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1

Answer ALL questions.

Some questions must be answered with a cross in a box [X.
If you change your mind about an answer, put a line through the box ¢
and then mark your new answer with a cross [X.

Alkanes are a homologous series of hydrocarbons.

(@) What is the name of this compound?

0 A 1,1,2-trimethylpentane
X B 23-dimethylhexane
[0 € 4,5-dimethylhexane

[0 D 4,55-trimethylpentane
(b) The number of structural isomers with the molecular formula CsH;, is

X A 3
1 B 4
] €5
[ D6

(c) Write the equation for reforming heptane into cycloheptane, showing the skeletal
formulae of the organic molecules.
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(d) Ethane reacts with chlorine in the presence of ultraviolet light to form a mixture
of products.

(i) Inthe initiation step, chlorine molecules are converted into radicals.

Ccl, —» 2cl*
Identify the type of bond broken and the type of bond fission occurring in this
step.
Bond broken Bond fission
L] A T heterolytic
L] B o heterolytic
(e T homolytic
X D o homolytic

(i) Write the propagation steps to show the formation of C,HCL.

CoHg + Cl - CoHs + HCl

CoHs + C’z - 62H5C’ + Cl

(iii) State how some butane, C,H,,, is formed in the reaction.

(Total for Question 1 = 8 marks)
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2 Compounds with a carbon—carbon double bond are unsaturated.

(@) What is the name of the compound shown?

LJA
[IB
Jc
X D

H CH;
N S
—=C
/ AN
cl Br
cis-2-bromo-1-chloroprop-1-ene
E-2-bromo-1-chloroprop-1-ene
trans-2-bromo-1-chloroprop-1-ene

Z-2-bromo-1-chloroprop-1-ene

(b) Ethene reacts with bromine in the dark.

(i) What is the classification of the mechanism for the reaction between ethene

and bromine?

A electrophilic addition
B electrophilic substitution
nucleophilic addition

D nucleophilic substitution

P 4 9 8 3 8 A 0 5 2 8
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(ii) Which of the following shows the formation of the intermediate in the
mechanism for the reaction between ethene and bromine?

] A
H H TT
\C—C/ — H—C—C +Br-
TN\ LT T
H > |
Br H
I|3r
CBr
[ B
H H TT
\C—C/ — H—C—C +Br-
RN Ly T
H |
Br H
I|3r
CBr
X C
H H TT
\C—C/ — H—C—C* +Br-
TN\ IR
H > |
Br H
I|3r
CBr
(1 D
H H 'H‘
N /
G=C — H—C—C" +Br-
/ DN
H < H |
Br H
I|3r
(Br

(1)
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(c) Ethene reacts with steam to form ethanol in a reversible reaction.
CH.(9) + H,0(g) = C,HsOH(g) AH =-45 kJ mol™!
At 300°C and a pressure of 65 atm, the equilibrium yield of ethanol is 5%.

(i) State the effect, if any, on the yield of ethanol when the temperature is
increased.

(iii) What is the expression for the equilibrium constant, K, for this reaction?

o A [CoH,4(9)]+[H,0(9)]
[C2HsOH(g)]
o B [CoH4(@)][H,0(9)]
[C,HsOH(g)]
0 c [C,H50H(9)]
[CHa (@] + [H,0(9)]
[CoHsOH(g)]
X D
[CHa@)][H,0(9)]

(Total for Question 2 = 6 marks)
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3 This question is about halogenoalkanes and kinetics.
(@) Some halogenoalkanes are hydrolysed by aqueous potassium hydroxide.

(i) Write the ionic equation for the hydrolysis of 2-bromobutane showing the
structural formulae for the organic molecules.

CH3CH,CHBrCH3 + OH™ — CH3CH,CH(OH)CH3 + Br~

*(ii) Devise an experiment to compare the rates of hydrolysis of 2-chlorobutane,
2-bromobutane and 2-iodobutane.

State the trend in the rates of reaction. Justify your answer.
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(b) The graph shows the Maxwell-Boltzmann distribution of molecular energies of a
gaseous system.

higher T

E,

fraction of i
molecules i
with energy, E !
|

|

energy

(i) On the graph, draw the Maxwell-Boltzmann distribution for the same system
at a higher temperature.

(i) Use the graph to explain why a small increase in temperature results in a large
increase in the rate of a gaseous reaction.

(Total for Question 3 = 11 marks)
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4 Ethanol, CHsOH, is a member of the homologous series of alcohols.
(@) Calculate the number of molecules in 55.2kg of ethanol.

[Avogadro Constant = 6.02 x 102 mol™']

M,(CoHs0H) = (2 x 12.0) + (6 x 1.0) + 16.0 = 46.0
moles = 55 200 g = 46.0 g mol™ = 1200 mol

molecules = 1200 x 6.02 x 10?3 = 7.22 x 10°*¢

(b) Write the equation to represent the standard enthalpy change of formation of

ethanol. Include state symbols.

2¢(s, graphite) + 3H,(g) + %0,(g) — C,Hs0H()

P 4 9 8 38 A 01 1 2 8
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(c) Ethanol burns completely in excess oxygen.

C,HsOH(l) + 30,(g) — 2CO,(g) + 3H,0(l)

(i) The table shows some mean bond enthalpy data.

Bond c—C C—H c—oO O—H 0=0 =0
sl LCLE G LE T 347 413 358 464 498 805
/ kJ mol
Calculate the enthalpy change, in kJ mol™, for the complete combustion of
1 mol of ethanol.
(3)

Bonds broken: 1 C-C, 5 C-H, 1 €-0, 1 0-H and 3 0=0

=347 + (5 x 413) + 358 + 464 + (3 x 498) = +4728 ki

Bonds made: 4 €C=0 and 6 0-H

= (4 x 805) + (6 x 464) = 6004 kJ released

AH = 4728 — 6004

AH = 1276 kI mol™

12
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(ii) Complete the reaction profile diagram for the combustion of ethanol and fully
label the diagram.

enthalpy
C,HsOH(l) + 30,(g)

AH = =1276 kI mol™

2€0,(g) + 3H,00)

reaction pathway

(i) A data book value for the standard enthalpy change of combustion of ethanol
is —1367.3 kJ mol".

Give the main reason why the value you calculated in (b)(i) is different from
this data book value.

(Total for Question 4 = 10 marks)
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5 The following procedure may be used to prepare 2-chloro-2-methylpropane.

Step 1

Step 2

Step 3

Step 4

Step 5
Step 6

Step 7

Place 15cm? of 2-methylpropan-2-ol in a separating funnel and slowly add
30cm? of concentrated hydrochloric acid (an excess), while swirling the
funnel.

When all the hydrochloric acid has been added, leave the mixture to stand
for 20 minutes, shaking it gently at intervals.

Once the organic and aqueous layers have completely separated, discard the
aqueous layer.

Add saturated sodium hydrogencarbonate solution, a little at a time, to the
organic layer. After each addition, invert the separating funnel and open the tap.

Discard the aqueous layer.

Transfer the organic layer to a small flask, add a solid drying agent and swirl
the flask.

Decant the liquid into a clean flask and distil it to collect pure
2-chloro-2-methylpropane.

Some data on the organic reactant and product are given in the table.

Data 2-methylpropan-2-ol 2-chloro-2-methylpropane
molar mass / g mol™’ 74.0 92.5
boiling temperature / °C 82 51
density / gcm™ 0.79 0.84

(a) Draw a diagram of a separating funnel, labelling the aqueous layer and the layer
of 2-chloro-2-methylpropane that would be observed at the end of Step 2.

14

2-chloro-2-methylpropane (organic layer)

agueous layer

[ | o tap
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(b) Give the reason why sodium hydrogencarbonate solution is added to the organic
layer in Step 4 and why it is important to open the tap after adding this solution.

(c) Which one of these anhydrous compounds may be used as a drying agent in
Step 67

[J A sodium chloride

[J B sodium hydroxide

[0 € sodium nitrate

X D sodium sulfate

15
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(d) A student set up this apparatus for distillation in Step 7 as shown.

anti-bumping
granules

electric
heater

(i) Describe three ways in which this apparatus must be modified for safe and
efficient use. Assume the apparatus is suitably clamped.

_The water flow must be reversed, so the water enters at the bottom of the condenser

(ii) Give a suitable temperature range over which to collect the final product
during the distillation.

50 °C to 52 °C
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(e) In the preparation, 15cm? of 2-methylpropan-2-ol produced
6.9 cm? of 2-chloro-2-methylpropane.

The equation for the reaction is
(CH3);COH + HCl — (CH;);CCl + H,0

Calculate the percentage yield of 2-chloro-2-methylpropane, using data from the
table.

Data 2-methylpropan-2-ol 2-chloro-2-methylpropane
molar mass / g mol™ 74.0 92.5
boiling temperature / °C 82 51
density / g cm™ 0.79 0.84

mass of alcohol = 15 x 0.79 = 11.85 ¢

moles of alcohol = 11.85 = 74.0 = 0.1601 mol

1 : 1 ratio, so theoretical moles of product = 0.1601 mol
mass of product = 6.9 x 0.84 = 5.796 g

moles of product = 5.796 + 92.5 = 0.06266 mol

% yield = (0.06266 + 0.1601) x 100

% yield = 39.1 %

P 4 9 8 3.8 A 01 7 2 8
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(f) The mechanism for the reaction is in three stages.

T

H3C_C_CH3
|
(|):/‘ H*
H

CH;

|
H 3 C_C_C H 3

for
H H

CH;

|
H 3 C_C+_C H 3

Cl-

Stage 1

B

Stage 2

Stage 3

CH;

|
H 3C_C_C H 3

H3C_C+_CH3 + Hzo

CH;

|
H 3 C_(|:_C H 3

cl

Add curly arrows to the reactants in Stages 2 and 3 to complete the mechanism.

(2)

(Total for Question 5 = 14 marks)

18

AR AR O IR LR <o
P 4 9 8 3 8 A 0 1 8 2 8

V33UV SIHLNIEZLI-IM LON OQ

SNAYYSIHENEIL-M LONOd

s AV STHENEIL-IM LONOQ oo


https://stemup.co.uk

DONOTWRITEINTHIS'AREA DO NOT WRITE IN THIS AREA

DONOTWRITE IN THISAREA

6 A student carries out two experiments to determine the enthalpy change that occurs
when anhydrous sodium carbonate reacts to form hydrated sodium carbonate.

Na,COs(s) + T10H,O(l) — Na,CO;5.10H,0(s)

(@) In the first experiment, the student determines the enthalpy change of solution
for anhydrous sodium carbonate.

50.0g of distilled water is placed in a polystyrene cup and the temperature is
recorded.

A sample of anhydrous sodium carbonate is added to the water, the mixture is
stirred and the final temperature recorded.

The results for this experiment are shown in the table.

mass used / g 5.09
initial temperature / °C 27.0
final temperature / °C 324

Calculate the enthalpy change of solution, in kJ mol~', for
anhydrous sodium carbonate.
Give your answer to an appropriate number of significant figures and include a sign.

[Use 4.18 J g7 °C" as the specific heat capacity of water]

Na,COs(s) + ag — Na,COs(aq)

heat energy = mcAT = 50.0 x 418 x 54 = 11286 J = 1.1286 ki
M,(Na,C03) = 106.0, moles = 5.09 + 106.0 = 0.04302 mol
temperature rises, so the reaction is exothermic

AH = -1.12%86 + 0.04802 = -23.50

AH oition = —23.5 kJ mol™*

19
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(b) In the second experiment, the student determines the enthalpy change of
solution for hydrated sodium carbonate.

Na,COs5.10H,0(s) + aq — Na,COs(aq) AH = + 53.7 kJ mol™!

Complete the Hess cycle and, together with your answer to (a) calculate the
enthalpy change when anhydrous sodium carbonate reacts to form hydrated
sodium carbonate. Include a sign in your answer.

AH
Na,COs(s) + 10H,0(1) > [ Na,CO;.10H,0(s)
(ag) (ag)
=235 +53.7
Na,C03(ag)

\

AH = =235 — (+53.7)

\

AH = =77.2 kI mol™

(c) Hydrated sodium carbonate slowly loses some water of crystallisation when left in air.

Explain how the enthalpy change in the second experiment would compare with
the data book value if an old sample of hydrated sodium carbonate had been
used.

(Total for Question 6 = 8 marks)
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7 This question is about the identification of an alcohol, X.

(@) Alcohol X has the following percentage composition by mass:

carbon, C = 68.2%
hydrogen,H =13.6%
oxygen, O =18.2%

The molecular ion peak in the mass spectrum for alcohol X occurs at m/z = 88.

Use all of these data to show that the molecular formula for alcohol X is CsH;,0.
Include your working.

C:H:0=682/12.0:13.6/1.0:18.2/16.0

568 :136 :1.14

\

<+ 1.14 gives 5 : 12 : 1, so empirical formula = CsH,,0
M, of CsH1,0 = (5 x 12.0) + (12 x 1.0) + 16.0 = 88

this equals the molecular ion m/z = 88, so the molecular formula is CsH1,0

(b) (i) When alcohol X is oxidised, a carboxylic acid is formed.

State what information this gives about alcohol X.

DONOTWRITE IN THISAREA

21
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(i) Draw the displayed formulae of the four possible structural isomers that

could be alcohol X.

(3)

Alcohol 1 Alcohol 2
i
H—C—H
Co T T i
H—C—C—C—C—C—0—H H—C—C—C—C—0—H
bk ok
Alcohol 3 Alcohol 4
H H
H—é—H H—é—H
v |y |
H—f—f—f—f—o—h‘ H—f—C—f—O—H
H H H | H
H—f—H
H

(iii) The mass spectrum of alcohol X has a major peak at m/z = 45.

Draw the structure of the species that could give this peak.

)
g
H H

(1)
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(iv) Alcohol X has a branched chain.

Identify alcohol X, explaining your reasoning.
(2)

DO NOT WRITE IN THIS AREA

ISAREA

(Total for Question 7 = 9 marks)
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Ethanedioic acid has two carboxylic acid groups.

(a) Ethanedioic acid, H,C,0,, can be prepared from ethane-1,2-diol.

H H
|| . A
H—0—C—C—0—H N
/ AN
H H HO OH

(b) The formula for ethanedioic acid crystals is H,C,0,.nH,0.

To determine the number of moles of water of crystallisation, n, in 1 mol of
ethanedioic acid crystals, a student carried out the following procedure.

e Prepare 250.0cm? of a solution containing a known mass of about 1g of
ethanedioic acid crystals.

e Titrate 25.0cm? portions of the ethanedioic acid solution with 0.103 mol dm=
sodium hydroxide solution, using phenolphthalein as indicator.

The student obtained these results:

mass of ethanedioic acid crystals = 1.09g
mean titre = 16.20cm?

The equation for the reaction is

H,C,0, + 2NaOH — Na,C,0, + 2H,0

24
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(i) Describe how the student should prepare the 250.0 cm? of ethanedioic acid
solution.

(iii) Calculate a value of n in the formula H,C,0,.nH,0 from these data.
moles NaOH = 16.20 x 0.103 + 1000 = 1.669 x 107> mol
moles H2C504 in 25.0 ecm® = 1.669 x 1073 + 2 = 8.343 x 107* mol
moles H2C504 in 250.0 cm?® = 8.343 x 107* x 10 = 8.343 x 1073 mol
M, of crystals = 1.09 =~ 3343 x 107 = 130.6
M, (H,C,0,) = 2.0 + 24.0 + 64.0 = 90.0
13n = 130.6 — 90.0 = 40.6

n=406 18 = 226, son = 2

25
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(iv) The student thought that the ethanedioic acid crystals used may have been
slightly damp.

Explain the effect of using damp crystals on the titre and on the value of n.
(2)

(Total for Question 8 = 14 marks)

TOTAL FOR PAPER = 80 MARKS
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