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

1 Experiments were carried out on a sample of hydrated calcium nitrate crystals, Ca(NOs),.2H,0
(a) Describe how to carry out a flame test to show which cation is present in the sample.

Give the expected result of the test.

(b) The calcium nitrate crystals were heated gently in a test tube. Fumes which
looked like steam were given off.

Give the name of a substance that could be used to test for the presence of steam
in the fumes. Describe the expected colour change for this test.

U S AN G oo e

(@] (o 10 T el Y- T T

(c) On further heating of the sample, a mixture of two gases was evolved. One of the
gases was coloured, the other was colourless.

(i) Identify the coloured gas and give its colour.

LANTIEY OF GAS e

COIOUI OF GAS .
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(i) Identify the colourless gas. Give a test for the gas and its result.

LAENTITY OF GAS ..

TS AN TOSUIE e e

(d) A white solid remained after complete decomposition.

Complete the equation for this decomposition of the hydrated crystals.
State symbols are not required.

Ca(NO5),.2H,0 —>

(e) The white solid which remained in the test tube was allowed to cool to room temperature.
Distilled water was added to it, and a solution formed.

(i) Give the name of the solution which forms when distilled water is added to the
white solid.

(i) This solution is used in a common laboratory test for a gas.
|dentify this gas.

(Total for Question 1 = 12 marks)
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A gaseous hydrocarbon X reacted with bromine to give a colourless product.

At room temperature and pressure, 6.00g of X occupied a volume of 5.14dm”>.
Under these conditions, 1 mol of gas occupies 24.0dm’.

Show how all these pieces of information are used to identify X, and give its
displayed formula.

(b) A compound Y was prepared by reacting X with potassium manganate(VIl) under

suitable conditions. Y is a liquid at room temperature.

(i) Phosphorus(V) chloride, PCl;, was added to Y and fumes of hydrogen chloride
were detected.

Describe a chemical test for hydrogen chloride, other than by using an
indicator, and give the result of the test.
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(i) It was found that 0.25 mol of Y produced 0.50 mol hydrogen chloride in its
reaction with phosphorus(V) chloride.

State what can be deduced about a molecule of Y from this information.

(iii) The mass spectrum of Y is shown.
100
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m/e

Use the mass spectrum to find the relative molecular mass of Y.

Use your value of the relative molecular mass, your answers to (a) and (b)(ii) and
information from the Periodic Table to deduce the structural formula of Y.

5
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(iv) When compound Y was heated with acidified potassium dichromate(VI)
under appropriate conditions, it was oxidised to a carboxylic acid.

Draw a labelled diagram of the apparatus which is normally used to make a
carboxylic acid by oxidation of compounds such as Y.
(3)
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(v) When compound Y is oxidised more gently than in (b)(iv), a different product, Z,
is formed. Z contains only one type of functional group.

The table shows the IR absorption ranges of some organic functional groups.

Wavenumber range

Group Intensity /em”!

O-H stretching in alcohols variable, broad 3750 - 3200
O-H stretching in carboxylic acids weak 3300 - 2500
C=0 stretching in aldehydes strong 1740 -1720
C=0 stretching in ketones strong 1700 - 1680
C=0 stretching in carboxylic acids strong 1725 -1700

weak 2900 - 2820
C-H stretching in aldehydes

weak 2775 -2700
C-H stretching in alkenes variable 3095 -3010
C=C stretching in alkenes variable 1669 — 1645

The incomplete infrared spectrum of Z is shown below. On the spectrum,
draw two of the peaks you would expect to see between 4000 and 1500cm™’
for different bond stretches for product Z.

100+

50

0.0 ——————— —_— E— .
4000 3000 2000 1500 1000

wavenumber / cm™

—
500

(Total for Question 2 = 14 marks)
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3 An experiment was carried out to measure the enthalpy change, AH, of the reaction
between magnesium and copper(ll) sulfate solution.

Mg(s) + CuSO,(@q) — Cu(s) + MgSO,(aq)

50.0cm’ of 0.150 moldm™ copper(ll) sulfate solution was put into a polystyrene cup.
The temperature of the solution was measured as a stop clock was started, and then
at one and two minutes.

At exactly three minutes, a piece of magnesium ribbon of mass 0.250g was added.
Further temperature readings were taken every minute for a further seven minutes.
A graph of temperature versus time was plotted and the results were used to
calculate the enthalpy change of the reaction.

(@) Show by calculation that the magnesium is in excess.

(b) Describe what you would see when the magnesium and copper(ll) sulfate
solution react.

(c) The temperature measurements were recorded.

Tlm.e 0 1 5 3 4 s s , . . 0
/ minutes
;ecmperat“re 210 | 21.1 21.o>< 338 330 | 323 | 315 | 30.7 | 300 | 29.2

On the grid provided, draw a graph of temperature (vertical axis) against time
(horizontal axis). Label both axes.

Use your graph to find the maximum temperature rise for the reaction.
Show your working on the graph and enter your value on the answer line provided.
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(d) Use your answers to (a) and (c) to calculate the enthalpy change of the
reaction in kJmol™".

Give your answer to three significant figures. Include a sign and units.
Use the expression:

energy transferred in joules = 50.0 X 4.18 X maximum temperature rise

(e) A student used a burette to measure the 50.0 cm® of copper(ll) sulfate solution required.
The uncertainty in each burette reading is +0.05cm>.

Calculate the percentage uncertainty due to the burette in this student’s experiment.

(f) The experiment was repeated using copper(ll) chloride solution, CuCl,, in place of
copper(ll) sulfate solution.

The enthalpy change of the reaction was the same in each case within
experimental error. Suggest the reason for this.

(Total for Question 3 = 11 marks)
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4 The halogenoalkane, 2-chloro-2-methylpropane, can be prepared by reacting
2-methylpropan-2-ol with concentrated hydrochloric acid.

concentrated HCl

(CH5);COH > (CH5);CCl
Step 1 20cm’ of 2-methylpropan-2-ol and 70 cm® of concentrated hydrochloric acid
are mixed in a large conical flask, which is stoppered and shaken for about
20 minutes. The pressure is released at intervals.
Step 2 69 of sodium chloride is added to the flask. When the solid has dissolved, the
mixture is transferred to a separating funnel and the aqueous layer discarded.
Step 3 About 20cm’ of 0.1 moldm™ aqueous sodium hydrogencarbonate is
added to the organic layer in the separating funnel. This is shaken and the
pressure released frequently. The aqueous layer is discarded again and the
2-chloro-2-methylpropane is transferred to a small flask to which
anhydrous sodium sulfate is added and the mixture is shaken again.
Step 4 The mixture is filtered into a small flask. On distillation, a fraction containing
2-chloro-2-methylpropane is collected.
Data
Molar mass / gmol™ Density / gcm™
2-methylpropan-2-ol 74.1 0.789
2-chloro-2-methylpropane 92.6 0.842

The density of the aqueous solutions is approximately 1.2 g cm™.

(a) State the main hazard of each of the reactants, 2-methylpropan-2-ol and
concentrated hydrochloric acid, other than any toxic effects they may have.

Hazard

2-methylpropan-2-ol

Concentrated hydrochloric acid

11
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(b) Describe how the pressure is released in Step 1.

(c) Explain why the pressure must be released in Step 1, even though no gas is
formed in this reaction.

(e) Draw a diagram of the separating funnel and contents in Step 3. Label each layer.

12
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(f) Suggest what you would see after the anhydrous sodium sulfate has been shaken
with the mixture in Step 3.

(9) The boiling temperature of 2-chloro-2-methylpropane is 51°C.

Give a suitable temperature range to collect the product in Step 4.

(h) Calculate the mass of 2-chloro-2-methylpropane which would be produced in this
experiment if the yield is 85%.

(Total for Question 4 = 13 marks)

TOTAL FOR PAPER =50 MARKS
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