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® Answer all questions.
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descriptions and arguments clearly and logically, including your use of grammar,
punctuation and spelling.

® A Periodic Table is printed on the back cover of this paper.
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1

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

A transition metal M has two oxides.

One oxide is a black solid. This solid reacts with dilute nitric acid to form a

blue solution X.

(@) Tests are carried out on the solution X. Complete the table.

Test

(i) To Tcm’ of X in a test
tube, add a few drops of
sodium hydroxide solution
followed by an excess

(ii) To 1 cm? of X in a test tube,

add a few drops of dilute

ammonia solution followed by

an excess

(i) A few drops of X are added

to 3cm’ of concentrated
hydrochloric acid and
the colour of the mixture
observed

(iv) To 1cm’ of X in a test
tube, add a few drops of
potassium iodide solution

Then add a few drops of
starch solution

Observation

A pale blue precipitate
forms which does

not dissolve in excess
sodium hydroxide solution

After adding a few drops of
dilute ammonia solution:

After adding excess
ammonia solution:

A brown solution and a
white solid form

The brown solution turns
blue black

Inference

The formula of the
transition metal cation in
Xis

This confirms the inference
made in (i)

The colour seen is caused
by a species with the
formula

Identify by name or
formula:

the substance causing the
brown colour
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(b) A reagent containing a compound of M produces the second oxide of M when it
is warmed with ethanal.

(i) Name a reagent which reacts with ethanal to produce this second oxide of M.
(1)

(Total for Question 1 = 10 marks)
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2 This question is about butanoic acid, CH;CH,CH,COOH, and one of its isomers.

(a) State what test you could use, other than adding an indicator or using a pH meter,
to confirm that butanoic acid contains an acid group.

Give the result of the test.

(b) Compound A is an organic liquid which is an isomer of butanoic acid.

There are two functional groups in A. Neither functional group is a
carboxylic acid.

Tests were carried out on A.

(i) Dry phosphorus(V) chloride was added to A. Steamy fumes were produced
which turned damp blue litmus paper red.

State what you can deduce about A from this test.

(i) A was tested with 2,4-dinitrophenylhydrazine solution (Brady’s reagent).
The result was positive.

State what you would see when a positive result is obtained in this test and
what you would deduce from this result.
OBSEIVATION ... e

DEAUCTION ..o e

(iii) Another portion of A was then warmed with Tollens’ reagent.
No change was seen.

State what you can deduce about A from this test.

P 6 4 6 1 9 A 0 4 1 6

XIS

Y3uy SIHLNIJLEM IONOG -

X
otetetele QKL
b QLKL SRR

K CXX

X

X

YUY SN LM LON O

%

1%
X
9%
%%

&

& XS
& 2
. o3

L
posP—~ a0k
7 X2
KRNI
&X %
S e
& 2
X %
X

pLe

Awmionod T

SO




(iv) A was warmed with iodine in the presence of sodium hydroxide.
Pale yellow crystals formed.

State what you can deduce about A from this test.

(v) Ais optically active. The carbon chain in A is not branched.

‘DO NOTWRITEINTHISAREA === =

Draw the displayed formula for A which is consistent with this information
and the deductions from (b)(i) to (b)(iv).

Circle the chiral centre.
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(vi) State why the low resolution proton nmr spectrum of A has four peaks.

XA

(vii) State the number of singlets, doublets, triplets and quartets in the
high resolution proton nmr spectrum of A.
Some of these numbers may be zero.

; Number of singlets Number of doublets Number of triplets Number of quartets
W
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(Total for Question 2 = 13 marks)
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3 Ethyl ethanoate, CH;COOGC,Hs, was hydrolysed by reacting it with hydrochloric acid.

10.0cm’ of the ester and 100cm® of 1.00 moldm™ hydrochloric acid were placed in
separate containers in a water bath at 40°C.

The contents were allowed to reach the temperature of the water bath.
The ester was mixed with the hydrochloric acid and a timer was started.

At intervals, over a period of 60 minutes, 5.00cm® samples of the mixture were
withdrawn by pipette and added to a mixture of ice and water in a conical flask.

These samples were then titrated with 0.200 moldm™ sodium hydroxide solution
added from a burette.

vAvSHINANMIONOD

After 60 minutes the remaining mixture was heated under reflux for 15 minutes. 5
Another 5.00 cm® sample was then withdrawn and the titration repeated. s

(@) Write the equation for the hydrolysis of ethyl ethanoate.
State symbols are not required.

OO
X
R
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(b) Explain why the number of moles of hydrochloric acid in each 5cm® sample
remains constant.
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(d) Phenolphthalein indicator was used in the titration.

State the colour change which was seen at the end-point.

00

>
XK

P 6 4 6 1 9 A 0 6 1 6



XXK2

SIS AR IR ARKRK K

02020202070 2620 2620 %0202 %: %]

QLIKIKHK IR IIKK KKK
XXAKAXAKARAXAKAKK?

SRS E\E
CRX X,
KRKAKAKXAKARKK?

3£><<E 9%
XAXXX

RKAXXAKAXXAKX

&
%

s
X <
XARXAKRXAKXAKAKX.

XKRXAKAKXAKRAKAKAXKK.

2000000202070 202070 20 2% 0 %%
K RKHLRLILKAIHXHKHKHIRAK
CRRKHKAKAKRRARRR

20KRACAGAR IR ARIARH KK A KK,

9%
5
XX

0002020 020 020 2020 2020 2020 2020 20202020 2020 220 2020202020202 20202020 202020202020 20%0 2020002022020 %0 2020020002009 %9299

SR RREES
!K*A RED o
SRR RRK
HISYINIMIRER L

XL AKXKAAXAAXAAXA

Xd‘

N

K
X

.
N g

(e) The mixture remaining after 60 minutes was heated under reflux and another
5cm’ sample was titrated.

() By considering the products of the reaction, suggest what information this
titre provides.

(ii) Draw a labelled diagram of the apparatus used to heat the reaction mixture
under reflux.

(3)
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(f) The results of the experiment are shown.

Results

The quantity V is directly proportional to the concentration of the ester in the sample.

Time/min Titre/cm’ V = (45.00 — titre) /cm’
0 22.70 22.30
10 28.50 16.50
20 32.50 12.50
30 35.95 9.05
40 37.90 7.10
50 39.75 5.25
60 41.20 3.80
After refluxing 45.00
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(i) Plot a graph of V on the vertical axis against time on the horizontal axis.
(2)
(i) Use your graph to determine the order of reaction by measuring two
successive half-lives.
(2)
First half-life ...
Second half-life ...
Order of reaCtion ...
. J
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-
(9) (i) Calculate the number of moles of ethyl ethanoate in the 10.0cm’ used in the
reaction mixture.
Data for ethyl ethanoate:
Density 0.900gcm™
Molar mass | 88.1gmol™
(1)
(i) Give a reason why the number of moles of water present for hydrolysis does
not have to be known when finding the order of the reaction.
(1)
(h) A student suggested that the order of the reaction could be found by plotting a
graph of the pH of the mixture against time, and measuring half-lives.
Give two reasons why this method cannot be used.
(2)
(Total for Question 3 = 16 marks)
.
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4 This question is about the preparation of 4-nitrobenzoic acid from
1-methyl-4-nitrobenzene.

-
This reaction is one stage in the production of benzocaine, a local anaesthetic. j}g ;
2
CH; COOH s
B
=
K2
.
o
ML
SIS
% o 1
98 53 |
NO, NO, LB
1-methyl-4-nitrobenzene 4-nitrobenzoic acid
M, =137 M, =167

Outline procedure

X
CRXK

Step 1 Add 10.0 g of 1-methyl-4-nitrobenzene to a cold acidic solution of
sodium dichromate(VI). Heat the mixture under reflux for an hour and
allow it to cool.

Step 2 Pour the mixture onto ice in a large beaker. Filter off the solid under
reduced pressure and wash it with distilled water.

Step 3 Transfer the solid to a beaker and add enough sodium hydroxide solution
to dissolve the 4-nitrobenzoic acid.
Filter under reduced pressure to remove the chromium(lll) compound
which precipitates. Collect the filtrate.

Step 4 Add the filtrate to a mixture of concentrated hydrochloric acid and ice
in a beaker and stir. Test the resulting mixture to ensure the solution is
strongly acidic. (4-nitrobenzoic acid is not soluble in acidic solutions.)
Filter the resulting precipitate under reduced pressure and wash it with
distilled water. Allow the precipitate to dry in a desiccator. EEE
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(@) The solid sodium dichromate(VI), used to make the solution in Step 1, is stored in
a container labelled with the following symbols.

State the meaning of each symbol.
(2)

(b) Draw a labelled diagram showing the apparatus used to filter under reduced
pressure in Steps 2, 3 and 4.
(3)

(c) Identify, by name or formula, the solid chromium(lll) compound formed in Step 3
and state its colour.
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-
(d) Give a test and its positive result that would show the solution of
4-nitrobenzoic acid in Step 4 is strongly acidic.
(1)
(e) Benzocaine can be prepared from 4-nitrobenzoic acid by carrying out two
further reactions.
COOC,H;
NH,
Benzocaine
M, =165
Calculate the mass of 4-nitrobenzoic acid that is required to prepare 10.0g of
benzocaine. The yield in each of the two further reactions is 70%.
(3)
(Total for Question 4 = 11 marks)
TOTAL FOR PAPER = 50 MARKS
.
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