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Answer all questions in the spaces provided.

1. This question relates to the following eight compounds.

A CH;CH,CH,CH,0OH butan-1-ol
B CH;CH,CH,CH,Br 1-bromobutane
C CH;CH,CH,CHO butanal
D (CH5);COH
E CH;CH,CH,COOH butanoic acid
F CH;CH,CH(OH)CHj, butan-2-ol
G CH4CH,CH,CH,NH, butylamine
H CH4CH,CH,CH,CN
(a) Give the systematic names of compounds D and H. 2]

D .methylpropan=2-=0l...............oii

H pentanenitrile...............iiiiiii
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(b)  Anisomer of compound H shows optical isomerism.

(i)

(ii)

Draw diagrams to represent both optical isomers.

CHchg CHZCHB

\

()
R “"ll
W

Give one difference between the properties of the two optical isomers.

[1]

They rotate the plane of plane-polarised light in opposite directions (by

Give one reaction common to both optical isomers. Give the reagent and the

structural formula of the organic product formed.

Product CH;CH(CH,NH,)CH,CH;

© WJEC CBAC Ltd. (A410U30-1)
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(c) For each pair of compounds shown below, complete the table to describe a chemical test
that can be used to distinguish between them.

Where appropriate, give the

e reagent(s) and condition(s) used

e observation(s) for the compound that reacts
e structural formula of the organic compound(s) formed in the positive test [8]

Reagent(s) and

Organic compound(s)

Compounds condition(s) Observation(s) formed
CH,;CH,CH,CH,0H dified potassi
acidified potassium .
and d/‘chromatep(Vl) heat orange to green CH3CHoCH,COO0H (via
under reflu,x solution CH3CH,CHL,CHO)
CH;CH,CH,CH,Br
Tollens’ reagent
CH;CH,CH,CHO (alkaline solution of
ammoniacal
and silver nitrate) silver mirror CH3CH,CH,COOH
(CH3);COH warm gently in hot
water bath
CH;CH,CH,COOH CHl,
yellow solid
and I, / NaOH(ag), warm (precipitate) and
CH;CH,CH(OH)CH4 CH;CH,COONa
CH;CH,CH,CH,NH,
nitric(Ill) acid (HNO,)
and bubbles of gas CH3CH>CHLCHL0H
room temperature (effervescence)
CH;CH,CH,CH,CN
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(d)

Butanoic acid and butan-2-ol can react to form an ester.

(i) Give the essential reaction conditions. [1]
_ Heat under reflux with concentrated sulfuric acid (catalyst).
(i)  Give the equation for the reaction. Clearly show the structure of the ester formed.

(1]
0
CH3CH)CHy— C— 0—CH— CH,CH; + H20
CHs
(iii)  State how the ester is separated from the reaction mixture. 1]
__Add sodium carbonate solution to neutralise the acid, then distillation.
© WJEC CBAC Ltd. (A410U30-1) Turn over.
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2.

A student determined the concentration of a barium chloride solution using the following
method.

Step Method

50.0cm? of the barium chloride solution was transferred into a 250 cm® beaker and
50.0cm? of 0.506 moldm™ sodium carbonate solution (an excess) was added.

Barium carbonate was precipitated:

Ba*’(aq) + CO,*(aqg) — BaCO4(s)

The mixture was filtered into a conical flask, and the beaker and the precipitate were
washed four times with small quantities of deionised water. The washings and filtrate
2 were collected in a 200 cm? volumetric flask and made up to the mark with deionised
water. The flask was shaken well to ensure the solution formed was homogeneous.

The solution was labelled as solution Y.

25.0cm?® of solution Y was transferred into a conical flask and the unreacted sodium
3 carbonate in the filtrate determined by titration against 0.200 moldm™3 hydrochloric
acid using screened methyl orange as an indicator.

(@) Describe how the student could have confirmed experimentally that all of the barium ions
had been precipitated in step 1. [1]

Add more sodium carbonate solution to a sample of the filtrate: no (further)

(b) Write an ionic equation for the reaction of carbonate ions with hydrogen ions (H") from
the hydrochloric acid in step 3, to form carbon dioxide as one of the products. [1]

© WJEC CBAC Ltd. (A410U30-1)
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(c) The student obtained the following results using 25.0 cm?® samples of solution Y.

Titration 1

Titration 2

Titration 3

Titration 4

Initial burette reading

/om 0.50 18.45 210 19.70

Final burette reading 18.45 3595 1970 3795
/em . . ) :

Titre / cm® 17.95 17.50 17.60 17.55

(i) Complete the table to show the volume of hydrochloric acid used in each titration

and calculate an appropriate mean titre.

Concordant titres: 17.50, 17.60, 17.55 (titration 1 is too far out, ignored)

mean = (1750 + 17.60 + 17.55) = 3 = 17.55

(i) Identify the titration that has the largest percentage error in the volume of hydrochloric

Mean titre = ... 1755 cm®

acid used. Give a reason for your choice.

A calculation of the percentage error is not required.

Titration 2, because it has the smallest volume of HCl (17.50 em?), so

© WJEC CBAC Ltd.
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(d) The five stages in the calculation of the concentration of the barium chloride solution are
set out in the statements below.

(i) Number these stages in the correct order. 1]

Correct order

Calculate the number of moles of HCI used in the titration of 25.0 cm® 2
of solution Y

Calculate the number of moles of CO,*" that reacted with 200 cm? of

solution Y 4
Use the balanced equation to calculate the number of moles of 3
unreacted C032‘ in 200 cm? of solution Y
Calculate the concentration of the barium chloride solution in gdm‘3 5
Calculate the total number of moles of CO,?~ added to the 1
50.0cm?® of barium chloride solution
(i) Calculate the concentration of the barium chloride solution in gdm™. [5]

total mol CO5*~ added = 50.0 x 0.506 + 1000 = 0.0253 mol
mol HCl = 17.55 x 0.200 + 1000 = 351 x 103 mol

unreacted €0s*>~ in 25.0 em® = 351 x 1072 + 2 = 1.755 x 1072 mol

\

unreacted C0s*>~ in 200 cm?® = 1.755 x 1073 x 8 = 0.0140 mol

C03*" reacted = 0.0253 — 0.0140 = 0.0113 mol = mol Ba**

\

[BacCl,] = 0.0113 = (50.0 + 1000) = 0.226 mol dm™3
M,(BaCl,) = 208, so concentration = 0.226 x 203 = 47.0 g dm™

Concentration = ... A7.0....n. gdm™

© WJEC CBAC Ltd. (A410U30-1)
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Examiner
(iii) Calculate the mass of barium carbonate obtained on heating the precipitate to on
constant mass. (1]
mol BaCO3; = mol Ball, = 0.226 x 50.0 =~ 1000 = 0.0113 mol
mass = 0.0113 x 197.3 = 2.23 ¢
Mass = ... 223 . g
12
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This question is about the oxides and chlorides of two elements, X and Y, which exhibit the

10

following properties.

Element Properties of oxide Properties of chloride
\é\érggeoéolld of melting temperature White solid with melting temperature
’ of 712°C.
It.ls msolu.ble _|n water but readily It is readily soluble in water.
X dissolves in dilute acid.
Addition of aqueous sodium Its_ SOIUtIOng gives a white pr.eclzlpltate.
. ) ) with CO5;“"(aq) but no precipitate with

hydroxide to this solution forms a S0 2‘(a )

white precipitate, which is insoluble in 4 \aq)

excess aqueous sodium hydroxide.
Colourless liquid with boiling
temperature of 58 °C.

White solid of melting temperature

1750°C. It reacts vigorously with water to give

Y a white precipitate, an acidic solution

It is insoluble in water and does not and misty fumes.

react with dilute acids or dilute alkalis.
At 60°C and 1atm pressure, 5.0009g
of the chloride of Y occupies a volume
of 805.5cm?.

(@) Use all the information provided to suggest the identity of element X. Show your reasoning

and include ionic equations to support your answer.

X is magnesium. The oxide and chloride have high melting temperatures, so they are ionic.

[4]
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(b) Use all the information provided to suggest the identity of element Y. Show your reasoning
and include an equation to support your answer. [6]

Y is silicon.

10
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Outline a suitable laboratory method to investigate the rate of each of the following
reactions at constant temperature.

You may use a chosen method only once.

()  Mg(s) + HySOsaq) ——= MgSOy(aq) + Hy(9) [1]

(i) CH,COCHs(aq) + Iyag) — CH,ICOCHs(aq) + Hi(aq) 2]

Remove samples at regular time intervals, quench them (add to sodium

© WJEC CBAC Ltd. (A410U30-1) Turn over.
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(b) The kinetics of the reaction represented by the equation
BrO,(aq) + 5Br(agq) + 6H'(ag) — 3Bry(aq) + 3H,0(l)

can be investigated by measuring the rate at which bromine is produced using a clock
reaction. The reaction mixture contains known volumes of BrO;™(aq), Br~(aq) and H*(aq).

The reaction mixture also contains

e a known volume of aqueous phenol, which removes the bromine produced in the
reaction

3Bry(aq) + CgHsOH(ag) — C4zH,BryOH(s) + 3H'(ag) + 3Br7(aq)
e 2-3 drops of methyl orange solution, which is bleached colourless by free bromine
Bry(aq) + methylorange — bleached methyl orange
(pink) (colourless)
As soon as all the phenol has been used up by the bromine produced, free bromine will

appear in solution and bleach the methyl orange. The time taken for the methyl orange
solution to be bleached is recorded.

(i) One group of students studied the kinetics of the bromate/bromide reaction using
the clock reaction described above.

They mixed different volumes of the aqueous solutions, all at a concentration of
1.0 mol dm~2 and a constant temperature of 298K.

In each experiment, the total volume was made up to 500 cm?® with deionised water.
The following results were obtained.

Time taken
Volume of | Volume of | Volume of | Volume of for methyl Rate
Expt | BrO; (aq) | Br7(aq) H*(aq) phenol orange to be /o
/ cm?® / cm?® / cm?® / cm?® bleached
/s
1 25.0 125.0 150.0 10.0 336 298 x 107*
2 25.0 125.0 300.0 10.0 84 1.19 x 107
3 50.0 125.0 300.0 10.0 42 2.38 x 1072
4 25.0 62.5 300.0 10.0 168 5.95 x 1073
© WJEC CBAC Ltd. (A410U30-1)
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. Complete the table by calculating the values of the rate in these four
experiments. (1]

[l.  Deduce the order of reaction with respect to BrO; (aq), Br™(aq) and H*(aq).

Explain how you reached your conclusions. [3]
Order with respect to BrO3;™(aq) .. firSt..0FQer. ...
Explanation .Expts. 2 .and. 3:.[BrOs~].doubles, time. halves,.................

Order with respect to H*(aq) .secomnd.order. ...
Explanation .Expts.1.and.2:.[H*] doubles, time.quarters,.................

..... so.the. rate.increases.by.a.factor of 4.(S.22 ) ...
lll.  Write the rate equation for the overall reaction. 1]

rate = k[BrO; 1[Br ]J[H*]?

IV.  With reference to this rate equation, state what is meant by the overall order
of a reaction. [1]

The sum of the powers of the concentration terms in the rate

© WJEC CBAC Ltd. (A410U30-1) Turn over.
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Examiner
[
V. Calculate the value of the rate constant, giving your answer to an appropriate o
4

number of significant figures.
Expt 2: [Br0O37] = 25.0 x 1.0 = 500 = 0.050 mol dm™
[Br] = 125.0 + 500 = 0.25 mol dm™3
[H*] = 300.0 + 500 = 0.60 mol dm™>
= rate + ([BrO5"][Br1[H*]?)

k =119 x 1072 + (0.050 x 0.25 x 0.60°)
k=119 x 107? + 450 x 1072 = 2.64 (3 sig. figs, as the data)

Rate constant = .2.64..mol™* dm*2.s71..
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Examiner
[
On the axes below, sketch the graph of rate against concentration that would o

be obtained when the concentrations of BrO,~(aq) and H*(aq) are changed in
turn, whilst all other reactant concentrations remain unchanged.

Assume that the temperature remains constant. [2]

Rate of reaction

\j

Concentration of BrO5™(aq)

Rate of reaction

|

Concentration of H*(aq)
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(i) In an extension to the original work, a group of students carried out an experiment
to determine the activation energy of the bromate/bromide reaction.

BrO;(aq) + ©5Br7(aq) + 6H+(aq) — 3Bry(aq) + 3H,0(l)

They collected suitable results and plotted the graph shown below.

k is the rate constant
T is the temperature (in Kelvin)

In k

\J

=

© WJEC CBAC Ltd. (A410U30-1)
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Examiner
[
Outline the practical steps the students carried out to collect their results. Explain o

how their results were processed to plot the graph and how the graph would be
used to determine the activation energy. [6 QER]

Use the same reaction mixture as before (BrOs, Br™, H*, phenol, methyl orange),

k at each temperature, k = rate + [BrOs ][Br ][H*].
Arrhenius equation: k = Ae ™8T 5o In k = In A — (E,/R) x (1/T), a straight line

21
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