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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

1

SECTION A

a cross [X.

In gas chromatography, the time taken for a substance to travel through the column
is called the

[1 A reference time.
[] B retention time.
[J € separation time.

[J D travelling time.

(Total for Question 1 = 1 mark)

Propanoyl chloride, C,H;COCl, is formed when propanoic acid reacts with
1 A Cl,

[J B HCI

[] € NH(I

[ D PCls

(Total for Question 2 = 1 mark)

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

3 Different types of radiation are used for a range of purposes in chemistry.

(@) Which types of radiation could be used to heat chemical reactions?

L

: :E: : (1)
L

L [J A Infrared and microwave

B

; [ B Microwave and ultraviolet

Ml:J [] € Radio wave and infrared

e

SISESIS [] D Ultraviolet and radio wave

Q-

=

333853 (b) Which type of radiation is used in the initiation step of some chemical reactions?

1 A Infrared

[J B Microwave
[J € Radio wave
[J D Ultraviolet

(Total for Question 3 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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4 This question refers to the following molecules, all of which have a carbonyl group.
H,C H,C
\CH \CH CH CH
/ s a a
H,C HC H,C =C
\CH \CH \CH \CH
S / s s
O0=C O0=C O0=C HC
N N N AN
H H CH; CH,
w X Y Z
(@) A pale yellow precipitate is formed when iodine in alkali reacts with
(1)
[ A WandXonly.
] B Yonly.
[J € YandZonly.
[l D Zonly.
(b) Geometric isomerism is shown by
(1)
[0 A Wonly.
[J B Xonly.
[J € YandZonly.
[0 D noneofW, X, YorZ
(c) A brick red precipitate is formed on warming blue Benedict’s or Fehling’s solutions with
(1)
0 A Wonly.
0 B Xonly.
[0 € WandXonly.
[0 D YandZonly.
.
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(d) Pentan-2-ol is formed when lithium tetrahydridoaluminate(lll) in dry ether reduces

E L1 A Wand Xonly.

L L1 B Yonly.

;-'E

2 ] C YandZonIy.

E L1 D Zonly.

e

:‘:31‘:

=

:jzg:jz (e) A molecule with a branched carbon chain is formed by nucleophilic addition of
8 hydrogen cyanide, in the presence of potassium cyanide, with

L1 A Wonly.
[1 B Wand Xonly.
[JC Yonly.
1 D YandZonly.

(f) A mass spectrum fragment with an m/e value of 29 would be expected for

[0 A WandXonly.
[J B XandY only.
[0 € YandZonly.
[0 D W,XandY only.

oSSl
S Ay

(Total for Question 4 = 6 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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5 The equilibrium between dichromate(VI) ions and chromate(VI) ions can be represented by

Cr,077(aqg) + H,O(l) = 2Cr0O; (aq) + 2H*(aq)

orange yellow

(@) Atequilibrium, the expression for the equilibrium constant, K, is

[CrO; T* x [H'T?

A K= >
[Cr,O7]
2- +
0B K= 2[CrO; ] x 2[H]
[Crzog_]
0c K= [CrO; ] -I; [H']
[Cr,077]
0D K= 2[CrO; 1 + 2[H']

[Cr,07]

(b) The addition of a small quantity of sodium hydroxide to an orange equilibrium mixture

[J A turnsthe solution from orange to green.
[J B turns the solution from orange to colourless.
[J € shifts the equilibrium position to the left.

[J D shifts the equilibrium position to the right.

(Total for Question 5 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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6 The reaction between solid copper and aqueous silver nitrate is

ﬁ Cu(s) + 2Ag*(ag) = Cu*(aq) + 2Ag(s)

m

L What are the units for the equilibrium constant for this reaction?

,'-'E

2 _

s A dm’mol™

:‘115:‘: [JC mol'dm™

=

;jzgzjz [ D None, because there are equal moles on each side of the equation.

(Total for Question 6 = 1 mark)

7 The equilibrium involving phosphorus(V) chloride, phosphorus(lll) chloride
and chlorine gas is

PCls(g) = PCly(g) + Cly(9)

The numerical value of K, is 1.8 at 250°C.

(@) The expression for the partial pressure of chlorine gas is

[J A total pressure x (moles of chlorine gas + total moles of gas)

[] B total pressure x moles of chlorine gas

o [] € total pressure = (moles of chlorine gas + total moles of gas)
<
®§:§ [J D total pressure + moles of chlorine gas
s
,’?:;5}3«:? (b) The equilibrium partial pressures of phosphorus(lll) chloride and chlorine gas are
§;§ 0.614 atm and 0.946 atm respectively at 250 °C.
”.;.,. What is the equilibrium partial pressure, in atm, of phosphorus(V) chloride?
LIA 024
1B 0.32
JC 1.05
LID 3.10

(Total for Question 7 = 2 marks)
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8 Methanol is produced by the catalysed reaction between carbon monoxide and hydrogen:
CO(g) + 2H,(g) = CH;0H(q) AH = —90kJmol™

(@) The equilibrium yield of methanol is favoured by both

] A alowtemperature and a low pressure.
[] B alow temperature and a high pressure.
[J € ahigh temperature and a low pressure.

L[] D ahigh temperature and a high pressure.

(b) The equilibrium constant, K., for this reaction has a numerical value of 3.64 at a
certain temperature.

This value of K. means that at this temperature

[J A 3.64mol of methanol is made.
[J B 3.64mol of methanol is formed from 1 mol of carbon monoxide.
[J € the numerator in the K. expression is 3.64 times larger than the denominator.
[] D the equilibrium concentration of methanol is 3.64 times that of hydrogen.
(Total for Question 8 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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9 The energy cycle for the dissolving of magnesium chloride in water is

Mg**(g) + 2Cl(g)

NOTWRITEINTHISAREA

AHpice = —2526 kJmol™

MgC|2(S)

AH,,,, = —148kJmol™

Mg**(aq) + 2Cl (aq)

(a) The enthalpy of hydration of the magnesium ion is —1920kJmol™".

What is the enthalpy of hydration, in kJmol™, of the chloride ion?

oSSl
S Ay

[J]A -303

o

3%

1B =377

55

s
Seprere!
s

] C -606

5
S
%5 %

1D -754

(b) The enthalpy of hydration of potassium ions is less exothermic than the value for
magnesium ions because

[J A potassium ions form weaker bonds in the ionic lattice.
[J B potassium has a lower ionisation energy.
[] € potassium ions are smaller.

[l D potassium ions have a smaller charge density.

(Total for Question 9 = 2 marks)
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I
(

10 Chloric(l) acid, HCIO, and nitric(lll) acid, HNO,, form the equilibrium

HCIO + HNO, = H,CIO" + NO,

A Brgnsted-Lowry acid and its conjugate base are

Acid Conjugate base

HCIO H,ClO"

HCIO HNO,

A
B

] c HNO, NO;
D

H,ClO* NO;

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B

E ﬁ E Answer ALL the questions. Write your answers in the spaces provided.
m

“w»n | 11 Thisis a question about weak acids.

i

; (a) Calculate the pH of a 0.0500 moldm™ solution of propanoic acid given that
o K, = 1.34 x 10° moldm™ at 25°C.

IIHI'

figﬁ Give your answer to two decimal places.

]—

r]rg]r CH;CH,COOH = CH;CH,COO™ + H*

Q-

a

(b) A 0.0400 moldm™ solution of pentanoic acid with pH = 3.13 was used in a
titration experiment at 25°C.

A 25.0cm’ sample of the pentanoic acid solution was placed in a conical flask and
the burette filled with a 0.0400 moldm™ solution of potassium hydroxide.

(i) Calculate the pH of the potassium hydroxide solution.

K, = 1.00 x 10" mol*dm™]
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]
-
(i) A total of 50cm® of the potassium hydroxide solution was added. Complete the
sketch to show how the pH changed as the potassium hydroxide solution was added.
(1)
14
12
10
8
pH /
6 7
4/
/
/
o~
2 G
B
SR
Sy
S
0 e
o
0 10 20 30 40 50 S
SRS
3 s
Volume of KOH(aq) / cm s
(i) From the sketch in part (b)(ii), read off the value of pK, of pentanoic acid and s
hence calculate its K, value at 25°C. ot
Give your answer to two significant figures.
(2)
-

12
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( )

(iv) Some indicators are

Indicator pH range

Bromophenol blue 28-46

Methyl red 42-63

Thymolphthalein 83-106

Alizarin yellow R 10.1-13.0

NOTWRITEINTHISAREA

From these indicators, choose the best indicator for a titration of
potassium hydroxide with pentanoic acid. Justify your choice.

(c) To 25.0cm’ of a 0.0600 moldm™ solution of butanoic acid, 15.0cm’ of
0.0800 moldm™ potassium hydroxide solution was added to make a buffer solution.

Calculate the pH of this buffer solution.

[K, = 1.50 x 10> moldm™ for butanoic acid at 25 °C] )
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-
*(d) A buffer solution was made from ethanoic acid and sodium ethanoate.
Explain why there is no significant change in the pH of the buffer solution
when a small quantity of sodium hydroxide is added.
(3)
(Total for Question 11 = 15 marks)
.
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I
o ¢ )
| 12 This is a question about esters.
< (@) The esters ethyl ethanoate, CH;COOC,H;, and methyl propanoate, C,H;COOCH,,
32 are structural isomers, with the molecular formula C,H;O..
=
% (i) Draw the skeletal formulae for the two other ester isomers with this
e molecular formula.
CZ (2)
0 11
e
:‘:E:‘:
=
o
=
a
(i) Calculate the percentage by mass of carbon in these isomers.
(1)
e
e
S . : N
3;%:‘:3’ (b) Give the name of the reagent that could be used to react with propanoic acid
S to produce methyl propanoate, and complete the balanced equation.
LR .
Sessy State symbols are not required.
0::.
5 (2)
Oe/»‘
Name of reagent ...
CHsCOOH + e = CGHsCOOCH; +
J

15
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]

s

(c) Ethyl ethanoate can be hydrolysed using alkali.

(i) Write the equation for the hydrolysis of ethyl ethanoate using sodium hydroxide

and name the organic products.
State symbols are not required.

(2)

Names of 0rganic ProduCts ... e

(ii) One student says that the hydrolysis reaction is catalysed by the alkali.

Another student says that the alkali is not a catalyst.

Suggest one piece of evidence in each case that supports the students’ statements.
(2)

A -SHL
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( )

*(d) Compare the high resolution proton nmr spectrum of ethyl ethanoate, CH;COOC,Hs,
with that of methyl propanoate, C,H;COOCH;. You should include

« two similarities and two differences
« information from the Data Booklet, quoting chemical shift ranges for all the peaks

« an explanation for one splitting pattern of your choice.
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I
(

(e) Polyesters are condensation polymers.

(i) The polyester, polyethylene terephthalate, PET, has the following repeat unit.

O 0

o/

PET is made from the condensation of two monomers. From the repeat unit
shown, draw the structures of these monomers.

(2)

Monomer 1 Monomer 2

(ii) A biodegradable polymer can be made using 3-hydroxypentanoic acid as the
only monomer. Draw two repeat units of this polymer.
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(Total for Question 12 = 18 marks)
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( )

13 Kinetic data obtained from the hydrolysis of halogenoalkanes gives insight into the
mechanisms of the reactions.

(@) Draw the structural formulae of a primary, a secondary and a tertiary iodoalkane,
each with four carbon atoms and one iodine atom.
(2)

Classification Example

Primary iodoalkane

Secondary iodoalkane

Tertiary iodoalkane

5
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o
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s

(b) The halogenoalkane, 1-bromopropane, was hydrolysed at 20 °C with
aqueous sodium hydroxide. The results were:

Experiment [C5H,Br] [OHT] Rate of reaction
number / moldm™ / moldm™ / moldm™s™

1 0.010 0.005 0.16

2 0.010 0.020 0.66

3 0.020 0.020 1.34

(i) Deduce the order with respect to 1-bromopropane and the order with respect
to hydroxide ions in this reaction.
Fully justify your answers.

N
F
?}6
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X X
5¢C)
4.5 1o

55

(i) The replacement of sodium hydroxide with potassium hydroxide has no effect
on the results obtained.
What does this indicate about the sodium and potassium ions in the steps of
the reaction mechanism?
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( )

(c) The halogenoalkane, 2-bromopentane, was hydrolysed at 20 °C with sodium hydroxide
of similar concentration and the results gave the rate equation

rate = k[CH;CH,CH,CHBrCH;]

(i) Write the mechanism for the hydrolysis of 2-bromopentane. Include curly
arrows, and any relevant dipoles and lone pairs of electrons.

You may use R to represent the CH;CH,CH, group.
(3)

NOTWRITEINTHISAREA

(ii) State how your mechanism is consistent with the rate equation.

R
SR

o
o
5

o

-
3%

%
&.Q
o

(iii) A single optical isomer of 2-bromopentane is hydrolysed by this mechanism.
Explain fully whether or not the product of this hydrolysis is optically active.

21
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-
(d) The rate constant for the hydrolysis of a halogenoalkane with sodium hydroxide was
measured at several different temperatures and the results plotted in the graph shown.
1/T / K™
0.0029 0.0030 0.0031 0.0032 0.0033 0.0034
-4.0
—4.5
N\
\
AN
-5.0
N\
N\
-5.5
In k .
\
N\
N\
-6.0
\
\
‘\

-6.5
N\ (O e
\ O

SN
N\ B
-7.0 %,.%
S
From the graph, determine the gradient of the line and hence calculate the zgzgﬁ
activation energy for this reaction. Include signs and units in your answers. ,::3%:3
E, 1 S e b
Ink = -— X — + constant R =28.31J K mol s
ROT :
o
(Total for Question 13 = 17 marks)
. TOTAL FOR SECTION B = 50 MARKS

22
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SECTION C

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

14 Endothermic changes can be thermodynamically feasible.

(@) One example of an endothermic reaction is between the solids hydrated barium hydroxide
and ammonium chloride. An equation for the reaction is

Ba(OH),.8H,0(s) + 2NH,Cl(s) — BaCl,(s) + T0H,O(l) + 2NHs(qg)

NOTWRITEINTHISAREA

(i) Suggest two experimental observations that you would expect to make when
carrying out this reaction without additional chemical tests.

(ii) Predict the sign of the standard entropy change of the system (Asgmm)
for this reaction and give two reasons to justify your prediction.
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-
(b) Another example of a reaction between two solids involves anhydrous barium hydroxide
and ammonium nitrate. An equation for this reaction is
Ba(OH),(s) + 2NH,NOs(s) — Ba(NO;),(s) + 2H,0(l) + 2NH;(qg)
(i) Use the standard molar entropies from your Data Booklet to calculate the
standard entropy change of the system (ASg ) for this reaction at 298K.
Give a sign and units with your answer.
(3)
(i) Use the standard enthalpy changes of formation given in Table 1 to calculate
the standard enthalpy change of this reaction at 298K. Include a sign and
units in your answer.
(2)
Table 1 =
S
Compound AH®/ kJmol™ b
pocts 8
Ba(OH),(s) -944.7 J}:,
S
NH,NOs(s) —365.6 So
iy
Sty
Ba(NO5),(s) -992.1 i
H,0()) —285.8 L
NH;(g) ~46.1 sas
i
8 e 1
.

24
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I

r

(i) Using your answer to (b)(ii), calculate the standard entropy change of the
surroundings (ASSoundings) fOr this reaction at 298 K. Include a sign and units in

: ﬁ : your answet.

e (2)
Iiﬂii

i

2

S

e

:‘:E:‘:

=

Q-

(iv) Using your answers to (b)(i) and (b)(iii), calculate the total entropy change
(ASgw)- Include a sign and units in your answer.
(1)

5
S
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e
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J
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s

(c) The feasibility of chemical changes can be related to entropy in terms of the
dispersal of molecules and of energy quanta between molecules.

A e d

/gasjar

cover N
air

chlorine—

gas jar

(i) Describe what happens to the chlorine gas when the cover between the
gas jars is removed. Explain the change in terms of entropy.

(ii) Complete the table to show the five different ways that four energy quanta
can be shared between two molecules, compared with just a single way for
one molecule.

=
o

5
B
i
o

5%
5
s

-
i

5
L
%

(1)

S

i
e
%

g
(5

Molecule A Molecule B

s‘é
<
.&0.%’&0’%

et
,&’0

2 2

a0
25
S
%

o
NPT
&
5%
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( )

(d) Complete the sketch of entropy against temperature for sodium chloride to
illustrate the entropy changes as temperature increases, and the sodium chloride
changes state.

Use your Data Booklet to find any temperatures where significant entropy
changes occur. Label these changes. The vertical axis does not have to be to scale.

NOTWRITEINTHISAREA

(3)
A
Q-
a
Entropy
| | | |
0 500 1000 1500 2000
Temperature / K
*(e) Explain why the entropy of the system increases when sodium chloride dissolves
in water.
(2)
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(Total for Question 14 = 20 marks)

TOTAL FOR SECTION C =20 MARKS
TOTAL FOR PAPER =90 MARKS
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