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Instructions

® Use black ink or black ball-point pen.

® Fill in the boxes at the top of this page with your name,
centre number and candidate number.

® Answer all questions.

® Answer the questions in the spaces provided
— there may be more space than you need.

Information

® The total mark for this paper is 50.

® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.

® You will be assessed on your ability to organise and present information, ideas,
descriptions and arguments clearly and logically, including your use of grammar,
punctuation and spelling.

® There is a Periodic Table on the back cover of this paper.

Advice

® Read each question carefully before you start to answer it.
® Show all your working in calculations and include units where appropriate.
® Check your answers if you have time at the end.
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Answer ALL the questions.
Write your answers in the spaces provided.
1 Compound A is a green solid containing one cation and one anion.
A sample of compound A was dissolved in distilled water, forming a green solution.

Aqueous sodium hydroxide was added to the solution of A until there was no further change.
A pale blue precipitate B and a yellow solution C were formed.

(@) The pale blue precipitate B was separated and tested.

(i) Bdissolved in excess ammonia to form a deep blue solution containing a
complex ion D.

Identify, by name or formula, B and D.

PrECIPITAtE B ...

(@00 01 0] 137 [0 2 TH > 2
(ii) When another portion of B was heated gently, the solid turned black.

Suggest the name or formula of the black solid.

(iii) Excess concentrated hydrochloric acid was added to a further portion of B and
the mixture warmed.

The precipitate dissolved to form a different yellow solution E.

Identify, by name or formula, the complex ion responsible for the yellow
colourin E.
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(b) The yellow solution C was tested.

5cm? of dilute sulfuric acid was added to the same volume of C, and the mixture
turned orange.

1cm’ of ethanol was added to the orange mixture which was heated gently. The
mixture turned green.

(i) ldentify, by name or formula, the ions responsible for the colours observed.

Observation lons

yellow colour of
solution C

orange colour on adding
dilute sulfuric acid to C

green colour of the
mixture after heating
with ethanol

(ii) Suggest the name or formula of the organic product formed in the green mixture.

(Total for Question 1 = 10 marks)
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2 This question is about three organic compounds P, Q and R.
These compounds are isomers with the molecular formula C,H;0..

(@) Compound P is a colourless liquid with a sweet fruity smell.

When a sample of P was heated with sodium hydroxide, a volatile product was
formed which had a molecular ion peak in its mass spectrum at m / z = 46.

The mass spectrum of P has a strong peak at m / z=43.

Deduce the structure of P. Justify your answer using all this information.

(b) (i) When sodium hydrogencarbonate solution is added to separate samples of Q
and R, effervescence occurs and a gas is evolved which turns limewater milky.

Deduce the two possible structures of Q and R.
Justify your answer using all this information.
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(i) A simplified high resolution proton NMR spectrum of Q is shown.
The relative peak areas are given above each set of peaks.

6
1
TMS
1
il
| | | | | | |
12.0 10.0 8.0 6.0 4.0 20 0.0

Chemical shift (3) / ppm

Deduce the structure of Q. Fully justify your answer by referring to the number of
peaks, the relative peak areas and the splitting patterns in the proton NMR spectrum.
(4)

(Total for Question 2 = 10 marks)
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3 A group of students carried out an experiment to determine the rate equation for the
reaction between bromide and bromate(V) ions in acid conditions.

The equation for this reaction is
BrOs(agq) + 5Br(aq) + 6H*(ag) —> 3Br,(agq) + 3H,0(l)
Procedure (to determine the order of reaction with respect to bromate(V) ions)

Step 1 Measure 10.0cm’ of aqueous phenol solution into a boiling tube and
add five drops of methyl red indicator. The mixture turns yellow (the alkaline
colour of methyl red).

Step 2 Add 5.0cm’ of aqueous potassium bromide and 10.0 cm® of dilute sulfuric acid
to the boiling tube. The mixture turns red (the acid colour of methyl red).

Step 3 Measure 15.0cm’ of aqueous potassium bromate(V) into a second boiling tube.
Step 4 Mix the contents of the two boiling tubes and start a timer.

Step 5 Record the time (t) when the colour of the methyl red is bleached from red to
colourless by excess bromine.

Step 6 Repeat the experiment using different volumes of aqueous potassium bromate(V),
adding distilled water so that the total volume of the reacting solution is
always 40.0cm’.

(@) Two of the hazard warning signs for phenol are

State the most important hazard associated with phenol in this experiment and
the precaution you would take to reduce the risk, apart from wearing safety
goggles and a laboratory coat.

7
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(b) Explain the purpose of the phenol in this experiment.

(1)
(d) A student’s results are shown.
Volumes added to 10cm? of phenol / cm? time (1) 1
Run t
BrO;(aq) Br(ag) | H,SO,aq) | H,00) /s /s
1 15.0 5.0 10.0 0.0 40 0.025
2 12.0 5.0 10.0 3.0 51 0.020
3 10.0 5.0 10.0 5.0 62 0.016
4 8.0 5.0 10.0 7.0 74 0.014
5 6.0 5.0 10.0 9.0 100 0.010
6 4.0 5.0 10.0 11.0 154 0.0065
(i) State why the total volume of the mixture is kept constant.
(1)
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(ii) Plot a graph of reciprocal time (1/t) against volume of bromate(V) solution.

(3)
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(iii) State the order of reaction with respect to bromate(V) ions. Justify your answer.

(iv) Reciprocal time (1/t) is used as a measure of rate in this experiment.

Suggest the assumption on which this depends. Refer in your answer to the
shape of a typical graph of reactant concentration against time.

(v) Another student accidentally measured 8.5 cm? of potassium bromate(V)
rather than 8.0cm’in Run 4.

Explain whether or not this portion of potassium bromate(V) should be discarded.

10
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(e) All the volume measurements in this experiment were made using a 50cm’ burette.

() Give a reason why the potassium bromate(V) solution is first measured into a
separate boiling tube rather than directly into the reaction mixture.

(i) Give two reasons why Run 1 has the lowest uncertainty in the
volume measurements.

(f) State the changes that you would make to the procedure to obtain the data
needed to determine the overall rate equation for the reaction between bromide
and bromate(V) ions in acid conditions.

(Total for Question 3 = 17 marks)
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4 A group of students prepared aspirin from 2-hydroxybenzoic acid using ethanoic anhydride.

0 OH 0 o) OH
N e c/< N i
OH Q) O CH; /

/ T
+ HC —C\\ e H + H3C—C\
0 0 OH
ethanoic
2-hydroxybenzoic acid  anhydride aspirin
Data
Molar mass Density of liquid ¢ Meltlntg
Compound | 3 emperature
/g mol /gcm /oC
2-hydroxybenzoic acid 138.0 - 159
ethanoic anhydride 102.0 1.082 —
aspirin 180.0 — 136
Procedure

Step 1 Weigh 2.00 g of 2-hydroxybenzoic acid and put it in a pear-shaped flask.
Clamp the flask and suspend it in a water bath containing cold water.

Step 2 Add 5.0cm’ of ethanoic anhydride to the 2-hydroxybenzoic acid.
Add five drops of concentrated sulfuric acid to the mixture in the flask.
Add anti-bumping granules and fix a reflux condenser on the flask.

Step 3 Warm the mixture by heating the water bath using a Bunsen burner.
Gently swirl the mixture until all the solid has dissolved.

Step 4 Continue warming the mixture for another 10 minutes.

Step 5 Remove the flask from the hot water bath and add 10 cm? of crushed ice
and some distilled water.

Step 6 Stand the flask in a beaker of iced water until no more aspirin
crystals form.

Step 7 Filter off the aspirin crystals using a BOchner funnel and suction apparatus.
Step 8 Wash the aspirin crystals with the minimum volume of iced water.

Step 9 Recrystallise the aspirin crystals using a mixture of ethanol and water.

12
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(a) Give a reason for placing the flask in cold water in Step 1.

(1)
(b) Suggest the purpose of the concentrated sulfuric acid added in Step 2.

(1)
(c) Show, by calculation, that the ethanoic anhydride is in excess in this preparation.

(3)

J
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(d) One student drew a diagram of the apparatus used for reflux in Step 4.

)

water in il

e —

water out
e
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anti-bumping
granules

I heat

Identify the three errors in the student’s diagram.

XX 9 XX XX XX XX '\'\\\ XXX '\\\\ XOXXKXK

Assume that the apparatus is clamped correctly.
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-
(f) The filtration in Step 7 is carried out under reduced pressure.
State two advantages of this method compared with ordinary (gravity) filtration.
(2)
(g) Describe how the purity of the recrystallised aspirin could be tested. Experimental
details are not required.
(2)
(Total for Question 4 = 13 marks)
TOTAL FOR PAPER = 50 MARKS
\
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