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Answer all the questions in the spaces provided.

Determination of a value for the solubility product, Ksp, of calcium iodate(V), Ca(l10s).

The solubility in water of solid calcium iodate(V), Ca(lOs),, is low. When a sample of this salt is mixed
with water, a small amount dissolves and an equilibrium between the solid salt and its aqueous ions
is established.

Ca(l0g)2(s) = Ca?(aq) + 2l0s(aq)

If separate aqueous solutions containing Ca?* ions and 105~ ions are mixed, some of the solid salt is
formed and, again an equilibrium is established.

When specified volumes of potassium iodate and calcium nitrate are mixed, some calcium iodate(V)
is formed as a white solid. The mixture should be left to stand for some time.

After the solid is removed by filtration, the amount of iodate(V) ions left in the filtrate is determined as
described below.

When excess potassium iodide, Kl, is added to an acidified solution containing iodate(V) ions, iodine
is liberated as follows.

reaction 1 105 (ag) + 5l(aq) + 6H* — 3lx(aq) + 3H0()
The liberated iodine is then titrated with a standard solution of sodium thiosulfate.
reaction 2 25,0:2(aq) + lx(aq) — 21(aq) + S4062(aq)

In this question, you will perform a titration to determine the solubility product, Ksp, of calcium
iodate(V).

You are provided with:

e FA 1, 0.200 mol dm= potassium iodate, KIO3

e FA 2,1.00 mol dm=3 calcium nitrate, Ca(NO3z)2

e FA 3, 0.0400 mol dm sodium thiosulfate, Na,S,03
e FA 4, agueous solution of potassium iodide, Kl

e FA 5, dilute hydrochloric acid, HCI

You are also provided with starch solution.
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(a) Preparation of the reaction mixture

1. Use a measuring cylinder to transfer 50 cm?® of FA 1 to the beaker labelled reaction mixture.
2. Use a measuring cylinder to transfer 20 cm?® of FA 2 to the same beaker.

3. A precipitate will form, stir the mixture thoroughly. Leave this mixture to stand for 15 minutes
to allow equilibrium to be reached.

While you are waiting for the mixture to reach equilibrium, proceed with Question 2(a).
(b) (i) Analysing the filtrate

1. Filter the reaction mixture through a dry filter paper into a dry conical flask, labelled
FA 6. This is the filtrate, FA 6. Do not wash the white precipitate with water.

2. Fill a burette with FA 3.

3. Use a pipette to transfer 10.0 cm?® of FA 6 into a 250 cm? conical flask.

4. Use a measuring cylinder to add about 10 cm? of FA 4 to the conical flask.
5. Use a measuring cylinder to add about 2 cm? of FA 5 to the conical flask.

6. Run FA 3 from the burette into the conical flask until the brown colour of the iodine fades
to a pale yellow colour.

7. Add about 5 drops of starch solution to the conical flask. Continue adding FA 3 until the
blue-black colour just disappears.

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

9. Repeat points 3 to 7 until consistent results are obtained.
Rinse the conical flask thoroughly between each titration.

Titration results

[3]
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(if) From your titrations, obtain a suitable volume of FA 3 to be used in your calculations.
Show clearly how you obtained this volume.

volume of FA 3 = cm®  [3]

(c) () calculate the amount of S,03% ions present in the volume of FA 3 recorded in (b)(ii).

amount of S,03?" ions present in FA 3 = [1]

(i) cCalculate the amount of 103" ions present in 10.0 cm? of the filtrate, FA 6.

amount of 103~ ions present in 10.0 cm? of the
filtrate, FA 6 = [1]

(iii) Calculate the total amount of 10s~ions present in the filtrate, FA 6.

amount of 103~ ions present in the filtrate, FA 6 = [1]
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(d) () Using the initial amount of 103 ions in the reaction mixture prepared in (a), and your answer
from (c)(iii), calculate the amount of 103" ions precipitated as Ca(lO3)..

amount of 103~ ions precipitated as Ca(l0s), = (1]

(i) Deduce the amount of Ca?* ions removed by precipitation in (a), point 3, and hence, calculate
the amount of Ca?* ions left in FA 6.

amount of Ca?* ions left in FA 6 = [2]

(e) () write an expression for the solubility product, Ksp, of calcium iodate(V).

[1]

(ii) Use this expression, together with your answers to parts (c)(iii) and (d)(ii) to calculate a
value for this solubility product. Include units in your answer.

solubility product = [1]

©YIJC [Turn over



(f) A student added solid calcium nitrate to his filtrate, FA 6.

Predict, qualitatively, the effect of such an addition on the filtrate, and on the magnitude of the
mean titre, in part (b)(ii). Explain your answer.

predictions

(9) In part (b)(i), point 1, you are told to use dry apparatus and to avoid washing the residue with
water. Suggest and explain the likely consequences on your mean titre value in part (b)(ii) if you
failed to follow these instructions.
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(h) A teacher performed this experiment and obtained a value for the solubility product, Ksp, of
2.77 x 1075, A literature value for this solubility product is 6.71 x 10-®at 20 °C.

You should assume that apparatus of the same precision was used in each case.

Give a possible explanation for the higher value of K, obtained by the teacher. Suggest an
improvement which might allow a value closer to the literature value to be obtained.

explanation

[Total: 18]
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2 Qualitative Analysis

In this question, you will perform tests to
e investigate reactions involving vanadate(V) ion, VO3~
¢ deduce the functional groups present in four organic compounds.

You are provided with;
e FA 7, ammonium vanadate(V), NHsVO3
e zinc, Zn

Unless otherwise stated, the volumes given below are approximate and should be estimated rather
than measured.

(@) (i) ToaZ2cmdepth of FA7 in a test-tube, add a small spatula of zinc. Leave for approximately
4 minutes with occasional shaking. Record all your observations.

Keep the reaction mixture for use in 2(a)(ii).

(i) To 1 cm depth of the solution from (a)(i) in a test-tube, add 1 cm depth of sulfuric acid. Then
add potassium manganate(VIl) a few drops at a time until no further reaction occurs. At this
stage, the solution is pink because unreacted KMnO, is present.

Record all the changes you observe.
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(b) You are provided with samples of FA 8, FA 9, FA 10 and FA 11, each of which is an aqueous
solution containing a different one of the following:

a carboxylic acid
a ketone
an alcohol
an aldehyde
You will perform the tests described in Table 2.1.

In addition to having access to the usual bench reagents, you are also provided with the following:
e jodine solution,
e solid sodium carbonate.

Perform the tests described in Table 2.1. Some of the observations have been completed for
you. There is no need to carry those tests. Record your observations in Table 2.1.

Test and identify any gases evolved. If there is no observable change write ho observation
change.

Use a fresh sample of each solution in each test.
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Table 2.1

observations | observations | observations | observations
with FA 8 with FA 9 with FA 10 with FA 11

1. Addabout 1 cm depth of FA 8ina
test-tube.

To this test-tube, add 6 drops of
sodium hydroxide solution,
followed by iodine solution,
dropwise, until a permanent
orange/red colour is present. no pale yellow
Warm the mixture in a beaker of observable precipitate
hot water for two minutes. change formed

Add sodium hydroxide solution
using a teat pipette until no further
change is seen.

Repeat using FA 10 instead of
FA 8.

Place about 2 cm depth of aqueous silver nitrate in a boiling tube. Then slowly add 1 cm depth of
agqueous sodium hydroxide. Add aqueous ammonia slowly, with shaking, until the precipitate just
dissolves. You can use a clean glass rod to stir the mixture and help dissolve the precipitate.

Use this solution for test 2.

2. Add about 1 cm depth of the
solution prepared in a test-tube.

no no
Add 1 cm depth of FA 8 to the test-

tube, shake the tube and place it dlesivelnle Szl
in the test-tube rack to stand. change change

Repeat using FA 9, instead of FA 8.

[2]
(ii) The observations in Table 2.1 are sufficient to identify the functional group present in FA 9.

State the functional group present in FA 9 and give evidence to support your answer.

functional
group in FA 9

evidence
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(iii) Devise and perform simple tests to identify the functional groups in FA 8, FA 10 and FA 11.
Your test should use only the reagents provided. Record your test and observations in the

space below.

Any test requiring heating MUST be performed using a beaker of hot water.

[4]
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(iv) Complete Table 2.2 with the functional groups present in FA 8, FA 10 and FA 11.

©YlJC

Give evidence from the observations in Table 2.1 and (b)(ii) to support your conclusions.

Table 2.2

functional group present

evidence

FA 8

FA 10

FA 11

[3]

[Total: 15]
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Determination of a value for the activation energy of a reaction

FA 12 is 0.1 mol dm=2 solution of hydrated sodium thiosulfate, Na>S,03.5H-0.
FA 13 is 2.0 mol dm= hydrochloric acid.

Solid sulfur is one of the products formed in the reaction between sodium thiosulfate and a strong
acid, as shown in equation below. The presence of sulfur causes the solution to be opaque.

reaction 3 S:03%(aq) + 2H*(agq) — S(s) + SO2(g) + H20(1)

In order to determine the activation energy for this experiment, you will need to investigate the effect
of temperature on its rate. The rate of this reaction is studied by measuring the time taken for the
reaction to become opaque.

The activation energy, Ea, can be determined from the Arrhenius Equation, where T is the reaction
temperature in Kelvin and k is the rate constant at temperature T. The frequency factor, A, can be
regarded as a constant under the conditions of this experiment.

Ea
k = Ae RT

In this question, you will perform a series of five experiments, at different temperatures, Tk, each using
the same volumes of FA 12 and FA 13. Then, you will determine the value for the activation energy
of the reaction graphically by plotting values of In(1/t) on the y-axis against 1/Tk on the x-axis, a
straight line of best fit may be drawn. The gradient of this line is —E4/R, where R is the ideal gas
constant.

For each experiment, you will note the temperature of the reaction, T, and the time taken, t, for the
reaction mixture to become opaque.

You will then calculate values, to 3 significant figures, for

o 1/t

o In(1h),

e TinKelvin, Tk (0.0 °C=273.0 K)
[ ] 1/TK

(a) Prepare a table in the space provided on page 16 in which to record, to an appropriate level of
precision:

all temperatures,
all values of t,
all calculated values of 1/t, In(1/t), Tk and 1/T«k.
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Notes: In each of these experiments, you will need to place the conical flask containing the

reaction mixture on the printed page on page 2 of the insert. You will view the page
by looking vertically down through the mixture. You will stop the stopwatch when
the mixture first becomes opaque. This will be the first instant when you can no
longer see the printed numbers on the page.

Under no circumstances should the equipment used to measure one solution be
used to measure another solution.

Before you prepare your experimental solutions,

rinse the inside of the two boiling tubes labelled ‘1’ with about 2 cm?® of FA 12. Pour this
FA 12 into the waste bottle and place the boiling tubes in the test-tube rack until you need
them.
rinse the inside of the two boiling tubes labelled ‘2" with about 2 cm® of FA 13. Pour this
FA 13 into the waste bottle and place the boiling tubes in the test-tube rack until you need
them.

Experiment 1 is performed at room temperature. This is the lowest temperature you will carry
out. Experiment 2 is performed at 70 °C. This is the highest temperature you will carry out. The
other three experiments are performed at different temperatures. You will use water baths to
change the temperature of these reaction mixtures.

To prepare a hot water bath, you will mix tap water with the hot water provided until an appropriate
temperature is reached.

1.

©YlJC

Use a measuring cylinder to transfer 10 cm?® of FA 12 into the boiling tube labelled ‘1’. Place
the boiling tube into a 250 cm? beaker containing hot water. This is the hot water bath.

Use another measuring cylinder to transfer 20 cm?® of FA 13 into the boiling tube labelled ‘2.
Place the boiling tube into the hot water bath.

Leave the boiling tubes in the hot water bath for use in Experiment 2 and start
Experiment 1.

[Turn over



15

Experiment 1

1.

2.

3.

Use a measuring cylinder to transfer 20 cm? of FA 13 into a 100 cm?® conical flask.

Measure and record the temperature of FA 13.

Use another measuring cylinder to measure 10 cm?® of FA 12.

Note:  Small amounts of SO, will be produced during the reaction.

Minimise inhalation of SO..

Pour FA 12 rapidly into the same conical flask. Start the stopwatch when about half of the
FA 12 solution has been added.

Swirl the conical flask once to mix the solutions. Then place the flask on the printed page of
page 2 of the insert.

Stop the stopwatch when the solution first becomes opaque.
Record the time taken, t, to the nearest second in your table.

Discard the reaction mixture immediately down the sink. Wash out the conical flask and
stand it upside down on a paper towel to drain.

Experiment 2

1.

2.

©YlJC

Measure and record the temperature of FA 13 in boiling tube 2.

Remove the thermometer and carefully transfer the hot content of boiling tube 2 into a
100 cm? conical flask.

Pour rapidly the hot content of boiling tube 1 into the same conical flask. Start the stopwatch
when about half of the FA 12 solution has been added.

Swirl the conical flask once to mix the solutions. Then place the flask on the printed page of
page 2 of the insert.

Stop the stopwatch when the solution first becomes opaque.
Record the time taken, t, to the nearest second in your table.

Discard the reaction mixture immediately down the sink. Wash out the conical flask and
stand it upside down on a paper towel to drain.
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Experiment 3, 4 and 5

Repeat Experiment 2 but at three different temperatures. Keep the temperature of FA 13
between room temperature and 70 °C. Do not exceed 70 °C. You will use water baths to change

the temperature of these reaction mixtures.

Results

[4]
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(b) (i) Plota graph of In(1/t) on the y-axis against 1/Tk on the x-axis. Draw the best-fit straight line
taking into account all of your plotted points.

[3]

(ii) Calculate the value of the gradient of the line to three significant figures, showing clear how
you did this.

gradient = [1]
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(iif) Calculate the activation energy, Ea, for reaction 3.
[R=8.314 J K mol™]

activation energy, Ea = [4]

(c) In Experiment 1, you are told to start the stopwatch when about half of the FA 12 solution has
been added.

Suggest why this method is likely to be more accurate than starting the stopwatch after all the
FA 12 has been added.

(d) When you performed this experiment, you were instructed to wash and drain the conical flask
before using it again.

State and explain the likely effect on t of not draining a flask before it is reused.

effect on t
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(e) A student repeated the experiment but chose to use burettes to measure the volumes of FA 12
and FA 13.

State and explain, in terms of percentage error, whether the student was wise to use a burette,
rather than a 100 cm® measuring cylinder, to measure the volume of FA 12.

[Total: 15]
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4 Planning

(a) Relative atomic mass of an element is the average mass of one atom of that element as

1
compared to P of the mass of a >C atom.

Magnesium is a reactive metal and appears dull because the metal on the surface is oxidised by
air. The metal reacts with hydrochloric acid according to the following equation.

Mg(s) + 2HCl(aq) — MgClzx(ag) + H:(g)
Plan an investigation to determine the relative atomic mass of magnesium.

You should make use of the water displacement method for collection of gas in your plan. In
addition, you should plan to prepare a solution of hydrochloric acid of a suitable concentration
and to collect a suitable volume of gas in your investigation.

You may assume that you are provided with:

e o0ne piece of magnesium strip

e 0.50 mol dm~2 hydrochloric acid

e a piece of sandpaper

¢ the equipment normally found in a school or college laboratory

Your plan should include brief details of:

e the apparatus you would use

¢ the quantities of the reactants and conditions that you would use

e the procedure that you would follow

o the measurements you would make (you may find it useful to label measurements in your
plan as M1, M2 etc)

e an outline of how you would use your results to determine the relative atomic mass of
magnesium.

[Ar: H, 1.0; CI: 35.5]

You may assume that 1 mole of a gas has a volume of approximately 24 dm?® at 293 K and
1 atm.
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(b) Identify one safety issue, relating to the properties of chemicals used or produced, in this
procedure. Explain the precaution you would take to minimise the issue.

safety issue

[Total: 7]
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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.
Al¥*(aq) soluble in excess insoluble in excess
ammoniun, ammonia produced on heatin -
NH."(aq) P ?
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+ A .
Cre*(aq) giving dark green solution insoluble in excess
blue ppt.
copper(ll), ale blue ppt. .
CueP(acg) : ﬁ]soluble i?wpexcess S(_)I_uble In €xcess
' giving dark blue solution
iron(l1) green ppt. turning brown on green ppt. turning brown on
Fe?(a ’) contact with air contact with air
q insoluble in excess insoluble in excess
iron(l1l), 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
off-white ppt., rapidly turning off-white ppt., rapidly turning
mﬁggggn)e se(l), brown on contact with air brown on contact with air
9 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

ions reaction
carbonate, . . .
COs CO:; liberated by dilute acids
chl_orlde, gives white ppt. with Ag*(aq) (soluble in NHz(aq))
Cl*(aq)
grr?g gj)e, gives pale cream ppt. with Ag*(aq) (partially soluble in NHz(aq))
:??;3‘;’ gives yellow ppt. with Ag*(aq) (insoluble in NHs(aq))
nitrate, . . . _ .
NOs~(aq) NH; liberated on heating with OH~(aqg) and Al foil
nitrite NHs liberated on heating with OH™(aq) and Al foil;
NO ‘(’a ) NO liberated by dilute acids
2 &g (colourless NO — (pale) brown NO; in air)
sulfa;'fe, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
SO+*(aq)
sulfite, SO; liberated with dilute acids;
S0Oz% (aq) gives white ppt. with Ba?*(aq) (soluble in dilute strong acids)

(c) Test for gases

ions

reaction

ammonia, NHs

turns damp red litmus paper blue

carbon dioxide, CO;

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

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(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, |> black solid / purple gas brown purple
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