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

1 A student is given aqueous solutions of:

sodium chloride, NaCl(aq)
potassium iodide, Kl(aq)

dilute hydrochloric acid, HCl(aq)
dilute nitric acid, HNO;(aq)

The solutions are labelled A, B, C and D, but not necessarily in the order listed above.

The student carried out two tests on each solution.

Test 1

1.

The student put a 1 cm depth of each of the solutions A, B, C and D into separate
test tubes.

The student added one spatula measure of solid sodium carbonate, Na,COs, to each
test tube.

3. The student’s observations were recorded as shown in Table 1 below, in the column
labelled Test 1.

Test 2

1. The student put a 1 cm depth of each of the solutions A, B, C and D into separate

test tubes.

The student added an equal volume of aqueous silver nitrate solution, AgNO;, to
each test tube.

3. The student’s observations were recorded as shown in Table 1 below, in the column
labelled Test 2.
Table 1
Observations
Solution Test 1 Test 2

A Effervescence No reaction

B No reaction Yellow precipitate

C No reaction White precipitate

D Effervescence White precipitate
2
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(a) Use the results of the tests to identify each of the four solutions using the letters A,
B, C and D in Table 2.
Table 2
Name of solution Letter
Sodium chloride solution
Potassium iodide solution
Dilute hydrochloric acid

Dilute nitric acid

(b) Explain how the observations allowed the student to distinguish between dilute
hydrochloric acid and sodium chloride solution.

(c) Give the ionic equation, including state symbols, for the reaction of solution B in
Test 2.

(d) What would you expect to see when dilute ammonia solution is added to the white
precipitate formed by solution C in Test 2?

(Total for Question 1 =7 marks)
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2 A series of tests was carried out on a white powder, E, which is known to be a Group 2
nitrate.

(a) Complete the inference column for each test in the table below by giving a name or
formula.

Test Observation Inference

The metal 1o0n is
Carry out a flame test on E. Pale green flame

Add dilute sulfuric acid to an

. White precipitate
aqueous solution of E. precip

A brown gas is
Heat a sample of E very strongly. | evolved |
Test any gases given off with a The gas which relights the
glowing splint. The glowing splint glowing splint is

relights

(b) The formulaof Eis ... ...

(c) Write an equation to show the reaction which occurs when a sample of E is heated
very strongly. State symbols are not required.

(Total for Question 2 = 7 marks)
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3 (a) Two colourless liquids, X and Y, both with the formula C4H;,0, are oxidized
on heating with acidified potassium dichromate(VI) solution to form different
carboxylic acids.

(1) Give the colour change you would expect to observe when each reaction takes
place.

(i) Give the two possible structural formulae for the compounds X and Y which
both have the formula C4H;,O.

First possible structural formula

Second possible structural formula

(b) A colourless liquid, Z, also with the formula C4H;(0O, resists oxidation on heating
with acidified potassium dichromate(VI) solution.

Give the structural formula for liquid Z.
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(c) An organic compound, W, has the displayed formula

H HHHH

I N O
H—C=C—C|—(|3—(|?—O—H
H H H

(i) A few drops of bromine water were added to a sample of W in a test tube and
the mixture shaken.

Give the colour change you would expect to observe.

(i) Give the displayed formula of the product formed in (c)(i).

(i11) What would you expect to see when a small quantity of phosphorus(V) chloride

was added to a sample of W in a test tube?

P 3 9 3 1 0 A 0 6 1 6
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(iv) Give the displayed formula of the organic product formed in (c)(iii).

(v) Identify, by name, the two functional groups present in compound W.

H HHHH

I R R
H—c=c—(|:—c|—c|:—o—H
H H H

First functional group

(Total for Question 3 = 12 marks)
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4 In two similar, separate experiments, the enthalpy changes for the reactions of potassium
hydrogencarbonate, KHCOs;, and potassium carbonate, K,COj3, with excess dilute

hydrochloric acid were determined.

(a) The first experiment was to find the enthalpy change, AH,, for the reaction

KHCOs(s) + HCl(aq) — KCl(aq) + H,O(l) + COy(g)

Measurement

Mass of solid potassium hydrogencarbonate added to
hydrochloric acid

Volume of hydrochloric acid

Temperature of hydrochloric acid before addition of solid
potassium hydrogencarbonate

Final temperature of solution

Reading

348 ¢

25.0 cm?®

22.0°C

12.0 °C

(1) Calculate the heat energy absorbed, in joules, by the reaction of KHCOs(s) with

the solution of dilute hydrochloric acid.
Use the expression

energy absorbed (J) = 25.0 x 4.18 x temperature change

(i) Calculate the number of moles of KHCOs(s) used.
Molar mass of KHCOs(s) is 100 g mol .

P 3 9 3 1 0 A 0 9 1 6
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(iii) Use your answers to (a)(i) and (ii) to calculate, in kJ mol™!, the enthalpy change,
AH,, when one mole of KHCOs(s) reacts completely with the acid. Include the
sign for AH,.

(b) In the second experiment, the enthalpy change for the reaction between potassium
carbonate and dilute hydrochloric acid was calculated from the results.

K,CO;(s) + 2HCl(aq) — 2KCl(aq) + H,O(l) + CO(g)

The molar enthalpy change, AH,, for this reaction was calculated to be —34.0 kJ mol .

(i) State one way in which the temperature change is different when equal numbers
of moles of potassium hydrogencarbonate and potassium carbonate react
separately with the same volume of excess dilute hydrochloric acid.

(i1) Give one assumption made when calculating the values of AH| and AH, from
experimental results.
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(c) The values of AH, and AH, may be used to determine the enthalpy change for the
following reaction (AH,).

2KHCO;(s) — KyCOs(s) + H,O() + COx(g)

A Hess cycle based on these reactions is shown below.

AH,

2KHCOs(s)

K,COs(s) + H,O(l) + CO4(g)

\4

+ 2HCl(aq) + 2HCl(aq)

2KCl(aq) + 2H,O(1) + 2CO4(g)

(1) Use Hess’s Law to complete an expression for AH, in terms of AH; and AH,.

AH, =

(ii) Calculate the value of AH, in kJ mol™!. Include a sign in your answer.

(Total for Question 4 = 9 marks)
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5 A student carried out an experiment to determine the value of x in the formula of
hydrated sodium bromide, NaBr.xH,O.

Hydrated sodium bromide is heated until all the water of crystallization is removed.
Anhydrous sodium bromide, NaBr, is formed.

The student was given the following instructions.

e Weigh a sample of the hydrated sodium bromide crystals in a pre-weighed crucible.
e Heat the crucible containing the sample to remove the water of crystallization.

e Allow the crucible to cool and then reweigh the crucible.
The student’s results are shown in the table below.

(a) Complete the table.

Mass of crucible empty / g 18.02
Mass of crucible + contents before heating / g 21.49
Mass of crucible + contents after heating / g 20.51
Mass of contents before heating / g 3.47

Mass of contents after heating / g

Mass of water removed / g

(b) (i) Calculate the number of moles of water removed on heating the hydrated
sodium bromide crystals.

(i1) Calculate the number of moles of anhydrous sodium bromide, NaBr, formed
after heating.

13
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(ii1) Use your answers from (b)(i) and (ii) to calculate the value of x. Give your
answer to two significant figures.

(c) Each mass reading in the table has a maximum error of +0.005 g.

Calculate the percentage error in the mass of the contents of the crucible before
heating the 3.47 g of crystals.

(d) The correct value for x is 2.
Two possible errors that might occur during the experiment are described below.
For each error, predict the effect the error would have on

e the apparent mass of water removed

e the calculated value of x

(i) Carbon from the Bunsen burner flame was deposited on the crucible during
heating.

Apparent mass of water removed:

P 3 9 3 1 0 A 01 4 1 6
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(i1)) A few crystals of hydrated sodium bromide jumped out of the crucible during
heating.

Apparent mass of water removed:

(e) Suggest two improvements to the experiment, other than changing the balance, that
would help to achieve a more accurate result.

First improvement

(Total for Question 5 = 15 marks)

TOTAL FOR PAPER = 50 MARKS
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