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1 Determination of the total concentration of ethanedioate ions with sodium hydroxide
and potassium manganate(VII)

@)

© ACJC 2021

Procedure

FA 1 is an aqueous mixture of ethanedioic acid, H.C,04, and sodium ethanedioate,
NazCz04

FA 2 is 0.100 mol dm~3 sodium hydroxide, NaOH

FA 3 is 0.0200 mol dm= potassium manganate(VII), KMnO4

You are advised to read parts (a)(i) and (a)(ii) before starting practical work and to
carry out a ROUGH titration until the relevant colour change is seen in each part of
the titration.

(i) Determine by titration, with sodium hydroxide, the concentration, in
mol dm=3, of the ethanedioic acid in FA 1.

¢ Fill the burette with FA 2.

e Pipette 25.0 cm?® of FA 1 into a conical flask and add to the flask a few drops
of thymol blue indicator.

¢ Run FA 2 from the burette into the conical flask until the solution turns green
(just before it turns blue).

¢ Repeat the titration as many times as necessary to provide reliable results.

e Tabulate your titration results in the space provided.

(i) Determine by titration, with potassium manganate(VIl), the total
concentration, in mol dm=3, of ethanedioate ions in FA 1.

¢ Fill the second burette with FA 3.
e Pipette 25.0 cm?® of FA 1 into a conical flask. Use the measuring cylinder
provided to add to the flask 25 cm? of 1 mol dm= sulfuric acid, 10 cm? of
0.01 mol dm~2 manganese(ll) sulfate and 40 cm? of distilled water.
e Put the thermometer in the conical flask and heat the solution until the
temperature is just over 65 °C.
e Carefully remove the thermometer and place the hot flask under the burette.
e If the neck of the flask is too hot to hold safely, use a folded paper towel to
hold the flask. Run in 1 cm? of FA 3 and swirl the flask until the colour of the
potassium manganate(VIl) has disappeared then continue the titration as
normal until a permanent pale pink colour is obtained. This is the end-point.
- If a brown colour appears during titration, reheat the flask to 65°C.
The brown colour should disappear and the titration can be completed
as above.

- If the brown colour does not disappear on reheating, discard the
solution and start the titration again.

e Repeat the titration as many times as necessary to provide reliable results.

e Tabulate your titration results in the space provided.
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(b) Results

(i) Tabulate your titration results from (a)(i).
Make certain your recorded results show the precision of your practical work.

(i) From your titration results in (b)(i), obtain a suitable volume of FA 2, Vea 2, to be
used in your calculations. Show clearly how you obtained this volume.

(iii) Tabulate your titration results from (a)(ii).
Make certain your recorded results show the precision of your practical work.

(iv) From your titration results in (b)(iii), obtain a suitable volume of FA 3, Vea 3, to
be used in your calculations. Show clearly how you obtained this volume.
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(c) Calculations

(i) Calculate the amount of NaOH used in (a)(i).

amount of NaOH = ... [1]
(ii) Use the titration data from (a)(i) to calculate the concentration, in mol dm=3, of

H,C,04 in FA 1.
H>C>04 + 2NaOH — Na>C->04 + 2H,0

[H2C204] iN FAL = oo [1]

(iii) Calculate the amount of KMnO,4 added from the burette in (a)(ii).

amount of KMNO4 = ... [1]

(iv) Use titration data from (a)(ii) to calculate the total concentration, in mol dm=3, of
C,04* ions in FA 1.

MnO4 + 8H* + 5e~ — Mn?* + 4H,0
C2042_ — 2C0O;, + 2e

[C2042_] INFAL = [1]

© ACJC 2021 9729/04/Prelim/2021 [Turn over



© ACJC 2021

5

(v) Use your answers to (c)(ii) and (c)(iv) to calculate the concentration, in g dm=3,

for each of the following:
[M; of H2C204 = 90.0 ; M, of Na2C204 = 134.0]

[ ] H2C204

[H2C204] in FAL1 =

o N8.2C204

[N82C204] in FAl1 =
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(d) In a kinetics experiment, 50 cm? of ethanedioic acid with 10 cm? of sulfuric acid and
40 cm? of deionised water were added in a 250 cm? conical flask. 25 cm? of potassium
manganate(VII) solution was added to the conical flask and the start time recorded.

Small aliquots from the mixture were drawn and added to a conical flask containing
potassium iodide at regular time intervals. The conical flask was then titrated with
aqueous sodium thiosulfate from a burette.

The diagram shows the sketch for the graph of volume of sodium thiosulfate against
time for the experiment.

volume of Na;S,03
Iy

Time
Describe and explain any unusual features in the graph.

[Total: 15]
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2 Determination of the concentration of an acid and the enthalpy change of
neutralisation, AHneu

FA 4 is a solution of sulfuric acid, H.SO4, of unknown concentration
FA 5 is 1.50 mol dm= sodium hydroxide, NaOH

The enthalpy change of neutralisation is the heat evolved when one mole of water is formed
during a neutralisation reaction as shown in the equation below.

H*(aq) + OH (ag) — H20(l)

You will perform a series of experiments using different volumes of FA 4 and FA 5 to
determine the temperature change for each reaction. The maximum amount of heat is
evolved when all the acid present is exactly neutralised by all the alkali present.

You will then analyse the results graphically to determine the equivalence point of the reaction
and hence calculate the concentration of FA 4 and the value of the enthalpy change of

neutralisation, AHneu.

In an appropriate format in the space provided on the next page, prepare a table in which to
record the data for each experiment to an appropriate level of precision:

¢ all measurements of volumes used,

o all values of temperatures measured and the change in temperature.

For each experiment, you will calculate and record the weighted average initial temperature,
Tavg, before the reaction occurs when the two solutions are mixed, corrected to 1 decimal
place. The formula for Taygis given below.

_ (volume FA4 x initial temperature of FA4) + (volume FAS x initial temperature FAS)
avg total volume of reaction mixture

The change in temperature, AT, is thus obtained by subtracting the maximum temperature
reached, Tmax, With Tayg.

State clearly the units of each parameter on the header of the column.
Procedure

1. Place a clean and dry polystyrene cup inside a second polystyrene cup, which is
supported in a 250 cm? glass beaker to prevent the cups from tipping over.

2. Fill the burette with FA 4 and transfer 10.00 cm? of FA 4 into the polystyrene cup.

3. Measure the initial temperature of FA 4 in the polystyrene cup using the thermometer.
Tilt the cup if necessary to ensure that the bulb of the thermometer is fully immersed.
Record this temperature as Teaa.

4. Wash and dry the thermometer.

5. Measure 40.0 cm® of FA 5 using a measuring cylinder.
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6. Measure the initial temperature of FA 5 in the measuring cylinder using the
thermometer. Record this temperature as Tras.

7. Transfer the FA 5 in the measuring cylinder into the polystyrene cup.

8. Stir the reaction mixture in the polystyrene cup using the thermometer. Measure and
record the maximum temperature reached, Tmax-

9. Rinse and dry the polystyrene cup and the thermometer.
10. Repeat steps 1 to 9 using 15.00 cm?, 20.00 cm?, 25.00 cm?, 30.00 cm?® and 35.00 cm?
of FA 4 and appropriate volumes of FA 5 each time, ensuring that the total volume of

the reaction mixture is 50 cm?.

@ Results

[3]
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(i)  Using the data obtained in (a)(i), plot a graph of AT against volumes of FA 4
added.

Draw two straight lines of best-fit for the ascending and descending points
respectively. Extrapolate both lines until they intersect to determine the:

e equivalence point of the reaction, Veq,

e temperature change at equivalence point, ATeq.
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(b)

(c)

(d)

10

) Calculate the amount of sulfuric acid in FA 4 that reacted with sodium hydroxide
in FA 5 at the equivalence point.

amount of HoSOsreacted = ..., [2]

(ii)  Hence, calculate the concentration of sulfuric acid in FA 4.

[HoSO4 INFA 4 = e, [1]
Calculate the enthalpy change of neutralisation, AHne..

Assume that the specific heat capacity of the reaction mixture is 4.18 J g K* and its
density is 1.00 g cm=3,

A student proposed to start the experiment using 5.00 cm? instead of 10.00 cm? of
FA 4 in the polystyrene cup.

Suggest a reason why this is not recommended.
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(e) Explain whether replacing FA 4 with ethanedioic acid, a weak dibasic acid, of equal
concentration would have any effect on the:
e equivalence point of the reaction, Veq,
e temperature change at equivalence point, ATeq.

effeCt ON Veq «.vvveveieiiiiiiiiiiiineane

explanation

effect ON ATeq «vvveveieiiiiiiiiiieeees

explanation

(f)  Planning

FA 4 is a solution of sulfuric acid, H.SO4, of unknown concentration
FA 5 is 1.50 mol dm= sodium hydroxide, NaOH

Another experiment that can be performed to determine the concentration of FA 4 and
the enthalpy change of neutralisation is thermometric titration, which makes use of
temperature change instead of colour change conferred by an indicator.

The reaction is followed by measuring the temperature of the reaction mixture as
portions of FA 4 are progressively added to a fixed volume of FA 5. The equivalence
point and the maximum temperature change can then be determined graphically.

0] Write a plan for the thermometric titration of 25 cm?® of FA 5 with FA 4.

You are provided with:
e 50cm?dof FA 4,
e 50cm?of FA5,
e polystyrene cups,
¢ any other equipment normally found in a school or college laboratory.

In your plan, you should include details of:
e the apparatus you would use,
e the procedure you would follow,
¢ the measurements you would make.
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(i) A graph of temperature change against total volume of FA 4 added can possibly
be plotted. In this case, two best-fit curves can be drawn to determine the
equivalence point and the maximum temperature change.

On the axes below, sketch the graph you would expect to obtain from the
experimental data. Explain the shape of your graph.

AT /°C a

v

total volume of FA 4 added /cm?3

[Total: 23]
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Inorganic Analysis

In this question you will deduce the identities of three cations and one anion.

FA 6 is a mixture containing four cations and one anion. One of the cations is
dioxovanadium(V), VO_". It is the only species responsible for colour in FA 6 and can be
assumed to remain soluble during the various tests in this question.

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

following:
e magnesium turnings,
e barium chloride solution.

(a) Perform the tests described in Table 3.1, and record your observations in the table.
Test and identify any gases evolved. If there is no observable change, write

no observable change.

Unless otherwise stated, use a fresh sample of FA 6 in each test.

Table 3.1

tests

observations

Add about 1 cm depth of FA 6 to a test-tube.
Add, using the tip of a spatula, a small portion

of magnesium turnings to this test-tube.

Observe the mixture until no further changes
are seen.

Whi

le you are waiting, continue with test 2.

Add about 2 cm depth of FA 6 to a boiling tube.

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

Gently heat the boiling tube, taking care to
avoid sputtering, until no further changes are
seen.

Leave the solution to cool and add aqueous
barium chloride.

Add about 1 cm depth of FA 6 to a test-tube.

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

© ACJC 2021
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(b) Complete Table 3.2 with the identities of the other three cations deduced in FA 6.

Give evidence from the observations in Table 3.1 to support your conclusions.

Table 3.2

identity

evidence

[3]

(c) Thefinal observation in test 2 in Table 3.1 would have helped you conclude the identity

of the anion in FA 6.

(i) Use the Qualitative Analysis Notes on pages 19-20 to deduce the anion in

FA 6.

© ACJC 2021
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(d) Vanadium is a transition metal exhibiting various oxidation states of +2, +3, +4 and +5.
Each of these states have species giving different colours in the aqueous medium.
Table 3.3 gives the species and their associated colours.

Table 3.3

species Vv2* V3 vO?* VO,*/VO3~ VO

colour violet green blue yellow colourless

Table 3.4 gives some standard electrode potential values involving magnesium,
vanadium and their ions.

Table 3.4
electrode reaction E°/V
Mg?*(aq) +2e- =  Mg(s) -2.38
V*(@g) +2e- = V(s) -1.20
V¥(@g)+e = Vaq) -0.26
VO?'(aq) + 2H*(aq) + e~ =  V3'(aq) + H20(l) +0.34
VO,*(aq) + 2H'(aq) +e- = VO?(aq) + H.O(l) +1.00
VOs(aq) + 4H*(aq) +e= =  VO?(aq) + 2H.0(l) +1.00

Consider your observations when magnesium turnings were added to FA 6 in test 1 in
Table 3.1 and the information in Tables 3.3 and 3.4.

(i) Write an overall equation for the reaction that occurred between magnesium and

vanadium species when you added magnesium turnings to FA 6 in test 1 in
Table 3.1.

(i) Based on the standard electrode potential values given in Table 3.4, predict the
expected final colour of the solution in test 1 in Table 3.1 and state if your
observations agree or do not agree with the prediction.

Provide a reason for your observations.

© ACJC 2021 9729/04/Prelim/2021 [Turn over



17

Consider your observations when the boiling tube was heated in test 2 in Table 3.1 and
the information in Table 3.3.

(iii) State the observation that is related to information given in Table 3.3 and write
an equation for the reaction that occurred.

Explain the need for heat to bring about the change observed.

[Total: 17]
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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.
APF*(aq) soluble in excess insoluble in excess
ammonium, ammonia produced on heating -
NH4*(aq)
barium, no ppt. (if reagents are pure) no ppt
Ba?*(aq) ' '
calcium, : s ot
Ca?*(aq) white ppt. with high [Ca*(aq)] no ppt.

chromium(lll),

grey-green ppt.
soluble in excess

grey-green ppt.

3+ h .
Cr*(aq) giving dark green solution insoluble in excess
blue ppt.
copper(ll), ale blue ppt. .
Cueg(acg) : Fnsoluble i?]pexcess S(.)I.Uble In excess -
giving dark blue solution
: green ppt. turning brown on green ppt. turning brown on
iron(Il), L o
Fe?*(aq) contact W!'[h air contact W!th air
insoluble in excess insoluble in excess
iron(l11), 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(ll),

off-white ppt. rapidly turning brown
on contact with air

off-white ppt. rapidly turning brown
on contact with air

2+
Mn*(aq) insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?*(aq) soluble in excess soluble in excess
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(b) Reactions of anions

anion reaction
carbonate, , . .
CO2 COg; liberated by dilute acids
g;lo(g%? gives white ppt. with Ag*(aq) (soluble in NHz(aq))
grﬁggf’ gives pale cream ppt. with Ag*(aq) (partially soluble in NHs(aq))
:E)(J(I;jqe), gives yellow ppt. with Ag*(aq) (insoluble in NHs(aq))
nitrate, . . ) _ ,
NOs~ (aq) NHz liberated on heating with OH~(aq) and Al foil
nitrite NH;s liberated on heating with OH~(aqg) and Al foil;
NO.- 1(a ) NO liberated by dilute acids
2 aq (colourless NO — (pale) brown NO: in air)
S“”%fe’ gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
SO+~ (aq)
sulfite, SO, liberated on warming with dilute acids;
S03:2% (aq) gives white ppt. with Ba?*(aq) (soluble in dilute strong acids)

(c) Tests for gases

gas

test and test result

ammonia, NHsz

turns damp red litmus paper blue

carbon dioxide, CO;

gives a white ppt. with limewater
(ppt. dissolves with excess CO2)

chlorine, Cl,

bleaches damp litmus paper

hydrogen, H;

“pops” with a lighted splint

oxygen, O

relights a glowing splint

sulfur dioxide, SO

turns aqueous acidified potassium manganate(VII) 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, 1> black solid / purple gas brown purple
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