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1 Determine the solubility product, Ksp, of calcium iodate(V), Ca(103)2 Exa; s

Use
Calcium iodate is used in the manufacture of disinfectants, antiseptics,

and deodorants. Its solubility in water is low. When calcium iodate(V) is mixed
with water, the following equilibrium is established.

Ca(I03)2(s) = Ca?*(aq) + 21037 (aq)

The total amount of 1037(aq) in the saturated salt solution is determined using
iodometry.

Excess potassium iodide, KI, is added to an acidified solution of the filtrate,
liberating iodine.

Reaction 1 1037 (aq) + 517 (aq) + 6H*(aq) — 312(aq) + 3H20(l)

The liberated iodine is then titrated with a standard solution of sodium
thiosulfate.

Reaction 2 2S,032-(aq) + Ix(aq) — 2I-(aq) + S4062(aq)

(@) You are provided with
FA1 a saturated solution of Ca(IO3). in KIO3(aq)
FA 2 0.200 mol dm= sodium thiosulfate, Na;S203
FA 3 aqueous solution of potassium iodide, KI
FA 4 dilute sulfuric acid, H2SO4
Starch indicator

Titration of filtrate, FA 1
1. Pipette 25.0 cm?® of FA 1 into a conical flask.

2. Using a measuring cylinder, add about 10 cm?® of FA 4 to the conical
flask.

3. Using another measuring cylinder, add about 10 cm3 of FA 3 to the
conical flask.

4. Add FA 2 from the burette into the conical flask until a pale yellow
solution is obtained.

5. Add about 5 drops of starch indicator and continue adding FA 2 until
the blue-black colour just disappears.

6. Record your titration results, to an appropriate level of precision, in the
space on page 3.

7. Repeat the titration as many times as necessary until consistent
results are obtained.
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Results
Supervisor's
Student’s
Difference
1
2
3
4
(b) (i) From your titrations, obtain a suitable volume of FA 2 (Vka2) to be
used in your calculations. Show clearly how you obtained this
volume.
5
VFEA2 = o
(ii)  Use the volume of FA 2 obtained in (b)(i) to calculate the amount
of IOs(aq) present in 25.0 cm?® of FA 1.
6
amount of IOz~ presentin 25.0cm3of FA 1 = ...........ocoiiiiiiiiiin.n.
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(iii)  Calculate the concentration of I0s~(aq) in FA 1.
7
concentration of IOz (aq)inFA1=.........................
(iv)  Calculate the concentration of Ca?*(aq) in FA 1.
8
concentration of Ca?* inFA1=...............
(c) Write an expression for the solubility product, Ksp, of Ca(IO3)2 and using
your answer in parts (b)(iii) and (b)(iv), calculate a value for the Ksp of
Ca(I03)2, giving its units in your answer.
9
10
1
Ksp T i EssEsEEsEEEEsEEEEsEEEEEsEsEEsEEsEsEEsEEsEsEEsEsEEsEEsEsEEsus
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(d) Another student prepared a solution of FA 1 and performed the titration.
He obtained a value of 7.96 x 1078 for the Ksp. A literature value for this
solubility product is 6.47 x 106 at 25 °C.

You should assume that apparatus of the same precision was used in
both cases.

Suggest a possible reason for the higher value of Ksp obtained by the
student.

12
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Planning c For
The solubility of calcium iodate(V), at a particular temperature, can be defined | ~ g0
as:
the mass of calcium iodate(V) that will dissolve in and just saturate
1000 cm?3 of solvent at that temperature.
A saturated solution is one in which no more solid can dissolve at a particular
temperature. In a saturated solution with undissolved solid, the following
equilibrium is established.
Ca(I0s3)2(s) = Ca?*(aq) + 21037(aq)
Like most salts, solubility of calcium iodate(V) increases when the temperature
of the solution increases.
(e) Plan a procedure to determine the solubility of calcium iodate(V) in water.
You may assume that you are provided with:
» deionised water
 solid calcium iodate(V), Ca(I03)2
« filter funnel and filter paper
« water bath
+ thermometer
+ the apparatus and equipment normally found in a school or college
laboratory.
Your plan should include
calculation of the mass (approximate) of Ca(I1O3)2 that will dissolve
in 100 cm? of deionised water to give a saturated solution
[molar mass of Ca(IOs). = 390 g mol"; solubility of Ca(IOs)2
at 20 °C ~ 6.15 x 10~ mol dm3]
+ practical details of how you would
— prepare a saturated solution in 100 cm?® of deionised water in a
250 cm? conical flask,
— maintain the temperature of the mixture,
— separate the saturated solution from the undissolved solid,
— obtain the mass of dry solid,
— ensure that an accurate and reliable value of solubility of calcium
iodate(V) in water is obtained.
+ details of how the results would then be used to obtain the solubility
of Ca(103)2 in water at 20 °C.
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2 Determine the acid concentration and enthalpy change of neutralisation For
using calorimetry Fxaminers
When an acid is added into an alkali, an exothermic reaction takes place and the
temperature of the mixture increases. Maximum heat is given out when
stoichiometric amounts of H* and OH~ are added together.

FA 5 is an aqueous solution prepared by mixing equal volumes of y mol dm™
hydrochloric acid, HC/, and y mol dm™3 sulfuric acid, H2SOa.
FA 6 is 2.00 mol dm™ sodium hydroxide, NaOH.
In this question, you are to follow the neutralisation of known volume of FA 5,
NaOH; by measuring the highest temperature obtained as different volumes of
FA 6 are added.
By measuring the maximum temperature rise for different mixtures of the two
reagents, you are to determine the following:
» the value of y, concentration of the acids presentin FA 5
« the enthalpy change of neutralisation, AHneut, for the reaction
H*(aq) + OH7(aq) — H20(l)
(a) Procedure:
1. Fill the burette to the 0.00 cm?® mark with FA 6.
2. Place the polystyrene cup in a 250 cm?3 beaker and use a 50 cm?
measuring cylinder to transfer 25.0 cm® of FA 5 into the cup. Record
the steady temperature of FA 5 in Table 1 provided on page 10.
3. Read through the following instructions before starting the
experiment.
4. Run 3.00 cm? of FA 6 from the burette into the cup, stir the solution
carefully with the thermometer and record the maximum temperature,
Tx (where x is the total volume of FA 6 added).
5. Immediately run a further 3.00 cm?® of FA 6 from the burette into the
cup, stir and record the maximum temperature as before. Continue the
addition of FA 6, in 3.00 cm? portions, until a total of 36.00 cm?® of FA 6
have been run from the burette.
6. Record all temperatures in Table 1.
7. Fill in the units for the final column of Table 1.
8. Complete the table by calculating AT and (total volume of mixture x AT)
for each measurement.
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Table 1

Volume of | Total volume of Total volume of mixture x AT
. ) Temperature AT
FA 6 added | mixture in cup o .

/cm3 /cm3 T./°C (Tx - To)/ C /

0.00 25.0 To

3.00 28.0 Ts

6.00 31.0 Ts

9.00 34.0 Ty

12.00 37.0 T2

15.00 40.0 Tis

18.00 43.0 Tis

21.00 46.0 T2

24.00 49.0 T2

27.00 52.0 T

30.00 55.0 T30

33.00 58.0 Ts3

36.00 61.0 Ts6
21
22
23

(b) On the grid provided on the next page, plot (total volume of mixture x AT) against the
volume of FA 6 added.

Draw two straight lines through the plotted points to find the equivalence point for the
titration
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(c) Using the graph in (b), determine the volume of FA 6 added at the
equivalence point of the titration.
24
25
26
27
VFAG = o
(d) Using your results from (c),
(i) calculate the concentration of the H* ions in FA 5.
28
concentration of the H ions inFA S = ...l
(ii) Hence, determine the value of y.
29
30
31
value of yis ......c.ooiiiiiiinnn
River Valley High School Pg 12 of 20 JC 2 H2 Chemistry 9729

2021 Prelim Practical Examination



(e) (i) Using the graph in (b), calculate ATmax.
32
ATmax T i asssssassaEsaEsaEsaEsaas
(i) Hence, calculate the heat change for the reaction and the enthalpy
change of neutralisation, AHneut, for the reaction
H*(aq) + OH (aq) — H20(l)
[Assume that 4.18 J of energy is needed to raise the temperature of
1 cm? of the solution by 1 K]
33
34
Heatchange = ...........cccoooiiia
AHneut T i rsrsrsEssssasEsEsaaaas
(f) Suggest one possible modification that would minimise the error or
limitation in this thermometric titration. Explain how the suggested
modification improves the accuracy of the results.
35
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(9) On the grid provided below, plot a graph of AT against the volume of FA 6 | | 36

added. 47

Draw two best fit lines through the plotted points to find the equivalence
point for the titration. 38

ATI/°C i S

(0-0 Lt

00 50 19*0 200, 2%-0 30-0 38-0 Yoo

1€-0
Volume of FA 6 added /cm

Volume of FA 6 added at equivalence point=......................... cm?
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Briefly explain why the graph of AT against the volume of FA 6 added
before equivalence point is not drawn as a best fit straight line.

(h) The above experiment was repeated using citric acid instead of the acids
in FA 5. The AT at the equivalence point was found to be a smaller value.
Account for the difference.

39

40
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3 Qualitative Analysis For
Examiner’s

Use

Where reagents are selected for use in a test, the name or correct formula
of the element or compound must be given.

At each stage of any test you are to record details of the following:

*  colour changes seen;
+ the formation of any precipitate and its solubility in an excess of the
reagent added;
+ the formation of any gas and its identification by a suitable test.
You should indicate clearly at what stage in a test a change occurs.

Rinse and reuse test-tubes where possible.

No additional tests for ions present should be attempted.

(a) Sandell’s solution reacts in a similar way to Fehling’s reagent.

You will need to heat Sandell’s solution in a hot water bath when using it
in tests.

FA 7, FA 8 and FA 9 are all solutions of carbohydrates.

. Sugars and starch are carbohydrates.
. Some sugars contain an aldehyde group which act as reducing
agents.

. Other sugars do not contain an aldehyde group.
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For each test, use 1 cm depth of the solution in a test-tube. Record all

your observations in the table.

observations

test
FA7 FA 8

FA9

Add 2 or 3 drops of
aqueous iodine.

4

42

43

44

To prepare
acidified potassium
manganate(VII),
add 2 drops of
potassium
manganate(VII) to
a 1 cm depth of an
appropriate acid.

Add 2 or 3 drops of
acidified potassium
manganate(VII)
and shake.

Add a 3 cm depth
of Sandell’'s
solution and place
the tube in the hot
water bath for two
minutes.

(i) State the carbohydrate that could be starch.

(ii) State the carbohydrate that contains an aldehyde

Carbohydrate that contains aldehyde = ............................

(iii) Suggest a different test, other than using Fehling’s reagent, that
could be carried out to identify the presence of an aldehyde group.

State the reagent(s) you would use and the expected observation if

the result were positive. Do not carry out your test.

45

reagent(s)

46

observation

47
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(b) FA 10 and FA 11 are two of the components of Sandell’s solution. Each
contains one cation and one anion. For each test, use 1 cm depth of the

solution in a test-tube

(i)

(ii)

(iii)

River Valley High School

observations

test

FA 10

FA 11

Add a few drops of
aqueous silver
nitrate.

Add a few drops of
aqueous barium
nitrate, then dilute
nitric acid.

48

49

50

51

Add a few drops of
aqueous iodine.

Add a 1 cm depth of
aqueous iron(II)
sulfate.

Add a 1 cm depth of
FA 11.

|dentify the ions in FA 10 and FA 11. If you are unable to identify any

of the ions, write ‘unknown’.

FA 10

FA 11

52

cation

53

anion

Suggest a simple chemical test that could be carried out to identify
the presence of the anion in FA 11. Do not carry out your test.

test

observation

54

55
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9729 H2 CHEMISTRY (2017)

9 AQualitative Analysis Notes
[ppt. = precipitate]

9(a) Reactions of aqueous cations

reaction with

cation
NaOH(aq)
aluminium, white ppt. white ppt.
AF*(aq) soluble in excess insoluble in excess
amnjonium, ammonia produced on heating -
NH," (aq)
barium, no ppt. no oot
Ba2+(aq) (if reagents are pure) PpL
calcium, white. ppt. with high
Ca2+(aq) [C a2 (aq)] no ppt.

chromium(III),

grey-green ppt.
soluble in excess

grey-green ppt.

3+ ; .

Cr(aq) giving dark green solution insoluble in excess
blue ppt.

COBE’er(H)’ pale blue _ppt. solubFI)g in excess
Cu”'(aq), insoluble in excess giving dark blue solution
iron(II) green ppt., turning brown on green ppt., turning brown on

2+, contact with air contact with air
Fe™(aq) : . . :

insoluble in excess insoluble in excess

iron(I1I), red-brown ppt. red-brown ppt.
Fe*(aq) insoluble in excess insoluble in excess

ma%nesium,
Mg™ (aq)

white ppt.
insoluble in excess

white ppt.
insoluble in excess

off-white ppt., rapidly turning

off-white ppt., rapidly turning

mﬁgg(;:n;ase(ll), brown on contact with air brown on contact with air
q insoluble in excess insoluble in excess

zinc, white ppt. white ppt.

Zn*(aq) soluble in excess soluble in excess
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9(b) Reactions of anions

anion reaction

carbzo_nate, CO;, liberated by dilute acids
CO3
chloride, . . . + .
Cl(aq) gives white ppt. with Ag'(aq) (soluble in NH3(aq))
tl_;,rr?(n;l}d)e’ gives pale cream ppt. with Ag*(aq) (partially soluble in NH;(aq))
'19?;2?‘ gives yellow ppt. with Ag*(aq) (insoluble in NHs(aq))
a'gjfe('aq) NH; liberated on heating with OH™(aq) and Al foil

itrit NHj; liberated on heating with OH™(aq) and Al foil;
m(;' ?'(a ) NO liberated by dilute acids

2 (aq (colourless NO — (pale) brown NO, in air)

sulfe;t_e, gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids)
SO,” (aq)
sulfite, SO, liberated with dilute acids;
S0,% (aq) gives white ppt. with Ba2+(aq) (soluble in dilute strong acids)

9(c) Tests for gases

gas

ammonia, NH3

test and test result

turns damp red litmus paper blue

carbon dioxide, CO,

gives a white ppt. with limewater
(ppt. dissolves with excess CO,)

chlorine, Cb

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

9(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, Brs, reddish brown gas / liquid orange orange-red
iodine, I, black solid / purple gas brown purple

River Valley High School

Pg 20 of 20

2021 Prelim Practical Examination

JC 2 H2 Chemistry 9729



