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Magnesium oxide is often used to treat heartburn. To determine the percentage purity of a
sample of magnesium oxide, a method known as back titration is used.

Procedure
1) Dissolve a sample of magnesium oxide in a known volume and concentration of hydrochloric
acid, which is used in excess.

MgO + 2HCI —» MgC|2 + H,O

2) Determine the amount of unreacted acid by titrating the solution with aqueous sodium
hydroxide.

NaOH + HCI = NaCl + H20

3) From the amount of unreacted acid, determine the amount of hydrochloric acid that has
reacted with magnesium oxide.

4) Determine the amount of magnesium oxide that has reacted and hence its mass.

Read all the instructions below carefully before starting the experiment in Question 1.

P is aqueous 0.200 mol/dm?® sodium hydroxide.

Q is a solution made by dissolving 1.20 g of magnesium oxide in 100 cm? of 1.00 mol/dm? dilute
hydrochloric acid and the solution made up to 250 cm? with distilled water.

R is methyl orange indicator.

(@) (i) PutP into the burette.
Pipette 25.0 cm? of Q into a conical flask.
Add a few drops of R to the flask.
Add P from the burette to the flask until the solution changes colour.

Record your titration results in an appropriate format in the space provided. Repeat
the titration as many times as you consider necessary to achieve consistent results.

Results

[5]
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(i)  Calculate the average volume of P used.

average volume of P = ....cocvvviiiiiinennn [1]

(b) (i) Calculate the amount, in moles, of hydrochloric acid that has reacted with P.

amount of hydrochloric acid = .......cceeviviainene. mol [1]

(i)  Calculate the amount, in moles, of hydrochloric acid in Q.

amount of hydrochloric acid = .......ccecviivainnene. mol [1]

(c) (i) Calculate the amount, in moles, of magnesium oxide that has reacted with
hydrochloric acid.

amount of magnesium oxide = .....c.vcvevevnrarnrann mol [2]

(ii) Calculate the mass of magnesium oxide in the sample.

[Ar: O =16, Mg = 24]

mass of magnesium oxide = .......cccevvvienernnnnns g[1]

(iii) Calculate the percentage purity of the magnesium oxide sample.

percentage purity = ...c.cveveevereennennn % [1]

[Turn over
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(d) State an assumption made when determining the percentage purity of magnesium oxide
by titration.

(e) Astudent used a wet burette without rinsing it with aqueous sodium hydroxide first. Explain
how this would affect the titration results.

[Total: 15]

2024 Preliminary Exam/CCHMS/Secondary 4/Chemistry/6092/03



5

You are provided with a solution X, that contains two ionic compounds.

Read all the instructions below carefully before starting the experiment in Question 2.

Instructions

Carry out the following experiments and test and identify any gases evolved. Carefully record
your observations.

The volumes given below, unless referring to drops of solution, are approximate and should be
estimated rather than measured.

Tests

observations

@)

Place 3 cm depth of solution X in a clean
test tube. Add an equal volume of dilute
hydrochloric acid.

[3]

(b)

Place 2 cm depth of solution X in a clean
test tube. Add aqueous sodium hydroxide
until no further change is seen.

Warm the mixture gently.

[3]

(c)

Place 2 cm depth of solution X in a clean
test tube. Add a few drops of aqueous silver
nitrate followed by excess dilute nitric acid.

[2]

(d)

Place 2 depth of solution X in a clean test
tube. Add a few drops of aqueous barium
nitrate followed by excess dilute nitric acid.

[2]
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(e) Consider the results of your experiment.

Identify the ions present in solution X. Give evidence to support each of your choices.

[Total: 14]
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Aqueous hydrogen peroxide decomposes at room temperature in the presence of a catalyst to
form water and oxygen.

2H,0; (ag) — 2H:0 (1) + O; (g)

A student investigates the rate of decomposition of hydrogen peroxide. The results are shown in

the table.
time /s total volume of oxygen / cm?®
0 0
20 19
40 30
60 38
80 44
100 48
120 50
140 50

(@) Name the two pieces of apparatus used to make the recorded measurements in the table
above.

2024 Preliminary Exam/CCHMS/Secondary 4/Chemistry/6092/03



9

(b) Plot a graph of total volume of oxygen against time using the results in the table. Draw a
line of best fit through the points.

3]
(c) What is the total mass of oxygen produced?
........................ [1]
(d) From the graph, calculate the average rate of oxygen produced
in the first 50 seconds, ........cccoeeviviriieeeeriiiiiie,
in the second 50 SECONS .........ccooviiiiiiiiieeeniiiiiiiee, [2]
[Turn over
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(e) () Instead of measuring the volume of oxygen gas produced, describe a different
method to investigate the rate of decomposition of hydrogen peroxide.

(i)  Suggest one source of error, other than reaction time, that affects the accuracy of
the experiment described in (e)(i).

[Total: 11]
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Tests for anions
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QUALITATIVE ANALYSIS NOTES

anion

test

test result

carbonate (CO3z*)

add dilute acid

effervescence, carbon dioxide
produced

chloride (CI) acidify with dilute nitric acid, white ppt.
[in solution] then add aqueous silver nitrate

iodide (I7) acidify with dilute nitric acid, yellow ppt.
[in solution] then add aqueous silver nitrate

nitrate (NO3z")

add aqueous sodium hydroxide,

ammonia produced

[in solution] then aluminium foil; warm carefully
sulfate (SO4%) acidify with dilute nitric acid, white ppt.
[in solution] then add aqueous barium nitrate

Tests for agueous cations

cation

effect of aqueous sodium hydroxide

effect of aqueous ammonia

aluminium (AI**)

white ppt., soluble in excess, giving
a colourless solution

white ppt., insoluble in excess

ammonium (NH4")

ammonia produced on warming

calcium (Ca?")

white ppt., insoluble in excess

no ppt.

copper(ll) (Cu?)

light blue ppt., insoluble in excess

light blue ppt., soluble in excess,
giving a dark blue solution

iron(11) (Fe?*)

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(I1) (Fe®")

red-brown ppt., insoluble in excess

red-brown ppt., insoluble in excess

zinc (Zn?*)

white ppt., soluble in excess,
giving a colourless solution

white ppt., soluble in excess,
giving a colourless solution

Tests for gases

gas

test and test result

ammonia (NHz)

turns damp red litmus paper blue

carbon dioxide (COy)

gives white ppt. with limewater
(ppt. dissolves with excess COy)

chlorine (Cly)

bleaches damp litmus paper

hydrogen (H>)

‘pops’ with lighted splint

oxygen (Oo)

relights a glowing splint

sulfur dioxide (SO,)

to colourless

turns aqueous acidified potassium manganate(VII) from purple
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