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Section A

For each of the following questions, only one of the lettered responses (A–D) is correct.

Select the correct response for each question and write the appropriate letter in 
the space provided.

1	 Which one of the following compounds does not react with nucleophiles?

	 A	 CH3CH2CHO

	 B	 CH3CHCH2

	 C	 CH3CH2COCH3

	 D	 CH3CH2CH2Cl

Answer                  [1]

2	 In which one of the following reaction mixtures does a redox reaction occur?

	 A	 ethanal and hydrogen cyanide

	 B	 ethanal and Tollens’ reagent

	 C	 ethanoic acid and sodium hydroxide

	 D	 ethanoyl chloride and ethanol

Answer                  [1]
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3	 The boiling point of ethyl ethanoate is 77 °C. The boiling point of pentyl hexanoate  
is 226 °C. Which one of the following is responsible for the higher boiling point of 
pentyl hexanoate?

	 A	 covalent bonds 

	 B	 hydrogen bonds

	 C	 permanent dipole-dipole attractions

	 D	 van der Waals’ forces

Answer                  [1]

4	 Propanone reacts with 2,4-dinitrophenylhydrazine to form a 2,4-dinitrophenylhydrazone. 
Which one of the following is the molecular formula of the 2,4-dinitrophenylhydrazone?

	 A 	 C9H8N4O4

	 B 	 C9H10N3O4

	 C 	 C9H10N4O4

	 D 	 C9H11N4O4

Answer                  [1]

5	 Which one of the following is correct for the entropy change and enthalpy change for 
a reaction which is feasible at all temperatures?

∆∆S ∆∆H

A negative negative

B negative positive

C positive negative

D positive positive

Answer                  [1]
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6	 Which one of the following statements is not correct?

	 A	 a benzene molecule contains 24 electrons

	 B 	 all carbon–carbon bonds in benzene are the same length

	 C 	 benzene undergoes substitution reactions

	 D 	 chlorine reacts more slowly with benzene than it does with ethene

Answer                  [1]

7	 A pure sample of a fat is known to be the triester of glycerol and a fatty acid.  
0.30 mol of the fat requires 21.6 dm3 of hydrogen at room temperature for complete 
hydrogenation. Which one of the following is the formula of the fatty acid in the fat?

	 A	 C15H31COOH

	 B	 C17H31COOH

	 C	 C17H33COOH

	 D	 C17H35COOH

Answer                  [1]

8	 Propanone can be reduced to form an alcohol. Which one of the following is an 
isomer of the alcohol formed, which belongs to a different homologous series?

	 A	 CH3CH2CH2OH

	 B	 CH3CH2CHO

	 C	 CH3OCH2CH3

	 D	 CH3CH(OH)CH3

Answer                  [1]
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9	 Which one of the following does not contain an asymmetric centre?

	 A	 CH3CH(CH3)CH2CH3

	 B	 CH3CH(OH)CH2CH3
 
	 C	 CH3CHClCH2CH3

	 D	 CH3CH(NH2)CH2CH3

Answer                  [1]

10	 The rate of decomposition of ethanal at 500 °C is given by the equation:

rate = k [ethanal]2

	 Which one of the following shows the units for k?

	 A	 s-1

 
	 B 	 mol dm-3 s-1

	 C 	 mol-1 dm3 s-1

	 D 	 mol-2 dm6 s-1

Answer                  [1]
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Section B

Answer all six questions in this section

11	 A cleaning solution is a solution of sodium hydroxide. 

	 (a)	 A sample of 25.0 cm3 of the cleaning solution was titrated using 0.525 mol dm-3 
ethanoic acid. The mean titre was found to be 17.2 cm3.

		  (i)	 Calculate the concentration, in mol dm-3, of sodium hydroxide in the 
cleaning solution. Give your answer to 3 significant figures.

Answer                  mol dm−3 [2]

		  (ii)	 Calculate the pH of the cleaning solution at 25 °C. Give your answer to  
2 decimal places.

			   Kw = 1.00 × 10−14 mol2 dm−6 at 25 °C. 

Answer                  [2]
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		  (iii) 	Using your answer to (a)(ii) and the information given in the question, 
sketch the titration curve for this titration on the axes below.
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pH

20 25 30

� [3]

		  (iv)	Name an indicator for this titration and explain why it is a suitable choice.

[2]
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	 (b)	 25.0 cm3 of the cleaning solution may also be titrated using 0.525 mol dm−3 
sulfuric acid.

		  (i)	 Describe two ways in which the titration curve would be different to the one 
in (a)(iii).

1.	

2.	

[2]

		  (ii)	 20.0 cm3 of the 0.525 mol dm−3 sulfuric acid were placed in a volumetric 
flask and the volume made up to 250.0 cm3 using deionised water. Calculate 
the pH of the resulting solution. Give your answer to 2 decimal places.

Answer                  [3]
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	 (c)	 Sodium hydroxide reacts with phosphoric acid, H3PO4, to form salts including 
sodium hydrogenphosphate, Na2HPO4. The hydrogenphosphate ion can act as 
a Brønsted–Lowry acid and as a Brønsted–Lowry base.

		  (i)	 Write an equation for the reaction between sodium hydroxide and 
phosphoric acid to form sodium hydrogenphosphate.

[1]

		  (ii)	 Show, using equations, how the hydrogenphosphate ion can act as a 
Brønsted–Lowry acid and as a Brønsted–Lowry base in aqueous solution.

[2]

		  (iii)	Another salt of phosphoric acid is sodium phosphate, Na3PO4. Explain why 
a solution of sodium phosphate is alkaline.

[1]
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12	 Butanoic acid and 2-hydroxypropanoic acid are weak monobasic acids. The table 
below summarises some properties of both acids.

Acid Formula Boiling 
point /°C

Acid dissociation constant 
(Ka) at 25 °C /mol dm--3

butanoic acid CH3CH2CH2COOH 163.5 1.51 × 10−5

2-hydroxypropanoic 
acid CH3CH(OH)COOH 122.0 1.38 × 10−4

	 (a)	 (i)	 Define the term monobasic acid.

[1] 

		  (ii)	 Suggest why the boiling point of butanoic acid is higher than the boiling 
point of 2-hydroxypropanoic acid.

[2]

		  (iii)	On mixing 2-hydroxypropanoic acid with butanoic acid, an acid-base 
equilibrium is set up. Give the formula for the base and its conjugate acid for 
the forward reaction in this equilibrium.

base:	

conjugate acid:	 [2]
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	 	 (iv)	Calculate the mass of 2-hydroxypropanoic acid required to produce  
a 250.0 cm3 solution with a pH of 2.40. Give your answer to  
3 significant figures.

Answer                  g [4]
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	 (b)	 2-hydroxypropanoic acid, CH3CH(OH)COOH, is also known as lactic acid. 
Industrially, lactic acid is produced by the addition of hydrogen cyanide to 
ethanal to form a hydroxynitrile followed by hydrolysis of the hydroxynitrile.

		  (i)	 Write the equation for the reaction of ethanal with hydrogen cyanide to form 
the hydroxynitrile.

[1]

		  (ii)	 Suggest the IUPAC name for the hydroxynitrile formed in the reaction of 
ethanal and hydrogen cyanide.

[1]

		  (iii)	Name the mechanism for the reaction of ethanal with hydrogen cyanide.

[1]

		  (iv)	Draw the three-dimensional structures for the two optical isomers of the 
hydroxynitrile formed in (b)(i).

� [2]
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		  (v)	 Define the term optical isomers.

[1]

		  (vi)	Write the equation for the acid hydrolysis of the hydroxynitrile formed in  
(b)(i) to produce lactic acid.

� [2]

		  (vii)	State why the lactic acid produced is not optically active.

[1]
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13	 Ethanoic acid and ethane-1,2-diol react together to form the diester C6H10O4.

2CH3COOH  +  HOCH2CH2OH  ⇌  C6H10O4  +  2H2O

	 (a)	 Draw the structure for the diester C6H10O4.

[1]

	 (b)	 A mixture of 0.550 moles of ethanoic acid and 0.205 moles of ethane-1,2-diol 
was allowed to reach equilibrium.

Substance CH3COOH HOCH2CH2OH C6H10O4 H2O

Initial amount in 
mixture /mol 0.550 0.205 0 0

Equilibrium amount 
in mixture /mol 0.260

		  (i)	 Complete the table above.� [3]
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		  (ii)	 Write an expression for the equilibrium constant, Kc, for this reaction.

[1]

		  (iii)	Explain why the total volume of the mixture is not needed to calculate the 
value of Kc.

[1]

		  (iv)	Calculate the value of Kc for this equilibrium reaction.

Answer                  [2]



*28ACH1416*

*28ACH1416*

14027.05R

14	 (a)	 Propyl methanoate is a liquid ester. It can be hydrolysed in alkaline conditions as 
shown by the equation below.

HCOOCH2CH2CH3  +  OH−  →  HCOO−  +  CH3CH2CH2OH

		  Describe how you would follow the rate of this reaction with respect to hydroxide 
ions using pH and how you would use your results to find the order of reaction 
with respect to hydroxide ions.

		  In this question you will be assessed on your written communication skills 
including the use of specialist scientific terms.

[6]
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	 (b)	 Some data for the hydrolysis of propyl methanoate are given below.

Experiment [HCOOCH2CH2CH3]
/mol dm−−3

[OH−−]
/mol dm−−3

Initial rate of the 
reaction (××10−−4)
/mol dm−−3 s−−1

1 0.040 0.030 4.00

2 0.040 0.045 6.00

3 0.060 0.045 9.00

4 0.120 0.060 to be calculated

		  (i)	 State the order of the reaction with respect to propyl methanoate.

Answer                  [1]

		  (ii)	 State the order of the reaction with respect to hydroxide ions.

Answer                  [1]

		  (iii)	Calculate the initial rate of reaction for Experiment 4.

Answer                  mol dm-3 s-1 [1]

		  (iv)	State the effect, if any, of increasing the temperature on the value of the  
rate constant.

[1]
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	 (c)	 Fats are formed from glycerol and fatty acids. The table below shows some  
fatty acids.

Fatty 
acid IUPAC name Formula

A octadecanoic acid CH3(CH2)16COOH

B octadec-9-enoic acid

C octadeca-9,12-dienoic acid CH3(CH2)4CH=CHCH2CH=CH(CH2)7COOH

		  (i)	 State the IUPAC name of glycerol.

[1]

		  (ii)	 Write the formula for the fatty acid B in the table.
� [1]

		  (iii)	Write the equation for the formation of a fat from one molecule of glycerol 
and three molecules of fatty acid A.

� [2]
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15	 Group I elements are highly reactive and form a variety of compounds many of which 
are very soluble in water.

	 (a)	 Rubidium ignites spontaneously when exposed to air to form rubidium oxide.

		  The following enthalpy changes can be used to calculate the standard enthalpy 
of formation of rubidium oxide.

Enthalpy change Equation ∆∆H /kJ mol−−1

A Rb(s)  →  Rb(g) +86

B Rb(g)  →  Rb+(g)  +  e− +402

C 1
2O2(g)  →  O(g) +249

D Rb2O(s)  →  2Rb+(g)  +  O2−(g) +2161

E O(g)  +  e−  →  O-(g) −142

F O-(g)  +  e−  →  O2−(g) +844

		  (i)	 Write an equation for the standard enthalpy of formation of rubidium oxide.

[1]

		  (ii)	 Name the enthalpy changes C, D and E in the table above.

C	

D	

E	 [3]
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		  (iii)	Calculate the standard enthalpy of formation of rubidium oxide.

Answer                  kJ mol-1 [2]

	 (b)	 Rubidium reacts vigorously with gaseous iodine to form the white solid,  
rubidium iodide.

		  (i)	 Write an equation, including state symbols, for the formation of  
rubidium iodide.

[1]

		  (ii)	 Using the following data, calculate the enthalpy of solution of  
rubidium iodide.

			   Rb+(g)  +   I-(g)  →  RbI(s)	 -617 kJ mol-1

			   Rb+(g)  →  Rb+(aq)	 -296 kJ mol-1

			   I-(g)  →  I-(aq)	 -308 kJ mol-1

Answer                  kJ mol-1 [2]
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	 (c)	 Sodium nitrate decomposes on heating, to form sodium nitrite and oxygen, as 
shown by the equation below.

2NaNO3(s)  →  2NaNO2(s)  +   O2(g)

		  The minimum temperature required for this decomposition is 968 K.

		  The table below shows some standard enthalpy of formation data and some 
entropy values.

Substance ΔfHO— /kJ mol-1 Entropy /J K-1 mol-1

NaNO3(s) -467 to be calculated

NaNO2(s) -359 120

O2(g) 0 205

		  (i)	 What is the systematic name for sodium nitrite?

[1]

		  (ii)	 Suggest why the decomposition temperature of potassium nitrate would be 
higher than the decomposition temperature of sodium nitrate.

[2]

		  (iii)	Calculate the enthalpy change for the decomposition of sodium nitrate as 
shown by the equation below:

2NaNO3(s)  →  2NaNO2(s)  +  O2(g)

Answer                  [2]
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		  (iv)	Using the minimum temperature required for the decomposition (968 K) and  
your answer to (c)(iii), calculate the entropy change in J K-1 mol-1 for  
the decomposition.

Answer                  J K-1 mol-1 [3]

		  (v)	 Using your answer to (c)(iv), calculate the entropy value for sodium nitrate.

Answer                  J K-1 mol-1 [2]
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16	 (a)	 Benzoic acid is formed from benzene in a process which involves two reactions 
X and Y.

OH
C

O

Reaction X Reaction Y

CH3

		  During Reaction X, benzene reacts with chloromethane in the presence of 
aluminium chloride. In Reaction Y, methylbenzene is heated with acidified 
potassium dichromate(VI) solution.

		  (i)	 State the function of aluminium chloride during Reaction X. 

[1]

		  (ii)	 Name the mechanism for Reaction X.

[1]

		  (iii) 	The mechanism for Reaction X is shown below. Complete the mechanism.

			   CH3Cl  +  AlCl3  →  CH3  +  __________

			 

�

CH3

CH3

�

			   ________  +  ________  →  AlCl3  +  _______

� [5]

+
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		  (iv)	Suggest the type of reaction that is taking place during Reaction Y.

[1]

	 	 (v)	 Benzoic acid reacts with phosphorus pentachloride. Write an equation for 
this reaction.

[1]

	 (b)	 Methyl benzoate, a colourless liquid ester, is formed by the reaction of benzoic 
acid with methanol in the presence of a catalyst. The crude methyl benzoate 
distillate is collected over the temperature range 197 °C to 201 °C. 

		  (i)	 Name a suitable catalyst for this reaction.

[1]

		  (ii)	 The crude ester is purified and a pure sample of methyl benzoate is 
collected at 199 °C. 

			   Outline, in general, the three main steps carried out in the purification of the 
crude ester to obtain a pure sample of methyl benzoate at 199 °C.

Step 1. 	

Step 2. 	

Step 3. 	

[3]
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	 (c)	 Nitration of methyl benzoate produces methyl 3-nitrobenzoate. A nitrating 
mixture is used in this reaction.

C
OO

C
O CH3 O CH3

NO2

		  (i)	 Name the two reagents which are mixed together to form the nitrating mixture.

[2]

		  (ii)	 The nitronium ion forms in the nitrating mixture. Write an equation for the 
formation of the nitronium ion.

[2]



*28ACH1427*

*28ACH1427*

14027.05R

	 	 (iii)	Describe, including experimental details, how you would prepare a pure,  
dry sample of methyl 3-nitrobenzoate from methyl benzoate and the  
nitrating mixture.

			   In this question you will be assessed on your written communication 
skills including the use of specialist scientific terms.

[6]

THIS IS THE END OF THE QUESTION PAPER
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General Information
1 tonne = 106 g
1 metre = 109 nm
One mole of any gas at 293 K and a pressure of 1 atmosphere (105 Pa) occupies a volume of 24 dm3

Avogadro Constant = 6.02 × 1023 mol–1

Planck Constant = 6.63 × 10–34 J s
Specifi c Heat Capacity of water = 4.2 J g–1 K–1

Speed of Light = 3 × 108 m s–1

Characteristic absorptions in IR spectroscopy

Wavenumber/cm–1 Bond Compound

550–850 C–X (X = Cl, Br, I) Haloalkanes
spuorg lykla ,senaklA C–C 0011–057

 sdica cilyxobrac ,sretse ,slohoclA O–C 0031–0001
1450–1650 C ̿ senerA C
1600–1700 C ̿ seneklA C
1650–1800 C ̿    ,sedyhedla ,sretse ,sdica cilyxobraC O

sedirolhc lyca ,sedima ,senotek  
2200–2300 C   selirtiN N

sdica cilyxobraC H–O 0023–0052
sedyhedlA H–C  0582–0572

senera ,senekla ,spuorg lykla ,senaklA H–C 0003–0582
slohoclA H–O 0063–0023

sedima ,senimA H–N 0053–0033

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy 
(relative to TMS)

  Structure

0.5–2.0 –CH senakla detarutaS 
0.5–5.5 –OH slohoclA 
1.0–3.0 –NH senimA 
2.0–3.0 –CO–CH Ketones

C–N– H Amines
C 6H5–CH  c on ring)

2.0–4.0 X–CH X = Cl or Br (3.0–4.0)
)0.3–0.2( I = X  

4.5–6.0  –C ̿ CH Alkenes
5.5–8.5 RCONH Amides
6.0–8.0 –C6H5 Arenes (on ring)
9.0–10.0 –CHO Aldehydes
10.0–12.0 –COOH Carboxylic acids

 on and temperature dependent and may be outside 
the ranges indicated above.
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THE PERIODIC TABLE OF ELEMENTS
Group

*

†

1   

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

III III IV VI VII 0V

285  

112
Copernicium

* 58 – 71    Lanthanum series
† 90 – 103  Actinium series

a = relative atomic mass 

x = atomic symbol
b = atomic number

a

b
x (approx)
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