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Answer all the questions in the spaces provided.

1 Investigation of inorganic and organic compounds

(@) FA 1is an aqueous solution containing two cations.

FA 2 is an aqueous solution containing one anion.

You will perform tests to identify
o the two cations present in FA 1
o the anion present in FA 2.

(i) Carry out the following tests. Carefully record your observations in Table 1.1.

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

Test and identify any gases evolved.

If there is no observable change, write no observable change.

Table 1.1

tests

observations

Test FA 1 with Universal Indicator
paper.

Add 1 cm depth of FA 1 into a test-tube.

Add aqueous sodium hydroxide, slowly
with shaking, until no further change is
seen.

Filter the mixture into a clean test-tube.

To the filtrate, add dilute nitric acid
drop-wise until in excess.

Add 1 cm depth of FA 2 into a test-tube.

Add 1 cm depth of dilute nitric acid.

© Raffles Institution 2025
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(ii) Use your observations in Table 1.1 to identify the two cations in FA 1 and the anion

in FA 2 and state the evidence of each by completing Table 1.2.

Table 1.2
identity evidence
cationin FA 1
cationin FA 1
anion in FA 2
(3]
© Raffles Institution 2025 9729/04/A/25 [Turn Over
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(b) FA 3 and FA 4 are aqueous solutions of two organic compounds Y and Z respectively.
Both Y and Z contain only two carbon atoms.

You will perform some of the tests described in Table 1.3. You will then deduce the
identities of Y and Z present in FA 3 and FA 4 respectively.

In addition to having access to the usual bench reagents, you are also provided with the

following:
o magnesium turnings
o iodine solution

Perform the tests described in Table 1.3. Some of the observations have been completed
for you. There is no need to carry out these tests. Record your observations in Table 1.3.

Test and identify any gases evolved.

If there is no observable change, write no observable change.

Table 1.3
tests observations with observations with
FA3 FA 4
(i) |Add 1 cm depth of FA 3 to a

test-tube.

Add all of the magnesium turnings no observable
provided in the vial to this change
test-tube.

(ii) | Add about 1 cm depth of FA
solution to a test-tube. To this
test-tube, add 8 drops of
sodium hydroxide solution
followed by iodine solution,
dropwise, untii a permanent
orange/red colour is present.

(iii) | Add 1 cm depth of aqueous
silver nitrate to a test-tube. Then
slowly add 1 cm depth of aqueous
sodium hydroxide.

Add aqueous ammonia slowly,
with shaking, until the precipitate
just dissolves. You may use a
clean glass rod to stir the mixture
and help dissolve the precipitate.

Add 1 cm depth of FA 4 to this no observable
mixture, shake the tube and place change
it in the test-tube rack to stand.

[4]
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(iv) Using your observations in Table 1.3, complete Table 1.4 with the identities of
Y and Z in FA 3 and FA 4 respectively.

© Raffles Institution 2025
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2 Determination of enthalpy change of reaction for some acid-base reactions

FA 5 is 0.60 mol dm~ sodium hydrogencarbonate, NaHCOs.
FA 6 is aqueous sodium hydroxide, NaOH, of unknown concentration.
This experiment involves two different acid-base reactions.

The reaction between sodium hydrogencarbonate, FA 5, and sodium hydroxide, FA 6 is
shown.

reaction 1 NaHCOs(aq) + NaOH(aq) —— Na>xCOs(aq) + H20(1) AH;

The molar enthalpy change for reaction 1, AHs, is the enthalpy change when 1.00 mol of
NaHCOs; reacts completely with NaOH.

In this experiment, you will perform a thermometric titration to determine the equivalence point
for the reaction of FA 5 and FA 6, where maximum heat is evolved, without the use of an
indicator.

You will follow the reaction by measuring the temperature as volumes of FA 6 are added in
regular portions from a burette to a fixed volume of FA 5 placed in a polystyrene cup.

The data obtained will allow you to determine the temperature change. Then, you will analyse
your results graphically in order to determine the equivalence point of the reaction.

(a) Determination of the enthalpy change of reaction between FA 5 and FA 6

Prepare a table in the space provided on page 8 and record, to the appropriate level of
precision:

o all volumes of FA 6 added, Vrase

o total volume of solution in the cup, Viotal

+ the maximum temperature, T, reached after each addition of base, FA 6.

It is important that the volume of FA 6 recorded is the total volume you have added up to
the point when the temperature reading was made.

Note: If you overshoot on an addition, record the actual total volume of FA 6 added up to
that point.

In the same table, you also need to calculate the corresponding values of:
e AT =T —To, where Ty is the initial temperature of FA 5
e (Viota X AT) to 3 significant figures.

© Raffles Institution 2025 9729/04/A/25 [Turn Over



Procedure

1. Fill the burette labelled FA 6 to the 0.00 cm?® mark with FA 6.

2. Place a polystyrene cup inside a second polystyrene cup and place both cups in
a 250 cm?® glass beaker.

3. Use a measuring cylinder to transfer 40.0 cm? of FA 5 into the first cup.

4. Measure and record the initial temperature of FA 5, To.

5. Run 5.00 cm? of FA 6 from the burette into the cup and stir the solution gently with
the thermometer. Record both the maximum temperature and the actual total

volume of FA 6 added.

6. Immediately run a further 5.00 cm?® of FA 6 from the burette into the cup, stir and
record the maximum temperature as before.

7. Continue the addition of FA 6 in 5.00 cm?® portions until a total of 45.00 cm?® of
FA 6 has been added. For each addition of FA 6, record both the maximum
temperature and the actual total volume of FA 6 added up to that point.

Results

[3]
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(b) (i) Plot a graph of (Vi X AT), on the y-axis, against total volume of FA 6 added,
VEa s, 0N the x-axis.

Draw two best-fit lines, taking into account the points when (Viota * AT) was rising
and the points when (Viota X AT) was falling.

Extrapolate both lines until they intersect to determine the:

e equivalence point of the reaction, Veq
o maximum value of (Vieta X AT).

© Raffles Institution 2025 9729/04/A/25 [Turn Over
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(ii) Calculate the concentration of NaOH in FA 6.

concentration of NaOHInFA 6= ...l [1

(iii) Using your answer in (b)(i), calculate the heat change, q, for your experiment in (a)
and hence calculate the molar enthalpy change for reaction 1, AH..

You should assume that the specific heat capacity of the solution is 4.18 J g' K™,
and that the density of the solution is 1.0 g cm3.

(iv) A student plotted a graph of T against total volume of FA 6 added and the graph
obtained is shown in Fig 2.1.

T/°C A

»
»

total volume of FA 6 added / cm?

Fig 2.1
Explain why plotting the graph of (Vi * AT) against total volume of FA 6 added in

(b)(i) yields a more accurate result for the equivalence point compared to the graph
in Fig 2.1.

© Raffles Institution 2025 9729/04/A/25
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(c) The reaction between sodium hydrogencarbonate and hydrochloric acid

The acid—base reaction between sodium hydrogencarbonate, NaHCOs; and
hydrochloric acid, HC! is shown.

reaction 2 NaHCOs(aq) + HCl(aq) —— NaCl(aq) + H20(l) + CO(g) AH> >0

A student carried out an experiment to determine the molar enthalpy change for
reaction 2, AHz, by mixing 40.0 cm® of 0.60 mol dm= NaHCO; with 50.0 cm?® of
1.00 mol dm~= HC/. HCl/ is in excess.

The data collected for this experiment is recorded in Table 2.1.

Table 2.1
initial temperature of NaHCO3 / °C 28.6
initial temperature of HC// °C 28.9
lowest temperature of mixture/ °C 26.2

(i) The weighted average initial temperature, Taverage, Of two solutions of different
temperatures may be calculated using the formula below.

- (Vg xTy)+ (Vo xTy)
average — (V1 + V2)

Calculate the Taverage for this experiment.

Taverage s [1 ]

(ii) Hence, calculate the molar enthalpy change for reaction 2, AH.

You should assume that the specific heat capacity of the solution is 4.18 J g~' K™,
and that the density of the solution is 1.0 g cm™3.

© Raffles Institution 2025 9729/04/A/25 [Turn Over
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(d) Planning
reaction 2 NaHCOs(aq) + HC/(aq) —— NaCl(aq) + H20(l) + CO2(g) AH2>0

The molar enthalpy change for reaction 2, AH,, may be determined more accurately by
taking temperature measurements at regular time intervals and analysing the results
graphically. The maximum temperature change, ATmax, Obtained from the graph can be
used to calculate the heat change, q, for the experiment. By using q, another value for
AH> may be determined.

An outline of the experimental procedure proposed is given.

e Measure Y cm?® of 2.00 mol dm= HC/ solution using a measuring cylinder. HC/ is in
excess.

e Use an analytical balance, weigh accurately about 5.0 g of solid NaHCOsin a weighing
bottle.

e Transfer and dissolve the weighed NaHCQOg3 in 50.0 cm? of water contained in a
polystyrene cup. Place the lid on.

¢ Record the temperature at time = 0 min. Start timing using the stopwatch.

e Record the temperature of the NaHCO; solution at time = 1 min and
time = 2 min.

e At exactly 2.5 min, transfer the Y cm?® HC/ solution into the polystyrene cup. Place the
lid on and stir the solution.

e Record the temperature of the solution at every 1-minute interval until
time = 9 min.

¢ Reweigh the weighing bottle.

(i) Y cm?®is the volume of 2.00 mol dm=3 HC/ solution used in the experiment.
Suggest a suitable value for Y.

[M:: NaHCOs3, 84.1]

© Raffles Institution 2025 9729/04/A/25
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(ii) Sketch, on Fig. 2.2, the graph you would expect to obtain using the measurements
made in (d) and label on the graph the maximum temperature change, A Tmax.

temperature / °C
A

» time / min
Fig. 2.2

[2]

(iii) Explain why the graphical method is likely to give a more accurate value of ATmax
than the method used in (c).

2.5 min.

[Total: 19]
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3 Standardisation of sodium hydroxide

Sodium hydroxide pellets cannot be obtained pure as they absorb moisture and carbon dioxide
from the air. Hence, sodium hydroxide solutions are always standardised before use to
determine its exact concentration.

Potassium hydrogen phthalate, KHCsH4O4, is an organic acid of high purity that is used to
standardise sodium hydroxide solutions. The M, of KHCgH4O4 is 204.2.

FA 8 is an aqueous solution of 8.15 g dm™ KHCgH4O..
FA 6 is agueous sodium hydroxide, NaOH, which you used in Question 2.

You are to dilute a sample of FA 6 and titrate FA 8 with this diluted solution to find the
concentration of NaOH in FA 6.

Solution I is thymolphthalein.

(@) (i) Dilution of FA 6

1. Refill the burette labelled FA 6 you used in 2(a) with FA 6.

2. Transfer between 12.00 and 13.00 cm? of FA 6 into a 250 cm? volumetric flask.
Record the volume of FA 6 used in an appropriate format in the space provided
on page 15.

3. Make the solution up to the mark with deionised water and shake well to mix.
Label this solution FA 7.

Titration of FA 8 against FA 7
4. Fill a clean burette with FA 7.
5. Use a pipette to transfer 25.0 cm? of FA 8 into a 250 cm? conical flask.

6. Add a few drops of solution I into the conical flask. Replace the cap on the
container of I after use.

7. Titrate the solution in the conical flask with FA 7. The end-point is reached when
the solution changes from colourless to a permanent pale blue colour.

8. Record your titration results, to an appropriate level of precision, in the space
provided on page 15.

9. Repeat steps 5 to 8 until consistent results are obtained.

© Raffles Institution 2025 9729/04/A/25
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Dilution of FA 6

Titration results

[6]

(ii) From your titration results, obtain a suitable volume of FA 7 to be used in your
calculation. Show clearly how you obtained this volume.

volume of FA7 = ..cocoooiiieeeeeeee. cm?®[1]

(b) (i) The equation for the reaction in the titration is shown.
HCgH4O4~ + NaOH —— CgH404% + Na* + H.O

Calculate the concentration of NaOH in FA 7 in mol dm™3.

concentration of NaOHIN FA7 = ..., mol dm™ [3]

© Raffles Institution 2025 9729/04/A/25 [Turn Over
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(ii) Hence, calculate the concentration of NaOH in FA 6.

concentration of NaOHINFA 6= ..., mol dm™ [1]

() (i) The concentration of NaOH in FA 6 was determined using the equivalence volumes
of the two titration methods in Questions 2 and 3.

Calculate the difference between the value you obtained from 2(b)(ii) and the value
from 3(b)(ii), as a percentage of the concentration of NaOH in FA 6 from
Question 3. This is the percentage error.

If you were unable to calculate a value for 2(b)(ii), you should use 1.50 mol dm™.
This is not the correct answer.

percentage error = .......cccoeeeeeeiieiiiiiiineeeenn, % [1]

(ii) In Question 2, the equivalence volume, Ve, determined by thermometric titration
was used to calculate the concentration of NaOH in FA 6. Suggest why the
volumetric titration method in Question 3 gives a more accurate equivalence volume
for this calculation.

[Total: 13]
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4 Planning

Chlorate(V), CIOs-, reacts with chloride, CI-.
2CIOs(aq) + 2CI(aq) + 4H*(aq) —— Clz(g) + 2C/O2(aq) + 2H.0(I)

The order of reaction with respect to C/Os~ may be confirmed to be first order by preparing a
reaction mixture containing sodium chlorate(V), sodium chloride and sulfuric acid.

At timed intervals, portions of the reaction mixture are removed, quenched in an
ice bath and then placed into the UV-vis spectrometer to record its absorbance value. The
absorbance value is directly proportional to the concentration of the product C/O».

You should plan to make a 90 cm? reaction mixture containing
« 30 cm? of 0.400 mol dm™ dilute sulfuric acid, H2SOs,

e 30 cm? of 0.100 mol dm™ aqueous sodium chloride, NaC/,
« 30 cm? of 0.00144 mol dm™ aqueous sodium chlorate(V), NaC/Os.

(a) Beer-Lambert’s Law states that the absorbance value, A, is directly proportional to the
concentration of absorbing species, c, as shown below.

A=¢ect

where ¢ is a constant and { is the path length, which is usually 1.0 cm. Absorbance has
no units.

This equation can be used to calculate the absorbance value when the maximum amount
of CIO, is formed from the above chlorate(V)-chloride reaction.

Calculate the concentration of NaC/Osin the 90 cm? reaction mixture and hence calculate
the maximum absorbance value in the above experiment, given that ¢ of CIO; is
1250 mol~* dm?3 cm™.

[2]

© Raffles Institution 2025 9729/04/A/25
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(b) Plan a procedure to collect sufficient data to allow a graph of absorbance against time to
be drawn.

You may assume that you are also provided with:

* ice bath,
»  UV-vis spectrometer,
* the equipment normally found in a school or college laboratory.

In your plan you should include brief details of:

» the preparation of the reaction mixture,
» the apparatus you would use,

» the procedure you would follow,

» the measurements you would make.

In your plan it is not necessary to refer to concentrations or to perform calculations.

© Raffles Institution 2025 9729/04/A/25 [Turn Over
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(c) Fig. 4.1 shows the graph you would expect to obtain.

Show clearly on the graph how you would confirm the reaction is first order with respect

to CZOa_.
absorbanceA
0 - time

[Total: 9]
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Qualitative Analysis notes

[ppt. = precipitate]

(a) Reactions of aqueous cations

reaction with

cation
NaOH(aq) NHs(aq)

aluminium, white ppt. white ppt.
AP*(aq) soluble in excess insoluble in excess
ammonium

’ ammonia produced on heatin -
NHs*(aq) P 9
barium, no ppt. (if reagents are pure) no ppt
calcium, , s 24
Ca?(aq) white ppt. with high [Ca“*(aq)] no ppt.

chromium(III),

grey-green ppt.
soluble in excess

grey-green ppt.

3* insoluble i
Cri(aa) giving dark green solution insoluble in excess
blue-ppt.
I le bl t. .
ag?(zr() ’ iF:lasslublIJ: i?wpexcess soluble in excess
9 giving dark blue solution
iron(11) green ppt., turning brown on contact green ppt., turning brown on contact
Fe?*(a ’) with air with air
g insoluble in excess insoluble in excess
iron(I1I), red-brown ppt. red-brown ppt.
Fe®(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg?*(aq) insoluble in excess insoluble in excess
manganese(Il) off-white Ppt., .rapidly turning brown on | off-white ppt., _rapidly turning brown on
4 contact with air contact with air
Mn?*(aq) . . . .
insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?(aq) soluble in excess soluble in excess

© Raffles Institution 2025
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(b) Reactions of anions

anion reaction

carbonate, . , .
CO~ CO: liberated by dilute acids
chioride, ives white ppt. with Ag*(aq) (soluble in NHs(aq))
I;rrc_)(r;ll]d)e, gives pale cream ppt. with Ag*(aq) (partially soluble in NHs(aq))
iodide, . . . . :
I(aq) gives yellow ppt. with Ag*(aq) (insoluble in NH3(aq))
R;g?f?éq) NHj; liberated on heating with OH~(aq) and A/ foil
nitrite NHjs liberated on heating with OH~(aq) and A/ foil;
NO ‘(’a ) NO liberated by dilute acids

2{aq (colourless NO — (pale) brown NO in air)
sulfate, ives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
SO42‘(aq) g ppt. q g
sulfite, SO liberated on warming with dilute acids;
S0s%(aq) gives white ppt. with Ba?*(aq) (soluble in dilute strong acids)

(c) Tests for gases

gas

test and test result

ammonia, NHs;

turns damp red litmus paper blue

carbon dioxide, CO;

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

chlorine, Cl»

bleaches damp litmus paper

hydrogen, H-

“pops” with a lighted splint

oxygen, Oz

relights a glowing splint

sulfur dioxide, SO,

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

(d) Colour of halogens
halogen colour of element colour in aqueous solution | colour in hexane
chlorine, Cl, greenish yellow gas pale yellow pale yellow
bromine, Br. reddish brown gas / liquid orange orange-red
iodine, I» black solid / purple gas brown purple
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