EUNOIA JUNIOR COLLEGE
JC2 Preliminary Examination 2024

rp General Certificate of Education Advanced Level

4alh

Higher 2
CANDIDATE
NAME
CIVICS 2|3 INDEX
GROUP - - NUMBER
CHEMISTRY 9729/03
Paper 3 Free Response _ 12 September 2024

2 hours

Candidates answer on the Question Paper

Additional Materials: Data Booklet

READ THESE INSTRUCTIONS FIRST

Write your name, civics group, index number on all the work you hand in.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

Answer all questions in the spaces provided on the Question Paper. if addition space is required, you
should use the pages at the end of this booklet. The question number

must be clearly shown. For Examiner’s Use
Section A Paper 3
Answer all the questions Section A
Section B 1 120
Answer one question.

2 120

The use of an approved scientific calculator is expected, where
appropriate. 3 /20
A Data Booklet is provided.

Section B
At the end of the examination, fasten all your work securely together. 4 /20
The number of marks is given in brackets [ ] at the end of each question
or part question. 5 120
Total /80

This document consists of 31 printed pages and 1 blank page.

© EJC [Turn Over




BLANK PAGE

© EJC 9729/03/J2PE/24



Section A
Answer all the questions in this section.

1 Alkenylbenzene molecules are secondary plant metabolites with certain levels of toxicity,

despite their presence in herbs and spices. One type of alkenylbenzene is
(2-ethylethenyl)benzene.

(a) (Z-ethylethenyl)benzene exhibits stereocisomerism and exists as a pair of
stereoisomers L and M. The structure of M is as shown.

@\/\
compound M

(i) State the type of sterecisomerism exhibited by (2-ethylethenyl)benzene. [1]

(ii) Draw the skeletal structure of L.

[1]

(iif) Draw the structure of a constitutional isomer of M that fulfils the following criteria:
* does not exhibit the sterecisomerism stated in (a)(i)
« has a non-terminal alkene

[1]
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(b) When a pure sample of L is left to stand, a portion of it converts to M. The mixture will
then eventually achieve equilibrium, as illustrated in the following equation.

L=M
Fig. 1.1 shows a sketch of how the Gibbs free energy of the mixture of L and M varies

with the composition of the mixture at a particular temperature. The slope of the graph
at each point corresponds to AG of the conversion of L to M.

Gibbs free Gibbs free
energy, G energy, G
A 1;

pureL  composition of mixture pure M
(standard state) (standard state)
Fig. 1.1
(i) Given that the K: value of this equilibrium at the temperature given is 5.25,

calculate the equilibrium concentration of L when 1.30 mol dm™ of pure L was
placed in an empty reaction chamber and allowed to reach equilibrium. 2]

(i) Label Fig. 1.1 with a cross (x) to show the composition of the mixture of L and M
at equilibrium. [1

(iii) With reference to the structures of L and M, explain why the minimum point of the
graph in Fig. 1.1 lies closer to the point of pure M. [1]
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(c) An attempt to synthesise N by mixing one mole of M with two moles of Br in the
presence of anhydrous FeBrs in the dark, was not successful.

2Brs, anhydrous FeBr;
S \ X
N
Br Br
M N

(i) Draw the skeletal structure of the major product obtained instead. [11

(i} A trace amount of P was obtained as a by-product. Suggest how P was formed
during the reaction. 1]

Br
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The student then changed M to @ and changed the amount of Q and Br. used to one
mole each, while keeping the other conditions the same. This caused the student to
obtain R, the 4-bromo product, as the major product, as shown in Fig. 1.2.

Q

BI'2
anhydrous FeBrs

SIS S

2-isomer 3-isomer 4-isomer

Fig. 1.2

The generation of the electrophile for this reaction is as shown.

Br; + FeBrs = Br* + FeBr,

(iii} Draw the mechanism for the reaction between Q and Br; to form R. i2]
(iv) Explain why R is preferentially formed over the 2-isomer and 3-isomer. [2]

(v) With the aid of an equation, explain if R can be formed when Brz and anhydrous
FeClk were used instead. 1

®EJC 9729/03/J2PE/24
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(d) Photoelectron spectroscopy is an experimental technique used to measure the
energies of electrons in atoms and ions, such as Cr and Ag*. A typical photoelectron
spectrum plots the relative number of electrons against energy absorbed to remove
the electrons, as exemplified by the photoelectron spectrum of boron in Fig. 1.3, which
has the electronic configuration 1s? 2s2 2p".

relative number

of electrons
F 3
2s? 152
2p' L
0 energy absorbed to

remove electrons
Fig. 1.3

The relative height of each peak comesponds to the number of electrons in that
subshell.

() Explain why the gap between the peaks corresponding to the 1s and 2s subshells
is much larger than the gap between the peaks corresponding to the 2s and 2p
subshells. [2]

©EJC 9729/03/J2PE/24



Fig. 1.4 shows a sketch of the photoelectron spectrum of the valence shell of X2*,
where X is a first-row transition element.
relative number

of electrons
A

A k »
¥

0 energy absorbed to
remove electrons

Fig. 1.4
(it} State two orbitals in the subshell corresponding to peak W that have different
shapes from each other. [1]
(iii) 1dentify X** and explain your answer briefly using Fig. 1.4. [2]

(iv) Identify another ion with a 2+ charge that is a second-row transition element and
has a valence shell photoelectron spectrum with the same peak heights as
Fig. 1.4. (1]

[Total: 20]
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2 (a) The industrial synthesis of methanol involves heating carbon monoxide and hydrogen
under controlled conditions in the presence of catalysts.

CO(g) + 2Ha(g) = CHsOH(g)

temperature / °C

200 to 300

pressure / atm

50 to 100

catalysts

mixture of Cu, ZnO and ALQO;

(i} Write the expression for the equilibrium constant, K, for this reaction. [1]

(ii} In one of the synthesis, CO and H. were added in the molar ratio 1:2.
Fig. 2.1 shows the change in the amounts of CO and CH:OH with time. The
temperature was maintained at a temperature of 250 °C and the total pressure at

equilibrium is 85 atm.

amount 4
{ mol
1.04
\ co
08F--
xL-- CH1OH

R e e I

4
Fig. 2.1

» time / min

Use the information provided and data from Fig. 2.1 to calculate the equilibrium
amount of methanol, x, at 250 °C.

1l

(ifi) Hence, calculate the value of K; for the equilibrium at 250 °C, giving its units. [2]

(iv) At time t, 0.2 mol of CHsOH(g) was added. Assuming that the volume and
temperature in the sealed vessel remains unchanged, sketch the changes in
amount of CO and CH;OH that would be observed from ¢ min in Fig. 2.1 until the
new equilibrium is reached at {; min.

@ EJC 9729/03/J2PE/24
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(v) The reaction to produce CH3;OH is repeated with the same amounts of CO and H:
at 250 °C in a bigger vessel. State and explain the effects, if any, of this change
on

» rate of producing methanol

» the equilibrium yield of methanol
s the value of K; (3]

(vi) State the type of catalysis and outline the mode of action of the catalysts in the
synthesis of methanoi. [3]
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(b)
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Mandelic acid derivatives, including brominated forms like 3-bromomandelic acid, are
used in the synthesis of chiral compounds.

OH

Br
COsH

3-bromomandelic acid

3-bromomandelic acid can be formed from benzaldehyde in 3 steps.

OH
g Brz FeBry H2S04(2q)
- A ~ B CO,H
heat heat
step 1 step 2 step 3
(i} Suggest the identity of intermediates A and B. 2]
(i) State the reagents and conditions for step 2. [1]
(iii) State the type of reaction in step 3. 1]

(iv) Suggest a chemical test to distinguish between benzaldehyde and
3-bromomandelic acid. Include the reagents and conditions used, and the
observations for each compound. [2]

(v) In many brominated organic compounds, the Br will be converted to a hydroxy

group in the presence of hot aqueous sodium hydroxide. Explain whether this
conversion will take place for 3-bromoemandelic acid. [2]
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[Total: 20]
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3 Sorbic acid is a natural organic compound used as a food preservative. The traditional
route to sorbic acid involves the reaction of malonic acid and crotonaldehyde as shown in
Fig. 3.1.

0 O
0] 0] step 1
M X HO OH
HO OH Lz
malonic acid crotonaldehyde HO
step 2 ‘

o

+ H,O +gas B
/\/\)LOH

sorbic acid

Fig. 3.1

(a} Malonic acid has a K, of 1.48 x 10~ mol dm™, while sorbic acid has a K, of 1.74 x 105
mol dm~. Explain why Ka1 of malonic acid is larger than the K, of sorbic acid. [2]

(b) (i) State the type of reaction for step 1. 11
(ii) State the identity of gas B. 1]
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{c)
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{i) Explain why the addition of NaOH(aq) to aqueous sorbic acid can result in the
formation of a buffer solution. [1]

(ii) Sorbic acid has a pKa of 4.75.

Deduce the volume of 0.100 mol dm-2 NaOH(ag) that must be added to 100 cm®
of 0.100 mol dm™3 sorbic acid to make a buffer solution with a pH of 4.75. 2]

(iii) Another buffer is made by dissolving 0.100 mol of solid sodium sorbate in 100 em?®
of 1.00 mo! dm2 aqueous sorbic acid.

Comparing this buffer with the buffer in {c)(ii), explain which buffer is more
resistant to changes in pH when a strong acid or a strong base is added. [1]

(iv) A particulate representation of another sorbic acid / sodium sorbate buffer solution
is shown in Fig. 3.2.

Is the pH of this buffer greater than, less than, or equal to 4.75? Justify your

answer. [1]
e ° Q
PR o ¢ @ sorbic acid molecules
®
® o9 e @ sorbate anion
@
e 04
Fig 3.2
9729/03/J2PE/24
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(d) When sorbic acid reacts with excess hot acidified potassium manganate(VII), only one
organic product is formed. Write the structural formuia of the organic product. [1]

Question 3 continues on the next page.
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(e)
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Sorbic acid undergoes controlled oxidation in alkaline potassium manganate(VII}
producing ethanedioate ion, "0.C—CO,. Ethanedioate ions react with aqueous iron(III}
ions to form a green iron(III} complex.

(i) Name the reaction between aqueous iron(III) ion and ethanedioate ions. 1]

(i) Write an equation for the reaction between agueous iron(IL) ion and ethanedioate
ions. Hence, explain why the AS® of reaction is positive. [2]

(iii) Explain how the positive AS® of reaction contributes to the spontaneity of the
reaction in {e)(ii). [1]

{iv) Draw the structure of the green iron(IIl) complex ion formed in {e)(ii). State the

value of the O—Fe—O bond angle. [2]

(v} State the type of isomerism exhibited by the iron(IlI) complex ion. 1]

(vi) Explain why the iron(III) complex ion is coloured. [3]
9729/03/J2PE/24
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[Total: 20]
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Section B
Answer one question from this section.
4 (a) Group 2 metals can react with nitrogen and oxygen to form different compounds.

(i) On heating with oxygen, Group 2 metals have an increasing tendency to form
metal peroxides, M2+O§', down the group from magnesium to barium.
Describe and explain this tendency in terms of the variation in thermal stability of
the Group 2 peroxides. [3]

(i) Nitrogen is typically inert due to the large amount of energy needed to break N=N
bond, but magnesium produces trace MgsN2, in addition to MgO, when burnt in
atmospheric air. Suggest a reason that allows the formation of MgsN2. 11

(i) MgaN; dissolves in water to give a white solid and ammonia gas. Write an equation,
with state symbals, that describes this reaction. [1]

© EJC 9729/03/J2PE/24



(b)
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Ammonia is produced via the Haber Process, in which a temperature of 450 °C is used,
and nitrogen and hydrogen are mixed in a molar ratio of 1:3 at 250 bar in a reaction
vessel.

N2(g) + 3H2(g) = 2NHs(g)

(i) Suggest why ammonia behaves as an ideal gas despite the high pressure used in
the Haber Process. 1

(i) Given that 15% yield of ammonia is obtained from the process, calculate the partial
pressure of the ammonia produced. 2]

(iif} Hence, assuming ammonia is an ideal gas, calculate the density of ammonia
produced, in g m~, in the reaction vessel. [2]
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(c) Describe and explain the relative basicities of ethanamide, ethylamine, phenylamine,
and ammonia, in aqueous medium. [3]

©EJC 9729/03/J2PE/24
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(d) Primary amines can react with aldehydes and ketones to yield imines, containing C=N
bond, which are common as intermediates in biological pathways. The mechanism for
the reaction between ethylamine and butanone is shown in Fig 4.1.

step 1:  nucleophilic /\ \X
addition NHz N/\

ethylamine butanone

step 2:  proton transfer e} HO
\Xﬁ/\ — \XN/\
H
step 3:  protonation H26
\)< A \)<N/\ v
step 4:  elimination
of water \&4\ \AN + o~ t H0

step 5: deprotonation \/k
e A — L
\_}J
|m|ne

Fig. 4.1

(i) State the reagents and condition required to form ethylamine from ammonia. [1)
(i) By considering step 1, suggest why the reaction is slow at a low pH. (1]

(iii) Explain why protonation in step 3 favours the elimination of water in step 4. 1]
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(e)
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An electrolysis cell was set up to coat a zinc disc with copper. The zinc disc with a
surface area of 25 cm? was used as the cathode with 1 mol dm™? CuSO.(aq) as the
electrolyte at 298 K. The anode is a 10 g copper ore with silver impurities.

A current of 1.20 A was passed through the electrolysis cell for 20 minutes. At the end
of the electrolysis, there was a deposit under the anode.

(i) Explain why the concentration of the electrolyte remains constant. [1]

(i) Calculated the expected increase in mass of the circular zinc disc at the end of 20
minutes. [2]

(i) Calculate a minimum value for which the voltage of the external circuit must be
higher than, so that electrolysis can occur. 1]

[Total: 20]
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$ (a)} Describe the reactions, if any, of the chlorides NaCl, MgC# and AICI; with water. Write
equations for all reactions that occur, and suggest the pH of the resulting solutions.
Relate the reactivity of these chlorides to their structure and bonding. [4]
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(b) Aldol condensation can occur between two carbonyl molecules, of which one of the
molecules must possess at least one hydrogen on the neighbouring carbon atom to
the carbonyl group.

0 O R

H R
—— O.
R; w ot O)\R“ R1)J\%\R4 + g7

Ro R2

(where Ri, Rz, Rs and R4 can be H, alkyl or aryl groups)

The first step of the aldol condensation involves the generation of a nucleophite, which
occurs in the presence of strong bases, such as potassium hydroxide, potassium
methoxide, CHsOK, or potassium tert-butoxide, (CH3);COK.

In the carbonyl molecule shown below, Ha is removed instead of Ho.

(i) Explain why Ha is more acidic than Hs. 1

(i) Compare and explain the basicities of potassium methoxide, CH;OK, and
potassium tert-butoxide, (CHz)sCOK. [1]

(iii) The initial steps for aldol condensation of two propancne molecules are shown in
Fig. 5.1, where OH- is used to represent a strong base.

Copy and complete Fig. 5.1 to suggest a mechanism for these initial steps. Show
all charges and relevant lone pairs, and show the movement of electron pairs by
using curly arrows.

f 0
B
H
o) o O o}

Fig. 5.1 2]

©EJC 9729/03/J2PE/24
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(c)
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The kinetics of acid-catalysed iodination of propanone was studied. Reaction mixtures
with varying concentrations of iodine, propanone and H* were prepared, and the
progress of the reaction was then followed by the use of a colourimeter.

The total volume of the reaction mixture was kept constant in all experiments. The time
taken for a 5% decrease in [[;] was measured and the data in Table 5.1 was obtained
at a fixed temperature of 298 K.

Table 5.1
experiment [CHsCOCHs] / 2}/ [H*] lﬁ time taken .for a 5%
mol dm= mol dm-3 mol dm-3 decrease in[I2] / s
1 0.2 1x 1073 0.1 110
2 0.2 5x 107 01 55
3 0.2 5x 10 0.05 110
4 0.1 1 x 1073 0.05 440

() The rate of reaction is given by the rate of decrease of [I2].
Given that [I:] has decreased by 5% at the end-point, calculate the rate of reaction,
in mol dm=2 s, for experiment 1. 1]

(ii) Determine the order of the reaction with respect to each of the following reactants:

o CH3;COCH:

» 12

o« H (3]
(ili) Hence, write the rate equation for the reaction. (1]
(iv) Calculate the rate constant for the reaction, stating its units. [1]

9729/03/J2PE/24
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(d)

©EJC

30

Methanol can be used in direct-membrane alkaline fuel celis to generate electricity. At
the anode, methano! is diluted in potassium hydroxide solution and undergoes

oxidation to become carbonate, COZ, and water. At the cathode, oxygen gas is being
supplied into water.

() Construct half equations for the cathode and anode reactions. [2}

(i) Hence, write the overall equation. [1]

(iii) The cell is capable of producing an e.m.f of +1.21 V under standard conditions.
By using relevant data from the Data Booklet, suggest a value for the E® of the

anode reaction. [1]

(iv) Calculate AG® for the oxidation of 1 mol of methanol. [1]

[Total: 20]
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Additional answer space

If you use the following pages to complete the answer to any questions, the question number
must be clearly shown.
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Section A
Answer all the questions in this section.

1 Alkenylbenzene molecuies are secondary plant metabolifes with certain levels of toxicity,
despite their presence in herbs and spices. One type of alkenylbenzene Is
(2-ethylethenyi}benzene,

(@

®EJC

(2-athylethenyl)benzene exhibits sterecisomerism  and exists as a pair of
sterecisomers L and M. The structure of M is as shown.

S

compound M
(i) State the type of sterecisomerism exhibited by (2-ethylethenyl)benzene. ]
(i) Draw the skeletal structure of 1. [1]

{iii) Draw the structure of a constitutional isomer of M that fulfils the following criteria:
» does nat exhibit the sterecisomerism stated in {a){i)
« has a non-terminal alkene ]

(i}, cis-trans isomerism

9729/03/J2PE/24 [Turn Qver

{b) When a pure sample of L is left to stand, a portion of it converts to M. The mixture will

then eventually achieve equilibrium, as illustrated in the following equaticn.
L=M
Fig. 1.1 shows a sketch of how the Gibbs free energy of the mixture of L and M varies

with the composition of the mixture at a particular temperature. The slope of the graph
at each point corresponds to AG of the conversion of L to M.

Gibbs free Glbbs free
energy, G energy, G
4. &

(b)(if)

pure L composition of mixture  pure M
{standard state) {standard state)

Fig. 1.1

() Given that the K; value of this equilibrium at the temperature given is 5.25,
calculate the equilibrium concentration of L when 1.30 mol dm™ of pure L was
placed in an empty reaction chamber and allowed to reach equifibriurmn. [2]

(i} Label Fig. 1.1 with a cross (%) to show the composition of the mixture of L and M
at equilibrium. [1]

(i) With reference to the structures of L and M, explain why the minimum point of the
graph in Fig. 1.1 lies closer to the point of pure M. [1]

i L = M

lal conc / mol dm-3 1.30 0

change In conc / mol dm? -X X

1,30-x
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(d)

(iFy " Thé HBF formed in the Formation of the major prodict redckéd With™

e R REACHEE NG e P eene e

(iv} The alkyl group is 2 ,A-directing; hence Q will preferentially subs

bulky and presents !

Hence, the fourth carbon atom is more mnommm_c_m than the secand carbon

atom.

{v} Yes, it would occur. Using Br: and FeCh will still generate Br* as the
electrophile.

BEr: + FeCl = Br* + FeCLBr

9729/03/J2PE/24
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Photoelectron spectroscopy is an experimental technique used to measure the
energies of electrons in atoms and ions, such as Cr and Ag®. A typical photoelectron
spectrum plots the relative number of electrons against energy absorbed to remove
the electrons, as exemplified by the photoelectron spectrum of boron In Fig. 1.3, which
has the electronic configuration 152 252 2p’.

relative number

of electrons
A
252 1s?
L A
0 energy absorbed to
remove elecirons
Fig. 1.3

The refative height of each peak corresponds to the number of electrons in that
subshell.

() Explain why the gap between the peaks corresponding to the 1s and 2s subshells
is much larger than the gap between the peaks corresponding to the 2s and 2p
subshells. [2]

The electrons in the 15 subshell are much closer to the nucleus than the 2s
subshell, hence 1s electrons experience stronger electrostatic forces of
attraction, thus requiring more energy to remove. Electrons in the 2s and 2p
subshells are in the same principal guanturn shell, hence the energy
difference between them is smaller, thus the gap between the peaks is smaller.
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PZAJEZI/ED/ETLE

ar3ae

[2] UW 4 e payoeas §) wnuqunbe meu
Byl Ihun |7 "Bld wr uny 7 woy pasRsYe 8q PINOM JBYL HOSHD PUB (37 JO JLNoWE
ui safueyo syl yojexs ‘pabueyoun sulewS) [9$$OA pelEsS eyl W asmeladwia)
pue awnjoa ay} jewy Buwnssy “pappe sem (B)HOSHD 40 10w Z'0 ¢ awg v (AD

[2] "suun 3y BuB ‘3, 05Z 1@ wWnuqyInbe au 103 By Jo Sryes Sy} SjEINDJED 'aoual (1)

(4] Do 0 18 ‘X "JOUBYBL J0 Junowe
winugiinba ay} e1enles o} | 'Z Bl woy ejep pue papI0Id USIBULIOIL] Bl 8s))

(R AP

UK / B -

—_——] e

HO®HD

x aroqe {(ai{e)

0’1 mofaq (a)(e)

-—1X

20
0L

o/
¥ Junowe

‘wie g st wnyqyinbe

e aunssaud [e10) 9y} pUE 7, 0SZ JO ainjesadula) B 1B paLeuRL sem sineadwe)
DYL Bwn Yim HOEHO pue Q0 4o sjunowe e Ul ebueyo ay) smoys 'z By
‘Zi ONe1 Jejo Sy U] PIPPE a19m ZH pue Q7 ‘sIsayuis syl Jo suo uj ()

13 "UOloBRa) S|L) 10} By JUIeISUCT WnugEnb By Joj udisseidxa syl alupm (1)

EQFY PUR QUZ ‘NY JO |INjXiW

sisA|ejen

001 o} 05 une ; aunssaud

00t O) 02 O / @NjEIRdWS)}

(B)HOEHD =2 (BFHZ + (B)oD

‘s)sAjeeo Jo aoussald sy} Ul SUDHIPLUCD PaloIILIOD Japun
uaboupAy pue spixouow uogques Bujeal SaAI0AUE [CUBLIBUI JO SISBYIUAS |Binsnpul Ay (e} Z

0l

Jeag uany] $ZAdZEO6ZLE

[0z =01l
2y

(] ¥l Bid
se siybiay yeed swes ay) yum wnioads uonoseoioyd |jays aousieA e sely
PUE JUSWS[S UISUEI MOJ-PU0DDS B St Jey) abieyo +2 e ypm uol Jaulous Anuap| (A1)

"uoneinfyuon uonos|a \pe g Be e
BuiAidus) ‘SUGJ19910 JO JeGLUNU BLUES BU) LRI IS SIIPYSNS pg pue dg ol
‘JyB1ay awes ay) jo ate $Head 150WYS] PUT BJPP|W BY) BJUIS S||BYSINS Sp pue
PEC 93} 240j6q SLUOJDIS 9 LM 3811 PajiY Si lIusqns de ey -84 sI ug sy

[z] ‘71 “Bi4 Buisn Ayauq samsue noA uejdxs pue X Anuapt (i1

“|eNqJo pg Jeyjo Aue Jo eweu sy} pue pg

[l “13\J0 yoea woy sadeys
walegip saey Jey) M eed 0} Buipuodsaloo |[eysqns auyy Ul SIBHQIo oy Sjels (1

#'1 Bid
SLCL08|3 aA0LWSI
0} pagiosye ABieus 0

‘ T .

r
suosRee Jo
Jetuny sAgE|a)
JUSLISS UOHISURI) MOJ-ISIL B SI ) SISUM
*2X 10 112Ys eausjeA 3y} j0 wngsads vonsajeoioyd dy) JO YANEHS B SMOYS | Bl

nie




11

(v} The reaction to produce CH;OH is repeated with the same amounts of CO and Hz
at 250 °C in a bigger vessel. State and explain the effects, if any, of this change
on

» rate of producing methanol

« the equilibrium yield of methanol

« the value of K; {31

{vi) State the type of catalysis and outline the mode of aclion of the catalysts in the
synthesls of methanol. [3}

Penon

) K=
R m_bno Tuxmun ............................................................................................

1 O COAG).ntrennr.. 2Ha(G)rvnr 5. CHEOR)...

x =0.200 mol

@EJC 9720/03/J2PE/24 [Turn Over
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i _caclmxmm 26.15 atm
Py, umxmm 52.31 atm
0.2

Popon = 5 5 ¥ 88 =6.54 atm

..................... N m..:::.:...:........:...................:...............................:..................

K =P B9 _g14x10° atm?

P 2

naoﬁﬁznv ...... mmm Jm.:mm wAw ..............................................................

{v).-Effect-on-rate. of- producing methanol:

....... The- bigger vohkune of the. reactor-decreases the concentration-of the--

<o r@AGHANLS. - Fhis-- fesults-in . {he. decrease.- In. the--fraquency.. of - effective

....... collisions, heace rate of producing methanol docreases..-

....... EHect on.yield-of methanol:-

Increasing the volume of the reactor decreases the total pressure. By

®EJC 9729/03/J2PES24
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(it} HCN, trace NaCN, coid

{iii} acidic hydrolysis

{iv) To separate test-tubes noam_zzﬁ each compound, add Toliens’ reagent

and heat. The one containing benzaldehydo will give a silver mirror

oF. (athier suitabla tests are also dcdépted) ™

() THiS conversion will riot take place 1o "3-bromomandénc adid. The 4’

T reBUNG IR the strengthening of €-

THIS' Makes 1t hardér 1o bréak the C-Brbond. ™

[Totat: 20]
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3 Sorbic acid is a natural organic compound used as a food preservative. The traditional

route to sorbic acid involves the reaction of malonic acid and crotonaldehyde as shown in
Fig. 3.1.

0 o}
[s] 0 step 1
\_.F\—._/ TP HO OH
HO OH L
malonic acid crotonatdehyde HO
step 2
0
\</\:/ +HeO+gasB
Ry Ny OH
sorbic acid
Fig. 3.1

{a) Malonic acid has a Ka of 1.48 x 10 mel dn®, while sorbic acid has a Ka of 1.74 < 105
mol dm3. Explain why Ka1 of malonic acid is larger than the K, of sorbic acid. 2]

{b) (i) State the type of reaction for step 1. 1]
{ii} State the identity of gas B. [11
nh.N

(), co;

®EJC 9729/03/J2PE/24
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Sorbic acid undergoes controlled oxidation in alkaline potassium manganate(VIID)
producing ethanedioate ion, "0,C-CQ;z. Ethanedloate ions react with agueous iron(II1)
ions to form a green iron(Ill) complex.

(i} Name the reaction between aqueous iran(IlI} ion and ethanedicate lons. M

(i) Write an equation for the reaction between agueous iron({IIl} ion and ethanedioate
lons. Hence, explain why the AS® of reaction is positive. 2

{iiiy Explain how the posilive AS® of reaction contributes to the spontaneity of the
reaction in (e)(ii}. 1]

{iv) Draw the structure of the green iron(III) complex ion formed in (e}(ii). State the

value of the O—Fe-0 bond angle. [2

{v} State the type of isomerism exhibited by the iron{III) complex ion. [1]
{vi) Explain why the iron(II} complex ion is coloured. [3}
9729/03/12PE/24 [Turn Over
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(i) Ligand exchange

an increass in

caess at standard conditions is determined by the sign of

AG® = AH®_TAS®. Since AS® is positive, the —TAS® term makas the value

of AG® more ne ative and thus makes the reaction more spontaneous.

..:....... .,.,.n.u..\Oﬂ;O
I}

T IR

The O-Fe-0O bond angle is 90° and 18

(v} Enantiomerlsm

from the vistble region of the glectromagnetic spectrum, and is promoted

to a z_.m:mﬂ energy d orbital. This is called d-d transition. The remaining

wavelengths are transmitted and the complementary colour is observed.

[Total: 20]
9729/03/J2PE/24
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(¢) Describe and explain the relative basicities of ethanamide, ethylamine, phenylamine, (d) Primary amines can react with aldehydes and ketones to yield Imines, containing C=N
and ammaonia, in agueous medium. [3] bond, which are common as intermediates in hiological pathways. The mechanism for

) . the reaction between ethylamine and butanone is shown in Fig. 4.1.
In order of _anamm_:n ba

(i) State the reagents and condition reguired to form ethylamine from ammonia. [1]
O_.—u.ﬂoz_._u < CgHsNHz < NHz < nn_-._mz_.—u .

() By considering step 1, suggest why the reaction is slow at & low pH. !
_Ethanamide is neutral (i} Explain why protonation in step 3 favours the elimination of water in step4.  [1]
5 l+!
Jnto the €=0, rendering the lone pair unavallable fc step 1:  nucleophilic P 0
, addition NH; * o+ — m\//
.Phenylamine is the least basic, as the lone pai ethylamine butanone He
_phenylamine is partially delo ring the lone pair step 2: proton transfer /WA /_._WR
Jess available | Ha o
step3:  protonation HO: 7 ot Hz0,
ic (mare basic than ammonia), as the ethyl group is an SAjp —— /k + A
ing group that Increases the electron densfty on the nitregen atorm, .
step 41 elimination Hy /\._V
akes the lone pair of electrons on tha nltrogen most readily available of water Y~ T o~ O

for donation 1o a praton.

step 5: deprotonation /\F /\F
P N + H—A
At z\//r — Z\//

Fig. 4.1

Chloroethane in ethangl, heat in sealed tube with excess ammo

() Atlow pH, the nitrogen in ethylamine is protonated and does not have a

_lone palr of electrons available for nucleophilic addition. This leads to a

slower rate of reactlon as there is lesser gthylamine available.

(iii) The hydroxide group is a poor leaving group as it is a sitrong base.

Protonation converts the leaving group to water instead.

@ EJC 9729/03/J2PE/24 {Turn Over @EJC 9729/03/J2PEf24
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{b) Aldol condensation can occur between two carbanyl molecules, of which one of the

molecules must possess at least one hydrogen on the nelghbouring carbon atom to
the carbonyl group.

0 0 Ry
H Ra o
R H * — R Ry ¥ W™
1 o R. 1 4 H H
mm mm

{(where Ry, Rz, Ry and R4 can be H, alkyl or aryl groups)

The first step of the aldol condensation involves the generation of a nucleophile, which
occurs in the presence of strong bases, such as potassium hydroxide, potassium
methoxide, CHL0K, or potassium fert-butoxide, (CHz):COK.

In the carbonyl molecule shown below, Ha is removed Instead of Hy.

o H
uIa

Ry Hy
Ha Hi

(i) Explain why H. Is more acidic than He. [1]

(I) Compare and explain the basicities of pofassium methoxlde, CH;OK, and
potassium fert-butoxide, (CH3)sCOK. M

(iif} The initial steps for aldol condensation of two propanone molecules are shown in
Fig. 5.1, where OH- is used to represent a strong base.

Copy and complete Fig. 5.1 to suggest a mechanism for these initial steps. Shaw
all charges and relevant lone pairs, and show the movement of electron pairs by
using curly arrows.

O

o
+ OH — \f + I\O/I
H
o 0 o o
\_/ * } T \:/L7

Fig. 5.1 21

(iv) Suggest the starting organic reactants required to form the following compound.

e}

= =
il

@EIC 9728/03/J2PE/24 [Turn Over
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the C=0 bond, hence the,

resonance sta

ed.and dissociation of Ha is prefered. Thig

does net ecgur for H,

Potassium methaxide is less basic than potassium fert-butoxide. The lone

pair of electrons on the oxygen of fert-butoxide is more readify available

. for donation to_a proton due to the greater number of alkyl donating

groups attached, which Increases the electron density on the oxygen

(iv} Propanone and (2 equiv). benzaldehyde

9729/03/J2PE/24
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{d) Methanol can be used in direct-membrane alkaline fuel cells to generate electricity. At
the anode, methanol is diluted in potassium hydroxide solution and undergoes

oxidation to become carbonate, OOW\_ and water, At fhe cathode, oxygen gas is being
supplied into water.

(I} Construct half equations for the caihode and anode reactions. [2)

(i) Hence, write the overall equation. [1]

{lii) The cell is capable of producing an e.m.f of +1.21 V under standard conditions.
By using relevant data from the Dafa Bookdet, suggest a value for the E® of the
anode reaction. 1]

{iv} Calculate AG® for the oxidation of 1 mol of methanal. [11

Anode: CHiOH + 80H- = CO5

(i} Overall: CHyOH + w.om +20H — COY + 3H:0
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The E2 of the

21 = =701 kJ mol’

[Total: 20]
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