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

1 Student A and student B, working separately, each carried out a series of tests on two
white solids, X and Y. Both solids contained one cation and one anion.

The students heated solid X, which gave off a colourless gas that turned
damp red litmus paper blue. The gas also produced white smoke when tested with
a glass rod dipped in concentrated hydrochloric acid.

(@) (i) Identify, by name or formula, the colourless gas.

(b) The students dissolved a sample of solid X in deionised water, added dilute
hydrochloric acid and carried out the test for sulfate ions. The test was positive.

(i) Identify, by name or formula, the reagent used to test for sulfate ions.
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(d) The students carried out a flame test on solid Y and observed a red colour. Student A

was confident of the identity of the cation in solid Y but student B was correct to
be unsure.

Explain why student A should have been unsure of the identity of the cation in solid Y.

What is the correct inference from the flame test about the identity of the cation
in solid Y?

The students dissolved a sample of solid Y in deionised water and then added
dilute nitric acid followed by silver nitrate solution. The students observed the
formation of a precipitate.

Student A added concentrated ammonia to the precipitate and observed that the
precipitate dissolved to give a colourless solution.

Student B used dilute ammonia and made the same observation.

(i) What should student A infer from the dissolving of the precipitate in
concentrated ammonia?

(Total for Question 1 = 11 marks)
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2 Borax is hydrated sodium tetraborate, Na,B,0,.10H,0O (molar mass = 381.2 g mol™).
It is a primary standard which can be used to determine the concentration of a
solution of hydrochloric acid.

(@) Sodium hydroxide is not suitable to be used as a primary standard because the
solid absorbs moisture from the air.

The mass of pure sodium hydroxide required to make a solution of known concentration
is calculated. This mass is weighed out and dissolved to make the solution. Explain how
the absorption of moisture from the air affects the concentration of this solution.

(b) The mass of an empty weighing bottle was measured and then it was reweighed
containing a sample of borax. The mass of the borax sample was 9.53 g. This sample
was dissolved in deionised water and transferred, with washings, to a 500 cm?
volumetric flask. The mixture was made up to the mark with deionised water and
mixed thoroughly.

(i) A two-decimal point balance has the measurement uncertainty of +0.01 g for
each measurement.

What would be the possible numerical range for a mass of 9.53 g?

(ii) Calculate the concentration, in mol dm3, of the borax solution.

(iii) 25.0 cm? of the borax solution was pipetted into each of three conical flasks.

Calculate the number of moles of borax in each conical flask.
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(c) A few drops of methyl orange indicator were added to each conical flask.
A hydrochloric acid solution of unknown concentration was placed in a burette
and titrated against the borax solution.

The following titration results were obtained.

Titration 1 2 3
Burette reading (final) /cm? 17.00 33.25 16.35
Burette reading (initial) /cm? 0.00 17.00 0.00
Titre /cm? 17.00 16.25 16.35

(i) What is the colour change at the end-point?

(ii) What is the likely colour of the solution in the conical flask in titration 1 after
17.00 cm? of hydrochloric acid has been added?

(i) 1 mol of borax reacts with water to produce 2 mol of sodium hydroxide, which
then neutralises the hydrochloric acid.

Calculate the concentration of the hydrochloric acid in g dm™3, giving your
answer to three significant figures.

You will need to use

e your answer to part (b)(iii).

e the mean titre calculated from the results table.

(Total for Question 2 = 10 marks)
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3 Aseries of analytical tests is carried out to identify two colourless liquids labelled
W and Z. The molecules of W and Z contain only carbon, hydrogen and oxygen and
each has only one functional group.

(a) Both W and Z were inferred to have a hydroxy group, —OH, as a result of their
reaction with phosphorus(V) chloride, PCls.

Containers of phosphorus(V) chloride have the following hazard labels.

First label Second label

(i) What precaution would reduce the risk due to the hazard indicated by the first
label, other than wearing safety goggles and laboratory coats?

(i) Phosphorus(V) chloride is a solid and not a liquid, so why is the second hazard
label used?
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(iv) Suggest a reagent that may be used in an alternative test to confirm the presence of
a hydroxy group, —OH. Give the observation for the positive result of this test.
REAGENT ...
OBSEIVATION ...

(b) The infrared spectrum for liquid W is

100

Transmittance (%)
50 -
O T T LA B L LR AL | T T T T T T T T T T T T T T T
4000 3000 2000 1500 1000 500
Wavenumber / cm™
Group Bond stretching vibration Wavenumber / cm™
Alcohol O—H 3750 - 3200
Aldehyde =0 1740 -1720
Alkane C—H 2962 - 2853
Carboxylic acid O—H 3300 - 2500
Ketone =0 1700 - 1680

Using information from the spectrum and the table, name the functional group in W.
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( )
() A molecule of W has four carbon atoms.
W does not react with acidified sodium dichromate(VI).
Identify W, by name or formula.
(1)
(d) The mass spectrum of Z is
100 1
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(i) Label with an asterisk (*) the peak which corresponds to the COOH* fragment.
(1)
(i) A molecule of Z has three carbon atoms. Draw its skeletal formula.
(1)
(Total for Question 3 = 9 marks)
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4 The enthalpy change of combustion of methanol was measured using the following procedure:

e A 250 cm?® measuring cylinder was used to measure 150 cm? of water into a
glass beaker and the initial temperature of the water recorded.

e A spirit burner was filled with methanol and its mass recorded.

e The spirit burner was placed under the beaker as shown.

thermometer stirrer

—— glass beaker
150 cm? of water

spirit burner

methanol

e The burner was lit and the water in the beaker was stirred while the methanol
was burned.

e After about three minutes, the flame was extinguished and the maximum
temperature of the water recorded.

e The spirit burner was reweighed and the mass recorded.

The results are given in the following table.

Measurement Value
Mass of spirit burner and methanol before burning /g 186.87
Mass of spirit burner and methanol after burning /g 185.27

Mass of methanol burned /g
Initial temperature /°C 21.5
Maximum temperature /°C 72.0

Temperature change /°C

(@) Complete the table to show the mass of methanol burned and the
temperature change as a result of this combustion.
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(b) Calculate the energy transferred, in joules, for this combustion experiment.
Energy transferred = mass of water x specific heat capacity x temperature change
Density of water =1.0g cm™
Specific heat capacity of water =4.18 J g~' °C™’
(1)
(c) Calculate the number of moles of methanol, CH;OH, burned in this experiment.
(1)
(d) Calculate the enthalpy change of combustion, AH,, in kJ mol™".
Give your answer to the nearest whole number and include a sign.
(2)
AH = oo kJ mol™
J
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(e) The experimental value for the enthalpy change of combustion for methanol is
less negative than the Data Booklet value.

Identify two improvements that could be made, either to the apparatus shown in

the diagram or to the procedure which would give an enthalpy change closer to

the Data Booklet value. Justify your suggested changes.

Do not include repeating the experiment or using more accurate measuring equipment.

(f) State and explain the effect, if any, on the value obtained for the enthalpy change
of combustion if the water in the beaker was not stirred.

(g) If there is insufficient oxygen for the complete combustion of methanol, what is
observed on the underside of the beaker?

(Total for Question 4 = 11 marks)
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5 A preparation of 1-bromobutane is outlined below.
Procedure

Step1  Suitable quantities of sodium bromide solution and butan-1-ol were added
to a twin-necked flask already containing material A. The reflux condenser
was then fitted in one neck and a tap funnel in the other neck.

?jﬁ water out

Step2  Afterimmersing the flask in cold water, a suitable volume of concentrated
sulfuric acid was placed in the tap funnel and then added drop-by-drop to
the mixture in the flask.

Step 3  Afterall the acid was added, the mixture was heated under reflux for 45 minutes.
The apparatus was then rearranged for distillation.

Step4 The crude 1-bromobutane was distilled off and washed with
sodium hydrogencarbonate solution.

Step5 The washed 1-bromobutane was separated and anhydrous calcium chloride added.

(a) Identify the material labelled A in the flask, and explain its purpose.
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(b) What does the method of adding the sulfuric acid in Step 2 suggest about the
nature of the reaction?

(c) Explain why it is important to close the tap of the tap funnel once all the
sulfuric acid has been added.

(1)
(e) What piece of apparatus would be used in Step 5 to obtain 1-bromobutane from
the mixture obtained in Step 4?7 Justify your answer.
(2)
(f) How is the appearance of the 1-bromobutane changed by the addition of
anhydrous calcium chloride in Step 5?
(1)
(g) After the 1-bromobutane has been decanted from the calcium chloride, what
additional step is needed to obtain pure 1-bromobutane?
(1)

(Total for Question 5 = 9 marks)

TOTAL FOR PAPER = 50 MARKS
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