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  

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

1	 (a)	 Compounds P and Q are crystalline solids. 

		  P is white and contains one cation and one anion.

		  Q is pale violet and contains two cations and one anion. 

		  A student carried out tests to identify P and Q. 

		  (i)	 Complete the table to show, by name or formula, the products of the tests.
(4)

Test Observation Name or formula of product

Aqueous silver nitrate and 
dilute nitric acid were added 
to a sample of an aqueous 
solution of P

Concentrated ammonia 
solution was then added

A yellow precipitate was 
formed which was insoluble in 
concentrated ammonia

The precipitate was 

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

A sample of solid Q 
was added to 5 cm3 of 
aqueous sodium hydroxide 
and the mixture was warmed

A pungent gas was evolved 
which turned damp red litmus 
paper blue

A red‑brown precipitate was 
formed which was insoluble in 
excess alkali

The gas was 

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

The precipitate was 

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

Aqueous barium chloride 
and dilute hydrochloric acid 
were added to a sample of a 
solution of Q

A white precipitate was formed The precipitate was 

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

		  (ii)	 A green flame was seen when a flame test was carried out on a sample of 
solid P. Identify P by name or formula.

(1)

			   P

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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		  (iii)	 Give the formulae of the three ions present in Q and hence the formula of 
compound Q. 

(2)

			   Ions in Q

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

			   Formula of Q

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

	 (b)	 The student added a sample of a pale‑brown, aqueous solution of Q to a 
colourless aqueous solution of P. The student observed the formation of a 
darker brown solution along with a white precipitate. 

		  The student concluded from the formation of the darker brown solution that a 
redox reaction had taken place. 

		  Explain why the student came to this conclusion.
(2)

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

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

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

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

(Total for Question 1 = 9 marks)
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  

2	 A group of students investigated the kinetics of the reduction of peroxydisulfate ions 
by iodide ions in aqueous solution, as shown in Reaction 1.

Reaction 1                   S2O8
2–(aq)   +   2I–(aq)   →   2SO4

2–(aq)   +   I2(aq)

	 Some of the iodine produced in Reaction 1 may be removed by including a portion 
of sodium thiosulfate in the reaction mixture.  
The thiosulfate ions react with the iodine as shown in Reaction 2.

Reaction 2                   2S2O3
2–(aq)   +   I2(aq)   →   S4O6

2–(aq)   +   2I–(aq)

	 After all the thiosulfate ions have reacted, any further iodine produced can be 
detected by the formation of a starch‑iodine complex. Student M carried out a 
sequence of experiments to determine the order of the reaction with respect to 
iodide ions. 

	 The volumes of the solutions used in the mixtures are shown in Table 1.

Table 1

Mixture Volume KI(aq) 
/ cm3

Volume K2S2O8(aq) 
/ cm3

Volume Na2S2O3(aq) 
/ cm3

Volume H2O(l) 
/ cm3

1 18.0 20.0 5.0   2.0

2 15.0 20.0 5.0   5.0

3 11.0 20.0 5.0   9.0

4   7.5 20.0 5.0 12.5

5   4.0 20.0 5.0 16.0

	 The concentrations of the solutions used were

		  Potassium iodide	 KI(aq)	 0.200 mol dm–3

		  Potassium peroxydisulfate	 K2S2O8(aq)	 0.100 mol dm–3

		  Sodium thiosulfate	 Na2S2O3(aq)	 0.00500 mol dm–3

	 Procedure

	 Step 1	� A few drops of starch solution are added to 5.0 cm3 sodium thiosulfate 
solution in a small beaker.

	 Step 2	� The potassium peroxydisulfate solution and water are added to the beaker.

	 Step 3	� Then potassium iodide solution is added, the mixture stirred and a timer is 
started. The time taken to change colour is recorded. 
The procedure is repeated for each mixture using the volumes shown 
in Table 1.

PMT
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	 (a)	 (i)	 Suggest a suitable piece of apparatus for measuring the volume of the 
potassium iodide solution.

(1)

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

		  (ii)	 State the final colour of the reaction mixture in Step 3.
(1)

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

		  (iii)	 The reciprocal of the time taken for the mixture to change colour (1 / time), 
can be used as an approximate measure of the initial rate. 

			   State why the amount of added thiosulfate ions should be much smaller 
than the amount of peroxydisulfate or iodide ions for this approximation to 
be valid.

(1)

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

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

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

		  (iv)	 State why is it important that the rate of Reaction 2 is much faster than that of 
Reaction 1.

(1)

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

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

PMT
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  

	 (b)	 The results that Student M obtained are shown.

Table 2

Mixture [I–]  
/ mol dm–3

time  
/ s

1 / time  
/ s–1

1 0.080 130 0.0077

2 0.067 157 0.0064

3 202 0.0050

4 0.033 320 0.0031

5 0.018 658  0.0015

		  (i)	 Complete Table 2 with the iodide ion concentration in Mixture 3, 
using the information from Table 1 and the concentration of the 
potassium iodide solution. 

(1)

		  (ii)	 Plot a graph of 1 / time against the iodide ion concentration.
(2)

PMT
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  

		  (iii)	 Deduce the order of the reaction with respect to iodide ions. 

			   Justify your answer.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	 (c)	 (i)	 Student N carried out a sequence of experiments to find the order of 
reaction with respect to peroxydisulfate ions, using solutions of the 
same concentration.

			   The volumes of potassium peroxydisulfate solution used were different.

			   State two variables which should be kept the same. 
(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 Student N found that the reaction is first order with respect to 
peroxydisulfate ions. 

			   Write the overall rate equation for the reaction of peroxydisulfate ions with 
iodide ions. 

(1)
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	 (d)	 Student R carried out experiments to find the activation energy of this 
reaction. A similar procedure was used to determine the rate of reaction at two 
different temperatures. 

		  The results of these experiments are shown.

T / °C T / K 1 / T / K–1 t / s k / dm3 mol–1 s–1 ln k

12 285 0.00351 265 2.4 × 10−3 –6.03

45 318 0.00314   20 3.1 × 10−2 –3.47

		  Calculate, without drawing a graph, the activation energy of the reaction.

		  You should include a sign and units in your answer.

ln k = –
E
R

a  × 
1
T

 + constant             R = 8.31 J K–1 mol–1

(3)

(Total for Question 2 = 15 marks)

PMT
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3	 Ethanedioic acid, (COOH)2.xH2O , in solution is an acidic bleach for wood.

	 A student determined the value of x in a sample of ethanedioic acid by titration with 
potassium manganate(VII) solution.

2MnO4
–(aq)   +   16H+(aq)   +   5C2O4

2–(aq)   →   2Mn2+(aq)   +   10CO2(g)   +   8H2O(l) 

	 Procedure

	 Step 1	� A sample of 1.27 g of the solid acid was dissolved in deionised water to make 
250.0 cm3 of solution.

	 Step 2	� 25.0 cm3 of the ethanedioic acid solution was transferred to a conical flask, 
25 cm3 dilute sulfuric acid was added and the mixture warmed to 60 °C.

	 Step 3	� The mixture was titrated with potassium manganate(VII) solution of 
concentration 0.0203 mol dm–3.

	 (a)	 (i)	 Describe how to make 250.0 cm3 of a solution of ethanedioic acid in Step 1.
(3)
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		  (ii)	 Explain why, in Step 2, the ethanedioic acid solution was measured using a 
25.0 cm3 volumetric pipette but the dilute sulfuric acid was measured using a 
25 cm3 measuring cylinder. 

(2)
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		  (iii)	 State why the titration needed no indicator.  
(1)
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		  (iv)	 Suggest why, in Step 2, the temperature of the mixture at the start should 
be 60°C but no further warming is needed after a small quantity of the 
potassium manganate(VII) solution has been added.

(3)
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		  (v)	 The mean titre was 19.90 cm3.  
Determine the value of x in (COOH)2.xH2O.

(4)
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  

	 (b)	 Ethanedioic acid dissociates in two steps.

		  The first dissociation equation is shown.

(COOH)2(aq)      HCOOCOO–(aq)   +   H+(aq)

		  The acid dissociation constant, Ka1 , for this dissociation is 5.6 × 10–2 mol dm–3. 
The corresponding pKa1 is 1.25 .

		  Outline a practical method that would enable a student to confirm the value for 
this first acid dissociation constant. 
You may use the Indicator data provided.

		  Assume that equimolar solutions of ethanedioic acid and sodium hydroxide, 
titration apparatus and a pH meter are available.

		  You are not expected to include details of any calculations needed.

Indicator data

Indicator pKin (at 298 K) acid pH range alkaline

thymol blue (acid) 1.7 red 1.2–2.8 yellow

methyl orange 3.7 red 3.2–4.4 yellow

bromophenol blue 4.0 yellow 2.8–4.6 blue

phenolphthalein 9.3 colourless 8.2–10.0 red

(3)
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(Total for Question 3 = 16 marks)

PMT
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4	 Azo dyes are widely used to dye cotton fabric. 

	 The azo dye, 1‑phenylazo‑2‑naphthol, can be made from phenylamine by reacting it 
with sodium nitrite and hydrochloric acid.  
The diazonium salt produced undergoes a coupling reaction with 2‑naphthol.

NH2
HCl / NaNO2

N2

+

Reaction 1

benzenediazonium ion

N2

+

Reaction 2
+

HO
HO

NN

1-phenylazo-2-naphthol

	 (a)	 Phenylamine, used in Reaction 1, is labelled with the following hazard symbols.

		  State the meaning of each symbol.
(2)

PMT
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  

	 (b)	 Practical instructions for the preparation of 1‑phenylazo‑2‑naphthol are shown.

		  Step 1	� Phenylamine, dissolved in hydrochloric acid in a beaker, is placed in an 
ice bath. 

		  Step 2	� When the temperature is between 0 °C and 5 °C, a cooled aqueous solution 
of sodium nitrite is added drop‑by‑drop.

		  Step 3	� A solution of 2‑naphthol dissolved in aqueous sodium hydroxide in a 
boiling tube is placed in an ice bath.

		  Step 4	� The mixture from Step 3 is then added very slowly to the solution from 
Step 2 containing the diazonium salt. The small, red crystals of the 
product, 1‑phenylazo‑2‑naphthol, form over several minutes. 

		  Step 5	� The crystals are filtered off under reduced pressure, washed 
and recrystallised from ethanoic acid. A data book gives the 
melting temperature of 1‑phenylazo‑2‑naphthol as 131 °C.

		  (i)	 Explain why the temperature for Reaction 1 must be kept between 
0 °C and 5 °C.

(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 Draw a labelled diagram of the apparatus used to filter off the crystals under 
reduced pressure in Step 5.

(2)

PMT
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		  (iii)	 Outline how the melting temperature of the crystals may be measured to 
ensure that an accurate value is obtained. 

(3)
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	 (c)	 Azo dyes were developed during the nineteenth century but workers in the 
industry showed high rates of bladder cancer and the production of some dyes 
was discontinued. 

		  The introduction of a sulfonic acid group into the dye used for black ink for ink‑jet 
printers has significantly reduced the toxic effects.

		  The formula for a sulfonic acid side group is shown.

R—SO3
– H+

		  Suggest how the change in solubility caused by the introduction of the 
sulfonic acid group reduces the toxic effects of the dye.
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(Total for Question 4 = 10 marks)

TOTAL FOR PAPER = 50 MARKS
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