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In 1900, around 6000 people died from consuming sugar contaminated by
arsenic(Ill) oxide, As,O,. The impure sugar was analysed for arsenic in the
following way.

A sample of contaminated sugar of mass 40-0 g was dissolved in water. After
removal of the sugar, the solution containing the impurities was made up to 250 cm’
and portions titrated against a standard iodine solution.

Arsenic(III) oxide reacts with iodine according to the following equation, giving an
acidic solution.

As,Oiaq) + 4L(aq) + 4H,0(1) =—= 2As,0.(aq) + 8HI(aq)
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(1) 20-0cm” of a standard 1odine solution of concentration 0-050mol dm ~ reacted
. - 3 . . .
with 25-0cm’” of the arsenic containing solution.

Calculate the number of moles of iodine used and hence the number of moles
of arsenic(Ill) oxide, As, O, present in 25-0 cm’ of the solution. [2]
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(1) 20-0cm” of a standard iodine solution of concentration (0-050 mol dm ~ reacted
. - 3 . . .
with 25-0cm’” of the arsenic containing solution.

Calculate the number of moles of iodine used gnd hence the number of moles
of arsenic(IlI) oxide, As,O,, present in 25-0cm” of the solution. [2]

(i1) Use the answer to part (1) to calculate the total number of moles of
arsenic(IIl) oxide, ;“—‘-,SJPCIfj present and hence the percentage, by mass, of
arsenic(IIl) oxide in the sugar sample of mass 40-0 g. Give your answer to
three significant figures. 2]



2.

The concentration of carbon monoxide in air can be found by reacting it with iodine
oxide and titrating the iodine produced with sodium thiosulphate.

(1)

(i1)

5C0 + LO, — 5C0, + L,

I2 + 2Na25203 —_— N325406 + 2Nal

20dm™ of air containing carbon monoxide was reacted with iodine oxide so
that all the carbon monoxide present reacted to produce iodine.

5-0 x 10~ moles of sodium thiosulphate were needed to react with all the
iodine produced.

Calculate the number of moles of carbon monoxide present and use your
answer to calculate the percentage by volume of carbon monoxide in the air.

[l mole of a gas has a volume of 24-0 dm’ at the temperature of the
experiment.] [3]

Assign oxidation states (numbers) to the carbon and iodine species in the first
equation and hence deduce the reducing agent in the reaction.
You should assume that the oxidation state of oxygen is unchanged. [2]



fa)

Todine and chlorine both react with aqueous sodium thiosulphate, but in different

ways.

(1) Complete equation A for the reaction of iodine with thiosulphate ions.

Equation A: I, + 252032'  —

[1]

(1) When chlorine is passed into an aqueous solution containing thiosulphate
ions, the products are sulphate ions (50,7 ). chloride ions (C1) and hydrogen

ioms (H+).
Write the half equations for:

I. the reduction of chlorine to chloride ions:

[1]

II. the oxidation of thiosulphate ions in water to sulphate ions and

hydrogen ions.

[1]

Half equation B oo

III. Hence, write the overall equation for this reaction.

[1]

(ui1) I.  State the initial and final oxidation numbers of sulphur in both equations

A and B by completing the table below.

[1]

Initial oxidation
number of sulphur

Final oxidation
number of sulphur

Equation A

Half equation B

II. Explain how these values show that chlorine is a stronger oxidising

agent than iodine.

[1]
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Sodinm chlorate(I) 1s used in bleach. The concentration of sodium chlorate(I) in
domestic bleach can be found by reacting the bleach with an acidified iodide
solution to form iodine and then titrating with a thiosulphate solution.

(1) Name a suitable indicator for this reaction. [1]

(11) The equation for this reaction 1s given below.
ClO (aq) + 2H+(aq) + 2I'(aq) ——— L(ag) + CI(aq) + H,O()

A250cm’ sample of domestic bleach was diluted to 250 cm’ in a volumetric
flask. 25-0 cm’ of this solution was added to an excess of acidified potassium
iodide and the iodine produced reacted with 20-4 cm’ of aqueous sodium
thiosulphate of concentration 0-092 mol dm .

Use the equation above, together with equation A in (a)(i). to calculate the
concentration of sodium chlorate(I) in the original bleach sample to three
significant figures. [4]
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Svstem E=/ volts

ZnH(aq} + 2e7 =—— Zn(s) -0-76
Cd™aq) + 22 = Cd(s) ~0-40
Viag + e« =— Vg ~0:26

2H'(aq) + 2 =—= Hy(2)

C112+(aq} + 2em =—== Cu(s) +0-34

Answer the following questions by reference to the table or otherwise.

(1)

(i1)

(iii)

(iv)

. . + —
State the standard electrode potential for the 2H (aq) + 2~ —— Hz(g)
system, and explain why this value is used. [2]

Give the equation for the reaction between metallic zinc and aqueous
. . 2+
cadmium ions, Cd (aq). [1]

Calculate the standard cell potential represented by the equation in (ii) above.

[1]

. . . 2+
Predict whether aqueous vanadium(Il) ions, V (aq). are able to reduce
. &t . u
copper(Il) ions, Cu”~ (aq), to copper. giving a reason for your answer. [2]



(v) The same reaction can be used to determine the concentration of Fe**(aq) by
titrating against standard potassium dichromate(VI) solution. In one
experiment, after the electrochemical cell above had been operating for a
period of time, a 25-0 cm® sample of the solution from the iron electrode was
titrated against 0-0250 mol dm™ potassium dichromate(VI) solution in excess
acid, when 125 cm’ potassium dichromate(VT) solution was required to reach
the end point.

Cr-0,°(aq) + 14H*(ag) + 6Fe**(ag) —= 2Cr'*(aq) + 7H,O(l) + 6Fe**(aq)

I. Calculate, to three significant figures, the concentration of the Fe**(aq)
solution after operating the cell for the same period of time. [3]

II. If, at the start, the electrode solution had contained 0-100 mol dm™
Fe**(aq) and 0-100 mol dm* Fe'*(aq), calculate the Fe’*(aq)
concentration after operating the cell for the same period of time. [1]



