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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 .  
If you change your mind, put a line through the box  and then mark your new answer  

with a cross .

1 A homogeneous equilibrium is shown.

W  +  X    2Y  +  Z

 What is the Kc expression for this equilibrium?

 A Kc = 
2 Y Z

W X

� �� �
� �� �

 B Kc = 
Y Z
W X

� � � �
� �� �

2

 C Kc = 
W X

Y Z

� �� �
� �� �2

 D Kc = 
W X

Y Z

� �� �
� � � �2

(Total for Question 1 = 1 mark)

2 The reaction shown occurs at 360 °C and 1 atm.

CO  +  H2O    CO2  +  H2      ΔH = –41.2 kJ mol–1

 What is the type of equilibrium and how is Kc affected by an increase in temperature?

 A 

 B 

 C 

 D 

Type of equilibrium Effect of increasing 
temperature on Kc

heterogeneous decreases

homogeneous decreases

heterogeneous increases

homogeneous increases

(Total for Question 2 = 1 mark)
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  

3 What are the units of Kp for the equilibrium shown?

N2(g)  +  3H2(g)    2NH3(g)

 A atm–1

 B atm

 C atm–2

 D atm2

(Total for Question 3 = 1 mark)

4 High-performance liquid chromatography (HPLC) is used to separate a mixture into 
its three components.

 The resulting chromatogram is shown.

1514131211109876543210

E

F

G

 (a) Which is correct for the labels on the axes?
(1)

 A 

 B 

 C 

 D 

x-axis y-axis

absorption time

Rf absorption

time Rf

time absorption
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  

 (b) Which is correct for the components E, F and G ?
(1)

 A 

 B 

 C 

 D 

Most attracted to 
stationary phase Most abundant

E E

G E

E F

G F

(Total for Question 4 = 2 marks)

5 Which pair of compounds can form a racemic mixture when mixed?

 A   

CH2OH

H

HO
C2H5

CH2OH

H

H3C
CH2OH

 B   

CH2OH

H

HO
C2H5

CH2OH

H

HO
C2H5

 C   

CH3

H

HO
C2H4OH

CH3

HO

H3C
CH2OH

 D   

CH2OH

H

HO
C2H5

CH2OH

H

OH
H5C2

(Total for Question 5 = 1 mark)



*P71942A0532* Turn over      

5

 

 

  

6 Metoprolol is a drug used to treat heart problems. 

 The structure of metoprolol is shown.

H3C CH3

H
N

OH

O

CH3O

 How many chiral centres are there in a molecule of metoprolol?

 A 0

 B 1

 C 2

 D 3

(Total for Question 6 = 1 mark)

7 The decomposition of hydrogen peroxide is catalysed by iodide ions.

2H2O2(aq)  
I–

  2H2O(l)  +  O2(g)

 The mechanism for this reaction is shown.

 Step 1: H2O2(aq)  +  I–(aq)    IO–(aq)  +  H2O(l) fast

 Step 2: H2O2(aq)  +  IO–(aq)  →  I–(aq)  +  H2O(l)  +  O2(g) slow

 What is the rate equation for this reaction?

 A rate = k[H2O2]2[I–]

 B rate = k[H2O2][I–]

 C rate = k[H2O2]2[I–][IO–]

 D rate = k[H2O2][IO–]

(Total for Question 7 = 1 mark)
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  

8 The two monomers shown react to form a polymer. 

O

O

OH OH

HO

HO

 monomer 1 monomer 2

 Which is a repeat unit of the resulting polymer?

 A   

O

O

O

O

 B   

O

O

O

O

HO

 C   

O

OO

 D   O
O

O

O

(Total for Question 8 = 1 mark)
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  

9 A partial mechanism of the reaction between ethanoyl chloride and 
concentrated aqueous ammonia is shown.

H  N  H

H

• •

δ+
CH3  C

Clδ–

Oδ–

H  N  H

CH3  C  Cl

• •O–

H

+

CH3  C

O

H  N  H

H

+

• •Cl–+

CH3  C

O

H  N  H

H

+

CH3  C

O

H  N  H

H  N  H

H

• •

NH4
+

 (a) How many curly arrows are needed to complete the mechanism?
(1)

 A 4

 B 5

 C 6

 D 8

 (b) What is the IUPAC name for the organic product?
(1)

 A amino ethanone

 B ethanamide

 C ethanoyl amine

 D methanamide

(Total for Question 9 = 2 marks)

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

10 How do the boiling temperature and the solubility in water of butanoic acid compare 
with the values for hexane?

 A 

 B 

 C 

 D 

Boiling temperature Solubility in water 

lower lower

lower higher

higher lower

higher higher

(Total for Question 10 = 1 mark)

11 Which acid would be produced by the hydrolysis of the molecule shown?

HO

N

 A 2-hydroxy-3-methylbutanoic acid

 B 3-hydroxy-2-methylbutanoic acid

 C 3-hydroxy-2,3-dimethylpropanoic acid

 D 4-hydroxypentanoic acid

(Total for Question 11 = 1 mark)

12 Which is produced after the polyester shown is hydrolysed with excess 
sodium hydroxide?

n

 O  C 

O

 C  O  C  C 

O

H

H

H

H

 A benzene-1,4-dicarboxylic acid

 B ethane-1,2-diol

 C sodium ethanedioate

 D water 

(Total for Question 12 = 1 mark)
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  

13 The titration curve shown is produced when a base is added to an acid.

1211109876543210

Volume of base / cm3

12

11

10

9

8

7

6

5

4

3

2

pH

 (a) Which indicators could be used for this titration? Use your Data Booklet.
(1)

 A bromocresol green, methyl red and phenolphthalein

 B bromothymol blue, phenol red and phenolphthalein

 C methyl red, bromothymol blue and phenol red

 D thymol blue, screened methyl orange and bromophenol blue

 (b) Which acid and base could produce this curve?
(1)

 A CH3COOH and NaOH 

 B CH3COOH and NH3

 C HCl and NaOH

 D HCl and NH3

(Total for Question 13 = 2 marks)
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  

14 The structure of maleic acid is shown.

C  C

O  C C  O

OH HO

H H

 (a) Which could be the titration curve when sodium hydroxide is added to 
maleic acid?

(1)

 A 

806040200

14
12
10

8
6
4
2
0

pH

Volume of NaOH / cm3

 B 

806040200

14
12
10

8
6
4
2
0

pH

Volume of NaOH / cm3

 C 

806040200

14
12
10

8
6
4
2
0

pH

Volume of NaOH / cm3

 D 

806040200

14
12
10

8
6
4
2
0

pH

Volume of NaOH / cm3
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  

 (b) What is the IUPAC name for maleic acid?
(1)

C  C

O  C C  O

OH HO

H H

maleic acid

 A (E)-but-2-enedioic acid

 B (Z)-but-2-enedioic acid

 C (E)-1,2-ethenedioic acid

 D (Z)-1,2-ethenedioic acid

(Total for Question 14 = 2 marks)

15 Which is not a conjugate acid-base pair?

 A NH3 , NH2
–

 B NH4
+ , NH3

 C H2CO3 , CO3
2–

 D H2CO3 , HCO3
–

(Total for Question 15 = 1 mark)

16 What is the pH of the solution when 2.15 g of barium hydroxide is dissolved in 
200 cm3 of deionised water?

 [molar mass of barium hydroxide = 171.3 g mol–1     Kw = 1.00 × 10–14 mol2 dm–6 ]

 A 10.1

 B 12.1

 C 12.8

 D 13.1

(Total for Question 16 = 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.

17 A Born–Haber cycle for calcium chloride is shown.

Ca2+(g) + 2Cl(g)

2 × +122 kJ mol–1

CaCl2(s)

Ca2+(g) + 2Cl–(g)

2 × –349 kJ mol–1

+178 kJ mol–1
Ca(s) + Cl2(g)

Ca(g) + Cl2(g)

+590 kJ mol–1

Ca+(g) + Cl2(g)

+1145 kJ mol–1

Ca2+(g) + Cl2(g)

–2258 kJ mol–1

 (a) State the value of the ΔatH for calcium.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) Calculate the enthalpy change of formation for calcium chloride. 
(2)
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  

 (c) Some energy data are shown.

Compound Theoretical lattice energy  
/ kJ mol–1

Experimental lattice energy 
 / kJ mol–1

CaCl2 –2223 –2258

CaI2 –1905 –2074

  Explain why the difference between the theoretical and the experimental 
values for lattice energy is very much greater for calcium iodide than for 
calcium chloride.

(4)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  

 (d) Calcium chloride is soluble in water.

  (i) Complete the energy cycle including labelled arrows. 
(2)

CaCl2(s) Ca2+(aq) + 2Cl–(aq)
ΔsolH

  (ii) Calculate the enthalpy change of solution, ΔsolH, for calcium chloride using the 
data given and the completed energy cycle in (d)(i). 

(2)

Data Energy change / kJ mol–1

LE (CaCl2(s)) –2258

ΔhydH (Ca2+(g)) –1579

ΔhydH (Cl–(g)) –378

(Total for Question 17 = 11 marks)
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  

18 This question is about the reaction between nitrogen monoxide and oxygen.

NO(g)  +  ½O2(g)    NO2(g)

 (a) The results of a series of kinetics experiments are shown.

Experiment Initial [NO]  
/ mol dm–3

Initial [O2]  
/ mol dm–3

Initial rate  
/ mol dm–3 s–1

1 0.010 0.050 0.040

2 0.020 0.050 0.160

3 0.030 0.050 0.360

4 0.040 0.050 0.641

5 0.050 0.050 1.001

6 0.020 0.025 0.080

   The data for experiments 1–5 were plotted on a graph.

0.060.050.040.030.020.010

[NO] / mol dm–3

1.2

1.0

0.8

0.6

0.4

0.2

0

Initial rate  
/ mol dm–3 s–1

  (i) Draw a best-fit line on the graph.
(1)
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  

  (ii) State how the graph shows that the reaction is not first order with respect to 
nitrogen monoxide.

(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (iii) Deduce the orders of reaction with respect to NO and O2 , using the data from 
experiments 1–6.

(2)

   Order with respect to NO = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

   Order with respect to O2 = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (iv) Write the rate equation for the reaction, using your answer to (a)(iii).
(1)

  (v) Calculate the rate constant for this reaction using the data from experiment 1 
and your rate equation. Include units in your answer.

(2)

 (b) The equilibrium constant, Kp , for the reaction at 298 K is 1.55 × 106 atm–½.

  State what this value of the equilibrium constant indicates about the position of 
the equilibrium. Justify your answer.

(2)
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  

19 This question is about some bromoalkanes.

 (a) There are three straight-chain structural isomers with the 
molecular formula C5H11Br.   

  (i) Complete the table for these three isomers. 
(3)

Isomer Skeletal formula Number of peaks in 
13C NMR spectrum

1

.. . . . . . . . . . . . . . . . . . . . . . . . . .

2

. . . . . . . . . . . . . . . . . . . . . . . . . . .

3

. . . . . . . . . . . . . . . . . . . . . . . . . . .



*P71942A01832*
18

 

 

  

   *(ii) The high resolution proton NMR spectrum of one of these isomers is shown. 

012345

Chemical shift, δ / ppm

   Deduce which isomer is present in the sample, explaining the splitting 
patterns and chemical shifts seen in the spectrum. 

   Include the name of the isomer and the relative peak areas. 

   Use your Data Booklet. 
(6)
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  

 (b) Draw the SN2 mechanism for the reaction of 1-bromopropane with hydroxide ions 
in aqueous solution. 

  Include curly arrows, and relevant dipoles and lone pairs.
(4)

(Total for Question 19 = 13 marks)



*P71942A02132* Turn over      

21

 

 

  

20 Nitrous oxide, N2O, decomposes at high temperature to form nitrogen and oxygen.

N2O(g)    N2(g)  +  ½O2(g)

 (a) (i) Some standard molecular entropy data are shown.

Substance Standard molecular entropy S   
/ J K–1 mol–1

nitrogen, N2 192

oxygen, O2 205

nitrous oxide, N2O 220

   Calculate the standard entropy change of the system for the 
decomposition shown. 

   Include a sign and units in your answer.
(2)

  (ii) The standard enthalpy change of the forward reaction is –82 kJ mol–1. 

   Calculate the entropy change of the surroundings at 2048 K. 
   Include a sign and units in your answer.

(2)

  (iii) Calculate the total entropy change of the reaction at 2048 K.
   Include a sign and units in your answer.

(1)
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  

 (b) Rate experiments on the decomposition of nitrous oxide produced the 
following graph.

0.00680.00670.00660.00650.0064

1
T

 / K–1

–188

–190

–192

–194

–196

–198

ln k

  Calculate the activation energy for the reaction in kJ mol–1.  
Include the value of the gradient. 

  ln k = –
E
R T

a 1
 + constant

  R = 8.31 J K–1 mol–1

(2)



*P71942A02332* Turn over      
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  

 (c) Explain whether or not this reaction occurs at 2048 K by considering the values 
calculated in (a) and (b).

(2)
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(Total for Question 20 = 9 marks)
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  

21 Hexane-2,5-dione, CH3COCH2CH2COCH3 , is a toxic compound formed in the 
human body if hexane is consumed.

 (a) Complete the table for hexane-2,5-dione. 

  Name the organic product formed if a reaction takes place.
(2)

Reagent and conditions Reaction  
( / ) Name of organic product (if formed)

refluxed with excess  
acidified potassium dichromate(VI)

excess lithium 
tetrahydridoaluminate(III)  
in dry ether

 (b) State the observation when hexane-2,5-dione reacts with iodine in the presence 
of alkali.

(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (c) Hexane-2,5-dione reacts with excess hydrogen cyanide, HCN, in the presence of 
potassium cyanide, KCN.

  (i) Name the type and mechanism of this reaction.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) Draw the structure of the product.
(1)



*P71942A02532* Turn over      
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  

 (d) (i) Give the observation when 2,4-dinitrophenylhydrazine (Brady’s reagent) 
reacts with hexane-2,5-dione.

(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) Describe, in outline, how the product of this reaction may be used to confirm 
the identity of hexane-2,5-dione. Experimental details are not required. 

(2)
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(Total for Question 21 = 8 marks)

TOTAL FOR SECTION B = 50 MARKS
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  

SECTION C

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

22 The alkaline compound tris(hydroxymethyl)aminomethane, known as Tris, is used to 
make a buffer for biological research. 

OH

NH2

OH

HO

Tris

 (a) Sketch the low resolution proton NMR spectrum of Tris (C4H11NO3). 
  Use your Data Booklet. 

(3)

012345678910

Chemical shift, δ / ppm
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  

 (b) Tris is a Brønsted–Lowry base and its conjugate acid is formed as shown.

OH

NH2

OH

HO   +  H+    

OH

NH3
+

OH

HO

  (i) Explain how a mixture of Tris and its conjugate acid acts as a buffer solution 
when a small amount of acid is added.
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  

  (ii) Write the expression for the Ka of the conjugate acid of Tris (C4H12NO3
+).

(1)

  (iii) When hydrochloric acid is added to Tris, the acid salt is formed.
   The acid salt is a solid, which has the formula C4H12NO3

+Cl–, and contains the 
conjugate acid of Tris.

   When 100 g of the acid salt is mixed with 500 cm3 of 0.200 mol dm–3 Tris, 
an alkaline buffer is formed.

   Calculate the pH of this buffer, assuming that there is no change in volume 
when the solid is added.

   Ka for the conjugate acid of Tris is 8.413 × 10–9 mol dm–3.
(5)
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  

 (c) A solution of chloroethanoic acid is prepared for titration with Tris.

  0.0150 g of chloroethanoic acid (Mr = 94.5) is dissolved in 1500 cm3 of 
distilled water. The resulting solution has a pH of 3.42.

  Calculate the Ka of chloroethanoic acid.
(4)

 (d) A titration curve of Tris with chloroethanoic acid is shown.

26242220181614121086420

Volume of acid added / cm3

10

9

8

7

6

5

4

3

pH
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  (i) Explain how this graph shows Tris and its conjugate acid act as a buffer. 
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  (ii) Use the graph to estimate the pH of the salt formed when Tris is neutralised 
with chloroethanoic acid.
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  (iii) Suggest a reason why buffers are so important in biological systems.
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(Total for Question 22 = 20 marks)

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



*P71942A03132*
31

 

 

  

BLANK PAGE



*P71942A03232*
32

 

  


