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

(@) Compound Xiis a solid that contains a cobalt cation and one type of anion.
A small amount of X is added to deionised water and the mixture stirred until the
solid dissolves.

Tests are carried out on separate samples of the solution of X.

Complete the table.

Test Observation Inference

(i) | Note the A pink solution The formula of the complex
appearance ion formed is

(ii) | Add acidified A white precipitate forms The formula of the anion in
barium chloride Xis
solution

(iii) | Add concentrated The formula of the complex
hydroch|oric aCid | ion formed is [CoC[4]2_

(iv) | Add a small A blue precipitate forms The type of reaction
amount of that takes place with the
dilute aqueous complex ion during this
ammonia precipitation is

(v) | Add excess The formula of the complex

dilute aqueous
ammonia to
the precipitate
formed in (iv),
until no further
change is seen

................................................................................ ion formed |S
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(b) Another cobalt salt, CoCl,-xH,0O(s), decomposes when heated.
CoClyxH,0(s) — CoCly(s) + xH,O(g)

Devise an outline procedure to determine the mass of water produced from a
sample of the hydrated salt in this reaction.

You do not need to show how x can be calculated from the mass of
water produced.

(Total for Question 1 = 11 marks)
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2 A plant fertiliser contains a mixture of sand and ammonium sulfate, (NH,),SO.,.

The percentage by mass of ammonium sulfate in the fertiliser is determined by the
procedure shown.

Procedure

Step 1 5.759 of the plant fertiliser is added to a conical flask containing 20.0 cm’ of
sodium hydroxide solution with a concentration of 1.00 moldm™.
Ammonia is formed in the reaction.
(NH,),SO4(aq) + 2NaOH(aq) — 2NHs(g) + Na,SO,(aq) + 2H,0(l)

Step 2 The flask is heated for several minutes, to ensure that all the ammonia formed
is boiled off.

Step 3 The solution containing excess sodium hydroxide is separated from the sand.

Step 4 The aqueous solution containing the excess sodium hydroxide is then made
up to 250.0 cm’ using deionised water.

Step 5 25.0cm’®samples of solution containing sodium hydroxide from Step 4 are
titrated with hydrochloric acid of concentration = 0.0500 moldm™.

(a) Describe how all the solution containing excess sodium hydroxide is separated
from the sand in Step 3.
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( )
(c) The mean titre was 12.75cm’.
“ Calculate the percentage by mass of ammonium sulfate, (NH,),SO,, in the sample
= of plant fertiliser.
<
v [Relative formula mass of (NH,),SO, = 132.1]
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(d) A student carrying out the experiment did not heat the sample for long enough
in Step 2 to boil off all the ammonia.

(i) Explain the effect, if any, on the titre value and hence on the calculated
percentage of ammonium sulfate in the fertiliser.

(i) State how the student could have confirmed that all the ammonia was boiled
off in Step 2.

(Total for Question 2 = 13 marks)
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3 The ester ethyl butanoate is found in mangoes.

O

/\)Lo/\

ethyl butanoate

Ethyl butanoate can be synthesised from butanoic acid.
Procedure

Step 1 Add 5cm’ of ethanol and 10cm’ of butanoic acid to a round-bottomed flask
containing anti-bumping granules. Add 1cm® of concentrated sulfuric acid
drop by drop to the flask.

Step 2 Heat the mixture under reflux for 60 minutes. Allow the reaction mixture to
cool before transferring it to a separating funnel.

Step 3 Add 15cm’ of cold water to the separating funnel and shake the mixture to
wash the product. Remove the lower aqueous layer from the funnel.

Step 4 Wash the organic layer that remains in the separating funnel with 10cm® of
aqueous sodium hydrogencarbonate solution, NaHCOs(aq).

Step 5 Remove the aqueous layer from the funnel. Transfer the organic layer to a dry
conical flask. Add a drying agent and leave for 10 minutes. Then add more
drying agent if required. Remove the drying agent by filtration.

Step 6 Purify the dry organic liquid.

(a) Calculate which reactant is in excess in this synthesis.

Compound Molar mass / gmol™ Density / gcm™
ethanol 46.0 0.79
butanoic acid 88.0 0.96

7
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(b) Explain why it is important from time to time in Step 4 either to invert the
separating funnel and open the tap, or to remove its stopper.

Include an equation to justify your answer. State symbols are not required.

(c) A student set up a separating funnel in Step 5 as shown and opened the tap to
remove the lower layer.

Explain what happens.

Assume that the funnel is supported by suitable clamps.

stopper

organic layer

aqueous layer

tap
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(d) Drying agents are used to remove traces of water from an organic liquid.

(i) ldentify, by name or formula, a suitable drying agent for use in Step 5.

(ii) State how a student would decide whether or not more drying agent was
needed in Step 5.

(iii) Name the technique used to obtain a pure sample of the dry organic liquid
in Step 6.

9
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(e) The high resolution proton NMR spectrum of ethyl butanoate is shown.

A

T I T T I T I T
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(i) Explain the peaks in the NMR spectrum between 2.2 and 2.4 ppm.
|
CH3CH2CH2C_OCH2CH3

ethyl butanoate

(ii) Predict how the high resolution proton NMR spectrum of ethyl propanoate
will differ from that of ethyl butanoate in terms of the number of peaks and
their splitting patterns.

]
CchHzc_OCH2CH3

ethyl propanoate

(Total for Question 3 = 14 marks)
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4 Ethyl butanoate reacts with water.
CH;CH,CH,COOCH,CH; + H,0 — CH;CH,CH,COOH + CH;CH,OH

A student investigated the kinetics of this reaction.
Procedure

Step1 50cm’ of ethyl butanoate was heated under reflux with a very large excess
of water.

Step 2 After 30 minutes a sample of known volume was removed from the reaction
mixture and placed in a conical flask.

Step 3 This sample was titrated using aqueous sodium hydroxide solution.

Step4 Further samples were removed from the refluxing mixture at 30-minute
intervals. Each sample was titrated until the titres of three consecutive
samples were the same.

(@) Name the apparatus which is most suitable to remove the samples from the
reaction mixture.
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(b) A graph of the results obtained by the student is shown.
The student plotted V., — V; on the y-axis against time on the x-axis.
Vinat is the volume of the titre at 4.5 hours.

V. is the volume of the titre at time t.

50 %

40

30

Vﬁnal - Vt
/ cm?

20~

10 H

0 | | | > >I( > |
0 1 2 3 4 5
Time / hours

() Give areason why V;,.., - V. is plotted on the y-axis of the graph, rather than
the concentration of sodium hydroxide solution for each titre.
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(i) Explain how the data collected indicates first order kinetics.

Show your working on the graph.

(iii) The student concluded that the reaction is first order overall.

Explain whether or not this statement is valid.

(iv) Calculate the rate of the reaction at a time of 2 hours.
Include units with your answer.

Show your working on the graph.

15
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(c) The student suggested placing ice in the conical flask before carrying out
each titration.

Explain whether or not this suggestion would improve the validity of the
data collected.

(Total for Question 4 = 12 marks)

TOTAL FOR PAPER = 50 MARKS
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