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Answer all the questions in the spaces provided.

1 Determination of the solubility product of calcium iodate

Calcium iodate, Ca(I0s),, is a sparingly soluble salt and can dissociate in water according
to the following equation.

equation 1 Ca(I03)2(s) < Ca?*(aq) + 2105 (aq)

In this experiment you will determine the solubility product of calcium iodate, Ca(IO3),.

A saturated solution of calcium iodate was prepared, the concentration of iodate ions, 103",
in this saturated solution can be determined by reacting 103~ ions with an excess of I~ ions
to form iodine, L.

equation 2 105 + 51" + 6H" — 31, + 3H.0

The amount of iodine formed may be titrated against a standard solution of Na>S»03 as
shown in equation 3.

equation 3 I + 25,03% — 21~ + S;,06%"
FA1 is a filtered saturated solution of calcium iodate, Ca(I03)a.
FA 2 is an aqueous strong acid

FA 3 is 0.500 mol dm~2 potassium iodide, KI.
FA 4 is 0.150 mol dm~2 sodium thiosulfate, Na>S,0s.

(@) (i) Titration of FA 1 against FA 4

Fill the burette with FA 4.
Use a pipette to transfer 25.0 cm? of FA 1 into a 250 cm? conical flask.
Use a measuring cylinder to add 25 cm?® of FA 2 to the conical flask.

o nh =

Use another measuring cylinder to add 10 cm?® of FA 3 to the conical flask.
The solution will turn brown as iodine is produced.

5. Run FA 4 from the burette into this flask. Near the end-point, when the
yellow solution becomes pale, add about 1 cm?® of starch indicator.

6. Continue adding FA 4 slowly. The end-point is reached with the solution
first becomes colourless.

7. Record your titration results, to an appropriate level of precision, in the
space provided.

8. Repeat points 2 to 7 as necessary until consistent results are obtained.
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Titration results

Titration number 1 2
Final burette reading / cm? 23.30 |46.70
Initial burette reading / cm3 | 0.00 |23.30

Volume of FA4 used / cm? 23.30 |23.40
v’ v’

[3]
(ii)  From the titrations, obtain a suitable volume of FA 4, Vra4, to be used in

your calculations. Show clearly how you obtained this volume.

Vias = 23.30;23.40 - 23 35 em?

Veas =23.35 Cm3 [3]
(b) (i) Calculate the amount of 103~ ions present in 25.0 cm?® of FA 1.

Amount of S.03% reacted = % x0.150 = 0.00350 mol

TIOs ~ 31, " 65.05%
Amount of IO3 reacted = %x 0.00350= 0.000584 mol

amount of 103 ions present in 25.0 cm?® of FA 1= 0.000584 mol [2]

(ii)  Calculate the concentration of 103~ ions in FA 1.

(1051 = 0.000584+ 29 - 00234 mol dm 3
1000

concentration of 105~ ions in FA 1 = 0.0234 mol dm>  [1]

(iii) Hence, determine the solubility product of calcium iodate, Ca(103)2.

Ca(I0s3)x(s) < Ca*(aq) + 2I0s(aq)
Eqm conc. 3 x0.0234 0.0234
=0.0117

Ksp of Ca(I0s)2 = [Ca® ][IO0s
= (0.0117)(0.0234)?

= 6.41 x 10° mol3dm™°

solubility product of calcium iodate, Ca(IOs), = 6.41 x 10°° mol*dm™?® [1]
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(i)

(ii)

(iif)

© Jurong Pioneer Junior College

The literature value of the solubility product of Ca(lOs), is
6.47x107° mol® dm™®.

Calculate the experimental error in your experiment by expressing the

difference between your calculated solubility product in 1(b)(iii) and the
literature value as a percentage of the literature value.

6.47x10°-6.41x107°

Experimental error = s
6.47x10

x100=0.927%

Calculate the maximum percentage error in the volume of FA 4 used in
1(a)(ii).

2(0.05)
23.35

maximum percentage error in the volume of FA 4 used =+ 0.428 %

Max. % error in volume of FA4 used = x100=+0.428 %

A student was provided with an FA 1 solution which was not filtered
properly and contained traces of undissolved Ca(IOs). suspended in the
solution.

Predict and explain how this would affect the titre obtained in her
experiment.

Amount of Ca(I03): in the conical flask is larger, which produces
more I. that required more S:03° to reach end point. Thus, titre
value will be larger.
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(d) Planning

A student suggested that the dissolution of calcium iodate, Ca(I03)2, shown in
equation 1, is endothermic.

equation 1 Ca(I0s)2(s) <« Ca?*(aq) + 2I0s7(aq)

The actual value of the enthalpy change, AH, and the entropy change, AS, of the
reaction can be determined from the following equation.

In Ksp = _M + ﬁ
RT R
T is the reaction temperature in Kelvin.

R is the molar gas constant.

The procedure you followed in 1(a)(i) can be modified to investigate the effect of

temperature, T, on the solubility product of Ca(IOs).. Plotting In Ksp, against %

gives a straight line of best fit. The enthalpy change, AH, and entropy change,
AS, of the reaction can then be graphically determined.

(i) Plan an investigation to determine the effect of temperature, T, on the
solubility product, Ksp, of Ca(IO3)..

You many assume that you are provided with
e solid calcium iodate, Ca(103)..
e aqueous strong acid, FA 2.
e 0.500 mol dm3 potassium iodide, KI, FA 3.
e 0.150 mol dm~2 sodium thiosulfate, Na,S,03, FA 4.
e starch indicator

e the equipment normally found in a school or college laboratory.

In your plan you should include brief details of
e the reactants and conditions that you would use,
e how you would prepare a saturated solution,

e the procedure that you would follow and the measurements that
you would take,

¢ how you would determine the K, of Ca(IO3), for each experiment.
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1. Use a 100 cm® measuring cylinder to add 100 cm® of deionised
water into a 250 cm® conical flask.

2. Leave the conical flask containing the solution to stand in a
thermostatically controlled water bath, with temperature set
at 30 °C.

3. Using a spatula, add a few spatulas of solid Ca(I0s). into the
flask. Stir to dissolve all the solids using a glass rod. Keep
adding more solids, with stirring after each addition, until some
solids are left undissolved.

4. To ensure that the solution is saturated, leave the conical flask
containing undissolved solids to stand in a thermostatically
controlled water bath for at least 5 mins.

5. Filter the solution through a dry filter paper and dry filter
funnel into a dry 100 cm® conical flask placed in the water
bath set at 30 °C.

6. Record the temperature of the filtrate.
7. Fill the burette with FA4.

8. Use a pipette to transfer 25.0 cm® of the filtrate into conical
flask placed in the water bath set at 30 °C.

9. Use a measuring cylinder to add 25 cm® of FA 2 and another
measuring cylinder to add 10 cm® of FA 3 to the conical flask.
Todine will be produced.

10.Quickly titrate the iodine in the conical flask with FA 4 until
the colour of the solution turns pale yellow. Add a few drops of
starch indicator and continue adding FA 4 dropwise until the
colour of the solution changes from blue black to colourless.

11. Repeat points 7 and 10 until consistent results are obtained
for the saturated solution at 30 °C.

12. Carry out the calculations from 1(b)(i) to 1(b)(iii) to determine
the Ksp value at each temperature.

13. Repeat points 1 to 11 for temperatures set at 35, 40, 45
and 50°C

[7]
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(d) (ii) Sketch, on Fig. 2.1, the graph you would expect to obtain if the reaction is
endothermic as suggested by the student.

<m X [1] straight line with
negative grad.

A\ 4

Fig. 2.1 [1]

(iii) Describe how you would use your graph to determine values for AH and AS,
showing your working on the graph clearly.

yz_y1

gradient==—=—-"=m
X; = X,
Gradient = _AH
R

AH = — gradient x R

y-intercept, m = %

AS = m x R
[3]

[Total: 11]
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2 Determination of the enthalpy change of neutralisation, AH:eu, of an unknown strong
acid by a strong base

When an aqueous strong acid is mixed with an aqueous strong base, the neutralisation
reaction releases heat causing an increase in the temperature of the solution.

H*(aq) + OH(aq) — H20(/)

FA 2 is 0.500 mol dm™ unknown aqueous strong acid.
FA 5 is 1.00 mol dm= sodium hydroxide, NaOH.

In this experiment you will mix different volumes of FA 2 and FA 5, keeping the total volume
constant. For each mixture, the change in temperature, AT, will be determined and used to
plot a graph of AT against volume of FA 5 used.

You will then use data from the graph to determine a value for the enthalpy change of
neutralisation, AHheut, and the basicity of the strong acid used.

(a) Determine the change in temperature for a series of reactions between
FA2and FAS5

Fill the burette with FA 5.

2. Place the styrofoam cup in a 250 cm?® beaker to prevent it from tipping over.
Transfer 10.00 cm® of FA 5 from the burette into the cup. Measure the
temperature of the FA 5 solution using the thermometer. Record the initial
temperature of FA 5 as Tras.

3. Wash and dry the thermometer.

Use a measuring cylinder to measure 40.0 cm® of FA 2. Measure the
temperature of the FA 2 solution and record the initial temperature of FA 2 as
Traz.

5. Add FA 2 to FA 5 in the styrofoam cup. Stir the mixture using the thermometer
and record the maximum temperature, Tmax, reached.

6. Wash and shake dry the styrofoam cup.

Repeat steps 2 to 6 using 15.00 cm?®, 20.00 cm?, 30.00 cm?, 35.00 cm?® and
40.00 cm? of FA 5 and appropriate volumes of FA 2 each time, such that the
total volume of the reacting mixture is 50 cm>.
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In an appropriate format in the space provided, record:

e All measurements of volumes used,

o All temperatures measured,

o Tuweighted initiar aNd the change in temperature, AT to 1 decimal place.

AT should be calculated using the following formula:

AT = Tmax— Tweighted initial

(volume of FA 5 x Tras) + (Volume of FA 2 X Tra2)

Tweighted initial =

Volume of FA 5 + Volume of FA 2

Results
EXpt V0|u V0|u TFA 5 I TFA 2 I Tweighte Tmax / AT
me of me of °C °C dinitiat / °C /°C
FAS5/ FA2/ °C

cm? cm?
1 10.00 40.0 31.6 32.0 319 34.3 2.4

2 15.00 35.0
3 20.00 30.0 31.7 31.6 31.6 37.5 5.9
4 30.00 20.0 31.7 31.6 31.7 37.5 5.8

5 35.00 15.0
6 40.00 10.0 31.8 31.6 31.6 344 2.8
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(b) On the grid provided, plot a graph of AT (y-axis) against volume of FA 5 (x-axis)
using the data you obtained in (a).

The scale for AT should extend at least 2°C above your greatest temperature
rise.

(i) Draw two lines of best fit.

e The first best-fit line should be drawn using the plotted points before the
maximum change in temperature.

¢ The second best-fit line should be drawn using the plotted points after
the maximum change in temperature.

Extrapolate these line until they cross. [3]

(ii) Determine from your graph, the maximum change in temperature, ATmax,
and the volume, Vmax, of FA 5 required to obtain this value.

ATmax = 7-45 °C
Vinax = 24.25 cm®  [1]
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(c) (i) Calculate the amount of H* that would react completely with the amount of
NaOH contained in Vmax, of FA 5.

Amount of NaOH reacted = amount of H* in 24.25 cm® of FA 1
= (24.25/1000) x 1 = 0.0243 mol

amount of H* that reacted with NaOH in Vmax, of FA 5 =0.0243 mol [1]

(ii) Using your answer in (c)(i), determine if FA 2 is monobasic, dibasic or
tribasic.

Volume of FA 2 required = 50 — 24.25 = 25.75 cm?®
Amount of acid in FA 2 = (25.75/ 1000) x 0.500 = 0.0129 mol

0.0243= 1.88~2
0.0129
The acid is dibasic. [2]

Ratio of amount of H*/amount of FA 2 =

(iii) Calculate the heat change for the neutralisation reaction at ATmax.

You should assume that the specific heat capacity of the final solution is
4.18 J g K, and the density of the final solution is 1.00 g cm™.

(=2}

Heat change = (50.0 x 1.00)(4.18)(7.45) = 1560 J = 1.56 kJ

[1]

(iv) Using your answers in 2(c)(iii), calculate a value for the enthalpy change
of neutralisation, AHneut.

Amount of H20O formed = amount of H* = 0.0243 mol

AHpeut = -(1.57 /0.0243) = = 64.2 kJ mol™’ [4]
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(d) A student performed a similar experiment by mixing FA 5 with 0.500 mol dm=3
aqueous ethanoic acid.

Predict how the values of ATmax and Viax Will change for this experiment by ticking
on the appropriate boxes provided.

decrease No change increase
ATmax v [1 ]
vmax ‘/
AT/ °C
5 _____________

16.7
Volume of FA 5 used / cm?

Fig. 2.1 (1]

[Total: 14]
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3 Investigation of the chemistry of some vanadium ions
FA 6 is an acidic solution containing VO,* ions.
Vanadium, is able to exhibit variable oxidation states in its compounds. When FA 6 is
reacted with FA 7, a series of colour changes occur.
Table 3.1 gives some standard electrode potential values relevant to this question.
Table 3.1
Electrode reaction E% V
V¥ (aq) + e < V#(aq) -0.26
VO%(aq) + 2H" + e < V3(aq) + H.0()) +0.34
VOy*(aq) + 2H* + e- <« VO?*(aq) + H20(/) +1.00
Sn?*(aq) + 2e- < Sn(s) -0.14
Perform the tests described in Tables 3.2, 3.3 and 3.4, and and record your observations
in the table. Unless otherwise stated, 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 3.2
tests observations
(@) | (i) | Toabout5cm depth of FA 6 in a test-tube, | Effervescence

add a spatula measure of FA 7. Shake the
mixture.

Leave the mixture for 5-15 minutes,
observing the mixture occasionally. The
reaction is complete when a violet solution
is obtained.

Filter the reaction mixture into a test-tube.
This is solution X which contains V2. Label
this test-tube X.

Hz gas pops with a lighted splint

Expected colour change of solution

Yellow — green (intermediate) —
blue— green/ blue-green — violet

(ii)

Wash a teat-pipette with solution X. Using
this teat-pipette, transfer 20 drops of X into
a test-tube.

Add aqueous potassium manganate(VII)
dropwise with shaking, counting the
number of drops needed to give the first
permanent pink or orange colour.

Expected colour change of solution

violet — green/ blue-green— blue
— green (intermediate) — Yellow —
pink/orange

39 drops of KMnO4 to give first
permanent pink colour.

[3]
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(b) FA 8 is an aqueous solution that has been made by reacting solid FA 7 with dilute sulfuric
acid.

Table 3.3

tests observations

(i) | To about 1 cm depth of FA 8 in a test- | White ppt formed soluble in
tube, add aqueous sodium hydroxide | gy ess NaOH to give a

until no further changes are observed. .
colourless solution

(i) | To about 1 cm depth of FA 8 in a test- | White ppt formed soluble in

tube, add aqueous ammonia until no excess NHs to give a colourless
further changes are observed. —solu‘rion

(1]

(iii) dentify FA 7.
FA7isZn [1]

Table 3.4

tests observations

(c) | (i) | To about 3 cm depth of FA 6 in a boiling | Expected colour change of solution
tube, add a spatula measure of tin powder.
Shake the mixture. Yellow— green (intermediate) —

blue— green/ blue-green

Gently warm the mixture. In order to view
the colours clearly you may find it
necessary, from time to time, to allow the
tin to settle.

Warm the mixture until no further changes
are seen.

The solution obtained is solution Y which
contains another of the reduction products
of the vanadium ion present in FA 6. [1]
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(c) (i) Table 3.1
Electrode reaction E®/ V
V3*(aq) + e < V?*(aq) ~0.26
VO%(aq) + 2H* + e < V?*(aq) + H20()) +0.34
VOy*(aq) + 2H" + e= < VO*(aq) + Hx0()) +1.00
Sn?*(aq) + 2e~ < Sn(s) -0.14

Suggest which ion is responsible for the final colour observed in 3(c)(i). Explain your
answer using data from Table 3.1.

lon: V3*
Explanation:
Snand VO2": E%e = +1.00 - (- 0.14) = +1.14 V (energetically feasible)

Snand VO%: E%. = +0.34 - (- 0.14) = +0.48 V (energetically feasible)

Snand V3" E% = (- 0.26) - (- 0.14) = - 0.12 V (not energetically feasible)
(3]

(iii) Write an overall chemical equation to represent the reaction occurring in (c)(i).

Sn + VO,* + 4H' > V3 + 2H,0 + Sn* [1]

(iv) If the experiment in 3(a)(ii) was repeated using solution Y, calculate the number of
drops of aqueous potassium manganate(VII) that would be required to give the first
permanent pink or orange colour. Explain your calculation in terms of the redox
reactions involved.

Number of drops: 2/3 x no. of drops required for X.

Explanation: n no. of drops are required to oxidise V from an oxidation number
of +2 to +5 (V¥ to VO."). 2/3n will be required to oxidise V from an oxidation
number of +3 to +5. (V3" to VO>"). 2]

[Total: 17]
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