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Section A

Answer all questions in this section.

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

Figure 1

Number of molecules

0

><__________________

0 Energy

Iil Label the y-axis on Figure 1.

[1 mark]

@ State why the curve starts at the origin.

[1 mark]

At 2ero energy there are no molecules: no molecules have zero energy, all

molecules have some energy.

E State what X indicates on Figure 1.

[1 mark]

X indicates the most probable energy (the most common | modal energy

of the molecules).

E Half of the gas molecules in the sample are removed.

The remaining gas molecules are kept at the same temperature.

Draw the new distribution of molecular energies for the remaining gas on Figure 1.
[2 marks]
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Alkenes react with bromine (Br»)

|I| Name and outline the mechanism for the reaction of cyclohexene with Bra

Name of mechanism Electrophilic addition

[5 marks]

Outline of mechanism

Br
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El Explain why there is an attraction between a C=C double bond and Brz box
[3 marks]
The C=C double bond is an area of high electron density (electron rich),
because of the 1t bond above and below the plane.
As Br, approaches the C=C, this high electron density repels the
electrons in the Br—Br bond, so Br-Br becomes polarised (an induced
dipole): Br°*-Br°",
The 6+ Br atom is then attracted to the electron-rich C=C double
bond.
E Draw the skeletal formula of the halogenoalkane formed when
buta-1,3-diene (CH,=CHCH=CH.,) reacts with an excess of Br
[1 mark]
Br Br
Br Br
. 9
Turn over for the next question
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Lof3][1]

Propanone can be made by reacting propan-2-ol with an excess of
acidified potassium dichromate(V1).

The propanone is removed from the reaction mixture by distillation.

Figure 2 shows the apparatus set up by a student to make propanone by this method.
Suitable clamps are used to hold all the apparatus firmly in place.

Figure 2

Water in

/

Condenser

Round-bottomed
flask

/

Water out Ice bath

Mixture of
propan-2-ol, Electr
sulfuric acid and ectric
. Propanone
potassium heater i tost tube

dichromate(VI)

There are three problems with the apparatus set up in Figure 2.
For each problem:
¢ identify the problem

e describe the issue it would cause

¢ suggest how the problem can be solved.
[6 marks]

Problem I: there are no anti-bumping granules in the flask. This would

cause the mixture to boil unevenly with large bubbles (bumping), so the

reaction mixture could jump up into the condenser and contaminate the

product. Solution: add anti-bumping granules to the flask, so smaller

bubbles form and the mixture boils smoothly.

Do not write
outside the
box

0 6

stemup.co.uk

IB/M/Jun21/7404/2


https://stemup.co.uk

Problem 2: the top of the flask is open, with no bung and no

thermometer. Gases and vapour would escape from the open top, and the

temperature of the vapour cannot be measured, so other components

(e.g. unreacted propan-2-ol or water) could distil over with the

propanone. Solution: close the top of the flask with a bung holding a

thermometer at the entrance to the condenser, so the system is sealed

and the temperature can be kept in the suitable range (about S6 °C,

the boiling point of propanone), so only propanone is collected.

Problem 3: the water flows through the condenser in the wrong direction

(in at the top end, out at the bottom end). This means the condenser

does not fill with water and is not cooled enough, so the propanone

vapour may not condense and would pass through as a gas and be lost.

Solution: change the water direction so that the water goes in at the

lower end of the condenser (nearest the test tube) and out at the

upper end.

07
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Another student completes the experiment using apparatus that is set up correctly. box

|Z| The student reacts 2.0 cm?® of propan-2-ol (CH3CH(OH)CHs) with an excess of
acidified potassium dichromate(VI).

The student obtains 0.954 g of propanone (CH3COCHs3).

Calculate the percentage yield of propanone in this experiment.
Give your answer to the appropriate number of significant figures.

Density of propan-2-ol = 0.786 gcm
[4 marks]

mass of propan-2-ol = 2.0 x 0.786 = 1.572 ¢

M, of propan-2-o0l (C3H30) = 60.0

amount of propan-2-ol = 1.572 + 60.0 = 0.0262 mol
| mol propan-2-ol gives | mol propanone (M, = §8.0)
expected mass of propanone = 0.0262 x §8.0 = 1.52 ¢
% yield = (0.95G < 1.52) x 100 = 62.8

=63% (2 sf)

Percentage yield 63%
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. Molecules of propan-2-ol and propanone each contain three carbon atoms.

Complete Table 1 to suggest the shape and a bond angle around the central C atom
in a molecule of each compound.

[2 marks]
Table 1
femze, | g
S::tfa?l %ro;:cr)lrc:] tetrahedral trigonal planar

IZI Explain why propanone has a lower boiling point than propan-2-ol.
[3 marks]

Propan-2-ol has stronger intermolecular forces than propanone, so more

energy Is needed to separate its molecules.

Propan-2-ol has an O-H group, so it forms hydrogen bonds between its

molecules.

Propanone has no O—-H group (no H bonded to 0), so it cannot form

hydrogen bonds between its molecules, it only has (weaker) permanent

dipole—dipole forces and van der Waals' forces between its molecules.
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Cl
|
F—C—Cl
|
Cl
Use IUPAC rules to name CFC-11
[1 mark]
trichlorofluoromethane
IZ| A molecule of CFC-11 breaks down in the upper atmosphere to form a
chlorine free radical.
Give the equation for this reaction.
[1 mark]

CFCs were used as refrigerants and in aerosols.

The scientists Rowland and Molina published research in 1974 to show that CFCs are
responsible for the destruction of ozone molecules in the upper atmosphere.

A few years later, other scientists discovered that the concentration of ozone in the
upper atmosphere was decreasing.

In 1987 there was an agreement by many countries to restrict the use of CFCs.

The molecule CFC-11 was commonly used as a refrigerant.

CCIF — <CCLF + +Cl
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[0]4].[3] Atypical refrigerator contained 0.50 kg of CFC-11 (M; = 137.5).

One molecule of CFC-11 causes the destruction of approximately 100 000 molecules
of ozone.

Use these data to estimate the number of molecules of ozone that can be destroyed
by 0.50 kg of CFC-11

Give your answer in standard form.

The Avogadro constant, L = 6.022 x 102 mol-'

[2 marks]
amount of CFC-1l = 500 <+ 137.5 = 3.69 mol
molecules of 03 = 3.64 x 6.022 x 10*3 x 100 000
= 2.9 x 10
Number of molecules of ozone 2.19 x 10%
EI State the benefit to life on Earth of ozone in the upper atmosphere.
[1 mark]

Ozone absorbs harmful ultraviolet (UV) radiation from the Sun,

protecting life on Earth from it.

El Suggest one reason why the use of CFCs was not restricted until several years
after Rowland and Molina published their research.

[1 mark]

There was a lack of evidence that ozone was actually being depleted,

until other scientists measured the decrease in ozone concentration a

few years later.

Turn over »
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Do not write
El CFC-11 is a greenhouse gas that can contribute to global warming. Oms‘ﬁime
State and explain how CFC-11 is able to contribute to global warming.
[2 marks]

CFC-1l absorbs infrared radiation (that is given off by the Earth), so

this heat energy is trapped in the atmosphere.

It can do this because the molecule has polar bonds (C—Cl and C—F

bonds), which vibrate and absorb the infrared radiation.
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This question is about poly(propene).

The three key steps in the manufacture of poly(propene) from crude oil are shown.

step 1 step 2 step 3
crude ol ——» naphtha —» propene —» poly(propene)

Naphtha is a mixture of alkanes with 6 to 12 carbon atoms per molecule.

For each step, name the process and state briefly the purpose of the process that
leads to the formation of poly(propene).
[6 marks]

Step 1

Name  Fractional distillation

Purpose T0 separate crude oil into fractions: mixtures of compounds with

similar boiling points (similar sized molecules / chain lengths), such as

naphtha.

Step 2

Name  (Thermal) cracking

Purpose 70 break down the larger alkanes in naphtha into shorter

molecules, to make alkenes such as propene.

Step 3

Name  Addition polymerisation

Purpose Many propene molecules (monomers) are joined together to

produce a long chain molecule, poly(propene).

1 4
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Do not write
El Poly(propene) is not biodegradable because it is unreactive. Ours‘igithe
Explain why poly(propene) is unreactive.
[1 mark]
The polymer chain has no polar bonds (the C-C and C—H bonds are
non-polar), so it is not attacked by nucleophiles or electrophiles.
El Scientists are developing new polymers, including some that are biodegradable.
Suggest why it is beneficial for some polymers to be biodegradable.
[1 mark]
To prevent the build-up of waste in landfill, because biodegradable
polymers can be broken down by natural processes (microorganisms).
8

Turn over for the next question
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This question is about two experiments on gases.

|I| In the first experiment, liquid Y is injected into a sealed flask under vacuum.

The liquid vaporises in the flask.
Table 2 shows data for this experiment.

Table 2
Mass of Y 717 mg
Temperature 297K
Volume of flask 482 cm?
Pressure inside flask 51.0kPa

Calculate the relative molecular mass of Y.

Show your working.

The gas constant, R = 8.31 JK"mol™’

pV = nRT so n = pV + RT
p = S1.0 x 10> Pa V=682 x 107 m?
n = (5.0 x10®> x 482 x 107%) + (8.3 x 297)

= 2458 + 2468 = 9.96 x 10~ mol (0.00996 mol)

mass of Y = 717 mg = 0.717 ¢

0.717 + 0.00996

\\

M, = mass <+ moles

72.0

Relative molecular mass of Y 72.0

[5 marks]
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@ In the second experiment, another flask is used for a combustion reaction.

Method

¢ Remove all the air from the flask.

Add 0.0010 mol of 2,2,4-trimethylpentane (CsH1s) to the flask.
Add 0.0200 mol of oxygen to the flask.

Spark the mixture to ensure complete combustion.

Cool the mixture to the original temperature.

The equation is
CsHis(g) + 12 %Oz(g) — 8 CO2(g) + 9 H0O(I)

Calculate the amount, in moles, of gas in the flask after the reaction.

0, used = 12.5 x 0.0010 = 0.0125 mol

\\

0, left over = 0.0200 — 0.0125 = 0.007S mol

\

€0, formed = 8 x 0.0010 = 0.0080 mol (H,0 is liguid)

gas = 0.0075 + 0.0080 = 0.015S mol

Amount of gas 0.01SS

[2 marks]

mol

Turn over for the next question
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Do not write
n Prop-2-en-1-ol is a natural chemical found in garlic. Itis also used in the production of Mo
plasticisers.
H H H
—S—c—o—+
N

0]7][1] Prop-2-en-1-ol can be prepared by reacting 3-chloroprop-1-ene with
dilute aqueous sodium hydroxide.

Name the mechanism for this reaction.
[1 mark]

Nucleophilic substitution

IZ| Prop-2-en-1-ol can also be formed from HOCH>CH2CH>OH in the presence of an
acid catalyst.

HOCH2CH2.CH20H — CH2=CHCH:0H + H20

Name and outline a mechanism for this reaction.
[4 marks]

Name of mechanism Elimination

Outline of mechanism

H+

H H H . H H H
“H0 L | —H I
— f—C—?—O—H — f:C—?—O—H

HH H H H

18
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El Prop-2-en-1-ol forms an addition polymer. box

Draw the repeating unit of poly(prop-2-en-1-ol).
[1 mark]

TI—o—xX
—o—x

CH,0H

E Figure 3 shows the infrared spectrum of a functional group isomer of prop-2-en-1-ol.

Figure 3
100
Transmittance 50
! %
OI"‘I""I""""I""I""I""I
4000 3000 2000 1500 1000 500

Wavenumber / cm-1

This isomer reacts with acidified potassium dichromate(VI) to form a green solution.

Draw the structure of this isomer.
[1 mark]

Turn over »
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This question is about enthalpy changes.
|I| Define the term enthalpy change.

[1 mark]

The heat energy change in a reaction measured at constant pressure.

El Propane undergoes complete combustion.

CsHs(g) + 5 02(g) — 3 CO2(g) + 4 H20(])

Table 3 shows some bond enthalpy data.

Table 3

AH = -2046 kJ mol-"

Bond

C-H

C=0

O-H

Mean bond enthalpy / kJ mol~’

412

743

463

The bond enthalpy for O=0 is 496 kJ mol-"

For H2O(l) — H20(g) AH = +41 kJ mol-"

Use these data to calculate a value for the C—C bond enthalpy in propane.

For water as a gas: AH = —2046 + 4(4l) = —1882 kI mol™

[4 marks]

Broken: 2(¢-¢) + 8(C-H) + 5(0=0) = 2(c-C) + 3(412) + 5(496)

= 2(¢c-C) + 5776

Made: 6(C=0) + 8(0-H) = 6(743) + 3(463) = 8162

AH = s(broken) — s(made): —1882 = 2(C-C) + S776 — 3162

2(¢c-¢) = 6(743) + 8(463) + 4(41) — 2046 — 8(412) — 5(496) = S04

C-C =504 + 2 =252 ki mol™

C-C bond enthalpy

252

kJ mol-1

2 0

stemup.co.uk

IB/M/Jun21/7404/2

Do not write
outside the
box


https://stemup.co.uk

21

Do not write
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E Explain why the value given for the O=0 bond enthalpy in Question 08.2 is not a box
mean value.
[1 mark]
Oxygen (0;) is the only substance that has an 0=0 bond, so the value
is for this one molecule only and is not averaged over different
compounds. 6

Turn over for Section B
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Section B box

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| WRONG METHODS ‘ & H [O) H@ H dﬁ ‘

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

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.
Do not use additional sheets for this working.

Which alkene shows E-Z isomerism?

[1 mark]

A 2,3-dimethylbut-2-ene
B 4-methylpent-2-ene

C methylpropene

o] [o] [o] o]

D pent-1-ene

A compound contains 40.0% carbon, 6.7% hydrogen and 53.3% oxygen by mass.

Which could be the molecular formula of this compound?
[1 mark]

A C,H.0,
B C;H.0

C C2H402

o] [o] [o] o]

D C2HO:

2 2
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Iilil When driving a car, a legal limit for ethanol (M: = 46.0) is 80 mg per 100 cm? of blood. box

What is this concentration in mol dm=3?
[1 mark]

A 1.74 x 10~
B 1.74 x 102

C 1.74 x 1073

o] [o] [o] o]

D 1.74 x 10*

Iilzl Which is a propagation step in the chlorination of methane?
[1 mark]

A He + Clz — HCL + Cle
B Cle + CHs — CH3Cl + He
C oCH; + Cle — CHsCl

D eCH; + Clz —» CHsCl + Cle

o] [o] [o] o]

Iilzl Which compound is not formed by reacting 3-bromo-3-methylhexane with warm,
ethanolic potassium hydroxide?
[1 mark]

A 2-ethylpent-1-ene
B 3-methylhex-1-ene

C 3-methylhex-2-ene

o] [o] [o] o]

D 3-methylhex-3-ene

Turn over for the next question
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Questions 14 to 16 refer to the reaction of 1-bromopropane with a solution of box
potassium cyanide in aqueous ethanol.

What is the organic product of this reaction?
[1 mark]
A propylamine E
B butylamine E
C propanenitrile E
D butanenitrile E|
IIEl Which is the correct mechanism for the reaction?
[1 mark]

(:CN
A CH3_CH2_CH2 vBr

(:_CN
B CHy—CH,—CH, v‘r =

CN:

CH3 - CH2 - CH2 vBr

CN:

CH3 - CH2 - CH2 vBr

]
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The reactions of 1-bromopropane and 1-chloropropane with potassium cyanide in
aqueous ethanol occur at different rates under the same conditions.

Which row correctly shows the compound that has a faster rate of reaction and the
correct reason for this?

Compound

Reason

1-bromopropane

C-Br bond weaker than C-Cl bond

1-bromopropane

C-Br bond stronger than C—-Cl bond

1-chloropropane

C—-Br bond weaker than C-Cl bond

1-chloropropane

C-Br bond stronger than C-Cl bond

@)

Which compound has a molecular formula that is different from the others?

OH

OH

Turn over for the next question

[1 mark]

o] [o Lo [o]

[1 mark]

0

o]

]
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Which compound reacts with hydrogen bromide to give 2-bromo-3-methylbutane as
the major product?

[1 mark]
A (CHs);C=CHCHj [=]
B (CH3).,C=CH [=]
C CH2=C(CH3)CH2CHs (=]
D (CHs).CHCH=CH =]

Which statement is not correct about the industrial production of ethanol from ethene
at 300 °C?

CoHa(g) + H2O(g) = CoHsOH(g) AH = -46 kJmol

[1 mark]
A The reaction is catalysed by an acid. E
B The reaction has 100% atom economy. El
An increase in temperature decreases the equilibrium yield of E
ethanol.
D Anincrease in pressure increases the value of K E|

Which statement about the use of a catalyst in a reversible reaction is correct?
[1 mark]

A The activation energy for the reverse reaction is increased.
B The equilibrium constant increases.

C The rate of the reverse reaction increases.

o] [o] [o] o]

D The enthalpy change for the forward reaction decreases.

2 6
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An excess of magnesium reacts with hydrochloric acid to form hydrogen gas.

Line X on the graph shows how the volume of hydrogen produced changes with time

as magnesium reacts with 30 cm? of 1.0 mol dm~2 hydrochloric acid.

The reaction is repeated using 20 cm?3 of 2.0 mol dm~ hydrochloric acid, with all other
conditions the same.

Which line shows how the volume of hydrogen produced changes with time?

Volume
of hydrogen

o] [o] [o] o]

[1 mark]

/A

d

()

Time

Turn over for the next question
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Which statement is not correct about the pollutant sulfur dioxide?
[1 mark]

A It can be removed from car exhaust gases by a catalytic converter. El

It can be removed from power station flue gases by reaction with E
calcium oxide.

C It can cause respiratory problems. E

D It can cause acid rain.

What is the percentage atom economy for the production of ethanol from glucose?

CeH1205 — 2 CoHsOH + 2 CO»
[1 mark]

A 25.6%
B 27.1%

C 51.1%

o] [o] [o] o]

D 54.2%

END OF QUESTIONS
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