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SECTION A

Answer ALL the questions in this section.

You should aim to spend no more than 20 minutes on 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 ¢ and then mark your new answer with a cross [X.

1 Bromate(V) ions, BrO;3, react with bromide ions, Br’, in aqueous acid.

BrO; + 5Br + 6H" — 3Br, + 3H,0

The rate equation for the reaction is shown.

rate = k [BrO3] [Br'] [H']?

(@) Which continuous monitoring method could be used to obtain kinetics data for
this reaction?

O o oo

A
B
C
D

colorimetry
mass change
titration with sodium thiosulfate

volume of gas evolved

(b) What are the units of the rate constant, k, for this reaction?

N

(|
(|
(|

A
B
C
D

moldm3s™
dm*mol™'s™
dm®mol?s™

dm’mol3s™

(c) The concentrations of all reactants are halved.

By what factor does the rate of reaction change?

N

N

A
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(d) The first four steps in the reaction mechanism are shown.

Step 1
Step 2
Step 3
Step 4

BrO; + H* — BrOsH

BrO;H + H* — BrOs;H;
BrOsH; + Brr — Br,0, + H,0
Br,O, + Br —» BrO; + Brn,

Which is the rate-determining step?

5 ) I [y I
o N w >

Step 1
Step 2
Step 3

Step 4

(Total for Question 1 =4 marks)

2 Some data on lattice energies are shown.

Compound EXpefimenEL']a(;fr_ife energy / TheoreticilJ Irz:]téilge energy /
Nal ~705 687
AgBr -891 _816
Rb,S -1944 -1904
Li,O -2814 -2799

Which compound has the greatest degree of covalency within its ionic bonds?

5 ) I [y I
o N w >

BLEm

Nal
AgBr
Rb,S
Li,O

(Total for Question 2 = 1 mark)
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3 An enthalpy cycle for lead(ll) nitrate is shown.

All values are in ki mol™. The cycle is not to scale.

Pb*(g) + 2NO;(g)

-1485
Pb*(aq) + 2NOs(g)
-2151
Pb(NOs),(aq)
+38
Pb(NOs),(s) + aq

(@) Which of these statements is true?

[0 A the enthalpy change of formation of lead(ll) nitrate is ~2151 kJmol™

O O

O

the enthalpy change of solution of lead(ll) nitrate is exothermic

the enthalpy change of hydration of a lead(ll) ion is more exothermic
than that of a nitrate ion

the entropy change of the surroundings for dissolving lead(ll) nitrate
is positive

(b) Using the enthalpy cycle, it can be calculated that the enthalpy change of
hydration of a nitrate ion, in kJmol™, is

O o oo

O N w >

-3598
-1799
-628

-314

(Total for Question 3 = 2 marks)
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4 Ammonia is produced from nitrogen and hydrogen in the presence of a solid catalyst
in an equilibrium reaction.

N,(9) + 3H,(g) = 2NHs(g9 AH = -92kJmol™

(@) 10mol of N,(g) is heated with 30 mol of H,(g) in a sealed container.
At equilibrium, 8.0 mol of NH;(qg) is present.

What is the total amount of gas, in mol, in the equilibrium mixture?

A 80
B 20
C 32

O 0O oo

D 48

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

= p(N,) + pH,)’
p(NH,)?
o g _ PONHY
p(N,) + p(H,)’
O ¢ PR
p(N,) x p(H, )
0 p(N,) x p(H,)’
p(NH,)*

(c) Which change would increase the value of K, for this reaction?

decreasing the temperature
decreasing the particle size of the catalyst

increasing the total pressure

O o oo
O N @ »

increasing the concentration of hydrogen molecules

(Total for Question 4 = 3 marks)

5
o NN OO A O
p 7 5 7 8 1 A 0 5 3 2 Turn over



5 For all chemical reactions, the equilibrium constant, K, is related to the
total entropy change, AS,., by the expression shown.

Astota| = R |n K
AS,.i fOr a reaction is negative.
Which statement is true?

A the value of Kis less than 1

the value of K'is greater than 1

O o oo

B
C thevalue of Kis negative
D

the position of equilibrium lies to the right

(Total for Question 5 = 1 mark)

6 A buffer solution contains CH;COOH and CH;COONa in the ratio, 1:4.
What is the pH of this buffer solution?

[K,(CH;COOH) = 1.7 x 10° moldm™]

LI A 24
1 B 42
[l C 48
[ D 54

(Total for Question 6 = 1 mark)

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

p 7 5 7 8 1 A 0 6 3 2

ELEOm

Y3adY SIHLNEILIHM 1ION Od V3aHY SIHLENEILIHM 1ON Od

Y3HY SIHL NI ILIIM 1ON Od



DO NOTWRITEIN THIS AREA DO NOTWRITE INTHIS AREA

DO NOT WRITE INTHIS AREA

7 The accumulation of carbon dioxide during exercise reduces the pH in cells and
in blood.

Which of these reactions is most important in buffering the decrease in pH
that occurs?

O A H,CO; — H* + HCO;
[0 B HCO; + H" — H,CO;
O ¢ HCO; — H' + COI
0 D COF + H" — HCO;

(Total for Question 7 = 1 mark)

8 How many chiral centres are in the molecule shown?

6 I O ) O
N o u i

O n w >

(Total for Question 8 = 1 mark)

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

7
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9 The rate equation for the hydrolysis of a halogenoalkane, RX, in aqueous alkali
is shown.

rate = k [RX]

Which of these statements is true?

A the mechanism involves a carbocation intermediate
B the reaction has an Sy2 mechanism

C the halogenoalkane could be 1-bromobutane

O o oo

D the main nucleophile in this reaction is H,0

(Total for Question 9 = 1 mark)

10 Propanone reacts with HCN in the presence of KCN.

Which of these statements is incorrect?

[J A CN acts as a nucleophile in the reaction

[J B aracemic mixture is formed

[J € the productis not optically active

[J D the product is 2-hydroxy-2-methylpropanenitrile

(Total for Question 10 = 1 mark)

11 Which statement(s) is/are correct?
CH;CH,COCl reacts with
1 CH;sNH, to form CH;CH,CONHCH,
2 (CH;),NH to form CH;CH,CON(CH,),
3 (CH;);N to form CH;CH,CON(CHs);

A 1,2and3
B 1and2only
C 2and3only

O o oo

D 1only

(Total for Question 11 = 1 mark)
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12 An ester is hydrolysed in excess dilute hydrochloric acid to form ethanol and
propanedioic acid.

What is the skeletal formula of this ester?

0) 0]
N0 o >~
0]
o+ L
O/\/
/\H/O\/
0 c

o)
o)
O D /ﬁ\/O\/\O)J\/
o)

(Total for Question 12 = 1 mark)

13 Which compound has most peaks in its >°C NMR spectrum?

CH;COCH;
CH;COCH,CH;
CH;CH,COCH,CH;

O o oo
O N @ »

CH;COCH,CH,COCH;,

(Total for Question 13 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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14 The high resolution 'H NMR spectrum of an ester is shown.

9H
2H 3H
Al Ll
ettt ettt L L L L
4 3 2 1 0

o/ ppm

What is the skeletal formula of this ester? Use the Data Booklet as a source
of information.

(Total for Question 14 = 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.
15 This question is about some compounds of silicon.

(a) Silicon dioxide and magnesium react when heated strongly.
Reaction 1 SiO,(s) + 4Mg(s) — Mg,Si(s) + 2MgO(s)

(i) Complete the table, indicating the type of bonding in the reactants and
products of this reaction.

Substance SiO, Mg Mg,Si MgO

Bonding type covalent

(i) The entropy change of the system, AS, ., for Reaction 1 is -43.8 JK™'mol".

Suggest, with reference to the equation, why AS.n, for this reaction
is negative.

(iii)y The enthalpy change, AH, for Reaction 1 is -370kJmol™".

Calculate the entropy change of the surroundings, AS,,oundings, iN JK mol™,
for Reaction 1 at 23.0°C.

11
o NN O T R A
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(iv) Calculate the total entropy change, AS,.,, for Reaction 1 at 23.0°C.

Give your answer to an appropriate number of significant figures,
and in units of JK"'mol™".

(v) Reaction 1 does not occur at room temperature due to its
very high activation energy.

Suggest why the activation energy for Reaction 1 is very high.

V3aHY SIHLENEILIHM 1ON Od

(b) Magnesium silicide, Mg,Si, reacts with hydrochloric acid forming silane, SiH,, and
magnesium chloride.

(i) Write an equation for this reaction.

State symbols are not required.

(ii) Silane has a molecular structure.

Complete the table, giving the shape of a molecule of SiH, and its bond angle.

Name of shape

Bond angle

p 7 5 7 8 1 A 06 1 2 3 2
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(c) Silane spontaneously combusts in air at room temperature.
Reaction 2 SiH,(g) + 20,(g) — SiO,(s) + 2H,0(l)

Entropy data for this reaction are shown.

Species SiH4(9) 0.,(9) SiO,(s) H,O(l)

S°/JK " 'mol™ 204.5 205.0 41.8 69.9

(i) Calculate the entropy change of the system, ASSystem, in JK'mol™, for
Reaction 2.

(i) State why the entropy change of the surroundings for Reaction 2 is highly
positive, in terms of the bond strengths of the reactants and products.

(Total for Question 15 = 15 marks)

13
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16 This question is about the kinetics of the gas phase decomposition of CH;CHO.
CH;CHO — CH, + CO

(@) A concentration-time graph for this reaction at 1000K is shown.

06 ~
0.5
04 -
[CH;CHOL/ 3
moldm™
0.2
0.1 H
O | | | | | | |
0 10 20 30 40 50 60 70
Time / mins
(i) Calculate the initial rate of reaction, in moldm™s™, at 1000K.
You must show your working on the graph.
14
0O AR 0 O R aom
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(ii) Deduce the rate equation for this reaction at 1000K, by determining two
half-lives.

You must show your working on the graph.

(2)

J

o NN KOO T O RO
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(b) The rate constant, k, for the decomposition of CH;CHO was determined between
1000K and 1700K.

The results are plotted on the graph of Ink against 1/T.
10
8 —
In k
6 —
4 —

2

0.00085 0.00095  0.00105
1/T/K"

0.00055 0.00065  0.00075
22 4

-4 -]

-6

-8 —

p 7 5 7 8 1 A 06 1 6 3 2
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Determine the activation energy, E,, for this reaction.

Give your answer to three significant figures and include units.

Ink = —%x%+constant R=28.31Jmol" K"
(4)

- DONOT WRITE INTHIS AREA

(Total for Question 16 = 9 marks)

<
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17 This question is about carboxylic acids and their derivatives.

(@) There are five carboxylic acids with the formula C,H,O..
Four are structural isomers.

One of these structural isomers has two stereoisomers.

() Name the two structural isomers shown.

(2)

Isomer

OH OH

Name

(ii) The third structural isomer has two stereoisomers.

Draw these stereoisomers.

(2)

Stereoisomer 1 Stereoisomer 2

(iii) Draw the fourth structural isomer.

(1)

PR

P 75 7 8 1 A 0 1 8 3 2
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(b) Some reactions involving 3-hydroxy-3-methylbutanoic acid, (CH;),C(OH)CH,COOH,

are shown.

(CH5),C(OH)CH,CN

Reaction 2

Reaction 1 \

4

HCl(aq)

Reaction 3

(CH;),C(OH)CH,CH,0OH ——— (CH;),C(OH)CH,COOH ——>

Reaction 4

y

4

excess
PCls
NH;(aq)

(i) Give the reagents and conditions for Reaction 1.

(i) Write the equation for Reaction 2. State symbols are not required.

(iii) Give the structure of the organic product formed in Reaction 3.

(iv) Give the structure of the organic product formed in Reaction 4.

(Total for Question 17 = 11 marks)

o NN O T O
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18 This question is about some reactions of propanal, CH;CH,CHO, and propanone,
CH;COCH:.

(@) Propanal and propanone react similarly with lithium tetrahydridoaluminate(lll).

Complete the table about these reactions.

Formula of lithium tetrahydridoaluminate(lll)
Essential reaction conditions

Type of reaction

Name of organic product with propanal
Name of organic product with propanone

(b) State what would be seen when separate samples of propanal and propanone
are warmed with Tollens’ reagent.

(c) When propanone reacts with iodine in the presence of aqueous sodium hydroxide,
a yellow precipitate is observed.

Write an equation for this reaction.

Include state symbols.

NN IO TR acom
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4 A
(d) Propanal and propanone both react with 2,4-dinitrophenylhydrazine.
The products of these reactions may be used to distinguish between separate
samples of propanal and propanone.
Describe, in outline, the laboratory procedure for doing this.
(3)
J

A

21
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(e) Propanone, CH;COCH;, reacts with hydroxylamine, NH,OH, under mildly
acidic conditions.
The first stage of the reaction is a nucleophilic addition.

Add curly arrows to complete the mechanism for this reaction.

(4)
A H HO "
HO ‘
HO.__ | P N | \N
N N*—H \
Hac\ e \c T HC—C . H
c—
c=—o0 / \Q‘ i c/ o:
/ e
H,C l H
HO H Ho !
S~ |
HO_ N H " \N:
I N
H,C ——
C
PN e e P T—
H,C CH, e  /
H,0 ¥

(Total for Question 18 = 16 marks)

TOTAL FOR SECTION B =51 MARKS
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Answer ALL the questions. Write your answers in the spaces provided.

19 This question is about acids and bases.

(@) Some K, and pK, values for several weak acids are shown.

SECTION C

Weak acid K,/ moldm™ pK,
CsHsNH" 5.25
CH,CH,COOH 1.3x107 4.88
HCOOH 1.8x10™ 3.75
CH,CLCOOH 14x 107 2.85
CHCL,COOH 45x107
(i) Complete the table.
(2)
(ii) The structure of CsH;NH" is shown.
‘ X
=
N,
|
H
Write the K, expression for this weak acid.
(1)
24
0 ) O O 08 aom
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(iii) When methanoic acid is added to propanoic acid, an equilibrium is set up
containing two acid-base pairs.
Complete the equilibrium, labelling the acid-base pairs as A1, B1 and A2, B2.
(2)
CH;CH,COOH + HCOOH = . =
J
25
e T R0 0 Turn over »



*(iv) A student measured the pH of separate 0.050 moldm™ solutions of

CH,CLCOOH and of CHCL,COOH, using a pH meter.

The student also calculated the pH of these solutions, making
two assumptions:

« [H1=[AT]
° [HA]equiIibrium = [HA]initiaI

The measured and calculated pH values are shown.

0.050 moldm™ CH,CLCOOH 0.050 moldm™ CHCL,COOH
Measured pH value 2.11 1.52
Calculated pH value 2.08 1.32

Discuss the differences between the student’s measured and calculated
pH values.

In your answer, you should
« show how the student calculated their pH values

[K,(CH,CICOOH) = 1.4 x 10> moldm;
K,(CHCL,LCOOH) = 4.5 x 10 moldm™]

« explain, with reference to the assumptions made, why there is a difference
between the calculated and measured pH values

« suggest why the measured pH values are higher than the calculated
pH values.

p 7 5 7 8 1 A 0 2 6 3 2
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(b)

pH

4-Hydroxybenzoic acid, HOC,H,COOH, is a diprotic acid, which dissociates in two
stages. Each stage has a different pK, value.

Stage 1 HOC6H4COOH — H+ + HOC6H4COO_ pKa1 =45
Stage 2 HOC6H4COO_ — H+ + _OC6H4COO_ pKa2= 9.3

In a titration, 75.0 cm’ of 0.025 moldm™ NaOH was added to 25.0cm’ of
0.025 moldm™ HOCH,COOH.

Complete the titration curve.

12 7

11

10

| | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Volume NaOH / cm?

p 7 5 7 8 1 A 0 2 8 3 2
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(c) A student was given 50.0 cm’ of a solution of sodium hydroxide.
The pH of this solution was 12.43.

The student was asked to adjust the pH to 12.00, by dilution with deionised water.
The student did not have access to a pH meter.

Calculate the volume of deionised water, in cm?, the student should add to the
original solution.

(Total for Question 19 = 19 marks)

TOTAL FOR SECTION C =19 MARKS
TOTAL FOR PAPER =90 MARKS
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