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Answer ALL the questions in this section. You should aim to spend no more than 20 minutes on

1

SECTION A

this section. For each question, select one answer from A to D and put a cross in the box [X.
If you change your mind, put a line through the box 8¢ and then mark your new answer
with a cross X.

The equation for the reaction between bromate(V) ions and bromide ions in acid
solution is

BrOs(aq) + 5Br=(aq) + 6H*(ag) — 3Bry(aq) + 3H,O(l)
The rate equation for this reaction is

rate = k[BrO;][Br][H*]?

When the concentrations of all of the reactants are doubled, the rate increases by a
factor of

LI A 2
L1 B 4
Ll c
[ D 16

[0}

(Total for Question 1 = 1 mark)

The decomposition of hydrogen peroxide is catalysed by iodide ions.
2H,0,(aq) — 2H,0(l) + O,(9)
The rate equation for this reaction is
rate = k[H,0,][I]
This is consistent with a reaction mechanism in which
[J A thereisonly one step.

[0 B the catalyst is used up.

[0 € the slowest step is the reaction of two molecules of hydrogen peroxide with an iodide ion.

[J D the slowest step is the reaction of one molecule of hydrogen peroxide with an iodide ion.

(Total for Question 2 = 1 mark)
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3 Which of the following sketch graphs shows a reaction that is zero order with respect
to reactant Q?

CTA [Ql \ —

Time

[]1B Rate \ —
[Ql

L1c [Ql —
Time

1D Rate / —
[Ql

(Total for Question 3 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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4 Typical results of a rate experiment are shown in the sketch graph below.

/T

In(rate) \

The activation energy, E,, of a reaction is related to the rate by the equation

1
In(rate) =—E—a X — + constant
R T
For the graph above, E, is equal to

[J A (-gradient)/R

[0 B (-gradient)/RT
[J € (-gradient) xR
[J D (-gradient) x RT

(Total for Question 4 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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5 The equation for the manufacture of ethanol by the reaction of ethene and steam
with a catalyst of phosphoric(V) acid is

(@) The highest equilibrium yield of ethanol is obtained at

[J A high temperature and high pressure.
[] B low temperature and low pressure.
[J € low temperature and high pressure.

[J D high temperature and low pressure.
(b) The units of the equilibrium constant, K, for this reaction are

[JA moldm™
1B dm*mol’
[JC mol?dm™®
[J D dm®mol>

(c) The equilibrium constant for this reaction increases when

[J A the pressure is increased.
[J B more catalyst is added.
[J € the temperature is decreased.

[] D ethanolis removed from the reaction mixture.

(Total for Question 5 = 3 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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6

In which of the following reactions is there a decrease in the entropy of the system?
[1 A Ca(OH),(aq) + CO,(g) — CaCOs(s) + H,O(l)

[1 B Ca(OH),(s) — CaO(s) + H,O(l)

[J € CaCoOs(s) + 2HCl(ag) — CaCly(ag) + H,O() + CO,(g)

L1 D Ca(s) + 2H,0() — Ca(OH),(aq) + H,(q)

(Total for Question 6 = 1 mark)

Which of the following statements is always true for an exothermic reaction?
L1 A ASiroundings doubles when the temperature in kelvin doubles.

L] B ASiumoundings doubles when the natural log of the temperature in kelvin, InT,
doubles.

[J € The equilibrium constant, K, doubles when AS,., doubles.

[J D The natural log of the equilibrium constant, InK, doubles when AS,, doubles.

(Total for Question 7 = 1 mark)

When one mole of magnesium chloride dissolves in water, the enthalpy change,
AHgui0n IS More negative than the corresponding change for sodium chloride.

One explanation for this difference is that

L] A the lattice enthalpy for magnesium chloride is more negative than the lattice
enthalpy for sodium chloride.

L1 B  the AHyygrion Of magnesium ions is more negative than AH, g0 Of sodium
ions.

L] € the AHmation Of magnesium chloride is more negative than AHomation OF
sodium chloride.

L] D magnesium chloride has more covalent character than sodium chloride.

(Total for Question 8 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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9 Titrations were carried out using aqueous solutions with concentration 1.0 mol dm™.
The titration curves below were obtained.

14+ 14-
12+ 12+
104 104
8- 8
pH 6 pH ‘-
41 4
2- 2-

0 T T T T T T T 1 0 T T T T T T T 1

10 20 30 40 10 20 30 40

Volume added / cm? Volume added / cm?
A B

144 14+
12+ 124
10+ 10+
8 8-
pH - pH 6
4 4-
2 2

O T T T T T T T 1 0 T T T T T T T 1

10 20 30 40 10 20 30 40

Volume added / cm? Volume added / cm?
C D

(@) Which curve would be obtained for the titration in which hydrochloric acid is
added to aqueous ammonia?

LTA
LB
Llc
LID

(b) For which titration would methyl orange not be a suitable indicator?
Use the data on page 19 of the Data Booklet.

LTA
LB
L1c

LID
(Total for Question 9 = 2 marks)

7
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12

The pH of three solutions with concentration 1.0 mol dm= was measured.
Solution 1T NH,

Solution 2 CH;COONa

Solution 3 NH,CI

Which of the following shows the three solutions in order of increasing pH?

LI A 1,23
1 B 3,21
] Cc 31,2
0 D 23,1
(Total for Question 10 = 1 mark)
Which formula shows an E isomer which also contains a chiral carbon atom?

Br

i

Br
] B /_)\
Br
0Oc — >~
T
D D S Br
(Total for Question 11 = 1 mark)
Two polar compounds are separated using HPLC. The retention times (the average

time spent in the column) are not affected by the

[J A pressure used.
[] B particle size of the stationary phase.
[J € polarity of the stationary phase.

[ D concentration of the polar compounds.

(Total for Question 12 = 1 mark)
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13 This question is about four organic compounds.

1

2

3

4

NH,

NH,
cl

/VOJ\
NN
/VOJ\
/VOJ\

OH

(@) Which compounds react with methanol under suitable conditions to form
methyl butanoate?

LTA
LB
L1c
LID

1and 3 only
1 and 4 only
3 and 4 only

2,3 and 4 only

(b) Which compound reacts with water to form two different acids?

LJA
(1B
¢
(1D

1
2
3
4

(c) Which compounds react together to form an amide?

LJA
(1B
c
(1D

1and 4
3and 4
2and 4

2 and 3

(Total for Question 13 = 3 marks)

9
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14 A polymer has the repeat unit

It could be made from the monomers

H CH,

| |
O A HOOC—C|Z—COOH and HO—C|Z—OH

CH3 CH3

CH, H

| |
O B HOOC—C|—COOH and HO—C|—OH

H
| |

0 ¢ HO—C|—COOH and HO—C|—COOH
H

CH; CH;

CH;

CH;

CH;

H
| |
i) HO—(|:—COOH and HO—(|:—COOH

CH3 CH3

(Total for Question 14 = 1 mark)

15 Which of the following isomers has the highest boiling temperature?

N

|
|
|

1

o

A

B
C
D

CH;CH,CH,COOH
CH;CH,COOCH;
HCOOCH,CH,CH;
HCOOCH(CHs),

(Total for Question 15 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.
16 Bromine reacts with methanoic acid as shown below.
HCOOH(aq) + Br,(aq) — 2H*(aq) + 2Br(aq) + CO,(q)
The kinetics of the reaction can be investigated by various methods.

(a) For two different named substances, identify a method of following the progress
of the reaction. The methods given should be different for each substance and
should not involve taking samples from the reaction mixture.

Substance 1

(b) In an investigation of the kinetics of the reaction, a large excess of methanoic acid
was used.

(i) Use the data shown on page 12 to plot a graph that can be used to determine
the order of reaction with respect to bromine.

11
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.
Time /s 0 60 120 | 180 | 240 | 300 | 420 | 600 | 700
[Bra(aq)] | 0.0100 | 0.0082 | 0.0066  0.0053 | 0.0043 | 0.0034 | 0.0021 | 0.0011 | 0.0007
/ mol dm

J S8
12
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(i) Use the graph to confirm that the reaction is first order with respect to bromine.

Show on the graph the measurements you use to confirm this and explain
how the order is deduced.

(iii) Under the conditions of the experiment, the order of reaction with respect to
methanoic acid appears to be zero.

Explain why this is the case.

(iv) Further experiments show that the reaction is actually first order with respect
to methanoic acid.

Write the rate equation for the reaction.

(v) The initial rate of the reaction carried out in part (b)(i) was found to be
454 x 10°mol dm=3s7",

The initial concentration of methanoic acid was 0.500 mol dm~ and that of
bromine was 0.0100 mol dm~.

Use these values, and your rate equation in part (b)(iv), to calculate the
rate constant for the reaction.

Give the units of the rate constant.

(Total for Question 16 = 11 marks)

13
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17 A naturally occurring ketone, compound A, contributes to the smell and flavour of some
blue cheeses.

o

Ao

Compound A

(@) Give the systematic name of A.

(b) Compound B is an isomer of A with the same functional group.

o)

/\)J\/\

Compound B

Describe a simple chemical test which would distinguish A from B.
State the result of the test for each of the compounds.

14
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(c) Give two chemical tests for B which, when used together, would confirm that B
contains a carbonyl group and is not an aldehyde. For each test, state the result
and what is deduced.

(d) Give the displayed or structural formula of the compound which forms when A
is reduced. State the name or formula of a suitable reducing agent.

Formula

[2TTo [ LT o I T 1] |

15
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(e) (i) Hydrogen cyanide reacts with A in the presence of CN— ions.

Write a mechanism for this reaction, using the skeletal formula of A below.

(3)
0
*(ii) By considering the reaction mechanism, explain why the solution produced in
this reaction does not rotate the plane of plane-polarized light.
(3)

(Total for Question 17 = 15 marks)

16
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18 Methanol is synthesised by the following reaction.

CO(g) + 2H,(g) = CH;OH(q)

A mixture of 39.5 mol of carbon monoxide and 77.5 mol of hydrogen was allowed
to reach equilibrium at 500 K and 50 atm pressure. Under these conditions, the

equilibrium mixture contained 38.5 mol of methanol.

(@) Write the expression for the equilibrium constant in terms of pressure, K,,, for this

reaction.

*(b) Complete the table below.

Hence calculate the value of K, under these conditions.
Give your answer to three significant figures and include the units.

Cco H, CH;OH
mol at start 39.5 77.5 0
mol at equilibrium 38.5

P 4 6 9 4 0 A0 1 7 2 8

Total mol

17

Turn over



*(c) When the reaction is carried out at 700 K and 50 atm pressure, the value of K, is smaller.

Use this information to deduce the sign of AS;oundings fOr the forward reaction.
Justify your answer.

(d) One industrial use of methanol is in the production of bio-diesel from vegetable oils.
A component of these oils is shown below.

CH,O0CC,5Hs;

|
CHOOCC;sHs,

|
CH,00CCy5Hs,

Complete the equation for the reaction of methanol with this compound.

CH,O0CC5Hs;

|
CHOOCC;sHs; + 3CH.OH — +

|
CH,00CC15Hs,

(Total for Question 18 = 10 marks)

18
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19 Propanoic acid is a weak Brgnsted-Lowry acid.

(a) Define the term Brgnsted-Lowry acid.

(b) What is the pH of a 0.100 mol dm™3 solution of hydrochloric acid?
How would the pH of any weak acid of the same concentration differ from the pH
of hydrochloric acid?

(c) Methanoic acid was mixed with propanoic acid.

(i) Use your Data Booklet to decide which acid is stronger.
Justify your answer.

(ii) Hence complete the following equation.

HCOOH + CHsCOOH = .o e
(d) Calculate the pH of a solution of 0.050 mol dm~ sodium hydroxide.

[K,= 1.0 x 107" mol?> dm™]

19
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(e) A buffer was made by mixing 20 cm? of 0.050 mol dm= sodium hydroxide and
20 cm? of 0.25 mol dm™3 propanoic acid.

(i) Write the equation for the reaction between sodium hydroxide and
propanoic acid. State symbols are not required.
(1)

(i) Calculate the pH of this buffer solution. Show your working.
Refer to your Data Booklet where needed.
(5)

20
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(i) Explain how this solution acts as a buffer when a small amount of alkali is added.
Include any relevant equations in your explanation.
(3)

DO NOT WRITE IN THIS AREA

(Total for Question 19 = 15 marks)

TOTAL FOR SECTION B =51 MARKS

J

21
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SECTION C

Answer ALL the questions. Write your answers in the spaces provided.

20 Nitrogen monoxide, NO, reacts with oxygen as shown below.
NO(g) + 20,(g) — NO,(g) AH™ =-57 k) mol™
(@) (i) Calculate the standard entropy change of the system, Asgmm.

The standard molar entropy of ¥20,(g) is 102.5 J mol™ K.

Use other standard molar entropy values from your Data Booklet.

Include a sign and units in your answer.

(i) Calculate the entropy change of the surroundings, AS?um,undings at 298 K and
hence the total entropy change, AS ', at this temperature.

Include a sign and units in your answers.

(iii) Calculate the temperature at which the reaction ceases to be spontaneous.

22
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(b) Nitrogen monoxide and carbon monoxide are formed in car engines. To prevent
these pollutant gases being released into the atmosphere, car exhausts are fitted
with a catalyst and the reaction below occurs.

CO(g) + NO(g) — CO,(g) + ¥%2N,(g)

At the temperature of the car exhaust, AS,, for this reaction is positive.

Suggest why this reaction needs a catalyst.

(Total for Question 20 = 7 marks)

23
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21 An organic compound, X, has the molecular formula C4H;,0, and contains
one functional group.

(@) The infrared spectrum of X is shown below.

o; WW (\M

0.8F

Relative
transmittance

0.7E

0.6F R

|||||||||| | T S O R S M T N Y T AL N S S M SN U N NN NN
4000 3000 2000 1000
Wavenumber / cm™’

Identify the bonds responsible for the peaks labelled Q and R in the spectrum by
referring to your Data Booklet. Hence deduce the functional group present in X.

24
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(b) When X is heated under reflux with dilute sulfuric acid, two organic products,
Y and Z, are formed.

The mass spectrum of Y is shown below.

100 -
80
Relative 60_:

intensity 40-

20

o,o: ......... ,..!!.!:!.,....::.!I,! ........ ;!I 1 PN R

0.0 10 20 30 40 50 60 70
m/e

(i) Y reacts with sodium carbonate solution producing carbon dioxide.
Use this information, together with the mass spectrum, to identify Y.

Explain your reasoning.

25
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(i) Z has molecular formula C,H,,0. Z reacts with sodium, producing a gas.
When Z is warmed with a mixture of potassium dichromate(VI) and sulfuric acid,
no reaction occurs.

Deduce the structural formula of Z. Explain your reasoning and give the
equation for the reaction with sodium producing a gas.

Equation for reaction of Z with sodium:

(iii) Use your answers to part (a), part (b)(i) and (b)(ii) to deduce the displayed
formula of X.

26
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-
(iv) Evidence for the structure of X comes from its proton nmr spectra.
Use the formula you have deduced in (b)(iii) to predict the number of peaks
and their relative areas in the low resolution nmr spectrum of X.
State the splitting pattern of each peak in the high resolution nmr spectrum.
Justify your answers.
(3)
(Total for Question 21 = 12 marks)
TOTAL FOR SECTION C = 19 MARKS
TOTAL FOR PAPER = 90 MARKS
L
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