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1 The most common oxidation state of americium, Am, in aqueous solution is +3.

Recently, Cu®* has been shown to quantitatively oxidise Am®*{(aq) in dilute HNO;, while itself is
reduced to Cu?".

In an experiment, 20.0 cm® of 0.0120 mol dm~ Am*(aq) was found to require
24.00 cm® of 0.0300 mol dm-2 Cu?* for complete oxidation.

What is the formula of the americium-containing species formed?

Am202*
AmMO*

AmO?*
AmO*

Oo0ow»

n(electrons) = n(Cu?®) = 7.20 X 10*

change in oxidation state of Am = (7.20 X 10%) / (20.0 X 0.0120/ 1000) = +3
Initial oxidation state of Am = +3 +3 = +6

Correct option is AmO2?*

2 Use of the Data Booklet is relevant to this question.

The table shows the fifth, sixth, seventh, eighth, ninth and tenth ionisation energies of an
element (Z < 20) in the Periodic Table.

5th 6th 7th 8th gth 10th

ionisation energy / kd mol-! | 7975 9590 | 11343 | 14944 | 16964 | 48610

What can be inferred about the element from the above data?
A Itis in the third period of the Periodic Table.

Itis in Group 2 of the Periodic Table.
yito ) pOUIrC

Its 6™ and 7" electrons are removed from different subshells.

B
c
D

C: There is a large electronegativity difference between the Group 1 element and oxygen (Group 16).
Hence, the compound formed will be ionic in nature.

A: There is insufficient data to conclude that the element lies in the third period. Since Z <20, this Group
1 element can be in the fourth period.

B: The largest increase in successive ionisation energies (IE) occur between 9% and 10 IE. This
implies that the 10™ electron is removed from an inner shell. Since Z < 20, only s and p subshells
exists. Hence, each shell can only accommodate up to a maximum of 8 electrons. This would imply
that the 2™ to 9™ electron also lies in another inner shell. There wiil be only one electron in the
valence shell. This element therefore beiongs to Group 1 (either Na or K).

D: As a Group 1 element, the 6" and 7* electrons are removed from the same p-subshell.
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7 (CHy):S.BCl; is a solid that is commonly used in laboratories as a convenient source of BCh. 9 The energy profile diagram below represents a certain three-step reaction.
When heated, it reversibly decomposes to (CHs),S and BCls.
Enthalpy
Which statement is true? 7 Y
A The dative bond is formed using the 2p orbitals of boron and sulfur.
B (CHs).S and BCl; act as the Lewis acid and Lewis base respectively in the formation of }
Es
(CHs).8.BCls. E, ]
C  The dative bond is from boron to sulfur. E
D The C-8-C bond angle decreases when the solid decomposes. reactants / products
A The dative bond is formed using the hybrid sp? orbitals of boron and sulfur.
B (CHs)2S and BC/; act as the Lewis base and Lewis acid respectively in the formation Reaction naéimuwﬁn
of AOIuvnm.mONw.
D The C-8-C bond angle decreases when the solid decomposes, Which statements are correct about the above reaction?
c The dative bond s from sulfur fo boron. 1 Esis the activation energy of the second step.
2 AH can be obtained by subtracting £; from E;.
8 The compound BizSr2Ca;CusO1 is a superconductor. 3 There are equal number of intermediates and transition states.
in thi , the oxidati f bi is +3, stronti Icium is +2 :
%ém_wm:.umqmmw::n the oxidation number of bismuth is +3, strontium and calcium is and A Aty B 2only ¢ 1and3 D 2and3
What are the possible oxidation numbers of the three copper atoms in BizSr.Ca,Cu30197? 1 Ej is the activation energy of the second step.
A +1 41 42 2 AH can be obtained by subtracting E from E;.
N 3 There may not be equal humber of intermediates and transition states.
B +1, 42, +3
c 0, +1, +3
D 0, +2, +3
Transition elements have variable oxidation states.
Let the sum of oxidation numbers of the three Cu atoms be x.
2(+3) + 2(+2) + 2(+2) + x + 10(=2) = 0
X=+8
©® ACJC 2025 9729/01/Prelim/2025 [Turn over ©ACJC 2025 9729/01/Prelim/2025 [Turn over
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12 Ethyl formate undergoes a slow acid-catalysed hydrolysis in water.

If
IOO»OInOIw +H0 » IOO»I + OIuOImOI

The rate law is found to be
rate = A{HCO2CHCHs}[H*]

When 0.1 mol dm™ of HC/ is reacted with 0.4 mol dm™3 of ethyl formate, the half-life was found
to be 62 min.

Another reaction was carried out with 0.3 mol dm-3 of HC/ and 0.4 mol dm- of ethyl formate.

How long does it take for the concentration of ethy! formate to fall to 0.050 mol dm-3?

A  31min B 62min C 93 min D 124 min
When [HCI} = [H*] = 0.1 mol dm3,
t¥2 = 62 min.
When [HCI} = [H'] = 0.3 mol dm™ (increased by 3 times),
t¥% = 62/3 min.

For [ester] to fall to 0.050 mol dm, three t' are required.
Time taken = 3 x (62/3) = 62 min
13 The decomposition of phosphorus pentachloride is reversible.
PCIs(g) = PCly(g) + Ch(g)
The rate constants of the forward and backward reactions are given as ks and k-4 respectively.

What happens to the values of ki, k-, K and the equilibrium position if an inert gas is
infroduced into the reaction vessel at constant temperature and pressure?

K K-y Ke equilibrium position
A unchanged unchanged unchanged unchanged
B increases decreases increases shifts to right
Cc decreases increases decreases shifts to left
D unchanged unchanged unchanged shifts to right

Addition of an inert gas does not change the value of rate constant.

At a constant pressure, the position of equilibrium shifts towards the direction of the greater amount of
gas.

©ACJC 2025 9729/01/Prelim/2025 [Turn over

10

14  Ammonium carbamate, NH.COONH,, undergoes thermal decomposition.
NHCOONH,(s) == 2NHs(g) + CO(g) AH>0
A vessel containing only NH,.COONH, is heated to 250 °C. The reaction reached equilibrium
at time f;. Subsequently both the temperature and volume of the vessel are decreased, and
the reaction established a new equilibrium at time f..

Which statements are correct?

1 At f2, Py - Pco,is 2: 1.
2 The rate of the forward reaction at t; is the same as that at f,.
3 The degree of decomposition of NHz:COONH, at t; is smaller than that at f..
4 Decreasing the volume of the vessel at constant temperature has no effect on the
equilibrium partial pressures of NHz and CO,.
A 1:and:4 B 2only C t1and3 D 2and3

Correct. As there are no addition of any reactant or product to the system, the mole
Statement 1 | ratio of NHs : CO> should always stay the same at 2 : 1 (following the stoichiometric
ratio of the balanced equation). Since p a n, Puu, : Poo,is also 2 : 1 at &,

Incorrect. Since the temperature at t; is higher than that at t,, the rate of the forward
(and backward) reaction at t; is greater than that at #,. (Recall that at higher
Statement 2 | temperatures, a greater proportion of the reactant molecules have energy greater
than or equal to the activation energy for reaction. Hence, the frequency of effective
collisions increases resulting in an increase in rate of reaction.)

Incorect. By Le Chatelier's Principle, a decrease in temperature will favour the
backward exothermic reaction and a decrease in volume (or increass in total
pressure) will favour the backward reaction which reduces the number of gas
particles.

Statement 3

Hence at b, the degree of decomposition of NH.COONH, is smaller than that at ¢.

Correct. Decreasing the volume of the vessei will cause the total pressure (and
partial pressures of NHz and CO;) to increase. By Le Chatelier's Principle, the
equilibrium position will shift left to reduce the number of gas particies and the partial
pressures of NH; and CO, will decrease.

Statement 4
Since the equilibrium constant (K, = (Pnugl(Pcoy)) remains unchanged (as
temperature is constant) and the P, : Pco, stays the same at 2 : 1, the equilibrium
partial pressures of NH; and CO; at £, will be the same as that at £,.
© ACJC 2025 9729/01/Prelim/2025 [Turn over
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13

The table below shows the numerical values of the solubility products (measured at 25 °C) for
some salts.

Sait CdCO; FeS CoCO; Cus

Kep 1.0 x 1012 6.0 x 10—1° 1.0x 10— 8.0 x 10—%

Which statement can be deduced from the information given above?

A CuS is more soluble than FeS.

B CdCOs is more soluble than CoCOs.

(o The solubility of these four salts will be increased at lower pH.

D The Ksp value of CuS will decrease as less of it can dissolve when copper(Il) nitrate is
added to a saturated solution.

At higher [H*]

H*(aq) + COs* (aq) — HCOs (aq)

CdCOs(s) === Cd?*(aq) + COs*

[COs*] decreases, and the position of equilibrium shifts to the right. Hence solubility
increases.

This is similar for the other three salts.

H'(aq) + 8* (ag) — HS (aq)

Units are different. We need to calculate solubility from Ksp values.
CuSis less soluble than Ag,S.

Units are the same. Hence we can compare the K, values.
CoCQOsis more soluble than CACOs.

The Ky value remains constant if temperature remains constant.

However, the solubility of CuS will decrease in this case.

14

19 The solubilities of AgCI and Agl are x and y mol dm~ respectively at 298 K.

Which statements are correct about a solution saturated with both AgC/ and Agl?

T [Agl=x+y
2 [Ag1=[r]+[Cl]
3 M<y

A 1,2and 3 B 1and3only C 1and2only D 2and3

Given solubility of AgCI and Agl are x and y mol dm™ respectively,

K, (AgCl) =[Ag* J[Cr} = x* moP dm*
K., (Agl)=[Ag*]Ir] = y* mof dm®

In a solution saturated with both AgC/ and Agl, let the solubility of AQC! and Agl be x’ and y*
mol dm=3 respectively.

[Ag'l=x+y , [erl=x L IFl=y
K, (AgCl) =[Ag* JiCt ] = (x' +¥)(x) = x?
K, (Agl) =[Ag* T 1= (x" + ')y} = y?

(X + YY)+ (x +y )y )=x*+y?
1% (xeyf=xtsy

[Ag)=x+y =Yl +yi<x+y

v = y = y

3 [rl=y Ty 3Ax
2v [Ag']=x+y' =lcr]+ir]
=D

©ACJC 2025 9729/01/Prelim/2025 {Turn over
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17 18

22  Cysteine and cystine are important biochemicals in which the former is biosynthesised from 23  lIsocitric acid Is a naturally occurring compound found in fruit juices, vegetables, and other
the latter. Cysteine is a naturally occurring a-amino acid, while djenkolic acid is a non-protein biological systems. It plays an important role in the citric acid cycle.
amino acid found In the djenkol beans of the Southeast Asian plant.
OH
The three pKa values of cysteine are 1.71, 8.33 (belonging to the thiol, -SH), and 10.78.
NH, NH, HO,C CO,H
\m/\ SH \F\ m/ COM oo
HO,C HO,C m\/‘\ "Which compound, on reaction with isocitric acid in the presence of concentrated sulfuric acid,
cysteine will produce an organic product of molecular formula CgH1,05?

cystine NHz

A methanoic acid
B
Iowo/\/ COzH
m\/m c
D

NH,

propan-2-ol

Zlitnsn

I
5

djenkolic acid
The product is formed via esterification reaction between propanoic acid and the alcohol in isocitric acid.

Which statement about cysteine, cystine and djenkolic acid is true?

Cystine is a meso compound, hence it is non-chiral.
Cysteine exists solely in its zwitterionic form at pH 5.02. o o
Cystine and cysteine share the same empirical formula.

o0 m>»

There are four stereoisomeric forms of djenkolic acid because there are two chiral HO,C CO,H

atoms in djenkolic acid.
CO,H

A is not true because there is no interna! mirror plane in this stereoisomer of cystine.
B —5.02 is indeed the isoelectric point of cysteine.
C —not true. 2 times cysteine — 2H = cystine.

D — not true. There are only 3 stereocisomers of djenkolic acid, which includes the one in the question.
A pair of enantiomers (one of which is in the question) and the mess compound.

©ACJC 2025 9729/01/Prelim/2025 [Turn over ©ACJC 2025 9728/01/Prelim/2025 [Turn over
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26 Which pair of compounds will not form when

21

in the presence of ultraviolet light?

8t

A 1and 2 B 2and4 c

1 is formed by three cyclohexyl radicals.

3 is formed by four cyclohexy! radicals.

©ACJC 2025
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1and 4

cyclohexane is reacted with excess bromine gas

[Turn over

22

27  Esters can be reduced by LIAIH, in dry ether to give two alcohols as shown below.
RCOOR' » RCH;0H + R'OH

Which product may be formed when the following compound is reacted with excess LiAIH, in

dry ether?
o
o o NHCH
/\/o N /\/:\
CN ] o
A HaNCH2CH(CHzOH)CH2CH>CH20H
B NCCH(COH)CH=CHCH,CO-H
c HOCH2CH;NHCHs
D HOCH,CH,OH

The products formed are, in order of fragments from the above compound,

+ Ethane-1,2-diol (option D)
¢ HOCH>CH(CHzNH;)CH=CHCH>CH.OH
o HO(CH2)sNHCH;

© ACJC 2025 9729/01/Prelim/2025 {Turn over
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25

30  Which statement regarding the neutral metal complex below is false?

c
D

cl CHy

The oxidation number of M in the complex is +2 because the complex is neutral and
there are two chloride ligands.

The coordination number of the complex is 6.
The complex contains a tetradentate ligand.

The complex contains a ligand which is an a-amino acid.

Option A: False
The tefradentate ligand is not a neutral ligand, but carries a negative charge on the carboxyiate end.

The oxidation number of M should be +3 instead.
Option B: True.
Coordination number is the humber of dative bonds around M which is equal to 6 in the complex.

Option C: True.

Option D: True

© ACJC 2025
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When ammonium dichromate(VI) is added gradually to molten ammonium thiocyanate,
Reinecke’s salt is formed. It has the formula NHJCr(SCN)(NHs),] and the following
composition by mass: Cr 15.5 %; S 38.15 %; N 29.2 %,

(a)

(b)

(c)

(@

Calculate the values of x and y in the above formuia.

Given Cris 15.5% of total
Therefore Mr = 100 X 52.0 /15.5 = 335.5
For 8, 38.15/100 x 335.5 = 128
nS =128/32.1=4
Xx=4
Therefore NH/[Cr (SCN)4(NH;),] = 335.5
Therefore 18 + 52 + 4 x 58.1 + 17y = 3355
Therefore 17y = 33.5
y=2
[2]

Suggest a shape for the complex anion.
octahedral

ﬁ NCs ] i NCs T

Linkage isomerism is a form of constitutional isomerism in which certain coordination
compounds have the same composition but differ in which atom of the ligand is bonded
to the metal.

Examples of linkage isomers are violet-colored [(NHs)sCo-SCNJ2* (S being the donor
atom) and the orange [(NH3)sCo-NCSJ?* (N being the donor atom).

Draw the dot-and-cross diagrams of NCS™ and SCN". In each diagram, underline the
donor atom.

W§eCNE fsuCafy;
2

[Total: 7]
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5 6

(ii) Lis anisomer of G. Treating L with hydrogen in the presence of Ni, yields W, with

the molecular formula, CsHis. It undergoes vigorous oxidation to give propanone On Fig. 3.1, draw the two possible three-dimensional arrangements of the electron
as the only organic product in addition to CO,. pairs on xenon in xenon fetrafluoride and tick the one observed, that gives the

molecule its shape, explaining your choice with appropriate reasoning based on
Deduce the structure of L with reasoning. the principles of the VSEPR theory.

L, CsH14 with hydrogen in the presence of Ni = reduction. Hence, 2C=C present
inL.

. V” Adopted Arrangement
L undergoes vigorous oxidation to give propanone and CO; 2 L has 2
structures. The square planar arrangement is adopted to maximise the separation between
the two lone pairs by placing them on opposite sides of plane with the maximum
angular separation of 180° so as to minimise the repuision due to them resuiting
CO;formed from in a more stable arrangement.

[Total: 12] (li) The structure of xenon difluoride has five electron pairs on xenon and therefore

3 (a) Atthe time ofits discovery by Scottish chemist Sir William Ramsay, the noble gas xenon the structure is based on a trigonal bipyramidal configuration as shown below.

was considered to be inert. It has since been discovered that xenon will react with strong
oxidants. For example, xenon reacts with fluorine gas, forming a series of fluorides, XeF,,
XeFs and XeFs.

(i) The structure of xenon tetrafluoride has six electron pairs on xenon and therefore

the structure is based on an octahedral configuration as shown below.
On Fig. 3.2, draw the three possible three-dimensional arrangements of the five

electron pairs on xenon in xenon difluoride and tick the one observed, that gives
the molecule its shape, explaining your choice with appropriate reasoning based
on the principles of the VSEPR theory.
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9 10

nB=28 1 _ 1, 4 (a) FEthanol is dissolved in blood and distributed to organs in the body. As a volatile
2R3 373 compound, ethanoi can be vaporised quite easily. In the lungs, ethanol can change its
AE=+34.7 k mol™' phase from liquid to gaseous and it can be exhaled with air. Since the concentration of

alcohol vapor in fungs is directly related to its concentration in biood, blood alcohol
concentration can be measured using a device called a breathalyser.

In one of the older versions of breathalyser, a suspect breathes into the device and

i2] exhaled air is allowed to pass through a solution of potassium dichromate which oxidises
ethanol to acetic acid. This oxidation is accompanied by a colour change from orange to

green and a detector records the change in colour intensity, which is used to calculate the

[Totat: 10] . percentage of alcohol in breath. When the oxidation of alcohol by potassium dichromate
Is carried out in an electrochemical cell, either the electrical current generated by this
reaction or the change in the electromotive force can be measured and used for the
estimation of alcohol content of blood.

() Write a balanced ionic equation for the oxidation of ethanol by the dichromate ion
in acidic solution.
CH3CH20H + HoO > CH3COOH + 4H* + 4e
Cr207%" + 14H" + 6e > 2Cr%* + 7H,0 from Data Booklet
3CHACHzOH + 2Cr207% + 16H* > 3CH;COOH + 4Cr* + 11H:0
(2]
(if) If the standard potential for the reduction of Cr,0/2" to Cr** is 1.330 V and that for
the reduction of ethanoic acid to ethanol is 0.058 V, calculate the standard
electromotive force, E°, for the overall reaction.
EMF =1.330 - 0.058 = +1.272V or +1.27 V
1
(iii) When a suspect breathes into a breathalyser which is designed as an
electrochemical cell, the oxidation of the ethanol generates a current of 0.10 A for
60 s. Calculate the mass of aicohol in the exhaled breath.
Q=1t=01x60=6.0C
n{e) fransferred from 3 moles of ethanoi to 2 moles of Cr,0,2~ = 12
Hence, 3CH;CH,OH =12F; CH3CH.0OH = 4F
n(CHsCH20H) = 6 / {4(96500)] = 1.55 x 105 mol
m(CH3CH:OH) = 1.55x 10°x46 =7.15x 10 g
[3]
(iv) In calculating the alcohol content in blood from the mass of alcohol in a breath, the
“2100:1 partition ratio” needs to be considered. The ratio states that each milliliter
of bload has 2100 times the mass of ethanol as each milliliter of expired air.
If the volume of expired air described in (a)(iii) is 60.0 cm?, calculate the mass of
alcohol per cm? of blood.
Hence, 7.15 x 107 g of ethanol from 60 cm? of expired air means 1.19 x 10~ g per
cm? of expired air.
Thus, mass of aicohol per cm® of blood = 2100 x 1.19 x 10°% = 0.0250 g
1
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13
(e) In a small-scale experiment, the researchers applied a current of 0.200 A for
1000 seconds. The yield of lithium production in this process was 88.5% in Step 1. The
yield of Steps 2 and 3 can be assumed to be 100%.
Calculate the mass of lithium generated in Step 1.
Q=0.2x1000=200C
Amount of e = 200/ 9.65 x 10% = 0.00207 mol
Amount of Li = 88.5% » 0.00207 = 0.00183 mol
Mass of Li = 0.00183 x 6.9 =0.0126 g
2
() Calculate the volume of ammonia produced, in cm®, at room temperature and pressure.
Amount of NH; = amount of Li x 1/3 = 0.00183 x 1/3 = 6.11 x 10~ mol
Volume of NH3; = 6.11 x 10 x 24000 = 14.7 cm?®
)
() A potential application of this approach is to use renewable energy sources as the source
of electricity for the electrolysis and to produce ammonia at a farm where it can be used
straight away. The average size of a UK farm is 130 acres, and a farm requires
0.0770 tonnes of ammonia per acre annually.
If the lithium hydroxide was not recycled at the end of the process, calculate the total
mass of lithium, in tonnes, that would have to be produced to generate the required mass
of ammonia for a year. {1 tonne = 1000kg]
Mass of NH; required = 130 x 0.077 = 10.01 tonnes
Amount of NH; = 10.01 x 108/ 17.0 = 5.888 x 10° mol
Amount of Li = 5.888 x 10° x 3 = 1.766 x 10€ mol
Mass of Li = 1.766 x 10° x 6.9 = 1.22 x 107 g = 12.2 tonnes
2
[Total: 11]
6 (a) Propanone can exist in kefo and enof forms.
(o] OH
H
keto form of propanone enol form of propanone
The enol form is derived from the keto form by transferring a hydrogen atom to the oxygen
atom.
At room temperature and pressure, the keto form is the predominant form at equilibrium
suggesting that the keto form is the more stable form.
ACJC2025 9729/02/Prelim/2025 [Turn over
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Using bond energy data from the Dafa Booklet, calculate the enthalpy change for the
above interconversion, and hence explain why the equilibrium lies heavily towards the
keto form.

Bonds broken = 740 + 410 +350 = +1500 kJ mol™*

Bonds formed = 460 + 610 + 360 = +1430 kJ mol™!

AHr = 1500 — 1430 = +70 kJ mol™

Assuming AS =0, hence AG = AH

Since AG is positive, K < 1, hence equilibrium lies to the left.

[2]

(b) The conversion of keto form to the enol form of propanone can be catalysed by an acid.
The first equilibrium step of the mechanism involves protonation of oxygen atom of the
C=0 bond as given below.

H
(o] . /O+
equlibrium 6.1 + H0 _ + HO
H H
The K. expression for equilibrium 6.1 is given as follows.
H
/o.v
ik
K= —
[ o
[ e
(i) Write the K, expressions for the acid dissociation of H;O* and (CH3)2C=0H"* using
their respective equilibrium equations given below.
H;O* == H.0 + H*
(CH3).C=0OH* = (CH3)C=0 + H*
Ka (H30%) = [H'] [H,0] / [H:0"]
Ka ((CH3)2C=0H") = [H*] [(CH3)2C=0] / [(CH3)2C=0H"]
{2
ACJC2025 9729/02/Prelim/2025 [Turn over
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(i) Explain why the keto form is favoured with polar solvents.

(iii)

st soseenes o]

Keto form participates in dipole-dipole interaction or hydrogen bond formation with
polar solvents which suppresses intra-molecular hydrogen bonding.

In a non-polar solvent, the enol form becomes more stable through intramolecular
hydrogen bonding.

Another enol form of pentane-2,4-dione, as shown below can also be drawn.

OH (o]

another enol form of pentane-2,4-dione

Explain if this enol form is likely to be formed as well.

No / less likely
No conjugation between the C=0 bond with the C=C bond.
[Total: 16]
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7 (a) Solid magnesium hydroxide decomposes when heated to form two products. One of the
products formed is steam.

()

ACJC2025

®

(i)

U]

Construct a balanced equation, with state symbols, for the above reaction.

....... sttt see s 1]

Mg(OH)x(s) > MgO(s) + H.0(g)

The variation in thermal stability of Group 2 hydroxides is similar to that of
Group 2 carbonates.

Explain whether magnesium hydroxide Is more or less thermally stable than
barium hydroxide.

Magnesium hydroxide is less thermally stable than barium hydroxide.

¢ ionic radius: Mg?* < Ba®*

» charge density: Mg?* > Ba?*

s polarising power: Mg?* > Ba*

* extent of polarisation/distortion of OH- electron cloud: Mg(OH), > Ba(OH),

+ extent of weakening of covalent bond (O-H) within the OH- anion:
Mg(OH). > Ba(OH).

= thermal stability: Mg(OH), < Ba(OH),

Using relevant data from the Data Booklet, comment on the thermal stability of
hydrogen bromide and hydrogen iodide.

Bond energy of H-Br (366 kJ mol™) is more than bond energy of H-I (299 kJ moi™).

HI has a lower thermal stability as less energy is required to overcome the weaker
covalent bond in H-L

9729/02/Prelim/2025 [Turn over
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Section A
Answer all the questions in this section.

1 The Mars Curiosity rover's landing in August 2012 was achieved using hydrazine fuelled
rocket thrusters. The rapid decomposition of hydrazine, NoHs, over a suitable catalyst to
produce hot gaseous elements as products provides the thrust, Ammonia can be formed as
an intermediate during the decomposition.

(a) Write a balanced equation for hydrazine decomposing to ammonia and nitrogen gas.
[1]
3NzHs — 4NH;3 + N3

(b) Hydrazine may be obtained from the reaction between ammonia and
hydrogen peroxide as shown in equation 1.

equation 1 2NHs(g) + Hz02(I) — NoHa(l) + 2H,0()  AH,® = -241.0 kJ mol™"

Table 1.1 shows the standard enthalpy change of formation, AH?, for some compounds
in equation 1.

Table 1.1
compound AHP [ kJ mol™t

NH3 -46.1
H20, ~187.8
H0 -285.8

Calculate the standard enthalpy change for the decomposition of hydrazine to its
elements. 2]
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5
Phosphorus is one element below nitrogen in the Periodic Table.

Describe the reactions of the oxide and chloride of phosphorus with water.
Write equations where appropriate and suggest the pH of the solutions formed.  [3]

"PiOq [ P4Oro s readily soluble in water to form an aci

b R e e
Ox_uao_oﬁmeINOSIvAIu_uOAmn:,\_ ...... e e

pH2or3[v]

PCls [ PCis undergoes complete hydrolysis with water to give an acidic solution. V1

PCls(s) + 3H,0() > HaPOs (aq) + 3HCI(aq) [v]

(ORPCHE) » 4000) 2 HoPOu(8Q) + SHCUBQ) [V] oo

RHIOLZIL e

[Total: 15}
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2 Cocoa frees have been used as a source of food for more than 5,000 years. In modern
times, they are used to make chocolates.

(a) Palmitic acid and stearic acid are saturated fatty acids, while oleic acid and linoleic acid
are unsaturated fatty acids commonly found in chocolates.

An example of an unsaturated fatty acid is shown below in Fig. 2.1.

(o]

X = OH
Fig. 2.1
The systematic name of the unsaturated fatty acid in Fig. 21 is

cis,trans-4,7-nonadienoic acid. The numbers indicate the positions of the alkene
functional groups, and "dien” indicates that there are two alkenes in the chain.

Table 2.2 shows the percentage composition of fatty acids found in three different
cocoa butter samples.
Table 2.2

% of fatty acids in
fatty acid cocoa butter samples

A B Cc
palmitic acid 28 25 35

stearic acid 35 40 40

oleic acid 31 28 21

linoleic acid 6 12 4

ACJC2025 9729/03/Prelim/2025
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D-glucose is one of the main reducing sugar molecules found in chocolates. The
structure of D-glucose is shown below.

H OH

OH OH O

Q)
Hle]

With reference to the changes in the reaction of D-glucose with Fehling’s
solution, explain why D-glucose is called a reducing sugar. 1]

ity .Amcn_,_ as iron and

ium) of the cocoa b

it may help to detect adulteration or impurities if the

T different from that of pure cocoa beans.

Mass of theobromine in a chocolate bar = 60 x 85/100 x 15.2
TSSOV WO 44> N L I

Median lethal dose for the dog = 5.4 x 120 = 648 mg
Percentage of a chocolate bar = 648/ 775.2 x 100% = 83.6%

(i)  k=In2/tw=06931/8 = 008664 h-

In [A} = ~kt + In[Alo

5.5)

nleft=1.5/15.5=0.09677
let n = no. of half-lives

R (s e e et e n e aans
n =log 0.09677 + log ¥ = 3.369

(iv)  Glucose reduces the nouum_.a.c complex in Fehling’s solution to Cu,0,
while itself is oxidised from aldehyde to carbox

9729/03/Prelim/2025
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(c) Theobromine is the principal alkaloid in cocoa beans. In the structure below, four
nitrogen atoms are labelled Na, Nb, Nc and Na.

0
/

o
Q _%c Ny

Theobromine has a pKs value of 4.1.

ACJC2025

U]

(ii)

Theobromine is an aromatic compound. It is known that Na, Ny and N. are not
basic, while Nu is basic in nature. All the nitrogen atoms are sp? hybridised and
lie on the same plane.

With reference to the orbitals, explain why N, is not basic while Ny is basic. [21
To study the effects of theobromine on certain biological systems, a buffer
solution at a pH of 10.1 is prepared by adding 300 cm® of 0.500 mol dm-® of

hydrochloric acid to 700 cm?® of theobromine solution, which is in excess.

Calculate the original concentration of the theobromine solution used to make

the buffer solution. 3]
Q). InNe the three sp? hybrid orbitals are used to form sigma bond :

neighbouring carbon atoms. >m.m:o? the
unh:

available for accepting a proton.

In Ny, the unhybridised p orbital is used to form a pi bond with a neighbouring

carbon atom. As's oNns OcCUPies oné of the sb
orbital and is not part of the p
a proton.

To+HCI—ToH" +CF
N(TbH') In buffer = n(HC/) added = 0.300x 0.500=0.150mof

n(Tb) in buffer = n(Tb) original — n(HC/) added = 0.700¢ = 0.150 mol

POH = pk; + gL
14.0-101=41+ _©I|I|E..3an| o15]
FOE S S e e
{0.700¢ - 0.15)
¢ = 0.554 mol dm
9729/03/Prelim/2025
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3 Iron is the fourth most abundant element in the crust of the Earth, deposited mainly by
meteorites in its metallic state.

{a) Depending on the arrangement of the particles in the solid state, iron exists as a few
allotropes, one of which is a-iron.

Paramagnetism and ferromagnetism are two types of magnetic behaviour found in
materials. In ferromagnetic materials, the magnetic moments due to unpaired electrons
in each particle align strongly in the same direction, resuiting in them behaving as
magnets. In paramagnetic materials, however, the magnetic moments are randomly
oriented such that they can only behave as magnets when an external magnetic field

is applied.

At room temperature, a-iron is ferromagnetic, but it becomes paramagnetic above
770 °C.

With reference to the electronic configuration of »6Fe, explain why this is so. [2}

26Fe: 15225%2p®3s23pe3do4s?

At lower temperatures, due to the 4 unpaired electrons in the 3d subshell gligning i in

the same direction in each particle, a-iron is ﬁm:.o:_mm:mao

resulting _: the disruption of the g @_.__.:m:” of the Bmm:m.en moments / mxo;m»_oz oﬁ

electrons to be randomly oriented, thus exhibiting vmqmammzmﬁ_ma instead.
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(c) The relationship between the energy of a photon of light and its wavelength is shown.
he

A
E = energy of a photon, in J
h = Planck constant = 6.63 x 10 J s
¢ = speed of light in a vacuum = 3.00 x 108 m s~
A =wavelength, inm

Fig. 3.1 shows the visible spectrum with the approximate range of wavelengths for
each colour of fight.

_ violet _ blue _ green _ yellow _ owmsmm_ red _

A/ nm 380 450 495 570 590 620 700
Fig. 3.1

(1) Calculate the amount of energy, in J, in 1 photon of light that contains the
maximum amount of energy in the visible spectrum. 2}
[1Tnm=1x10"°m]

(ii) Transition metal complexes are often coloured due to the absorption of photons
of light at specific wavelengths. The colour observed is complementary to the
colour absorbed.

[Fe(H20)eJ** is green in colour, while [Fe(H20)** appears yellow.

With reference to Fig. 3.1 and the electronic configuration of the two complex
lons, suggest why they exhibit different colours. 2]
... Shortesth = 380 nm =380 X 107 M e

E=hc/a

oo RAGA3 21073002 J00LBBO.KI0T)
523x107°J

confiqurations) - which results-inthe-different extent of interactions with the HyG -
ligands that causes the energy gap between the split 3d orbitals in both

OGBEQX@WAO.Q*“G?: ..... tessetananan tresreeaans LTy, B terrerenns

[Fe(HQ)6%, the former, appears yellow while the latter appears.green. ..

ACJC2025 9729/03/Prelim/2025
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(d) Prussian Blue is a deep blue solid. The word ‘blueprint’ was coined from the use of
Prussian Blue on sensitised paper to lay out detailed plans for architectural and
engineering projects in the 19* century.

() Prussian Blue can be precipitated out by adding a solution of Fe®*(aq) to a
solution of [Fe(CN)s]*(aq).

Write a balanced chemical equation, with state symbols, for the formation of
Prussian Blue. 1

Standard electrode potentials can be used to compare the stability of different complex
ions of a given transition element.

Tabie 3.2 lists electrode potentials for some electrode reactions of Fe® / Fe?* systems.

Table 3.2
electrode reaction E IV
[Fe(H0)P*" + e = [Fe(H.0)]** +0.77
[Fe(CN)> + e~ = [Fe(CN)e* +0.36
[Fe(bipy)s]* + e = [Fe(bipy)sJ** +0.96

(i) State and explain which iron(Il) complex is the most stable. [2]

(iil) Given, Fe*(aq) + 6CN-(aq) = [Fe(CN)el*(aq) AG® =—-250 kJ mol-'
Fe*(aq) + 6CN-(aq) = [Fe(CN)gl*(aq) AG®=-210 kJ mol*

Calculate AG® for Fe*(aq) + e~ = Fe?*(aq), and hence construct an energy cycle
to calculate the £® for, [Fe(CN)s]*(aq) + e~ = [Fe(CN)e}*(aq). [4]

() AFe(aq) + JFe(CNY*(aq) = FedFelCN(s)

AG® Fearirersy = —(1 X 86500 x +0.77) = ~74.3 kJ mol™

[Fe(CN)e]* (a

e BENTEQ) - -

e F8Y(EA). e 2 Fe¥(aq) X

AG® = - (-250) + (~=74.3) + (-210) = =34.3 kJ mol-'

E° = —(—34300) / 96500 = +0.355 V.

ACJC2025 9729/03/Prelim/2025
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Calculate the initial concentration of the trichloroethanoic acid used in the
experiment. 2]

Use your graph in Fig. 4.2 to deduce the order of reaction with respect to
trichloroethanoic acid, calculate the value of the rate constant, and write an

expression for the rate equation. Show how you obtained your answer. [3]
Use the graph to estimate the time taken for the initial concentration of
trichloroethanoic acid to fall by 10 %. [1]

(iv) N(CCLCOOH) = 40.0/24000 = 0.00167 mol

[CCI;COOH] = 0.00167/0.1 = 0.0167 mol dm-?

(b)

22

The pK, of trichloroethanoic acid is 0.52 while that of ethanoic acid is 4.76.
Explain why the pK. of trichloroethanoic acid is smaller. [2}

With reference to the pK, value of trichloroethanoic acid, state an assumption
about its dissociation and use it to estimate the pH of 0.05 mol dm-
trichloroethanoic acid. [2]

Suggest if partial neutralisation of trichloroethanoic acid can result in a buffer
solution. 1]

Tl ThE thiee ghloring atoms are Very strondly eleetin Witharawing aha
lo disperse the negative charge on the conjugate base thereby
ORw O-H bond mdie. This [éads to a stronger agid and ™
smaller pK, value.

Ka is very large and hence can be assumed

(W
to be fully dissociated.

(i) Since trichloroethanoic acid is a very strong acid which

sociates

.-almost fully, it.will.not. be. able to.farm.a buffer.upon patial neutralisation..
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(i)

25

Outline the portion of step 2 in the mechanism for the repeated replacement of
the remaining H atoms in CHICHO to form CI:CHO. Show all lone pairs, dipoles,
charges and curly arrows. [4]

The repeated replacement of the hydrogen atom is made possible by the
repeated abstraction of the H* by OH~ from the a-methy! group.

State the behaviour of the methy! ketone in this step and explain how it can give
up the H*. [2]

2 (°
..E@.QI............. ..... IMO=CH fetersireararrreesintienrerareonna .
H enolate 5+ 6~ I
TV VORRTORUIN - S J Il eretartieaas .
{ OH <

+ H,O + I

_@ (g° 0
..mwA_wU.OI.....................HmQ.H.Of..:.. ...... .:.AMGIQI....: ....... tesersrersesiinatianans .
H enolate 5+ &— %
ek YO FETPIOURRR T QRO N S SO R SR e e aas
: OH L
et SUOUTOOO: o8 2.1 SO U0 SO OO

(ii) Methyl ketone behaves as a

The strongly electron withdrawing carbonyl group stabilises the negative

roton donor or Brensted-Lowry acid.

T I TT T e e [Eette PERYRISAE 48 - - U .

ng the conjugate

charge on the alpha carbon due to delocalisation forl

enolate ion OR weakens the C-H bond.

e ................. e
....... e DT Y e
Iwonm: +OH —— HCTCH g

9729/03/Prelim/2025
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(iv)

26

Based on the mechanism, explain why only ketones with the a-methyl group can
undergo the iodoform reaction while acids such as ethanoic acid or esters, such
as, CHsCOOCHs, which have the a-methyl group do not undergo a similar
reaction. [2]

In step 3, the trilodoethanal undergoes a substitution reaction instead of the
expected addition reaction with the nucleophile, OH-.

Suggest why this reaction occurs. V4]

requires, a structure that can form. a stable conjugate

under basic conditions and ketones can do that.

n

undergo alkaline hydrolysis while carboxylic acids will undergo

acid-base reactions respectively instead.

..mé........_..c.m:low.m.«.omm..m.__m.ﬁ_m..ﬁ.o..ﬁ@: m&mc.m.:mq.o%:_: : Q0
withdrawing which weakens the bond between the Cls-group and the adjacent
-.C=0. graup. and. hence results. in.the. band. hreakin resulting. in.substitution ..

OR makes C more electron deficient and susceptible to nucleophilic attack.

9729/03/Prelim/2025
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