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PMT

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

1 Compound X is a coloured hydrated salt, containing two cations and one anion, which
dissolves in water to give a coloured solution.

(a) What can you infer from the fact that compound X is coloured?

(b) Compound X contains potassium ions. State what you would see when a flame test
is performed on X.

(c) The following tests are performed on an aqueous solution of X.
Complete the ‘Inference(s)’ column in the following table.

(1)

(i)

(iii)

(iv)

)

Test

Acidify with
hydrochloric
acid; add barium
chloride solution.

Add sodium
hydroxide solution
until in excess.

Make alkaline
with sodium
hydroxide
solution; add
hydrogen peroxide
solution and boil.

Acidify the
solution from

(ii1) with dilute
hydrochloric acid.
Add ethanol to
the product from
(iv) and distil off

organic product Y
as it is formed.

Observation(s)

White precipitate

Grey-green
precipitate which

is soluble in excess
sodium hydroxide
to give a deep green
solution

Yellow solution

Orange solution

Orange solution turns
green

Inference(s)

Formula of the white precipitate

Formula of the grey-green
precipitate
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(d) Compound X contains z moles of water of crystallization per mole of compound.
On the basis of your results, complete the formula for compound X.

(1)

........................................................ . ZH20

(e) The organic product Y from test (c)(v) is an aldehyde. It was tested as shown in the
table below. State the observations that you would make.

Test Observation(s)

(1) Addition of
2,4-dinitrophenylhydrazine
solution (Brady’s reagent). §))

(i1) Addition of Tollens’ reagent
(ammoniacal silver nitrate
solution). 4

(Total for Question 1 = 11 marks)
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2 The derivation of rate equations is an important part of the process of discovering a
reaction mechanism.

The experiment detailed in this question is part of an investigation into the mechanism
of the iodination of propanone:

CH3COCH;(aq) + I,(aq) — CH3COCH,l(aq) + H'(aq) + I'(aq)
The reaction is catalysed by hydrogen ions. The rate equation is
rate = k[CH;COCH3]* [H']® [1,]
where a, b and c are the orders with respect to the species shown in the rate equation.

The experiment is carried out as follows:

1. Propanone, hydrochloric acid and water are placed in a flask in a
constant-temperature water bath.

2. Once the temperatures of the mixture and the bath have come to equilibrium, a
solution of iodine in potassium iodide is added by pipette and a clock started.

3. At suitable time intervals, a known volume of reaction mixture is transferred using
a pipette into a series of flasks, numbered 1 to 6. Each flask contains sodium
hydrogencarbonate solution which quenches the reaction.

4. The mixture in each of the flasks is titrated with a standard solution of sodium
thiosulfate.

The equation for the reaction of iodine with thiosulfate ions is

Ly(aq) +2S,05* (aq) — 2I(aq) + S406> (aq)

(a) The following data were obtained from an experiment carried out at 25°C.

Flask number 1 2 3 4 5 6
Time /min 3 6 9 12 15 18
Volume of sodium thiosulfate / cm? 16.8 13.9 10.8 7.8 5.4 2.7

N 3 7 9 5 5 A 0 4 1 2
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(1) Plot a graph of the volume of sodium thiosulfate solution against time.

4)
(i) The graph enables the determination of the order of reaction with respect to
iodine. Explain why it is not necessary to calculate the actual concentration of
the iodine in this experiment.
1)

(ii1) The propanone and the hydrochloric acid are used in large excess in the
reaction. Explain why this is necessary in order to find the value of ¢, the order
with respect to iodine, in the rate equation.

5
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(iv) State, with a reason, the value of c.

(b) (i) Name the indicator used in the iodine-thiosulfate titration and describe the
colour change at the endpoint.

(i1)) The indicator is not added at the start of the titration. State at which stage of the
titration you would add the indicator.
Explain why it is not added at the start.

(d) In another similar experiment, the concentration of propanone was doubled and as a
result the gradient of the graph also doubled. Deduce the value of a, the order with
respect to propanone in the rate equation, and justify your answer.

N 3 7 9 5§ 5 A 0 6 1 2
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(e) Suggest, with a reason, another practical technique which can be used to follow the
progress of the reaction

CH;COCHj;(aq) + I(aq) — CH3;COCH;lI(aq) + H'(aq) + I"(aq)

(Total for Question 2 = 18 marks)
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3 Azo dyes are made in large quantities from benzene, C¢Hg, via nitrobenzene, CsHsNO,,
and phenylamine, C¢4HsNH,.

(a) The preparation of nitrobenzene requires benzene to be warmed under reflux at about
55°C with a mixture of concentrated nitric and sulfuric acids. Some information

about these substances is given below:

Benzene: immiscible with water; highly flammable; extremely toxic by ingestion or
inhalation; known carcinogen.

Concentrated nitric acid: miscible with water; causes severe burns to eyes and
skin; strong oxidizing agent. The acid contains about 30% water by volume.

Concentrated sulfuric acid: miscible with water; causes severe burns to eyes and

skin; strong oxidizing agent; dilution with water is very exothermic and can be
dangerous.

(1) Nitric acid is placed in a suitable flask and sulfuric acid is added slowly with
cooling of the flask. Explain why cooling is necessary.

(i1)) Benzene is added slowly to the acid mixture, which is then warmed at 55°C for
45 minutes under reflux with vigorous stirring of the reaction mixture.

Explain why the reflux condenser is necessary and also why the mixture is
vigorously stirred.

(ii1) State, with a reason, one other precaution (other than wearing a laboratory coat
or safety goggles) that would be necessary when undertaking this preparation.

N 3 7 9 5§ 5 A 0 8 1 2
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(iv) The reaction mixture is then poured into a large excess of cold water, the liquid
nitrobenzene layer is separated and washed with sodium carbonate solution.
Explain why this washing is necessary.

(v) The nitrobenzene layer is dried before being finally distilled to purify it.
Identify a suitable drying agent.

(vi) Draw the apparatus used to distil the nitrobenzene and collect the fraction
boiling between 207°C and 211 °C.

9
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(b) Nitrobenzene is then reduced to phenylamine, CsHsNH,, and the phenylamine
is diazotized by reaction with nitrous acid at a temperature between 0°C and
10°C. Nitrous acid is generated in the reaction mixture from sodium nitrite and
hydrochloric acid. Reaction of the diazonium compound with an alkaline solution of
a phenol will produce a solid azo dye, which is purified by recrystallization.

(1) Explain why nitrous acid is made in the reaction mixture rather than being
obtained from a chemical supplier.

(c) Purification by recrystallization requires the following steps:

1.
2.

The azo dye is dissolved in a minimum volume of hot solvent.
The solution is filtered hot through a pre-heated funnel.

The solution is cooled and filtered using a Buchner funnel.
The solid is washed with a small amount of cold solvent.

The solid is dried in a desiccator.

Explain why a minimum volume of hot solvent is used in step 1.

N 3 7 9 5§ 5 A 01 0 1 2
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(i1) Explain the purpose of step 2 and why the funnel must be pre-heated.

(2)
(ii1) Explain the purpose of step 4.
(1)
(iv) Suggest a reason why it is preferable to dry the solid in a desiccator rather than
in an oven.
(1)

(Total for Question 3 = 21 marks)

TOTAL FOR PAPER =50 MARKS
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