/
(I:Ha C“S A
B CHy—C—CH—CH, M€ *5} - C k! =]
| |
cl | 1".
C|)H3 o A
Cc CH3—C—(|‘:H—CH3 [« ]
cl |
I

D CH3*—C—(I3HCH3 [=]

| Cl

Which statement is _hot correct about the industrial preparation of ethanol by the hydration
of ethene at 300°C?

CaHs(g) + H.0(g)
more waales

o
?—i C,HsOH(g) AH = —46 kJ mol™
c”do\(wu wale s ous
lm‘ﬂ’\f\ reysuse C-GN"NS El

A The reaction is catalysed by an acid. (e

[1 mark]

B The higher the pressure, the higher the equilibrium yield of ethanol. E

C The higher the temperature, the higher the equilibrium yield of =
ethanol. lower

D A low equilibrium yield of ethanol is acceptable because unreacted [=]
ethene is recycled. (®

Turn over »
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! II,E' Which compound has the highest boiling point?

‘ [1 mark]
A butanal [=]

| B butan2-ol  ydugen Dondary

| C but-2-ene [=]
D 1-fluorobutane E

1

i n Which statement is correct about the fractional distillation of crude oil? " q

mar

| A A zeolite catalyst is used.
B Each fraction contains a mixture of hydrocarbons.

C Gaseous fractions are formed by breaking covalent bonds.

o] [o] [o] [9]

i D The fractionating column is hottest at the top.

EE How many structural isomers with an unbranched carbon chain have the molecular

formula C4HsBr,? i W
E = K ?3(“‘ , [1 mark]
| fr A0 ~ 0 —=C-C~H \L—c—c-é~c-ur
{ | \ ) | by |
A 4 B¢ W W W WoReW W (=]
Bon W W -
| B S W k':r \ \ | H \ H; ‘.‘* ‘;\-
o Tl AR o] el =il i il
| co W U s A A =]
D 7 [=]
R S
|
conall ol SR
| | { \ \

IB/M/Jun18/7404/2
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‘[ The Maxwell-Boltzmann distribution of molecular energies in a sample of gas at a fixed
‘ temperature is shown.

Which letter represents the mean energy of the molecules?
[1 mark]
o N -
B [F=rsfs Y

L

Lo

| I

Lo

| |

.

|

1 1
i :
| cCD
’ A : |
| B [=]
| c [=]
| D [ |
| Ethanol can be made from glucose by fermentation.

C5H1205 — 2CzH50H + 2002

[ Ltk (4yo g

In an experiment, 268 g of ethanol (M, = 46.0) were made from 1.44 kg of glucose
| (M, = 180.0).
|
' What is the percentage yield?
[1 mark]

| r\(‘ﬁ\k&co&e) - 4o . @

| A 18.6% (8 (=]
n ('?-Ml) = dx =6
B 36.4%
‘V‘(‘E‘M—w!) > 1646 = 736 =
C 51.1%
| D 72.8% 3‘“9\ =26, <100 = 36‘4% [=]

736

Turn over b
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! Which species could act as a nucleophile?

[1 mark]

A BH,

lone pair donor

B NH,

1' C PH,

o] o] [o] [o]

| D SiH, W

| n Which statement is correct about poly(chloroethene)?

[1 mark]

A It has the empirical formula CHCI
B It decolourises bromine water.

C lIts brittleness is reduced by plasticisers.

o] [o] [o] [o]

D lIts polymer chain contains alternate single and double bonds.

What is the enthalpy of formation of buta-1,3-diene, C4Hs(g)?

Substance Enthalpy of combustion / kJ mol™
C4H5(g) —-2546

C(s) -394

| Ha(g) 286

| A +112kimol  Alkp = SOH(R) - SO (P)

[1 mark]

| — - [q(-%ﬁq)»r 3(-2?6)1 -[- ?Slfﬁ:(
| C +746 kJ mol™ - Q‘D*g"f ) - (- 39"6) [=]
D -746 kJ mol™ = bl [=]

1B/M/Jun18/7404/2
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| A gas cylinder contains 5.0 kg of propane. S?JDOG

How many propane molecules are in the cylinder?

The Avogadro constant, L = 6.022 x 10%° mol™
no. wmaleculenr ~ n Lo

A68x10% n CzHe = SBo . 113.6
7
B 7.2 x 10% *
—- 2
D 7.2 x 10%®

Which sample of liquid has the greatest volume?
A= ™ = N= M
-
A 500 mg of pentane (density = 0.63 g cm™)
05/ 062 = 0.19
B 650 mg of propan-1-ol (density = 0.80 g cm™)
065 /0.8 = 0.8/
C 1.20 g of dichloromethane (density = 1.33 g cm™)
3 7 3% = 890
D 1.30 g of trichloromethane (density = 1.48 g cm™)

13/"4-% = O?-,

Which equation represents an initiation step?

A CHyCH,CHBr + Br, —» CHaCH,CHBr, + Br
BO; + Cl — 0, + ClO
C RCHyCH, + H,C=—CH, —» RCH,CH,CH,CH,

L] ’ .
D CHCFCl, — » CHsCFCl + Cl

END OF QUESTIONS

AL
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o] o] [o] ]

o] [o] [o] o]

[1 mark]

[1 mark]

[1 mark]
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