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Read each question carefully before you start to answer it.

Show all your working in calculations and include units where appropriate.

Try to answer every question.

Check your answers if you have time at the end. Turn over
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Answer ALL the questions. Write your answers in the spaces provided.

1 Valerian is a plant that has been used in herbal medicine for many centuries.
Two of the compounds that can be extracted from this plant are valeric acid and
valerenic acid.

(a) Valeric acid, CH;CH,CH,CH,COOH, can be separated from the leaves of valerian
using steam distillation. The apparatus is shown.
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heat

(i) Add labelled arrows to the diagram to show the water entering and leaving
the condenser.

(i) State the identity of liquid A.

(iii) Give a chemical test and its positive result to confirm the presence of an acid
in the distillate.

Do not include use of an indicator.
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(iv) Calcium valerate is precipitated when calcium hydroxide is added to
valeric acid in the distillate. The equation is shown.

2CH;CH,CH,CH,COOH + Ca(OH), — Ca(CH;CH,CH,CH,CO0), + 2H,0

Calculate the maximum volume of liquid valeric acid that is removed from
the distillate when 2.00g of solid calcium hydroxide is added.

[Data: Density of valeric acid = 0.939gcm™]

(v) Give the name of valeric acid using IUPAC rules.
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(b) The most active compound extracted from valerian leaves is valerenic acid.
The structure of valerenic acid is shown.

0" OH

(i) Give a chemical test to distinguish between valerenic acid and valeric acid,
CH,;CH,CH,CH,COOH.

Include the results for both compounds.

(ii) Pure valerenic acid has a melting temperature of 139°C.

State two ways that the melting temperature of an impure sample of
valerenic acid differs from this value.

P 7 9 2 2 3 A 0 4 1 6

O .

Y3dY SIHLNEILIHM 1ON Od V3HY SIHLENEILIHM LON Od

Y3HY SIHLNIILIIM 1ON Od



- DO:NOTWRITE INTHIS:AREA

<
i
e
<
P
=
b
=
W
B
§ S
_
o
<
o
a:

25

(iii) Describe how an impure sample of solid valerenic acid could be purified by
recrystallisation to remove both insoluble and soluble impurities.

(Total for Question 1 = 19 marks)
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2 Boraxis a compound that forms an equilibrium mixture when dissolved in water
as shown.

Na,B,0s(OH),-8H,0(s) = 2Na‘(aq) + B,Os(OH);(agq) + 8H,O(l)

The position of this equilibrium at different temperatures can be calculated
by titrating 25.0 cm’ portions of the equilibrium mixture with 0.200 moldm™
hydrochloric acid.

Assume that the position of the equilibrium does not change during the titration.

The reaction occurring in the titration is shown.
B,Os(OH);” + 2HClL + 3H,0 — 4H;BO; + 2CU
The table shows the titration results at room temperature, 20°C.
Rough 1 2 3
Final burette reading/cm® | 13.10 | 2575 | 39.40 | 12.70
Initial burette reading/cm® | 0.00 | 13.05 | 2575 | 0.10

Titre/cm? 13.10 | 12.70 | 13.65 | 12.60

(a) Calculate the mean titre.

P 7 9 2 2 3 A 0 6 1 6
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(b) The pH change at neutralisation is in the range 3.5-6.5.

Identify a suitable indicator for this titration, using the information given.

Indicators

pKin
(at 298 K)

acid

pH range

alkaline

Thymol blue (acid)

1.7

red

1.2-2.8

yellow

Screened methyl orange

3.7

purple

3.2-4.2

green

Methyl orange

3.7

red

3.2-44

yellow

Bromophenol blue

4.0

yellow

2.8-4.6

blue

Bromocresol green

4.7

yellow

3.8-54

blue

Methyl red

5.1

red

4.2-6.3

yellow

Litmus

red

5.0-8.0

blue

Bromothymol blue

7.0

yellow

6.0-7.6

blue

Phenol red

7.9

yellow

6.8-8.4

red

Phenolphthalein (in ethanol)

9.3

colourless

8.2-10.0

red

J
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(c) The pH of the borax solution is 9.0.

Sketch the expected pH curve for the titration of the borax solution with

hydrochloric acid.

(Space for calculating final pH)

(4)

14

12

10

pH

0 4 8 12 16
Volume of HCl(aq) added / cm®
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(d) The titration between the borax solution and hydrochloric acid is repeated at 4°C.
The mean titre at 4°C is 6.80cm”’.

Explain what can be deduced about the enthalpy change of the
equilibrium reaction.

(Total for Question 2 = 8 marks)
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3 A polymerisation demonstration uses a beaker containing two immiscible solutions.
The aqueous layer contains a diamine, and the organic layer contains a dioyl chloride.
Nylon polymer forms where the two layers are in contact and can be twisted around

a glass rod as shown.

glass rod

(@) The two reagents used are shown.

H,N SN NH, OY\N\M cl

A B

(i) Suggest which of A and B is in the upper layer of the beaker.
Justify your answer.

%

(ii) Draw the repeat unit of the nylon produced.

S

—_
-
e
5
(] X
S

e S e S S s
b,‘- " N ® RIS XA NS ¥ A
RSN S BN

X X X < R .

/’// ////

*/)// R
T

O
5

S50

IR K
X / . ‘//

NN 0 O o
P 7 9 2 2 3 A 0 1 0 1 6



DO NOT WRITE IN THIS AREA

<
ELE
[~ 2008
<\I:\
n
I
z
w
=
=
S
o
z S
o
a

o5 j \

(b) State two precautions that should be taken during this demonstration.
Justify your answer.

Assume that a laboratory coat and eye protection are worn.

(Total for Question 3 = 4 marks)
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4 The standard emf, %, of an electrochemical cell can be measured in the laboratory.
A cell was made using the two electrode systems shown.

Mg® + 2e° = Mg E®=-237V
Cu™ + 2" = Cu E°=+0.34V

(@) Calculate the E%,, of this cell.

(b) Complete the diagram to show all the apparatus, reagents and conditions used
to measure the E%,,.

................................................ Copper electrOde
................................................ N e N e
44444444444444444444444444444444444444444444444 \\ P |

- J

containing
Temperature ...,
12
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(c) State the observations, if any, that occur to the E%,, the electrodes and the
solutions when current flows for several hours in this cell.

(Total for Question 4 = 10 marks)
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5 This question is about the colours of metal ions in flame tests and in
aqueous solutions.

(@) A student carries out flame tests on three metal compounds.

A few drops of dilute sodium hydroxide are added to 5cm’ of solution of each
metal compound.
Then more dilute sodium hydroxide is added until it is in excess.

Complete the table with the formula of each metal ion and the expected
observations with excess dilute sodium hydroxide.

Observation with a

Observation with

Flame colour few drops of Formula of metal ion
NaOH(aq)
lilac no reaction
orange-red faint white precipitate

blue precipitate,
no colour turning pink on
standing

(b) The student adds a few drops of dilute ammonia solution to a solution of a
different metal compound. A green precipitate forms.

(i) Suggest three possible identities for the metal ion in the compound.

P 7 9 2 2 3 A 0 1 4 1 6

excess NaOH(aq)
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(ii) The student adds excess dilute ammonia solution to the metal
compound solution.

Describe the results of the test for each of the ions identified in (b)(i).

 DONOTWRITEINTHIS AREA

(Total for Question 5 = 9 marks)

TOTAL FOR PAPER = 50 MARKS
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