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Answer all questions in the spaces provided.

1

(@)

Ethanol is the main component of wine.

You are going to use titration to determine the concentration of ethanol in a
sample of wine.

Fenton’s reagent is a mixture of hydrogen peroxide and trace amounts of iron(Il)
sulfate. The iron(ll) sulfate acts as a catalyst for this reaction. When excess
Fenton’s reagent is added to ethanol, the ethanol is oxidised to form ethanoic
acid and water according to the chemical equation.

C2Hs0H + 2 H202 — CH3COOH + 3 H20

The amount of unreacted Fenton’s reagent can be found by titration with acidified
potassium manganate(V1I). The ionic equation for the reaction is shown.

2MnO4™+5H202 +6 Hf - 2 Mn?* +5 02 + 8 H20

Read all the instructions carefully before starting the experiments in
Question 1.

Instructions
P is 0.2 mol/dm?3 aqueous potassium manganate(V1l).

Q is a solution containing ethanoic acid and unreacted Fenton’s reagent which is
formed by adding 100 cm? of 0.2 mol/dm?® Fenton’s reagent to 5 cm?® of wine.

R is dilute sulfuric acid.

(i) Fill a burette with P. As the colour of the solution is intense, you should
obtain burette readings by reading the top of the meniscus.

Use a pipette to transfer 25.0 cm?® of Q into a conical flask.

Use a measuring cylinder to measure and transfer 20.0 cm?® of R into the
same conical flask.

Add P from the burette to the flask. At first, the purple colour disappears

rapidly. At the end point, one drop of P produces a permanent pale pink
colour that does not disappear on swirling.

6092/03/4E/PRELIM/2025
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Record your titration results in the space provided. Repeat the titration
as many times as you consider necessary to achieve consistent
results.

Results

[5]

(i)  From your titration results, obtain the average volume of P to be used
in your calculations. Show clearly how you obtained this volume.

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

(b) (i) Calculate the number of moles of potassium manganate(VIl) used to
react with the unreacted Fenton’s reagent in Q.

number of moles of potassium manganate(VII) = .................. [1]

(i) Use your answer from (b)(i) and the equation for the reaction to
calculate the number of moles of unreacted Fenton’s reagent in Q.

number of moles of unreacted Fenton’sreagentin Q = .................. [1]

6092/03/4E/PRELIM/2025 [Turn over
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(i) Use your answer from (b)(ii) to calculate the volume of unreacted
Fenton’s reagent in Q.

volume of unreacted Fenton's reagentin Q = .................. [1]

(iv) Use your answer from (b)(iii) to calculate the volume of Fenton’s
reagent that reacted with ethanol.

volume of Fenton’s reagent that reacted with ethanol = .................. [1]

(v) Use your answer from (b)(iv) to calculate the concentration of ethanol
in the sample of wine.

concentration of ethanol in the sample of wine = ........................ [4]

6092/03/4E/PRELIM/2025
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(c)

(d)

Potassium manganate(VIl) is unreactive to the ethanoic acid in Q.
However, at extremely high temperatures, Potassium manganate(VIl)
can also oxidise ethanoic acid.

Describe how your calculated concentration of ethanol would change
if the experiment was conducted at high temperatures.

[2]

Identify one source of error for this experiment and suggest an
improvement that would avoid this source of error.

S0 1o =0 ) =T 1 (0]
1] 0T 0V 1= o

[2]

[Total: 18]
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2 Read all the instructions carefully before starting the experiments in

Question 2.

You are provided with a sample of dilute acid X, and a stoppered boiling tube

containing salt Y.

Instructions

(@) Carry out the following tests. You should test and identify any gases evolved.
Record your observations in the table.

The volumes given below are approximate and should be estimated rather than

measured.

If no observable change is observed for a test, write 'no observable change'.

test

observations

Add about 2 cm depth of X into a clean
test-tube. Add a few drops of barium
nitrate.

[1]

Add about 2 cm depth of X into a clean
test-tube. Add a few drops of silver
nitrate.

[1]

Add about 2 cm? of X into the boiling
tube containing Y.

Add an equal volume of aqueous
sodium hydroxide. Gently warm the
mixture.

[3]

(b) Deduce the formulae of acid X and salt Y.

6092/03/4E/PRELIM/2025
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3 Read all the instructions carefully before starting the experiments in
Question 3.

You are given the same acid X from Question 2.

You are also provided with 5 stoppered test-tubes containing Z which is copper(l1)
carbonate.

It is known that X and Z react to form carbon dioxide gas. The evolution of carbon
dioxide gas causes visible bubbling to occur in the reaction flask.

You will investigate the relationship between the rate of reaction and the
concentration of X. The rate of reaction can be estimated by measuring the time
taken for effervescence in the reaction flask to stop.

Experiment 1

Use a 10 cm® measuring cylinder to measure 10.0 cm? of X.

Pour X into the test-tube containing Z and immediately start the stopwatch.
Stir the solution constantly using a glass rod.

Stop the stopwatch as soon as you can no longer see visible effervescence
in the test-tube. Record the time to the nearest second in the results table
on page 8.

Empty the contents of the test-tube into the WASTE container provided.

Experiment 2

Use a 10 cm® measuring cylinder to measure 8.0 cm? of deionised water.
Add 2.0 cm? of X to make the total volume 10.0 cm3.

Pour the mixture of X and water into another test-tube containing Z and
immediately start the stopwatch. Stir the solution constantly using a glass
rod.

Stop the stopwatch as soon as you can no longer see visible effervescence
in the test-tube. Record the time to the nearest second in the results table
on page 8.

Empty the contents of the test-tube into the WASTE container provided.

Experiments 3to 5

Choose 3 further volumes of X between 2.0 cm® and 10.0 cm?® and
deionised water. Record the volumes you have chosen in the results table
provided on page 8.

Follow the instructions for Experiment 2 for each pair of volumes you have
chosen. You should use a fresh test-tube of Z in each experiment.

6092/03/4E/PRELIM/2025 [Turn over
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(@)

(b)

(i)

Results
experment volume of volume of reaction rate of

P X /cm?d water / cm?3 time /s | reaction/s™
1 10.0 0.0
2 2.0 8.0
3
4
5

(i)

Calculate the rate of reaction in each experiment using the following

equation.

Record each rate in the results table above to three significant figures.
Visual observation of effervescence to determine the endpoint of the
reaction is convenient but unreliable to accurately determine the rate
of reaction.

Suggest one alternative method of determining the endpoint of the

rate of reaction =

1000
reaction time

reaction that would improve the accuracy of the results.

6092/03/4E/PRELIM/2025
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(c)

(i) Use your results from (a) to plot a graph of rate against volume of X
on the grid. You should include the origin (0,0).

Draw a line of best fit. Circle anomalous points, if any.

[4]

(i) Use your graph to determine the rate of reaction if the volume of X
used is 2.5 cm3. Show clearly on the graph how you obtained your
answer.

=) (U st [1]

6092/03/4E/PRELIM/2025 [Turn over
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10

(d) From your results, describe the relationship between concentration of
X and rate of reaction.

Explain your answer using your graph and ideas about collisions
between reacting particles.

[Total: 11]
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11

Brass is an alloy containing copper and zinc. It is commonly used to make
household tools like screws.

Outline a method you could use to determine the percentage by mass of zinc in
a brass screw. Show clearly how you can use the experimental results to
calculate the percentage by mass of zinc.

You can assume all the apparatus and chemicals normally found in the school
laboratory are available.

You should include a relevant chemical equation in your answer. You may also
choose to include a labelled diagram if it helps your explanation.

[Total: 5]
— End of Paper —
6092/03/4E/PRELIM/2025
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13

NOTES FOR QUALITATIVE ANALYSIS

Test for anions

anion test test results

carbonate (CO3?) | add dilute acid effervescence, carbon
dioxide produced

chloride (CI) acidify with diute nitric acid, then add white ppt.

[in solution] aqueous silver nitrate

iodide (I7) acidify with diute nitric acid, then add yellow ppt.

[in solution] aqueous silver nitrate

nitrate (NO3z") add aqueous sodium hydroxide, then ammonia produced

[in solution] alumninium foil; warm carefully

sulfate (S04%) acidify with dilute nitric acid, then add white ppt.

[in solution] aqueous barium nitrate

Test for agueous cations

cation

effect of aqueous sodium hydroxide

effect of agueous ammonia

aluminium (AP*)

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(l1) (Fe?")

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(111) (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

Test for gases

gas

test and test result

ammonia (NH3)

turns damp red litmus paper blue

carbon dioxide (CO>)

gives white ppt. with limewater
(ppt. dissolves with excess CO»)

chlorine (Cl3)

bleaches damp litmus paper

hydrogen (H2)

“pops” with a lighted splint

oxygen (Oz)

relights a glowing splint

sulfur dioxide (SO.)

colourless

turns aqueous acidified potassium manganate(VIl) from purple to

6092/03/4E/PRELIM/2025
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Assum ption English School =S
4E Chemistry 6092 glﬁ:’§pléjr Z

2025 Prelim Paper 3 — Preparation List & Mark Scheme /" o ..., vinateam coy ssasooss

www KiasuDxomPager.com

Class: 4/1 (Total: 38 students)

Question 1
chemical per candidate identity
P G Capl)i% ‘;:;tainer) 0.20 mol/dm® KMnOx
Q (in cap‘|l:>5ecc)i ((::rc?thainer) £70 oldNGe:
i (in cach;?i ((::r:ntainer) P rgUdm TNy
Apparatus Quantity (per student)
Burette (50 cm?) 1
Pipette (25 cm?) 1
Pipette filler 1
Conical flask (250 cm?) 2
Filter funnel 1
White tile 1
Retort stand and clamp 1
Measuring Cylinder (25.0 ¢cm?) 1

Standardisation of solutions
25.0 cm?® of @ should react with between 15.00 cm? and 16.00 cm?® of P.

SEE NEXT PAGE FOR APPARATUS AND CHEMICALS FOR QUESTION 2

www.KiasuExamPaper.com
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Question 2 & 3

www.KiasuExamPaper.com

Apparatus / Chemical Quantity Unit Remarks
Acid X 80 cm? capped
Identity: 2.0 mol/dm?® sulfuric acid container
Solid Y 1 boiling Stoppered with a
Identity: ammonium carbonate tube rubber bung;
About 5 spatulas
Salt Z S test-tube | Stoppered with a
Identity: copper{ll) carbonate rubber bung;
About0.10g each
Common bench apparatus & reagents
Test tube rack 2 1 rack to hold the
S stoppered test-
tubes of Z
Test tubes and Boiling tubes 1 Set 1 boiling tube to
contain solid Y
Bench Reagents 1 Set 5
- Toinclude sodium hydroxide K‘IASU_E
- Toinclude barium nitrate ExamPaper /
= To include silver nitrate Islarfaide Delve'y | Woatsape Only 88680031
- To include limewater/calcium H K reneren
hydroxide (freshly prepared)
Distilled water 1 bottle
Litmus paper 1 Set
Bunsen burner 1
Cleaning cloth 1
Additional apparatus
Safety goggles 1
Test tube holder 1
Teat pipette 3
Spatula 2
Lighter 1
Glass rod 1
Delivery tube 1 For boiling tube
Stopwatch 1
10 cm?® measuring cylinder 1
Waste beaker (250 cm?) 1 Labelled “Waste”

www.KiasuExamPaper.com
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2025 4E Chemistry 6092 Prelim — Mark Scheme
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KIASU=
74

Qn Skill

I_I\Cl.

slands de

1(a)(i)

MMO,

PDO

Final burette reading/cm? 16.00 | 15650 | 15.50

Initial burette reading/cm? 0.00 0.00 0.00

Volume of P used/cm? 16.00 15.70 15.70

Results selected y N

Results table

¢ H(eadings) Correct headings and units
e A(ccuracy) All burette readings recorded to nearest
0.05 cm?
Titration results

¢ R(esults)
Average titre within 0.20 cm? of supervisor’s value
scores- 2 mark
Average titre within 0.30 cm? of supervisor's average
value scores — 1 mark

e C(onsistency)
At least two titre values are within 0.20 cm? of each
other

Do o
Ill CI.P
W

s KiosuDxamPager.

[1]
[1

[2]

[1]

ly GBEE0031
o

1))

MMO

clear working must be shown. Units and volume to 2 d.p.
(Expected teacher’s reading: 15.70 cm3)

[1]

1(b)(i)

ACE

No. of moles of potassium manganate(VIl)
= 0.2 x 15.70/1000
=0.00314 mol

[1]

1(b)(ii)

ACE

MnQO,: H202
5
No. of moles of excess Fenton's reagent
= 5/2 x 0.00314
=0.00785 mol

[allow ecf from 1(b)(i)]

[1]

1(b)ii)

ACE

Volume of excess Fenton's reagent
=0.00785+0.2

= 0.03925 dm?

= 39.3 cm?

[allow ecf from 1{b)(ii)]

[1]

1(b)(iv)

ACE

Volume of Q used
=100 - 39.25

= 60.75 cm?

= 60.8 cm?®

[allow ecf from 1(b){iii})]

[1]

www.KiasuExamPaper.com
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1(b)(v)

ACE

No. of moles of H.O-
= 60.75/1000x 0.2
=0.01215 mol

No. of moles of ethanol
=0.01225/12
= 0.006075 mol

Concentration of ethanol
= 0.006075 / (5/1000)

= 1.215 mol/dm?

= 1.22 mol/dm?

[allow ecf from 1(b)({iv)]

KIASU

Exal

Islandye de

U(nits) Correct units across (b)

Afccuracy) 3 s.f. across (b)

mPaper |

Cefivery Whatsapp ©
s KiosuDxamPager.

[1

[1]
[1]

mE

ly GBEE0031
ayl

1(c)

ACE

At higher temperatures, KMnO. reacts with ethanoic acid.

Volume of KMnO, used in ftitration increases so volume of

excess H-O- calculated increases

Calculated volume of H.O, used decreases so concentration of

ethanol calculated decreases

[1]
[1]

1(d)

ACE

Source of error

Mitigation

Poor precision of measuring
cylinder

Use burette instead

Colour change for endpoint
can be subjective

Use a colourimeter instead

[11-

source

[11-

solution

2(a)

MMO

test

observations

Add about 2 cm depth of
X Into a clean test-tube.
Add a few drops ‘of
barium nitrate.

White ppt formed [1]

Add about 2 cm depth of
X into a clean test-tube.
Add a few drops of silver
nitrate.

No observable change [1]

Add about 2 cm® of X
into. “'the boiling tube
containing Y.

Add aqueous sodium
hydroxide slowly with
shaking until no further
change is seen. Gently
warm the mixture.

Solid Y dissolves to form a
colourless solution [1]

Effervescence, gas evolved
forms a white ppt in
limewater [1]

Upon warming, gas evolved
turns damp red litmus paper
blue [1]

[3]

2(b)

ACE

X HQSO4
Y: (NH4)>CO3

[1]

www.KiasuExamPaper.com
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| | reject: name |
a)(i ,  3additional pairs of B and water that add up to 10.0cm
3(a)(i) | MMO 3 additional pairs of B and water that add up to 10.0cm? | [2]
PDO o Accuracy of time (nearest s), volume (1 d.p.)

Each bullet point —[1]

3(a)(ii) | ACE All values calculated correctly to 3 s.f. [1]
3(b) ACE Use a gas syringe to measure the volume of gas collected and | [1]
stop the time when the volume of gas stops increasing.
OR

Measure the change in mass of the test-tube and stop the time
when the mass stops decreasing.

3(c)(i) | PDO e Scale (appropriate scale: graph takes about 70%); [4]

e Line (straight line of best fit)

s Axis & labels (y-axis: rate / 8" ; x-axis: volume of X
added/ cm?)

e Points (all points plotted correctly including originy;

Each bullet point- [1]

3(c)(ii) | ACE Value that comespond to graph for volume of X =25 cm? | [1]
reached AND must show dotted lines on graph from intersection
point to y-axis

3(d) ACE The higher the concentration of X the faster the rate of [1]
reaction. This can be seen by the draph being a straight line/
positive {constant) gradient of graph (for straight line graphs)
OR increasing gradient of graph (if graph.is a curve).

When the concentration of X is higher, there are more reactant | [1]

particles per unit volume, thus freguency of effective collisions is
higher and hence rate is faster.

ExamPaper J

slandw de Colivery | Whatsapp Onbe BREECD3A
s K S mPepar Lomm
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Equation
e Zn+HX > ZnX, + Hs K|
Correct balanced equation for chosen acid — [1m]

Method
¢ Using an electronic balance, measure the mass of the
brass screw (m g)
¢ Use a measuring cylinderfburette/pipette to measure
excess (hamed) acid into named reaction flask (e.g.
conical flask, boiling tube, round bottomed flask)
¢ Add the brass screw to acid
All points —[1m]

¢ (Connect a gas syringe to the reaction flask.
¢ Measure the maximum amount of gas collected (v cm?)
Both points — [1m]

e Calculate the number of moles of hydrogen gas
collected using formula (v/1000)/24
¢ Use the mole ratio of zinc : hydrogen to find the. number
of moles of zinc (n mol).
Both points = [1m]

¢ Find the mass of zinc in the screw using the formula n
x Ar
o Calculate the % by mass of zinc in‘the screw using the
formula n/fm x 100%
Both points = [1m]

ExamPaper /

Izlandwize Dalitery | Hhammp Only &
s Kid SUER A Papar com
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2025 PRELIMINARY EXAMINATION
FOUR EXPRESS
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1
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3
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2

1 An oxyacid of phosphorus has the formula, H3POs.

You are required to find, by experiment, the number of moles of sodium hydroxide that react with
1 mole of this acid.

P is 0.0984 mol/dm? sodium hydroxide.
Q is a solution containing 5.04 g of the oxyacid of phosphorus, HsPOs3, in 1 dm? of solution.

Read all the instructions carefully before starting the experiments in Question 1.

Instructions

@ () Fill the burette with solution Q.
Pipette 25.0 cm?® of P into a flask and titrate with Q, using the indicator provided.

Record your titration results in the space provided below, repeating the titration as
many times as you consider necessary to achieve consistent results.

Results

[5]

(i) From your titration results, obtain an average volume of Q to be used in your
calculations. Show clearly how you obtained this volume.

average volume of Q ... [1]

CHR 2025/Chemistry www. KBRRAEO{MBaper.com
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3

(b) () P is 0.0984 mol/dm? sodium hydroxide.
Calculate the number of moles of sodium hydroxide in 25.0 cm? of P.
no. of moles of sodium hydroxide in 25.0cm3of P ..................ceeneee. [1]
(i) Qs an aqueous solution of H3PO3; with a concentration of 5.04 g/dm3.
Calculate the molar concentration, in mol/dm?3, of HsPOgs in Q.
[Ar:H, 1; P, 31; O, 16]
concentration of HsPO3in Q ..........coooiiiinnil. [2]
(iii)  Hence, using your answer from (b)(i) and (b)(ii), calculate the number of
moles of sodium hydroxide which react with 1 mole of H3POs.
no. of moles of sodium hydroxide .......................... [2]
(iv)  Using your answer to (b)(iii), write an equation for the reaction of the oxyacid
of phosphorus, H3POs, with sodium hydroxide.
...................................................................................................... [1]
CHR 2025/Chemistry W.waaper.com [Turn over
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4
(c) Using your results in (a)(ii), describe briefly how a pure and dry sample of the salt

formed from the reaction of the oxyacid of phosphorus, HzPO3, with sodium hydroxide
can be obtained.

............................................................................................................... [3]
(d) A student repeated the experiment. When preparing solution Q, the student

accidentally measured 5.04 g of the oxyacid of sulfur, H.SOs3, instead and dissolved

it in 1 dm? of solution.

The number of moles of sodium hydroxide which react with 1 mole of H>SOz3 is the

same as the number of moles of sodium hydroxide which react with 1 mole of

HsPOs.

Describe and explain the effect this would have on the titration results recorded in

(@)().

[ArH, 1; S, 32; O, 16]

............................................................................................................... [2]

[Total: 17]

CHR 2025/Chemistry www. KBRRAEO{MBaper.com
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2 You are provided with two solids, R and S.

You will carry out the following tests on the two solids, recording your observations at each
stage. You should test and identify any gases evolved.

Read the instructions carefully before starting the experiments.

(@)

Tests on Solid R

test

observations

(i)

Using a spatula, place
approximately half of the solid R
sample in a boiling tube.

With a measuring cylinder, add
about 8 cm? of dilute sulfuric acid
to the boiling tube.

[2]

Filter the reaction mixture from (a)(i). The filtrate is solution T.

(i)

Pour about 1 cm depth of
solution T into a test-tube.

Add aqueous sodium hydroxide
dropwise and then in excess.

[2]

(iii)

Place the remaining solid R in a
hard-glass boiling tube.

Heat the solid strongly until no
further change is seen.

Then, stop the heating and
leave the solid to cool.

[2]

CHR 2025/Chemistry

www. KRR B3per.com
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6

(iv) Identify the gas given off in (a)(i).

(v) Explain why it is not possible to identify the cation contained in solution T from

your observations in (a)(ii).

(vi) Suggest an additional test that can be done on solution T that would allow you to
identify the cation contained in solution

......................................................................................................... [1]
(b) Tests on Solid S
Place solid S in a boiling tube. With a measuring cylinder, add about 15 cm? of
distilled water to the boiling tube. Stopper the boiling tube and shake to dissolve the
solid to form solution S.
Divide this volume of solution S into three approximately equal portions in three test-
tubes.
test observations
(i) | Add the first portion of solution
S to the aqueous chlorine
provided in a test-tube.
[1]
(ii) | To the second portion of
solution S, add about 1 cm
depth of dilute nitric acid
followed by a few drops of
aqueous silver nitrate.
[1]

CHR 2025/Chemistry www.KWfﬂ/lgaper.com
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(iii) | To the third portion of solution
S, add aqueous sodium
hydroxide dropwise and then in
excess.

[2]
(iv) Use evidence from the observations above to identify solid S.
o 1= o | 1P
BV G, .t
......................................................................................................... [3]
[Total: 16]
CHR 2025/Chemistry www. KERFBRBEper.com [Turn over
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3 (&) You are provided with a rusty iron nail. The mass of the nail is between 0.10 to 0.20 g.
Outline a method you would use to determine the mass of rust in the iron nail.

You can assume all the apparatus and reagents normally found in a school laboratory are
available. You may wish to include one or more labelled diagrams as part of your answer.

In your method, you should include the measurements you would take and explain how
you would use your results to determine the mass of rust in the iron nail.

CHR 2025/Chemistry www. K BRA93(¥BEper.com [Turn over
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10
(b) A separate experiment was carried out on a similar rusty nail to determine how the mass
of the nail changes as time proceeds.
At 1-minute intervals, the mass of the rusty iron nail is measured.

The results are shown in the table.

time / min mass of the rusty nail / g
0 0.17
1 0.11
2 0.07
3 0.06
4 0.06

Use these results to plot a suitable graph on the grid in the next page. Draw a line of
best fit, using all of the plotted points.

CHR 2025/Chemistry www. KBRRAEO{MBaper.com
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[3]

[Total: 7]

END OF PAPER
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Test for anions

12

NOTES FOR QUALITATIVE ANALYSIS

anion test test result
29) . : effervescence, carbon dioxide
carbonate (CO3 add dilute acid produced
chloride (CI") acidify with dilute nitric acid, then white pot
[in solution] add aqueous silver nitrate ppL.
iodide (I") acidify with dilute nitric acid, then
[in solution] add aqueous silver nitrate yellow ppt.
nitrate (NO3") add aqueous sodium hydroxide .
[in solution] then aluminium foil; warm carefully ammonia produced
sulfate (S04 acidify with dilute nitric acid, then white pot
[in solution] add aqueous barium nitrate ppt.

Test 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(l1) (Fe??

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(111) (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

Test for gases

gas

test and test result

ammonia (NHs)

turns damp red litmus paper blue

carbon dioxide (COy)

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

chlorine (Cl,)

bleaches damp litmus paper

hydrogen (H>)

‘pops’ with a lighted splint

oxygen (O2)

relights a glowing splint

sulfur dioxide (SO-)

turns aqueous acidified potassium manganate(VII) from purple
to colourless

CHR 2025/Chemistry
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Christ Church Secondary School www. Kiasu Eﬁaqtp@ag)éwcﬁmess
2025 Prelim Examination hemistry 6092

Marking Scheme

Paper 3 6092/03
1ai PDO | Resuits table: T | [5]
1
Records initial burette readings, final burette readings and volume
added with correct headings and units in a titration table
All burette readings for all accurate titres in titration table are
recorded to nearest 0.05 cm?® D
1
MMO | Titration results R
Accuracy 2
For the average titre (of consistent readings) within 0.20 cm? of
supervisors average value score 2 marks
For the average titre (of consistent readings) within 0.30 cm? of
supervisors average value score 1 marks
Concordance C
At least two titre values are within/0.20 cm? (using uncorrected 1
titres)
(teacher's result)
Titration humber 1 2 3
Final burette reading f cm?
Initial burette reading / cm? 1A I EL=O
Volume of Q used / cm® !‘glﬁia =
Best titration results (¥) ) bl R A
1aii MMO [ Appropriate average volume of Qin 2d.p. from closest titre values 1 [1]
(titres should be identified either in the table by a tick, orin a
calculation). Teacher’s result: 19.5 — 20.5-¢cm*
1bi ACE | No of moles of NaOH = 25/1000 x 0.0984 =_0.00246 mol 1 [1]
1bii ACE | Concenfration, in mol/dms, of HsPOs in Q [2]
=5.04/82 1
= 0.061463 mol/dm?
=.0.0615 mol/dm? 1
1biii ACE | No of moles of H;PO3in 20.1 cm® of Q 1 [2]
= [1aii] /1000 x 0.061463
= x mol
Since no of moles of NaOH that reacted = 0.00246 mol,
No of moles of sodium hydroxide that react with 1 mole of HsPOs
= 0.00246 / x
= 2.00 mol (Accept: 1.95 - 2.05)
1
1biv ACE | 2 NaOH + H;POs: - Na;HPO; + 2 H,O 1 [1]
1c MMO | Repeat the titration without the indicator, using 25.0cm® of P and 1 [3]
the volume of Q found in (aj(ii).
Transfer the salt solution produced to an evaporating dish. 1

1
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hemistry 6092

Heat the salt solution until saturated solution is formed.
Cool the solution to allow crystallisation.
Filter to obtain crystals, wash with cool distilled water and_pat dry 1
crystals with filter paper.
1d ACE | There would be no change to the titration results. [2]
M, of H-80s is also 82 / the mole concentration of the acid is the 1
same as HisPOs
Accept calculations to show that the mole concentration is the
same.
Number of moles of hydroxide that react with 1 mole of H,S0s is 1
the same as that of H;PO; / the number of moles of H.5S0O; required
for neutralisation is the same as that of H;POs.
[Total: 17]
2ai MMO | Any TWO from below 2 | [2
PDO o effervescence, gas forms a white precipitate when bubbled
into limewater
e solid dissolves to form a colourless solution
e solution becomes wam
2aii MMO | White precipitate forms 1 [2]
PDO | Dissolves in excess to form a colourless solution 1
2aiii MMO | Any TWO from below 2 | [2
PDO e [ solid tums yellow
¢ [ condensation/ water droplets at top of tube
e [ turns white again {(when cooled)
2aiv ACE | Carbon dioxide 1 [1]
2av ACE | Zinc and / or aluminium (ions) give the same result 1 [1]
2avi ACE | Add agueous ammonia __ﬁ 1 [1]
L( IASU=
2bi | MMO | White precipitate forms Iql,{‘am_"'?P_err v 1 | [1]
PDO R e e N
2bii MMO | White precipitate forms 1 [1]
PDO
2biii | MMO | White precipitate foms 1 [2]
PDO | Insoluble in excess 1
2biv ACE | Calcium chloride / CaCk 1 [3]
From (b)ii), white precipitate formed with acidified silver nitrate 1
shows presence of chloride ions.
From (biii), white precipitate that is insoluble in excess sodium 1
hydroxide shows the presence of calcium ions.
(Evidence must specify the test itself)
[Total: 16]

2
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3a P Labelled diagram [4]
gas syringe K I AS LI '-.__E=ﬁ
ExamRapef _ab
conical f . N
flask -——H i
dilute / \
acid ——/— \\
rusty nail
Procedure (accept lesser details if they can be complemented with
the labelled diagram): 2
1. Measure the mass of the rusty nail using an electronic balance,
Mqg.
2. Add the rusty nail into a conical flask and add excess dilute
acid to the conical flask.
3. Stopper the conical flask immediately with-a delivery tube
connected to a calibrated gas syringe.
4. Measure the maximum volume of gas collected in the syringe,
Vcm?,
5. Calculate the mass of rust using the following method:
2
Fe +2H" > Fe?*+ Hz
No. of moles of hydrogen = (1//24000) mol
No. of moles of iron = (¥/24000) mol
Mass of iron = (1/24000) x 56 = (7 //3000) g
Mass of rust = M —(7V/3000) g
3b P Correct scale 1 [3]
Correct points plotted 1
Correct line of best fit with all points 1

3
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mass of rusty nail / g

£ 3 {
: 1 i d
Ex
§I:'a'1d\1\'ic=:De ivery | Whetsapp @rily 8AE60032
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¥
{
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time / min

[Total: 7]

4
www.KiasuExamPaper.com

44



www.KiasuExamPaper.com
45



<

HUA Y1 SECONDARY SCHOOL 4~ o
A A )
484 PRELIMINARY EXAM 2025

NAME
INDEX
CLASS NUMBER
CHEMISTRY 6092/03

PAPER 3 Practical
13 August 2025

1 hour 50 minutes
Additional Materials: Nil

READ THESE INSTRUCTIONS FIRST

Write your Name, Class, and Index Number on all the work you hand in.
Give details of the practical shift and laboratory where appropriate, in the boxes provided.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs. Shift
Do not use staples, paper clips, highlighters, glue, or correction fluid.

Answer all questions. Laboratory
Write your answers in the spaces provided.

The use of an approved scientific calculator is expected, where

appropriate. For Examiner’s Use
You may lose marks if you do not show your working or if you do not 1
use appropriate units. 5
Qualitative Analysis Notes are printed on page 13.
The number of marks is given in brackets [ ] at the end of each 3
guestion or part question. 4
Total

This document consists of 13 printed pages and 1 blank page.
© HYSS 2025
No part of this document may be reproduced in any form or transmitted in any form or by any means
without the prior permission of Hua Yi Secondary School.

Setter: Ms Chiang Wai Kit
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1 The ionic equation for the reaction between sodium thiosulfate and hydrochloric acid is:
S2032 (aq) + 2H* (aq) — S (s) + SO2 (aq) +H20 (1)
The solid sulfur formed causes the reaction mixture to become cloudy and opaque.

In this experiment, you will investigate the relationship between the concentration of
sodium thiosulfate and the rate of reaction.

Very small amounts of SO2 gas may be produced in this reaction. Take care not
to inhale any gas. The reaction products should be disposed off into the container
labelled WASTE immediately following each experiment.

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

Instructions

X is 0.10mol/dm?3 sodium thiosulfate, Na2S20s.
Y is 2.00mol/dm? hydrochloric acid, HCI.

Complete the table with your results in the ‘Results section’ on page 4.
¢ Relative rate can be calculated using the expression:

1000

relative rate = ——
reaction time

e Leave your answers to 3 significant figures.

You are going to carry out five experiments using the apparatus shown.

A F
10 cm? of

hydrochloric acid

-

| 100 cm?® beaker

agueous sodium
—31— thiosulfate

/ ></4 printed insert

2025 _4-G3_PRELIMS_CHEMISTRY _PAPER 3
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(a) Experiment 1

e Put X into the burette labelled X.

e Fill the burette with X.

e Transfer 25.00 cm? of X into a 100 cm? beaker.

e Place the beaker on the printed insert (Refer to diagram on page 2).

e Use the 25 cm® measuring cylinder to measure 10.0 cm? of Y.

e AddY tothe 25.00 cm? X in the beaker and immediately start the
stopwatch.

e Stir the mixture once.

e Look vertically down through the solution in the beaker at the print
on the insert.

e Stop the stopwatch as soon as the print on the insert is no longer
visible.

e Record the reaction time to the nearest second.

¢ Rinse the beaker with water.

e Dry the beaker with the paper towels provided so that it is ready to
be used in Experiment 2.

Experiment 2

e Transfer 12.50 cm?® of X into the 100 cm? beaker.

e Fill the burette labelled ‘water’ with distilled water.

e Transfer 12.50 cm? of distilled water into the 100 cm? beaker.

e Place the beaker on the printed insert.

e Use the 25 cm?® measuring cylinder to measure 10.0 cm? of Y.

e Add the Y to the solution in the beaker and immediately start the
stopwatch. Stir the mixture once.

e Look vertically down through the solution in the beaker at the print
on the insert.

e Stop the stopwatch as soon as the print on the insert is no longer
visible. Record the reaction time to the nearest second.

¢ Rinse the beaker with water.

e Dry the beaker with the paper towels provided so that it is ready to
be used in the next experiment.

Experiment 3-5

e Carry out three further experiments to investigate how reaction
times change with different volumes of X. Do not use a volume of X

less than 12.50 cm?®.

2025 _4-G3_PRELIMS_CHEMISTRY _PAPER 3
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Results
volume of X volume of reaction time /s relative rate
used / cm?3 distilled water
used / cm?3
25.00 0.00
12.50 12.50

(b) Plot a graph, on the given grid, of relative rate (y-axis) against volume of X

(x-axis). The graph should not include the origin.

Draw a curve of best fit using all the plotted points.

2025 _4-G3_PRELIMS_CHEMISTRY _PAPER 3
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(c) Use your graph to predict the reaction time if an experiment is carried out
using 23.50 cm? of X and distilled water.

Show clearly on the graph how you obtained your answer.

reactiontime = ........................ s [2]
(d) The final instruction for each experiment is to rinse and dry the beaker.
State the effect on the reaction time of not drying the beaker before carrying

out each of Experiments 2-5.
Explain your answer.

.................................................................................................... [2]
(e) A student repeats Experiment 1 but uses a 250 cm?® beaker in place of the

100 cm? beaker. All other conditions remain the same.

State whether each statement below is correct.

Explain your answers.

(i) The student records a longer time for this experiment because the
250 cm? beaker is used.
............................................................................................. [1]

(i) A longer time is recorded because the rate of production of sulfur is
slower.
............................................................................................. [1]

[Total:15]
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2 Acids react with carbonates to produce carbon dioxide gas.
Na2COs (s) + H2SO4 (aq) > Naz SO4 (aq) + CO2 (g) + H20()

This reaction can be used to determine the concentration of acid, using the mass
of carbon dioxide released.

You will determine the concentration of sulfuric acid in P.

P is sulfuric acid.
Q is sodium carbonate, Na2COs.

(@) Carry out the following experiment and record all results in the space
provided.

Instructions
Pre-Reaction:

e Use the 25 cm® measuring cylinder to transfer 25.0 cm? of P into the
conical flask.

e Weigh the flask with the acid. Record the mass.

e Weigh the container with Q. Record the mass.

e Carefully transfer all of Q into the acid in the conical flask.

e Swirl the contents of the flask and leave the flask to stand with
occasional swirling until the fizzing stops.

Post-Reaction:
e Weigh the container with any residual Q. Record the mass.

e Weigh the flask and contents when the fizzing has stopped. Record
the mass.

e Record your results in an appropriate format in the space provided.

(b) Results

2025 _4-G3_PRELIMS_CHEMISTRY _PAPER 3
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Calculations

€ (@

(i)

(i)

In the space provided, calculate

¢ the mass of Q added to the flask

mass of Q added =..............cccoeen.

e the total mass of flask + acid + Q.

total mass of flask + acid + Q added =.............cccevves

e the mass of carbon dioxide given off during the experiment.

mass of carbon dioxide given off =......................... [3]

Calculate the amount, in mol, of carbon dioxide given off in the reaction.

amount of CO2 = .......ccccevvvvnnnene. mol [1]

The sodium carbonate, Q, was in excess in the reaction with sulfuric
acid.

Show by calculation that the sodium carbonate was in excess. Use your
answer in (c)(i).

[3]

2025_4-G3_ PRELIMS_ CHEMISTRY _PAPER 3
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(iii)  Calculate the concentration, in mol/dm3, of sulfuric acid in Q.

concentration of H2SO4 = .........oevvvviiiiiiinnnnnn. [1]

(c) () A student does not have a conical flask and uses a small beaker for the
reaction.

Explain why a conical flask is better.

............................................................................................. [1]

(i)  Two students made suggestions of how they thought the experiment in
(a) could be adapted to determine the concentration of sulfuric acid, P,
by using other reactions. In each case their teacher told them that this
method was not suitable.

Explain, in each case, why the method is not suitable. Do not consider
factors based on quantities of any reagent.

Student 1 suggested using magnesium in place of sodium carbonate.

Student 2 suggested using calcium carbonate in place of sodium
carbonate.

[Total:13]
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3 Metal carbonates generally decompose on heating, liberating carbon dioxide and
leaving behind an oxide of the metal.

Outline a method you could use to determine the reactivities of 2 metals, iron and copper
based on the action of heat on their carbonates.

You are only provided with samples of their carbonates. You can assume all the
apparatus and reagents normally found in a school laboratory are available.

You should include in your answer:
 the measurements you would take using 1 g of carbonate for each experiment
* explain how your results would show the reactivities of the metals.

You may wish to use a labelled diagram to illustrate your answer.

[5]
[Total: 5]
2025_4-G3_ PRELIMS_ CHEMISTRY _PAPER 3
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4 In this experiment you will perform tests to deduce the ions present in salt T.
You are provided with a solution of salt T, labelled solution T.

Read all the instructions carefully before starting the experiments in
Question 4.

Instructions

(a) Carryoutthe following testes. You should test and identify any gases evolved.
Record your observations in the table.

The volume given below are approximate and should be estimated rather
than measured unless instructed otherwise.

test observations

Test 1
Add about 1 cm depth of solution T into
a clean test-tube.

To this test-tube add aqueous sodium
hydroxide slowly with shaking until no
further changes are seen. [1]

Test 2

Add about 1 cm depth of solution T into
a clean test-tube.

To the same test-tube, acidify with nitric
acid and then add barium nitrate.

[1]

Test 3
Add about 1 cm depth of solution T into
a clean test-tube.

To this test-tube add about 1 cm depth
of dilute sulfuric acid followed by 2 cm
depth of agueous potassium
manganate (VI1). Shake the test-tube.

To the same test-tube, add aqueous
ammonia slowly with shaking until no
further changes are seen. [3]

2025 _4-G3_PRELIMS_CHEMISTRY _PAPER 3
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(b) Using your observations, deduce the ions present in salt T. Justify your

deductions.

(1) IO
JUSHIfICAtioN: ..
............................................................................................. [1]

(1) IO e e
JUSHIfICAtioN: ..

[1]

[Total: 7]
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QUALITATIVE ANALYSIS NOTES

Test for anions

warm carefully

anion test test result

carbonate (COz?) add dilute acid effervescence, carbon dioxide
produced

chloride (CI7) 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 agueous silver nitrate

nitrate (NO3") add agueous sodium | ammonia produced

[in solution] hydroxide, then aluminium foll;

sulfate (SO4%)
[in solution]

acidify with dilute nitric acid,
then add aqueous barium
nitrate

white ppt.

Test for aqueous cations

cation

effect of aqueous sodium
hydroxide

effect of aqueous ammonia

aluminium (AI3%)

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

white ppt., insoluble in excess

excess

ammonium (NH4*) ammonia produced on |-
warming
calcium (Ca?*) white ppt., insoluble in excess | no ppt.
copper(ll) (Cu?) light blue ppt., insoluble in |light blue ppt., soluble in

excess giving a dark blue
solution

iron(l1) (Fe?*)

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(l11) (Fe3*)

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

Test for gases

gas

test and test result

ammonia (NHz3)

turns damp red litmus paper blue

carbon dioxide (COz)

gives white ppt. with limewater

(ppt. dissolves with excess CO2)

chlorine (Cl2)

bleaches damp litmus paper

hydrogen (H2)

“pops” with a lighted splint

oxygen (O2)

relights a glowing splint

sulfur dioxide (SO2)

turns aqueous acidified potassium manganate(V1I) from purple

to colourless

2025_4-G3_ PRELIMS_ CHEMISTRY _PAPER 3
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2025 4E Chemistry Prelim P3 Marking Scheme

Question | Skill Indicative material | Mark | Total
1a MMO Results table: (9]
volume of | volume of reaction relative
X used/ distilled time /s rate
cm? water used
/cm?
25.00 0.00 32
22.50 2.50 34
20.00 500 42
15.00 10.00 56
12.50 12.50 70
ExamPaper 4
alandw de 3a-i\-+.-|.y :\’I‘:'il:\rI‘;JJ:);J f?;i);ﬂl%&ﬁﬁl]ﬂ({‘l
PDO Precision of data recorded: 1
» all volumes recorded to 2 dp with the final digit being
0 or5cm?
« all times to the nearest second
3 additional volumes chosen with intervals not less than
2.00cm?
AND 1
no volume less than 12.50 cm?
AND
water added in each additional experiment to make
total volume of FA 1 and water equal to 25.00 cm?
All relative rates comrectly calculated using 1000 / time
to 3 significant figures. 1
Reaction time decreases as volume of FA 1 increases
MMO | forall five experiments 1

Examiner corrects times (if necessary) to the nearest
second for Experiments 1 and 2 and calculates ratio
t1125/125t02dp

Award [1] for ratio between 1.50-2.60 [1]
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2
b MMO | Axes unambiguously labelled 1 [1]
(relative) rate or s—1 on y-axis
AND
volume / X / (sodium) thiosulfate / Na;S:03 / cm? on x-
axis
AND
some humbers for scales
MMO | All points recorded in the table are accurately plotted. [2]
All points recorded plotted cormrectly to within half a 1
small square
AND
in the correct small square or on the line if it should be
on the line
AND
minimum of 4 experiment points plotted 1
MMO Line of best fit drawn 1 [1]
— Rate vs Volume of X (Curve of Best Fit)
I X aData points
30.0 F — Cuve of best fit
215
% 25.0
ﬁ =t )
3 225 K IAS -'? 1
E 20.0 Eﬁgerﬂll\f::ryal‘aems pE Oay 3863003
175 | et Kig SLExar R per.com
15.0f
12 a4 16 18 20 22 24
Volume of X
C ACE 2 dotted lines drawn on the graph — vertical from 23.50 [2]
on the x-axis to the line of best fit and horizontal from
the line to the y-axis. [1]
2
Correctly uses time = 1000 / (relative) rate [1]
From-the graph, reaction rate = 31.6
Reaction rate = 1000/ reaction time
31.6 = 1000/ reaction time
Reaction time = 31.65
“ 32
d ACE Time taken will be longer 1 [2]
extra water would lower the concentration / dilute (FA 1
or reactants) 1

Sec 4E Chemistry P3 2025
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ACE

The student is correct (that time would be greater)
AND

the depth (of solution / ppt / mixture) is less/
there is a need for more sulfur to be produced to
obsure the insert.

[1]

e (i)

ACE

The student is not correct / (The rate of production of
sulfur is the same.

AND

(the solution) concentrations have not changed / the
frequency of effective collisions remains the.same /
more sulfur is required to obscure the insert.

[1]

[Total:19]

KIASU=

ExamPaper &

lzlangs do Delfivery | Whatzsapp Only 88560034

s Kissubxamoan,

MMO

Table with correct headings and units all shown in
space given.

Headings
» (Mass of
» (Mass of
» (Mass of
» (Mass of

flask + acid P [l]

container + Q[lI]

container (emptyfwith residue) [l]

flask and contents after reaction (owtte) [IV]

e T e e

» (Mass of) carbon dioxide / mass loss
Units: / g, (@), in g or g nextto each value. [M1]

All four specified (I- 1V) balance readings shown
AND
All balance readings given eitherto 2 or to 3 dp [M2]

Mass of) flask + acid P 137.09g [N

(Mass of) container+ Q 10.76 g [11]

(Mass of) container 468¢ (11
emptviwith residue Q

(Mass of) flask and 142.24 g [IV]
contents after reaction
(owtte) 4

[5]

Correctly calculates

e the mass of Q added to the flask

e the total mass of flask + acid + Q.

e the mass of carbon dioxide given off during
the experiment.
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4
(Mass of) Q added 10.76-4.68 =6.08 g CL
(Mass of) flask + acid + | 139.05 +6.08 = 143.17 g IAQU"—-_E
Q) (added) xamPdper /gb
Mass of CO- formed Mass of CO, formed= ianside elivery [[ha:sapp Only 28640031

143.17- 142.24=093¢g R

Correctly calculates mass of Q (Il —1II)

AND

Correctly calculates total (‘initial’) mass (I + [Il = ]}

[M1]

Correctly calculates mass CO: (I + 1 = lll — V) [M2]

awarded if § £ 15% between supervisor and candidate.

[M3]

* (Mass of) Q added

» (Mass of) flask + acid + Q (added)

(c) (i) Correctly calculates [1]
amount of CO, = mass CO»/44 mol [1]

Amount of CO- formed = 0.93/ 44 = 0.02114mol

(i) Calculate number of moles of Na.COs used{1]and [3]
number of moles of Na.COsheeded. [1]

M2 Comparison of moles / masses of Na,COsused
versus needed [1]

Mass of Qused =6.08 g
No. of moles.of Q added-= 5.88/. 106=0.05736 [1]

Accordingto the equation,
1'mol ef Na,CO: forms 1*mol of CO.
No of moles'of Q needed = 0.02114 [1]

ho of moles of Q added > no of moles of Q needed [1]
Therefore Q is added in excess.

(iii) Correctly uses (amount H.SO, needed (in 25cm?) = [2]
amount of CO; = (b){i) mol) [M1]
Concentration = (b){(i)1000/25 mol/dm?
AND

answer given exact or to 3 sf [M1]

According to the equation,

1 mol of H.80, forms 1 mol of CO-
No of moles of H.80, used in 25 cm?
= 0.02114 [1]
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= 0.02114/25 x1000

No of moles of H,SO, in 1000 cm? KI SU—=

= 08456 mO”de [ 1] Eﬁge I:Z:Ii\Ewa. \Ea?acp )nl-,éssas-"-cm
~ (0.846 mol/dm? ol KiadiBeaTPapecom
(c) (i) Reaction / mixture froths / undergoes (rapid) [1]
effervescence
AND
more likely to overflow / some (reaction mixture) is lost
from beaker.
(i) Student 1 [2]
Hydrogen gas has very low density
Error in loss of small mass gives large % emor [1]
Student 2
Calcium sulfate is insoluble / sparingly soluble
Calcium sulfate (formed) coats solid (preventing further
reaction) [1]
Total: 13
Question | Skill | Indicative material | Mark | Total
3 Method:
I. gravimetric (mass loss)
Il measure the time taken to obtain fixed volume of CO2
lll: determine volume of CO: collected in fixed time
IV: measure the time taken for white ppt to appear in Ca(OH): ACE:1
Use of water bath X
Correct set upf Description {includes all key apparatus)
I: need crucible / boiling tube for heating, weighing scale
Il: need boiling tube for heating, gas syringe, stopwatch
lll: need boiling tube for heating, gas syringe, stopwatch MMO:
IV: need boiling tube for heating, delivery tube to Ca(OH):, 1
stopwatch
Conical flask for heating X
Hypothesis/ conclusion/results:
I: The longer it takes for no further change in mass loss to be
observed, the more reactive the metal.
Il: the longer the time taken for fixed volume of CO2 to be obtained,
the more reactive the metal. ACE:1

lll: the lower the volume of CO: collected, the more reactive the
metal.
IV: the slower the white ppt appears, the more reactive the metal.
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www.KiasuExamPaper.com
66




www.KiasuExamPaper.com

6
Variables:
For each method, student show understanding/ care to keep key MMO
variables constant. 1
Mtd | constant
I Mass of carbonate
Il Mass of carbonates
Fixed volume of CO3 to be collected
[l Mass of carbonates
Time taken K IASU_cg
ExamPaper / 2
IV Mass of carbonates G e
Appearance of white ppt
Physical quantity to be measured:
I: mass loss : PDO 1
Il: time taken to collect fixed volume of gas
I volume of CO: to be collected
IV: time taken for white ppt to appear in Ca(OH):
Total: 5
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Question | Skill Indicative material Mark | Total
4a
Test 1 MMO | Dirty-green precipitate is formed. 1 [1]
insoluble in excess
test 2 MMO | No observable change when acid is added [1]
White precipitate is formed when barium nitrate is 1
added.
test 3 MMO | Purple potassium manganate(VIl) turns colourless / | 1 [3]
pink or pale purple solution obtained
Red-brown precipitate formed, 1
insoluble in excess
4b(i) ion: iron(ll) 1
justification: in test 1, dirty green ppt formed when sodium
hydroxide added
(ii) ion: sulfate 1
justification: in test 2, white precipitate is formed When barium
nitrate is added. 1A CI |.—=0
\II‘\\)U _(4\_-.
I:)Ld.lllrd.pcl Total: 7
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2
Sodium hydrogencarbonate, NaHCOg3, is used as baking soda in cooking and it is known to
decompose on heating as shown in the following equation:

2NaHCO3(s) 2 NaxCOs(s) + H20(g) + CO2(g)
An impure sample of sodium hydrogencarbonate is provided and the impurity is a different
sodium compound that does not react when heated. Perform the experiment described below to
determine the percentage purity of sodium hydrogencarbonate in the sample and identify the
impurity.
Read all the instructions carefully before starting the experiments in Question 1.
Solid A is the impure sample of sodium hydrogencarbonate.

(@) (i) Use the mass balance to find the mass of an empty test-tube.

Add approximately 1.5 g of A to the test-tube and find the mass of the test-tube and
its contents.

Gently heat the test-tube and contents for 3 minutes so that the sodium
hydrogencarbonate decomposes.

Leave the test-tube and its contents to cool to room temperature before finding the
mass of the test-tube and its contents.

You may begin the experiments in parts (d) and (e) on page 4 while you are waiting
for the test-tube to cool.

Record your results clearly in the space provided.

[4]
(i)  Use your results to determine:

the mass of A before heating

the change in mass after heating ..o

[2]

6092/03/0O/Prelim/25
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3
(b) (1)) Use your answers from (a)(ii) and the equation for the decomposition of sodium
hydrogencarbonate to calculate the mass of sodium hydrogencarbonate present in
the mass of A heated.

[Mr: NaHCOs, 84; H,0, 18; CO», 44]

mass of sodium hydrogencarbonate present=................ccooiiiiiiiiinnne. g1[2]

(i)  Calculate the percentage purity of sodium hydrogencarbonate in A.

percentage purity of sodium hydrogencarbonate in A= .......................... % [2]

(c) () Suggest why heating the sample once for 3 minutes may not give an accurate value
for the percentage purity of sodium hydrogencarbonate in A.

(i)  Suggest one way in which the experiment could be improved to obtain a more
accurate value of the percentage purity of sodium hydrogencarbonate in A.
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(d)

(e)

)

@)

4
B is the solid remaining after decomposing A by heating.

You are provided with a sample of B to use in parts (d) and (e).

Carry out the following test on the sample of B provided in a test-tube. Record your
observations in the space provided. You should test and name any gas evolved.

Place the test-tube containing the sample of B in a test-tube rack and add dilute nitric acid,
a little at a time, until no further reaction occurs.

Keep the final solution for use in (e).

Carry out the following tests on the solution from (d). Record your observations in the
space provided.

(i) To about 1 cm?® of the solution from (d) in a test-tube, add a few drops of aqueous
silver nitrate.

(i) To another 1 cm? of the solution from (d) in a test-tube, add an equal volume of
aqueous barium nitrate.

............................................................................................................... [1]
Identify the impurity in A.
...................................................................................................................... [1]
(i) Why was excess acid added to B in (d) before carrying out the tests in (e)?

............................................................................................................... [1]
(i)  Why was nitric acid used in (d) rather than hydrochloric or sulfuric acid?

............................................................................................................... [1]

[Total: 20]
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lodine is widely used as an antiseptic.

You are going to determine the concentration of iodine in an antiseptic solution by titration with
agueous sodium thiosulfate, Na,S»0s3, using starch solution as an indicator.

The equation for the reaction is shown below:

2NazS>03 + 12 2 Na»S406 + 2Nal
Read all the instructions below carefully before starting the experiment.
You are going to carry out a titration experiment.

Q is an antiseptic solution containing iodine.
R is 0.160 mol/dm? sodium thiosulfate.

(@) (i) PutRinto the burette.
Pipette 25.0 cm® of Q into a flask.

Add R from the burette until the red-brown colour fades to yellow, then add about 4
drops of the starch solution. This will give a dark purple-black colouration.

Continue adding R slowly from the burette until one drop of R causes the
purple-black colour to disappear, leaving a colourless solution.

Record your titration results in the space provided, repeating the titration as many
times as you consider necessary to achieve consistent results.

Results

[5]

(i)  From your titration results, obtain an average volume of R to be used in your
calculations. Show clearly how you obtain this volume.

average volume of R ... 1
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6
(b) (i) Ris0.160 mol/dm® aqueous sodium thiosulfate.

Using your results, calculate the concentration, in mol/dm?, of iodine in Q.

concentration of iodineiNn Q ... mol/dm? [2]

(i)  Using your answer from (i), calculate the mass of iodine, I, in 1 dm? of Q. [A:: |, 127]

mass of iodine in 1 dm3of Q .........ccooviiiiiiii [1]

(iii) Given that 1 dm?® of Q has a mass of 1000 g, calculate the percentage by mass of
iodine in the solution.

percentage by mass of iodine in Q ...........cccoviiiiiiiii % [3]

(c) A student repeated the experiment and accidentally used a 20.0 cm? pipette to measure
solution Q into the flask in each titration.

The student thought he had used a 25.0 cm? pipette.

Describe and explain the effect this would have on the percentage by mass of iodine in the
solution calculated by the student.

[Total: 14]
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E
The alcohols ethanol (boiling point 78 °C) and propanol (boiling point 97 °C) can both be used
during surgery for cleansing. However, the oxidation of these alcohols by air, will limit their ability
to clean.

(a) Suggest how you would determine in the laboratory, which of these two alcohols is more
quickly oxidised by air. Include all the measurements you would make.

(b) If two bottles of ethanol and propanol are accidentally mixed, suggest a method of
separation for the mixture and briefly explain why the method works.

MEthOd Of SEPAIALION: . ...t

Why the Method WOTKS: ... e e

[Total: 6]

6092/03/0O/Prelim/25
www.KiasuExamPaper.com
76



Test for anions

8

QUALITATIVE ANALYSIS NOTES

anion

test

test result

carbonate (COz?%)

add dilute acid

effervescence, carbon dioxide
produced

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

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

nitrate (NO3)
[in solution]

add aqueous sodium hydroxide,
then aluminium foil; warm carefully

ammonia produced

sulfate (SO4%)
[in solution]

acidify with dilute nitric acid, then
add aqueous barium nitrate

white ppt.

Test for aqueous 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(l1) (Fe?")

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(111) (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

Test for gases

gas

test and test result

ammonia (NHs)

turns damp red litmus paper blue

carbon dioxide (COy)

gives white ppt. with limewater
(ppt. dissolves with excess CO»)

chlorine (Cl,)

bleaches damp litmus paper

hydrogen (H2)

'pops’ with a lighted splint

oxygen (Oy)

relights a glowing splint

sulfur dioxide (SO,)

turns aqueous acidified potassium manganate(VIl) from purple to

colourless
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4092 Chemistry Prelim 2025

Question | Skill | Indicative material Mark | Total | Remarks
1(a)i) PDO | presents 3 sets of mass readings 1 [4] Generally well done.
in an appropriate format (clear statements or a table with clear 1
headers):
mass of empty test-tube = 1580¢ p—
mass of test-tube and contents = 17.36¢ K I A U b
mass of test tube and contents after heating= 76.88
: 4 ExamPaper ¢
MMO | all mass readings recorded to precision of instrument (0.01 @) 1 U e "f(gs':::;f;fpe?:c')ymg%ﬁoo"“
all mass readings recorded with correct units 1 ‘ per
1(a)ii) MMO | mass of A before heating = (mass of test-tube and contents — mass of [2] Generally well done.
empty test tube) = approximately 1.5 g 1
change in mass after heating = (mass of test-tube and contents — 1 Deduct 1m if no units provided.
mass of test-tube and contents after heating)
(with appropriate units)
1(b)i) MMO [ mass loss = mass of:-H-O vapour+mass of. €O [2] Actual student answer does not need to be so
= (MOlyater X Mr Of HaO) + (MOlearoan diexiceXMr of CO%) mathematically extensive. The mathematical
= (MOlwater X 18)+ (MOl carhon dioxie X 44) proof at the beginning of this model answer is for
z reference only.
Since accerding to equation" Molwaeee® MOIcarhon dioide o
We represent.mOlvater = MOlcamon diagide =M AlleWECF Tonipartian)
_ Poorly done. Many students showed a poor
mass loss _ Err]nxx 13):4(? X3 understanding of what they were doing in
0.48 = - 184 (44 ) part (a). The answers in (aii) were meant to
m‘ -_Or28)f’(18 ¢ 44) be used for this part. But some did not
o (O 00774)2 1 understand what caused the change in
- mass although it can be derived in the
. _ A equation provided with state symbols.
mole% rat|T> of T%Hﬁg% HO (el C0b) - 3'1 0007742 Hence, some mistook it for the mass of
no ot moles of Rart-Js ~balera NaHCO3 while others performed additional
&092 ] JYSS Sclence Department
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Question | Skill | Indicative material Mark | Total | Remarks
mass of NaHCO3 =mol x Mr subtractions to find another mass loss.
= 0.01548 x 84 Once the mass loss is assigned to the
= 1.3003 g wrong substances, no marks will be
= 1.30 g (3sf) 1 awarded for this question due to major
conceptual error.
Some students could not see that the
number of moles calculated from mass loss,
& & is NOT for H:O + CO.. (Please see
"-.:g mathematical proof in blue.) This caused an
error later
ExamPaper )
'Ela”d‘”ideﬁgﬁiﬁ;ﬁ::;fﬁfpe?:gmme °3 Minus 1m for use of rounded off values for
' i calculation.
1(b)ii) MMO | % by mass of NaHCO; = (mass of NaHCO; / mass of A) x 100 [2] Allow ecf
= (1.30003 / 1.56) x 100 1
= 83.35%
= 83.4 % (3sf) 1

1(c)(i) ACE | The sample was heated gently for 3 minutes. Heating gently may not 1 [1] Poorly done
have caused sodium hydrogencarbonate to completely decompose.

1(c)(ii) ACE | Repeat heating and weighing the same sample until the mass after 1 [1] Poorly done
each heating is constant.

1(d) MMO | bubbles observed any | [3] Several weak responses showed test for
white solid dissolves to give colourless solution. 20b hydrogen gas when there is clearly no metal
white ppt formsin limewater, [2] involved.
gas is carbon dioxide. 1

1(e)i) MMO | white ppt observed 1 [1] Generally well done.

1(e)ii) MMO | no ppt/no observable (visible) change 1 [1] Weak responses did not indicate whether a

ppt was observed OR, did not indicate
&092 2 JYSS Sclence Department
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Question | Skill | Indicative material Mark | Total | Remarks
whether there was a lack of observable
change.
1(f) ACE | sodium chloride 1 [1] Poorly done. Students did not read the front
paragraph where the cation was given.
1(g)i) ACE | To ensure that carbonate ions are removed. 1 [1] [comments in square brackets are for
[When the carbonate ions are present, it will react with silver nitrate reference and understanding. Need not
and barium nitrate. A white ppt will also be observed, giving a false set penalize if not written].
of results.]
K I A Some students wrote that the excess acid
was hecessary to dissolve all the solid B
ffully react B. This answer is not accepted
Eﬁﬁ!ﬂnﬁﬁwmﬁ& S RO because, even if all the solid B is not
B iasuExargper com dissolved or fully reacted, the tests in (e) can
still proceed without results affected.
1(g)ii) ACE | Chloride ions from HCI and sulfate ions from H.SO4 reacts with silver [1] Poorly done. Students are not aware of how
hitrate and barium sulfate respectively giving white ppt. However, 1 solubility affects QA tests.
hitrate ions do not react with silver nitrate nor barium nitrate to
produce any ppt. Reject: Partial answers that only spoke
about nitric acids forming soluble
substances but made no mention of sulfuric
and hydrochloric acid.
2(a)i) PDO [ Results Table: Reject these headers:
¢ records initial burette readings, final burette readings and volume 1 (9] Final volume / initial volume
added with correct headings and units in titration table. Final reading of R used / initial volume of R
o all burette readings for all accurate titresin fitration table are 1 used
recorded to nearest +0.05 cm?.
Titration Results: Generally well done.
MMO |« Accuracy 2
for the average titre (of consistent readings) within 0.20 cm? of
Supervisor's average value score 2 marks
for the average titre (of consistent readings) within 0.30 cm?® of
Supervisor's average value score 1 mark
e Concordance 1
HOF2 % JYSS Science Department
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Question | Skill | Indicative material Mark | Total | Remarks
at least two titre values are within 0.20 cm? (using uncorrected
titres)
Supervisor Results:
Titration 1 2 3
KIASU
Final 24.90 24.90 24.60
Initial 0.40 0.20 0.00 ExamPaper
Vol added 24.50 24.70 24.60 Islandwide Delively | Whatsapp Only 88660034
Best titration \l \l \) www. KlasuExamPaper.cam
2(ajii) MMO | appropriate average volume of R in 2 d.p.from closest titre values 1 [1] Generally well done.
(titres should be identified either in the table by a tick, orin a
calculation)
Average volume of R = (24.50 + 24.70 + 24 .60) | 3
= 24.60 cm?
2(b)(i) ACE | Moles of sodium thiosulfate in R'= 0.02440 x 0.160 = 0.003904 [2]
moles of iodine in 25.cm? of @ = 0.003904 / 2= 0.001952 1
concentration of iodine in Q = 0.001952 /0.025
= 0.07808 mol/dm?
= 0.0781 mol/dm?(3sf) 1
OR
Mx250 1
0.160 x 24.40." 2
M = 0.07808 mol/dm?
= 0.0781 mol/dm? (3sf)
2(b)ii) ACE | mass of iodine in 1 dm? of Q = ‘ans from (2bi) x (127 x 2) 1 [1] Weak responses showed students did not
= 0.07808x 127 x 2 understand that (2bi) calculated for the
= 19.832¢ number of moles of iodine in 1dm?. So
= 719.8 g (3sf) manipulations of multiplying with 25.0cm? or
&092 4 JYSS Sclence Department
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Question

Skill

Indicative material

Mark

Total

Remarks

6

dividing with 25.0cm? proceeded to give
Wrong answers.

Several students missed out multiplying Ar
of iodine with 2, despite a big hint given in
the question which should I» as the formula.

2(b(iil)

ACE
PDO
PDO

% by mass of iodine in solution =
2322 100 = 1.9832
1000 ~ -

= 1.98% (3sf)

Islandwide Delivery | Whatsapp Only 886
woarn KiasuExarmPaper . cam

percentage by mass of iodine in Q
appropriate significant figures in final answers in (b)(i), (ii) and (iii)
appropriate units in final answers in (a)(ii), (cm?), (b)(ii), (g)

0031

[3]

No ecf awarded.

ACE

Titre values will be lower than expected (due to lesser of volume of Q
in flask)/ Student would assume there are lesser number of mols of
iodine in 25.0 cm?,

Student’s calculated percentage by mass of iodine would be lower
than actual value.

— e T, S

[]

Many students did not read the gquestion
which stated that the student thought he had
used 25.0cm? of the solution when he only
used 20.0cm?.

This means that all the calculations (from bi)
thereafter would wrongly use a 25.0 cm?®
when it is only a 20.0 cm?. This causes the
calculated result to decrease, not increase.

Weaker responses assumed that since this
is titration, a proportionate amount of
thiosulfate (R) would be used for titration.
While this is true, all the calculations (from
bi) thereafter would be wrong because the
student thought he had used 25.0cm? of
iodine solution when he only used 20.0cm?.
These volumes are used in the calculations
so it will affect the result, it will not remain
the same.

092

&
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Question | Skill | Indicative material Mark | Total | Remarks
3a P Place equal volume of each alcohol in a petri dish/beaker separately | 1 Some students did not read the question
and place a digital pH probe in contact with the liquid alcohol. 1 and suggested using KMnQy for reaction
Leave both petri dishes in the open air at the same location. when clearly the intent is to measure rate of
Track the recording of pH to observe the time taken for pH to drop 1 oxidation by oxygen in the air.
below 7.

The alcohol with the shortest time taken for pH to drop below 7 is 1
more quickly oxidized by air.

OR
Accept measurement of time taken for litmus to turn red or pH
indicator to change colour.

KIASU=%
Correct approach — 1m R,

Clear description of procedure — 1m Exampaper /c’
Clear indication of what are the measurements — 1m Islandiide Delivery| | What3aph Only 88650031
How to make conclusion — 1m wwa. KidsuExamPajper, com
3b P Method of separation = fractional distillation 1 Reject: They have similar boiling points.
Why the method works = both liquids are miscible; have different 1

boiling points that are quite close

MMO: Manipulation, Measurement, Observation
PDO: Presentation of Data and Observation
ACE: Analysis, Conclusions and Evaluation

P: Planning

&092 & JYSS Sclence Department
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Write in dark blue or black pen.
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Do not use staples, paper clips, glue or correction fluid.
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Shift

Laboratory

For Examiner’s
Use
1 /14
2 /11
3 /15
Total 140

This document consists of 11 printed pages and 1 blank page.
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1 The reaction between an acid and an alkali is known as neutralisation.
You are provided with a sample of acid, P, that is diluted from acid HX.

You are going to determine the percentage purity of the sample of acid, P, by titrating it with
aqueous sodium hydroxide, using methyl orange as an indicator.

Read all the instructions below carefully before starting the experiment in Question 1.
Instructions
You are going to carry out a titration experiment.

P is a solution containing an impure sample of monobasic acid, HX.
Q is a solution of sodium hydroxide of concentration 0.0800 mol/dm?,

@ () Put P into the burette.
Pipette 25.0 cm?® of Q into a conical flask.
Add a few drops of the methyl orange indicator to the solution in the conical flask.
Slowly add P from the burette, swirling the flask constantly, until the one drop of P

causes the methyl orange indicator to change colour permanently, indicating that
the end-point is reached.

Record your titration results 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)  From your titration results, obtain an average volume of P to be used in your
calculations. Show clearly how you obtained this volume.

average volume of P ...............ooo [1]

(b) The equation for the reaction occurring in the titration is shown.
HX + NaOH — NaX + H.0

() Q is 0.0800 mol/dm? aqueous sodium hydroxide.

Use your answer from (a)(ii) and the equation for the reaction to calculate the
concentration, in mol/dm?, of HX in P.

concentration of HX iN P ..., mol/dm3 [2]

(i)  Given that the relative molecular mass of HX is 90, use your answer in (b)(i) to
calculate the concentration, in g/dm?, of HX in P.

concentration of HX in P ..., g/dm?3[1]
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(iii) P was prepared by dissolving 12.0 g of an impure sample of HX in water to make 1
dm? of solution.

Use your answer to (b)(ii) to calculate the percentage purity of the acid HX which
was used to make P.

percentage purity of HX inP ...l [3]

(c) The student repeated the titration but did not realise that there was an air bubble below
the burette tap and carried out the titration as usual.

Describe and explain the effect of this would have on the calculated concentration of P
required for the complete neutralisation of Q.

[Total: 14]
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2 Carbonates form an important range of compounds. Many of them occur naturally in rock
formation. One example of carbonate is zinc carbonate.

You are provided with solid S which is zinc carbonate.

Read all the instructions carefully before starting the experiments in Question 2.

Instructions

(@) Add 2 levelled spatulas of sample S into a dry boiling tube. Heat gently in the boiling tube,
then strongly, until no further change occurs. Allow the boiling tube with the residue to cool

for approximately 2 minutes. You do not need to test any gas evolved.

Record your observations.

(b)  You are provided with solution T.

Carry out the following tests on T. Record your observations in the space provided. You
should test and identify any gases evolved.

The volumes given below are approximate and should be estimated rather than measured
unless instructed otherwise.

test observations

Test 1
To 2 cm depth of T in a clean test-tube, add
1 levelled spatula of S.

[1]
Test 2
To 1 cm depth of T in a clean boiling tube,
add double the volume of aqueous sodium
hydroxide and a piece of aluminium foil.
Warm the mixture in the boiling tube.
[1]
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Test 3(a)

To 1 cm depth of T in a clean boiling tube,
add an equal volume of aqueous iron(ll)
sulfate.

Heat the mixture until it just begins to boil.

[1]

Test 3(b)
To the mixture in 3(a), add aqueous
ammonia until no further change occurs.

[1]

Test 4
To 1 cm depth of T in a clean boiling tube,
add an equal volume of aqueous potassium
iodide.

Warm the mixture.

[1]

(c) () Deduce the chemical formulae of the cation and anion in T, justify your deductions
using evidence from your observations.

The cation IN T IS .ovvin i .

justification for the cation in T: ... ... e

The anioN IN T IS cvvvir i e, .

justification for the anion IN T ... e

(i) What is the role of T in Test 3(a)?
Explain your answer.

[Total: 11]
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3 A student passes electricity through a solution of zinc sulfate using an inert anode and a zinc
cathode of known mass. Fig. 3.1 shows the set-up of the experiment.

—— - —

+ —
inert ) [ Zzinc
anode cathode
agueous |
zinc sulfate __
Fig. 3.1

Zinc is deposited at the cathode while effervescence was observed at the anode throughout the
experiment.

After 5 minutes, the student removes the cathode to determine the mass of zinc deposited.

@ ) Suggest what the student must do to the cathode after removing it from the solution
but before placing it on the electronic balance to measure its mass.

.......................................................................................................... [1]
(i) Write the ionic equation, with state symbols, for the reaction that takes place at the
cathode.
.......................................................................................................... [1]
(iii) Describe a test to confirm the identity of the gas produced at the anode.
.......................................................................................................... [2]

(b) State whether AH, the enthalpy change that occurs during the experiment has a positive
or negative value.

Explain your answer.
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(c) The student measures the mass of the cathode and then puts it back into the circuit and
continues the experiment.

The mass of zinc deposited is measured every five minutes and recorded in Table 3.2.

Table 3.2
time / min | mass of zinc deposited / g
0 0.00
5 0.29
10 0.59
15 0.88
20 1.20
25 1.30
30 1.30
35 1.30
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On the grid provided in Fig. 3.3, use the results from Table 3.2 to plot a graph of mass of
zinc deposited on the y-axis against time on the x-axis. Label the axes. Draw a straight

line through the first five points and draw another straight line through the last three points.
Extend both lines so they both intersect.

Fig. 3.3
(3]

(d) Use your graph in Fig. 3.3 to answer the following questions.

0] Determine the mass of zinc deposited after 18 minutes.

(i)  Determine the minimum time taken for all the zinc to be deposited.
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(e) It was discovered that the electronic balance used earlier was faulty.

Outline another method, that does not involve the measurement of mass, to determine
the number of moles of zinc deposited at the cathode in 30 minutes.

In your method you should include:
o the apparatus you would use
o the measurements you would take

e an explanation of how you would use your results to calculate the number of moles

You can assume all the apparatus and reagents normally found in a school laboratory are
available. Use a labelled diagram to illustrate your answer.

[Total: 15]

-END OF PAPER-
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Test for anions

12

QUALITATIVE ANALYSIS NOTES

anion

test

test result

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

nitrate (NO3’)
[in solution]

add aqueous sodium hydroxide,
then aluminium foil; warm carefully

ammonia produced

sulfate (SO4*)
[in solution]

acidify with dilute nitric acid, then add
aqueous barium chloride.

white ppt.

Test for aqueous cations

cation

effect of aqueous sodium hydroxide

effect of agueous 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(I) (Fe?")

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(111) (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

Test for gases

gas

test and test result

ammonia (NHs)

turns damp red litmus paper blue

carbon dioxide (COy)

gives white ppt. with limewater
(ppt. dissolves with excess CO»)

chlorine (Cly)

bleaches damp litmus paper

hydrogen (H>)

"pops" with a lighted splint

oxygen (Oy)

relights a glowing splint

sulfur dioxide (SO)

colourless

turns aqueous acidified potassium manganate(VIl) from purple to
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Relative Weighting

KUO CHUAN PRESBYTERIAN $EeGAiARYES@BBaper.com

SECONDARY FOUR EXPRESS

2025 EOC CHEMISTRY PRELIM PRACTICAL EXAMINATION

MARKING RUBRIC

Skill Areas Total Marks Relative Weighting (%)
Manipulation, measurement and observation (MMO) 6 15.0
Presentation of data and observations (FDO) 12 30.0
Analysis, conclusions and evaluation (ACE) 14 42.5
Planning (P) 5 12.5
From SEAB O Level 6092 Syllabus Document
The assessment of Planning (P) will have a weighting of 15%.
The assessment of skill areas MMO, PDO and ACE will have a weighting of 85%.
Question | Skill | Indicative material ':_E; Mark | Total
1)) | PDO | Results table: "o 4 ol el 4 [5]
Records initial burette readings, final burette readings and 1
volume added with correct headings and units in a titration
table.
e mark is not awarded if units appear with the values
in the table
all burette readings for all accurate titres in titration table are 1
recorded to nearest 0.05 cm?®
MMO | Titration Resuits:
accuracy 2

for the average titre (of consistent readings) within
0.20 cm?® of Supervisor's-average value score 2 marks
for the average titre (of consistent readings) within
0.30 cm?® of Supervisor's average value score 1 mark

Supervisors are asked to camy out a standard acid/base
titration between solutions P and Q to ensure that the
conhcentrations of the two solutions fall within the given
range. It is essential that 25.0 cm? of Q reacts with between
19.00.cm2 and 21.00 cm® of P.

Supervisor's average titre: 20.05 cm?
concordance

at least two titre values are within 0.20 cm? (using
uncorrected titres)

1
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YWYV . NId UL AT

[=] I .LAJTTT
Question | Skill | Indicative material ark | Total
1(a)(ii) MMO | appropriate average volume of P in 2 d.p. from closest titre [1]
values (titres should be identified either in the table by a tick,
or in a calculation)
marks not deducted for volume not in 2 d.p. (mark is only
deducted in part (b)(iii))
1(b)(i) ACE | number of moles of Q [2]
= (0.0800) x {25.0/ 1000)
= 0.00200 mol
= number of moles of HX in P
ACE | molar concentration of HX'in P
= (0.00200) / (average volume of P / 1000)
1(b)(ii) ACE | mass concentration of HX in P ——X¢)! [1]
= answer from (b)(i) x 90 g/mol K IASU '7@:
xamPaper
1 (b)(i ii) ACE percentage purlty Of HX 1 wi Kigs uExamFa;‘e?n\;’l Wl [3]
= (answer from (b)(ii) / 12.0) x 100%
PDO | appropriate significant figures and decimal places infinal
answers of (a)(ii), (b)(i), (ii) and (iii)
PDO [ appropriate units in final answers in (a)(ii), (cm?®) and
(b)(iii), %
1(c) ACE | student’s calculated value for concentration of P will be [2]
lower than the actual value
recorded titre value (volume of HX) used will be more than
the true value.
Total: 14

2
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Question | Skill | Indicative material Total
2(a) PDO | White solid turns yellow on heating, and turned white on [2]
cooling. 1
Droplets of colouress liquid seen on upper part of test-tube. 1
2(b) [3]
test observations
MMO || Test1 (Effervescence observed.)
To2cm depthof Tina
clean test-tube, add 1 Gas produced forms white
levelled spatula of S. ppt with limewater. Gas
produced is carbon
dioxide/ CO-. 1
Test 2 (Effervescence observed.)
To1cmdepthof Tina
clean boiling tube, add (Gas produced turns
double the volume of damp/moist red litmus
aqgueous sodium paper blue. Gas produced
hydroxide and a piece of | is ammonia/ NHs. 1
aluminium foll. KIASU_
Warm the mixture in the  |ExamPaper ¢
boilin g tube. Islandﬂ.r.'icc‘rDI:l NT(T;JL:E:;:;E;:;(J:;I“ES 660034
Test 3(a) {Colourless) Green
PDO To 1 cm depth of T in a | selution turns

clean boiling tube, add an
equal volume of aqueous
iron(II) sulfate.

Heat the mixture until it
just begins to boil.

orange/ yellow/ orange-
brown! yellow-brown/

red-brown.

Reject. red/ brown.

Test 3(b)

To the mixture in-3(a),

add agqueous ammonia
until no further change
OCCurs.

Red-brown ppt. formed,
insoluble in excess.

Reject: brown/ red.

Test4

To.1 c¢cm depth of T in a
clean testtube, add an
equal volume of aqueous
potassium iodide.

Warm the mixture.

Colourless solution turns
pale yellow.

3

www.KiasuExamPaper.com
104



Question

Skill

LZs 0D
YWYV . NId UL AT

Indicative material

=}

.U
ark | Total

2(c)(i)

ACE

ACE

Cation in T: H' (reject: hydrogen ion)

Justification for cation: From Test (1), the (carbon dioxide)
gas produced when S (zinc carbonate) was reacted with

T forms a white ppt. in limewater. This suggests that T is
an acid.

Anion in T: NOg* (reject: nitrate)

Justification for anion: From Test 2, the {ammonia) gas

produced turned damp red litmus paper blue when
sodium hydroxide was added and warmed with

aluminium foil.

[2]

2(c)(ii)

ACE

Oxidising agent

Oxidises iron(II}).ion to iron(III) ion, (which causes the
green solution to tum red-brown, and confirmed when a red-
brown ppt. is foormed when tested with aq. NaOH in Test
3(b))-

1 [2]

KIASL]==0

Total: 11

I RiF VA% W "

ExamPaper /

Islandy'de Calivery \Whatsapp Cnly 88650031
wise KizsubxamPager.com
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Question | Skill | Indicative material ark | Total
3(a)(i) ACE | Wash with distilled/deionised water and dry. 1 [1]
3(a)(ii) ACE | Zn* (aq) + 2e'— Zn (s) 1 [1]
3(a)(iii) ACE | Place a glowing splint near the gas. 1 [2]

Glowing splint will rekindle / relight / reignite. 1
3(b) ACE | AH is positive (endothermic change) as electrical energy is [1]
needed for the reaction. 1
3(c) ACE | (refer to larger view at the end of the MS) [3]
mase of ame depositent /9
\-‘«G:;J T ‘['F'Y'I'?'_ri_“::,j'. I"‘ ol { Sl -
s e R
R R i s e
v R ‘ ,!"-j:ﬁ E.- l L Er
vos T HH SIS
- AR Fﬁ'* VD) =l
H i XxamPaper ¢
e ._ : _‘ i . e :’ EEES sl :',‘f':?: i“‘?l?frr::!?:::{rmGBC[11
: I}!-.‘,r Hine /vy
¢ _All recorded points plotted correctly. 1
e Bothlines drawn accurately and extrapolated to intersect. 1
e Uniform scale chosen to use more than half of each axis +
Correctly labelled axes with comrect units written. 1
3(d)(i) ACE | 1.08 (dependent on student’s graph) 1 [1]
3(d)(ii) ACE | 21.5 (dependent on student’s graph) 1 [1]

5
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3(9) VVVVVV.K;dbUEKdI 1 IPa pEI v I[sl
: T f
measuring ____ f
cylinder L
I = agueous zinc
sulfate
inert .
anode ] zinc
vz Wz Wi cathode
] -
KIASU=7¢
ExamPaper Z ik
= —‘llt_ Sr——. slandw de Delivery | Whatsapp Cnly 8365C0R1 1
Labelled diagram showing cleatly gas collection using
appropriate apparatus — [ 1]
Procedure
1. Repeat the experiment using the same inert anode,
zinc cathode and aqueous zinc sulfate as electrolyte. 1
2. Set-up the measuring cylinder as shown in the diagram
to measure and record the volume of gas evolved in | 1
30 minutes.
3. Calculate the number of moles of oxygen gas| 1
evolved by using the formula
number of moles of oxygen gas
= yolume of gas collected (in cm?) + 24000
4. The number of moles of zinc deposited is equal to
2 x number of moles of oxygen gas. 1
Zn?* (aq) + 2" — Zn (s)
40H (aq) — O2(g) + 2H:0 (/) + 4e
Zn?* (agq+ 40H (aq) — 2Zn (s)3+ O2(g) + 2H20 ()
Total: 15

6
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Class/ Centre Number/ Name
Index Number | ‘O’ Level Index Number

/ /
R iadaiel -’%ﬁ- jﬂ }}k ?ﬁ- E— ‘:]? —‘l?é
g MARIS STELLA HIGH SCHOOL
m PRELIMINARY EXAMINATION
SECONDARY FOUR
CHEMISTRY 6092/03
Paper 3 Practical 19 August 2025

1 hour 50 minutes
Candidates answer on the Question Paper.
No Additional Materials are required.

READ THESE INSTRUCTIONS FIRST

Write your class, index number, Centre number, O level index number and name in the spaces
at the top of this page.

Give details of the practical shift and laboratory, where appropriate, in the boxes provided.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid or highlighters.

Answer all questions in the spaces provided on the Question Paper.

The use of an approved scientific calculator is expected, where appropriate.

You may lose marks if you do not show your working or if you do not use appropriate units.
Qualitative Analysis Notes are printed on page 9.

The number of marks is given in brackets [ ] at the end of each question or part question.
The total number of marks for this paper is 40.

Shift Examiner’s Use
1 15
Laboratory 2
25
Total
40

This document consists of 9 printed pages.
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2

1 Magnesium reacts with hydrochloric acid as shown in the equation.

Mg(s) + 2HCl(aq) — MgCl (aq) + Hz(9)

You will determine the enthalpy change, AH, of the reaction between magnesium and
hydrochloric acid. To do this you will measure the change in temperature when a piece of
magnesium ribbon reacts with an excess of hydrochloric acid.

Read all the instructions carefully before starting the experiment.

Instructions

A is dilute hydrochloric acid, HCL.
B is magnesium ribbon, Mg.

(@) 1. Weigh B using the beaker provided at the electronic balance and record the mass
below.

2. Support the Styrofoam cup in the 250 cm? beaker.

3. Coil B such that it will fit into the bottom of the Styrofoam cup and then remove it.

4. Use the measuring cylinder to transfer 25 cm?® of A into the Styrofoam cup.

5. Place the thermometer in the acid and tilt the cup if necessary, so that the bulb of the
thermometer is fully covered. Record the temperature at time = 0.0 minutes in the table
of results.

6. Start timing and do not stop the clock until the whole experiment has been completed
at time = 8.0 minutes.

7. Record the temperature of the acid every one minute for 2 minutes.

8. Attime = 3.0 minutes, carefully drop the coil of B into A and stir the mixture.

Record the temperature of the mixture at time = 4.0 minutes and complete the table by
recording the temperature every one minute. Stir the mixture between thermometer
readings.

Results

time / min 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

temperature / °C

[4]
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(b) (i) Plot a graph of temperature against time on the grid below.

The scale for the temperature axis should extend 10 °C greater than the
maximum temperature you recorded.

You will use the graph to determine the theoretical maximum temperature
rise at 3.0 minutes.

[4]
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(i) Draw two lines of best fit through the points on your graph, the first for the temperature
before adding B and the second for the cooling of the mixture once the reaction is
complete.

Extend the two lines to 3.0 minutes, draw a vertical line at 3.0 minutes to connect
these lines and determine the theoretical rise in temperature at this time.

theoretical rise in temperature at 3.0 minutes = ..................... [2]

(c) (i) Inreaction (a), A used was in excess. Without carrying out any additional tests, state
what you could observe during your experiment to confirm this.

(i) Given that 4.2 J is needed to raise the temperature of 1.0 cm?® of solution by 1.0 °C,
calculate the amount of heat released that occurred for the reaction in (a).

heat released (J) = mass of solution (g) x maximum temperature rise (°C) x 4.2

Assume that 1.0 cm? of solution has a mass of 1.0 g.

amount of heatreleased = ..................oenel. [1]

(iif) Using your answer to (ii), calculate the enthalpy change, in kJ/mol, for the reaction
between hydrochloric acid and magnesium.

[Ar: Mg, 24]

enthalpy change = ........................ [2]

(iv) Suggest and explain one improvement that could be made to the method in (a) to
increase the accuracy of the results.

Total [15]
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5
Solid C is an alloy of iron and other metals.

In this experiment, you will determine the percentage of iron in C by performing a titration
using aqueous potassium manganate(VIl).

No indicator is needed for this titration as the products of the reaction are almost colourless
and one drop of potassium manganate(VI1) in excess produces a pale pink colour.

Read all the instructions carefully before starting the experiment in Question 2.
Instructions
D is a solution containing Fe?*, made from dissolving 6.00 g of C in dilute sulfuric acid, forming
a mixture of metal sulfates and the solution is made up 1.00 dm3.
E is 0.0200 mol/dm? potassium manganate(V1I)
@ (i) e Fill the burette with E.

The colour of E makes it difficult to see the bottom of the meniscus so you

should take all your readings using the top of the meniscus.

e Use the pipette to transfer 25.0 cm? of D into a conical flask.

¢ Add E from the burette to the conical flask whilst constantly swirling the flask.

At first the purple colour disappears quickly but as more E is added the colour
disappears less quickly. At the end-point, one drop of E produces a pale pink
colour that does not disappear on swirling.

e 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

[4]
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(b) ()

(i)

6

From your titration results, calculate the average volume of E required to reach
the end-point of the titrations. Show clearly how you obtained this volume.

average volume of E=........................ [1]

Calculate the number of moles of potassium manganate(VII) present in the
average volume of E.

amount of potassium manganate(VII) = ..............cooneni. [1]
In the reaction five moles of iron(ll) sulfate react with one mole of potassium

managanate(VIl). Using your answer from (b)(i), calculate the number of moles
of iron(ll) sulfate present in 25.0 cm? of D.

amount of iron(ll) sulfate = ........................... [2]

(iii) Using your answer from (b)(ii), calculate the concentration, in mol/dm?, of iron(ll)

sulfate in D.

concentration of iron(Il) sulfate = ........................L. [1]
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(c)

(iv) Using your answer from (b)(iii), calculate the mass of iron in 1.00 dm? of D.
[Ar: Fe, 56]

mass of ironin 1.00 dm3of D= .........ccovvevvvieecnnenne [1]

(v) Using your answer from (b)(iv), calculate the percentage of iron in C.

percentage of ironin C = ...........ccooviiiinne. [2]
The composition of copper-iron alloy varies and is changed based on the desired
properties for a particular application.

Describe a method to determine the percentage by mass of copper in a sample of
copper-iron alloy.

You can assume the apparatus and reagents normally found in a school laboratory are
available.

You may not use atitration method.
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(d) (i) Read all the instructions carefully before starting the experiments in
Question (d)(i).

You are provided with solution F.
Instructions

Carry out the following tests. You should test and identify any gases evolved.
Record your observations in the table.

The volumes given below are approximate and should be estimated rather than
measured unless instructed otherwise.

test instructions observations

(@ To 1 cm depth of aqueous
iron(ll) sulfate in a test-tube, add
1 an equal volume of F.

(b) Add aqueous sodium hydroxide
to the mixture from (a).

To 2 cm depth of agueous acidified
2 potassium manganate(VIl) in a test-
tube, add an equal volume of F.

(a) To1cmdepth of Fin atest-tube,
add 2 pieces of copper turnings.

(b) Add aqueous ammonia to the
mixture from (a).

[6]

(i) Intestl(a), Fisactingas ...........ccooviiiiiiiiennnnnnnnnn.
Intest2, Fisactingas ..........ccooeviiiiiiiiiiiien e,

Use your observations in test 1(a) to explain how you have reached the
conclusion.

[Total: 25]
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Test for anions

QUALITATIVE ANALYSIS NOTES

Anion Test test result

carbonate (CO3z%) add dilute acid effervescence, carbon dioxide
produced

chloride (CI") acidify with dilute nitric acid, then add | white ppt.

[in solution] agueous silver nitrate

iodide (I) Acidify with dilute nitric acid, then add | yellow ppt.

[in solution] aqueous silver nitrate

nitrate (NOs ") add aqueous sodium hydroxide, then | ammonia produced

[in solution] aluminium foil; warm carefully

sulfate (S04 %) acidify with dilute nitric acid, then add | white ppt.

[in solution] agueous barium nitrate

Test for agueous cations

Cation

effect of aqueous sodium hydroxide

effect of agueous ammonia

aluminium (APFY)

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(ll) (Fe?")

green ppt., insoluble in excess

green ppt., insoluble in excess

iron (1) (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

Test for gases

Gas

test and test result

ammonia (NHz)

turns damp red litmus paper blue

carbon dioxide (CO)

turns white ppt. with limewater

(ppt. dissolves with excess CO»)

chlorine (Cly)

bleaches damp litmus paper

hydrogen (H>)

‘pops’ with a lighted splint

oxygen (Oo)

relights a glowing splint

sulfur dioxide (SO,)

colourless

turns aqueous acidified potassium manganate (VII) from purple to
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Sec 4 Chemistry Paper 3
Preliminary Exam 2025
Mark Scheme

Qn Mark

1(a)

Sample Results

Mass of B added to the sulfuricacid = 0.18 g (0.17 g — 0.19 g)

correct statement [1]
reading to 2 dp [1]

time / min 0.0 1.0 2.0 3.0 4.0 3.0 6.0 7.0 8.0

temperature /°C | 30.5 30.5 30.5 59.6 58.5 §5.5 54.0 52.0

temperature to 1 decimal place [1]
trend of temperature increasing and decreasing [1]

(b) | (i)

C AR
-Ir!AuIﬁr.ﬂany{.L_- :_

-

£

Lo

%0

Scale at least half the grid
Two intersecting lines
Labelled axes with units
All points plotted correctly

—
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Mark

(ii)

theoretical rise in temperature at 3.0 minutes = 61.5°C — 30.5 °C
=31.0°C
correct calculation of AT

correct answer for AT to 1 dp

(c)

(i)

All the magnesium / solid dissolved / disappeared / used up or no solid
{ Mg left.

(ii)

Energy change = (25 x 4.2 x 31.0) J
=3255J
= 3260 J

(iii)

number of moles of magnesium = 0.18 g + 24 g/mol
= 0.0075
Enthalpy change = (3 265) + 1000 kJ/mol

0.18 g = 24 g/mol L

ExamPaper ¢

final answer to 3 sf with negaﬂve Sign |slandwide Delivay Wraisapg Orly 88660034

weand KigsuFrammPeper.oom

(iv)

Any one

- uselid or use specified extra insulation to reduce heat losses (by
convection or conduction);

- use a pipette or burette to measure volume of acid to reduce %
error / as more accurately calibrated;

- use magnesium turnings / powder so reaction can complete
sooner to reduce heat loss while magnesium ribbon is still
reacting;

- use lid or plastic cup with higher walls to reduce acid spray;

(a)

(i)

Final burette reading/fcm?® | 24.50 | 24.20 2410

Initial burette reading/cm?® | 0.00 | 0.00 0.00

Volume of solution E 24.50 | 24.40 24.20
used/cm?
Best titration (v} v v

table with correct headings and units

burette readings recorded to 2 decimal places
2 consistent titre readings within £ 0.20 cm?
average reading is within 24.10 to 24.50

. S e
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Qn Mark
(ii) | Average volume of E = 24.40 + 24.20
2
=24.30 cm3 1
calculated with ticked values to 2 decimal places
(b) | (i) | Number of moles of KMNO, = 24.30 x 0.02
1000
= 0.000486 1
(ii) [ Number of moles of Fe?* in 25.0 cm?® of D = 5 x 0.000486
= 0.00243 1
(iii) | Concentration of iron(ll) sulfate = 1000 x 0.00243 1
25
= 0.0972 molfdm? L
(iv) | Mass ofironin 1.00 dm? of D = 0.0972 mol x 56 g/mol
=54432¢ 1
Fod] SlJ==0
(v) | Percentage of iron in C = 5.4432 x 100 % ExamPaper / 1
600 |slancwide Dell\eryl whats app Unly GEEE0C
= 90.7.% A Gl !
2 (c) 1. Weigh the sample of alloy using an electronic balance and

record its mass (M).and pour it into a beaker.
2. Measure 100 cm? of dilute hydrochloric acid (excess) using a
measuring cylinder.
3. Add the acid to the alloy inthe beaker.
After effervescence has stopped, filter the mixture with a filter
funnel lined with filter paper.
Collect the residue (copper) and wash it with deionised water.
Dry the residue between sheets of filter paper.
Weigh the residue and record its mass (M)
Percentage mass of copper = M; x 100 %
M

=

P =N O

1m — Apparatus: electronic balance, beaker, measuring cylinder, filter
funnel, filter paper, deionised water.

2m — Procedure: weigh, adding acid in excess, collect residue
1m — Processing of data
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(b) Add aqueous ammonia to the mixture
from (a).

test instructions observations
(a) To 1 cm depth of agueous iron(ll) [ (a) pale green/colouress solution turns yellow
sulfate in a test-tube, add an equal [1]
1 volume of F.
(b) Add agueous sodium hydroxide to the | (b) red-brown ppt, insoluble in excess [1]
mixture from (a) slowly with shaking effervescence seen [1], gas relights a
until no further change is seen. glowing splint {oxygen) [1]
To 2 cm depth of agueous acidified | purple potassium manganate(VIl) tums
2 potassium manganate(VIl) in a test-tube, | colourless/decolourised [1]
add an equal volume of F.
K IASU__ effervescence seen, gas relights glowing splint
L (oxygen)
ExamPaper ¢
(a) To 1 cm depth of F in a test-tube, add | (a) no visible reaction [1]
5 2 pieces of copper turnings.

(b) effervescence seen, gas relights

glowing splint {oxygen)

Award marks for effervescence seen [1], gas relights glowing splint [1] (oxygen)[1]
once intest 1, 2 or 3.

(c)

(i) [ Intest1 (a), Fis acting as oxidising agent. 1
Intest 2, F is acting as reducing agent. 1

conclusion.

oxidised to-iron(lll) ions.

Use your observations in test 1 (a) to explain how you have reached the

The red-brown precipitate shows that iron{ll) ions have been 1
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Pasir Ris Secondary School

Name

Class |Register Number

SECONDARY 4 EXPRESS
PRELIMINARY EXAMINATION 2025

CHEMISTRY

Paper 3
Tuesday

Candidates answer on the Question Paper.
No Additional Materials are required.

6092/03

12 August 2025
1 hour 50 minutes

READ THESE INSTRUCTIONS FIRST

Write your name, class and register number on all the work you hand in.

Give details of the practical shift and laboratory where appropriate, in the boxes provided.

Write in dark blue or black pen.
You may use an HB pencil for any diagrams or graphs.
Do not use staples, paper clips, glue or correction fluid.

Answer all questions in the spaces provided on the Question Paper.

The use of an approved scientific calculator is expected, where
appropriate. You may lose marks if you do not show your working or if

you do not use appropriate units.

Qualitative Analysis Notes are printed on page 11.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question

or part question.

Shift

Laboratory

For Examiner’'s Use
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4
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This document consists of 11 printed pages, including the cover page.

Setter: Mr Sim Chun Siang
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Aqueous hydrogen peroxide is widely used as a germicide and bottles of the solution can be
purchased all over the world.

The amount of hydrogen peroxide in an aqueous solution can be determined by reacting it with
an excess of iodide ions to produce iodine.

H,O, + 21"+ 2H" — 2H,0 + I,

The iodine is then titrated with aqueous sodium thiosulfate, NaS2Os, using starch solution as
an indicator.

2Na»S->03 + |» — Na»S4,0¢ + 2Nal
Read all the instructions below carefully before starting the experiments in Question 1.

Instructions

P contains iodine produced by reacting all the hydrogen peroxide in a bottle of germicide with
an excess of iodide ions, and the solution is made up to 250 cm?®.

Q is 0.221 mol/dm?® aqueous sodium thiosulfate.
(@ (i) PutQ into the burette.
Pipette a 25.0 cm? portion of P into a conical flask.

Add Q from the burette until the red-brown colour fades to pale yellow, then add a few
drops of the starch indicator. This will give a dark blue solution.

Continue adding Q slowly from the burette until one drop of Q causes the blue colour
to disappear, leaving a colourless solution.

Record your titration results in the space provided, repeating the titration as many
times as you consider necessary to achieve consistent results.

Results

[3]

2 [Turn over
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(i) From your titration results, obtain an average volume of Q to be used in your
calculations.

Show clearly how you obtained this volume.

average volume of Q = .............coeeveeeeee.cm® [1]
(b) (i) Qis 0.221 mol/dm?® aqueous sodium thiosulfate.

Use your answer to (a)(ii) to calculate the amount of iodine, in moles, in 25.0 cm? of
P.

amount of iodine in 25.0 cm3of P = ...................... mol [2]

(ii) Use your answer to (b)(i) to calculate the amount of iodine, in moles, in 250.0 cm? of
P.

amount of iodine in 250.0 cm®of P = ..............ooo Ll cm® [1]

(iii) Use your answer to (b)(ii) and the M, of hydrogen peroxide to calculate the mass of
hydrogen peroxide present in the bottle of germicide.
[A:H, 1;0,16]

mass of hydrogen peroxide in the bottle of germicide: .................. g [2]

3 [Turn over
www.KiasuExamPaper.com

130



PRSS_2025_ S4E_PRELIM_CHEM_6092_P3

(c) A student repeated the experiment but rinsed the conical flask with solution P instead of
distilled water.

State and explain the effect, if any, this would have on his results.

(d) A student suggests that the experiment could be made more accurate if the volume of
starch added was measured using a burette.

Suggest why this change is unlikely to have an effect on the accuracy of the experiment.

[Total: 14]
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The reaction between dilute sulfuric acid and aqueous sodium hydroxide is exothermic.

H.SO.4 (aq) + 2NaOH (aq) — NaxS04 (aq) + 2H20 (1)

When dilute sulfuric acid is added to a given volume of aqueous sodium hydroxide, the
temperature of the mixture increases. The greatest temperature rise is achieved when
complete neutralisation occurs.

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

Instructions

R is aqueous sodium hydroxide.

S is 1.20 mol/dm? aqueous sulfuric acid.

(&) Experiment 1

Using a measuring cylinder, transfer 25.0 cm?® of R into a Styrofoam cup. Measure
the temperature of R and record the value in Table 2.1.

Transfer 25.0 cm?® of S into another measuring cylinder.

Pour S from the measuring cylinder into the Styrofoam cup containing R.

Using the thermometer, stir the final mixture and measure the highest temperature
reached. Record the value in Table 2.1.

Empty the Styrofoam cup and rinse it well with distilled water.

Experiment 2

Similar to Experiment 1, use the first measuring cylinder to transfer 25.0 cm?® of R into
the Styrofoam cup. Measure the temperature of R and record the value in Table 2.1.
Transfer 5.0 cm?® of S into the second measuring cylinder.

Add 20.0 cm?® of deionised water to S in the measuring cylinder to make the total
volume 25.0 cm?®.

Pour the mixture from the measuring cylinder into the Styrofoam cup containing R.
Using the thermometer, stir the final mixture and measure the highest temperature
reached. Record the value in Table 2.1.

Empty the Styrofoam cup and rinse it well with distilled water.

Experiments 3to 5

Follow the instructions for Experiment 2 for the remaining volumes of S and the
respective volumes of deionised water as shown in Table 2.1.

Using the thermometer, stir the respective final mixture and measure the highest
temperature reached. Record the value in Table 2.1.

5 [Turn over
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Table 2.1
volume | volume | volume of temmrletglture temhlg:rZ?Lre temperature
experiment of R/ of S/ deionised pf / f P / rise /
cm? cm? water / cm? ofR of mixture °C
°C °C

1 25.0 25.0 0.0
2 25.0 5.0 20.0
3 25.0 10.0 15.0
4 25.0 15.0 10.0
5 25.0 20.0 5.0

(2]

(b) Calculate the temperature rise in each experiment. Record each value in Table 2.1. [1]

(c) (i) Plot a graph of temperature rise against volume of S on the grid. Use these points to
draw two intersecting straight lines of best fit.

6
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(ii) Use your graph to determine the volume of S required to completely neutralise 25.0 cm?

of R.
................................................................................................................ [1]

(iii) Using your value in (c)(ii), calculate the concentration, in mol/dm?, of sodium hydroxide
in R.

concentration of sodium hydroxide in R: ............................. mol/dm?® [2]

(d) Explain why deionised water was added to each reaction mixture, from experiments 2 to 5.

...................................................................................................................... [2]
(e) Suggest one modification to the experiment to improve the accuracy of the temperatures

recorded.

...................................................................................................................... [1]

[Total: 13]
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Read all the instructions carefully before starting the experiment in Question 3.
You are provided with three solutions, X, Y and Z for use in parts (a) to (c).

These solutions are (not necessarily in this order):
o dilute hydrochloric acid

e aqueous silver nitrate

e aqueous sodium carbonate

Instructions

Carry out the following tests on solutions X, Y and Z. Test and identify any gases evolved.
Record your observations in the table.

If no observation change is observed for a test, write ‘no observable change’.

The volumes given below are approximate and should be estimated rather than measured
unless instructed otherwise.

test observations

(@) | (i) | Add 1 cm? of solution X into a clean test
tube.

To this test tube, add 1 cm? of solution Y
and shake the mixture thoroughly until no
further change is seen.

(ii) | To the same test tube, slowly add 1 cm?®
of solution Z, with shaking, until no
further change is seen.

[2]

(b) | (i) | Add 1 cm? of solution Z into a clean test
tube.

To this test tube, add 1 cm?® of solution X
and shake the mixture thoroughly until no
further change is seen.

(ii) | To the same test tube, slowly add 1 cm?®
of solution Y, with shaking, until no
further change is seen.

[2]

8 [Turn over
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(c) | () | Add 1 cm?® of solution Y into a clean test
tube.

To this test tube, add 1 cm? of solution Z
and shake the mixture thoroughly until no
further change is seen.

(i) | To the same test tube, slowly add 1 cm?®
of solution X, with shaking, until no
further change is seen.

[2]

(d) (i) Using your results, first deduce which of the three solutions is aqueous silver nitrate.

Provide explanations for your deduction.

(i) Using your answer to (d)(i) and the experimental results, deduce which of the
remaining two solutions is dilute hydrochloric acid and aqueous sodium carbonate.

dilute hydrochloric acid: .................cooeeve.
aqueous sodium carbonate: ..................... [1]

[Total: 9]
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Eggshells and seashells are some common substances that contain calcium carbonate.
However, the amount of calcium carbonate in each of these substances varies.

Outline a method you could use to determine which shell sample contains more calcium
carbonate.

You are only provided with separate samples of eggshells and seashells. You can assume all
the apparatus and reagents normally found in a school laboratory are available.

You should include in your answer the measurements you could use to determine which shell
sample contains more calcium carbonate.

You may wish to use a labelled diagram to illustrate your answer.

[Total: 4]
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QUALITATIVE ANALYSIS NOTES

anion test test result

carbonate (CO3%) 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 agueous sodium hydroxide, | ammonia produced

[in solution] then aluminium foil; warm

carefully

sulfate (SO4%)
[in solution]

acidify with dilute nitric acid,
then add aqueous barium nitrate

white ppt.

Test for agueous cations

cation

effect of aqgueous sodium
hydroxide

effect of agueous 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(l) (Fe?")

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(11) (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

Test for gases

gas

test and test result

ammonia (NHs)

turns damp red litmus paper blue

carbon dioxide (CO2)

gives white ppt. with limewater
(ppt. dissolves with excess CO>)

chlorine (Cl,)

bleaches damp litmus paper

hydrogen (H»)

‘pops’ with lighted splint

oxygen (O2)

relights a glowing splint

sulfur dioxide (SO)

colourless

turns aqueous acidified potassium manganate (VII) from purple to

11

[Turn over

www.KiasuExamPaper.com

138



www.KiasuExamPaper.com

www.KiasuExamPaper.com
139



www.KiasuExamPaper.com
140



www.KiasuExamPaper.com

PASIR RIS SECONDARY SCHOOL
2025 Preliminary Examination
SECONDARY 4 EXPRESS CHEMISTRY
MARKING SCHEME

PAPER 3

Qn. No. Scoring Points Marks | Max.
Mark

1 ai Results table (PDO):

records initial burette readings, final burette readings and 1
volume added with correct headings and units in a fitration table

all burette readings for all accurate titres in titration table are

recorded to nearest 0.05 cm? K I A SU = 1

Titration results (MMO): ExamPaper &

Islandwide Dc:li\fc:rj.I Ill‘llh:;\saﬁii}lcllymaBEBODSJ
ACCUraC wenn KiasuCxamPager.
for the average titre (of consistent readings) within 0.20cm? of 2

supervisor's average value score 2 marks

for the average fitre (of consistent readings) within 0.30cm? of
supervisor's average value score 1 mark

Concordance
at least two titre values are within 0.20cm? (using uncorrected 1
titres)

aii | MMO, PDO
appropriate average volume of Q in 2 d.p. from closest titre 1 14
values (titres should be identified either in the table by a tick or
in a calculation)

bi | ACE, PDO
amount of Na-5,0s in Q used (in moles) 1

NaQSQOa . |2
27 1

amount of | in P reacted (in moles)

bii | ACE, PDO

amount of k2 in original P = amount of |2 in P reacted X 10 {in moles) 1
*accept ECF*

biii | ACE, PDO
HQOQ : |2
1:1

amount of |, in original P reacted (in moles) = amount of H,O» 1
(in moles)

www.KiasuExamPaper.com
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mass of H.O, = amount of H,O, X 34 (in grammes) 1
*accept ECF*

ACE, MMO

The volume of Q used would be higher than expected/actual 1
as more than 25.0 cm?® of P will be presentin the conical flask.

Hence, the calculated mass of H:0, would be higher than 1
expected/actual / the calculated concentration of iodine in P
would be higher than expected/actual.

ACE, MMO

Starch is used as an.indicator and not one of the reactants. 1
Hence, being more precised in the volume of starch used will
not affect the accuracy of the experiment.

KIASU=;

ExamPaper Vi

Islanzwids Delvery [Wikatsapo Only 88660031
e KiasuExamFapercorm
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Qn. No. Scoring Points Marks | Max.
Mark

2 a | Results table (PDO):
all temperature readings recorded to 0.5 °C 1

Experiment results (MMO):
Concordance
full set of data + correct trend 1

b | Results table (PDOQ):

temperature increase comectly calculated (to 1d.p.) 1
ci | PDO

Axis labels + units a—C 1

Appropriate scale KIASU ‘7@ 1

All points correctly plotted ExamPaper 1

2 Straight lines of best fit y g e 1
cii | MMO

In accordance to student’s graph: 1

Note: minus 0.5m ifého working lines shown

ciii | ACE, PDO
amount of H;SO, in Q used (in moles) = (c)(ii) in dm? x.1.2 1
H.S0, : NaOH 13
i
amount of NaOH in P reacted (in moles) 1

concentration of NaOH in P (in mol/dm?)

d | ACE 1
To ensure that the total volume of thereaction mixture
remains constant.

This ensures that the concentration of S is proportional to the
volume of S.

OR

As a lower total volume will lead to higher than expected
temperature change (related to mcAT).

e | ACE
Use a lid to minimise heat loss. 1
OR

Use a burette to measure the volume of R and S instead of
measuring cylinder to increase the accuracy of measurement.
Note: any other logical modifications will also be accepted

www.KiasuExamPaper.com
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ai |PD
A yellowish-brown / pale yellow precipitate is formed. 1
aii | PDO
Effervescence is observed and white precipitate is formed. 1
OR

Effervescence is observed and precipitate turns white.

(The gas evolved forms white precipitate in limewater.
CO; is formed.)

bi | PDO

A white precipitate is formed. K IASU_E/@ 1
Cax o
A

Fd
bii | PDO e
— Islandwide Nelivery | Whatsapp Ony S8EG0031

Effervescence is observed. WU ST P o 1

(The gas evolved forms white precipitate in limewater.
CO;is formed.)

ci | PDO
Effervescence is observed. 1

(Thegas.evolved forms white precipitate in limewater. 9
CO; is formed:)

cii | PDO
A white precipitate is formed. 1

di | ACE
X is silver nitrate. 1

In step (e)(ii), (white) precipitate is only formed when X is 1
added to the mixture of Y and Z.

Note: While this is.the most straightforward conclusion,
any other logical deductions with clear references to steps
will also be accepted.

Explanation 10 students: Based on the 3 chemicals used, only
the combination of HC/ and Na,CO; will not result in the
formation of precipitate (but effervescence will be observed). As
such, students can take note of which of steps (a)(i), (b){i) and
(c)(i) will result in no precipitate to deduce which chemical is
silver nitrate.

dii | ACE
Z is hydrochloric acid. 1
Y is sodium carbonate.

www.KiasuExamPaper.com
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Qn. No. Scoring Points Marks | Max.
Mark
4 P - Note: marks can be obtained from labelled diagram.
Crushing and measuring a fixed mass of each of the shells. 1
Adding an excess of dilute acid of fixed volume and 1

concentration to each sample.
Note: minus 0.5m if “excess” is not mentioned.

Measure total volume of gas produced over a given time / total 1
decrease in mass of reaction mixture over a given time /total
time taken for a fixed volume of gas to be produced / total time
taken for a fixed change in temperature of reaction mixture
Note: any other logical measurement that is not too
onerous will also be accepted.

Relevant conclusion based on measurement method and draws 1
link back to objective of experiment (i.e. which shell contains the
highest/lowest amount of calcium carbonate).

KIASU=;

ExamPaper %
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PAYA LEBAR

Paya Lebar Methodist Girls’ School (Secondary)
Preliminary Examination 2025

S 53 Secondary 4 Express / G3
y o=

CANDIDATE CLASS CLASS
NAME INDEX NO
CENTRE s INDEX
NUMBER NUMBER
CHEMISTRY 6092/03
Paper 3 Practical 29 August 2025

1 hour 50 minutes

READ THESE INSTRUCTIONS FIRST

Write your name, class, class index number, centre number and O level index number on the
cover page.

Give details of the practical shift and laboratory where appropriate, in the boxes provided.

Write in dark blue or black pen.
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1 Metal displacement reactions are exothermic.

You are going to investigate the temperature changes when two different metals of the same
mass are added to aqueous copper(l1) sulfate solution separately. Aqueous copper(ll) sulfate

solution is used in excess.

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

Instructions

You are going to do two experiments.

P is 0.80 mol / dm? copper(ll) sulfate.
X and Y are two different grey metals in powder form, weighing 0.30 g.

(a) Experiment 1

Using a 50 cm?® measuring cylinder, pour 25.0 cm? of P into a Styrofoam cup and measure
the temperature of the solution. Record the temperature at O min in the table below.

Transfer metal X into the same Styrofoam cup. Start the stopwatch. Stir the mixture
constantly, and measure the temperature of the mixture every minute for 8 minutes.
Record the temperatures in the table below.

Wash the thermometer and Styrofoam cup with distilled water.

Experiment 2

Repeat Experiment 1, using metal Y instead of X.

time / min 0 2 3 4 5 6 7 8
temperature
for metal X/°C
temperature
for metal Y /°C
(3]
2
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(b) Plot your results for metal X on the grid below, with temperature on the y-axis and time on
the x-axis.

Use these points to draw two intersecting straight lines of best fit. Label the graph as X.

Plot your results for metal Y on the same grid. Use these points to draw two intersecting
straight lines of best fit. Label the graph as .

[4]

(c) From your graphs in (b), calculate the maximum temperature rise in both experiments.

maximum temperature rise for metal X =

maximum temperature rise formetal Y = ...l [1]

[Turn Over
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(d) The amount of heat released in this experiment can be calculated using the expression
shown.

heat released (in J) = mass of solution (in g) x maximum temperature rise (in °C) x 4.2

Use this expression to calculate, in J, the amount of heat released for both metals. Leave
your answers to 3 significant figures.

Assume that 1.0 cm? of solution has a mass of 1.0 g.

amount of heat released for metal X = ................oo, [1]

amount of heat released formetal Y = ..., [1]

(e) Using your answer in (d), state and explain which metal is more reactive.

(f) State and explain the effect of using metal strips instead of metal powder on the rate of
reaction for metal X.

[Total: 15]
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2 Metal ores may contain various metal compounds like carbonates and sulfates of the metal.
Metal carbonates decompose on heating, while most metal sulfates do not.

You are provided with a mixture containing hydrated zinc carbonate and a sulfate of an
unknown metal M. You are to determine the percentage by mass of hydrated zinc carbonate
present in the mixture and identify metal M.

Heating of the mixture will result in a loss of carbon dioxide and water due to the
decomposition of hydrated zinc carbonate.

ZnCO03.3H20 — Zn0O + CO; + 3H.0
Read all the instructions carefully before starting the experiment in Question 2.
Instructions
S is a mixture containing hydrated zinc carbonate and a sulfate of an unknown metal M.
(a) Use the electronic balance to find the mass of an empty test-tube.

Add about 1.50 g of S to the test-tube and then find the mass of the test-tube and its
contents.

Heat the test-tube and contents gently for 2 minutes.

Leave the test-tube and its contents to cool to room temperature before finding the mass
of the test-tube and its contents.

Repeat the heating and cooling of the test-tube and its contents again for 2 minutes.

Record your results in an appropriate format in the space provided. Keep the mixture after
repeated heating and cooling for part (d).

(i) Results

[4]
[Turn Over
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(i) From your results, determine the change in mass after heating.

(b) (i) Given that the change in mass is due to the loss of carbon dioxide and water, calculate
the mass of hydrated zinc carbonate present in the mixture.

[M:: ZnCOs3, 125; CO2, 44, H20, 18]

mass of hydrated zinc carbonate present=................cooviieinn. . [2]

(if) Calculate the percentage by mass of hydrated zinc carbonate in S.

percentage by mass of zinc carbonate in S= ... [1]

(c) (i) Suggest why heating the sample once for 2 minutes may not give an accurate value
for the percentage by mass of hydrated zinc carbonate in S.

(ii) Suggest one way in which the experiment could be improved to obtain a more accurate
value of the percentage by mass of hydrated zinc carbonate in S.

6
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(d) (i) Measure about 20 cm?® of deionised water in a 100 cm?® beaker (use the marking on
the beaker to gauge the volume).

Transfer the mixture left after heating and cooling in (a) to the beaker with deionised
water. Stir the mixture using a glass rod.

Filter the mixture to obtain zinc oxide as the residue and solution T in a boiling tube.
Solution T contains the sulfate of the unknown metal M.

Use solution T to carry out the following tests.

You should test and identify any gases evolved. Record your observations in the table.

The volumes given below are approximate and should be estimated rather than
measured unless instructed otherwise.

test observations

Test 1

Put about 1 cm depth of solution T
in a clean test-tube. Add 1 cm depth
of hydrogen peroxide. Shake the
test-tube.

Keep this solution for Test 4.

[3]

Test 2

Put about 1 cm depth of solution T
in a clean test-tube. Add acidified
potassium manganate (VII)
dropwise, with shaking, till no
further change is seen.

[1]

Test 3

Put about 1 cm depth of solution T
in a clean test-tube. Add aqueous
sodium hydroxide slowly with
shaking until no further change is
seen. [2]

Test 4
To the mixture from Test 1, add
agueous sodium hydroxide slowly
with shaking until no further change
is seen.

[2]

[Turn Over
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(ii) Deduce the identity of metal M.

(iii) State the type of reaction that occurred in Test 2.

Use your observations to explain how you have reached this conclusion.

[Total: 21]

8
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3 A student is given a liquid mixture containing an alkene and an alcohol.

Describe how the student could obtain a pure sample of alkene from the mixture, and test to
ensure that alkene is collected.

You are provided with;

agueous bromine

distilled water

ethanol

solid calcium carbonate

the apparatus commonly found in the laboratory

In your answer, include:

¢ the apparatus and material/s needed to separate the alkene from the alcohol
e the method to use
o adescription of the test and how the result can be used to identify that it is an alkene

[Total: 4]

End of paper

9

www.KiasuExamPaper.com
156



Test for anions

QUALITATIVE ANALYSIS NOTES

anion test test result

carbonate (CO3?) add dilute acid effervescence, carbon dioxide
produced

chloride (CI") acidify with dilute nitric acid, then white ppt.

[in solution] add aqueous silver nitrate

iodide (1) acidify with dilute nitric acid, then yellow ppt

[in solution] add aqueous silver nitrate

nitrate (NO3") add aqueous sodium hydroxide then | ammonia produced

[in solution] aluminium foil; warm carefully

sulfate (S04%) acidify with dilute nitric acid, then white ppt.

[in solution] add aqueous barium nitrate

Test for agueous cations

cation

effect of aqueous sodium hydroxide

effect of aqueous ammonia

aluminium (APFY)

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(ll) (Fe?")

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(ll1) (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

Test 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 (Hz)

‘pops’ with lighted splint

oxygen (Oy)

relights a glowing splint

sulfur dioxide (SO3)

colourless

turns aqueous acidified potassium manganate (VII) from purple to

10
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LABORATORY PREPARATION FOR PURE CHEMISTRY PRELIM 2025

Question 1 (per girl)

P - 0.80 mol/dm?® copper(ll) sulfate 75 cm?®
X —=1zinc 0.3¢g
Y —iron 0.3g
50 cm?® measuring cylinder 1

Styrofoam cups X and Y in plastic beaker

One labelled X, one
labelled Y

Thermometer

1

Stopwatch

1

Question 2 (per girl)

S — mixture of ZnCO3 and FeSO4 20g
Filter paper 1
Filter funnel 1
Boiling tube 1

100 cm?® beaker 1
Glass rod 1
Dropper 1
Hydrogen peroxide shared
Acidified potassium manganate (VII) shared
Aqueous sodium hydroxide shared
Deionised water shared
Splint shared
Test-tube holder 1 each
Bunsen burner 1
Electronic balance with glass beaker shared
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Answer to Sec 4 Prelim Exams 2025 (actual)

Qn Answer Mark
1() time / min 0 1 2 3 4 5 6 7 8 [3]
temperature for
metal X/ °C 310 | 335 | 340 | 350 | 350 | 350 | 350 | 345 | 345
temperature for
atal % 7% 310 | 310 | 320 | 320 | 320 | 320 | 320 | 315 | 315
M1 - Temperature for reaction with metal X showing a rise and then stop
rising/drop
M2 - Temperature for reaction with metal Y showing a rise and then stop
rising/drop —
M3 - All temperature readings to nearest 0.5 °C K IASU =
/ ExamPaper ¢
1(b) D8 [ S ) | | M1 -axswith
AL f : labels [1]
] M2 —
ar n appropriate
c scale [1]
A I :(OQ M3 - all points
plotted
3# 5 comrectly [1]
2l -+ \ M4 — best fit
SSEME T 7 PHH for both
h — graphs [1]
39 —
: r
1 " =
g 2 e e
= \“l‘__ ':"
33 : n B
1A =
%3 : == ' (44 s
. FEEmN| > 3
z' : - ; - - o - .q - = ¥
e ; Al . d o . - - - -~ B miy
o M RN il LR S T U
1(c) Maximum temperature for metal X = 35.6-31.0=4.5°C [1]
Maximum temperature for metal Y = 32.3 - 31.0 = 1.3°C [1]
1(d) Amount of heat released formetal X = 25x45x4.2=473J [1]
Amount of heat released formetal Y = 25x 1.3 x4.2= 137 J [1]
OR
Amount of heat released for metal X = 253x45x4.2= 478 J
Amount of heat released for metal Y = 2563 x 1.3 x4.2= 138 J
1(e) Metal X is more reactive as the reaction between metal X and copper (Il) | [1]
sulfate solution releases more heat.

1
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1(f) effect. With larger particle size, the rate of reaction will be slower. M1 —[1]
explanation: With larger particle size in the foorm of metal strips, there is less | M2 —[1]
surface area exposed for reaction. Hence, the frequency of effective | M3 —[1]
collisions will be lower. This leads to a slower reaction.

2(a)(i) M1 - headings

Mass of empty test-tube /g 15.48 with units [1]
Mass of test-tube and contents before heating /g 16.98 M2 - mass
readingto2dp
Mass of test-tube and contents after heating for 2 min /g 16.56 [1]
M3 — 4 mass
Mass of test-tube and contents after heating for 4 min /g 16.45 readings [1]
M4 - mass
reading drops
KIASU—_ after heating
e for 2 and 4 min
ExamPaper / [1]
lslanthw i Delivary | Whalsapp Only BEEEO021

2(a)(ii) | Change in mass after heating = 16.98 — 16.45 = 0.53 ¢ . [1]

2(b)(i) | Number of moles of carbon dioxide and water = 0.53 / (44 + 3x18) = [1]
0.00540816 [1]
ZnC03.3H,0 — ZnO + COs + 3H,0
Hence, number of moles of ZnCO3 = 0.00540816
Mass of hydrated zinc carbonate = 0.00540816 x (125 + 3x18) = 0.968 ¢

2(b)(ii) | Percentage by mass of ZnCO; = 0.968/ 1.50 x 100 = 64.5% [1]

2(c)(i) | Not all the zinc carbonate may have decomposed / Not all the water of | [1]
crystallisation has been removed.

2(c)(ii) | We should repeat the process of heating and cooling till a constant mass | [1]
is obtained.

2(d)(i) test observations

Tostdl Solution turned from pale

Put about 1.€m depth of solution
T in a clean test-tube. Add 1 cm
depth of hydrogen . peroxide.
Shake the test-tube.

Keep this solution for Test 4.

greeni/colourless to pale brown.
Effervescence was observed.
Gas relit a glowing splint. Gas is
oxygen.

Test tube felt warm.

Test 2

Put about 1 cm depth of
solution T in a clean test-tube.
Add acidified potassium
manganate (VIl) dropwise, with
shaking, till no further change is
seen.

Acidified potassium manganate (VII)
tumed from purple to colourless.

Solution turned from pale
greeni/colouress to brown then to
pink/purple.

Test 3

Green ppt

[1]

[1]

[1]

[1]

[1]

2
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Put about 1 cm depth of solution
T in a clean testtube. Add
agueous sodium  hydroxide
slowly with shaking until no
further change is seen.

Ppt insoluble in excess sodium
hydroxide

Test 4

To the mixture from Test 1, add
agueous sodium  hydroxide
slowly with shaking until no
further change is seen.

Brown ppt

Ppt insoluble in excess sodium
hydroxide

[1]

[1]
[1]

2(d)(ii) [ Misiron. [1]
2(d)(iii) | Test 2is redox / reduction reaction. M1 —-[1]
Potassium manganate (VIl) was reduced as the colour change from purple
to colourless showed that the oxidation state of Mn has decreased from +7 | M2 —[1]
in KMnO; to +2 in MnO2/Mn?*.,
3 Add distilled water to the liquid mixture and mix well. The alcohol will [ M1 - state
dissolve in the distilled water but not the alkene. solvent [1] /
fractional
Pour the mixture into a separating funnel. The alkene will float above the | distillation
alcohol dissolved in distilled water, since alkenes are immiscible with water.
Assume that alkene has lower density. M2 - state
(accept if they say alkene has higher density / fonms 2 separate layers because | separating
number of carbon atoms is not stated) funnel [1] /
condenser
After the mixture has separated into two layers, turn on the tap to collect the | and
alcohol dissolved in water first. Then collect the alkene in another beaker. | fractionating
column
Transfer about 1cm? of the collected alkene into a test-tube, Add aqueous
bromine to the liquid. If the agueous bromine turns from reddish- brown to [ M3 - state

colourless / decolourise, the liquid collected is confimed to be an alkene.

KIASU=

ExamPaper ¢

slandwice Delivary [ VWhalsapp Only 83862021
wirned KiasnFaamPapercom

sequence of
collection [1] /
separated by
boiling point or

lower boiling
point  collect
first

M4 — test for
alkene using
aqueous
bromine -

decolouration

[1]

3
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2025 SECONDARY FOUR EXPRESS
PRELIMINARY EXAMINATION
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DO NOT OPEN THIS QUESTION PAPER UNTIL YOU ARE TOLD TO DO SO.

Write in dark blue or black pen in the spaces provided on the Question paper.
You may use a pencil for any diagrams, graphs or rough work.
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Answer all questions.

Write your class, register number and name on all the work you hand in.

You may use pencil for any diagrams, graphs, tables or rough working.

Write in dark blue or black pen.

Do not use staples, paper clips, glue or correction fluid.

The use of an approved scientific calculator is expected, where appropriate.

You may lose marks if you do not show your working or if you do not use appropriate units.

Answer all questions in the spaces provided on the question paper.

For Examiner’s Use
1
2
3
Total

Setter: Mr. Clement Yew
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This question paper consists of 9 printed pages.
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2

Q is an aqueous solution which contains a mixture of sodium carbonate, Na,COg3,
and sodium hydroxide, NaOH.

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

Instructions

You are to determine by titration, the volume of dilute hydrochloric acid, P, needed to
neutralize a volume of Q, using methyl orange as an indicator, and then calculate the
concentration of sodium hydroxide present.

Q is a mixture containing 0.0150 mol/dm? of Na,CO3 and NaOH.
P is 0.100 mol/dm? aqueous hydrochloric acid.

(@) (i) PutPintothe burette.
Pipette a 25.0 cm?3 portion of Q into a conical flask.
Add P from the burette using the indicator provided.

Record your titration results in the space provided, repeating the titration
as many times as you consider necessary to achieve consistent results.

[5]

Results
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(@ (ii) From your titration results, obtain an average volume of P to be used in
your calculations.

Show clearly how you obtained this volume.

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

(b) P is 0.100 mol/dm?3 hydrochloric acid, HCI.

Using your results, calculate the number of moles of hydrochloric acid present.

moles of hydrochloricacid: ..................ccooiiini mol  [2]

(c) The concentration of sodium carbonate, Na>COs3, in the mixture Q is
0.0150 mol/dm3.

Calculate the number of moles of sodium carbonate present in the volume of

Q.

moles of sodium carbonate: ...................... mol [2]

(d) Using your answers to (c), deduce the number of moles of hydrochloric acid which
react with the sodium carbonate present in your volume of Q.

number of moles of hydrochloric acid: ........................ mol [2]
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4

() Using your answers to (b) and (d), calculate the number of moles of
hydrochloric acid which react with the sodium hydroxide in your volume of Q.

(f) Using your answer to (e), calculate the concentration of sodium hydroxide in

concentration of sodium hydroxide in Q............ccovovviiiiiiiiennnnn. mol/dm3

(g) A student repeated the experiment and accidentally used a 20.0 cm?® pipette
to measure solution Q into the flask in each titration and did not realise it.

Describe and explain the effect this would have on his results.

[Total: 18]

www.KiasuExamPaper.com
169



5

2. A mixture of two solid compounds D and E was analysed.

Solid D was a salt which is soluble in water. Solid E was an insoluble metal carbonate.
The tests on the mixture and some of the observations are in the following table.

Complete the observations in the table.

tests

observations

(@)

Add one spatula of solid D and solid
E

each in a boiling tube.

The mixture was warmed gently.

[1]

(b)

Distilled water was added to the
resulting mixture of solids D and E
from part (a) to at least one-third of
theboiling tube.

The contents of the tube were filtered.

Keep the residue for part (c) and the
filtrate for part (e).

[3]

(c)

Test on residue:

Using a spatula, transfer the
residuefrom the filter paper into a
test-tube.

To this test tube, add about 3 cm3
ofdilute sulfuric acid.

[2]

(d)

(i) Place 1 cm® of the solution
from (c) to a clean dry test
tube. To this test tube, add
dilute sodium hydroxide
dropwise with shaking, until
no further change is
observed.

(i) Place another 1 cm?® of the
solution from (c) to a clean
dry test tube. To this test
tube, add agqueous ammonia
dropwise with shaking, until
no further change IS
observed.

[2]
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(e) | Test on filtrate:
The filtrate collected from (b) was
divided into three approximately
equal portions.

(i) Tothe first portion, add drops

of agueous sodium
hydroxide, until no further
change.

(i) To the second portion, add
excess agueous ammonia,
untilno further change.

(iii)To the third portion, add a few
drops of dilute hydrochloric
acid and aqueous barium

chloride.
[3]
(f)  What conclusions can you draw about the identity of solid D?
Provide evidence to explain your answer.
.......................................................................................................... [2]
(g) What conclusions can you draw about the identity of the cation in solid E?
Provide two pieces of evidence to explain your answer.
.......................................................................................................... [3]
[Total:16]

www.KiasuExamPaper.com
171




Washing soda are crystals of hydrated sodium carbonate, Na,C0O3.10H,0.

When exposed to the air, some of the water is lost from the crystals and a new
substance is formed.

This process occurs faster in hotter climates. Plan an experiment to determine
percentage of water by mass present in the new substance.

You are provided with common laboratory apparatus.

.[6]

End of Paper
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Tests for anions

QUALITATIVE ANALYSIS NOTES

anion test test result

carbonate (CO3?) add dilute acid effervescence, carbon dioxide
produced

chloride (CI) acidify with dilute nitric acid, then add white precipitate

[in solution] aqueous silver nitrate

iodide (1) acidify with dilute nitric acid, then add yellow precipitate

[in solution] aqueous silver nitrate

nitrate (NOz~) add aqueous sodium hydroxide then ammonia produced

[in solution] aluminium foil; warm carefully

sulfate (S04%) acidify with dilute nitric acid, then add white precipitate

[in solution] agueous barium nitrate

Tests for aqueous cations

cation

effect of aqueous sodium hydroxide

effect of agueous ammonia

aluminium (AI%*)

white precipitate, soluble in excess,
giving a colourless solution

white precipitate, insoluble in excess

ammonium (NH4*)

ammonia produced on warming

calcium (Ca?")

white precipitate, insoluble in excess

no precipitate

copper(ll) (Cu?*)

light blue precipitate, insoluble in
excess

light blue precipitate, soluble in
excess, giving a dark blue solution

iron(l1) (Fe?*)

green precipitate, insoluble in excess

green precipitate, insoluble in
excess

iron(l11) (Fe3*)

red-brown precipitate, insoluble in
excess

red-brown precipitate, insoluble in
excess

zinc (Zn?*)

white precipitate, soluble in excess,
giving a colourless solution

white precipitate, soluble in excess,
giving a colourless solution

Tests for gases

gas

test and test result

ammonia (NH3z)

turns damp red litmus paper blue

carbon dioxide (CO3)

gives white precipitate with limewater
(precipitate dissolves with excess CO3)

chlorine (Cl>)

bleaches damp litmus paper

hydrogen (H>)

‘pops’ with a lighted splint

oxygen (O3)

relights a glowing splint

sulfur dioxide (SO2)

colourless

turns aqueous acidified potassium manganate(VII) from purple to
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1

2025 CHEMISTRY PRELIM PAPER 3 PREPARATION LIST

Preparation List

Q1
Apparatus / Reagents Quantity (per student)
1 0.0500 mol/dm? sodium carbonate [Q] 1
2 0.100 mol/dm?aqueous hydrochloric acid [P] 1
3 Methyl orange indicator 1
4 Distilled water 1
5 Conical flask 2
6 Burette 1
7 Pipette 1
8 Pipette filler 1
Q2
Apparatus / Reagents Quantity (per student)
1 Boiling tube 1
2 Test tubes 6
3 Tongs 1
4 Lighter 1
5 Filter paper 2
6 Filter funnel 1
7 Spatula 1
8 Measuring cylinder (10 cm?) 1
9 Litmus paper (red and blue) 2 each
10 Aluminium foil 1
11 Delivery tube 1
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12

Test tube rack 1
Apparatus / Reagents Quantity (per student)
Unknown compound D (Zinc Sulfate) 1
Unknown compound E (Copper(ll) carbonate) 1
Apparatus / Reagents Quantity (per bench)
1 Barium chloride 1
2 Silver nitrate 1
3 Common bench reagents

- Ag sodium hydroxide
- Ag ammonia

- Limewater
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2025 CHEMISTRY PRELIM PAPER 3 MARKING SCHEME

. You are to determine by titration, the volume of dilute hydrochloric acid, P,
neededto neutralize a volume of Q, using methyl orange as an indicator, and
thencalculate the concentration of sodium hydroxide present.

Q is mixture containing 0.0150 mol/dm? of sodium carbonate.
P is 0.100 mol/dm?®agqueous hydrochloric acid.

(a) (i) PutP into the burette.

Pipette a 25.0 cm? portion of Q into a conical flask. Add P from the
burette using the indicator provided.

Record your titration results in the space provided, repeating the
titration as many times as you consider necessary to achieve
consistent results.

[3]

Results
Titration number 1 2 3
Final burette reading / cm? 26.40 26.40
Initial burette reading / cm® 0.00 0.00
Volume of solution Piused / cm? 26.40 26.40
Best titration results v y

Results table:
- (Reeord initiabburette readings, final burette readings and volume
added with correct headings and units in-the titration table. [1]

- Alfburette readings for alf accurate titres.in titration table are recorded
to nearest 0.05.¢mv. [1]

Titration results. K IAS U =

ExamPaper ¢

- Accuracy o Bl e
e Average titre (of consistent readings) within 0.20 cm?® of supervisor’s
average value 2]
¢ Averageditre (of consistent readings) within 0.30 e of supervisor’s
average value [1]
- Concordance

o Atleast two titre values are within 0.20 cn¥ [1]

Comments on errors made:

1. Some still gave their burette readings in 1 d.p

2. Average reading was rounded to 3 sf.

3. Initial reading came first before final reading.

4. |nitialffinal volume was stated instead.
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(a) (ii) From your titration results, obtain an average volume of P to be
usedin your calculations.

Show clearly how you obtained this volume.
Calculation to 2 decimal places
average volume of P.....covveiiiiiinicniieienn, [1]
(b) Pis 0.100 mol/dm?® hydrochloric acid, HCI.

Using your results, calculate the number of moles of hydrochloric acid

present. KIASU _728

ExamPaper

lelandwide Delive -y Whaisapp Dnly BBEEC03
i, Kigsti Exarr Paper.com

Assuming titration reading of 26.40 cnv’

Moles of hydrochloric acid present in average volume of P
= (26.40x 0.1) /1000

=0.00264 mol

pasles @b ydrocBloric acid: ... .00 e, mol[2]

(¢) The concentration of sodium carbonate, Na2CO3,.in the mixture Q is
0.0150mol/dm?.

Calculate the number of moles of sodium carbonate present in the
volumeof Q.

Asstming titration reading of 21 70 ¢cnv

Moles of sodium carbonate in Q
= (25.0x0.0150) / 1000

= 0.000375.mol

moles of sodium carbonate: ...................... mol [2]

(d) Using your answers to {¢), deduce the number of moles of
hydrochloric acidwhich react with the sodium carbonate present in
your volume of Q.

Moles of hydrochloric acid reacting with sodium carbonate
=2x 0.000375

= 0.000750 moj

number of moles of hydrochloricacid: ........................ mol

[2]
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(f)

(9)

www.KiasuExamPaper.com
4

Using your answers to (b) and (d), calculate the number of moles of
hydrochloric acid which react with the sodium hydroxide in your
volume of Q.

Moles of hydrochloric acid reacting with sodium hydroxide
= 0.00264 (from part b) — 0.000750 (from part d)
= 0.00189 mol

number of moles of hydrochloricacid:....................... mol

Using your answer to {e), calculate the concentration of sodium
hydroxide in

= KIASU: /gﬁ

Concentration of sodium hydroxide in Q FX%TIPD?VE?; .
= (0.00188 x 1000) / 25.0
= 0.0756 molidm3

[2]

concentration of sodium hydroxide in ...................... 0 mol/dm?

A student repeated the experimentiandsaccidentally used-a 20.0 cm®
pipetteto measure solution Q interthesflask in gach titration and did not
realise it.

Descrlbe and explaln the effect this Would have in hIS results.

Titre value lower than expected [1]

Students. calculated concentration of-NaOH would be lower than
actual value. [1]

[2]
[Total: 18]
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¢ A mixture of two solid compounds D and E was analysed. [11]

Solid D was a salt which is soluble in water. Solid E was an insoluble metal
carbonate. The tests on the mixture and some of the observations are in the
following table.

Complete the observations in the table.

KIASU‘-‘;@@

ExamPaper

Islandwide Calivery | Waatzapp Sany 2B6E0037
e KiasuE«amPaper.com

test
S

observations

(a)

Add one flat spatula of solid D
andsolid E each in a boiling
tube.

The mixture was warmed gently.

Green solid f Green Mixture
formed. after gentle heating. [1]

(b)

Distilled water was added to the
resulting mixture of solids D and
E from part {(a) to at least one-
third of the boiling tube.

The contents of the tube were
filtered.

Keep the residue for part {€) and
the filtrate for part (e).

Green solid fermed insoluble in'the
mixture. [1]

Colourless solution<collected as the
filtrate. [1]

Greenisolid collected as the residue.[1]

(c)

(d)

Test on residue:

Using spatula, transfer the
residue from the filter paper into
a test- tube.

To this test tube, add about 3
cm?® of dilute sulfuric acid was
added.

(i) Place 1 cm?® of the solution
from (c) to a clean dry test
tube. To this test tube, add
dilute sodium hydroxide
dropwise with shaking,
until no further change is
observed.

(ii) Place another 1 cm?® of
the solution from {¢) to a
clean dry test tube. To
this test tube, add
aqueous ammonia
dropwise with shaking,
until no further change is

Light blue solution [1] formed after adding
sulfuric acid.

Effervescence seen and white ppt
formed in the limewater. [1]

Light blue ppt formed insoluble in excess
ag NaOH. [1]

Light blue ppt formed soluble inexcess
ag NH3 to give a dark blue solution [1]
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7
(e) | Test on filtrate: KIASU_JZE
The filtrate from (b) was divided ExamPaper -Z&"
|nt0 three appFOXImate|y equal Islandwide Celivery  Whaisapp Cnly BEFETI3

wasrs RigsnFrarmPaper.errm

portions.

(i) To the first portion, add White ppt formed soluble in excess
drops of aqueous
sodium hydroxide,
untilno further
change.

ag NaOH to form a colourless solution. [1]

(ii}) To the second portion, White ppt formed soluble in_excess
addexcess aqueous | ag NH3 tosform a.colourless solution. [1]
ammonia, until no
further change.

(iii) To the third portion, add
fewdrops of dilute
hydrochloric acid and
aqueous barium
chloride.

White™ ppt formed upon adding
barium chloride[1]

() What conclusions can you draw about the identity of 2]
solid D?

Provide evidencesto explain your
answer. Solid Is zinc sulfate.
3 In part efi).and (i}, when agq NaOH and-aq NH3 was added, white ppt

formed soluble in.excess ag NaQOH. and ag NH3 respectively which
tells zinc ion is present 1]

Ince(iiiy;. white pptformed when acidified barium chloride is added.
whichtells sulfate ion is present. [1]

(1) What conclusions can you draw about the identity of the cation in
solid E?Provide two evidences to explain your answer. [3]

Cation present in solid E is copper(l). [1]

In part d. blue ppt is formed insoluble in excess ag NaOH. [1] and
blue pptis formed soluble in excess aq NH3. [1]

Note: students must state the test/ part of the questions in their evidence.

[Total: 16]
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Comments on errors made:

1.  Many overly heated the given mixture (despite the question mentioned heat gently-
bunsen flame should not be a strong one) as a result they obtained the black solid.

2. When describing the residue and filtrate, the physical state should be stated. For
example, green solid and colourless solution and not green residue and
colourless/white/clear filtrate.

3. In describing the observation of Cu?* with aqueous.ammeonia, the student must state
that light blue ppt is formed initially, before mentioning it disselves in excess to
produce a dark blue solution, instead of dark blue precipitate:

4. In explaining (), students should explain which observation.cerresponds to the
deduction of what cation or anion.is present, and not simply putting down-the
observations only.

5. In(g), student needs to be careful in stating “cation is copper” and not copper is present.
In fact, stating copper(ll) or Cu®* is the more straightforward-way.

6. The standard tests forthe presence of Cu?f.are using agueous NaOH and aqueous NH3.
As such, students shouldmot use “forming a blue solution.when an acid is added to the
solid as evidence (since there could.beother cations that may give rise to a blue
solutionzexample ¥anadyl ion™ V02" forms a.blue solUtion in acid).

KIASU=

ExamPaper £
lshanshor e Delivery | Whalszpp Only B2E6GI021
v, Kidsu b Jap e oo
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Washing soda are crystals of hydrated sodium carbonate, Na;C0O3.10H,0.

When exposed to the air, some of the water is lost from the crystals and a new
substance is formed.

This process occurs faster in hotter climates. Plan an experiment to determine the
percentage of water by mass present in the new substance.

You are provided with common laboratory apparatus.

KIASU=: o

ExamPaper ¢

lzlanchwide Delvenyd Whatsapp Orky SESE003
e KizsuExar Pe per.com

M1 weigh (any) sample of washing soda toobtain mass.of crystals using
electronic balance

M2 heat (to remove water of crystallisation)

M3 in named container {must be: evaporating:dish)

M4 reweigh & repeat heating

M5 to constant mass

M6 appropriate calculation suggested forthe percentage of water-mass of water

Heating to dryness method max [6]:

Comments on errors made:

1. Not stating thewuse of an electronic balance or simply.mentioning weighing
scale.

Instead of measuring the “mass” of students, they ' mentioned “weight”.

Use a crucible/boiling/test-tubel/beaker instead of an‘evaporating dish.

Did not mention reweighing and repeat heating to-ensure constant mass.
Some thoughtthe new substance formed was-metal oxide, and carbon dioxide
was given off.

Instead of taking the loss in mass of the solid over the mass of the solid,
students stated over the mass of the “new” substance formed.

o oo N

o

[Total: 6]
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1 Hydrogen peroxide is used in disinfectant. It is a strong oxidising agent and antimicrobial
agent, making it effective at killing bacteria, viruses and mould.

(@) The concentrations of solutions of hydrogen peroxide are often represented in terms
of ‘volume strength’.

In this experiment you will determine the ‘volume strength’ of a solution of hydrogen
peroxide by titration with acidified potassium manganate(VIl).

Read all instructions carefully before starting the experiment in Question 1(a).

Instructions

A is 0.03 mol/dm? potassium manganate(V1l), KMnOa.
B is dilute sulfuric acid, H2SOa,.
C is aqueous hydrogen peroxide, H20..

(i)

¢ Fill the burette with A.

The colour of A makes it difficult to see the bottom of the meniscus so you
should take all your readings using the top of the meniscus.

e Use the pipette to transfer 25.0 cm? of C into the conical flask. Ensure the lid
is placed back on the container of C after use.

¢ Use the 25cm?® measuring cylinder to add 20.0 cm?® of B into the same conical
flask.

¢ Add A from the burette to the conical flask whilst constantly swirling the flask.
At first the purple colour disappears quickly but as more A is added the colour
disappears less quickly. At end-point, one drop of A produces a pale pink
colour that does not disappear on swirling.

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

Keep A, B and C for use in Questions 1(b) and 2.

Results

[4]
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(i)  From your titration results, calculate the average volume of A required to reach
the end-point of the titration, Show clearly how you obtain this volume.

average volume of A= ..., [1]
(iii)  The equation for the titration reaction is shown.
2MnO4~(aq) + 5H202(aq) + 6H*(aq) — 2Mn?*(aq) + 8H.0O(l) + 502(g)
A is 0.03 mol/dm? potassium manganate(VIl), KMnOa.
Use vyour answer to (a)(ii) to -calculate the amount of potassium
manganate(VI1l), in moles, used to reach the end-point of the titration. Use this

amount and the equation to calculate the number of moles of hydrogen
peroxide, H,O,, present in 25.0cm? of C.

amount of potassium manganate(VIl) in the average volume of A= ...................l. mol

amount of hydrogen peroxide, H202, in 25.0cm®of C= ..............cceeneea. mol

[2]

(iv)  Use your answer to (a)(iii) to calculate the concentration, in mol/dm3, of H,O- in

concentration of hydrogen peroxide, HoO2 iInC = ..., [2]
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When hydrogen peroxide decomposes in the presence of a catalyst, oxygen is
produced.

H202(aq) — Hz0(1) +302(9)

The ‘volume strength’ of hydrogen peroxide is equal to the volume of oxygen, in
dm?3, produced under room conditions, when 1.00 dm?® of the solution
decomposes.

Use your answer to (a)(iv) and the equation to calculate the volume, in dm?, of

oxygen produced when 1.00 dm® of hydrogen peroxide, H,O., in C
decomposes. This is the ‘volume strength’, in vol, of C.

‘volume strength’ of C = .................l. vol [2]
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In this experiment you will determine the enthalpy change, AH, for the catalytic
decomposition of hydrogen peroxide into water and oxygen.

H202(aq) — H20(1) + ;0()
Read all instructions carefully before starting the experiments in Question 1(b).

Instructions

C is aqueous hydrogen peroxide, H20..
D is manganese(lV) oxide, MnO..

e Place a polystyrene (Styrofoam) cup into a 250 cm® glass beaker.

e Use the 50 cm?® measuring cylinder to measure 50.0 cm?® of C into the polystyrene
cup.

e Measure and record the initial temperature of the solution in Table 1.1.
¢ Add a spatula of D to the solution in the polystyrene cup.

e Stir constantly until the maximum temperature is reached and record this
temperature in Table 1.1.

¢ Calculate the change in temperature in your experiment in Table 1.1.
() Results

Table 1.1

initial temperature/°C

maximum temperature / °C

change in temperature/°C

[1]
(i)  The energy released can be calculated using the expression shown.
energy released (in J) = mass of solution (g) x temperature rise (in °C) x 4.2
Use this expression to calculate, in J, the energy released.

Assume that 1.0 cm? of solution has a mass of 1.0g.

energy released = ..o, J [1]
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(iii) Use your answer to (a)(iv) to calculate the number of moles of hydrogen
peroxide used in Experiment 1(b).

number of moles of hydrogen peroxide = ......................... mol [1]

(iv) Calculate the enthalpy change AH, in kJ/mol, for the decomposition of 1 mole
of hydrogen peroxide into water and oxygen.

enthalpy change, AH= ......................... kd/mol [1]

(v) A student suggested that the experiment would be more accurate if a fixed

mass of D, manganese(lV) oxide, had been weighed out using an electronic
balance.

State and explain whether you agree with the student’s suggestion.

A student investigates the rate of decomposition of hydrogen peroxide using three
different catalysts:

¢ manganese(lV) oxide

e copper(ll) oxide

e zinc oxide
0.5 g of manganese(IV) powder is added to 20 cm? of hydrogen peroxide solution in a
conical flask. The volume of gas produced is measured every 30 seconds for
180 seconds.
The student repeats the experiment using different catalyst each time.

The student’s results for manganese(IV) oxide catalyst are shown.

time/s o | 30 | 60 | 90 | 120 | 150 | 180
VO'“mCemosf gas/ | g 22 | 38 | 41 | 54 | 58 | 60

(1) The results for copper(ll) oxide catalyst and with zinc oxide catalyst are plotted
on the grid (page 7).

Using the given data, plot the results for manganese(lV) oxide catalyst on the
same grid. Draw a line of best fit.
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[2]

(i)  Deduce the catalyst which gives the fastest rate of reaction. Use your graph to
explain your answer.

o= 1= 1)Y=
EXPIANALION ... [1]

(iii) The rate of reaction is not dependent on the volume of hydrogen peroxide
solution.

Explain why.

[Total: 22]
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In this experiment, you will determine the identiities of substances E, F and G.

Carry out the following tests and record all observations in the spaces provided. You should
test and identify any gases evolved.

If no observable change is observed for a test, write ‘no observable change’.

The volumes given below are approximate and should be estimated rather than measured
unless instructed otherwise.

If heating is required, a boiling tube must be used.
Read all instructions carefully before starting the experiments in Question 2.
Instructions

(a) E is a solution containing two cations and one anion which is listed in the qualitative
analysis notes on page 12.

() To a 1cm depth of E in a boiling tube, add aqueous sodium hydroxide until it is
in excess. Then heat the tube, gently and carefully.

Keep the mixture obtained in the boiling tube for the test in (a)(ii).
Record all your observations. Identify the cations in E.

O B VAT ONS .o

The cationsinEare ............ccooevviiennnn. and ...
[3]
(i)  To the mixture obtained from (a)(i), carefully add a 1 cm depth of C.
Record your observations.
.................................................................................................... [1]
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(b) F and G are solutions, each containing one cation and one anion.

(i)

(ii)

(iii)

(iv)

test observations for F observations for G

Test 1

To a 1cm depth of
solution in a test-tube,
add a small spatula of
solid sodium carbonate.

Test 2

To a 1cm depth of
solution in a test-tube,
add an equal volume of
B and a few drops of A,
then

add a few drops of
agueous starch.

Test 3

To a 1cm depth of
solution in a test-tube,
add a few drops of
agueous silver nitrate,
then

add agqueous ammonia.

[5]
Identify the anion in F.
anion ... [1]
Identify G.
G S ittt [1]

Carry out one further test to confirm the identity of the cation in G.

State the name of the reagent you used and record the observation(s) you
made.

2= 0 1= 1

0] 0151 Y 7= 0 ()

[Total: 12]
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The diagram shows some coffee beans.

<

Caffeine occurs naturally in coffee beans. Caffeine is a white crystalline solid. It is very
soluble in hot water but much less soluble in cold water.

Plan an investigation to obtain a pure crystalline sample of caffeine from coffee beans.

Assume that all other soluble substances in coffee beans are very soluble in both hot and
cold water.

You are provided with coffee beans and common laboratory apparatus.

[Total: 6]
END OF PAPER
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Tests for anions

12

QUALITATIVE ANALYSIS NOTES

anion test test result
. . . effervescence, carbon dioxide
carbonate (COs*") | add dilute acid produced
chloride (CI7) acidify with dilute nitric acid, then .
: . ; ) white ppt.
[in solution] add aqueous silver nitrate
iodide (I7) acidify with dilute nitric acid, then
[in solution] add aqueous silver nitrate yellow ppt.
nitrate (NOa ) add aqueous §od|um hydroxide, then ammonia produced
[in solution] aluminium foil; warm carefully
sulfate (SO4%) acidify with dilute nitric acid, then white ot
[in solution] add aqueous barium nitrate ppL.

Test for agueous cations

cation

effect of aqueous sodium hydroxide

effect of aqueous ammonia

aluminium (Al 39

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(l) (Fe?")

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(l11) (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

[Lead(Il) ions can be distinguished from aluminium ions by the insolubility of lead(l1) chloride.]

Tests for gases

gas

test and test result

ammonia (NHs)

turns damp red litmus paper blue

carbon dioxide (COy)

gives white ppt. with limewater
(ppt. dissolves with excess CO>)

chlorine (Cly)

bleaches damp litmus paper

hydrogen (H.)

‘pops’ with a lighted splint

oxygen (O5)

relights a glowing splint

sulfur dioxide (SO,)

purple to colourless
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2025 Secondary Four Express Chemistry Prelim Exam Paper 3 Preparation List
Safety

Attention is drawn, in particular, to certain materials used in the examination. The following codes
are used where relevant.

C corrosive MH  moderate hazard
HH health hazard T acutely toxic

F flammable 0] oxidising

N hazardous to the aquatic environment

The attention of Supervisors is drawn to any local regulations relating to safety and first aid.

‘Hazard Data Sheets’, relating to materials used in this examination, should be available from your
chemical supplier.

Apparatus

1 In addition to the fittings ordinarily contained in a chemical laboratory, the apparatus and
materials specified below will be necessary.

2  For each candidate (Note: Labels do not need to include concentrations.)

1 x 50cm? burette

1 x burette stand

1 x burette clamp

1 x 25cm? pipette

1 x pipette filler

2 x 250cm? conical flask

1 x filter funnel for filling burette

1 x 25cm? measuring cylinder

1 x waste container, labelled ‘WASTE
1 x thermometer

1 x 250cm? beaker

1 x polystyrene (Styrofoam) cup

1 x 50cm? measuring cylinder

2 x white spatulas

1 x Bunsen burner

1 x lighter

3 x teat pipettes / plastic droppers
1 x boiling tube

1 x wooden splint

7 x test-tubes

1 x delivery tube with rubber bung for connection to a small test-tube
1 x marker to write on glassware

access to test-tube rack

access to test-tube holder

access to wash bottle of deionised water, labelled as ‘Deionised water
access to cloth

access to paper towels

access to safety googles
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Chemicals Required

1 It is especially important that great care is taken that the confidential information given below does not reach the candidates either directly or
indirectly.
2 Particular requirements
hazard Label Egﬁldidate identity preparation
A 180 cm® 0.030 mol/dm? potassium manganate(V1l) Dissolve 4.74g of KMnO4 [N][O][MH] in each dm?® of
solution.
[MH] B 120 cm?® 1.0 mol/dm? sulfuric acid
C 180 cm?® 0.075 mol/dm? hydrogen peroxide Note:
¢ The solution can deteriorate so it should be prepared
on the day of the examination or prepare one day in
advance and kept refrigerated.
e The concentration of 6% hydrogen peroxide is
approximately 1.76 mol/dm?,
Measure 38.30 cm?® of 6% hydrogen peroxide and add
deionised water to make the final volume to be 1 dm?®.
D 29 powdered manganese(lV) oxide Provide approximately 2 g of MnO, [MH] in a stoppered
vial.
E 10 cm?® 0.2 mol/dm® ammonium iron(ll) sulfate dissolve between 57 — 63 g of (NH,),Fe(SO,),-6H,0
[MH] into 1 dm? of deionised water
F 15 cm?® 0.2 mol/dm? potassium iodide Dissolve 33.2g of Kl in each dm3 of solution.
G 15 cm? 0.5 mol/dm? hydrochloric acid Dilute 250 cm? of 2.0 mol/dm? HCI to 1dm? with deionised
water.
[MH] Sodium 29 anhydrous sodium carbonate Provide approximately 2 g of Na,COs; [MH] in a
carbonate stoppered container.
agueous 5cm? starch indicator
starch

Communal bench reagents (one set/bench)

[F] Universal indicator Universal indicator solution
solution
magnesium 2 or 3 cm length magnesium ribbons Packed in a plastic vial

aqueous sodium

typical concentrations

www.KiasuExamPaper.com
203




15

hydroxide
[CIIMH][N] | agqueous ammonia
[MH] limewater

aqueous silver nitrate

red and blue litmus
papers

Packed in a plastic vial

pH paper

Packed in a plastic vial
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2025 Secondary 4E Chemistry Prelim Exam Paper 3 Marking Guide

Question | Skill Indicative material Mark Total

itration + Stoichiometry
1(a)(i) PDO | (R) Table of Results
¢ records initial burette readings, final burette readings and

volume added with comect headings and units in a 1] [1]
fitration table . P
« all burette readings to nearest 0.05 cm?® r( Ab [=;
MMO | Titration Results ExamPaper| />
[ A] AC curac Islarichids Ur\a:l‘»:rgslstf;::gpc?u;malst..m:1
Teacher's average volume = 21.40 — 21.80 cm? [2] 2]
Teacher's average volume = 21.30, 21.35, 21.85, 21.90 1]
cm?
C) Concordance
at least two ftitre values are within 0.20 cm® (using 1] [1]
uncorrected titres)
1(a)(ii) | MMO | Calculate of average volume using candidate's 2 best
titration results accurately and tick at least 2 best titration [1] [1]
results
1a)(iii) | MMO | No. of moles of KMnO, = 0.08 x 2= part 1 1
[allow ecf] [2]
No. of moles of H,O3 = ans in part1 X 2.5 -— part 2 1]
[allow ecf]
1(a)(iv) | MMO | Conc. Of H,O, = ans in part 2 x 40 [allow ecf] [1]
PDO [ Cormrect units for 1(a)(ii) with cm? 1(a)(iii) with mol. AND 1] [2]
1(a)(iv) with mol/dm?
@) | MMO | volume of 0, = =1 « 24dm” [allowreci] [1]
PDO | Record value in 1(a)(ii) to nearest 0.05 cm? AND round off [2]
all values from 1(a)(iii){v) to 3 significant figures; accept [1]
exact values from A(a)(iii){v

Topic: Chemical

1(b)(i) PDO | (R) Table of Results
o All temperature readings to-.0-or .5 cm? AND change in

temperature comrectly calculated [1] [1]

[Note that the temperature rise is minimal.]
1(b)}(ii) | MMO| Energy released = 50 xansin (b}{i} x 4.2 [allow ecf] [1] [1]
1(b)(iii) | MMO | No_of moles of H,0: = ans in (a)(iv) X — [allow ecf] [1] [1]

1(b)(iv) | MMO | AH = % [allow ecf] AND nhegative signh must be

[1] [1]

shown

1(b)(v) ACE | (D/MnO- is a) catalyst, [1]
mass of MnO; used does not alter/change/affect the energy 2]
released/enthalpy change/change in [1]

temperatureftemperature rise (for decomposition of H-O-
Topic: Rate of Reaction

1(c)(i) | PDO | (G) Graph Plotting

e All points plotted comrectly [allow at least 4 points

plotted correctly; allow a tolerance of i% a small [1] [2]
square]
¢ Line of best fit [1]
1{c)(ii) ACE | Catalyst: MnO, / manganese(IV) oxide [1] [1]
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Question

Skill

Indicative material

Mark

Total

Explanation: steepest gradient OR produces the most
(volume) of gas per second/unit time

[reject: highest rate of reaction OR highest frequency of
effective collisions]

1(c)iii)

ACE

same number of particles per unit volume / in the same
volume OR same concentration (of hydrogen peroxide)

[1]

same frequency/rate of effective collisions (with catalyst) OR
more/higher effective collisions per unit time

[1]

[2]

Total: 22

Question

Skill

Indicative material

Mark

Total

Topics: Qualitative Analysis + Redox + Acids

2(a)(i) | MMO [ Green ppt., insoluble in excess [1]
Ammonia gas turns damp/moist red litmus paper blue [1]
ACE | Cations: Fe?* firon(II) AND NHs* fammonium 3]
[reject if observations do not match with identity, e.g., ho 1]
mark should be awarded if blueAvhitefreddish-brown ppt. is
written and concluded that Fe?* is present.]
2(a)(ii) | MMO | Green ppt. turns brown /red-brown / orange-brown AND (1] (1]
bubbles / effervescence / fizzing
2(b)(i) | MMO F G
Test 1 no observable change / | effervescence which
ho visible reaction / no | gives white ppt. with 1]
precipitate / solid limewater, indicating
(carbonate) dissolves f | carbon dioxide
no effervescence
F G
Test 2 | Colouress solution no observable
turns yellow / brown / change / no visible
K I:ASU T orange-brown / reaction / KMnQ, /
ExamPapéf red-brown / yellow- solution stays [1]
reninettsens Wl 0 vaoncst | DFOWN purple / colourless [3]
ST solution turns purple
{ purple solution
formed
(tums) dark blue / deep [1]
blue / blue-black / black
F G
Test3 | (pale) yellow ppt. white ppt. [1]
(ppt) insoluble / does (ppt.) dissolves /
not dissolve / no soluble, giving a [1]
observable change colourless solution
2(b)(ii) | ACE | Anion: I~ / iodide [reject if observation in Test 3 does not
match with identity, e.g., no mark should be awarded if white [1]
pptin Test 3 and concluded that iodide is present in F.]
2(b)(iii) | ACE | HC! / Hydrochloric acid [reject sulfuric acid and nitric acid [1]
since there’s no test for SO4°~ and NO;7]
2(b)(iv) P + | Any one of the following:
MMO | « Place / add a few drops of Universal indicator into G AND [1]
tums from green to red.
e Add a strip of magnesium into G AND gas/hydrogen
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Question | Skill Indicative material Mark Total
pops’ with lighted splint.

[reject: pH paper / litmus papers as these are not reagents.]

[Note: pH paper is provided which serves as a distractor.

Litmus papers are provided to test for ammonia gas in

2(a)(i) |

Total: 12

Question | Skill Indicative material Mark Total

Technique

3 P | Any six from:
1) crush/grind/powder coffee beans K IASU
using pestle/mortar ExamPaper c

add cold water AND stir / mix e b kv oy
(filter to collect the coffee powder as residue) 6]

2)
3)
4)
5) heat / hot (water) (to dissolve the residue)
6)
7)

%

filter the mixture [reject: solution] to collect the filtrate
leave (filtrate) to cool OR leave to form crystals
8) wash / rinse (crystals / residue # caffeine) (and'dry)
[Note: Point 3/5 and 6 are compulsory points-fo be written;
max. of 3 marks if these ideas of involving water and
filtration are not shown']

[Total: 6]
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You may use a HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.
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You are going to investigate the reaction between aqueous copper(ll) nitrate and
aqueous sodium carbonate.

Step 1:

Step 2:

Step 3:

Step 4:
Step 5:
Step 6:

Step 7:

Label the test-tubes 1, 2, 3, 4 and 5 and place them in order in the
test-tube rack.

Use the measuring cylinder to pour 5.0 cm? of the 1 mol/dm?3 of aqueous
copper(ll) nitrate into each of the five test-tubes.

Using another measuring cylinder, add 1.0 cm? of 1 mol/dm? of aqueous sodium
carbonate to test-tube 1. Using the glass rod, carefully stir the contents of the
test-tube. Repeat for steps 4 to 7. Rinse the glass rod with distilled water before
stirring it in each test-tube.

Add 2.0 cm? of 1 mol/dm? of aqueous sodium carbonate to test-tube 2.
Add 3.0 cm? of 1 mol/dm? of aqueous sodium carbonate to test-tube 3.
Add 4.0 cm? of 1 mol/dm? of aqueous sodium carbonate to test-tube 4.

Add 5.0 cm? of 1 mol/dm? of aqueous sodium carbonate to test-tube 5.

Leave the contents of the test-tubes to stand for 15 minutes.

You should start Question 2 while you are waiting for the solid formed in the test-
tubes to settle.

(@)  After 15 minutes, use a ruler to measure the height of the solid formed in each
test-tube. In Table 1, record the volume of 1 mol/dm3 of aqueous sodium
carbonate added, and the height (in cm) of the solid formed in each test-tube.
Include appropriate headings in Table 1.

Table 1

test-tube

number

1

2

[4]

2
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(b)  On the grid provided, plot a graph of height of solid against volume of aqueous
sodium carbonate added.

[4]

3
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(c) Describe the trend in the height of the solids formed in test-tubes 1 to 5.

(d) From the graph, deduce the height of the solid formed when 0.0045 moles of
aqueous sodium carbonate are added to 0.005 moles of copper(ll) nitrate.

(e) Suggest two improvements that can be made in order to improve the accuracy
of the results.

[Total: 12]

4
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2 Water of crystallisation refers to the water molecules bonded to the lattice
structure of ionic compounds.

You are going to investigate the enthalpy change, AHnyd, when anhydrous
sodium carbonate, Na2COs, converts to hydrated sodium carbonate,
Na2C03.10H20.

One way to determine the enthalpy change is to measure the changes in
temperature when samples of anhydrous sodium carbonate and hydrated
sodium carbonate are added separately to excess hydrochloric acid.

Read all the instructions carefully before starting the experiments in
Question 2.

Instructions

You are going to carry out two experiments.

Xis 2.2 g of anhydrous sodium carbonate, Na2COs.

Y is 5.5 g of hydrated sodium carbonate, Na2C0O3.10H20

Z is 1.50 mol/dm? hydrochloric acid, HCI.

€) Experiment 1

Place a Styrofoam cup into a 250 cm? beaker.

Transfer 25.0 cm? of Z into the cup using the 25 cm® measuring cylinder.
Measure the temperature of Z and record the value in the table.

Pour all of X into the acid in the cup. Stir, using the thermometer, and
measure the highest or lowest temperature reached. Record this
temperature in the table.

Experiment 2

Repeat Experiment 1 using the Styrofoam cup, but use Y in place of X.

5
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Complete Table 2 and calculate the temperature change for each

experiment.
Table 2

- highest or
initial

. lowest temperature

experiment | temperature of o
7 joC temperature of change /°C
Z/°C
1
2

[3]

) @) The amount of heat transferred in the experiments can be calculated
using the expression shown.

Heat transferred (J) = mass of solution (g) X maximum temperature change (°C) x 4.2

Use this expression to calculate, in J, the amount of heat transferred in
each experiment.

Assume that 1.0 cm? of solution has a mass of 1.0 g.

Experiment 1 with X: heattransferred = ............................ J
Experiment 2 with Y: heat transferred = .......................l. J[2]
6
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(i)  Calculate the enthalpy change, AH, in kJ/mol, when all the solid reacts
with hydrochloric acid in each experiment.

[Mr: Na2COs, 106, Na2C0O3.10H20, 286]

Heat transferred in k]
Number of moles of solid

Enthalpy change, AH =

Experiment 1 with X: AH1 =

Experiment 2 with Y: AHz2=................e kJ/mol [2]

(ili) The enthalpy change of hydration, AHnyd, can be calculated using the
expression:

AHnya = AH1 - AH2

Use your answers from (b)(ii) to calculate the enthalpy change of
hydration, AHnyd.

AHhyd = oo kJ/mol [1]
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(iv) Another way to determine the hydration of anhydrous sodium
carbonate can be shown in a two-step chemical equation as shown.

step 1: Na2COs (s) + 10H20 (/) » Na2COs (s) + 10H20 (g)
step 2: Na2COs (s) + 10H20 (g) = Na2C0O3.10H20 (s)

Using your knowledge of Kinetic Particle Theory, explain if step 1 is an
endothermic or exothermic process.

(V) Explain why it is necessary to stir the mixture in the cup before measuring
the highest or lowest temperature reached.

(vi)  State one source of error and suggest one improvement that can made
to reduce this error.

T (0
] 0@ Y=Y 1Y o
............................................................................................ [2]
8
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(vii) A student carrying out the experiment with an anhydrous sodium
carbonate, X, could not find 1.50 mol/dm? hydrochloric acid. The student
used the same volume of 0.750 mol/dm? sulfuric acid instead.

Predict and explain the effect on the change in temperature obtained by
the student. Assume the same mass of X was used.

[Total: 15]

9
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3 Read all the instructions carefully before starting the experiments in
Question 3.

You are provided with a mixture of two solids, J and K, which are both salts.
J is soluble and K is insoluble in water.

Carry out the following tests and record your observation. You should test and
name any gas evolved. If no change is observed for a test, write ‘no observable
change’.

Instructions

(&) Add 3 spatulas of the mixture to a boiling tube. Add a 6 cm depth of
distilled water to the mixture. Stopper the boiling tube with a rubber
bung and shake the mixture for a minute.

Filter the mixture and keep the residue for tests later.

Tests on filtrate
Divide the solution into two equal portions in two test-tubes.

test observations

Test 1

To the first portion of the solution,
add about 1 cm depth of aqueous
sodium hydroxide and shake the
contents.

Heat the contents carefully and
test any gas evolved with damp
litmus paper.

Test 2

To the second portion of the
solution, add a 1cm depth of dilute
nitric acid into a test-tube. Add a
few drops of aqueous silver nitrate.

10
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Test on residue

test observations

Test 3
Use a spatula to transfer some of
the residue into a test-tube.

Add dilute hydrochloric acid to a
depth of approximately 3 cm.

To the solution formed, add about
1 cm depth of dilute sulfuric acid.

[4]
(b) Deduce the formulae of the cation and anion present in solid J.
(072 1[0 o
ANION:. L.
[2]

(c) Using your knowledge on solubility rules, suggest the identity of solid K.
Use your observations to explain how you reached the conclusion.

SOl K oo

11
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(d) A farmer would like to fertilise his soil with the fertiliser ammonium sulfate,
(NH4)2SO4. He took a sample of the soil and would like to find out the amount
of ammonium sulfate fertiliser already present in the soil.

You are not to use precipitation method.

With the help of a chemical equation, outline a method to determine the mass
of sulfate ions present in the soil.

[Total: 13]

12
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NOTES FOR QUALITATIVE ANALYSIS

Tests for anions

anion test test result

carbonate (CO3?") | 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 (NO3") 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 agueous sodium hydroxide

effect of agueous 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(I11) (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 (NHs)

turns damp red litmus paper blue

carbon dioxide (COy)

gives white ppt. with limewater
(ppt. dissolves with excess CO»,)

chlorine (Cly)

bleaches damp litmus paper

hydrogen (Hz)

‘pops’ with lighted splint

oxygen (Oy)

relights a glowing splint

sulfur dioxide (SO,)

to colourless

turns aqueous acidified potassium manganate(VI1) from purple
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Preparation list

Question 1:

Apparatus for each candidate:

1 x test-tube rack

5 x test-tubes

1 x test-tube holder

1 x glass rod

2 x droppers

1 x wash bottle with distilled
water

2 x 10 cm?® measuring cylinder
1 x black marker

1 x filter funnel

1 x 15 cm ruler

Chemicals for each candidate:

e 100 cm? of 1 mol/dm? aqueous
sodium carbonate

e 100 cm? of 1 mol/dm? aqueous
copper(ll) nitrate

Question 2

Apparatus for each candidate:

1 x 250 cm? beaker

1x thermometer (-10°C to
+110°C)

1 x Styrofoam cup

1 x 25 cm?® measuring cylinder

Chemicals for each candidate:

e anhydrous sodium carbonate
(labelled X) Provide 2.2 =+ 0.1 g of
Na2COs in a stoppered container

e hydrated sodium carbonate
(labelled Y) Provide 5.5 = 0.1 g of
Na2C0Os3.10H20 in a stoppered
container

e 1.5 mol/dm? hydrochloric acid
(labelled Z) 70 cm? per student

Tanjong Katong Girls’ School
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Question 3:

Apparatus for each candidate:

1 x test-tube rack

3 x test-tubes

1 x lighter

1 x test-tube holder

3 X spatula

1 x glass rod

1 x dropper

1 x wooden splint

litmus papers (I bottle each)
1 x wash bottle with distilled
water

1 x 10 cm® measuring cylinder
2 x boiling tubes

1 x stopper for boiling tube
2 x filter papers

1 x filter funnel

1 x delivery tube

Chemicals for each candidate:

Aqueous sodium hydroxide
Dilute hydrochloric acid

Dilute sulfuric acid

Dilute nitric acid

Aqueous silver nitrate

e Aqueous barium nitrate

e AQqueous ammonia

e Limewater

e 1 vial of mixture of ammonium
chloride and barium carbonate
about 3.0 g.
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You are going to investigate the reaction between aqueous copper(ll) nitrate and
aqueous sodium carbonate.

Step 1

Step 2:

Step 3:

Step 4:
Step 5:
Step 6:

Step 7:

Leave

. Label the test-tubes 1, 2, 3, 4 and 5 and place them in order in the
test-tube rack.

Use the measuring cylinder to pour 5.0 cm? of the 1 mol/dm? of aqueous
copper(Il) nitrate into each of the five test-tubes.

Using another measuring cylinder, add 1.0 cm? of 1 mol/dm? of aqueous sodium
carbonate to test-tube 1. Using the glass rod, carefully stir the contents of the
test-tube. Repeat for steps 4 to 7. Rinse the glass rod with distilled water before
stirring it in each test-tube.

Add 2.0 cm? of 1 mol/dm? of agueous sodium carbonate to test-tube 2.
Add 3.0 cm? of 1 mol/dm? of agqueous sodium carbonate to test-tube 3.
Add 4.0 cm?® of 1 mol/dm? of aqueous sodium carbonate to test-tube 4.
Add 5.0 cm? of 1 mol/dm? of aqueous sodium carbonate to test-tube 5.

the contents of the test-tubes to stand for 15 minutes.

You should start Question 2 while you are waiting for the solid formed in the test-

tubes to settle.

(a) After 15 minutes, use a ruler to measure the height of the solid formed in each
test-tube. In Table 1, record the volume of 1 mol/dm® of aqueous sodium
carbonate added, and the height (in cm) of the solid formed in each test-tube.
Include appropriate headings in Table 1. KIASU__

Table1 . ExamPaper ¢
RS | ven N of NaBDs (aakr o Height of solid / cm
number
1 1.0 1.5
2 2.0 2.2
3 3.0 4.5
4 4.0 5.2
53 5.0 7.0
[4]
2
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Volume of Na>CO: (ag) in cm® measured to 1 d.p [1]
Height of solid in cm measured to 1 d.p. [1]
{allow mm measurement to nearest whole number)
Appropriate heading and correct units [1]
Full set of data shows [1]
e correct volumes of Na:COs (aq), according to
guestion
e height increasing with test-tube number

(b} Onthe grid provided, plot a graph of height of solid against volume of aqueous

sodium carbonate added.

KIASU=r,

ExamPaper

Islandwide Dalivery] Whatsagp Cnly SHEB0EE:
7.0 uﬁﬁy\\::.K'laﬁLle:.ln'Papel'.com

6.0
5.0
4.0

3.0

Height of solid (cm)

2.0

1.0

0.0

Volume of Na-CQOs; (cm?)

5.0

Axis labels and.€orrect units (based on-table of values)

[1]

Appropriate axisand scale must include (0,0) origin
(vertical: height.of solid¥ cm;
horizéntal” volume of. agueous Na>xCO3 added / cm?).

[1]

All points plotted carrectly from table of values

[1]

Best fit line that-uses all/fmost points and starts from origin
Line can be straight or curved, whichever is more suitable
(ECF if already penalised for axis not including origin)

[1]

3
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(c)

(d)

(e)

www.KiasuExamPaper.com

Describe the trend in the height of the solids formed in test-tubes 1 to 5.

The height of the precipitate generally increases as the volume of aqueous
sodium carbonate added increases [1].

From the graph, deduce the height of the solid formed when 0.0045 moles of
aqueous sodium carbonate is added to 0.005 moles of copper(Il) nitrate.

Value from graph with unit (indicated with dotted line) when 4.5 cm?® of aqueous
sodium carbonate is added to 5 om® _of copper(ll) nitrate.

Suggest two improvements that can be made in order to improve the accuracy
of the results.

Use a burette to add the copper(Il) nitrate to the test tubes:

Repeat experiment twice and calculate average height of precipitate for each
test tube.

Allow the precipitater@lenger time to settle to the bottom of the test-tube.

[Any two] KIASU Z@ 2

.................................................. ExamPaper.

Islandwide Delvory | Wiatsapn Oy 36680031
vy asuExemFaper.cory

[Total: 12]

4
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2 Water of crystallisation refers to the water molecules bonded to the lattice
structure of ionic compounds.

You are going to investigate the enthalpy change, AHng, when anhydrous
sodium carbonate, NaxCOs, converts to hydrated sodium carbonate,
NazC03.10H20.

One way to determine the enthalpy change is to measure the changes in
temperature when samples of anhydrous sodium carbonate and hydrated
sodium carbonate are added separately to excess hydrochloric acid.

Read all the instructions carefully before starting the experiments in

Question 2. KIASU_E

Instructions ExamPaper ¢

|zlandwide Delivay . Whaisapp Drky BBSECLE
weanw, KigsuFramPaper, com

You are going to carry out two experiments.
X is 2.2 g of anhydrous sodium carbonate, NaxCOa.
Y is 5.5 g of hydrated sodium carbonate, Na>CQO3.10H20

Z is 1.50 molfdm?® hydrochloric acid, HC/.

(a) Experiment 1

Place a Styrofoam cup into a 250 cm? beaker.

Transfer 25.0 cm?® of Z into the cup using the 25 cm?® measuring cylinder.
Measure the temperature of Z and record the value in the table.

Pour all of X into the acid in the cup. Stir, using the thermometer, and
measure the highest or lowest temperature reached. Record this
temperature in the table.

Experiment 2

Repeat Experiment 1 using the Styrofoam cup, but use Y in place of X.

5
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Complete Table 2 and calculate the temperature change for each

experiment.
Table 2

initial highest or

: lowest temperature

experiment temperature of .
2 o0 temperature of change /°C
Z/°C
1 30.0 38.5 8.5
2 30.0 21.0 -9.0

All four thermometer readings recorded to 0°C or .5 °C.

AT calculated correctly using Tinal - Tinitial With' negative signfor Experiment
2. Experiment 1 temperature increase AND experiment 2 tfemperature

decrease K I ASU =

ExamPaper ¢

Fu” Set Of data slandwide Delivery Whaisapp Only 888600371
wienws, KiasuFeamPaper.com
2 correct answers= 1mk
[3]

(b) {i) The amount of heat transferred in the experiments can be
calculated using the expression shown.

Heat transferred (J) = mass of solution {g) x maximum temperature change (°C) x 4.2

Use this expression to calculate, in J, the amount of heat transferred in
each experiment.

Assume that 1.0 cm? of solution has a mass of 1.0 g.
Heat transferred in Experiment1 =25x4.2x85=892.5J [1]

Heat transferred in Experiment2=25x4.2x9.0=945J [1]
Allow ECF from incorrect AT

Answers to be in 2-3 sf

Experiment 1 with X heattransferred = ...................... J
Experiment 2 with Y. heattransferred=.................... J[2]
6
Tanjong Katong Girls’ School Preliminary Examination 2025

www.KiasuExamPaper.com
235




www.KiasuExamPaper.com

(ii) Calculate the enthalpy change, AH, in kJ/mol, when all the solid reacts
with hydrochloric acid in each experiment.

[Mr: NazCOs, 106, Na2CO3.10H20, 286]

Heat transferred in K]
Number of moles of solid

Enthalpy change, AH =

AH1 892.5 x 106

2.2 X 1000

- _gowma KIASU=; [1]

R ExamPaper.¢/

Islandwide Delivery Whaisapp Only BEEE00E1
v, Kicis BRI Papor 2o

AH2 945 %286

5.5.x 1000
= +49.1 kJimol [1]

H1 is negative (exothermic)and AH: is positive (endothermic):

Answers to be in 3:sf

Experiment1 with X AH = kJ/mol

Experiment 2with Y: AHo = ... kd/mol  [2]

(ili) The enthalphy change of hydration, AHnyq, can be calculated using the
expression:

AHnya = AH1 - AH2
Use your answers from (b){ii} to calculate the enthalpy change of

hydration, AHhyd.
AHhyda = AH1 - AH2  [1]

=-43.0-491
=-92.1 kdJ/imol
Allow ECF
A= conmmanainn kd/mol [1]
2
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(iv) Another way to determine the hydration of anhydrous sodium
carbonate can be shown in a two-step chemical equation as shown.

step 1: Na:CQz (s) + 10H20 () - Na2COz (s) + 10H20 (g)
step 2: Na:CQz (s) + 10H20 (g) = NaxCOz.10H20 (s)

Using your knowledge of Kinetic Particle Theory, explain if step 1 is an
endothermic or exothermic process.

Since energy is taken in to weaken the“forces of attraction [1]
between the water molecules, the reaction is endothermic [1].

_____________________________________________________ ASYFE o

lalandwide Celivery  Whalsapp Cnly BBE60031
wavew, KizsFramPaper, corm

(V) Explain why it is necessary to stir the mixtiure in the cup before measuring
the highest or lowest temperature reached.

Ensure even distribution of heat in the mixture

(vi) State one source of error and suggest one improvement that can made
to reduce this error.

Error: Volume. of liquids measured)is not.accurate. [1]
Improvement. Use a burette which is of higher accuracy. [1]

OR
Error: Heatdoss from solution to surroundings [1]
Improvement: Use a lid to minimise heat loss to the surroundings.

[1]

8
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(vii) A student carrying out the experiment with an anhydrous sodium
carbonate, X, could not find 1.50 mol/dm?® hydrochloric acid. The student
used the same volume of 0.750 mol/dm? sulfuric acid instead.

Predict the effect on the change in temperature obtained by the student.
Assume the same mass of X was used.

There will be no change or no effect on the temperature change [1]

Since sulfuric acid is.a dibasic acid, it willhave the'same
molefconcentration of H' ions as the 1.50 mol/dm?® of HCL. [1]

.................................................. KIASU[2]
ExamPaper ¢
slandwine Delgry | Whalsapp Only BEEEGD21
[Total: 193]
9
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3 Read all the instructions carefully before starting the experiments in
Question 3.

You are provided with a mixture of two solids, J and K, which are both salts.
J is soluble and K is insoluble in water.

Carry out the following tests and record your observation. You should test and
nhame any gas evolved. If no change is observed for a test, write ‘no observable
change’.

Instructions

(a) Add 3 spatulas of the mixture to a boiling tube. Add a 6 cm depth of
distilled water to the mixture. Stopper the boiling tube with a rubber

bung and shake the mixture for a minute.
KIASU-=7f

: : : ExamPaper
Filter the mixture and keep the residue for tests later.  .nice D||p|<“ \ 8B6E0C"

v KiasuCxamPaper.com

Tests on filtrate
Divide the solution into two equal portions in two test-tubes.

test observations

Test1
To the first portion of the solution; | No observable change.
add about 1 cm depth of aqueous
sodium hydroxide and shake the
contents.

Heat the contents carefully: and | Pungent gas evolved turns

test any gas evolved with damp | Meist red litmus blue. Gas
litmus paper. is ammonia / NHs.

[both answers=1 mkK]

Test 2
To the second portion of the | White pptformed. [1]
solution, add a 1cm depth of dilute
nitric-acid into a test-tube. Add a
few drops of aqueous silver nitrate.

10
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Test on residue

test observations

Test3
Use a spatula to transfer some of
the residue into a test-tube.

Effervescence. Gas forms white

Add dilute hydrochloric acid to a opt in limewater. Gas is CO> [1]

depth of approximately 3 cm.

To the solution formed, add about \ahite ppt formed [1]
1 cm depth of dilute sulfuric acid

[4]

(b) Deduce the formulae of the cation and anion present in solid J.

cation: NH4* KIASU_?

ExamPaper

an iO n.: Cl’ Islanchide Delivery | Whatsapg Qly 88680051
v [iasuExamFager.com
[2]
(c) Using your knowledge on solubility rules, suggest the identity of
solid K. Use your observations to explain how you reached the
conclusion.

solid K barium / calcium / leadscarbonate [1]

When hydrochleric acid is added to the residue; effervescence is formed
indicating the anionis a carbonate. White ppt formed when sulfuric acid
is added indicating'the cation can be either Ba?*, Ca?* or Pb?*. [1]

11
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A farmer would like to fertilise his soil with the fertiliser ammonium sulfate,
(NH4)2S0s.

He took a sample of the soil from his farmland and would like to find out the
amount of ammonium sulfate fertiliser already present in the soil.

You are nhot to use precipitation method to answer.

With the help of a chemical equation, outline a method to determine the mass
of sulfate ions present in the soil.

Dissolve a known mass (e.g 5.0 g) of the soil sample in water.

Filter the mixture and collect ammonium sulfate solttion as the filtrate.

Add excess NaOH to the filtrate and warm. Use a gas syringe to collect the
volume of ammonia gas produced.

(NH4)2S0: (aq) + 2NaOH (aq) — Na:SOufad) + 2NHs (§)4 2H-0()

Find the number of moles of ammonia gasiand ammonium/sodium
sulfate:

Volume of ammeonia gas
24000

Moles of ammonia gas =

Number of moles of ammonia'gas
Z

Number of moles of sodium sulfate =

Number of moles of soditim sulfate = Namber, of moles of sulfate (S0s%)

Calculatesmass of sulfate (80:7) ;Number of moles X molar mass

KIASU=ze .

..................................................... E.X.ampaper

Islarubwitde Delivery | Whaltapg: Only S8EED0E
vt KiazUCxormFazercam

Ammonium salt reactswith alkalito form salt, NHz gas
and water

[A] Approach (correct eoncept) [1]

Reject: Precipitation' method

[P] Procedure

e Dissolve a known mass of soil in water and [1]
filter
e Add excess NaOH and measure NHz gas [1]

using a gas syringe

[DP] Data Processing

e Chemical equation (correct reactants and [1]
products with proper balancing)
e Show correctly how the number of moles of [1]

ammonia and the mass of sulfate are formed

[Total: 13]

12
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Common mistakes:

Did not dissolve soil in water and filter, add NaOH (aq) immediately instead
React ammonium sulfate with acid (HC/) to form ammonia/hydrogen gas
instead of alkali

Use precipitation method instead (did not read the question carefully)

Heat the ammonium sulfate solution to get sulfate'ions and calculate the mass
Incorrect or unbalanced chemical equation for thefreaction between ammonium

sulfate and alkali.
KIASU=;

ExamPaper

Islzndwide Delivery | Whatsaop Only 28660037
s LigS U ZRAarm P pEE Lo
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NOTES FOR QUALITATIVE ANALYSIS

Tests for anions

anion

test

test result

carbonate (CO3%7)

add dilute acid

effervescence, carbon dioxide
produced

chloride (CF) 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

hitrate (NOx7) add aqueous sodium hydroxide, ammonia produced
[in solution] then aluminium foil; warm carefully

sulfate (S0.%) acidify with dilute nitric acid, white ppt.

[in solution] then add aqueous barium nitrate ==

Tests for aqueous cations

ExamPaper /

|zlandwide Colivery Whatsapp Dl BEEC031

wanw, KiasuExarr Paper.com

cation

effect of aqueous sodium hydroxide

effect of aqueous ammonia

aluminium (AF*)

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

white ppt., insoluble in excess

ammonium (NH.*)

ammonia produced on warming

calcium (Ca?*)

white ppt., insoluble in excess

no ppt.

copper(II) (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(I1r) (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 colouriess solution

Tests for gases

gas

test and test result

ammonia (NHs)

turns damp red litmus paper blue

carbon dioxide (CO;)

gives white ppt. with limewater
(ppt. dissolves with excess CO:)

chlorine (Ch)

bleaches damp litmus paper

hydrogen (H:)

‘pops’ with lighted splint

oxygen (O2)

relights a glowing splint

sulfur dioxide (SO3)

1o colouress

turns aqueous acidified potassium manganate(VII) from purple

Tanjong Katong Girls’
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2

The neutralisation reaction between sodium hydroxide and dilute hydrochloric acid is
exothermic. The enthalpy change (AH) for the reaction can be found by mixing different
volumes of the two reactants and measuring the change in temperature.

The chemical equation for the reaction between dilute hydrochloric acid and aqueous
sodium hydroxide is given below.

HCl(aq) + NaOH(ag) — NaCl(ag) + H2O(l)

You are going to investigate the temperature change of the reaction between sodium
hydroxide and dilute hydrochloric acid and calculate the enthalpy change (AH) of the
reaction.
Read all instructions below carefully before starting the experiments in Question 1.
Instructions
You are going to carry out five experiments.
P is dilute hydrochloric acid, HCI, of an unknown concentration.
Q is 1.5 mol / dm? aqueous sodium hydroxide, NaOH.
(a) Experiment 1

Using a measuring cylinder, measure 10 cm?® of P into a Styrofoam cup. Support the

cup in a 250 cm? beaker. Measure the initial temperature of P and record it in the table

below.

Using another measuring cylinder, measure 50 cm? of Q and pour it into the Styrofoam
cup containing P. Stir the mixture gently with the thermometer.

Measure the highest temperature reached and calculate the change in temperature.
Wash the thermometer and Styrofoam cup with water.
Experiments 2to 6

Repeat experiment 1, using the different volumes of P and Q, keeping the total volume
of the mixture to 60 cm®.

initial highest change in
. volume of | volume of
experiment P/ cm? Q/cm? temperature | temperature | temperature
of P/°C reached / °C /°C
1 10 50
2 20 40
3 30 30
4 40 20
5 50 10

www.KiasuExamPaper.com
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3

(b) Use the results in (a) to plot a graph of change in temperature against the volume of P
used on the grid below.

Using these points, draw two best fit lines. The two lines should cross each other.

e

[4]
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(c) From the graph, determine the largest change in temperature (AT) and the volume of
P that caused it.

Using dotted lines, show clearly on your graph how you obtained the answers.

AT = °C
volume of P used = cm?

d) () State the corresponding volume of sodium hydroxide that reacted with the
volume of P in (c).

volume of sodium hydroxide that reacted = cm?

(i) Hence, calculate the number of moles of hydrochloric acid present in the volume
of P found in (d).

number of moles of hydrochloric acid present = mol

www.KiasuExamPaper.com
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5

(iii)  Using your answers in (c) and (d)(ii), calculate the enthalpy change for the
reaction using the formula:

50 X 4.2 XAT
number of moles of HCl

Enthalpy change = —( ) J/ mol

enthalpy change = J/mol [1]

(e) Why is it important to keep the total volume constant?

[2]

(f)  Other than neutralisation, name another example of an exothermic reaction.

[1]

(9) The enthalpy change calculated in (d)(iii) is larger than the value given in a data book.
The main source of error is likely to be heat loss.

() Suggest a reason, other than heat loss, why the calculated result is different
from the data book value.

[1]

(i) Suggest one improvement you could make to the experiment to reduce the error
stated in (g)(i).

[1]

Total: [18]

You will determine the percentage by mass of NaHCO:z in J again, this time by thermal
decomposition. Sodium hydrogencarbonate decomposes on heating.
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2NaHCOz; — Na>,CO3 + H,O + CO»

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

Instructions
J is impure sodium hydrogencarbonate.

@)

(b)

(c)

Use the balance to find the mass of an empty test-tube.
Add about 1.5 g of J to the test-tube and then find the mass of the test-tube and its contents.

Gently heat the test-tube and its contents for 3 minutes so that the sodium
hydrogencarbonate decomposes.

Leave the test-tube and its contents to cool to room temperature before finding the mass of
the test-tube and its contents.

You may continue with question 3 on page 6 while you are waiting for the test-tube to cool.
Calculate the starting mass of J and the change in mass after heating.

Record your results in an appropriate format in the space provided.

[2]
Use the change in mass after heating and the equation for the decomposition of sodium
hydrogencarbonate to calculate the mass of sodium hydrogencarbonate present in the mass
of J heated.

[M:: NaHCOs3, 84.0; H»0, 18.0; CO, 44.0]

mass of NaHCO3; present = g [2

Calculate the percentage by mass of sodium hydrogencarbonate in J.

www.KiasuExamPaper.com
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Percentage by mass of NaHCO3 in J = % ]
Total: [5]

(@) You are provided with solutions R and T.
Carry out the following tests on R and T. You should test any gases that evolve. Record all

your observations in the table. The volumes given below are approximate and should be
estimated rather than measured unless instructed otherwise.

(1) test test observation
number
1 Gently warm 2 cm depth of R in a
test-tube.

2(i) To 1 cm depth of aqueous
sodium chloride in a test-tube,
add 2 — 3 drops of aqueous silver
nitrate.

2(ii) To the mixture from test 2(i), add
R, with shaking, until no further
change occurs.

3 To 1 cm depth of aqueous
copper(ll) sulfate in a test-tube,
add R, with shaking, until no
further change occurs.

4 To 1 cm depth of aqueous zinc
sulfate in a test-tube, add R, with
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shaking, until no further change
occurs.

5 To 1 cm depth of T in a test-tube,
add R until no further change
occurs. Keep this mixture for use
in Test 6.

6 To 1 cm depth of aqueous
hydrogen peroxide in a boiling
tube, add the mixture from Test
5.

7 To 2 cm depth of T in a test-tube,
add an equal volume of sodium
hydroxide and a strip of
aluminium foil. Warm the mixture.

[10]
(i) Name substance R.
[1]
(iii)  Give the chemical formula of substance T.
formula of substance T [1]

(b) Labels on cooking oil often include information on whether it is saturated or unsaturated oils.
There are C=C double bonds present in unsaturated oils, but single C-C bonds for saturated
oils. The greater the number of C=C double bonds, the greater the degree of unsaturation of
the oil.
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Outline a method to compare the degree of unsaturation in different types of cooking oils
such as coconut oil, palm oil and sunflower oil.

You can assume all the apparatus and reagents normally found in a school laboratory are

available.

In your method you should note any assumptions that you make, include the measurements
you would take and explain how you would use your results to compare the degree of
unsaturation of each cooking oil.

You may use a labelled diagram to illustrate your answer.

[5]

Test for anions

QUALITATIVE ANALYSIS NOTES

Total: [17]

anion

test

test result
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carbonate (CO3%) add dilute acid effervescence, carbon dioxide
produced

chloride (CI) acidify with dilute nitric acid, white pot

[in solution] then add aqueous silver nitrate bpL.

iodide (1) acidify with dilute nitric acid, ellow pot

[in solution] then add aqueous silver nitrate y ppL

nitrate (NO3z’) add aqueous sodium hydroxide ammonia produced

[in solution] then aluminium foil; warm carefully P

sulfate (S04?%) acidify with dilute nitric acid white pot

[in solution] then add aqueous barium nitrate bpL.

Test for agueous cations

cation

effect of aqueous sodium hydroxide

effect of aqueous ammonia

aluminium (Al

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(Il) (Cu?)

light blue ppt., insoluble in excess

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

iron(I1) (Fe?")

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(111) (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

Test for gases

gas

test and test result

ammonia (NH3z)

turns damp red litmus paper blue

carbon dioxide (CO3>)

forms a white ppt. in limewater
(ppt. dissolves with excess CO»)

chlorine (Cl5)

bleaches damp litmus paper

hydrogen (H2)

‘pops’ with a lighted splint

oxygen (O3)

relights a glowing splint

sulfur dioxide (SO2)

colourless

turns aqueous acidified potassium manganate(VI1I) from purple to
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Prep list 6092 Pure Chemistry Prelim 2025

6092 Chemistry

Preliminary Examinations 2025

Paper 3

Number of candidates:

4A : 26 students
4B: 39 students

Preparation list:

Label Amount Identity
P 250 cm? 1.5 mol / dm?® hydrochloric acid
250 cm? 1.5 mol / dm® sodium hydroxide
1 bottle deionised water
J 2 g invial Ratio 4 parts solid sodium
hydrogencarbonate and 1 part solid sodium
chloride
(mix 120 g sodium hydrogencarbonate : 30 g
sodium chloride)
Copper(ll) sulfate | 5cm2invial | 1 mol/dms3 Copper(ll) sulfate
R 30 cm?® 1 mol/dm?3 aqueous ammonia 30 cm? bottle
(bottle)
T 10 cm® vial | 1 mol/dm? agqueous iron(lll) nitrate
zinc sulfate solution | 10 cm3vial | 1 mol/ dm? zinc sulfate solution
sodium chloride 5 cm3 vial 1 mol/ dm?3 aq sodium chloride
Hydrogen peroxide 5 cm3 vial Hydrogen peroxide (sealed)

Apparatus required
1 x Safety goggles
1x Styrofoam cup

2 x 250 ml beaker

1 x thermometer

www.KiasuExamPaper.com
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8 x electronic balance (4 in front and 4 behind) , place 250 cm? of beaker beside the
balance

6 x test-tubes

1 x test-tube rack

1 x test-tube holder

1 x glass rod (for stirring)

2 x boiling tubes

1 x Bunsen burner

2 x teat / dropping pipettes

2 x blue / red litmus paper

1 x filter funnel

1 x spatula

1 x wash bottle containing distilled water

paper towels

2 x 50 cm?3 measuring cylinder

1 x delivery tube connected to rubber bung and rubber tubing (big)
1 x delivery tube connected to rubber bung(small)
3 x plastic droppers

Reagents list:

1 x Wooden splint

3 x Red and blue litmus papers

2 x Aluminium foll

Bench reagents

Dilute nitric acid

Dilute sulfuric acid

Dilute hydrochloric acid

Aqueous sodium hydroxide

Aqueous ammonia

Limewater

N o g M wDdhd e

Silver nitrate (aq)
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PRELIM 2025 WOOGREOVE SECONDARY SCHOOL KIASUE
Marking scheme ExamPaper J
6092,{ PAPER 3 . L‘.".'!\f:'.K'J’CSLI.EXCITPQS‘QI'.CD'ﬂ
Q Answer Mark
1(a) volum _— highest .
: volume initial change in
experi | e of temperature
of temperature temperature
ment B 5 reached /
;s | @fcm of P/°C N /°C
cm C
1 10.0 50.0 31.0 328 1.5
2 20.0 40.0 31.0 34.5 435
3 30.0 30.0 31.0 36.5 +35
4 40.0 20.0 31.0 34.5 +3.5
B 50.0 10.0 31.0 32.5 +1.5
6 60.0 0.0 31.0 31.0 0.0

All temperature readings recorded to 0.5°C [1]

All change in temperature readings correctly calculated with ‘+ sign[1]
Correct temperature trend for change in temperature (increasing then
decreasing) [ 1]

Highest recorded change in temperature readings within +/-1 °C of
supervisor's results [1] [4]

b) Correct axes label with units [1]

(change in temperature /°C, volume of P / cm?)
Appropriate scale [1]

All points plotted correctly [1]

Two lines of best fit that intersect [1]

ie.
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7 0 T

Change In

Temperature

/'c
0t
5.0
404
3.04=
2.0 4+
1.0
0.0 44—

Valumeof P [/ em’ [4]

intersection
pt must be
above the
highest
recorded
value

c) AT = 5.45°C (nearest 0.05 °C) . [1]
volume of P used = 29.5 cm® ,KIASlJ_ = [1]
37 [60-(c)=305cmw R apet—v 2 1]
ii) | Moles of HCl = moles of NaOH R EmPaper N
=(30.5/1000)x 1.5
= 0.0458 mol (3 sf) [1]
iii) | Enthalpy change = -[(50 x 4.2 x answer in (d)) / answer in (e)ii) ]
= -[(60x 4.2 x 5.45) /0.045750 ]
= - 25016.39 J fmoal [1]
= - 25000 J / mol (3 sf)
e) MP1 Constant total volume eliminates volume as a variable, so any
differences in temperature change are only due to the different ratios of
acid to alkali, not due to different amounts of solution. [1]
[1]
MP2 The same total volume means the same total mass of solution in
each experiment. Since heat capacity depends on mass, keeping the
volume constant ensures that the same amount of heat energy will
produce the same temperature change.
f) Displacement reactions / metal — acid reactions / respiration / combustion | [1]
/ condensation / freezing
g) i) | A measuring cylinder was used to measure the volumes, and is hot a [1]

precise measuring instrument.

Use a burette to measure the volume of both solutions accurately.

[1]
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or any other appropriate method: - use of plastic droppers, and count the
number of drops of aq bromine used

Qn Answer Mark

2(@) | MP 1: [1]
Full set of data, 3 readings and 2 calculations:

- Mass of test-tube,

- mass of test-tube and sample J before and after heating,
- starting mass of sample J and change in mass. [1]

MP2: Mass of J and change in mass from 0.10g to 0.40g. (within 10% to
40% of their starting mass)

2(b)(i) | No of moles of NaHCO; = change in mass/ (18+44) x 2 [1]
Mass of NaHCO; = x 84.0 [1]

2(b)(ii) | percentage by mass of NaHCO3 g\; [1]
= (b)(i) / measured massin (@) x100% Allow ecf ExamPaper

Islandwide Delivery | Whatsapp Only B8E600E31
v KigsuEzamPaper.com

3(a) (i) test test observation Marks
number
1 Gently warm 2 cm | Colourless, pungent gas produced that | [1]
depth of R in a test- | turns moist red litmus blue. The gas is
tube. ammonia.
2(i) To 1 cm .depth of | White ppt. formed [1]
agueous sodium

chloride in a test-tube,
add 2 — 3 .drops of
agueous silver nitrate.

2(ii) | To the mixture from [ White ppt. dissolves on addition of R [1]
test 2(i), add R, with
shaking, until  no
further change occurs.

3 To 1 cm depth of | Blue ppt. formed. [1]

agueous coppertll _ _
sﬂlfate i tesptlftul:()e? Ppt. dissolved/soluble in excess R to | [1]

add R, with shaking, | fo™ @ dark blue solution.
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until no further change
occurs.

To 1 cm depth of
aqueous zinc sulfate in
a test-tube, add R, with
shaking, until  no
further change occurs.

White ppt. formed.

Ppt. dissolved/soluble in excess R to
form a colourless solution

[1]
[1]

To1cmdepthof Tina
test-tube, add R until
no further change
occurs. Keep this
mixture for use in Test
6.

Reddish brown ppt. formed, insoluble in

excess R. KIASU

ExamPaper /

zlandiw de Celivery  Whatsapp Only 85650021
v KizsuExarmPaper.com

[1]

To 1 cm depth of
agueous hydrogen
peroxide in a boiling
tube, add the mixture
from Test 5.

Effervescence, A gas that rekindles a
glowing splint. The gas is oxygen

[1]

To2cmdepthof Tin a
test-tube, add an equal
volume of . sodium
hydroxide and a strip
of aluminium _ foil.
Warm the mixture.

Reddish brown ppt. formed. (no mark)

A pungent gas produced that turns moist
red litmus blue. The gas is ammonia

[1]

(a)(ii)

Agqueous ammonia

Reject: ammonia/ ammonium hydroxide

[1]

(a)(ii)

Fe(N03)3

[1]

(b)

Variables:

Variables to be changed: Types of cooking oils
Variables to be kept constant: concentration of agueous bromine,
volume of cooking oil used in titration

[1]

Assumptions

Aqueous bromine only reacts with carbon-carbon double bonds in
the cooking oils and no other side reactions.

[1]

Description of procedure:

1. Pipette 25.0 cm? of coconut oil and place it into a conical
flask. Set up the apparatus as shown above,

2. Titrate the coconut oil against aqueous bromine until one
drop of agueous bromine does not decolourise. Record the
volume of aqueous bromine used in the ftitration.

3. Repeat step 1 — 2 using palm oil and sunflower oil.

[1]
[1]

How measurements collected is used to draw a conclusion
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2

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

P is an aqueous solution of hydrogen peroxide acting as an oxidising agent.
Q is an aqueous solution of potassium iodide, mixed with another substance.

When P and Q react together, they produce iodine according to the reaction below.

HO> + 21 —» 20H + I3

The addition of starch solution to the mixture allows the iodine to be detected as the solution
turns blue-black. In Q, there is another substance present which rapidly converts iodine
back into iodide ions and so the blue-black colour only appears when all of this substance

is used up.

You will carry out 5 experiments. In each of the experiments 1 — 5, the same amount of
iodine is produced before the mixture turns blue-black.

Experiment 1

@ ()

(i)

Put Q into a burette and use it to measure out 10 cm?® of Q into a conical flask.
To Q in the flask, add 2 cm? of starch solution using a 10 cm® measuring cylinder.
Place the flask and its contents on a white tile.

Measure 25 cm?® of P as accurately as possible, using a 25 cm® measuring
cylinder. Pour this volume of P rapidly into the mixture of Q and starch solution
in the flask. Start the stopwatch immediately and swirl the contents of the flask,
then leave the mixture to stand. When the mixture first turns blue-black, stop the
stopwatch. Record the time taken to the nearest second in Table 1.1.

(iii) Empty the conical flask and rinse it thoroughly with water.

Experiment 2 -5
(iv) Repeat the procedure described in steps (i) — (iii) of Experiment 1 but varying

the volume of P used.

Hence, in experiment 2, measure 20 cm? of P as accurately as possible, using a
measuring cylinder and then add deionised water to P until the total volume of
solution in the measuring cylinder is 25 cm?®.

Then, for experiments 3 — 5, choose different volumes of P and water and repeat
the steps. Record the volumes you have chosen for P and water in Table 1.1.

Table 1.1
experiment volume | volume | volume time taken for blue-black
of Q/ of P/ of water
number 3 3 3 colour to appear /s

cm cm / cm
1 10 25 0
2 10 20 5
3 10
4 10
5 10 [3]

XMSS/Chemistry/6092/03/Preliminary Examination 2025
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(b) Plot a graph of time taken for the blue-black colour to appear against volume of P in
the grid below. Using these points, draw a line of best fit.

[4]

XMSS/Chemistry/6092/03/Preliminary Examination 2025
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(c) Using collision theory, explain the trend shown by the graph in (b).

(d) Suggest one change that could be made to the equipment used for the experiments
to improve the accuracy of the results.

............................................................................................................... [1]

(e) It has been suggested that metal ions such as Pb*, Fe** and Mn** can act as catalysts
for reactions involving hydrogen peroxide. However, these three metals ions have
different effectiveness as catalysts.

Given the same solutions, P and Q, describe how you would investigate the
effectiveness of Pb**, Fe** and Mn** catalysts by experiment.

You can assume that all the apparatus and reagents normally found in the school

laboratory are available. You should include the measurements you would take and
explain how you would use your results to confirm the suggestion.

............................................................................................................... [4]

[Total: 14]
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5

In this experiment, you will determine the identities of acids R and S.

R and S each contain one anion which is listed in the qualitative analysis notes on page
12. The two anions are not the same.

Select reagents to determine the identity of the anions in each of the acids, R and S. You
should only use the bench reagents provided.

Carry out 3 tests on R and the same 3 tests on S. One of the tests has been provided for

you in Table 2.1. You should test and name any gas evolved.

If no observable change is observed for a test, write ‘no observable change’.

If heating is required, a boiling tube must be used.

Table 2.1

test

observations for R

observations for S

Add about 1cm depth of R
in a clean boiling tube.
Add 2 cm depth of
aqueous sodium
hydroxide, shake the
contents and then add a
piece of aluminium foil.
Heat the contents
carefully.

Repeat the test using S.

XMSS/Chemistry/6092/03/Preliminary Examination 2025
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6

(b) Use your observations in Table 2.1 to deduce the formulae of the acids in R and S.

(c)

Neutralisation reactions are exothermic.

In this experiment, you will determine the enthalpy change of a neutralisation reaction
between a sample of 1.00 mol/dm?® aqueous potassium hydroxide and acid S.

(i) Instructions

Using a 25 cm?® measuring cylinder, measure out 25 cm? of acid S.

Transfer acid S into a clean 250 cm? beaker.

Measure and record the temperature of acid S.

Use the 50 cm® measuring cylinder to measure out 25 cm?® of aqueous

potassium hydroxide.

¢ Add the aqueous potassium hydroxide into the beaker and gently stir the
mixture using the thermometer.

e Measure and record the highest temperature of the mixture.

Record your results in Table 2.2. Calculate the change in temperature for

your experiment.

Table 2.2

temperature of acid S/ °C

highest temperature of the mixture / °C

change in temperature / °C

(i) Enthalpy change of a neutralisation reaction can be calculated by the formula

below.
kJ ) Vx42xT

Enthalpy change (m =~ —{ooon

where V = total volume of solution used in cm?
T = change in temperature in °C
n = no. of moles of aqueous potassium hydroxide

Using the formula above, calculate the enthalpy change for the neutralisation
reaction between aqueous potassium hydroxide and acid S.

XMSS/Chemistry/6092/03/Preliminary Examination 2025
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(iii) The theoretical value of the enthalpy change of neutralisation between aqueous
potassium hydroxide and acid S is —57.0 kJ.

Explain why there could be a difference between the theoretical value and your
calculated value in (c)(ii).

[Total: 11]
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Ethanedioic acid is used in some stain removal products. In the solid crystals of ethanedioic
acid, C>H>04, each molecule is combined with x molecules of water.

The formula of the crystals is C2H204 ¢ XH.O where x is a whole number. You are to
determine the value of x given the information below.

A is aqueous ethanedioic acid. 1.00 dm? of A contains 8.90 g of C2H204 e xH-O.
B is 0.150 mol/dm? of sodium hydroxide, NaOH.

25.0 cm?® of solution A was titrated against solution B using thymolphthalein indicator and the
results are shown in Fig. 2.3.

titration 1 titration 2 titration 3
g — 32
Fio— [
11 —34
initial final initial final initial final
Fig. 2.3

@ (@) Use the diagrams in Fig. 2.3 to complete the results table and select the
best titration results by indicating a check (v).

Results

[3]

XMSS/Chemistry/6092/03/Preliminary Examination 2025
www.KiasuExamPaper.com
275



9

(i)  Calculate the average volume of B required for the titration.

average volume of B=........................ cm® [1]

(b) (i) B is 0.150 mol/dm? of sodium hydroxide.
Using the titration results, calculate the amount of sodium hydroxide, in
moles, used to reach the end-point of the titration. Leave your answers to 3
significant figures.

amount of NaOH in the average volume of B = .............cciiii i mol [1]
(i)  The equation for the titration reaction is shown.
CoH,04 + 2NaOH — C,04Na, + 2H,0
Using your answer from (b)(i) and the equation for the reaction to calculate

the number of moles of ethanedioic acid, C2H.O4, present in 25.0 cm?® of
A. Leave your answers to 3 significant figures.

amount of ethanedioic acid, C2H204,in 25.0cm3of A= ..o, [1]

(iii)  Calculate the amount, in moles, of ethanedioic acid, C2H204, in 1.00dm? of
A. Leave your answers to 3 significant figures.

amount of ethanedioic acid, C2H204, in 1.00dm3 of A = ......cooiiiiiiiiiii mol [1]

XMSS/Chemistry/6092/03/Preliminary Examination 2025
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(iv) Calculate the mass of ethanedioic acid, C2H204, in 1.00 dm? of solution A.
Leave your answers to 3 significant figures.

[A: C, 12; H, 1; O, 16]

mass of ethanedioic acid in 1.00 dm® of A =

(v)  The mass of the ethanedioic acid crystals, C;H,O4 e xH,O, that is dissolved
in 1.00 dm? is 8.90 g.

Use your answer to (b)(iv) to calculate the amount, in moles, of water
present in 8.90 g of crystals C,H,O4 ¢ xH,O. Leave your answers to 3
significant figures.

[Ar: H, 1; O, 16]

amount of Water = .........oveeeieieeieeieeieen, mol [3]

(vi) Use your answer to (b)(iii) and (b)(v) to calculate the value of x in the
ethanedioic acid crystals, C2H204 @ xH;O0.

value of X = ..o, [1]

XMSS/Chemistry/6092/03/Preliminary Examination 2025
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(c)

(i)

(i)

11

A student completes this experiment. During each titration, the student
carelessly dispenses some solution B on the walls of the conical flask and
attempts to wash them down into the conical flask using some deionised
water.

State the explain the effect, if any, that this would have on the volume of B
required to reach the end-point of the titration.

Another student performs one of the titrations but realised midway that he
had forgotten to add the indicator.

Describe and explain what the student can do to determine if the titration
reaction has reached its end-point.

................................................................................................... [2]
[Total: 15]

End of paper
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Test for anions

12

QUALITATIVE ANALYSIS NOTES

anion

test

test result

carbonate (CO3?)

add dilute acid

effervescence, carbon dioxide
produced

chloride (CI)

acidify with dilute nitric acid, then add

[in solution] aqueous silver nitrate white ppt.

|9d|de (I_’) acidify W|th dllute_ nitric acid, then add yellow ppt.

[in solution] aqueous silver nitrate

nitrate (NO3z") add aqueous sodium hydroxide, then ammonia produced
[in solution] aluminium foil; warm carefully P

sulfate (SO4?) acidify with dilute nitric acid, then add ,

: . . : white ppt.

[in solution] aqueous barium nitrate

Test for cations

cation

effect of aqueous sodium hydroxide

effect of aqueous ammonia

aluminium (AI3*)

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(Il) (Cu?")

light blue ppt., insoluble in excess

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

iron(I) (Fe?*)

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(111) (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

Test for gases

gas

test and test result

ammonia (NH3)

turns damp red litmus paper blue

carbon dioxide (CO5>)

gives white ppt. with limewater

(ppt. dissolves with excess CO3)

chlorine (Cl)

bleaches damp litmus paper

hydrogen (H2)

‘pops’ with a lighted splint

oxygen (Oz)

relights a glowing splint

sulfur dioxide (SO2)

colourless

turns aqueous acidified potassium manganate(VI1I) from purple to

XMSS/Chemistry/6092/03/Preliminary Examination 2025
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Confidential Instructions
Chemistry Preliminary Examination 2025
Question 1

Chemical List

label per identity notes

candidate

P 150 cm?® 0.1 mol/dm? acidified 59 cm?® H,0; (6%) + 441 cm?®
hydrogen peroxide H.0O + 500 cm® H,SO4 (1M)

Q 150 cm?® an aqueous solution of Dissolve 12.5 g potassium
0.075 mol/dm? potassium iodide, Kl and 6.2 g sodium
iodide with 0.025 mol/dm? thiosulfate pentahydrate,
sodium thiosulfate Na.S»>03.5H>0 in distilled

water and dilute to 1 dm?.
starch solution 15 cm? 2% starch solution Mix 2 g of soluble starch with a
little cold water until a firm paste
is obtained. Add 100 cm? of
boiling water and stir. Boil until
a clear solution is obtained
(about 5 min). This solution
should be freshly prepared.

Note: To ensure results fall within the required limits, carry out the following experiment.

To 20 cm? of Q, add six drops of starch solution and then 30 cm?® of P. The time taken for the mixture to
turn blue-black should be within 10-20 s. To adjust the time taken, increase or decrease the
concentration of P.

Apparatus
The following apparatus must be provided to each candidate:

Apparatus Quantity
deionised water at least 300 cm?®
10 cm?® measuring cylinder 1
25 cm?® measuring cylinder 1
250 cm?® conical flask 1
burette 1
white tile 1
stopwatch 1
waste container 1
dropper 2
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280



Question 2:

Apparatus and Chemicals

The following apparatus must be provided to each candidate:

20

Label Quantity/ Material identity Remarks
Volume
1 250 cm? beaker
1 50 cm?® measuring cylinder
1 thermometer, —10 °C to +110 °C
at 1°C graduations
1 delivery tube for test tube
4 test-tubes
2 boiling tube
5 red litmus papers
5 blue litmus papers
2 wooden splints
4 droppers
2 aluminium foll
R @ 15 cm? 0.5M dilute nitric acid Fin 2024
70 cm?® 0.5M dilute sulfuric acid new

agueous silver
nitrate

at least 50 cm?®

bench reagent

agueous
barium nitrate

at least 50 cm?®

bench reagent

dilute nitric
acid

at least 50 cm?®

bench reagent

agueous
sodium
hydroxide

at least 50 cm?®

bench reagent

agueous
potassium
hydroxide

55 cm?

1M aqueous sodium hydroxide
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Marking Scheme

www.KiasuExamPaper.com

Chemistry Preliminary Examination 2025

Mark scheme will use these abbreviations

/ alternatives
+ statements on both sides of the + are needed for that mark
R reject ==y
A accept (for answers correctly cued by the question) K IASU L./
Ig ignore as imelevant ExamPaper
ref with reference to MR | Wap Only Bee0ot
ecf error carried forward a vy
AW alternative wording (where responses vary more than usual)
AVP alternative valid point
ORA or reverse argument
OWTTE or words to that effect
underline actual word given must be used by candidate (grammatical variants excepted)
() the word / phrase in brackets is not required but sets the context
Paper 3
Qn Marking Scheme Marks Marker's Report
1a | 1. 1m - cormrect volumes of P and water for max 3 | R: Timeis not nearest second.
experiments 3to 5
2. 1m —record time to nearest second
3. 1m —increasing trend for time taken
experiment | volume | volume [ volume | time
of@Qf | of P/ of taken
cm? cm® | water / for
cm? blue-
black
colour
to
appear
/s
1 10 25 0 10-16
2 10 20 5 17-24
3 10 15 10 25-35
4 10 10 15 40-65
5 10 5 20 about
200
1
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1b | 1. appropriate scale (1) Minus MP4 as long as one
2. labelled axes (with units) (1) point is off.
3. curved line of best fit (1)
4. 5 data points (1)
penalize 1 if axes are reversed
penalize if students write vol. amt. temp.
1c | 1. As the volume of P decreases, there are fewer
number of reacting particles of P per unit volume K IASU_E
2. Less freguency of effective collisions between ExamPaper /
P and Q, hence time taken increases. Izlandwice Delivery | Whatsapp Only 58560031
0 R A . Kiazu D Papar.com
1d | Use a burette instead of measuring cylinder to A: using pipette only if the
measure out solution P / starch solution / water / all volume is specified and need to
solutions. state multiple pipettes.
R: data logger
1e | (Aim: To determine which catalyst is effective in

speeding up the rate of reaction between P and Q.)

MP1: steps (a) (i) and (ii). Students must ensure
that catalyst is added before they start the
stopwatch.

MP2: fixed or known mass/volume of catalyst
MP3: repeat with remaining catalysts
MP4: analysis & conclusion of the results

Example:

a) Measure out 10 em® of Q using a measuring
cylinder and transfer it into a beaker.

b) To the beaker, add 2 e¢m?® of starch solution
using a 10 cm® measuring cylinder. (Place the
flask and its contents on a white tile.)

c) Add 1.0 g of Pb** catalyst into the beaker.

d) Measure 25 cm? of P as accurately as possible,
using a 25 cm? measuring cylinder.

e) Pour P info Q and immediately start the
stopwatch and swirl the flask.

f)  When the mixture first tums blue-black, stop the
stopwatch and record the time taken.

g) Repeat steps a) to f) using 1.0 g of Fe** and
Mn“* catalysts.

h) Analysis of results: The catalyst that recorded
the shortest time taken is the most effective
catalyst.

Alternative response:
MP1:
1. Carry out step (a) (i) of experiment 1.

2
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2. Using an electronic balance, weigh and transfer

1g of Pb?* catalyst into the conical flask (Accept
if students measure out a known volume of
solution with correct apparatus as the state of
the catalyst is not known).

MP2:

2

Carry out step (a) (ii) in experiment 1 and start
the stopwatch.

4. When the mixture turns blue-black, stop the
stopwatch and record the time taken.

MP3:

5. Repeat steps 1 — 4 using same mass or volume
of the Fe** and Mn** catalysts.

MP4:

6. The catalyst that recorded the shortest

time/smallest value is the most effective
catalyst.

A: the catalyst that allows Kl to change colour
the fastest is the most effective catalyst.

KIASU=

ExamPaper

Islanawide Pelvary | Wratzapp Only 86850031
vt Kias JCxam=apor.cam

3
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Marking Scheme

Marks

Marker's Report

test

observations
for R

observations
for S

Add about 1cm
depth of Rinto
a test tube.
Add dilute nitric
acid, then
agueous silver
hitrate.

Repeat with 5.

OWTTE

No observable
change

No
observable
change

Add about 1cm
depth of R into
a test tube.

Add dilute nitric
acid, then
agueous barium
hitrate

Repeat with 5.

OWTTE

No observable
change

White ppt.

Add about 1cm
depth of Rina
clean boiling
tube.

Add 2 cm depth
of agueous
sodium
hydroxide,
shake the
contents and
then add a
piece of
aluminium foil.
Heat the
contents
carefully.
Repeat the test
using S.

(Pungent gas,)

furns moist red

litmus paper
blue. Gas is

ammonia

No
observable
change

Accept:
Moist red
litmus paper
remained red

Accept: no visible change/observation/reaction.
Reject: all others e.g. no change seen. Penalize
once only, ecf the rest.

Every 2
cormrect
boxes —
Tm

KIAS

U=

ExamPaper Vi

Islandyvyide Dielivery|
. K

Whatsapg Only 8660051
FUExamPaser.com

2b

R: HNO;
S: HQSO4

2¢i

Temperature readings to 1d.p and no units
Correct calculation of temperature change with ‘+

sign.

Teachers’ reading = +6 “C

4
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2cii | Cormrect calculation of enthalpy change using the 1 Teachers’ value = -
formula. 50.4kJ/mol
Final answer to 3.s.f AND correct units 1 Second MP not awarded if
value is inaccurate or missing
the negative sign
2ciii | As the reaction is done in a beaker, there could be 402: Generally, students
heat loss to the surroundings, which causes the were able to identify that
temperature measured to be lower than expected. 1 there will be heat/energy loss
This would result in a less negative calculated 1 to sumroundings but could not
enthalpy change. state the effect on calculated
A lower enthalpy change enthalpy change
A energy loss
1
AVP: In order to determine the maximum
temperature rise, varying volumes of KOH should
be added to varying volumes of acid S. Then a 1
graph should be plotted and the highest KI SU =
temperature rise determined by finding the point of Exa Paper /
intersection between the 2 lines of best fit. Island oz Cpivery \Whalsap Orly 8E56003-
Qn Marking Scheme Marks Marker's Report
3ai 1 2 D 3 1 — comrect table headings
i i 1 — correct readings from
final eading |~ 53 404 49.20 |1, 33.60 kot t-2dp
T 1 - (;orrect selection of best
reading/ | 000 | 2480 | 10.00 tiratigirresults
I cm> y R: vol.
volume use
o 23.40 24.40 23.60
best titration v v
result
3aii | 23.50cm? 1
average volume correctly calculated AND 1o 2 d.p
3bi | No of mol of B = [average volume of B / 1000] x 1 For all calculation,
0.1 - Answers must match
[0.00353] working
- creditis award if
answer is comect
without working
- answers written on
the ......... will be the
final answer
M1: ECF from (a)(i)
M2: ECF from previous step
3bii | No of mol of A (in 25 cm®) = ans / 2 1
[0.00177 or 0.00176]
3biii | No of mol of A (in 1 dm?) = [answer in (b)(ii)] x 40 1
[0.0704/0.0705/0.0706/0.0708]
3biv | Mass of A = [answer in (b)(iii)] x 90 1

[6.34/6.35/6.37]

5
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3bv | Mass of water = 8.9 — [answer in (b)(iv)] 1
[answer in previous step]/ 18 1
3 s.ffor all answers in 1(b){i),(ii),(iii),(iv),(v) 1
[0.142]

3bvi | [answer in 3(b)(v)] / [answer in 3(b)(iii)] 1
AND whole number
[2]

3ci | no effect AND 1
number of moles / amount of A is the same

3cii | Add the indicator immediately. 1

If the indicator records a colour that is before the
end-point of the titration, the student may continue 1
the titration. /

If the indicator records a colour that has overshot

the end-point, he may record the reading down and
repeat the titration again. K I ASU =

ExamRaper 4
Accept: other tests that checks for the presence of Iélarcice Delivpry | Whatsaon Ony 56660031
acid (e.g., moist red/blue litmus paper/ adding metal i i

or carbonate) as at end-point of reaction, pH will be
slightly alkaline.

Reject: universal indicator, as not single colour
change.

6
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1 You are to determine the percentage purity of a sample of hydrated iron (Il) sulfate, FeSO4-7H:0,
by titrating with aqueous potassium manganate (VII), KMnOa.

MnOs + 5Fe?* + 8H* — Mn?* + 5Fe%* + 4H20
Read all the instructions carefully before starting the experiment.
Instructions
A is 0.020 mol/dm? of potassium manganate (VII)
B is 35.0 g of impure hydrated iron (Il) sulfate dissolved in 1.0 dm? dilute sulfuric acid
(@) (i) Place A into the burette.

Pipette a 25.0 cm? portion of B into a conical flask. Ensure that the lid is placed back on
the bottle of B after use.

Add A from the burette to the conical flask whilst constantly swirling the flask.

The end-point of the titration is when one drop of A changes the colour of the solution
to pale pink which does not change on swirling.

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

Results

[5]

(i) From vyour titration results, obtain an average volume of A to be used in your
calculations. Show clearly how you obtained this volume.

average volume of A = ... [1]

2
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(b) (i) Calculate the amount, in moles, of iron (Il) ions in 1 dm? of solution.

amount of iron (INioNs = ..., [2]

(i) Calculate the mass of hydrated iron (ll) sulfate in 1 dm?3 of solution.
[M; of FeS0O4-7H20 = 278]

mass of hydrated iron (Il) sulfate = ..., [1]

(iii) Calculate the percentage purity of hydrated iron (Il) sulfate in the sample.

percentage purity = ... [2]
(c) The lid for the bottle containing B is placed back after use to minimise exposure to air.

State and explain how your results may be affected after solution B is exposed to air.

3
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(d) The percentage purity of hydrated iron (Il) sulfate can also be determined by precipitation of
an insoluble sulfate compound.

Solid hydrated iron (ll) sulfate has a high solubility in water. You are provided with
1.0 mol/dm?3 of aqueous barium chloride and other common apparatus that can be found in
a school laboratory.

Describe an experiment to determine the percentage purity of a given 2.0 g solid sample of
impure hydrated iron (Il) sulfate.

In your description, you need to include:
e any measurements.

e any assumption.

e detailed calculations.

The molar mass of FeSO4-7H20 and BaClz are 278 g/mol and 208 g/mol respectively.

[Total: 20]
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2 You are to investigate the temperature change when magnesium reacts with dilute sulfuric acid
of different concentrations.

Read all the instructions carefully before starting the experiment.
Instructions

C is 1.00 mol/dm? dilute sulfuric acid.

You are provided with five pieces of magnesium metal of the same length.
You are to do five experiments.

(a) Experiment |

1. Use a 25 cm® measuring cylinder to pour 20.0 cm?® dilute sulfuric acid into a
100 cm? beaker.

2. Use a thermometer to measure the initial temperature of the dilute acid in the beaker.
Record the initial temperature in the table on the next page. Be careful that the
thermometer does not cause the beaker to topple over.

3. Add a piece of magnesium metal into the beaker and start the stopwatch simultaneously.

4. Gently stir the contents in the beaker using the thermometer to ensure that the whole
piece of magnesium is in contact with the acid at all times.

5. After 30 seconds, measure the temperature of the contents in the beaker. Record this
temperature in the table.

6. Calculate the temperature difference.

temperature difference = temperature after 30 s — initial temperature
7. Discard the contents of the beaker. Rinse the beaker with distilled water.
Experiment V

1. Place 16.0 cm? of distilled water into the measuring cylinder. Top up with 4.0 cm? of dilute
sulfuric acid such that the total volume is 20.0 cm?.

2. Pour the mixture into the beaker.

3. Repeat Step 2 to 7 in Experiment I.

Note:
Place any unreacted magnesium pieces into the beaker or container labelled “waste”.
Do not discard unreacted magnesium pieces into the sink to prevent clogging up the
sink.

Experiment Il, Il and IV

Repeat Experiment V by varying the volume of distilled water and dilute sulfuric acid,
keeping the total volume constant at 20.0 cm?®. Record all volumes in the table on the next

page.

5
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Results

volume of dilute volume of initial temperature | temperature
Experiment | sulfuric acid/ | distilled water/ | temperature /| after 30 s/ difference /
cm3 cm3 °C °C °C
I 20.0 0.0
I
1
\Y;
Vv 4.0 16.0
[4]
(b) Explain whether the reaction is exothermic or endothermic.
..................................................................................................................... [1]

6
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(c) (i) Plota suitable graph on the grid. Draw a line of best fit.

[4]
7
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(i) Using your graph, describe and explain the trend shown by your graph.

............................................................................................................... [2]
(d) (i) Using your graph, find out the temperature change when 13.0 cm? of dilute sulfuric acid

is used.

............................................................................................................... [1]

(i) Calculate the concentration of sulfuric acid when 13.0 cm? of dilute sulfuric acid is used.

concentration of sulfuricacid = ..................cccoeeeennnn. mol/dm?3 [1]

[Total: 13]
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3 Mixture D contains two cations and one anion.

(a) Carry out the following tests to identify the ions in mixture D. Test and identify any gas
produced. Record your observations in the table. The volumes given below are approximate
and should be estimated rather than measured.

tests instructions observations

1 Add about 1 cm depth of mixture D in a test
tube. Add about 2 cm depth of aqueous
sodium hydroxide.

Warm the mixture.

Keep the final solution for Test 2 below.

2 To the resulting solution from Test 1, add
aqueous sodium hydroxide until it is about
two-third of a test tube full (an excess).

Add a piece of aluminium foil. Heat the
contents carefully.

SAFETY PRECAUTION:

DURING HEATING, ENSURE THAT THE
CONTENTS IN THE TEST TUBE DO NOT
SPUTTER OUT. REMOVE THE TEST TUBE
AWAY FROM THE FLAME WHEN THE
CONTENTS ARE CLOSE TO BOILING.

3 Add about 1 cm depth of mixture D in a test
tube. Add aqueous ammonia with shaking
until no further change is seen.

[4]
(b) Write the formula of the three ions present in solution D.
..................................................................................................................... [1]
(c) InTest 2, give two reasons why excess aqueous sodium hydroxide is added.
..................................................................................................................... [2]
[Total: 7]
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Tests for anions

QUALITATIVE ANALYSIS NOTES

Anion Test Test result

Carbonate (COs?) | Add dilute acid Effervescence, carbon dioxide
produced

Chloride (CI0) Acidify with dilute nitric acid, then White ppt.

[in solution] add aqueous silver nitrate

lodide (I7) Acidify with dilute nitric acid, then Yellow ppt.

[in solution] add aqueous silver nitrate

Nitrate (NO3") Add aqueous sodium hydroxide Ammonia produced

[in solution] then aluminium foil; warm carefully

Sulfate (SO4+%7) Acidify with dilute nitric acid, then White ppt.

[in solution] add aqueous barium nitrate

Tests for aqueous cations

Cation

Effect of aqueous sodium
hydroxide

Effect of aqueous ammonia

Aluminium (AI3*)

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 (I1) (Cu?)

Light blue ppt., insoluble in excess

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

Iron (I1) (Fe?*)

Green ppt., insoluble in excess

Green ppt. insoluble in excess

Iron (111) (Fe3*)

Red-brown ppt., insoluble in
excess

Red-brown ppt., insoluble in excess

zZinc (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 (NHzs)

Turns damp red litmus paper blue

Carbon dioxide (CO2)

Gives white ppt. with limewater
(ppt. dissolves with excess CO2)

Chlorine (Cl2)

Bleaches damp litmus paper

Hydrogen (H2)

‘pops’ with a lighted splint

Oxygen (O2)

Relights a glowing splint

Sulfur dioxide (SO2)

colourless

Turns aqueous acidified potassium manganate (VII) from purple to

10
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Marking Scheme

using consistent burette volume
e this mark is lost if non-consistent burette volume is used for

Answers Remarks
1(@)() | Titration Results Table:

e Correct headings / labels for initial burette readings, final 1
burette readings and volume with correct units in a table

e All burette readings for accurate titres in table are recorded | 1
to the nearest 0.05 cm? (larger values for “initial” and
smaller for “final”) and volume calculated correctly

Titration Results:

Accuracy

e Average titre (of consistent volumes) within #0.20 cm3 of | 20r 1
supervisor's results (range: 25.50 cm?® to 25.90 cm®)

e Average titre (of consistent volumes) within £0.30 cm? of
supervisor's results (range: 25.40 cm?® to 26.00 cm?)

e Concordance
At least 2 titre values are within 0.20 cm?® (using 1
uncorrected titres)

(a)(ii) |« average titre calculated to 2 dp with units and workings | 1

e

(b) (i)

calculation of average -
KIAS

(Assume average volume = 25.70 cm?3)

U

her

=81.7%

ExamPaj
Number of moles of KMnQu=25.70 £1000 x 0.020 i ey g s s
= 0.000514 mol
Number of moles of FeZ* in 25.0 cm?® = 0.000514 x 5
= 0.00257 mol 1 for 25 cm®
Number of moles of Fe2' in 1 dm?®=10.00257 x 1000 / 25.0
= 0.1028 mol
= 0.103 mol (3 sf) 1 for 1 dm?
(b)(ii) | Mass of (pure) FeS04.7H20 in 1 dm® = 0.1028 x 278
= 28578 g
=286 g (3 f) 1
(b)(iiiy | Percentage purity = 28.578 / 35 x 100 1

and 3 sf in part (b)

©)

(Some) Fe’* / FeSO4 would be oxidised to Fe®* / Fez(S04)s.
(Number of moles of Fe?* in conical flask decreased.)
Volume of KMnO4 required (for titration) decreased,

calculated mass of (hydrated) iron (Il) sulfate decreased and

1

percentage purity of (hydrated) iron () sulfate decreased.

11
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(d)

Measurements to collect

1. Dissolved 2.0 g of impure sample in excess / 20 cm3 (or
above) of (distilled) water.

2. Add excess / 20 cm? (or above) of aqueous (1.0 mol/dm?)
barium chloride to the mixture / solution (and stir to
precipitate the solid barium sulfate).

3. Filter the mixture.

4. (Wash and) dry the solid / residue collected (between

pieces of filter paper / in an autoclave / etc).

5. Weigh the mass of solid / residue collected, m.

Assumption (any 1)

e There are no other sulfate containing compound in the
impure sample.

e No solid / residue is lost during filtering / drying. (or. All solid
is transfer into the filter funnel / paper during filtration.)

KIASU=

ExamPaper Y
Islandwide Delivery | Whatsapp Only $365003
e, KiasuFeain Nags- com

Calculate percentage purity
mol ratio FeS04-7H20 : BaClz : BaSQO4
= 1: 1 1

Number of moles of FeS0O4.7HO0 = m

208

Pure mass of FeSQ4-7H20= m x 278
208

Percentage purity = (278m/ 208) + 2x 100%
= _278mx 100 %
2x 208

1 (for Step 1 & 2,
solubility of
FeS04-7H20 is about
30 g/100 cm?® at 25°C)
(“Stir” is not a marking
point)

1 (for filter and dry)

1 (for weighing)

1 (accept other
possible suggestion.
Reject: insufficient
BaCl; added)

L4

1 (for no. of mole of
FeS04-7H20)

1 (for mass and
percentage purity, no
need to simplify)

2(a)

e Each interval difference between experiments ranges from
3.0.cm? to 5.0 cm?®, AND total volume for each experiment
is 20.0 cm®

e All volumes and temperatures are recorded to 1 dp

e Temperature difference calculated correctly, temperature
difference is in decreasing trend from | to V, with no
repeating value

e Temperature difference for Expt | is between 8.0 °C and
10.0 °C (inclusive) AND temperature difference for Expt V
is between 0.5 °C to 1.5 °C (inclusive)

Sample results

1 (accept difference of
3.5cm®and 4.5 cm?)

1
1

Expt | vol HoSO4 | vol H2O [ T initial | T after T diff /

/cm? /cm? /°C 30s/°C A
I 20.0 0.0 30.0 39.0 9.0
1 16.0 4.0 30.5 38.0 1.9
[ 12.0 8.0 30.5 36.0 535
|V 8.0 12.0 30.5 335 3.0
V 4.0 16.0 30.5 315 1.0

12
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(b) exothermic, because temperature increases (or temperature | 1 (reject: because
difference is positive) heat is evolved)
(c)(i) |e Correctly labelled axes with units (temperature difference | 1
on y-axis and volume of x-axis)
e Non-odd scale chosen such that plotted points covering at | 1
least half of grid, scale MUST start from origin
e All points plotted correctly to 7% of small box 1 _
e Best fit line passing through origin (can be either straight or 1_(|f student’s scale
hot depending on student's data) did nottﬁtart_frotm .
origin, then just mar
iy for best fit line)
Mitereef
2L 1 ] ]
q : Ll
< H ] i
» - - | REEN - .
ASU=
: ExamPapel ¢
Hai« E fyl\-'.'hats-pp_.orny BEEGO0Z
" m--n—-mnr:p_ﬂ-'.cam
S
\‘.
>
ks
o 4 1 \ b 2o v sl "
4 WSO fom3
c)(ii s volume of dilute sulfuric acid increases, temperature
)iy | A I f dilut [furi id i temperat 1

fixed time interval).

difference also increases.

Concentration of dilute sulfuric acid increases and rate of | 1
reaction increases (hence more heat is evolved within 30 s/ a

13
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(d)(i) | show construction lines as workings on graph 1 (accept 1 dpor2dp
e read temperature to % of small box with units depending on scale
and graph)
5.8 °C
(d)(i) | No. of moles of sulfuric acid = (13.0/1000) x 1.00
= 0.0130 mol
Concentration of sulfuric acid = 0.0130 / (20.0/1000) 1 (answers to 3 sf)
= 0.650 mol/dm?
3(a) Test 1
e \White precipitate formed. (cannot mention whether soluble | (ho credit, but “white
in excess or not since questions require only about 2 cm? to | ppt” can be marked
be added) under Test 2)
e Gas that turns damn red litmus paper blue evolved. 1 (for 2M & 3_rd points
e Gas is ammonia / NHa. after dotted line)
Test2
e White ppt is soluble in excess (agqueous NaOH) to give 1
colourless solution.
o (Effervescence observed on surface of aluminium foil.) 1'(do _nOt“dOUbl‘f
e Gas that turns damn red litmus paper blue evolved. penalise "damn” or
e (as is ammonia / NHs. aRImenis
Test3
o White ppt, insoluble in excess (aqueous ammonia) ’
(b) NHa*, NOsZ, AT 1
(c) e to completely remove ammonium ions from the solution /so | 1
that no ammonium-ions would give a positive test when
testing for nitrate ion / etc
e to test for (identity of) cation / to test for solubility of | 1

precipitate (solid)

KIASU=-¢

ExamPaper
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1 Sodium hydrogen carbonate (NaHCO3;) is commonly known as baking soda. Sodium hydrogen
carbonate, in the presence of water, reacts respectively with calcium chloride, citric acid, and
ethanoic acid.

The reaction between sodium hydrogen carbonate and aqueous calcium chloride is represented
by the following equation:

2 NaHCO; (s) + CaCl, (aq) — CaCOs; (s) + 2 NaCl (aq) + H,O (1) + CO, (9)

The reaction between sodium hydrogen carbonate and citric acid is more endothermic than the
reaction between sodium hydrogen carbonate and ethanoic acid.

You are investigating the reaction of sodium hydrogen carbonate with calcium chloride solution
and with two acidic solutions, X and Y. One of these acids is citric acid, and the other is ethanoic
acid.

In this investigation, you are to,

1. calculate the percentage yield of calcium carbonate produced in the reaction between
sodium hydrogen carbonate and agueous calcium chloride;

2. identify the two acid solutions, X and Y, based on the temperature changes that occur in
their reactions with sodium hydrogen carbonate.

Apparatus and chemicals

50 cm® Measuring cylinder, 3 Distilled water
Styrofoam cups, 3 Tissue papers
250 cm?® Beaker Filter paper, 3
250 cm? Conical flask Glass rod
Thermometer Spatula, 2
Filter funnel Dropper, 3
Reagents

Part 1 1.0 mol/dm?® aqueous calcium chloride (50 cm?)
NaHCOs; (s), 2.00 g (1 vial)

Part 2 X, 1.0 mol/dm3 (50 cm?®)
Y, 1.0 mol/dm? (50 cm?)
NaHCOs; (s), 6.00 g (2 vials)

Read through the following instructions before starting the task.
Record all observations and readings in a suitable format.

(@) Part 1: To prepare calcium carbonate from sodium hydrogen carbonate and aqueous
calcium chloride

1. Using a measuring cylinder, measure 15 cm?® of aqueous calcium chloride into a
Styrofoam cup.

2. Empty vial with 2.00 g of sodium hydrogen carbonate into the solution in the Styrofoam
cup. Stir the mixture with a glass rod.

3. When the reaction has stopped, filter the resulting mixture, which contains a solid

product, into a boiling tube.
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Note: Wash and dry the empty vial from Step 2 and proceed to Part 2 while waiting
for the filtration to complete.

4. Wash the solid product with a little distilled water.
5. Dry the solid product between two pieces of filter paper.
6. Measure and record the mass of the empty vial (from Step 2).

7. Transfer the dry solid product into the empty vial. Measure and record the mass of the
vial with the solid product.

8. Calculate and record the mass of the dry solid product.

Results

[4]

(b) Identify one source of error and explain how it affects the results in part 1.

[2]

(c)  Using your results in part 1,
(i) Identify, by calculations, the limiting reagent.
(Reagents are 15 cm?of 1.0 mol/dm? aqueous calcium chloride, 2 g of NaHCO3)

limiting reagent: ................cooooeee . [3]
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(i) Calculate the theoretical mass of calcium carbonate.

theoretical mass ........................... g [2]

(iii) Calculate the percentage yield of calcium carbonate.
Give your answers to three significant figures.

percentage yield ........................ % [3]
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(d) Part 2: To identify the two acid solutions, X and Y

9. Using a measuring cylinder, measure 30 cm?® of the acid solution, X, into a
Styrofoam cup.

10. Measure and record the initial temperature of the acid solution, X.

11. Empty one vial of sodium hydrogen carbonate (6.00 g) into the acid solution, X. Stir
the mixture with the thermometer quickly to prevent overflow and record the lowest
temperature reached.

12. Repeat steps 9 to 11 using the acid solution, Y, instead of X.

13. Calculate and record the maximum temperature change for each acid solution, X
and Y.

14. Hence, identify the two acid solutions, X and Y.

Results

SOIUtION XS v SOIULION Y S« et e [4]

(e) Suggest one way to improve the accuracy of the experiments in Part 2.
Give a reason for your answer.

[2]

[Total: 20]
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2 You are provided with the following unknown substances
e solidsalt P, 1.5 g (1 boiling tube)
e solid salt P, 0.4 g (1 test-tube)
e agueous solution of salt Q, 15 cm?3 (1 vial)

You are also provided with hydrogen peroxide, H.O(aq)

Carry out the following tests on P and Q to determine their identities, recording all your
observations in the table. You should test any gas evolved.

If no observable change is observed for a test, write ‘no observable change'.

If heating is required, a boiling tube must be used.

test observations

Test 1

Remove the stopper from the boiling tube of
salt P. Heat the solid P, gently at first and then
strongly, until no further change is observed.
Test for any gas evolved.

[3]

Test 2

Add about 4 cm depth of nitric acid into the
test-tube containing solid P. Test for any gas
evolved. Shake the test-tube if required to
completely dissolve solid P to form solution P.

Transfer 2 cm depth of the solution into a clean
test-tube. To this test-tube, add aqueous
ammonia slowly shaking until no further
change is seen.

[3]

Test 3

Add 2 cm depth of solution Q into a test-tube.
Add aqueous sodium hydroxide slowly with
shaking until no further change is seen.

[1]

Test 4

Add 2 cm depth of solution Q into a test-tube.
Add equal volume of hydrogen peroxide to the
test-tube.

[2]
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Test 5

Add 2 cm depth of solution Q into a test tube.
Add equal volume of dilute nitric acid and then
add a few drops of agueous silver nitrate.

[1]

(b) Deduce the formula of P.

[1]

(c) Use the results of your tests to deduce the name of Q.

[1]

(d) Deduce the role of hydrogen peroxide in Test 4. Explain your answer.

[2]

[Total: 14]

www.KiasuExamPaper.com
316



(&) A catalyst increases the rate of a chemical reaction and remains chemically
unchanged at the end.

Hydrogen peroxide (H,O,) slowly decomposes to form oxygen gas. This
process occurs very slowly without a catalyst.

Describe a method to compare the effectiveness of copper(ll) oxide and
maganese(lV) oxide as catalysts for this reaction and whether the catalysts
are used up during the reaction.

The description should include:
e apparatus and method
e any measurements or observations
¢ how to analyse the results

You can assume that all apparatus and reagents normally found in a school
laboratory are available.

You may wish to include one or more labelled diagrams as part of your
answer.

[5]

(b)  Suggest a method to store hydrogen peroxide to prevent it from decomposing quickly.

[1]
[Total: 6]
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QUALITATIVE ANALYSIS NOTES

Tests for anions

anion Test test result

carbonate (COs?%) | add dilute acid effervescence, carbon dioxide
produced

chloride (ClI ") acidify with dilute nitric acid, white ppt.

[in solution] then add aqueous silver nitrate

iodide (1) acidify with dilute nitric acid, yellow ppt.

[in solution] then add aqueous silver nitrate

nitrate (NOs") add aqueous sodium hydroxide ammonia produced

[in solution] then aluminium foil; warm carefully

sulfate (S04%) acidify with dilute nitric acid, white ppt.

[in solution] then add aqueous barium nitrate

Test for agueous cations

cation

effect of agueous sodium
hydroxide

effect of agueous ammonia

aluminium (Al 3)

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

white ppt., insoluble in excess

ammonium (NH.*)

ammonia produced on heating

calcium (Ca?")

white ppt., insoluble in excess

no ppt. or very slight white ppt.

copper (Cu?)

light blue ppt., insoluble in excess

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

iron (1) (Fe?)

green ppt., insoluble in excess

green ppt., insoluble in excess

iron (111) (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 (NHs)

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 a lighted splint

oxygen (O2)

relights a glowing splint

sulfur dioxide (SO3)

purple to colourless

turns aqueous acidified potassium manganate(VIl) from
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11

Preparation List

Question 1

Apparatus and chemicals

50 cm® Measuring cylinder, 3 Distilled water
Styrofoam cups, 3 Tissue papers
250 cm?® Beaker Filter paper, 3
250 cm3 Conicalflask Glass rod
Thermometer Spatula, 2
Filter funnel Dropper, 3
Boiling tube, 1

Reagents

Part 1 1.0 mol/dm?® aqueous calcium chloride (50 cm?)
NaHCOs; (s), 2.00 g (1 vial)

Part 2 X, 1.0 mol/dm3 (50 cm?®)
Y, 1.0 mol/dm? (50 cm?)
NaHCOs; (s), 6.00 g (2 vials)

Question 2 - QA
Apparatus and chemicals

Apparatus
Test tubes, x 5

Delivery tube
- fortesttube x 1
- for boiling tube x 1

Bench reagents

Limewater, x 1 Hydrochloric acid, x 1
Sodium hydroxide, x 1 Nitric acid, x 1
Potassium hydroxide, x 1 Sulfuric acid, x 1

Aqueous ammonia, x1
Barium nitrate

Silver nitrate

Litmus paper (blue and red)
Wooden splint

Lighter

Reagents

Solid P - zinc carbonate
- 1 x boiling tube, 1.5 g
- 1 x test tube, 0.49g

Solution of salt Q —iron(ll) chloride
- 1xuvial, 15cm?

Hydrogen peroxide solution
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Answers for 2025 Prelim Practical

Chemicals: P: zinc Carbonate Q. iron(li) chioride

Qn_ [ Ans Marks
1(a) | Refer to class students results.
mass of vial + calcium carbonate/g 6,15
mass of empty vial/g 4.90
mass of calcium carbonate/g 6.15-4.90 2
=1.25
Marking points —
15 gHF:aader with units -1m KIASU 7
2. Precision (2 dp) -1m Eﬁiﬂ.ﬁg vEr)raE;p Oy BHEE0031
3. Complete set of readings. -1m Ve KizSUEKBMPape-cor
4. Correct calculation of dry mass (2 d.p)-1m
(b) key sources of error Effect on results
- calcium carbonate may not be - mass of calcium carbonate
completely dry obtained will be greater than
expected
- loss of some calcium carbonate =~ - mass of calcium carbonate 2
during filtration / during transfer obtained will be lower than
into vial expected
Source of error 1m
Correct effect 1m
(c)i) | 2 NaHCOs (8) + CaCly (aq) - CaCOs (s)+ 2 NaCl'(aq) +H:O (1) + CO, (@)
NaHCOs
Mass = 2¢
M = 1.0 molfdm?
V = 15/1000 dm?
= 0.015 dm?
Mr NaHCO3:=23+1+12+(16X3)
=84
NaHCOs CaCl,
No of mol of NaHCO; =2/84 No of moles of CaCl, = M XV
=0.0238 mol - 10X0015 1
= 0.015 mol
According to equation
1 mol of CaCl, : 2 mol of NaHCOs
0.015 mol of CaCl; : 2X 0.015 mol of NaHCOs 1
= 0.03 mol of NaHCOs
Limiting reactant is NaHCO3 1
(ii) 2 mol of NaHCO; reacts to form 1 mole of CaCO;
0.0238 mol of NaHCO; reacts to form 0.0238/2 mol of CaCOs
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Mass of CaCOs (theoretical mass) = 0.0238/2 X Mr CaCOs

= 0.0119 X100 1
=1.19¢ 1
(iii) Percentage vield = Student's Actual yield (table) / theoretical yield X100%
=1.2569g/1.19g X100 1
= 104.63 % 1
= 105% (3sf - follow instructions) 1
(d)
solution initial lowest temperature change of
temperature / °C reached / °C tem perature/°C
X 30.0 22.5 7.5 4
¥ 30.0 14.0 16.0
X. ethanoic acid Y: citric acid KIASU
Headers with units -1m :ﬁ
Precision (05 OC) -1m Eﬁgcr!;lnl\e::r? \-Ea?a’;p Crly BEEBO0SY
Correct calculation of change of temperature -1m  “eesisenrareen
Identities of X and Y -1m
(Y should show a larger change in temperature as the reaction is more
endothermic)
(e) Use a lid 1
To prevent convection/ heat transfer / gainior lost from-the sumounding 1

2 Test 1
Gas
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- White ppt formed when gas bubbled through limewater (carbon dioxide 1

is formed)

Residue

- yellow when hot 1

- white when cold 1
Test 2
Effervescence / CO; produced 1
White ppt formed when gas bubbled through limewater (carbon dioxide) 1
White ppt formed, soluble in excess agueous ammonia (zinc.ions) 1
Test 3
Green ppt formed, insoluble in excess sodium hydroxide 1
Test 4
green ppt turns reddish-brown - —c 1
gas evolved relights glowing splint. KlASU "??X 1
Test 5 ExamPaper ¢ > 1
white ppt formed (chloride ions) & Ak T i |

(b) | ZnCOs;

(c) Iron(ll) chloride

(d) Oxidising agent
Green iron (1) ions are oxidised to reddish-brown brown iron(lll) ions

— e | |
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3a

Approach
Decomposition of hydrogen peroxide produces oxygen.

The effectiveness of the catalyst, thus the rate of reaction, can be determined
by either
1. measuring the time take for a fixed volume of oxygento be collected
via water displacement,

2. measuring mass of gas loss
KIASU=;

Variables ExamPaper ¢
= Chan ge the type Of Ca‘talys‘t Izlandwize Dalivary | Whatsagp Ony S3660031
vty KIS L ERDITIP apae o ol
Constants r

- same volume and concentration of hydrogen peroxide
- same mass of catalysts.

Marking points (5 out of 7 points)
1. Measure the time taken to collect a fixed volume of gas (approach) using
copper(ll) oxidef manganese(lV) oxide.

2. Variable to be fixed: same concentration and volume of H.Os.

3. Variable to be fixed: same mass of catalysts.

4. Apparatus:
Either: Collection of gas
(Gas syringe and stopwatch/ water displacement apparatus (measuring
cylinder/ burette) and stopwatch

or

Alternative method: Mass of gas lost

electronic balance and stopwatch

5. Repeat with ~the use of another catalyst, Copper (llI) oxide
/manganese(lV) oxide

6. Wash, dry and weigh the catalyst. Mass of catalyst remains unchanged.

7. Data processing
Collection of gas: The shorter the time taken, the more effective the
catalyst.
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Method 1 - measuring the time take for a fixed volume of oxygen to be
collected via water displacement,

Water displacement setup

Measuring

eylinder
,
Delivery tibe \:H ”=:| J:v
r__.l—_ i Onyren
N i : pas, O,
Conical “'.I':}'\J Y
/ \ \\‘\ : 4
Hydrogen — / b 7 \.\\\ | ~—— Hasin
peroxide, H.0 ':f\ \‘ \\ ! =
/ \ BN oj'}" = Water
Catalyst . ) iy E—an b

Alternative method - to collect volume of gas using a gas syringe is
acceptable

~ 1 -
B KIASU=

/ W ExamPaper ¢

\‘— canic. sk lslandwide Delivery “WWhatsapp Crly BEGGD0A1
\ wisee KizsUExermPapencom

Record:
1. Using 1.00 g of copper(ll) oxide as the catalyst and 100.0 cm?® of 1.0
mol/dm?® H.O- record the time taken for 50 cm® of oxygen gas to be
collected in the measuring cylinder/ gas syringe

2. Once experiment had completed, filter the reaction mixture. The
residue is copper(ll) oxide.

3. Wash the copper(ll) oxide with deionized water and dry between filter
paper. Weigh the dry copper(ll) oxide on electronic balance to find the
mass. Repeat the experiment with 1.00 g of lead(lV) oxide as the
catalyst instead.

Conclusion:
- The time taken for a 50 cm® of oxygen gas will be shorter for the
catalyst that is more effective
- The mass of catalysts should remain the same at 1.00 g.
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Method 2 - measuring mass of gas loss

cotton wool 1o prevent
liquici spray

" KIASU'=

hydrogen peroxide
—— catalys! ExamPaper

— -

|slandwide Delivery | Whatzaop Ony 88550031
vy KiasuExamFape-.com

Experimental setup for measuring lossin mass

1. Using 1.00 g of copper(ll) oxide as the catalyst and 100.0 cm?® of 1.0
mol/dm? H.O5 record the time taken for the reaction to complete
where no further change in mass is observed.

2. Once experiment had completed, filter the reaction mixture. The
residue is copper(ll) oxide.

3. Wash the copper{ll) oxide with deionized water and dry between filter
paper. Weigh the dry copper(ll) oxide on electronic balance to find the
mass. Repeat the experiment with 1.00 g of lead(lV) oxide as the
catalyst instead.

Conclusion:
- Thetime taken forthe reaction to complete will be shorter for the
catalyst that is more effective.
- The mass of catalysts should remain the same at 1.00 g.

Either
Keep in a cool place /in the refrigerator 1
Or

Keep.in a dark container
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