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

1 Some tests are carried out on an inorganic compound A. Compound A is anhydrous
and has one cation and one anion.

(@) Compound A gives a lilac colour in a flame test.

(i) Describe how to carry out a flame test.

(b) When a sample of solid A is placed in a test tube and heated, a gas and a vapour
are evolved. The gas turns lime water cloudy and the vapour is identified as water.

(i) Identify the gas evolved.
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(i) Write the equation for the action of heat on A.
Include state symbols in your equation.

(2)

DO NOT WRITE IN THIS AREA

(Total for Question 1 = 10 marks)
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2 The skeletal formulae of three organic compounds, E, F and G, are shown in the table.

E \/\/\/OH
F \/\/\/I
G SN X

(@) Name compound E.

(b) Give a chemical test and its result that could be used to show the presence of the
OH group in E.

(c) Give a chemical test and its result that could be used to show the presence of the
iodine atom in F.

(d) A few drops of G are shaken with 2 cm? of a dilute aqueous solution of
potassium manganate(VIl) acidified with dilute sulfuric acid.

(i) State the colour change that occurs in this reaction.
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(i) Draw the skeletal formula of the organic product of this reaction.

(e) State the reagent and give the essential conditions for the conversion of F to G.

REAGENT ..o e e
(@00] g T [1410] o 130

(f) A student attempted to convert G to F using a standard method involving the addition
of hydrogen iodide, HI, prepared in situ. However, very little of F was formed.

(i) Draw the structure of the major product obtained by the student.

(i) Explain, by referring to the intermediate in the mechanism of the reaction,
why F is only a minor product.
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(g) Compound E may be oxidized with potassium dichromate(VI) acidified with
sulfuric acid, using the apparatus shown below. For clarity, clamps, stands and
rubber tubing have been omitted from the diagram.

[ co—

ar—| |

Liebig condenser

/

round bottom flask
reaction mixture

T

heat

(i) Complete the labelling of this diagram.
(ii) Name the technique that is carried out using this apparatus.

shown.
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(h) Oxidation of E can result in the formation of an aldehyde or a carboxylic acid.

<
& E OH
<< \/\/\/
0
T
; (i) Give the skeletal or displayed formulae of these products.
= (2)
e
= | Aldehyde
-
[®)
2
Q
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Carboxylic acid
i
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,_ (i) By considering the bonds in these two products, explain how infrared
g spectroscopy can be used to distinguish between them. You are not expected
SO to give specific wavenumbers.
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() The carboxylic acid produced by the oxidation of E is an oily liquid which boils at 206 °C.
The carboxylic acid may be obtained from the reaction mixture by distillation.

(i) Name the three additional pieces of apparatus, apart from clamps and stands,
which are essential to convert the apparatus shown at the start of part (g) for
distillation.

(i) Suggest a suitable temperature range over which to collect the carboxylic acid
distillate.

(iii) The distillate contains a trace of water. Suggest a drying agent that could be
used to remove this.

(Total for Question 2 = 24 marks)
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The apparatus below was used in a series of experiments by a group of students to
determine the enthalpy change of combustion of some alcohols.

~

thermometer \

copper can

draught shield I

alcohol

clamp

water

burner

(@) In the experiment to determine the enthalpy change of combustion of CH;OH,

one student obtained the following results.

Measurement Value
Mass of copper can/g 300.00
Mass of copper can + water / g 700.00
Mass of burner + CH;OH (start) / g 151.65
Mass of burner + CH;OH (finish) / g 150.00
Temperature of water (start) / °C 21.5
Temperature of water (finish) / °C 33.5

Data

Specific heat capacity of copper =0.39 J g™' °C™
Specific heat capacity of water=4.2 Jg™' °C"'
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( )
(i) Calculate the heat energy transferred. Use the expression
5 heat energy transferred / J =[(0.39 x mass of copper can) + (4.2 x mass of water)] x temperature rise
e
<< (2)
2
T
=
£
o8
E
oc
=
-
o
Z
Q
(=]
(ii) Use your answer from (a)(i) to calculate the enthalpy change of combustion
of CH;OH.
s Give your answer in kJ mol™ and include the appropriate sign.
s (3)
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(b) The mean values obtained by the students were collected in a table.

Alcohol | () Enthalpy c/hkajnrg]z |c—)1f combustion
CH;OH 450

C,H;OH 800

C;H,0H No value obtained

C,H,;OH 1600

CsH,,OH 2000

(i) Label the axes below and plot a graph of (the magnitude of) the enthalpy
change of combustion (on the vertical axis) against the number of carbon
atoms in the alcohol (on the horizontal axis).
(2)
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(ii) Use your graph to estimate the enthalpy change of combustion of C;H,OH.

(i) By considering the combustion equations for the alcohols, explain the trend
shown by the graph in terms of the bond changes.

The equation for the combustion of CH;OH is given below; you are not
expected to write any other equations.
(2)

H

|
H—C—0—H + 350=0 ——> 0=C=0+ 2H—O0—H
|

J
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(c) The students then compared their results to the values in the Data Booklet. They

14

found that the magnitudes were consistently much smaller; for example, the
Data Booklet value for C,HsOH is -1367.3 kJ mol".

The students suggested a number of possible explanations for the discrepancy:

| uncertainties in the measurement of mass and temperature

Il the values used for the specific heat capacities of copper (0.39J g' K™') and
water (4.2 J g7' K") are rounded (from 0.385 and 4.18 J g7' K™)

lll heat losses to the surroundings
IV incomplete combustion of the alcohols
(i) Calculate the percentage error in the students’ mean value for the enthalpy

change for combustion of C,H;OH compared with the Data Booklet value.
Give your answer to two significant figures.
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(i) By considering your answer to (c)(i), evaluate the validity of each of the four
reasons that the students put forward to explain the discrepancies between
their values and those in the Data Booklet.

(Total for Question 3 = 16 marks)

TOTAL FOR PAPER = 50 MARKS
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