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Determine the formula of the ion 10, by titration

In this experiment you will determine the formula of the ion, 10« .
lodine, 1, is formed when 10, ions reacts with an excess of iodide ions.

The equation for this reaction is:
IO;+yl*+zH*—+(y—;1) |2+-§H20
where x, y and z are all integers.
The amount of iodine produced will then be determined by titration with thiosulfate ions, $:0:".
I + 282032_ - 217+ 84052——
FA 1 is a solution containing 0.0150 mal dm™ 10, ions.
FA 2 is dilute sulfuric acid, HzS0O..
FA 3 is 0.500 mol dm™ potassium iodide, KI.
FA 4 is 0.100 mol dm~ sodium thiosulfate, Na:S20a.

starch indicator

(a) Method

» Pipette 25.0 cm® of FA 1 into a conical flask.

« Using a measuring cylinder, add 20.0 cm® of FA 2 to the conical flask.

e Using a measuring cylinder, add 10.0 cmt® of FA 3 to the conical flask. The solution will
turn brown as iodine is produced.

» Fill the burette with FA 4.

» Add FA 4 from the burette until the solution in the conical flask turns yellow.

« Add 1 cm?® of starch indicator to the conical flask. The solution will turn blue-black.

« Continue to add more FA 4 dropwise from the burette until the blue-black colour just
disappears.
This is the end-point of the titration.

« Carry out as many accurate titrations as you think necessary to obtain consistent results.

+ Record the burette readings and the volume of FA 4 added in each accurate titration in
the space below.

Results
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(b)

(c)

From your titration results, obtain a value for the volume

calculations. Show clearly how you obtained this value.

of FA 4 to be used in your

25.0 cm® of FA 1 required ..o.oooceeeeeeiceecreeee e of FA 4.
Calculations
(i) Use your answer to {b) to calculate the amount of iodine that was formed.
Amountof Iz = ...
fa
(i) Calculate the amount of 10, ions in 25.0 cm® of FA 1.
amount of 10, I0NST.. ..ot
[Turn over
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{iii) Using your answers in (c)(i) and (c)(ii), calculate the value of y.
10, +yI+zH — &Y 1+ 2HO0
M9
Y T e M10
(iv) Hence, determine the value of x in 1O, ion.
X T e M11
oy,
(d) (i) The maximum error in the volume measured using the pipette is +0.05 cm?®.
Calculate the maximum percentage error in the volume of FA 1 used.
Maximum percentage error:.................... M12
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(i) A student suggested that a more accurate value of x could be obtained if a burette is
used to measure FA 3 instead of a measuring cylinder.

Do you agree with the student? Explain your answer.

M13

[Total; 13]
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Determination of the enthalpy change of the decomposition of NaHCO;
You are required to determine the enthalpy change of the decomposition of NaHCOa.

NaHCO; — 1eNaCOs + 1%H,O + :CO»

FA 5 is anhydrous sodium hydrogencarbonate.

FA 6 is anhydrous sodium carbonate.

FA 7 is 1.0 mol dm™ hydrochloric acid.

You will determine the enthalpy change of reaction for each of FA 5 and FA 6 with the excess
addition of FA 7. You will then use these values fo calculate the enthalpy change of the
decomposition of sodium hydrogencarbonate.

(a) Determining the enthalpy change of reaction between FA 5 and FA 7

NaHCOs; + HC/ — NaCl + H:0 + CO»

Method

Weigh an empty weighing boat.
Weigh about 4.0 g of FA 5 in a weighing boat.
Using a 50 cm® measuring cylinder, transfer 50.0 cm?® of FA 7 into a 250 cm® beaker.
Stir the solution and record the initial temperature.
Start timing and do not stop the stopwatch until the whole experiment has been carried
out for 7 minutes.
Record the temperature of the solution mixture every minute for 2 minutes.
At exactly 3 minutes, carefully add FA 5§ into the beaker and stir the mixture. You do not
need to measure the temperature of the solution at the 39 minute. Break up any clumps
while stirring.
Record the temperature at t = 3.5 min.
Repeat the measurement every 0.5 min until t = 7imin.
Reweigh the weighing boat containing residual sodium hydrogencarbonate.
In an appropriate format in the space provided below, prepare tables in which to record
results for your experiment in (a):

o ail weighings to an appropriate level of precision,

o all values of temperature, T, to an appropriate level of precision,

o all values of time, t, recorded to the nearest 0.5 i,

Results
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(b)

Plot a graph of temperature, T, on the y-axis, against time, t, on the x-axis on the grid in
Fig. 2.1.

Draw a bestit straight line taking into account all of the points before t = 3.0 min.

Draw another best-it straight line taking into account all of the points after the temperature
of the mixture has started to rise steadily.

Extrapolate both lines to ¢ = 3.0 min and determine the theoretical fall in temperature.

IR

S H H 1 s
[ i H H ot
e : i H 4
) -3 i ~ B
¢ H H Fi Gk b -
g - & I
e hs S
i H p B s
j o i
H o 4
; : : W
: ks oo ok
s + . sior .
5 RS : ¥
ik : o p H %
ihod R
: e et
- FR-RE 5O o 0 Bk .
B .
i
i
oy % :
* >
o H bg A
-
: it -
: i nEE pan M16
. g
. 5 ' 3 M17
ik . 3 S e i ’ ERA S I PIE NI WA . M18
o
¥ cderis 3
: R
i n

Fig. 2.1

theoretical fall in temperature = ... M19
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(c) Calculations

{i) Using the answer from (b), calculate the heat energy taken in during the reaction of

FA 5 with FA T.
[4.2 J is required to raise the temperature of 1 cm? of solution by 1 °C]

Heat energy taken in = ... M20

(i) Calcutate the amount of FA 5, NaHCOs, used in the experiment.

[A: C, 12.0; H, 1.0; O, 16.0; Na, 23.0}

Amount of FA 5, NaHCOz used = ... M21

(iii)  Hence, determine the enthalpy change of reaction, AHh for the following reaction.
NaHCOs + HG! — NaC/ + HzO + CO2 — AH:

AH: = M22
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(d)

Determine the enthalpy change of reaction between FA 6 and FA 7

Method

Weigh an empty weighing boat.

Place about 2.4 g of FA 6 in the weighing boat.

Place a dry Styrofoam cup inside a 250 cm’® beaker.

Using a measuring cylinder, place 50 cm® of FA 7 into the Styrofoam cup.

Place the lid onto the cup through the thermometer from the top. Stir the liquid in the cup

- with the thermometer and measure its temperature. Record this temperature in your

table.

Tip cautiously the contents of the weighing boeat into the acid in the Styrofoam cup, stir
gently with the thermometer and record the highest temperature obtained in your table.
Calculate the change in temperature.

Reweigh the empty weighing boat.

In an appropriate format in the space provided below, record alt measurements of mass
and temperature. Include the mass of FA 6 used in your recording.

Results

[Turn over
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10

e} 1) Given that 4.2 J is required to raise the temperature of 1 cm?® of saolution by 1 °C,

calculate the heat energy given out in the reaction between FA 6 and FA 7.

Heat energy givenout = ...

{it) Caleulate the amount of FA 6, Na>COs added to the cup.
[A: C, 12.0; O, 16.0; Na, 23.0]

Amount of FA B, NayCO3 = oot

(f)  Calculate the enthalpy change ABEtor the following reaction.

Na»COas + 2HC! — 2NaC/ + H:0 + CQOs —--—- AH>
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11

(g) Using your answers in {c){iii} and (f), calculate the enthalpy change of decomposition of

NaH003, AHa.
NaHCO; — %Na,COs + VaH:0 + %£C0O, -—- AH3

AHs = M3z

(h) A student repeats the experiment with 2.0 mol dm HC/ instead of the given concentration
of 1.0 mol dm™3, with the same total volume.

State and explain the effect of this change on the value of AH; that she has calculated.

M33

[Total: 20]
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Qualitative Analysis
You are provided with three solutions, FA 8, FA 9 and FA 10.
Perform the test-tube experiments described below and record your ohservations in the table.

Use fresh samples of each solution in the tests (a)(i), (a)(iii) and {a)(iv).

observations observations observations with
with FA 8 with FA 9 FA 10

(a)i)

Place about 1 cm® of FA 8 in
a test-tube.

Add sodium  hydroxide,
dropwise with shaking, until
in excess.

Repeat using FA 9 and
FA 10. Retain the mixtures
for use in {a)(ii).

(ii)

Add hot water to a 500 cm®
beaker provided until it is
approximately half-filled.

Place the test-tubes from
(a)(i) in the beaker for 5
minutes.

While you are waiting,
begin the tests below.

(i)

Place about 1 cm®of FA 8 in
a test-tube.

Add about 1 cm® of Fehling's
solution and shake the
mixture.

Place the testtube in the
beaker with hot water for
around 5 minutes.

While you are waiting,
begin test {a)(iv).

(iv)

Place about 1 cm®of FA 8 in
a test-tube.

Add two drops of acidified
potassium  manganate(VIl)
and shake the mixture.

Place the testtube in the
beaker with hot water for
around 5 minutes.

Repeat using FA 9 and
FA 10.
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(b}

(c)

13

From your observations, state and quote evidence for:

e one conclusion you can draw about FA 8
CONCIUSION A0UL F A B L iiiiiirer et ar e re e sttt r e e e r e et r e e s E ey e s e nnnnnata st bbbt e
BT 0 (o = SRR OO U PPN PP PREI
« the identity of the cation in FA 9
B 1110 TN - YN IO U PO PP F S PP PSP ST
e Lo = ATt T U OO PO PO P SR PP PSPPI

Perform the experiment described below and record your observations in the table.

observations

Place about 2 cm® of FA 10 in a test-tube.
Add 2 pieces of magnesium ribbon.
Place the test-tube in the beaker with hot water

for around 5 minutes.

(d)

(e)

Deduce the cation present in FA 10. Hence, suggest a balanced equation for one of the

reactions that occurred in (c).

FA 10 contains an anion which is either an iodide ion or sulfate ion.

Devise and perform a simple test, based on the Qualitative Analysis Notes to identify the anion
present in FA 10. Record your observations and hence deduce the identity of the anion in FA
10.

[Total: 10]
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Planning

Lead can form oxides of varied formulae, including Pb.O and PbO. Lead(ll) carbonate,
PbCQ;, decomposes on heating to form either one of these oxides.

The two possible decomposition equations are:

1.
2.

PbCOs(s) — PbO(s) + COx(g)
2PbCOs(s) > PboO(s) + 2C05(g) + ¥%02(g)

You are to plan an experiment to investigate the decomposition of lead(it) carbonate on
heating and hence determine the actual decomposition product using gas collection method.

{a) You may assume that you are provided with a sample of lead(ll) carbonate and the
apparatus commonly found in a coflege laboratory.

Your plan should include:

[A

a sketch of the experimental set-up
calculation of the mass of lead(11) carbonate to be used
details of how you would carry out the experiment

a table to show the data you would measure and record during the experiment. Include
in your table any other data you would calculate from the experimental results. Insert
in your table the letters A, B, C, efc. to represent each data.

brief, but specific, details of how the results would then be used to reach a conclusion.

.1 C, 12.0; O, 16.0; Pb, 207 2]
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(b)

(c)

(d}

17

State one assumption made in the calculations to determine the actual decomposition

product.

Suggest another method to coilect the gas evolved from the reaction and state its
limitation.

MEMNOG: .. cov.ovoee e e JST O

11721110 o MU T PP P e

Other than the gas collection method, suggest another method to determine the

decomposition product.

[Total: 12}
END OF PAPER
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Qualitative Analysis Notes

lppt. = precipitate]

(a) Reactions of aqueous cations

reaction with

cation
NaOH(ag) NHs(aqg)
aluminium, white ppt. white ppt.
AP (aq) soluble in excess insoluble in excess
ammonium, . . _
NH.*(ag) ammonia produced on heating
barium, .
Ba*'(aq) no ppt. (if reagents are pure) no ppt.
calcium, . o 2e
Ca?(aq) white ppt. with high [Ca™(aq)] no ppt.

chromium(ig),

grey-green ppt.
soluble in excess

grey-green ppt.

Cr'(aq) giving dark green solution insoluble in excess
blue ppt.
(C:O%E) (e H(In), i‘:]aleh?g;e '?lpé-xcess soluble in excess
u™(aq), soubie | giving dark blue solution
iron(1t}, green ppt. green ppl.
Fe’'(aq) insoluble in excess insoluble in excess
iron(I), 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(il), off-white ppt. off-white ppt.
Mn?*(aq) insoluble in excess insoluble in excess
zing, white ppt. white ppt.
Zn**(aq) soluble in excess soluble in excess
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20

{b) Reactions of anions

jons reaction
carbohate, . . .
COs CO, liberated by dilute acids
chloride, . . , . :
Cr(aq) gives white ppt. with Ag'{ag) (soluble in NHa(aqg))
Err?(rggi)e, gives pale cream ppt. with Ag*(aq) (partially soluble in NH3(aq)) ‘
;9{23?‘ gives yellow ppt. with Ag'(aq) (insoluble in NHs(aq))
nitrate, . . . - .
NOs™(aq) NH; liberated on heating with OH™(aqg) and A/ foil
nitrite NH; liberated on heating with OH™(aq) and A/ foil;
NO ‘(’a ) NO liberated by dilute acids
2aq (colourless NO -» (pale) brown NOz in air)
sulfazt-e, gives white ppt. with Ba®'(aq) (insoluble in excess dilute strong acids)
S0s77(aq)
sulfite, S0, liberated with dilute acids;
S0Os° (ag) gives white ppt. with Ba®'(aq) (soluble in dilute strong acids)

{c) Test for gases

ions

reaction

ammonia, NHz

turns damp red litmus paper blue

carbon dioxide,

gives a white ppt. with limewater

CO: (ppt. dissolves with excess COz)

chiorine, Ci2

bleaches damp litmus paper

hydrogen, Hz

“pops” with a lighted splint

oxygen, Oz

relights a glowing splint

sulfur dioxide, SO-

turns agqueous acidified potassium manganate(VII) from purple to
colourtess

_
(d) Colour of halogens
halogen colour of element colour in aqueous solution | colour in hexan:
chiorine, Ckz greenish yellow gas pale yellow pale yellow
bromine, Br> | reddish brown gas / liquid orange orange-red
iodine, Iz black solid / purple gas brown purple
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Determine the formula of the ion 10, by titration

In this experiment you will determine the formula of the ion, 10",
lodine, 15, is formed when 1O, ions reacts with an excess of iodide ions.
The equation for this reaction is:
IO, +yl+zH" —>( )Ig+ H.O
where x, y and z are all integers.
The amount of iodine produced will then be determined by titration with thiosulfate ions, $;05%".
I, + 28203 — 27 + 8405
FA 1 is a solution containing 0.0150 mol dm ™ 10,” ions.
FA 2 is dilute sulfuric acid, HzSO4.
FA 3 is 0.500 mol dm™ potassium iodide, KL
FA 4 is 0.100 mol dm™ sodium thiosulfate, NazS:0s.
starch indicator

(a) Method

« Pipette 25.0 cmy® of FA 1 into a conical flask.

» Using a measuring cylinder, add 20.0 cm?® of FA 2 to the conical flask.

e Using a measuring cylinder, add 10.0 cm® of FA 3 to the conical flask. The solution will
turn brown as iedine is produced.

o Fill the burette with FA 4.

« Add FA 4 from the burette until the solution in the conical flask tumns yeliow.

« Add 1 cm® of starch indicator to the conical flask. The solution wilt turn blue-black.

« Continue to add more FA 4 dropwise from the burette untit the blue-black colour just
disappears.
This is the end-point of the titration.

« Carry out as many accurate titrations as you think necessary to obtain consistent results.

« Record the burette readings and the volume of FA 4 added in each accurate titration in
the space below.

Results ‘
Initial burette reading / cm” 0.00 (.00
Final burette reading / cm’ 22.50 22.50
Volume of FA 4 added / om® 22.50 22.50
< v
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25.0 cm® of FA 1 required 22.50 ¢cm® of FA 4.

(b)
calculations. Show clearly how you obtained this value.
Volume of FA 4 added = 2222520
=22.50 cm®
{c} Calculations

(i} Use your answer to (b} to calculate the amount of iodine that was farmed.

Z22.54)
10600

= .00225 mol
Amount of {; = ¥ x 0.00225
=1.13 x 107 mol (3sh

Amount of 8.0 = 0.100 x

(i) Calcutate the amount of IO, ions in 25.0 cm® of FA 1.
Amount of 10,7 =0.0150 x %%
=3.75x 107" mol

amount of IO lons= 3.75 x 10 mol

www.testpapersfree.com

From your titration results, obtain a value for the volume of FA 4 to be used in your

Amount of Iz = 1,13 x 10" mal
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(d)

(iii) Using your answers in (c)(i) and (c)(ii), calculate the value of y.

10,7ty +zH - E) L+ ZH0

y+1
Amountofl, 75
Amountof10; 1

1.125x107°  y+1
375% 107" 2
y =5 (mustround off to nearest integer;

y=3
(iv) Hence, determine the value of xin 10 ion.
(0.7 + 51"+ zH —» 31, + 2 H0
Total charge on LHS = Total charge on RHS
1-5+z=0+0C
z=8
10, + 517+ 8H" — 31 + 3H0
X =3
x=23
Ty,

(i) The maximum error in the volume measured using the pipette is £0.05 cm®.

Calculate the maximum percentage error in the volume of FA 1 used.

, 045
Max % error = = X 100%

= (.200 %

Maximum percentage error: 0.200 %
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(ii) A student suggested that a more accurate vatue of x could be obtained if a burette is
used o measure FA 3 instead of a measuring cylinder.

Do you agree with the student? Explain your answer.

Disagree. FA 315 added in excess, hence there is no need to use a precise instrument.

M13

[Total: 13]
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Determination of the enthalpy change of the decomposition of NaHCO;
You are required to determine the enthalpy change of the decomposition of NaHCOs.

NaHCO; — %NaCOs + ¥5H:0 + 4CO;

FA 5 is anhydrous sodium hydrogencarbonate.

FA 6 is anhydrous sodium carbonate.

FA 7 is 1.0 mol dm™ hydrochloric acid.

You will determine the enthalpy change of reaction for each of FA 5 and FA 6 with the excess
addition of FA 7. You will then use these values to calculate the enthalpy change of the
decomposition of sodium hydrogencarbonate. ’

(a) Determining the enthalpy change of reaction between FA 5and FA7

NaHCOa + HC/ — NaC/ + HO + CO2

Method

Weigh an empty weighing boat.
Weigh about 4.0 g of FA 5 in a weighing boat.
Using a 50 cm® measuring cylinder, transfer 50.0 cm?® of FA 7 into a 250 cm® beaker.
Stir the solution and record the initial temperature.
Start timing and do not stop the stopwatch until the whole experiment has been carried
out for 7 minutes.
Record the temperature of the solution mixture every minute for 2 minutes.
At exactly 3 minutes, carefully add FA 5into the beaker and stir the mixture. You do not
need to measure the temperature of the solution at the 39 minute. Break up any clumps
while stirring.
Record the temperature at t = 3.5 min,
Repeat the measurement every 0.5 min until t = 7min.
Reweigh the weighing boat containing residual sodium hydrogencarbonate.
In an appropriate format in the space provided below, prepare tables in which to record
results for your experiment in (a):

o all weighings to an appropriate level of precision,

o all values of temperature, T, to an appropriate level of precision,

o all values of time, ¢, recorded to the nearest 0.5 min.

Results
Mass of empty weighing boat/ g 3.1
Mass of weighing boat with FAS5/g 7.41
Mass of weighing boat with residual FA S /g 3.13
Mass of FA 5 transferred / g 3.88

timin i 0.0 1.0 2.0 3.5 4.0 | 45 50 5.5 6.0 6.5 7.0
7/°C | 30.0 | 30.0 | 30.0 [ 272 | 266 | 254 | 254 755 | 256 | 258 | 25.8
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(b)

Plot a graph of temperature, T, on the y-axis, against time, {, on the x-axis on the grid in
Fig. 2.1.

Draw a best-fit straight line taking into account all of the points before t = 3.0 min.

Draw another best-fit straight line taking into account all of the points after the temperature
of the mixture has started to rise steadily.

Extrapolate both lines to t = 3.0 min and determine the theoretical fall in temperature.

o b

F’égfs 2.1 h g/‘

e

theoretical fall in temperature = gﬁ’ay/

~ &
h“"???’@? = P %3{1 - 3;#{'5 S g gk e e ~‘*‘“
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(c) Calculations

{i) Using the answer from (b}, calculate the heat energy taken in during the reaction of

FA 5 with FA 7.
[4.2 J is required to raise the temperature of 1 cm?® of solution by 1 °C]

0O = mchAT

= (50.0)(4.2)(5.0)
= 1050 J

Heat energy taken in = 1050 J

(i} Calculate the amount of FA 5, NaHCOs, used in the experiment.

[A: C, 12.0; H, 1.0; O, 16.0; Na, 23.0]

Ameount of NaHCOs = — 3‘?8 :
2350+1.04+12,0+3(16.0;
= {.0474 mol
Amount of FA 5, NaHCO used = 0.0474 mal
B,

(i)  Hence, determine the enthalpy change of reaction, AH: for the foliowing reaction.
NaHCQO; + HC! — NaC!+ H.0 + COz —- AH,

AH. = -2 % CLR

BLR
_ 1950
0.034738

=+22.2 kJ mol”

AH, = +22.2 kJ mol”
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(d)

Determine the enthalpy change of reaction between FA 6 and FA 7

Method

Weigh an empty weighing boat.

Place about 2.4 g of FA 6 in the weighing boat.

Place a dry Styrofoam cup inside a 250 cm® beaker.

Using a measuring cylinder, place 50 cm® of FA 7 into the Styrofoam cup.

Place the lid onto the cup through the thermometer from the top. Stir the liquid in the cup
with the thermometer and measure its temperature. Record this temperature in your
table. '

Tip cautiously the contents of the weighing boat into the acid in the Styrofoam cup, stir
gently with the thermometer and record the highest temperature obtained in your table.
Calculate the change in temperature.

Reweigh the empty weighing boat.

In an appropriate format in the space provided below, record all measurements of mass
and temperature. Include the mass of FA 6 used in your recording.

Results
Mass of empty weighing boat / g 2.85
Mass of weighing hoat with FA 6/ g 5.25
Mass of weighing boat with residual FA 6 / g 2.87
Mass of FA 6 transferred / g 2.38
initial femperature / °C 30.0
Final temperature / °C 33.0
Change in lemperature / °C 3.0

[Turm over
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(i) Given that 4.2 J is required to raise the temperature of 1 cm?® of solution by 1 °C,

calculate the heat energy given out in the reaction between FA6and FA7.

Q = mchAT
= (50.04(4.2)(3.0)
=630J

Heat energy given out = 630 J

(ii) Calculate the amount of FA 6, Na,CQO3 added to the cup.
[A: C, 12.0, O, 16.0; Na, 23.0]

238
202301+ 12.043{16.0)

= (.0225 mol

Amount of NaHCG; =

Amount of EA 6, NazC0O; = 0.0225 mol

R W
Calculate the enthalpy change AH. for the following reaction.

Na,COs + 2HC! — 2NaCl + H,0 + COz - AH;

AH; = 2 % CLR
HLR
_ e

(L3225

= -28.1 kJ mal™

AH, = -28.1 kJ mot”
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{g) Using your answers in (c)(iii} and (f), calculate the enthalpy change of decomposition of
NaHC03, AHa.
NaHCO; — %Na,COs3 + ¥%H.0 + %C0O; ---- AHs

HC/ + NaHCO; - ¥%NazC0s + 1eH0 + %CO; + HC!
m-h\\\i / YalAH,
NaC/ + H0 + CO»

[lH] = AH* o %AHZ
+22.2 — %(-28.1)
+36.2 kJ mal™

1

[l

AHs = +36.2 kJ mol”

M3z
(h) A student repeats the experiment with 2.0 mol dm™ HC/ instead of the given concentration
of 1.0 mol dm™3, with the same total volume.
State and explain the effect of this change on the value of AH; that she has calculated.
No effect. This is because HC! was already used in excess, hence AH. and AH: calculated
is independent of the amount of HC/{. Therefore, AH: will not be affected.
M33
[Total: 20]
[Turn over
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You are provided with three solutions, FA 8, FA 9 and FA 10.

Perform the test-tube experiments described below and record your observations in the table.

Use fresh samples of each solution in the tests (a)(i), (a)(iii) and (a)(iv).

observations
with FA 9

observations
with FA 8

observations with
FA 10

(a)i

Place about 1 cm® of FA 8 in
a test-tube.

Add sodium  hydroxide,
dropwise with shaking, until
in excess.

Repeat using FA 9 and
FA 10. Retain the mixtures
for use in (a)(ii).

off-white /
pale brown /
beige / buff ppt

no ppt (1) and

insoluble in
excess / ppt
darkens {1}

green ppt
and
insoluble
excess / ppt
darkens (1}

(i)

Add hot water to a 500 cm®
beaker provided until it is
approximately half-filled.

Place the test-tubes from
(a)(i) in the beaker for 5
minutes.

While you are waiting,
begin the tests below.

yvellow orange /

brown solution (1) brown ppt {1)

(iii)

Place about 1 cm®of FA 8 in
a test-tube.

Add about 1 cm® of Fehling’s
solution and shake the
mixture.

Place the test-tube in the
heaker with hot water for
around 5 minutes.

While you are waiting,
begin test (a){iv).

brick-red / red /
orange ppt {1}

(iv)

Place about 1 cm®of FA 8 in
a test-tube.

Add two drops of acidified
potassium  manganate(VIT)
and shake the mixture.

Place the test-tube in the
beaker with hot water for
around 5 minutes.

Repeat using FA 9 and
FA 10.

purple ta colourless
solution / brown ppt

(1)

brown ppt (1)

brown / black
ppt (1)
[ppt must be darker
than previously]

gas turns red litmus
blue (1)

purple to colourless
solution {1)

www.testpapersfree.com
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{b) From your observations, state and quote evidence for:
» one conclusion you can draw about FA 8
conclusion about FA 8 contains aliphatic aldehyde / is a reducing agent
evidence brick-red ppt forms when Fehling's solution was added
« the identity of the cationin FA 9
cation in FA 9 Mn™
evidence off-white pot upon addition of NaOH, which is insoluble in excess NaOH
{c) lPérforrn the experiment described below and record your observations in the table.
observations
Place about 2 cm® of FA 10 in a test-tube. Gas evolved causes lighted splint to ‘pop’
Add 2 pieces of magnesium ribbon. OR
Place the test-tube in the beaker with hot water
. Green ppt formed / Brown/black deposit on
for around 5 minutes. Mg / brown or black ppt
(d) Deduce the cation present in FA 10. Hence, suggest a balanced equation for one of the
reactions that occurred in (c).
FA 10 contains Fe*
Fe*" + 20H" — FelOH)» OR
2Fe(OH); + {O] + Ho0 — 2Fe(OH): OR
- - H
Fe" + Mg — Fa + Mg™
(e) FA 10 contains an anion which is either an iodide ion or sulfate ion.

Devise and perform a simple test, based on the Qualitative Analysis Notes to identify the anion
present in FA 10. Record your observations and hence deduce the identity of the anion in
FA 10.

To a test-tube containing 1 cm® FA 10, add 1 cm® of BaC/: sclution. A white precipitate is
formed, hence the anion is sulfate ion.

OR
To a test-tube containing 1 cm® FA 10, add 1 cm® of AgNO:z solution, followed by excess NHa.
No yellow precipitate is formed, hence the anion is sulfate ion.

[Total: 10]

[Turn over
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Planning

Lead can form oxides of varied formulae, including Pb,O and PbO. Lead(Il} carbonate,
PbCOs, decomposes on heating to form either one of these oxides.

The two possible decomposition equations are:

1.
2.

PbCOs(s) — PbO(s) + CO2(g)
2PbCOs(s) = Pb;0(s) + 2C0:(g) + %0(g)

You are to plan an experiment to investigate the decomposition of lead(ll) carbonate on
heating and hence determine the actual decomposition product using gas collection method.

(a)

You may assume that you are provided with a sample of lead(ll} carbonate and the
apparatus commonty found in a college laboratory.

Your plan should include:

a sketch of the experimental set-up

calculation of the mass of lead(I1) carbonate to be used

« details of how you would carry out the experiment

« atable to show the data you would measure and record during the experiment. include
in your table any other data you would calculate from the experimental results. Insert
in your table the letters A, B, C, etc. to represent each data.

« brief, but specific, details of how the results would then be used to reach a conclusion.
A : C, 12.0; O, 16.0; Pb, 207.2]

Apparatus;
prbbay fe bieg
Yy
M et 1:’“”{??‘7;} f EXTE:;Z

T

A

] g
%v;‘gj forists (00 Eh Si¥inge
a A

! T : e ot

tos] dube folel er
?%}{{Ff} fr3

. veford plevd

bonsen e A
S wid i o v

biesined

Ei

&?f}§"¥€ §°§
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Pre-calculations:

Since 100 cm® gas syringe is used. assume that 80 ¢’ of gas is collected.

80
24000

= (3.00333 mol

Amount of gas =

If decomposition via equation 1,

Amount of PCO; = Amount of gas (CO: only}

= (3.00333 mol )
Mass of PbCO: required = 0.00333 x [207.2+12.0+3{16.0}}
=0891g

If decomposition via equation 2,

Amount of PbCOs = - x Amount of gas (CO; and 02)

= (3.00267 mol
Mass of PbCQs required = 0.00267 x [207.2+12.0+3(16.0}}
={.713 g

To ensure that volume does not exceed 80 cm®, use smaller mass of 0.713 g.

Procedure:
1. Using a weighing balance, weigh 0.71 g of PbCO: and transier it into a boiling tube.
2. Setup apparatus as shown in diagram on previous page.
3. Record initial volume of the gas syringe in a table.
4. Light the Bunsen burner o begin heating. Turn off the Bunsen burner when the

plunger of the gas syringe no longer moves.
5. Let the set-up cool, then record final volume of the gas syringe.

Iable of measurements:

Initial volume of gas syringe / cm®

A
Final volume of gas syringe / cm® B
B

Volume of gas evolved / cm® C=

Concilusions:

Amount of PbCOy = ——2 L = (00266 mol
207.2+12.0+3(16.0)
C
24000

Amount of gas = mol

Ratio of amount of gas to FbCO; = :;:—;;

If ratio is closer to 1, product is PbO. i ratio is closer 1o 1.25, product is PbOs,

www.testpapersfree.com
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(b} State one assumption made in the calculations to determine the actual decomposition |

product.

Gas syringe: The volume of gas collected is at room temperature and prassure

Water displacement: No gas dissolved in the water M52

{c) Suggest another method to collect the gas evolved from the reaction and state its
limitation.

Water displacement: CO; is slightly soluble in water (1), hence some gas may have
been lost (1) which makes the data collected unreliable. M53

OR M54

Gas syringe: There is some friction in the gas syringe (1), which results in the plunger
nat moving propetly, (1) hence making the data collected unreliable.

(d) Other than the gas collection method, suggest another method to determine the

decomposition product.

Gravimetry / test the gas with a glowing splint.

M55
[Total: 12]

END OF PAPER
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Qualitative Analysis Notes

{ppt. = precipitate]

(a) Reactions of agueous cations

reaction with

cation
NaOH(aq) NHai(aq)
aluminium, white ppt. | white ppt.
A" (aq) soluble in excess insoluble in excess
ammaonium, . . a
NH."(aq) ammonia produced on heating
barium, .
Ba®(aq) no ppt. (if reagents are pure) no ppt.
calcium, . A 2
Ca”(aq) white ppt. with high [Ca“"(aq)] no ppt.

grey-green ppt.

soluble in excess grey-green ppt.

chromium(Iin),

Cr'(aq) giving dark green solution insoluble in excess
COF;?BF(")’ pafe blue ppt. ngﬁb[?gﬁn excess
Cu™(aq). insolubie in excess giving dark blue solution
ron(l), green ppt. green ppt.

Fe*(aq) insoluble in excess insoluble in excess
iron(111), 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(ll), off-white ppt. off-white ppt.
Mn*(aq) insoluble in excess insoluble in excess
zing, white ppt. white ppt.

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

ions reaction
carbonate, CO, liberated by dilute acids
COs;
(éh[!?;zj;} ' gives white ppt. with Ag”(aq) {soluble in NHs(aq))
térrc_:n(rzz:(ij)e, gives pale cream ppt. with Ag*(aq) (partially soluble in NHa(aq))
iI(_)(cgg()a, gives yellow ppt. with Ag'(aq) (insoluble in NHs(aqg))
mg?‘t?a,\q) NH, liberated on heating with OH™(aq) and A/ foil

it NH; liberated on heating with OH™(aq) and A/ foil;
R;S ?(,a ) NO liberated by dilute acids

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

sulfazt_e, gives white ppt. with Ba*'(aq) (insoluble in excess dilute strong acids)
S04 (aq)
sulfite, S0, liberated with dilute acids;
S0:2 (aq) gives white ppt. with Ba®'(aq) (soluble in dilute strong acids)

{c) Test for gases

ions

reaction

ammonia, NH3

turns damp red litmus paper blue

carhbon dioxide, COq

gives a white ppt. with limewater
(ppt. dissolves with excess CO:}

chlorine, Cfz

bleaches damp litmus gaper

hydrogen, Hz

“pops” with a lighted splint

oxygen, Oz

relights a glowing splint

sulfur dioxide, SO-

turns aqueous acidified potassium manganate(V11) from purple to
colourless

(d} Colour of halogens

halogen colour of element colour in aqueous solution | colour in hexane
chlorine, C/z greenish yellow gas pale yeilow pale yellow
bromine, Br> | reddish brown gas / liquid orange orange-red
iodine, I» black solid / purple gas brown purple
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