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Materials
For this paper you must have:

the Periodic Table/Data Sheet, provided as an insert
a ruler with millimetre measurements
a scientific 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.

If you need extra space for your answer(s), use the lined pages at the end of
this book. Write the question number against your answer(s).

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

want to be marked.

Information

The marks for questions are shown in brackets.
The maximum mark for this paper is 70.

For Examiner’'s Use
Question Mark
1
2
3
4
5
6
7
8
TOTAL

JUN1T 9 CHOZ2O0"1

stemup.co.uk IB/M/Jun19/E10

CHO02


https://stemup.co.uk

Answer all questions in the spaces provided.

The skeletal formulas and boiling points of two structural isomers, A and B, are shown
below.

A

AV VA VAN

boiling point = 125°C boiling point = 99°C

|I| Use molecular formulas to write an equation for the complete combustion of A.

[1 mark]
2CgH);g + 250, - 16C0O, + |8H,0
@ Use IUPAC rules to name B.
[1 mark]
2,2,4-trimethylpentane
@ Explain why A has a higher boiling point than B.
[2 marks]

A is a straight-chain molecule, so it has a larger surface area (more

points of contact between molecules) than the branched isomer B.

So the van der Waals forces between molecules of A are stronger and

need more energy to overcome.

E A mixture of A and B can be separated in the laboratory.

Name the technique that can be used to separate A and B.

[1 mark]
Fractional distillation
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El One molecule of an alkane with molecular formula CxHs; is cracked. box
The products are tetramethylbutane, propene and ethene.

Use molecular formulas to deduce an equation for this reaction.

[1 mark]
CooHya > CsHiz + 2C3Hs + 3CoH,
@ The cracking reaction in Question 01.5 is carried out at a high temperature.
State one other condition needed.
[1 mark]
High pressure (up to 7000 kPa)

. Explain why the atom economy for the reaction in Question 01.5 is 100 %

[1 mark]

There is only one reactant and all of the products are useful, valuable

commercial products (CsH)g for petrol, propene and ethene for making

polymers), so there is no waste product.

Question 1 continues on the next page

Turn over »
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. Isomer B reacts with chlorine to produce a compound with M, = 252.0

This compound contains 38.10% carbon and 5.55% hydrogen by mass.

Calculate the empirical formula and the molecular formula of this compound.

Show your working.
[4 marks]

% Cl =100 — 3810 — $.55 = $56.35%
C:H:Cl=3810<120:5855=+10:5635+ 35§
= 3075 : $.55 : 1.587

~ 1.587: 2:35:1

x2: §:7:2

Empirical formula CoHACly

M, of CoH,Cly = 43.0 + 7.0 + 71.0 = 126.0
252.0 + 126.0 = 2

so molecular formula = 2 x C,H:Cl,

Molecular formula CsHiCl,

0 4
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Iil Van der Waals’ forces exist between all molecules. box

Explain how these forces arise.
[3 marks]

Electrons move constantly within a molecule, so at any instant they can

be unevenly spread, giving a temporary (instantaneous) dipole in one

molecule.

This temporary dipole induces a dipole (6+ and 6-) in a neighbouring

molecule.

The 6+ and 6— ends of these adjacent molecules attract.

@ Draw a diagram to show the strongest intermolecular force between
one ammonia molecule and one water molecule.

Include all partial charges and all lone pairs of electrons.
[3 marks]

H o
_ | H o+
6 : N<

6+/ _- - H 5+
H

. . /

-0

/ : hydrogen bond

5+ H

Turn over for the next question
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An alcohol reacts with hot concentrated sulfuric acid to form a mixture of alkenes.

This alcohol also reacts with acidified potassium dichromate(VI) to form an organic
compound that does not react with Tollens’ reagent.

Iil Explain how this information shows that this alcohol must be a secondary alcohol.
[2 marks]

A primary alcohol does not form a mixture of alkenes when it reacts

with hot concentrated sulfuric acid.

A tertiary alcohol cannot be oxidised by acidified potassium

dichromate(VI).

A secondary alcohol is oxidised to a ketone, which does not react with

Tollens' reagent (a primary alcohol would give an aldehyde, which does

react).

IZ| Pentan-2-ol can be dehydrated by reaction with hot concentrated sulfuric acid to form
pent-2-ene and water.

Outline a mechanism for this reaction.

H H

CH3CHyCHy— C —CH;  ——>  CH3CHyCHy— C —CHs

. OH 01“)‘2+

[3 marks]

Ht
H H

CH3CH,CHy— C —CH3 — CH3CH,CHy— C —CH3; + H,0
+

H
C —CH; ——> CH3CH,CH=CHCH; + H*
+

|
Comye
H
|
CH3CHy,— T j

H

IB/M/Jun19/CH02

06

stemup.co.uk

Do not write
outside the
box


https://stemup.co.uk

. Describe a test-tube reaction that can be used to show that pentan-2-ol has been
dehydrated.
Give the result.
[2 marks]

Add a few drops of bromine water to the product and shake.

The orange bromine water is decolourised (turns colourless), showing an

alkene (€=C) has formed.

E Draw the skeletal formula of the product formed when pentan-2-ol reacts with
acidified potassium dichromate(VI).
[1 mark]

E Draw the displayed formula of the tertiary alcohol with molecular formula CsH4,0
[1 mark]

X
|

r—a—X
I—OO— O —O—

Turn over »
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A factory uses propane as a fuel.
Mass spectrometry is used to monitor the oxides of nitrogen released in the waste
gases from this factory.
IIl State the formula of an oxide of nitrogen with M, = 44.0
[1 mark]
N,0
@ Some precise atomic masses are given in Table 1
Table 1
Element Precise atomic mass
C 12.011
H 1.008
N 14.007
o] 15.999
Explain why precise atomic masses are needed to distinguish between molecular ion
peaks of propane, carbon dioxide and the oxide of nitrogen in Question 04.1
Use the data in Table 1 to justify your answer.
Show your working.
[3 marks]

To the nearest whole number, propane (C3Hs), €O, and N,0 all have

the same M, of 44, so they cannot be told apart at low resolution.

Precise M, values:

CsHg = 3012.011) + 3(1.008) = 44.097

I

€0, = 12011 + 2(15.999) = 44.009

N,0 = 2(14.007) + 15.999 = 44.013

\

These precise values are all different, so high-resolution mass

spectrometry can distinguish the three molecular jon peaks.

0 8
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. Nitrogen monoxide (NO) is formed in internal combustion engines.

State one essential condition for the formation of NO in an engine.
Write an equation to show the formation of NO in an engine.

Condition # spark Cor very high temperature, above 1000 K)

[2 marks]

Equation

N, + 0, - 2NO

Do not write
outside the
box

Turn over for the next question
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F, G and H are isomers of CsH1q box
CH2=C(CH3)CH20H3 CH3CH=CHCH20H3 CH3CH=C(CH3)2
F G H

Iil Use IUPAC rules to name F.

[1 mark]

2-methylbut-1-ene

IZ| F reacts with hydrogen bromide.

Name and outline the mechanism for the reaction that forms the major product, J.

Explain why J is the major product in this reaction.
[7 marks]

Name of mechanism E’ectroph”/‘c addftion

Mechanism
H CH;
\C p— C/ H
cH
H/ AN | + ’
CoHs —_— H—C—C
| AN
6+ H H Cots
Br

Explanation The major product J is 2-bromo-2-methylbutane, formed via

the tertiary carbocation shown, which is more stable than the primary

carbocation (which would give 1-bromo-2-methylbutane).

The tertiary carbocation is more stable because it has more alkyl groups

releasing electrons towards the positive charge (greater positive inductive

effect), so the mechanism goes via the most stable carbocation

intermediate.

170
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El G exists as E and Z isomers.

Draw the structure of the E isomer.

[1 mark]
H CH,CH;
c——¢
/ N
HC H
E Explain why F does not show E-Z isomerism.
[1 mark]

F has two identical groups (two H atoms) on the same carbon atom of

the C=C double bond, so E and 2 forms are not possible.

El Draw the structure of an isomer of CsHs, that is not an alkene.
[1 mark]

Question 5 continues on the next page

Turn over »
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EI Draw one repeating unit of the polymer that can be formed
from H, CH;CH=C(CH;),
[1 mark]

CH;  CHs
I I
s s
I I
H CH;

. Figure 1 shows the infrared spectrum of H.

Figure 1
100
Transmittance / % 50
I
I
O T IMII
4000 3000 2000 1500 1000 500

Wavenumber / cm—1

Use Table A on the Data Sheet to identify the absorption that would not be present in
the polymer.

Tick (v') one box.
[1 mark]

1 \/

111
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There are no questions printed on this page
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Hydrogen peroxide (H.O,) decomposes, in the presence of a catalyst, to form box
water and oxygen.

Iil Write the equation for the decomposition of hydrogen peroxide.

[1 mark]
2H202 - 2H20 + 02
@ Explain why the decomposition of hydrogen peroxide is a redox reaction.
Use oxidation states to justify your answer.
[3 marks]

Oxygen is both oxidised and reduced in the same reaction.

The oxidation state of 0 is = in H,0,, =2 in H,0 and 0 in O,.

0 is reduced from —| to —2 (oxidation state decreases) in forming H,0

and oxidised from —| to 0 (oxidation state increases) in forming 0,.

. Complete the diagram to show the apparatus a student could use to collect the
oxygen formed in this decomposition and measure its volume.
[1 mark]

gas syringe (graduated)

Hydrogen
peroxide
solution

1 4
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5 cm?® of a 1.0 mol dm™ solution of hydrogen peroxide decomposes, in the presence box
of a copper(ll) oxide catalyst, at 298 K

Figure 2 shows how the volume of oxygen collected changes with time.

Figure 2

/

/ /
Volume
of oxygen /
collected /cm3 //

Time/s

E Explain why the curve is steepest at the start of the reaction.
[2 marks]

At the start the hydrogen peroxide is at its highest concentration (most

H20, particles in a given volume).

So there are more frequent collisions (more collisions per unit time) and

the rate is fastest.

E The experiment is repeated using 5 cm® of a 2.0 mol dm™ solution of
hydrogen peroxide under the same conditions as in Question 06.4

Draw a curve on Figure 2 to show how the volume of oxygen collected changes with

time in this experiment.
[2 marks]

Turn over »
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@ Figure 3 shows the volume of oxygen collected using 5 cm® of a box

1.0 mol dm™ solution of hydrogen peroxide, in the presence of a
copper(ll) oxide catalyst, at 298 K

Figure 3
Volume
of oxygen
collected /cm3 /?//
Time/s

Potassium iodide is a more effective catalyst than copper(ll) oxide.
The experiment is repeated using potassium iodide instead of copper(ll) oxide.
Draw a curve on Figure 3 to show how the volume of oxygen collected changes with

time in this experiment.
[2 marks]

IB/M/Jun19/CH02
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. Calculate the maximum volume, in cm®, of oxygen formed at 298 K and 100kPa, in box
the reaction in Question 06.6
The gas constant, R = 8.31 J K™ mol™
[3 marks]
n(H,0,) = (§ +1000) x 1.0 = 5.0 x 1073 mol
n(0,) = 50 x 103 +2 =25 x 10~ mol
pV = nRT, so V = nRT <+ p
V=025x103x 83 x 298) + 100 000
V=619 x 107 m?
V=619 x10"° x10° =619 cm?
Volume 61.9 cm?®
14
Turn over for the next question
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n Figure 4 shows the Maxwell-Boltzmann distribution for the molecules of a gas in a box
container of volume V and at temperature T
The activation energy (E,) for its decomposition is shown.
Figure 4
Number of
molecules
|
|
|
, I
1
M E, Energy
Iil Write the letter M on the appropriate axis of Figure 4 to show the value of the most
probable energy of the molecules of the gas at temperature T
[1 mark]
@ The sample of gas at temperature T is placed in a container that has a volume of 2V
Explain why the Maxwell-Boltzmann distribution does not change for the gas in the
new container.
[1 mark]
The sample still has the same number of molecules at the same
temperature, so the spread of energies is unchanged.
n . State the effect, if any, of an increase in temperature on the value of E,
for this decomposition.
[1 mark]
No change
3
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[o]8][2]

This question is about the reactions of halogenoalkanes.

Halogenoalkanes react with reagent Z to form alcohols or alkenes depending on the
conditions.

Identify reagent Z.
State the condition(s) that favour the formation of each product.

Name the type of reaction in each case.
[5 marks]

ReagentZ Sodium hydroxide, NaOH

Condition(s) to form alcohols Agueous (NaOH dissolved in water), warm

Type of reaction to form alcohols Nucleophilic substitution

Condition(s) to form alkenes Ethanolic (alcoholic) solvent, heated

Type of reaction to form alkenes Elimination

Write an equation to show the reaction between chloroethane and
an excess of ammonia.

Explain why this reaction is slower than the reaction between iodoethane and
an excess of ammonia.
[2 marks]

Equation

CzHSC’ + 2NH; - CoHsNH, + NHqC’

Explanation The C—Cl bond is stronger than the C-| bond, so it is harder

to break (needs more energy), so the reaction is slower.

END OF QUESTIONS
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