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Answer all the questions in the spaces provided.

1 Determination of the percentage by mass of water of crystallisation in CuSO4-nH20

Copper forms compounds containing Cu?* or Cu* ions. Those compounds containing Cu?*
ions tend to be relatively stable.

The addition of an excess of potassium iodide, KI, to a solution of Cu?* ions produces
iodine, I, and a stable precipitate of Cul. To determine the concentration of Cu?* via
iodometric titration, it is necessary that all the Cu?* ions are reduced to Cu* ions. A brown
suspension will be produced, which is an off-white precipitate of Cul in a yellow-brown
solution of I,.

equation 1 2Cu?* (aq) + 41~ (aq) — 2Cul (s) + Iz (aq)

I, has a relatively low solubility in water. However, the presence of an excess of I~ ions in
the reaction mixture allows the soluble tri-iodide ion, I3, to form as shown by equation 2.
This ensures that the I, formed as shown in equation 1 is fully dissolved.

equation 2 L+I-—> I

The I3~ ions formed may be titrated against a standard solution of Na,S,03 as shown in
equation 3.

equation 3 I3~ + 25,03% — S406% + 317

The solution should be titrated immediately after addition of KI because the I, may be
adsorbed onto the Cul precipitate, rendering the end-point less sharp.

FA 1 is solid hydrated copper(Il) sulfate, CuSO4-nH,0, where n is an integer.

You are also provided with
FA 2, 0.100 mol dm= sodium thiosulfate, Na,S,0s3,
FA 3, 1.00 mol dm=2 potassium iodide, KI,
10% potassium thiocyanate, KSCN,
1% starch solution.

The presence of thiocyanate ion, SCN-, in the titration mixture near to the end-point will
affect the accuracy of the results. The procedure described is designed to improve on the

accuracy.

In this experiment, you will determine the percentage by mass of water of crystallisation in
CuSO4:-nH20. You will titrate a solution of FA 1 against FA 2.
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(a) Preparing a solution of FA 1

Weigh accurately about 5.00 g of FA 1 in a pre-weighed weighing bottle.

Transfer the solid into a 250 cm? beaker and reweigh the weighing bottle. Dissolve

this solid in about 70 cm? of deionised water.

Transfer the solution to the graduated flask, labelled FA 1 solution. Rinse the beaker

with deionised water several times, adding each rinsing to the graduated flask.

Make up the solution to 250 cm? with deionised water and mix thoroughly. This

solution will be used in both Question 1(b) and 2(a).

Results

i' This part was well done in general. This part was well done in general.

i' A number omitted to include the mass of empty weighing bottle, as required by the
i question. Many also did not differentiate between the ‘empty’ and ‘emptied’ bottle in their
: table. It should be noted that there should not be two same headers within a table.

Mass of weighing bottle and FA 1 /g 9.599
Mass of empty weighing bottle / g 4.596
Mass of emptied weighing bottle / g 4.599
Mass of FA 1 used /g 5.000

Sy S |

(b) Titration of solution of FA 1 against FA 2

© EJC

() 1.
2,

3.

Fill the burette with FA 2.
Use a pipette to transfer 25.0 cm?® of FA 1 solution into a 250 cm? conical flask.
Use a measuring cylinder to add about 15 cm? of FA 3 into this flask.

Run FA 2 from the burette into this flask. Near the end-point, when the brown
solution becomes pale, add about 1 cm? of 1% starch solution.

Continue adding FA 2 until the blue-black colour just disappears. Add 10 cm?
of 10% KSCN solution using a measuring cylinder.

Continue adding FA 2 slowly. The end-point is reached when the solution
first becomes colourless. The white precipitate remains.

Record your titration results in the space provided on page 4. Make certain
that your recorded results show the precision of your working.

Swirl the reaction mixture and filter the mixture. Wash the residue twice with
deionised water. Keep the residue for use in 2(a). The residue is FA 4.
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While you are waiting for the mixture to filter, continue with step 9.

9. Repeat points 1 to 7 as necessary until consistent results are obtained.

Titration results

Titration number 1 2
Final burette reading / cm? 20.00 40.00
Initial burette reading / cm?® 0.00 20.00
Volume of FA 2 solution used / cm?3 20.00 20.00
v v

e Table with correct headings (‘burette’ must be stated) and units.

e All burette readings recorded to the nearest 0.05 cm3

e Titres for end-point must be within 0.10 cm?

[5]

Comments:

e This part was well done in general.
e Common errors included using ‘burette volumes’ instead of burette readings, making
reference to FA 1 instead of FA 2, and recording volume as ‘amount’.

e The accuracy of the titration was poor, with majority of the volumes obtained being
significantly higher than the expected volume.

.

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

volume of FA 2 used =

20.00 + 20.00
2
=20.00 cm®

volume of FA 2 =

20.00 cm?

Comments:

e This part was well done in general. A small number of students incorrectly rounded their
values off to 3 sf, although it was left as 2 dp in their final answer. It should be noted that
the average volume calculated should follow the precision of the burette readings, i.e. to
2 dp, without rounding it to 3 significant figures.

.

(c) (i) Calculate the amount of iodine, I, liberated from 25.0 cm? of FA 1 solution.

ng .. usedz%xo.loo =2.00x107° mol
1 1 B
n, =n, =§nszo§, :EXZ'OOX:LO mol
=1.00x10" mol

amount of I liberated from 25.0 cm3 of FA 1 solution =

© EJC
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(i) Hence, calculate the amount of copper(II), Cu?*, in 25.0 cm?® of FA 1 solution. For
Examiner’s
Use

Nz =20, =2x1.00 %107 mol
=2.00x10"° mol

-3
amount of Cu?*, in 25.0 cm? of FA 1 solution = ............ 200x10"mol [1]

(iii) Determine the amount of CuSO4-nH,0 in 250 cm? of FA 1 solution.

Neuso,nn,o IN 250 cm® of FA 1 solution = 2550 x2.00x107°
=2.00x102 mol
amount of CuSQO4-nH,0 in FA 1 solution = .................. 2.00x102mol .. [1]

Comments:
e Part (c) was well done in general. Common mistakes included using the wrong
stoichiometric ratio for calculation in (c)(i) and (c)(ii).

R —.

(iv) Use your answer to 1(c)(iii) to calculate the M, of CuSQO4-nH->0, and hence the
value of n.
[Ar: H, 1.0; O, 16.0; S, 32.1; Cu, 63.5]

5.000
2.00x107
=250
- _250-(635+32.1+16.0x4)
- (1.0x2+16.0)

M, (CuSO,-nH,0) =

~5.022
~5
M, of CUSO4-NH2O = oo, 250

Value Of N = o

Comments:

e This part was well done in general.

¢ A small number of students incorrectly used 5 g as the mass of solid in their calculations
instead of using the mass of FA 1 that was transferred into the beaker for preparation of
standard solution. Some incorrectly used the mass of FA 1 weighed, rather than the mass
of FA 1 used when the two values were different.

o A few students did not follow the question and reversed the order by first determining the
value of n, before using it to calculate the M, of CuSO4-nHz0.
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Hence, determine the percentage by mass of water of crystallisation in
CuSO0O4-nH0.
Show your working.

5.022 x (1.0 x 2+ 16.0)

250
=36.2% (3s.f)

percentage by mass of water of crystallisation =

percentage by mass of water of crystallisation = .................00: 50 [3]

i
°* 0

omments:
This part was well done in general.

[

(d)

Starch forms a dark blue-black complex with the tri-iodide ion, Is~. The starch indicator
is not added at the beginning of the titration as the resulting complex at high I3~
concentration is relatively stable, dissociating only slowly.

Predict and explain the effect of adding the starch indicator at the start of the titration
on the M, of CuSO4-nH,0O determined in 1(c)(iv).

Comments:

e This part poorly done for the explanation for the titre value being larger than expected.

e Otherwise, most students can conclude the effect of titre value on the M, of CuSO4-nH0.
e Minority of students mis-read this question.

R ———
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(e) (i) The solution should be titrated immediately after addition of KI because 1> may be
adsorbed onto the Cul precipitate, rendering the end-point less sharp. Explain how
I, is adsorbed onto the Cul precipitate.

Comments:

e This part was poorly in general.

e Many students wrongly thought that dative bond had occur between Cu?* and I,. Or that
the I, forms intermolecular id-id with Cul.

R

(i) Hence, explain the effect 1(e)(i) has on the amount of CuSO4-nH.O determined in

1(c)(ii).

Comments:
e This part was well done in general.

e Minority of students mis-read this question answered only about the amount of Cu?* or M,
of CuSO4-nH20

[

(iii) In step 5 of 1(b)(i), a colour change was observed when 10% KSCN solution was
added to the mixture in the conical flask.

Suggest how the addition of KSCN to the mixture helps to improve the accuracy
of titration.

Comments:

e This part was poorly done in general.

e Many students simply state that addition of SCN- made the colour change more obvious.
e Some students wrongly thought that K* will react with Cul.

e Some students were confused between Cu* and Cu?*.
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(iv) Similar to the starch indicator, the 10% KSCN solution must not be added too early

in the titration, although for a different reason from that given in 1(d).

The thiocyanate is also said to be a psuedohalide as it behaves chemically similar
to a halide ion, also existing as thiocyanogen, (SCN)2, which is similar to the parent
halogen.

Suggest a reason why the KSCN solution should not be added at the start of the
titration and the effect this has on the amount of CuSO4-nH,O determined in

1(c)(ii).

Comments:
e This part was poorly done in general.

o Many students wrongly thought that (SCN). as added instead of SCN-, hence wrongly
concluded the reaction occur with I-.

e Many students also wrongly thought that SCN- with react with S,03%~ or Cu?*.

© EJC
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2

Investigation of inorganic reactions
Note:  You should complete Question 1(b)(i) before starting Question 2.

A reaction in which one species is both reduced and oxidised is known as a
disproportionation reaction.

In aqueous solution, Cu*(aq) ions are unstable as they spontaneously undergo a
disproportionation reaction. However, stable Cu* compounds may be prepared by
precipitation or by forming complex ions. Examples of precipitates are copper(I) iodide,
Cul, and copper(I) thiocyanate, CUSCN. Examples of stable complex ions are [CuCL]~ and
[Cu(NHs)2]*, both of which form colourless aqueous solutions.

FA 1 solution is the solution of CuSQO4-nH20 prepared in 1(a).
FA 2 is 0.100 mol dm=3 sodium thiosulfate, Na,S;0s.
FA 4 is the residue from 1(b)(i). This solid is copper(I) iodide, Cul.

Carry out the following tests. Carefully record your observations in Table 2.1.

If there is no observable change, write no observable change.

Table 2.1

test observations

(@)

Add 10 drops of FA 1 solution to a test-

tube.
Add 10 drops of 10% KSCN solution Blue solution turns green initially. When
dropwise, with shaking. more KSCN is added a dark

green/brown/black ppt is formed.

Add FA 2 slowly, with shaking, until no The dark green/brown/black ppt turns
further change is seen. white upon addition of FA 2.

White ppt dissolves in excess FA 2 to
give a clear colourless solution.

[2]

(b)

Transfer 1 small spatula of FA 4 into a
clean test-tube, using the small plastic
spatula.

Add FA 2 slowly, with shaking, until no White FA 4 dissolves in excess FA 2 to
further change is seen. give a clear colourless solution.

[1]
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Comments:

¢ In general, this part was poorly done. Many students did not state the initial change and
only the final change.

e Most students did not dissolve the ppt in excess reagent properly, leading to erroneous
results.

e Most did not state that when the ppt dissolved, it will give a clear colourless solution.

(c) Suggest an explanation for your observations in 2(a) and 2(b) when FA 2 is added in
excess to the mixture.

Cu’ forms a stable water-soluble complex With S;Qa7i..........o.ccooooviiiveiccee

+ — N 3—

.......................... Cu'(aq) + 25,07 (aq) === [Cu(S;0,), [ (2a) ...

This.causes.[Cu’(an)].to.decrease.. resulting.in.the. dissolution..af. the. white. CUSCN

formed.in.2(a).and the Cul in.2(b) when.the. L.P. falls.helow.the. respective. Ksp.... [1]

Comments: :

e This part was poorly done as many students were unable to obtain the correcti

observations for 2(a) and 2(b). i

e Those who did, explained incorrectly that complex formed using I/Cu?*/Cu. i

[Total: 4]
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3 Evaluate of the reliability of a gravimetric method in determining the percentage by
mass of water of crystallisation in CuSO4-nH>O

FA 1 is solid hydrated copper(Il) sulfate, CuSO4-nH>O. You are required to determine the
percentage of water of crystallisation and the value of n in the salt.

When CuSO4-nH20 is heated, the change in percentage weight loss with temperature is as
shown in Fig 3.1.

percentage O
weight loss /
% 10~

20

30

401~
50~
60~
70~
80

90~

100 ] ] ] ] ] ]
100 200 400 600 800 1000

temperature / °C

Fig. 3.1

There are four distinct regions of decomposition, listed below along with the approximate
temperature range:

CuSO,-nH,0(s) —— CuSO,H,0(s) + (n—-1)H,0(g) 90-150 °C
CuSO,H,0(s) —— CuSO,(s) + H,0(g) 200-275 °C
CuSO,(s) ——> CuO(s) + SO,(g)+ 10,(9) 700-900 °C
CuO(s) —— Cu,0(s) + 20,(g) 1000-1100 °C

In this question, you will heat to dehydrate the CuSO4-nH20 in FA 1 and determine the
mass of water lost. The data will be used to determine

e the percentage by mass of water of crystallisation in CuSO4-nH>0,
) the value of n in CuSO4-nH;0.
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Thermal dehydration of CuSO4-nH,0

In this experiment, solid FA 1 is heated gently in a boiling tube, over a luminous Bunsen
flame, until all water has been driven off.

1. Weigh accurately between 2.00 g and 2.50 g of FA 1 in the boiling tube provided.
Record your weighings in the space provided below.

2. Heat the tube and content gently for 10 minutes.

Use a luminous Bunsen flame with the air-hole closed for this purpose. Ensure even
heating of the sample and boiling tube.

3. Place the boiling tube into a dry 250 cm?® beaker to cool.

You may wish to proceed with other experiments while waiting for the boiling tube to cool.

4. Weigh and record the mass of the cooled boiling tube containing the residue.

5. Repeat points 2 (heat gently for 2 minutes subsequently) to 4 as necessary until a
constant mass is obtained.

6. Turn off the Bunsen burner.

(i) In an appropriate format in the space below, record all weighings.

e This part was surprisingly poorly attempted. Candidates are advised to familiarise
themselves with the recording of experimental data in a single table.

¢ Many candidates did not record the mass of the empty boiling tube.

e Some candidates did not follow the instructions in Step 5. Some other candidates mistook
the instruction and repeated steps 1 to 4 instead.

Mass of empty boiling tube / g 30.883
Mass of boiling tube and FA 1 /g 32.894
Mass of FA 1 used /g 2.011
Mass of boiling tube and residue after first heating / g 32.174
Mass of boiling tube and residue after second heating / g 32.171
[4]
Comments:

.
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(if) Using your results, calculate the mass of water vapour evolved.

mass of water vapour evolved =32.894 —32.171
=0.723 g [1]

mass of H,O evolved = .................%. S [1]

Comments:
e This part was well done in general.

=
S ——

(iii) Using your answer to 3(a)(ii), calculate the percentage by mass of water of
crystallisation in CuSQO4-nH-0.

mass of FA 1 used =32.894 —30.883
=2.011g

percentage by mass of water of crystallisation = —cz)gﬁ

=36.0% (3s.f.) [1]

percentage by mass of water of crystallisation = ..................50.". e [2]

1
Comments: i
. . 1

e This part was well done in general. i
-l

iy

(iv) Determine the value of n in CuSO4-nH20.

N 0.723
"° T 1.0x2+16.0

2.011-0.723

Neyso, =
63.5+32.1+16.0x4
Nho  0.04017 mol

Newso,  8.070x107 mol

=4.98
=51]

=0.04017 mol

=8.070x10"2 mol

n=

value of N = . [2]

Comments:

e This part was not well attempted. Candidates should note that

e nis an integer (as stated in the question paper), and

e they should only use measurements and calculations from the same experiment (instead
of using values from Q1).

.
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(b) (i) Solid FA 1is a blue crystalline solid. Describe the appearance of the residue after
heating.

White / Off-white / Greyish powder [1]

Comments:

e This part is poorly attempted. Majority of the candidates only noted the white colour of the
residue, but failed to note the powder appearance of the residue.

e Those who did not ensure heating until water has been driven off obtained pale blue or
greenish blue residue which is not accepted.

.

(if) Explain the difference in colour between solid FA 1 and the residue.

Comments:

e The explanations given lack accuracy and terminologies were not put together correctly.

e The common errors were as follows.

o Many failed to identify the water in FA 1 act as ligands and the act of heating drives
off the water ligands. Hence the residue is anhydrous CuSQa, not Cu,0 or Cu.l. The
Cuionin both FA 1 and residue contain partially filled d subshell.

o Many were casual in the use of the phrase “d orbital splitting”. The d subshell or d
orbitals split into two sets of different energies due to the water ligands in FA 1.

o Some serious misuse of phrasings seen. For instance, “promotion of d orbitals from
lower energy to higher energy?! It is the d electron that get promoted from the low
energy d orbitals to the high energy d orbitals, not the orbitals.

e Many also did not realise that having no d-d transition did not mean no _energy is
absorbed. d-s transition can still take place in the residue where energy can still be
absorbed, but not in the visible light range. Hence the all the wavelengths in visible
light is transmitted and residue is white.

.

© EJC 9729/04/J2PE/19

For
Examiner’s
Use



15

(c) The intermediate monohydrate, CuSO4-H20, formed during the dehydration is a white For
crystalline solid. Using your answer to 3(a)(iv), suggest and explain the likely identity Exat’ys”e’ers
of the copper(II)-containing complex ion present in solid FA 1.

Comments:

e This part was poorly done. Majority of the candidates did not read the question carefully,
suggesting only identity of the complex ion without any explanation at all. Hence those
who have deduced correctly, but without explanation could not be award the one mark.

e Many could not did not see that if one of the water molecules is left in the intermediate,
then the other (n — 1) water molecules will act as ligands and copper containing complex

ion present in FA 1 is [Cu(H,O)n-1]%".

(d) One potential source of error in this experiment is further decomposition of the
anhydrous CuSOu. residue when temperature goes above 700 °C as seen in Fig. 3.1.

(i) How would this error affect the calculated results in 3(a)(iii)?

Comments:

e This part was well done in general.

e Majority of students were able to relate to the larger mass loss to the SO»/O, gases
evolved or the lower/smaller mass of the residue formed.

e Some students say that the “% mass of water of crystallisation will be inaccurate”. The
effect was not clear and thus penalised.

.
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(ii) Describe two observations that would seen if further decomposition had occurred.

Comments:

e This part was well-done.

e Majority of students gave the 2 latter gases and the observations from the test of those 2
gases. Some students thought that SO, gas was brown in colour.

e Students who gave black solid/residue but identify it to be Cu,O were penalised.

e Some students did not indicate clearly the colour change for KMnO4 e.g. “decolourise
KMnO4”.

.

(e) (i) Comparing the titrimetric method in 1(b) and the gravimetric method in 3(a), which
of these two methods is less reliable? Explain your answer.

Comments:

e This part proved challenging to most students.

e Those who identified gravimetric method correctly often attributed it to uneven heating or
not all H,O could be evaporated when pg 12 of gns paper step 2 has asked them to ensure
this. Many who identified gravimetric method thought they were decomposing the
compound in this experiment saying “incomplete decomposition took place.”. All these
answers were not given credit.

e Out of the 2 explanations above, the 15t one on preventing further decomposition was
more commonly given by students. There were few students, which gave the explanation
regarding the ability of the anhydrous residue to absorb moisture from the air.

.
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(ii) Suggest one way in which the reliability of the method identified in 3(e)(i) can be

improved.

Carry out the dehydration of CuSO4-nH-O in a vacuum oven under controlled

Comments:

This part was also challenging to majority of the students.

The answer given in this part should align to method or explanation given in (e)(i) for credit
to be given i.e. they should be discussing on the gravimetric method.

Students who propose idea of temperature controlled environment OR oil/sand bath were
given credit. Water bath was rejected since it will no longer exist when at a temperature
of 200 °C or higher. Those who mention this but mention “to ensure complete
decomposition” were penalised since we are dehydrating and not decomposing it.
Students who mention “cool residue in a dry (or not humid) environment” or to “stopper

the residue during cooling to avoid absorbing moisture in the air” were also given credit.

[Total : 19]
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4 Planning For
Examiner’s

Use
Besides the titrimetric method in 1(b), the amount of Cu?* in a sample can be determined

by gravimetric method involving precipitation of copper(I) thiocyanate, CuSCN.

The essential experimental conditions are:

1. slight acidity of the solution with respect to hydrochloric acid, since the solubility of the
precipitate increases appreciably with decreasing pH;

2. boiling with ammonium hydrogensulfite, NHsHSOs3, a reducing agent, to first reduce
copper(II) to copper(l);

2Cu?*(aq) + HSOs(aq) + H.O(l) —— 2Cu*(aq) + HSO4(aq) + 2H*(aq)

3. precipitation using a slight excess of ammonium thiocyanate, NH4sSCN, since a large
excess increases the solubility of the copper(I) thiocyanate due to the formation of a
thiocyanate complex.

Cu*(aqg) + SCN-(aq) ——> CuSCN(s)

Isolation of the precipitate is achieved by filtering through a sintered-glass crucible shown
in Fig. 4.1, which does not require the use of filter paper. At the same time, the crucible
serves as a container to hold the precipitate during weighing and drying.

sintered-glass
filter disk

Fig. 4.1

The precipitate is washed with dilute NH,SCN solution, containing a little NH4sHSO3; to
prevent any oxidation of the copper(I) salt. This is followed by washing with ethanol.

The precipitate (in the crucible) is dried by heating in a hot air oven at 110-120 °C.

In the question, you are to plan a procedure that would allow you to determine the
percentage purity of a sample of Cu(NO3)2-3H.0.

You can assume that you are provided with:

e 3.00 g of solid copper(II) nitrate trihnydrate, Cu(NOs).-3H20 (solubility : 267 g / 100 cm?
of water),

e 10 cm? of 1.00 mol dm~2 hydrochloric acid, HCI,

e 150 cm? of 0.10 mol dm~2 ammonium hydrogensulfite, NHsHSOs3,

e 150 cm? of 0.25 mol dm— ammonium thiocyanate, NH;sSCN,

e 50 cm? of ethanol,

e sintered-glass crucible,

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

© EJC 9729/04/32PE/19
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(8) Assuming that 2.50 g of Cu(NOz3),-3H.0 is used. Determine the minimum volume of For
0.10 mol dm=2 ammonium hydrogensulfite, NH4sHSO3, that is needed to convert all the Eva’s";ers
Cu?*(aq) into Cu*(aq).

[Ar: Cu, 63.5; O, 16.0; N, 14.0; H, 1.0]

2.50 250

n = = =0.010352 mol
O30 63.5+2(14.0 +16.0%x3)+3(1.0x2+16.0) 2415

mininium n,___ required = 1 xNn_, = 1 x0.010352 =0.005176 mol
s 2 2

Cu2+

mininium Vy,, ..so, required = % =0.05176 dm® ~51.80 cm®

minimum volume of 0.10 mol dm— NH4HSO3; needed = ...............0% P LSRR [1]

Comments:

e This part was well done in general.

e Despite the equation and hence 2:1 mole ratio of Cu?*:HSOs~ being given, a handful of
students still use a wrong 1:1 stoichiometry in the calculation.

e A number of students also evaluated the numerical answer for n(Cu(NOs3)2-3H20) wrongly
despite writing down the correct string of A, corresponding to the formula.

.

(b) Determine the minimum volume of 0.25 mol dm=2 ammonium thiocyanate, NH4sSCN,
needed to precipitate all the Cu*(aq) produced in 4(a).

N, =Ngp = 0.010352 mol

Cu’
minimium n =n,,. =0.010352 mol

SCN™
mininium V,, ¢ required = % =0.04141dm°® =41.50 cm®

minimum volume of 0.25 mol dm=2 NH4SCN needed = .............. % TP PURPRRPPTRPPTRIN [1]

Comments:

e This part was generally badly attempted as most students round down the volume of
NH4SCN needed instead of rounding up as question ask for the minimum volume.

e Accepted 41.60 cm? if student uses n(Cu*) = 0.0104 mol and 41.40 cm? if student uses
n(Cu*) = 0.01035 mol. Otherwise, students are expected to round up to 41.50 cm? if they
use n(Cu*) with 5 or higher significant figures.

e Again, despite the 1:1 stoichiometry for the precipitation reaction being given, a handful
of students used a 2:1 molar ratio of Cu* : SCN- instead.

.
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(c) Plan an investigation to determine the percentage purity of a 2.50 g sample of For

Cu(NO3),-3H,0 based on the gravimetric method described above. Exagsiger S

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

e the quantities you would use,

e the procedure you would follow,

Procedure:

...... weighing. bottle.using.an.analytical.palance..........coo e
2.....Nissalve.the. solid.in 50.cm?3.of. deionised.water.in.a 250.cm3 heaker...................
3....Add.1.cm3.0f.1.00.mol.dm=> HC1 hy.means of a.10.cm? measuring.cylinder......
4,....Add.in.70.cm3 0£.0.10.mol.dm=2.NH4HSQs .hy..means..af.a. 100.cm3. measuring.

...... Y U e e e ————————
5.....Bring.the.salution to.bail.over.a Bunsen flame.for. 5. minuieS........oovvvvvveevviveveeeeee,
Q.....TUM.Off . Ihe. BUNSEN DUINE . ... e
7....Add.in.42.cm3.0f 0.25.mal.dm=2 NHsSCN. slowly. ta.the.mixture.using.a.50.cm3

...... measuring.cylinder, stirring. With. 2 glass. .t . .....oovveeeieeeeeeeeeeeeee
8.....Allaw. the. mixture.to.stand.far.30.minutes.at.coam.temperature.........cccveeeeeeeeeeeeeeen.
9....Weigh.and.record.the.mass..of.a.clean.and..dry. sintered-glass.crucible.using.

...... AN.ANALY AL DA C A ..ot

10.. Eilter.the. . mixture .through. the. sintered-glass.funnel,.and..wash.the.precipitate
...... 3.times.with. a mixture.cansisting.af.10.cm?.0f.0.25.mol. dm=2 NH4sSCN.and.1.cm3
...... Qf.0.20.00) A NHAH SO ettt e et

11...Wash.the. precipitate.3.times. with. 10.cm3.portians. of .cold.ethanal.....................

12...Heat the crucible.and.precipitate. in.a hot.air.oven.at.110=120 .°C for.1.hour........

© EJC 9729/04/32PE/19



21

Comments:

Precipitation

This first part up till the precipitation of CuSCN was fairly well attempted.
The latter part pertaining to isolation of the precipitate and obtaining the mass of the dry
precipitate was generally poorly attempted.

Despite given 3.00 g of solid Cu(NOs3)2-3H20 in the list and asked to determine the
percentage purity of a 2.50 g sample, with the calculations in 4(a) and 4(b) dealing with
2.50 g of Cu(NOs)2:3H20, a sizable number of students did not weigh out the desired
mass of Cu(NOs),-3H.0 as the first step (mark ref 44). Very commonly, the use of a
weighing balance was not mentioned.

Some students erroneously weighed the Cu(NO3)2-3H20 into the crucible, possibly mis-
reading the information “At the same time, the crucible serves as a container to hold the
precipitate during weighing and drying”.

Quite a significant number of students prepared 250 cm?® of a standard solution from the
2.50 g of Cu(NOs3)2-3H,0 and pipetted out (or in the worst case, using a measuring
cylinder to measure out) 10/25/50 cm?® of the solution for subsequent reaction. They
should use all the 2.50 g of Cu(NOs3)2-3H-0.

Among the students who prepared a standard solution, the better ones scaled the volume
of NH4sHSO3 (mark ref 46) and NH4SCN calculated in 4(a) and 4(b) accordingly, which is
still acceptable. Many failed to realise that they need to scale the two volumes and ended
up using far excess of the two reagents. They did not realise that excess NH4SCN wiill
actually cause the ppt to dissolve due to formation of a complex. Students were not
penalised though (mark ref 48).

A number of students forgot to add HCI to acidify the solution, or more commonly, added
too much HCI (maximum accepted is 5 cm?3; but adjusted if students add in water to dilute
the solution) despite being told “slight acidity”, or a few used the wrong acid (mark ref 45).
A large number of students did not mention boiling and just describe heating the solution
(mark ref 47). The heat source was also often not mentioned. Thermostatically controlled
water bath is not accepted as water bath is not used to boil aqueous solution. A very small
number used reflux, which is not needed for aqueous/non-organic system.

A number of students also did not heat the solution at all and proceeded with addition of
NHsSCN. Although technically the Cu?* would not have converted to Cu* fully, students
were not penalised for the subsequent parts.

Many students added the NH4SCN in far larger excess, without realising that the
precipitate is actually soluble in excess of the reagent. However, they were not penalised
giving benefit of doubt (mark ref 48).

Some students did not use the values obtained in 4(a) and 4(b) in their plan at all.
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Isolation of Precipitate

e Most students did not understand that the sintered glass crucible is used to hold the ppt
despite being told “At the same time, the crucible serves as a container to hold the
precipitate during weighing and drying”. Hence, most students did not pre-weigh the
sintered glass crucible prior to filtration (mark ref 49).

e The idea that washing needs to be carried out with small volumes of the solution at least
2 times is also missing in almost all the students’ scripts. However, this was only penalised
once for either the NHsHSO3+NH4SCN mixture (mark ref 50) or ethanol (mark ref 51). The
absence of specific volume of the solutions used in washing was also not penalised.

e Most students understand the need to dry the precipitate in the oven, although a few
heated the precipitate in a Bunsen flame.

e Most students did not mention the need to allow the heated crucible and ppt to cool before
weighing (mark ref 52). Benefit of doubts were given should the student not mention the
crucible but just made reference to heating the ppt.

e Only very few students appreciated the need to heat till constant mass (mark ref 53). Even
then, those who realised the need, did not state the level of precision for constant mass
in general, although they were not penalised.

e Many students thought of repeating the whole precipitation and isolation of precipitate,
especially those who prepared a standard solution and took out aliquots for the
precipitation, which is not the case for gravimetric determination.

Overall

e Very commonly, students did not give details on the volume of solution and choice of

apparatus for the difference steps. One mark overall is deducted in these cases.

.
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(d) Assuming that m g of CuSCN is obtained from 2.50 g of Cu(NOs3).-3H.O sample in 3(c).
Express the percentage purity of the sample in terms of m.
[Ar: Cu, 63.5; S, 32.1; O, 16.0; N, 14.0; C, 12.0; H, 1.0]

m m
Neusen = = m
63.5+32.1+12.0+14.0 121.6

ol

m
Neupo,), 30 = Neusen =757 6 mol [1]

m a0 X[ 635+2(14.0+16.0x3) +3(1.0x2+16.0)]

CuNO,),-3H,0 — nCu(NO3)2

x241.5 g
121.6

m

x241.5
percentage purity = % x100% =79.4m% [1]

[2]

Comments:

e This part was fairly well attempted in general. Other methods of obtaining the % purity
were accepted as well.

¢ Quite a handful of students thought erroneously that n(Cu?*) = 2n(Cu*).

e One common mistake is to determine the mass of Cu in the precipitate (instead of the
mass of Cu(NOs3)2-3H20) and divide by 2.50 g (the mass of Cu(NOs3).-3H.0 used) to find
the % purity.

e Another commonly observed mistake is to give 100m/2.50% as the % purity without
realising that the m g refers to CuSCN and 2.50 g refers to Cu(NO3)2-3H20 (despite being
given in the question), which are different compounds altogether.

.

[Total : 14]
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