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Section A

Answer all questions in this section.

1 Compound J, known as leaf alcohol, has the structural formula
CH;CH,CH=CHCH,CH,0OH and is produced in small quantities by many green plants.
The E isomer of J is responsible for the smell of freshly cut grass.

) II| Give the structure of the E isomer of J.

[1 mark]

CH;CH, H
—¢
H CH,CH,0H

. [ 2] Give the skeletal formula of the organic product formed when J is dehydrated using
concentrated sulfuric acid.

[1 mark]

SN
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. El Another structural isomer of J is shown below.

CH3CH2\C=C _CH,0H
TN
CHj H

Explain how the Cahn-Ingold-Prelog (CIP) priority rules can be used to deduce the full

IUPAC name of this compound.
[6 marks]

Stage |: look at the right-hand carbon of the C=C bond. Compare the

atomic numbers of the atoms directly attached to it: ¢ (in CH,0H)

has a higher atomic number than H, so CH,0H takes priority on this

carbon.

Stage 2. on the left-hand carbon, both groups (CH3CH, and CH3) are

attached by a C atom, so consider the atoms one bond further away.

The ethyl group has (C, H, H) and the methyl group has (H, H, H). C

has a higher atomic number than H, so the ethyl group takes priority.

Stage 3: the two highest priority groups, ethyl and CH,0H, are on the

same side of the C=C bond, so this is the 2 isomer.

The rest of the IUPAC name js 3-methylpent-2-en-1-ol, so the full

name is (2)-3-methylpent-2-en-1-ol.

Question 1 continues on the next page
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. IZl The effect of gentle heat on maleic acid is shown below.

Yo — ey we
0O (0]

HO OH O

A student predicted that the yield of this reaction would be greater than 80%.

In an experiment,10.0 g of maleic acid were heated and 6.53 g of organic product
were obtained.

Is the student correct? Justify your answer with a calculation using these data.
[2 marks]

M, maleic acid (C,H,0,) = 116.0 M, product (C4H,03) = 98.0
moles of maleic acid = 10.0 / 116.0 = 8.62 x 107> mol

| : ] so mass of product expected = 8.62 x 1072 x 93.0 = 3.4S ¢
% yield = 100 x 6.53 / 8.95 = 77.3%

The yield is 77.3%, which is less than 80%, so the student is NOT

correct.
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Figure 1 shows apparatus used in an experiment to determine the enthalpy of
combustion of leaf alcohol.

Figure 1

L !\rt =}
50.0 g sample of water

Constant
height

The alcohol is placed in a spirit burner and weighed. The burner is lit and the alcohol
allowed to burn for a few minutes. The flame is extinguished and the burner is
re-weighed. The temperature of the water is recorded before and after heating.

Table 1 shows the results obtained.

Table 1
Initial mass of spirit burner and alcohol / g 56.38
Final mass of spirit burner and alcohol / g 55.84
Initial temperature of water / °C 20.7
Final temperature of water / °C 40.8

) IIl Write an equation for the complete combustion of leaf alcohol

(CH;CH,CH=CHCH,CH,0H).
[1 mark]

CsH)OH + 850, - 6C0, + 6H,0
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) @ Use the results from Table 1 to calculate a value for the enthalpy of combustion of

. E State how your answer to Question 2.2 is likely to differ from the value quoted in

leaf alcohol. Give units in your answer.
1 -1

(The specific heat capacity of wateris 4.18 JK g )
[4 marks]

Temperature rise = 0.8 — 20.7 = 20.] K

4201 7

\

g = mcAT = 50.0 x 4.18 x 20.
Mass of alcohol burned = $6.38 — §5.84 = 0.54 g

M, of CsH)OH = 100.0

n=054/100.0 = 0.0059 mol

Heat change per mole = ¢ / n = 4201 / 0.0054 = 778 000 J mol”
= 778 kJ mol™, and combustion is exothermic so AH is negative

AH = =778 Kk mol!

=778 Units = k7 VV)O,—,

Enthalpy of combustion =

reference sources.

Give one reason for your answer.
[2 marks]

My value is likely to be less negative (less exothermic) than the

reference value.

This is because heat is lost to the surroundings, so not all of the heat

released by the burning alcohol is transferred to the water.

Question 2 continues on the next page
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. E A 50.0 g sample of water was used in this experiment.

Explain how you could measure out this mass of water without using a balance.
[2 marks]

Water has a known density of 1.0 g ecm™>, so 50.0 g of water has a

volume of $0.0 cm>.

So measure out $0.0 cm?® of water using a burette (or pipette /

measuring cylinder).
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. II| State the meaning of the term structural isomers.

) @ Name and draw the mechanism for the formation of one of the isomers.

2-bromo-2-methylpentane is heated with potassium hydroxide dissolved in ethanol.
Two structural isomers are formed.

[1 mark]
Compounds with the same molecular formula but a different structural

(displayed) formula.

[5 marks]

Name of mechanism  Elimination (base-induced)
Mechanism

f B') f f " CH;3 H
H—l l l l l—H —> \C:C/

L C|H3 ‘\_i; ,L ,L CH3 CH,CH3

\ + H,0 + Br-
on”

Turn over for the next question
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4 Glucose can decompose in the presence of microorganisms to form a range of
products. One of these is a carboxylic acid (M, = 88.0) containing 40.9% carbon and

4.5% hydrogen by mass.

. [ 1] Deduce the empirical and molecular formulas of the carboxylic acid formed.
[4 marks]

% 0 =100 — 409 — 4.5 = 5§59.6

C: 609 /12.0 = 3.9 H: 45 /1.0 =48 0: 54.6 /16.0 = 3.49]

= smallest: € =) H=4§/349 =132 0=1

x3 C:H:0=3:39:3=3:4.:3

Ewmpirical formula mass of C3H,03 = 3(12.0) + 4(1.0) + 3(16.0) = 83.0

= M, (88.0), so molecular formula = empirical formula

C3H,03

Empirical formula = C3H403 Molecular formula =

. [ 2] Ethanol is formed by the fermentation of glucose.

A student carried out this fermentation reaction in a beaker using an aqueous solution
of glucose at a temperature of 25 °C in the presence of yeast.

Write an equation for the reaction occurring during fermentation.
[1 mark]

Cest)206 » 2C,HOH + 2C0,

) El In industry, this fermentation reaction is carried out at 35 °C rather than 25 °C.

Suggest one advantage and one disadvantage for industry of carrying out the

fermentation at this higher temperature.
[2 marks]

Advantage Ethanol is produced at a faster rate.

Disadvantage More energy is used / needed to heat the reaction.
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. E The method used by the student in Question 4.2 would result in the ethanol being
contaminated by ethanoic acid.

How does this contamination occur?
[1 mark]

Air Coxygen) gets in to the open beaker, so some of the ethanol is

oxidised to ethanoic acid.

; E Give two differences between the infrared spectrum of a carboxylic acid and that of an
alcohol other than in their fingerprint regions.

Use Table A on the Data Sheet.
[2 marks]

Difference 1 The O—H absorption is in a different place: alcohol

O—H at 3230 to 3550 cm™, acid O—H at 2500 to 3000 cm™ (broad).

Difference 2 The carboxylic acid has a C=0 absorption at

1680 to 1750 cm™, which the alcohol does not have.

Turn over for the next question
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CCl, is an effective fire extinguisher but it is no longer used because of its toxicity and

its role in the depletion of the ozone layer. In the upper atmosphere, a bond in CCl,
breaks and reactive species are formed.

|I| Identify the condition that causes a bond in CCl, to break in the upper atmosphere.
Deduce an equation for the formation of the reactlve species.

[2 marks]
Condition _ Ultraviolet (UV) light

Equation

CC’q - ‘CC’g + <l

- @ One of the reactive species formed from CCl, acts as a catalyst in the decomposition
of ozone.

Write two equations to show how this species acts as a catalyst.

[2 marks]
Equation 1

Cl + 03 » clo- + 0,

Equation 2

Clo- + 03 > Cl + 20,

5] . [3] A small amount of the freon CF,Cl with a mass of 1.78 x 107 kg escaped from a
refrigerator, into a room of vqume 100 m”. Assuming that the freon is evenly

distributed throughout the air in the room, calculate the number of freon molecules in a

volume of 500 cm”’.

Give your answer to the appropriate number of significant figures.

The Avogadro constant = 6.02 x 10** mol™.
[3 marks]
M, of CFsCl = 12.0 + 3(19.0) + 35.5 = 104.5
moles = (1.78 x 1077 x 10% g) / 104.5 = 1.703 x 1072 mol
molecules in room = 1.703 x 103 x 6.02 x 10> = 1.025 x 10%
100 m? = 1.00 x 10% cm?

in $00 em? = 1.025 x 10* x 500 / (1.00 x 10%)

\\

S.13 x 10"

IS
Number of molecules = 5.3 x 10

Barcode Typesetter code

stemup.co.uk


https://stemup.co.uk

13

Turn over for the next question

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED

Barcode Typesetter code Turn over »

stemup.co.uk



https://stemup.co.uk

14

6 Dodecane (C,,H,s) is a hydrocarbon found in the naphtha fraction of crude oil.
Dodecane can be used as a starting material to produce a wide variety of useful
products. The scheme in Figure 2 shows how one such product, polymer Y, can be
produced from dodecane.

Figure 2
Reaction 1
C12H26 > C2H4 + C4H8 + X
Reaction 2
T
nC4H8 $ C|:_C
CH3 H n
Polymer Y

. |I| Name the homologous series that both C,H, and C,H; belong to.
Draw a functional group isomer of C,Hg that does not belong to this homologous

series.
[2 marks]
Name Alkenes
Functional group isomer H H
| |
H—C——C—H
| | (cyclobutane)
H—C——C—H
I I
H H
i IZ| Identify compound X.
[1 mark]
Céqu (hexane)
. [ 3] Name polymer Y.
[1 mark]

Poly(but-2-ene)
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. [ 4] Reaction 1 is an example of thermal cracking and is carried out at a temperature
of 750 °C.

State one other reaction condition needed.
[1 mark]

High pressure (for example 7000 kPa).

. | 5 ] Reaction 2 is exothermic. A typical compromise temperature of 200 °C is used
industrially for this reaction.

Explain the effect of a change of temperature on both the position of equilibrium and
the rate of reaction, and justify why a compromise temperature is used industrially.
[6 marks]

Effect on equilibrium: by Le Chatelier's principle, if the temperature is

increased the position of equilibrium shifts to oppose the increase in

temperature. The forward reaction is exothermic, so the equilibrium shifts

in the endothermic direction, to the left. So a higher temperature reduces

the yield of polymer Y (a lower temperature would increase the yield).

Effect on rate: at a higher temperature the molecules have more kinetic

energy, so a greater proportion of molecules have energy greater than or

equal to the activation energy (E 2 E,). So there are more successful

collisions per second, the rate of reaction increases and equilibrium is

reached in a shorter time (a lower temperature gives a slower rate).

Conclusion: a low temperature gives a high yield but the rate is too slow,

while a high temperature gives a fast rate but a low yield. So a

compromise temperature of 200 °C is used to give a (cost-effective)

balance between a reasonable yield and a reasonable rate.
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7 A student carried out an experiment to determine the number of C=C double bonds in
a molecule of a cooking oil by measuring the volume of bromine water decolourised.

The student followed these instructions:

e Use a dropping pipette to add 5 drops of oil to 5.0 cm® of inert organic solvent in a
conical flask.

e Use a funnel to fill a burette with bromine water.

e Add bromine water from a burette to the solution in the conical flask and swirl the
flask after each addition to measure the volume of bromine water that is
decolourised.

The student’s results are shown in Table 2.

Table 2

Experiment | Volume of bromine water / cm®

1 39.40
2 43.50
3 41.20

0|7]. II' In a trial experiment, the student failed to fill the burette correctly so that the gap
between the tap and the tip of the burette still contained air.

Suggest what effect this would have on the measured volume of bromine water in this
trial. Explain your answer.
[2 marks]

The measured volume of bromine water would be greater than the true

value.

This is because the level in the burette falls as the gap below the tap

fills with bromine water before any liguid is delivered into the flask.

. [ 2] Other than incorrect use of the burette, suggest a reason for the inconsistency in the

student’s results.
[1 mark]

The drops of oil vary in size (so the amount of oil varies).
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. [ 3] Outline how the student could improve this practical procedure to determine the

number of C=C double bonds in a molecule of the oil so that more consistent results

are obtained.
[4 marks]

Use a larger, single measured volume (or mass) of the oil instead of §

drops.

Dissolve this oil in the inert organic solvent, transfer it to a volumetric

flask and make up to 250 cm? with more solvent.

Titrate 25.0 em® samples (measured with a pipette) of this solution with

the bromine water, repeating until results are concordant.

. [4] Theoilhas a density of 0.92 g cm ™ and each of the 5 drops of oil has a volume of

5.0 x 1072 cm’.
The approximate M, of the oil is 885
The concentration of bromine water used was 2.0 x 10> mol dm .

Use these data and the results from experiment 1 to deduce the number of C=C
double bonds in a molecule of the oil.

Show your working.
[5 marks]

Stage I: mass of oil = 0.92 x (5.0 x 102 x S) = 0.23 g

moles of oil = 0.23 / 885 = 2.6 x 10 mol

Stage 2: moles of Bry = 2.0 x 107 x 39.40 / 1000 = 7.9 x 10 mol
Stage 3: ratio oil : Bry = 2.6 x 10°* : 7.9 x 107%
=Q6éx109126x10°) :(79x10%/26x10%) =13

One Br, adds across each C=C, so there are 3 C=C bonds per molecule.

Number of C=C double bonds = 3
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Section B

Answer all questions in this section.

gw one answer per question is allowed.

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

CORRECT METHOD E WRONG METHODS ‘ ¢ H ® H &H dﬁ ‘

ﬁshown. @

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

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

~

/

Which of these samples of gas contains the largest number of molecules?
The gas constant R=8.31 J K™ mol™.
[1 mark]
A 50x10*m’at1.0x10°Paand300K ||
B 40x10°m°at2.0x 10°Paand 400K | @]
Cc 3.0x10"dm’at3.0 x 10° Paand 500K [ o |
D 2.0x 10°dm’ at 4.0 x 10° Paand 600K [ © |
Which of these substances has permanent dipole-dipole attractions between
molecules?
[1 mark]
A ccl, [ o]
B C,F, [ o]
o (CH;),CO @]
D CO, [ o]
Barcode Typesetter code

stemup.co.uk



https://stemup.co.uk

19

What is the total volume of gas remaining after 20 cm?® ethane are burned completely
in 100 cm® oxygen? All volumes are measured at the same pressure and the same
temperature, which is above 100 °C.

[1 mark]

C,Hy + 3.0, —> 2CO, + 3H,0

40cm® | O]
100cm® | o]
120cm® | © |

130 cm® @]

o o m »

Consider the reaction between propene and hydrogen bromide to form the major
product.

Which species is formed in the mechanism of this reaction?
[1 mark]

A CH,—C"H-CH,Br
B CH,—CHBr—C'H,

c CH,—C"H-CH,

o] (o] [o] [o

D CH,-CH,—C'H,

Which of these substances reacts most rapidly to produce a silver halide precipitate
with acidified silver nitrate?

[1 mark]
A CH.Br (o]
B CH,Cl (o]
C CH,F [ o]
D CH,| @]
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Which statement about E-1,2-dichloroethene is correct?

A It has the same boiling point as Z-1,2-dichloroethene.

B It forms a polymer with the same repeating unit
as Z-1,2-dichloroethene.

C It has the same IR spectrum as Z-1,2-dichloroethene
in the range 400-1500 cm™.

D It has a molecular ion peak different from that of
Z-1,2-dichloroethene in its mass spectrum.

Which statement about ethene is correct?

A It has no geometric isomers because there is free rotation
around the C=C bond.

B It reacts with HBr in a nucleophilic addition reaction.

[1 mark]

o] [o] [0 [o

[1 mark]

=
]

C It burns in excess oxygen to produce carbon dioxide and water. E

D The C=C bond is twice as strong as the C-C bond in ethane.

Which statement about ethanal is correct?

It reacts with Tollens’ reagent to form silver.
It has a higher boiling point than ethanol.

Its empirical and molecular formulas are different.

o O W >

(o]

[1 mark]

£l
=3

(o]

It belongs to a homologous series with general formula C H,,,,0 E
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Which of these substances does not contribute to the greenhouse effect?

[1 mark]
A Unburned hydrocarbons. @
B Carbon dioxide. [ o]
c Water vapour. [ o]
D

Nitrogen. E

Questions 17 and 18 are about a method that can be used to prepare ethylamine.

10 3 e

NH NH
H onv/o o0 HHH/os
|| (I B

H—C—C——Br _— H—C—C—N‘Qﬂ
[\~ |

H H 2 H H H 4

Which of the curly arrows in the mechanism is not correct?

to form a mixture of amine products.

[1 mark]
A 1 [ o]
B 2 [ o]
Cc 3 [o]
D 4 ]
Which statement about the reaction is not correct?
[1 mark]
A Ethylamine is a primary amine. E
B The mechanism is a nucleophilic substitution. @
C Using an excess of bromoethane will prevent further reaction E
=]

D Ammonium bromide is an ionic compound.

Barcode

Typesetter code Turn over »

stemup.co.uk



https://stemup.co.uk

22

Questions 19 and 20 are about the Maxwell-Boltzmann distribution of molecular
energies in a sample of a gas shown in Figure 3.

Figure 3
Number of
molecules
| 1 | 1
1 | I
A B Cc D
Energy
Which letter best represents the mean energy of the molecules?
[1 mark]
A (=]
B (=]
c &
D =]
What does the area under the curve represent?
[1 mark]
A The total energy of the particles. @
B The total number of particles. @]
C The number of particles that can react with each other. E
D The total number of particles that have activation energy. E
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The apparatus in Figure 4 was set up to measure the time taken for 20.0 cm® of
sodium thiosulfate solution to react with 5.0 cm® of hydrochloric acid in a 100 cm®
conical flask at 20 °C. The timer was started when the sodium thiosulfate solution was
added to the acid in the flask. The timer was stopped when it was no longer possible
to see the cross on the paper.

Figure 4

Experimenter looking
down through the flask

Conical flask

Reaction mixture Timer

Paper marked with a cross

What is likely to decrease the accuracy of the experiment?
[1 mark]

Rinsing the flask with acid before each new experiment.
Stirring the solution throughout each experiment.

Using the same piece of paper for each experiment.

o O W »

o] lo] [o] |o]

Using different measuring cylinders to measure the volumes
of acid and sodium thiosulfate.

The experiment was repeated at 20 °C using a 250 cm?® conical flask.

Which statement is correct about the time taken for the cross to disappear when using
the larger conical flask?

[1 mark]
A The time taken will not be affected by using the larger conical flask. @
B The time taken will be decreased by using the larger conical flask. @
C The time taken will be increased by using the larger conical flask. E
D It is impossible to predict how the time taken will be affected by E
using the larger conical flask.

END OF QUESTIONS
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