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Answer all the questions in the spaces provided.
Determination of enthalpy change of reaction

FA 1 is solid sodium hydrogencarbonate, NaHCO:;.
FA 2 is 2.00 mol dm™ hydrochloric acid, HCL.

equation 1 NaHCO;(s) + HCl(aq) — NaCli(aq) + H,O(l) + CO,(q) AH,(NaHCO4(s))
The molar enthalpy change of reaction of solid sodium hydrogencarbonate with hydrochloric acid in
equation 1 is the enthalpy change when one mole of solid sodium hydrogencarbonate reacts with
excess hydrochloric acid.

equation 2 Na,COs(s) + 2HCI(aq) — 2NaCl(aq) + H.O(l) + COx(g) AH(Na,CO4(s))

The molar enthalpy change of reaction of sodium carbonate with hydrochloric acid in equation 2 is
the enthalpy change when one mole of sodium carbonate reacts with excess hydrochloric acid.

You are to perform an experiment by which you will determine the enthalpy change AH,(NaHCO-
3(s)). You will also determine the enthalpy change AH,(Na,CO4(s)) using the data provided. You will
then use your results in a Hess’ Law calculation to determine the enthalpy change, AH, for the
reaction of sodium carbonate, Na2COs, with water and carbon dioxide to form sodium
hydrogencarbonate, NaHCOs, as shown in equation 3.
equation 3 Na,COs(s) + HO(l) + COx(g) — 2NaHCO4(s) AH
(@) Follow the instructions below to determine the maximum temperature change when a known
mass of solid sodium hydrogencarbonate, FA 1, reacts with hydrochloric acid.
In an appropriate format in the space provided below, record

e all weighings to an appropriate level of precision,
¢ all values of temperature to an appropriate level of precision.

Procedure

1. Weigh the capped bottle containing FA 1.

2. Place one polystyrene cup inside a second polystyrene cup. Place these in a glass
beaker to prevent them from tipping over.

3. Use a measuring cylinder to transfer 25.0 cm? of the acid, FA 2, into the first polystyrene
cup.

4. Stir the solution in the cup with the thermometer. Read and record its temperature.
5. Transfer all the FA 1 to the polystyrene cup. Stir the mixture.

Note: This reaction is very vigorous. Be careful when you pour in the solid. Minimise
inhalation of gas produced.

6. Continue to stir the mixture. Observe the temperature and record the value that shows
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the maximum change from the initial temperature.
7. Reweigh the empty bottle and its cap.

Determine the maximum temperature change and the mass of FA 1 used.

Results
mass of capped bottle and FA1 /g 7.868
mass of capped bottle and residual FA1/g | 5.408
mass of FA1 used /g 2.460
initial temperature / °C 31.6
lowest temperature reached / °C 24.2
decrease in temperature / maximum change
in temperature / °C 7.4

[4]

(b) |In the following calculations, you should assume that the specific heat capacity of the solution
is 4.18 J g K™, and the density of the solution is 1.00 g cm™.

(i) Use your results from 1(a) to calculate the heat change for your experiment.

Heat change (q1) = mcAT
=(25x1.00) x4.18 x (7.4)

=773.3J
=773J or 0.773kJ

Heatchange=...........ccoooiiiinn, [1]

(ii) |Hence, determine a value for AH(NaHCOs(s)).

Include the sign of AH(NaHCOg3(s)) in your answer.

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

n(NaHCO;) = 2.460 + 84
= 0.029286 mol

AH{NaHCO4(s)) = + (q4) + n(NaHCO5)
=+ 773.3 + 0.029286
= + 26405 J mol™
=+ 26400 J mol" or +26.4 kJ mol”
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AH{(NAHCO5(S)) = v, [1]

(iii)

The results of an experiment where sodium carbonate, Na,CO;(s), was reacted
completely with an excess of dilute hydrochloric acid, FA 2, are shown in Table 1.1.

Table 1.1
mass of Na,CO; (s) used / g 5.235
volume of FA 2 used / cm?® 50.0
initial temperature of FA 2/ °C 335
maximum temperature reached / °C 41.8

Use the results given in Table 1.1 to calculate a value for AH,(Na,COj3(s)).

[A: C, 12.0; O, 16.0; Na, 23.0]
Heat change (gz) = mcAT
=(50) x 1.00 x 4.18 x (41.8 — 33.5)
=1734.7J
n(Na,CO4(s)) = 5.235 + 106 = 0.049387 mol
AH{(NayCOg3(s)) = - (1734.7) + (0.049387)

=-35125 J mol
=-35100 J mol" or -35.1 kJ mol

AH{NECO3(S)) = v 2]

(iv)

Use your answers from 1(b)(ii) and 1(b)(iii) and the equations 1 and 2 to determine the
enthalpy change for the following reaction, AH. Show your working clearly.

Na,COs(s) + H,O(l) + COx(g) — 2NaHCOs(s) AH

If you are not able to determine a value for 1(b)(ii) and/or 1(b)(iii), you may use x and y
to represent the respective enthalpy changes and proceed with this part of the
question.
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AH
Na,COj4(s) + HyO(l) + COx(g) — 2NaHCO4(s

)(iii) 2 x 1(b)(ii)
-35 l ory 2(+26.4) or 2x

2NaCl/(aq) + H,O(l) + CO»(g

AH

1(b)(iii) — [2 x 1(b)(ii)]
-35.1-2 (26.4)
=-87.9kJmol’ or -87900 Jmol" or y-2x

(c)

A student repeated 1(b)(iii) using ethanoic acid in place of hydrochloric acid.

Explain how the temperature rise when using ethanoic acid would compare to the
temperature rise recorded in 1(b)(iii). Assume all volumes and concentrations of solutions are
the same.

Temperature rise will be lower.

Ethanoic acid is a weak acid and partially dissociates in water. Some of the energy will be
absorbed to complete the dissociation of CH;COOH.

2

[Total:13]

Investigation of the kinetics of an acid-catalysed reaction between propanone and iodine

FA 2 is 2.00 mol dm™ hydrochloric acid, HC!

FA 3 is 0.0100 mol dm sodium thiosulfate, Na,S,0;

FA 4 is aqueous iodine, I,

FA 5is 1.50 mol dm™ propanone, CH;COCHj

FA 6 is 0.50 mol dm™ sodium hydrogen carbonate, NaHCO,

You are also provided with a starch indicator.

The iodination of propanone to form iodopropanone proceeds as shown in the equation below.
This reaction is catalysed by hydrogen ions.
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H+
equation 4 CH3;COCH3;(aq) + I,(aq) —> CH3;COCH;I(aq) + HI(aq)
This reaction is first order with respect to both CH;COCH3z and H” ions.
You are to investigate the order of reaction with respect to I..

A reaction mixture containing FA 2, FA 4 and FA 5 is first prepared. At different chosen times,
aliquots (portions) of this reaction mixture are removed and added to excess FA 6.

It is necessary that you titrate each aliquot against FA 3 before transferring the next aliquot. I, and
S,05% react as shown in equation 5.

equation 5 2S,057(aq) + ,(aq) ——> 2I(aq) + S40¢* (aq)

The required order of reaction can be obtained by graphical analysis of your results.

(@ (i) Preparation and titration of the reaction mixture

Notes:

e Please cap FA 4 and FA 5 after use.

o You will perform each titration once only. Great care must be taken that you do
not overshoot the end-point.

e Once you have started the stopwatch, it must continue running for the duration of
the experiment. You must not stop it until you have finished this experiment.

¢ You should aim to transfer your first aliquot within the first three minutes of starting
the reaction.

e You should aim not to exceed a maximum reaction time of 25 minutes for this
experiment.

In an appropriate format in the space provided, prepare a table in which to record for
each aliquot
e the time of transfer, ¢, in minutes and seconds,
e the decimal time, t;, in minutes, to 0.1min, for example, if t = 3min 11s then
ty = 3 min + 11/60 min = 3.2 min,
e the burette readings and the volume of FA 3 added.

1. Fill a burette with FA 3.

2. Using measuring cylinders, add 50.0 cm® of FA 4 and 25.0 cm® of FA 2 to the
conical flask labelled reaction mixture.

3. Using a measuring cylinder, add 25.0 cm® of FA 5 to the same conical flask. Start
the stopwatch. Swirl the mixture thoroughly to mix its contents.

4. Using a measuring cylinder, add 20.0 cm? of FA 6 to a second conical flask.

5. Transfer a 10.0 cm?® aliquot (portion) of the reaction mixture to a 10 cm® measuring
cylinder, using a dropping pipette.
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6. Immediately transfer this aliquot into the conical flask containing FA 6 and
vigorously swirl the mixture. Read and record the time of transfer in minutes and
seconds, to the nearest second, when the aliquot is added.

7. Immediately titrate the I, in the conical flask with FA 3 until the solution is pale
yellow. Add approximately 10 drops of starch indicator into this solution and
continue titrating until the point when the solution just turns colourless. Record your
titration results.

8. Wash out the conical flask with water.

9. Repeat steps 4 to 8 until a total of five aliquots have been titrated and their results
recorded.

Results
aliquot t/ minands ty / min Initial burette Final burette Volume of
reading / cm® reading / cm® FA3/cm®
1 2min40s 2.7 0.00 18.40 18.40
2 8 min2s 8.0 18.40 34.00 15.60
3 13min1s 13.0 34.00 46.50 12.50
4 18 min1s 18.0 0.00 9.80 9.80
5 23 min2s 23.0 9.80 17.10 7.30

[4]

(ii) [Plot a graph of the volume of FA 3 added, on the y-axis, against decimal time, t4, on

the x-axis on the grid in Fig. 2.1.

Draw the most appropriate best-fit line taking into account all of your plotted points.
Extrapolate (extend) your graph to 3 = 0.0 min.
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Fig. 2.1

3]
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(b) |(i) State the relationship between the concentration of iodine remaining in the reaction
mixture and the volume of FA 3 used in the titration.
[I,] is directly proportional to the volume of FA 3 used
................................................................................................................ [1]
(i)  |Deduce the order of reaction with respect to I,. Use evidence from your graph in Fig.
2.1 to support your answer.
Zero order. Graph is a straight line / has constant gradient / [I,] decreases linearly with
time / [I;] decreases at a constant rate.
................................................................................................................ [1]
(¢)  [The initial rate of change of the concentration of iodine, FA 4, [I,], can be determined from the

gradient of the graph in Fig. 2.1 at time t; = 0.0 min.

(i)

Determine the gradient of the graph at time t; = 0.0 min, showing clearly the
coordinates on the graph how you did this.
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) 19.7—-8.9
Gradient =
0-20

= - 0.540 cm® min’

gradient= ...l cm®min™' [2]

(ii) |Use your gradient to determine the rate of change of the amount of S,03% ions
required in mol min~".
2—. . 0.540
rate of change of the amount of S,0;“ ions required = 1000 x 0.01
=5.40 x 10 mol min™’
rate of change of the amount of S,03% ions required = ...................... mol min~" [1]
(ifi) |Sodium thiosulfate and iodine react as shown in equation 5.

equation 5 28,057 (aq) + I,(aq) ——> 217 (aq) + S406° (aq)

Determine the change in amount of I, per minute and hence deduce the rate of change
of [I,] at ty = 0.0 min, in moldm™min™".

change in amount of I, per minute = 5.40 x 107 + 2
=2.70 x 10 mol min™

change in amount of [ perminute = ..................oianl mol min~

10

rate of change of [I,] at t; = 0.0 min = 2.70 x 107° + 1000

=2.70 x 10*moldm>min™’

rate of change of [I] atts=0.0min = ..........ccooeeeivinnneen... moldm™min~" [4]

(d)

Step 6 requires you to add each aliquot immediately to an excess of sodium hydrogen
carbonate solution, FA 6. Suggest an explanation for this requirement.

NaHCO; quenches the reaction by reacting with the acid catalyst.
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(e)

Explain why the concentration of iodine in FA 4 used is very much lower than the
concentrations of propanone in FA 5 and of hydrochloric acid in FA 2.

With propanone and hydrochloric acid in large excess, the concentration of propanone and
acid will be approximately constant. Order of reaction with respect to iodine can then be
determined because any change in rate will be due to the change in concentration of iodine.

©YIJC
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Investigation of an organic compound and an inorganic compound

FA 6 is 0.50 mol dm™ sodium hydrogen carbonate, NaHCO; from question 2.
FA 7 is an organic solid, Y, which contains two different functional groups.
FA 9 contains two cations and one anion.

You will perform tests to identify:

the functional groups in Y and hence deduce its possible structure.
the ions present in FA 9.

(@) [(i) [Place one spatula of solid FA 7 in a boiling tube. Add to the solid about 5 cm® of ethanol
followed by 5 cm? of distilled water. Shake to ensure complete mixing. Label this solution
FA 8.
Using a fresh sample for each of the following tests. Carefully record your observations in
Table 3.1. The volumes given below are approximate and should be estimated rather than
measured.
Test and identify any gases evolved.
If there is no observable change, write no observable change.
Table 3.1
Test Observations
1 Using a test-tube holder for the test-tube, place
about 5 drops of aqueous silver nitrate in a test-
tube; add aqueous sodium hydroxide dropwise
until brown ppt appears. Then add aqueous
ammonia drop-wise until the ppt just dissolves.
Add about 10 drops of the FA 8 solution, shake
and warm for 5 minutes in the water bath. no observable change
Continue with the remaining parts of Question 3.
2 To a 2 cm depth of FA 8 in a test-tube, add 1 cm® | Effervescence seen
of FA 6.
Gas forms white ppt with limewater
3 Place about 1 cm depth of FA 8 into a test tube. The orange Br, is decolourised with
Using a test-tube holder, add 8 drops of aqueous | formation of white ppt .
bromine at the fumehood.
Please dispose all organic waste into the bottle labelled “Organic Waste” and cap the
bottle.
| [3]

(i)

Identity the functional group that Test 1 is used to determine in Table 3.1.

......................................................... [1]
Aldehyde
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(iii) |Suggest two functional groups that could be present in FA 7.
................................................. AN . [1]
Carboxyl (Carboxylic acid) AND phenol or phenylamine

(iv) |The molecular formula of Y is C;H;O,N. Draw one possible structure for Y. Use your

observations in Table 3.1. [1]
COOH

NH,

(b) (i)

Use a fresh sample for each of the following tests. Carefully record your observations in
Table 3.2.

Table 3.2
Test Observations

1 To a 1 cm depth of FA 9 in a test- | Red-brown ppt insoluble in excess
tube, add aqueous ammonia slowly,
with shaking, until no further change
is seen.

2 | To a1 cm depth of FA 9 in a test- | Red-brown ppt insoluble in excess.
tube, add aqueous sodium hydroxide
slowly, with shaking, until no further
change is seen.

On warming, gas turns moist red litmus

) _ paper blue.
Warm the mixture using the water

bath.

3 | To a1 cm depth of FA 9 in a test-tube, | White ppt formed
add 4-5 drops of aqueous silver nitrate

[3]

(i)

Identify the anion present in FA 9. Use evidence from your observations in Table 3.2 to
support your deduction.

©YIJC



14

Evidence:

Formation of white pptin test 3 or on addition of AQNO3(aq) shows the presence of CI .

(iii) |Describe one further test you can carry out to confirm the identity of the anion present in
FA9.
Add excess ammonia to the precipitate formed in tests 3 to see if it is soluble. If it is
soluble in excess ammonia, the anion is CI” .
.................................................................................................................... [1]
(iv) |ldentity the cations presentin FA 9.
Fe® NH,*
Cation: ..o and .o [1]
[Total:12]
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Planning

We usually think of iron occurring in compounds in the +2 or +3 oxidation states. However, other
oxidation states of iron are possible; for example, potassium ferrate(VI), K.FeO,, contains iron in
the +6 oxidation state.

Solutions containing the FeO4* ion are dark red in colour. The FeO,* ion is a stronger oxidising
agent than the MnQ, ion. In acidic conditions, FeO,% ions are reduced to Fe*" ions.

A student was given a solution, FB 1, containing potassium ferrate(VI). She was told that by
titrating a standard solution of sodium chloride, NaCl, against FB 1, the concentration of FeO,>
ions in FB 1 can be found. At the end point, the reaction mixture turns from colourless to orange.

Chloride ions are oxidised as shown:
2CI(aq) — Clixg) + 2e”

The overall equation in the reaction between FeO,* and CI is as shown:
6Cl(aq) + 16H'(aq) + 2FeO4*(aq) — 3Clxg) + 2Fe*(aq) + 8H,O(l)

She tested the 0.100 moldm™ solution of NaC! provided. She found that 10 drops of FB 1, when
suitably acidified, reacted completely with 32 drops of NaCl solution.

(a)

Explain why the 0.100 mol dm™ solution of NaCl! first provided would have been unsuitable for use
in the student’s titration.

[1]

10 drops of FB 1 reacted completely with 32 drops of NaCl solution implies that in a titration, only
7.80 cm®of FB 1 is needed to react with 25.0cm® of 0.100 moldm™ NaCl (or titre volume will be too
low), leading to high percentage error.

(b)

She correctly deduced that a suitable concentration of the solution of NaCl for titration against the
FB 1 solution was 0.320 mol dm™>. This solution of NaCl is labelled as FB 2.

(i) |Using this data, calculate the mass of solid sodium chloride, NaCl/, required to make a 250

cm? standard solution of FB 2 for the experiment.

[1]
[A: Na, 23.0; Cl, 35.5]
250
Amount of NaC/ needed = O.BZOXw = 0.0800 mol

Mass of NaC/ solid = 0.08 X (23.0 + 35.5)
=4.68¢

(ii) |Write a plan for the volumetric analysis of FB 1. Your plan should include the preparation of a
250 cm?® standard solution of FB 2.

You may assume that you are provided with:

e aqueous potassium ferrate(VI), FB 1
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6 g solid sodium chloride

1 mol dm™2 sulfuric acid

distilled water

the equipment normally found in a school or college laboratory

Include in your plan:

e the apparatus you would use,

¢ the quantities you would use,

¢ the procedure you would follow,

o the measurements you would make.

Note: No heating is needed for this titration although activation energy is high for similarly
charged ions to react.

[7]

Using a weighing balance, weigh 4.68 g of solid NaC/ in a 100cm® beaker.

2. Using a 50cm® measuring cylinder, add 50cm® of sulfuric acid into the beaker to
dissolve the solid.

Transfer the solution into a 250cm?® volumetric flask.

Rinse the 100cm?® beaker with distilled water several times and adding each rinsing
into the 250cm?® volumetric flask.

5. Make up to the mark with distilled water.

6. Stopper, invert and shake. Label this solution as FB 2.

7. Pipette 25.0 cm® of FB 2 into a 250 cm® conical flask.
8

9.

1

—

W

Fill a burette with FB 1.
Titrate FB 2 against FB 1 until the solution turns from colourless to orange.
0. Repeat the titration to obtain two consistent readings of +0.10cm?.

(c)

In the student’s titration, she found that p cm® of FB 1 reacted with exactly g cm® of FB 2 of
concentration M mol dm™.

Outline how you would use her results to determine the concentration of FB 1.

[2]
o M
No. of moles of FB2 used in titration = xq
000
o M 1
No. of moles of FB1 used in titration = XqX—
000 3
Concentration of FB1 = xqx— —L
1000 3 1000
= A ol dm™®
p
|
(d) |Explain the effect of using hydrochloric acid in place of sulfuric acid on the titre value. [1]

Titre value will be larger because more FB1 will be required to react with the additional chloride
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ions introduced by the presence of HCI.

[Total: 12]
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Qualitative Analysis Notes
[ppt. = precipitate]

(a) Reactions of aqueous cations

reaction with

cation
NaOH(aq) NH;(aq)
aluminium, white ppt. white ppt.
Al**(aq) soluble in excess insoluble in excess
amnjonlum, ammonia produced on heating -
NH,"(aq)
bar2|+um, no ppt. (if reagents are pure) no ppt.
Ba“’'(aq)
calcium, . L P
Ca?(aq) white ppt. with high [Ca“"(aq)] no ppt.

chromium(III),

grey-green ppt.
soluble in excess

grey-green ppt.

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

COBE’er(H)’ pale blue _ppt. squb?g in excess
Cu™(aq) insoluble in excess giving dark blue solution
. green ppt., turning brown on green ppt., turning brown on
iron(II), o oo
Fo2* contact with air contact with air

e (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(IT), gff—whlte ppt., rapldl_yhtur_nlng gff—whlte ppt., rapldllyhtur_nlng
Mn?*(aq) brown on.contact with air brown on.contact with air

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, CO, liberated by dilute acids
COs
chloride, . . . + .
CI'(aq) gives white ppt. with Ag™(aq) (soluble in NH3(aq))
térrg(rglqd)e, gives pale cream ppt. with Ag*(aq) (partially soluble in NHs(aq))
Iﬁ?;i?’ gives yellow ppt. with Ag*(aq) (insoluble in NHs(aq))
rrxllltc;??éq) NH; liberated on heating with OH™(aq) and Al foil
nitrite NH; liberated on heating with OH ™ (aq) and Al foil;
NO '(’a ) NO liberated by dilute acids
2(aq (colourless NO — (pale) brown NO, in air)
sulf%’ge, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
SO, (aq)
sulfite, SO, liberated with dilute acids;
S0:% (aq) gives white ppt. with Ba?*(aq) (soluble in dilute strong acids)

(c) Test for gases

gas

test and test result

ammonia, NH;

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(VII) 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, I, black solid / purple gas brown purple
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