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Determination of the value of x in the hydrated copper(Il) sulfate, CuSO,.xH,0
FA 1 is 0.150moldm= sodium thiosulfate, Na,S,0s.

FA 2 is dilute sulfuric acid.

FA 3 is 1.00moldm™ potassium iodide, KI.

FA 4 is a solution made by dissolving 32.5g of CuSO4.xH20 in 1.00dm? of solution.
starch indicator

In this experiment you will perform titrations to determine the value of x in the formula
for hydrated copper(Il) sulfate, CuSO4.xH20, and its concentration in FA 4. You will
first react a solution of Cu?* ions with excess iodide ions, I". This reaction produces

iodine as shown in equation 1.

equation 1 2Cu?(aq) + 4I" (aq) — 2Cul (s) + L,(aq)

I> has relatively low solubility in water. However, in the presence of excess 17, the

soluble triiodide ion, I5™ is formed, as shown in equation 2.

equation 2 b (aq) + I~ (aq) » I~ (aq)

The 15~ ions formed may be titrated against a standard solution of Na>S,03 as shown

in equation 3.

equation 3 I~ (aq) + 2S,03% (aq) —» 3I(aq) + S406* (aq)

(a) Procedure

1. Fill the burette with FA 1.

2. Pipette 25.0cm?® of FA 4 into a 250 cm? conical flask.

3. Use a 10 cm?® measuring cylinder to transfer 10.0 cm? of FA 2 to the same
conical flask.

4. Use a second 10 cm?® measuring cylinder to transfer 10.0 cm?® of FA 3 to the
same conical flask. A white precipitate forms in a brown solution.

5. Add FA 1 from the burette into this flask. Near the end-point, when the brown
solution becomes pale, add about 10 drops of starch indicator.

6. Continue adding FA 1 slowly. The end-point is reached when the solution
first becomes colourless. The white precipitate remains.

7. Repeat steps 2 to 6 and step until consistent results are obtained.
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Results

M1
M2
M3
M4
[5]1| O

M5

(b) From your titrations, obtain a suitable volume of FA 1 to be used in your

calculations.

Show clearly how you obtained this volume

Volume of FA1=....................... cm® [1]| M6
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(c) (i) Calculate the number of moles of S,03? in the volume of FA 1 in (b).

Number of moles of So032 INFA 1= ..o,

(ii)  Calculate the number of moles of copper(Il) ions in 25.0cm?® of FA 4.

Number of moles of Cu*iNn FA 4 = .......coiiiiiiiiinn...

(iii)  Calculate the value of x in CuSO4.xH20.
[A:: Cu, 63.5; S, 32.1; O, 16.0; H, 1.0]

[1]
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1 (c) (iv) Blue vitriol solution is the concentrated form of FA 4.

FA 4 was prepared by diluting 10.0 cm? of blue vitriol solution to

250 cm? in a volumetric flask using deionised water.

Hence or otherwise, determine the concentration of Cu?* in blue

vitriol solution in mol dm3.

Concentration of Cu?* in blue vitriol solution: .............. mol dm™3 [11| m10

(d) A student performed a titration and obtained a titre volume of 30.50 cm?3.

Calculate the maximum percentage error in the student's titre volume.

Maximum percentage error = ... -

11| m11
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(e) A student suggests that the experiment could be made more accurate if

the volume of FA 3 was measured using a burette.

Suggest a reason why this change would not improve the accuracy of the

experiment.

(f) A laboratory technician accidentally prepared FA 4 by dissolving

32.5 g of hydrated copper(Il) sulfate in 250 cm? of water. Suggest

how this mistake would affect the volume of FA 1 required in the

titration and the calculated value of x in CuSO4.xH20.

Explain your answer.

(9) The formation of the white Cul precipitate can make it harder to

determine the end—point of the titration. Suggest another method to

measure the amount of iodine produced without using titration.

[Total: 15]
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Determination of enthalpy change of neutralisation

You will determine the concentration of sulfuric acid by reacting with a known
concentration of sodium hydroxide using a thermometric method. You are to also
determine the enthalpy change of neutralisation per mole of water formed when these

solutions react. The equation for the reaction is shown.

2 NaOH(aq) + H.SO4(aq) — NaxSOs(aq) + 2 H20(/)

FA 2 is dilute sulfuric acid, H2SO4,.

FA 5 is 1.90 mol dm~ sodium hydroxide, NaOH.

In this question, you will carry out a series of experiments where different volumes of
FA 5 and FA 2 are mixed together.

You will determine the temperature change of the mixture, AT, of each experiment and
then analyse your results graphically in order to determine the

e concentration of H2SO4 in FA 2

e maximum temperature change, ATmax

¢ value for the enthalpy change of neutralisation, AHneut

(a) Procedure

1. Place a polystyrene cup inside a second polystyrene cup and place
both cups in a glass beaker. The retort clamp provided may be used
to clamp the beaker to prevent it from tipping.

2. Use a 50 cm?® measuring cylinder to transfer 50.0 cm? of FA 5 into
the polystyrene cup.

3. Place the lid with a hole in the centre on the cup and insert the
thermometer through the lid. Stir the FA 5 solution gently with the
thermometer. Read and record the initial temperature of the solution
of FA 5 as Tinitial.

Place 10.0 cm®of FA 2 into another 50 cm?® measuring cylinder.
Transfer the FA 2 from the measuring cylinder into the polystyrene
cup and close the lid. Stir the mixture gently with the thermometer.

6. Read and record the maximum temperature of the mixture, Tmax, and
the volume of FA 2 added.

7. Rinse and dry the polystyrene cup and the thermometer with paper

towel.
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8. Repeat steps 1 to 6 using 5 different volumes of FA 5, mixing it with
the appropriate volumes of FA 2 to be used in each experiment such
that the total volume of the reaction mixture is 60.0 cm?.

9.  Calculate AT for each experiment.

In an appropriate format in the space provided, prepare a table in which to
record for each experiment
o all volumes, Vka2 and Vkas, to an appropriate level of precision
o all values of temperature, Tinitia, Tmax and AT to an appropriate

level of precision.

Results

M16
M17
M18

[4] M19

(b) Plot a graph of AT against Vra» added on the grid in Fig. 2.1. Your scale on
the y-axis should allow for extrapolation above the highest temperature

change recorded. Label any points you consider to be anomalous.

Draw two lines of best fit, one for the rise in temperature and one for after
the maximum temperature has been reached. Extrapolate (extend) both

lines until they intersect.
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M20

M21
Fig. 2.1 0

[31| m22
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10
(c) (i) From Fig. 2.1, determine the maximum temperature change, ATmax,
and the VEa2 required to achieve this maximum temperature change.
Maximum temperature change, ATmax @ «-ccoevevenenn... °C
Volume of FA2, VEa2 & ovveeeeenenn.. cm?

(ii)  Calculate the number of moles of FA 5 reacted and hence, calculate

the concentration of FA 2.

Number of moles of FAS5reacted: ..........ccccovinnl.

Concentration of FA2: ..............c.c...... mol dm=3

(iii) Calculate the heat change, q, at the point of neutralisation, in your

experiment using the ATmax value you deduced in (c)(i).

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 1.00 g cm™.

[2]

[2]
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2 (c) (iv) Hence, calculate the enthalpy change of neutralisation, AHneut, per

mole of water formed.

The equation for the reaction is shown.
2 NaOH(aq) + H2S04(aq) — Na>SOs4(aq) + 2 H>O(/)

Include the sign of AHqeutin your answer.

M28
AHneut T i s arsssssssssErEEaraaaan O

[2] | mM29
(d) A student repeated the same experiment but used CH3COOH instead of
H2.SO4 of the same concentration. Suggest and explain how the maximum

temperature change will be affected.
M30
................................................................................................ [2]1 | m31

[Total: 16]
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In this question, you are provided with the following solutions.
. FA 6 which contains two cations and one anion.
e FA 7 which contains one cation and one anion.

¢ FA 8 which contains an aqueous solution of an organic compound.

You will perform tests to identify the ions in FA 6 and FA 7.

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.

(@ (@) Carry out the following tests. Carefully record your observations in
Table 3.1.
Table 3.1

Tests Observations

1 | Add 2 cm depth of FA 6 into a test-
tube. Add aqueous sodium
hydroxide until there is no further
change.

Filter the mixture into a clean test
tube.

To the filtrate, add 8 drops of dilute

nitric acid, dropwise with shaking.

2 | Add 2 cm depth of FA 6 into a test-
tube. Add aqueous ammonia until
there is no further change.

Filter the mixture into a clean test

tube.

3 | Add 2 cm depth of FA 6 into a test-
tube. Add dilute nitric acid until

there is no further change.

For
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Add 2 cm depth of FA 6 into a test-
tube. Add aqueous barium nitrate
until there is no further change.
Add dilute nitric acid until there is

no further change.

(a)

Carry out the following tests. Carefully record your observations in

Table 3.2.
Table 3.2

Tests

Observations

Add 2 cm depth of FA 7 into a test-
tube. Add aqueous sodium hydroxide
until there is no further change.

Warm the mixture.

Add 2 cm depth of FA 7 into a test-
tube. Add aqueous barium nitrate
until there is no further change.

Add dilute nitric acid until there is no

further change.

Add 2 cm depth of FA 7 to a test-
tube. Add a 1 cm depth of aqueous
silver nitrate.

Add aqueous ammonia to the
mixture, with shaking, until the
agueous ammonia is in excess.
Filter if necessary and use the

resulting filtrate for Test 8.

Add 1 cm? of the resulting filtrate from
Test 7 into a clean and dry boiling
tube. Add 1 drop of sodium hydroxide
and 10 drops of FA 8. Shake well and
warm the mixture in a beaker of hot

water for five minutes.

[Turn Over
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(b) (i)

(ii)

(c) (i)

(i)

14

Identify the ions presentin FA 6 and FA 7.

Cationsin FAG6: ................ and ................
Anionin FAG6: ................
CationinFAT7: ................

[3]
Anionin FAT7: ................
Explain, with the aid of a suitable equation, the observations when
dilute nitric acid was added to the resulting filtrate in Test 1.
....................................................................................... [2]
Based on your observations in Test 8, identify the functional group
present in FA 8.
Functional group presentin FA8: ......................... [1]
Briefly explain the role of the resulting filtrate from Test 7 in Test 8.
....................................................................................... [1]

[Total: 14]
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Planning
You are to plan a series of experiments to verify that the order with respect

to iodine in the iodination of propanone is zero.

The iodination of propanone is catalysed by acid, to form iodopropanone,
as shown in the equation below.
Reaction 1: CH3;COCH3(aq) + I2(aq) — CH3COCHo:I (aq) + HI (aq)

You may assume that you are provided with:

The order with respect to [Iz] may be confirmed by preparing a reaction

mixture containing H2SO4, Iz and a large excess of CH3COCHs.

Portions of the reaction mixture are

15

propanone, CH3COCH;

dilute sulfuric acid, H2SO4

aqueous solution of iodine, 1,

sodium thiosulfate, Na;S,;03

sodium hydrogencarbonate, NaHCO3
starch indicator

stopwatch

the equipment normally found in a school or college laboratory

removed at timed interval,
quenched by adding to an excess of NaHCOs,

titrated against a standard solution of S,03?".

[Turn Over
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(@) Plan a procedure to collect sufficient data to allow a graph of volume of

S,03%" against time to be drawn.

You should plan to make a reaction mixture containing
e 25.0 cm?® of aqueous propanone, CH;COCHs,
e 25.0 cm?®of dilute sulfuric acid, H2SOs.,
e 40.0 cm?® of aqueous iodine, 1o.

This reaction mixture contains a large excess of propanone.

In your plan you should include brief details of:
e apparatus you would use,
o the procedure you would follow,

o the measurements you would make.

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

calculations.

For
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4 (b) Sketch on Fig. 4.1 the graph you would expect to obtain from carrying out
your plan. Explain how you would verify if the order of reaction with respect

to iodine is zero.

Vqume‘ ‘of S,03% [ cm?

time

Fig. 4.1

0
................................................................................................ M1 | us2
(c) Explain why the concentration of iodine used is very much lower than the
concentration of propanone.
................................................................................................ ]

[1] | M53
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(d) Suggest two reasons why aqueous NaHCO:s is preferred over aqueous

NaOH as the reagent for quenching the reaction mixture.

................................................................................................ [2]
[Total: 10]
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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 -
NHe"(aq) P ?
barium, no ppt. (if reagents are pure) no ppt
Ba2+(aq) pp . g p pp .
calcium, : s o4
Ca?*(aq) white ppt. with high [Ca“*(aq)] no ppt.

. grey-green ppt.
chromium(III), soluble in excess grey-green ppt.

3+ . .
Cr(aq) giving dark green solution insoluble in excess

blue ppt.
o) meoluble b xcess soluble I excess
g giving dark blue solution
. green ppt., turning brown on green ppt., turning brown on
iron(II), Do O
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
magnesium, white ppt. white ppt.
Mg?*(aq) insoluble in excess insoluble in excess
manganese(l), off-white ppt., rapldl_y tur.nlng off-white ppt... rapldly turning brown
brown on contact with air on contact with air
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~ CO: liberated by dilute acids
chloride, . . . . .
Cl(aq) gives white ppt. with Ag*(aq) (soluble in NHs(aq))
bromide, gives pale cream ppt. with Ag*(aq) (partially soluble in NH3(aq))
Br(aq)
|Ic_J(da:3)e, gives yellow ppt. with Ag*(aq) (insoluble in NHs(aq))
nitrate
’ NHs liberated on heating with OH~(aq) and A/ foil
NOs-(aq) 3 g (aq)
irit NH; liberated on heating with OH~(aq) and A! foil;
;’ C;' e(a ) NO liberated by dilute acids
21aq (colourless NO — (pale) brown NO; in air)
sulfate, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong
S04%(aq) acids)
sulfite, SO;, liberated on warming with dilute acids;
S0Os%(aq) gives white ppt. with Ba?*(aq) (soluble in dilute strong acids)

(c) Tests for gases

gas

test and test result

ammonia, NH3

turns damp red litmus paper blue

carbon dioxide, CO,

gives a white ppt. with limewater
(ppt. dissolves with excess CO3)

chlorine, C/

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 colour in hexane
solution
chlorine, Clz greenish yellow gas pale yellow pale yellow
bromine, Br; reddish brown gas / orange orange-red
liquid
iodine, I» black solid / purple gas brown purple




