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1 The graph below shows the variation in the third ionisation energies for the
consecutive elements A to |, all with atomic numbers smaller than 20.

The symbols A to | do not represent actual elements.

4

31 jonisation energy/
kJ mol™

Elements

Which of the following can be deduced from the information given?
A B2 is smaller than to C?*.
B In an electric field, H* is deflected to a smaller extent than I'.

C The decrease in 3™ ionisation energy from C to D on graph is due to coloumbic
repulsion.

D G has noble gas electronic configuration.

2 A 50.00 cm? of a solution of 0.300 mol dm— MoOx?~ was reduced to Mo®* using Zn
powder. The filtrate required 45.00 cm? of 0.200 mol dm-2 acidified KMnOs4 to revert
to its original form of MoOx*~.

What is the value of x?

A 1 B 2 c 3 D 4
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3 When 20 cm3 of a gaseous hydrocarbon was completely burnt in 120 cm® of
oxygen, there is a contraction of 50 cm® On further treatment with aqueous
potassium hydroxide, the volume decreases by 60 cm?.

Which could be the formula of the organic compound?
All volumes being measured at the room temperature and pressure.
A CaH2 B CaHs C CsHs D CsHs

4 What is the order of increasing bond angle for four molecules?
A BF3< SF2< SiFs4 < BrFs
B BF3<SiFs<SF2<BrFs
C BrFs<SiF4<SF2<BFs
D BrFs<SF2<SiF4<BF3

5 Nitrogen atoms undergo the same type of hybridisation as carbon atoms.
Which species contains the shortest nitrogen-oxygen bond length?
A NO2 B NO2* C NO: D NOs

6 The volumes and pressures of a fixed mass of gas are investigated, at different
temperatures.

The results are plotted on a graph of pV against p at a temperature of T1. The gas
behaves as an ideal gas under the conditions chosen.

Which plot shows the results for a lower temperature, T2?
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7  Use of the Data Booklet is relevant to this question.

When 0.860 g of ethanol undergoes complete combustion below a beaker
containing 300 g of water, the temperature of the water rises by 18 °C.

The theoretical enthalpy change of combustion of ethanol is —1367 kJ mol-".

What is the efficiency of the process?

A

B
Cc
D

2%
7%
31%
88%

BP-268

8 Using the enthalpy changes below, calculate the standard enthalpy change of
formation of gaseous hydrogen chloride.

enthalpy change/ kJ mol™
Nz(g) + 3Hz2(g) — 2NHs(g) —92
N2(g) + 4Hz(g) + Cl2(g) — 2NH4Cl(s) -629
NHa(g) + HCI(g) — NH4Cli(s) -176

A —46.3 kJ mol™
B -92.5kJmol™’
C -180 kJ mol™
D -361kJ mol™’
River Valley High School 9729/01/PRELIMS/25
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Consider the following reactions.

reaction 1 2C0O2(g) + 3H20(g) — CH3sCHa(g) + %Oz(g) AH = +1434 kJ mol™!
reaction2  H20(l) — H20(g) AH = y kJ mol™*

The standard enthalpy change of combustion of ethane is —1542 kJ mol-".
Which statements are correct?

1 yis +36
2 At373 K, AS for reaction 2 is 3% kJ mol~ K.

3 Reaction 1 is spontaneous only at high temperatures.

A 1and2only B 1and3only C 2and3only D 2only

The half-life of a radioactive isotope P is twice that of another radioactive
isotope Q. In a sample of rock, it is found that the number of atoms of Q is 4 times
that of P.

What will be the ratio of the number of atoms of P to the number of atoms of Qin the
rock after two half-lives of P?

1 1
A 6 B 2 C 3
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11  The distribution of the number of molecules with energy E is given in the sketch for
two temperatures, T: and T2.

The letters P, Q, R refer to the separate and differently shaded areas. The activation
energy is marked on the energy axis.

To>T Legend
>
Number of \ T 2= '
molecules | ! T region P
with energy E ﬂ”"‘h 2
'm /}M region Q
/‘ N region R
/ N
energy E

activation energy

Which expression gives the fraction of the molecules present which have at least the
activation energy at the higher temperature T2?

Q+R Q+R Q+R
P _ P+Q P+Q+R

oo

12 Sulfur is converted to SFe by fluorine, to SC/ by chiorine and to S2Br2 by bromine.
Which trend does this information best provide evidence for?

A bond energy: Ch > Brz > F2
B electronegativity: F > C > Br
C first ionisation energy: F > c > Br
D oxidising ability: F2 > Ch > Br2
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13 Methanol can be synthesised from carbon monoxide and hydrogen according to the
equation.

CO(g) + 2H2(g) E CH3OH(g)

A higher yield of methanol can be achieved at a lower temperature. Which graph
corresponds to the forward process?

AG / kdJ mol-! AG / kJ mol!
A A
0 — T/K
A B
0 » T/K
AG | kJ mol™! AG | kJ mol™
A Ar
(o4 D

»T/K 0 - T/K

17
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14 1.00 mol of N2O4 and 0.200 mol of NO: are added to a sealed vessel of fixed volume
at 298 K. When the system reaches equilibrium, 0.680 mol of NOz is present in the
vessel.

N204(g) = 2NO2(g)

Which statement about this equilibrium is correct?
A 0.240 mol of N20a4 is present at equilibrium.
B The value for the equilibrium constant, K, is 0.608.

C The pressure in the vessel at equilibrium is the same as the pressure before
the reaction started.

D The pressure in the vessel at equilibrium is higher than the pressure before
the reaction started.

15 The value of the ionic product of water, Kw, varies with temperature.

K,/ mof2 dm™

y

10—13

10—14

25 62 Temperature/ °C

Which statement is correct?
A The ionic dissociation of water is an exothermic process.

B  The ionic dissociation of water increases 100 times between 25 °C and 62 °C.
C Water becomes acidic as temperature increases.
D [OH]increases as temperature increases.
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16  Pyruvic acid, CHsCOCO:2H, and acetylsalicylic acid, CsHsCOOH, are weak acids.
Both acids dissociate in aqueous solutions as follows, where a is the degree of
dissociation.

RCOOH H# RCOO- + H*

The dissociation constants, Ka of CHs3COCO2H and Ka of CsHsCOOH, are given in
the table below.

CH3COCO2H CsHsCOOH
Dissociation constant/ mol dm-3 1.4 x 10 3.4 x10™

Which statement is correct?

1 The pH of 1 mol dm™ of CH3COCO:2H is lower than that of 1 mol dm™3 of

CeHsCOOH.
2  The value of dissociation constant in terms of initial concentration C and
2
d f dissociation is Ka = —>—.
egree of dissociation is Ka Ci—a)
3  The pKb of CH3COCO:z>" is smaller than that of CeHsCOO".
A 1and2only B 1only C 2and3only D 3only

17 Which statement about phosphoric(V) acid, HsPOs, (pKa = 2.0) is incorrect?
A POs* can react as a base.
B  HsPOs has a higher Ka than HPO42-.
C  Abuffer of pH 2.0 can be prepared using equal amount of H3PO4 and HPO42".
D HPO4? has a higher Kb value than H2PO4".

18  Chromium(TiI) hydroxide, Cr(OH)s, is sparingly soluble.

What is the minimum pH required to precipitate chromium(IIl) hydroxide from
chromium(IIl) nitrate solution given that the concentration of chromium(III) ion in
the solution is less than 1.5 x 10-15?

The numerical value of the solubility product of Cr(OH)s is 6.3 x 10731,
A 513 B 6.09 c 79 D 8.87
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19 Two students separately are given equal volumes of 0.100 mol dm-3 of lead(Il)
nitrate, sodium chromate and potassium sulfate.

The first student, on mixing the potassium sulfate and lead(II) nitrate, obtains a
white precipitate. On adding sodium chromate to this mixture, the precipitate turns
yellow.

The second student, on mixing the sodium chromate and lead(Il) nitrate, obtains a
yellow precipitate. On adding potassium sulfate to this mixture, there is no further
change.

Which statements about these observations are correct?
1 Lead(Il) chromate is insoluble.
2 Lead(Il) sulfate is more soluble than lead(II) chromate.
3 Chromate can oxidise sulfate.
A 1and2 B 1only C 2and3only D 3only

20 Two constitutional isomers of molecular formula CeH130H are shown.
X  CHsCH2C(CH3)(OH)CH2CH3
Y (CH3)2C(OH)CH2CH2CHs
X and Y reacts with ethanolic KOH under reflux to form CsHi2.

How many possible constitutional isomers each with molecular formula CesH12,
could be produced by X and by Y?

isomers formed by X isomers formed by Y
A 2 2
B 2 3
Cc 3 2
D 3 3

21 Retinal is heated under reflux with acidified potassium manganate(VII).

NS Y

retinal
How many organic products are formed from this reaction?
A 2 B 3 CcC 4 D 5

River Valley High School 9729/01/PRELIMS/25
2025 Preliminary Examination



BP-275
11

22 Nicotinamide, which is marketed as nicotine substitute, can be hydrolysed by
aqueous sodium hydroxide.

0]
Q -
N
nicotinamide

What are the products of this hydrolysis reaction?

A 0]
©/k0p|
N and NH3
B (o)
@j/H\OH
N and NHa4*
C 0]
[j/n\:o_
N and NHs
D 0]
(j/u\:o_
N and NH4*
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23  Use of the Data Booklet is relevant to this question.
An organic acid is used as fruity taste food additive. It has the following features.

It is dibasic.

It is non-cyclic.

It exhibits cis-trans isomerism.

It has a relative molecular mass of 116.

How many carbon atoms are in one molecule of this organic acid?

A 3 B 4 c 5 D 6

24 Three compounds, benzyl chloride, phenol and chlorobenzene are separately
warmed with concentrated nitric acid and concentrated sulfuric acid at appropriate
temperature.

Which compound reacts the fastest and slowest respectively?

Fastest reaction Slowest reaction
A benzyl chloride chlorobenzene
B benzyl chloride phenol
C phenol chlorobenzene
D phenol benzyl chloride

25 2-methylbut-2-ene, CH3C(CHs)CHCHG, reacts with aqueous bromine.
What is the structure of the major organic product?

A CHsCBr(CHs)CHBICHs B  CHsCBr(CHs)CH(OH)CHs
C  CHsC(OH)(CH3)CHBICHs D  CHsC(OH)(CHs)CH(OH)CHs
River Valley High School 9729/01/PRELIMS/25
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26  a-lonone undergoes reduction to give a single product.
The product decolourises aqueous bromine but does not give a yellow precipitate
when 2,4-dinitrophenylhydrazine is added.
0]
a-ionone
Which of the following could be a reducing agent for the reduction of a-ionone?
1 LiAH4in dry ether
2 Hz(g), Ni(s), heat
3 NaBHs4
A 1,2and3 B 1and2only € 1and3only D 2and3only
27  Chloroethene, chloroethane and ethanoyl chloride reacts with aqueous silver

nitrate to form a white precipitate at different rates.
Which statements explain the difference in rate?

1 The carbon atom bonded to chlorine in ethanoyl chloride is more
susceptible to nucleophilic attack.
2 Chioroethene reacts least readily with water.
3  Ethanoyl chloride is more acidic.
A 1,2and3 B 1and2only € 1and3only D 2and3only
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28 Use of the Data Booklet is relevant to this question.

What change to the half-cells could cause the high resistance voltmeter to show a
decrease in value of cell potential?

high resistance voltmeter

Ch(g) at 298 K
and 1 bar —

platinised .
platinum ° ~ Irlont 4
electrode __ér_’l“f électrode
1 moldm—3 —— — 1 mol dm3
Cl-(aq) - Fe?*(aq)
A Using a bigger piece of iron electrode.
B Adding water to the half-cell on the right.
C Adding aqueous AgNOs to the half-cell on the left.
D Decreasing the pressure of the chlorine gas.
River Valley High School 9729/01/PRELIMS/25
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29 The complex of nickel with ligand X is thermochromic, being coloured red at room
temperature but changing to yellow-green when heated to 170 °C.

H

o
X

The following graph sketch was obtained when the absorbances of mixtures of
a 4 x 1073 mol dm=3 solution of X and a 3 x 1073 mol dm™3 solution of nickel(II)
chloride were measured using a colorimeter at room temperature.

Absorbance
A
i ;
0 4 10 Volume of Ni2* solution / cm?
10 6 0 Volume of X solution / cm3

What is the charge on the nickel complex?

A 1+ B O c 1- D 4-

30 Which one of the following species is unlikely to exist?
A [Cu(S203)]"
B [Cr(C204)2(H20)2]-
C [Mn(CN)J**
D

[VO(H20)s]?*
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A4S Chemistry

1 (a) Fig. 1.1 shows the successive ionisation energies of an element A in
Period 3.

ionisation energy/ kJ mol-t

—— number of
1 2 3 4 5 6 7 8 9 10 electrons removed
Fig. 1.1

(i) Explain why the successive ionisation energies of element A increase
as shown in the graph.

.............................................................................................
.............................................................................................

.............................................................................................
.............................................................................................
.............................................................................................
.............................................................................................

.............................................................................................
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(b) Calcium and scandium are both found in Period 4 of the Periodic Table.
Explain why the atomic radius of scandium is smaller than that of calcium.

...................................................................................................
...................................................................................................
...................................................................................................
...................................................................................................

(c) Like Group 2 carbonates, the hydroxides of Group 2 elements can undergo
thermal decomposition. In the process, water vapour is produced.

() Write an equation for the decomposition of calcium hydroxide.

............................................................................................. [1]

(i) Nickel(I) hydroxide can undergo thermal decomposition similar to
calcium hydroxide.

Given that the atomic radius of scandium and nickel are approximately
similar, deduce whether nickel(II) hydroxide would decompose at a
higher or lower temperature than calcium hydroxide. Explain your
reasoning.
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(d) Nickel(IT) compounds can be analysed using dimethylglyoxime (CaHsN202).

HO—N N—OH

dimethylglyoxime
C4HsN202

An excess of a solution of dimethylglyoxime is first added to an acidic
solution of a nickel(Il) compound. When aqueous ammonia is next added,
a nickel(II) complex, Ni(CsH7N20z)2, is produced.

The following equation shows the reaction:
[Ni(H20)e]>* + 2C4HsN202 + 2NHz —> Ni(C4aH7N202)2 + 2NH4* + 6H20

(i) State the role of ammonia in the above reaction.

(i) Draw the structure of CaH7N202".

[1]
(iii) The Ni(C4H7N202)2 complex is square planar in shape with respect to
the nickel(II) ion. Each ligand in the complex is bidentate with the

nitrogen atoms datively bonded to the nickel(1I) ion. The —OH group
in each ligand forms a hydrogen bond with another ligand.

Complete Fig. 1.2 to show the structure of the Ni(CaH7N20z2)2 complex
and label one of the two hydrogen bonds clearly.

Ni2*

Fig. 1.2 [2]

River Valley High School 9729/02/PRELIMS/25 1 >
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(iv) Inthe formation of a square planar complex, the ligands approach the
central metal ion along the x and y axes.

Fig. 1.3 shows how the 3d orbitals of the nickel(Il) ion in a square
planar complex are split based on the crystal field theory.

Energy
1

3d orbitals of an 3d orbitals of the
isolated nickel(II) ion nickel(Il) ion in a
square planar complex
Fig. 1.3

State the identity of the 3d orbital with the highest energy in the
nickel(II) ion in a square planar complex.

............................................................................................. [1]

River Valley High School!
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2  Nicotine is a weak diprotic base consisting of an aromatic pyridine ring joined to a
saturated pyrrolidine ring. It is highly addictive and is found in tobacco and vapes.

Values for the base dissociation constants, pKb, for nicotine is shown below.

+ H* +H* +
N — N+ ——- N
g A
H N

N N |
H

Nicotine NicotineH* NicotineH,?*

pk, = 6.0 pK,=11.0

(a) State what is meant by the term Lewis base.

................................................................................................... [1]
(b) 25.00 cm?® of an aqueous solution of nicotine was titrated against
0.100 mol dm-3 hydrochloric acid, HCI. At the 2™ equivalence point, it was
found that 49.0 cm?® of HC/ was added.
(i) Calculate the concentration of NicotineH22*, in mol dm-3, at the
2n equivalence point.

[1]
(ii) Calculate the pH of the solution at the 2" equivalence point.

[2]

River Valley High School 9729/02/PRELIMS/25
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(iii) Prove that the initial pH of nicotine is 10.5.

(3]

(iv) Sketch the shape of the pH curve of nicotine against the volume of
HC/ added on Fig. 2.1 using all relevant information given or
calculated. Mark clearly where the equivalence points occur.

14
pH 77
0 !
0 49.0
Volume of HC/ added/ cm3
Fig. 2.1 [1]
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1%
(c) Aqueous solutions of X, Y and Z are basic. Fig. 2.2 shows them listed in 1%’
decreasing order of basicity. i:f
1=f
most basic least basic =t
1F
T N N =t
191
/l%o o
')
W.
RV
X Y Z
Fig. 2.2
Explain the relative basicities of aqueous solutions of X, Y and Z in terms

RV
RV
RV
RV
RV
RV
i
RV
RV
RV
RV
RV
RY
RV
o
RV
RV
RV
RV
RV
RV

of their structures.

...................................................................................................
...................................................................................................
...................................................................................................
...................................................................................................
...................................................................................................
...................................................................................................
...................................................................................................
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(d) The following diagram shows the partial synthesis route of nicotine

formation:
Ammonia
Q ! q NH,
Wo methanol WOH
C Step 1 C > H
N H P N

l i more than 1 step

@j)J\/\/NHZ
|

l more than 1 step

or v O

N Step 2 N

()  Suggest the type of reaction in Step 1.

River Valley High School 9728/02/PRELIMS/25
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(ii) Complete Fig. 2.3 to suggest a mechanism for this reaction. Show the lgf
structure of the intermediate and the movement of the lone pairs, li=f

dipoles, curly arrows and charges. IE?

It

0 !§f

NH, 1=t

O — 2

1=

N

intermediate

H* transfer

O

N
Fig. 2.3
(2]
(iii) Suggest the reagent and conditions for Step 2.
........................................................................................... 1]
[Total: 15]
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3 Epoxides are a class of organic compounds with a three-membered ring structure.
The three-membered ring in epoxides makes them highly reactive and susceptible to
ring-opening reactions.

One such epoxide is 1,2-epoxypentane, CsH100, with the structure as shown below.
o)

/\/A

(@) Suggest why epoxides are susceptible to ring-opening reactions.

...................................................................................................
...................................................................................................

(b) An example of an epoxide ring-opening reaction is the hydrolysis of
1,2-epoxypentane in the presence of a strong acid catalyst to form
1,2-pentanediol. The hydrolysis is carried out using “heavy-oxygen water”,
H2'80.

1BOH

.
0 T K0 H OH

/\/A
1,2-pentanediol

It is found that the reaction follows a Sn1 mechanism. Some details of the
mechanism are given below.

Step 1 /\ H
/\/Z(—)l A /\/Zlig

Step 2 | Heterolytic fission of the C—O bond to generate a carbocation
intermediate.

Step 3 | Attack of the carbocation by one molecule of H2'80 to form a
new C-O bond.

Step 4 | Loss of a proton to form 1,2-pentanediol and regenerate the
acid catalyst.

River Valley High School 9729/02/PRELIMS/25
2025 Preliminary Examination [Turn over




AR " |

Chemistn

(i) Describe Steps 2 to 4 of the Sn1 mechanism. Show all relevant lone
pairs and charges and indicate the movement of electron pairs with
curly arrows.

[3]

(i) Presence of trace amounts of an isotopic isomer A is formed in the
reaction too.

OH
/\/l\/18 on
Isomer A

Suggest how isotopic isomer A could have been formed during the
reaction and why it was formed only in trace amounts in the Sn1
mechanism.

...........................................................................................
...........................................................................................
...........................................................................................
...........................................................................................
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(¢) Xand Y are a pair of sterecisomers with the same molecular formula as
1,2-epoxypentane that share the following properties:

« two sp? hybridised carbon atoms

+ different melting points

e reacts with PCls to give white fumes
e does not have a chiral carbon

Draw the structures of X and Y and indicate the type of isomerism.

(2]
[Total: 9]
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4  This question is about carbon-containing species. 5%’
Compounds P, Q, R and $ are structural isomers with molecular formula of CoH1002. :gi
The results of six tests carried out on these isomers are shown in Table 4.1. iy
Table 4.1 :;;

ot

Test P Q R S lgf

!8!’

Rotate plane- Yes Yes No Yes Lal]
polarised light gx

Add FeCls(aq) No purple Purple Purple Purple RV
complex complex complex complex g

Heat with Orange Orange Orange Orange RV
acidified solution solution solution solution RV
K2Cr207 turns green | turns green remains turns green gz
Warm with No brick red | Brick red ppt | No brick red | No brick red RV
Fehling’s ppt ppt ppt RV
reagent RV

RV

Warm with Grey ppt Grey ppt No grey ppt | No grey ppt RV
Tollen's RV
reagent RV

Add cold Purple Purple Purple Purple RV
alkaline KMnO4 KMnOa KMnOa4 KMnOa4 turns RV
KMnO4 remains remains remains colourless RV

RV

RV

RV

RV

RV

RV

RV

RV

RV

RV
RV
River Valley High School 9729/02/PRELIMS/25 m
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(@) Using the information in Table 4.1, state the structure for each of these four
isomers.

[4]
(b) Isomer Q is found to be soluble in NaOH(aq). Explain.
................................................................................................... [2]
River Valley High School 9729/02/PRELIMS/25
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1=
A fuel cell is a galvanic cell that converts chemical potential energy to electrical 1§f
energy. i;!’
mr
An example is the molten—carbonate fuel cell (MCFC). ltis developed to directly utilise ;m;
fuels like hydrogen gas, natural gas, biogas, and coal gas. The diagram of a MCFC is &1
shown in Fig. 4.1. i%f
19
!8!
(V) Iy
\_/ RV
RV
RV
H, — L———— 0Oz and CO; RV
—— C— R\f
Electrolyte solution Ry
containing CO,% ions RV
— ——— EXxcess RV
COZ and H20 02 and COZ W
Electrode Electrode RV
. RV

Fig. 4.1

(c) (i) Given that COs? ions are produced and used up at the cathode and
anode respectively as part of acid-base reactions, deduce the half-
equations at the cathode and anode of MCFC.

(i) Indicate the direction of electron flow in Fig. 4.1. M

2232223222232322222222322222323%
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Another example of fuel cell is the direct—formic acid fuel cell (DFAFC). It uses formic
acid, HCOOH.

Equation 1 CO2 + 2H* + 2e~ H HCOOH E®=-0.61V

The other electrode in the DFAFC is the oxygen electrode.
The electrolyte used in the DFAFC is an aqueous acid.

(d) (i) Use the Data Booklet to calculate the E®c.i of DFAFC.

[1]
(i) State and explain how the value of the cell emf changes when
pressure of COz2 is increased.
........................................................................................... [2]
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(e) CO:is areal gas.

The diagram below shows the plots of pV/RT against p for one mole of an
ideal gas, one mole of CO2z and one mole of SOz at 300K.

VoA
RT
SO, at 300K
CO, at 300K
1
ideal Gas
>
P

(i) State three basic assumptions of the kinetic theory applied to an ideal
gas.

...........................................................................................
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5  On4August 2020, a large explosion occurred at a port warehouse in Beirut, Lebanon,
due to the detonation of approximately 2750 tonnes of ammonium nitrate (NH4NO3)
stored improperly. This explosion released energy comparable to 1.1 kilotons of
trinitrotoluene (TNT) and generated a seismic event measuring 3.3 in magnitude on
the Richter scale.

When heated or subjected to shock, ammonium nitrate can undergo the following
decomposition reaction:

2NHaNO3(s) — 2N2(g) + Oz(g) + 4H20(g)

Data on the standard enthalpy changes of formation (at 298 K) and entropies are
provided in the table below:

Substance AH=/kJ mol S®/J mol~* K™

NH«NOs(s) -365 151
N2(g) 0 192
O2(g) 0 206
H20(g) ~242 189

The standard enthalpy change of reaction, AH®, can be calculated from relevant
standard enthalpy changes of formation, AH. In the same way, the standard entropy
change of reaction, AS®, can be calculated from relevant entropies of the substances
involved.

(@) Show that the standard enthalpy change for the decomposition of one mole
of ammonium nitrate is =119 kJ mol™".

(1]
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(b) Calculate the standard entropy change for the decomposition of one mole
of ammonium nitrate.

[1]
(c) Calculate the standard Gibbs free energy change, AG®, for the
decomposition of one mole of ammonium nitrate at 298 K.
(1]
(d) Suggest why heating or an external shock might still be required to initiate
the reaction.
................................................................................................... 1]
(e) (i) Use of the Data Booklet is relevant to this question.
Calculate the total energy released, in MJ, when 2750 tonnes of
ammonium nitrate were completely decomposed in the Beirut
explosion.
[1 MJ =108 J; 1 ton = 108 g]
(2]
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(i) Assuming all the gaseous products are collected at 298 K and
1.00 atm, use the ideal gas equation to calculate the total volume of
gas produced in m3.

Chemistry

[2]
(iif) Considering the real-world conditions in the Beirut explosion, state
how the actual total volume of gas produced might differ from your
answer in (e)(ii) and suggest one possible reason to explain why.
........................................................................................... [2]

[Total: 10]
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The troposphere is a layer of the atmosphere that begins at the Earth’s surface and
extends approximately to 15 km above the Earth’s surface. Most types of clouds are
found in the troposphere. Clouds hold water, either in the form of tiny water droplets
or ice crystals.

The atmospheric pressure, measured in MPa, changes with altitude, x km, as follows.

InE°—=0.119x
P

X
Py is the atmospheric pressure at the Earth’s surface = 0.101325 MPa
Py is the atmospheric pressure at altitude x km

The melting temperature of ice, T, measured in kelvin, changes with atmospheric
pressure, in MPa, as shown.

P, —P, =3595 x '"(I_XJ

0

Tx is melting temperature at altitude x km
Tois the melting temperature of ice at the Earth’s surface

Cloud seeding is an engineering technique used to induce and enhance rainfall. The
idea of cloud seeding is to introduce ice nucleating particles (INP), which induce ice
formation in clouds. These ice crystals grow and become too heavy and eventually
fall out of cloud. If the temperature is above the freezing point, rain is observed.

The most common INP is silver iodide, Agl. The crystalline structure of Agl is similar
to that of ice, allowing it to induce freezing. Fig. 6.1 shows the structure of ice. In ice,
all four hydrogen bonds are formed, resulting in a tetrahedral coordination around
each water molecule.

'''' Hydrogen
bond

L T Covaient

bond

1
]

e / /

Fig. 6.1

5o

1!
igf
{i=!
ag;
1 4
\&r
i1
Oor
12!

lof
1S
RV
RV
RV
RV
RV
RV
RV
RV
RV
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(@) (i) By calculating the melting temperature at 15 km above the Earth’s
surface, show that the melting temperature of ice remains relatively
constant in the troposphere range.

(2]

(i) The air temperature decreases by 6.5 °C for every 1 km increase in
elevation.

Determine the height at which ice crystals begin to form in the
atmosphere, considering the average temperature in Singapore
during September is 31°C.

[1]
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(b) (i) Table 6.1 shows the structure of the simplest repeat unit in two g
possible crystaliine structures of silver iodide. li=f

In structure A, each Ag* is surrounded by 8 I". In structure B, each [y
Ag* is surrounded by 4 T". & p

Table 6.1
Structure A Structure B z

RV

Number of Ag* 1 2
in a unit cell
Number of I"in 1 5
a unit cell
Cell

parameters/ nm x = 0.656 a=0.755, b = 0.466

Using the information from Fig. 6.1 and Table 6.1, deduce which is the
crystal structure of Agl that allows it to nucleate ice.

........................................................................................... 1]

(i) Hence, determine the density of Aglin g cm3.
[1 nm=10"7 cm]

3232323922227 323332223222222232222 222

2]
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Table 6.2 shows data relevant to this question.

BP~305

Table 6.2
Energy/ kJ mol~’
enthalpy change of atomisation of Ag(s) +285
enthalpy change of sublimation of Iz(s) +62.4
I2(s) — I2(g)
electron affinity of I(g) -295.4
enthalpy change of formation of Agl -62

{c) Use the data in Table 6.2, together with data from the Data Booklet, to
calculate a value for the lattice energy of silver iodide, Agl.

Show your working.

I River Valley High Schooli 9728/02/PRELIMS/25
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(@ () Table 6.3 1=
{pe!

Compound Experimental lattice Theoretical lattice 1=

P energies/ kJ mol™ energies/ kJ mol™ 1=

xr

Sodium chloride ~781 ~766 =t

12f

Silver fluoride -967 -953 ;g;

o o

Silver iodide -889 -808 RV

RV

Silver fluoride has the same crystalline structure as sodium chloride, RV

unlike silver iodide. Like sodium chloride, there is close agreement RV

between the experimental and theoretical values of lattice energy for RV

AgF but not Agl.
Suggest a reason for this.

(i) Silver(I) ions are known to be highly toxic to aquatic life. However,
scientific findings show that at the concentrations used during typical
cloud seeding operations, Agl poses negligible environmental risk.
This is postulated to be due to its endothermic enthalpy change of
solution.

Use your knowledge of the enthalpy factors that are involved in the
process of dissolving an ionic salt in water, suggest a reason for this.

...........................................................................................
...........................................................................................
...........................................................................................

........................................................................................... [2]
[Total: 12]

R3320 22332222333222222222222222833388%x
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Additional answer space

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

1 Benzene undergoes many different types of reactions to form its derivatives. One such
example is the Gattermann—Koch reaction.

(a) The chlorides of the elements, sodium to phosphorus, dissolve or react with
water.

Describe the reactions when excess water is added to separate samples of
MgCl and PCis.

Write equations for all reactions that occur and suggest the pH of the
resulting solutions. [4]

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................

............................................................................................................

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
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(c) Explain why benzene undergoes substitution reactions rather than addition
reactions. [1]

............................................................................................................
............................................................................................................
............................................................................................................

(d) In the Gattermann—Koch reaction, benzene is used to produce benzaldehyde. An
example is provided below in Fig. 1.1.

AICI,
+ CO + HcI

Fig. 1.1
The mechanism of this reaction occurs in 2 steps.

CHO

Step 1: Generation of electrophile, HCO*
Step 2: Reaction of benzene with electrophile, HCO*, to obtain benzaldehyde

(i)  Define the term electrophile. [1]

(ii) In Step 1, CO reacts with HC! in the presence of AIC/ to form HCO*.
HC/ + CO — HCO* + CI-
AICl3 + CI" — [AICL]”
State the roles of CO and AICI3 respectively in Step 1. [2]
(iii) Name and draw the mechanism in Step 2. Use the displayed formula

of HCO*, and show relevant curly arrows, charges and the structure of
the intermediate. [3]

(iv) The synthesis of compound Z shown in Fig. 1.2 involves the
Gattermann-Koch reaction.

CHO
step 1 CO, HCI step 3
—_— > X —> Y —

HsC AICIy

H3C COOH

Fig. 1.2

State the reagents and conditions required of Step 1 and Step 3 in
Fig. 1.2. Draw the structures of X and Y. [4]
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(e) Three organobromine compounds, A, B and C are shown below.
O\\C/Br O\\C/Br Br
o™ 0 | ©
A B Cc

Arrange A, B and C in order of decreasing ease of hydrolysis.
Explain your answer. [3]

L

............................................................................................................

............................................................................................................

............................................................................................................

............................................................................................................

............................................................................................................

............................................................................................................

............................................................................................................

............................................................................................................
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2 An organic compound, CsHsOz2, known as MMA, is the precursor to a thermoplastic
known as PMMA.

e On treatment with hot acidic KMnOs(aq), MMA produces only 1 organic product,
F, with a loss of 1 C atom.

o The same compound F is also produced as one of the products when G, CeHsO2,
a sweet-smelling compound, is treated with hot acidic KMnOa(aq).

« On warming with I2(aq) in the presence of NaOH(aq), F gives a yellow ppt and
a sodium salt of H.

« 1 mole of H, M; = 90.0, reacts with excess Na(s) to give 22.7 dm® of hydrogen
gas under standard temperature and pressure.

(@) Suggest structures for MMA, F, G and H. Explain the reactions. [8]

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
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............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................

............................................................................................................

PMMA, also known as Plexiglass, is commonly used at the vessel for electrolytic
processes as it is generally resistant to many chemicals.

In the Kolbe electrolysis reaction, the electrolyte used is aqueous potassium ethanoate.
At the anode, ethane and carbon dioxide gases are produced.

The overall equation is shown below.

2CH3CO2~ + 2H20 — C2Hs + 2CO2 + Hz2 + 20H- AG =92.64 kJ mol"
(b) Deduce the two half-equations that contribute to the overall equation. [2]
River Valley High School 9720/03/PRELIMS/25 I
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(c) () The Kolbe electrolysis will only proceed at an appreciable rate when i§f
the applied potential exceeds the theoretical galvanic cell potential by i'%?
0.70 V. =t

Minimum voltage = |theoretical galvanic cell| + 0.70 Jir
Calculate the minimum potential that should be applied. 2] igf
!

(i) Suggest a reason why the applied potential has to exceed the afbi
theoretical galvanic cell potential by 0.70 V for the reaction to occur at {est
an appreciable rate. (11 ;8;

............................................................................................................
............................................................................................................
............................................................................................................

In another reaction, electrolysis was performed on molten chromium(IIl) chloride,
CrCls. This experiment was conducted to determine Avogadro’s number, L.

The mass of chromium deposited was 6.46 g when a current of 5.07 A passed through
the electrolytic setup for 2.00 hour.

(d) (i) Calculate the amount of charge needed to deposit 6.46 g of chromium. [1]

(i) Hence, determine L with the aid of the Data Booklet. [2]

232223222823 28228%z23%

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
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PMMA is used in the medical field together with calcium phosphate cement in bone
repairs.

(e) State how the reactivity of Group 2 metals as reducing agents varies down
the group and relate this variation to relevant £° values. [2]

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................

............................................................................................................

[Total: 18]
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3 (a) Pentan-3-one reacts with bromine to undergo acid-catalysed alpha halogenation
to form product T.

(i)
(i)

(iii)

(iv)

O

Br
T

Explain what is meant by the term acid-catalysed reaction.

The first step of this mechanism involves the reaction of pentan—-3—-one
with HaO* to give S.

OH

A

S

S has a stereoisomer. Suggest the structure of this stereoisomer and
explain how it arises.

Suggest the type of reaction for pentan—-3—one reaction with bromine to
give T.

The reaction of S to form T involves an oxygen cation intermediate.

e The first step involves the formation of = bond between oxygen
and carbon using a lone pair of electrons from oxygen.
Simultaneously, the = electrons from C=C attack the bromine
atom to form the oxygen cation intermediate.

« This intermediate is deprotonated by a bromide ion to generate
T.

Suggest the mechanism for this reaction. Show all charges and relevant
lone pairs and show the movement of electron pairs by using curly
arrows.

(]

[2]

[1]

............................................................................................................
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............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................

River Valley High School 9729/03/PRELIMS/25 :
2025 Preliminary Examination [Turn over




BP-33¢
Rv

RN AR B m 2

S Chemis

-4
(b) Benzaldehyde undergoes Strecker synthesis to form amino acid in a 3-step igf
12f

mechanism. The first step is shown below.
f=rt

12y

. wr
Step 1: 0 H H,

+

N H 3&;

2

=y
ig!’

+NH,t =—= + H,0 185
RV

RV

RV

RV
RV
/v

CN
H,N H RV
KCN

Benzylimine

Step 2:

RV

RV

RV

—_— RY
RV

RV

RV

COOH by

HZN? ;H
CN .,
% H,0" ,

Step 3:

RV
RV
RV
RV
RV

|

phenylglycine

(i) 0.212 g of benzaldehyde and 10.7 g of ammonium chloride are
dissolved in 200 cm3 of solution. The solution is allowed to reach
equilibrium and the concentration of benzylimine is found to be
8.80 x 1073 mol dm™3.

Show that the initial concentration of benzaldehyde is 0.0100 mol dm-3
and the initial concentration of ammonium chloride is 1.00 mol dm-3. [1]

(ii) Write an expression and unit of Kc for the equilibrium in Step 1, and use
the data given to calculate its value. Show your working. [3]

(i) Suggest why the yield of benzylimine decreases when pH of the
solution increases in Step 1. Explain your answer fully. M
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............................................................................................................

River Valley High School 9729/03/PRELIMS/25
2025 Preliminary Examination [Turn over




HE Chemmis

VM AR

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................

(c) The 3-step Strecker synthesis between benzaldehyde, ammonium chloride and
potassium cyanide follow the reaction mechanism shown in (b).

The rate equation of this reaction is as follows.

Rate = k [CeHsCHOJY [NH4*] [CN [H3O*F

The rate of reaction can be followed by measuring the amount of benzaldehyde.
Experiments were carried out by changing the initial [H30*] and [CeHsCHO], but

keeping the initial [NH4*] and [CN"] constant at large excess.

experiment initial [HaO™)/ initial [CeHsCHOY}/ initial rate/
mol dm™3 mol dm™3 mol dm=3 s™

1 0.200 0.400 8.40 x 1073

2 0.200 0.300 6.30 x 107°

3 0.100 0.100 2.10 x 1078

(i) Determine the orders of reaction with respect to [CeHsCHO] and [H30"].
Explain your reasoning.

(2]

(i) Experiment 4 was carried out by measuring the amount of
phenylglycine produced after various times.

Species Initial concentation/ mol dm™3
CsHsCHO 0.600
NH4* 0.0600
CN- 0.600
H3O* 0.600

The following graph in Fig. 3.1 was obtained.
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0.05

0.04 -

[CeHsCH(NH2)COOH)/ 0.03
mol dm-3 :

0.02

0.01

0.00

0 20 4.0 6.0 80 10.012.0
t/s
Fig. 3.1

Determine the maximum concentration of phenylglycine at the end of
the reaction. Hence, show the reaction is first order with respect to
[NH4*] on Fig. 3.1. Show your working clearly. [2]

(ili) Further experiment, experiment 5, was carried out by changing initial
[CN-] to 0.0600 mol dm™3 with all the other initial concentrations kept
the same as experiment 4. The following graph was obtained.

[CN~Y/ mol dm™3
0.06 %

0.05 =3

0.04¢

0.03

0.02

0.01

0.00 = :
0 20 40 6.0 8.0 10.0120

t/s

With reference to (c)(ii), explain why ti2 is not constant although the
reaction is first order with respect to [CN-]. (1]
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(iv) In experiment 4, the rate equation could be rearranged as 1=f
rate = k' [NH4"]

Express k’in terms of k and initial concentrations. 1=

You may find the information given and your answers in (c)(i) — (iii)

useful. 1 ‘;!

(v) Hence, with reference to (c)(ii), calculate a value for the rate constant z
k. Include units in your answer. 2] ig!

(vi) With reference to the reaction mechanism in (b) and the overall rate
equation, identify the rate determining step of Strecker synthesis.
Explain your answer fully. 2]

............................................................................................................
............................................................................................................
............................................................................................................
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............................................................................................................

River Valley High School 9729/03/PRELIMS/25
2025 Preliminary Examination




I

L

i " -

Ry pyisiey

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................

............................................................................................................

[Total: 21]
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Section B
Answer one question from this section.

4 (a) The iron atoms in haemoglobin are in the oxidation state +2 and are in an
octahedral environment. Each iron atom is surrounded by five nitrogen-containing
ligands, and one oxygen-containing ligand, which is H20 in deoxyhaemoglobin
and Oz in oxyhaemoglobin.

The following diagram shows how the d-orbitals are split in an octahedral

environment.
energy gap E
d orbitals of d-orbitals of Fe2* in
an isolated Fe?* ion haemogtobin

(i)  Use this diagram to outline the origin of the red colour of haemoglobin.  [2]
When the H20 ligand in haemoglobin is changed to an O: ligand, the Fe?* ion
changes its electronic configuration from a ‘high spin’ state to a ‘low spin’ state.

In a ‘high spin’ state, the electrons occupy all the d-orbitals singly, before starting
to pair up in the lower energy d-orbitals.

In a ‘low spin’ state, the lower energy d-orbitals are filled first, by pairing up if
necessary, before the higher energy d-orbitals are used.

(i) Suggest why electrons usually prefer to occupy orbitals singly, rather
than in pairs. [1]

(iif) Using this explanation, together with the information given above
concerning the spin states of deoxyhaemoglobin and oxyhaemoglobin,

state and explain which of the two haemoglobins will contain the larger
energy gap, AE, between its d-orbitals. [2]

(iv) Draw a suitable diagram to show the electron distribution in the 3d
subshell of a Fe2* ion in oxyhaemoglobin in the excited state, where
an electron from a lower energy d-orbital has been promoted to a
higher energy d-orbital by absorbing light of a certain wavelength. 1]
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(b) The standard reduction potentials of two complex ions of iron(Ill) are shown

below.
ion equation E®
[Fe(H20)e]* [Fe(H20)e** + e~ i [Fe(Hz20)e** +0.77V
[Fe(CN)s]*- [Fe(CN)e]*- + e~ H [Fe(CN)e]*- +0.36 V
(i)  Explain why transition metal ions form complexes. (1]

(i) Explain why standard reduction potential of [Fe(CN)e]*- is lower than
that of [Fe(H20)e]*". [1]

(iii) Outline one simple experiment that could be performed to demonstrate
that [Fe(CN)s]*- is a weaker oxidising agent than [Fe(H20)e]**. Include
the observations made. [2]

............................................................................................................
............................................................................................................
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............................................................................................................
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(c) The numerical value of the solubility products of some iron-containing salts at
298 K are given below.

Table 4.1

salt value of solubility product

iron(II) sulfide, FeS 6.00 x 10-18

iron(II) hydroxide, Fe(OH)2 4.87 x 10717

iron(IT) phosphate, Fe3(PO4)2 1.07 x 10-2°

(i) Using Table 4.1, calculate the solubility of iron(Il) phosphate. 1]

(i) Solid iron(Il) nitrate was added slowly to a solution containing
0.150 mol dm=3 of sodium sulfide and 0.200 mol dm-3 of sodium
hydroxide.

Calculate the concentration of sulfide ions remaining in the solution
when iron(II) hydroxide starts to precipitate. [2]

(iii) A beaker of Fe?* ions and A®* ions have been found in the lab.

Suggest how the separation of the two aqueous ions can be effectively
carried out.

Use equilibria concepts to explain your observations and include
relevant equations in your answer. 2]

............................................................................................................
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(d) The melting points of some Period 3 elements are shown below.

Element Na Mg Al Si P S C/

Melting point/ K 371 | 923 | 933 | 1687 | 317 | 388 | 172

()  With reference to the data above, describe and explain the difference
in melting points of the elements above. [3]

(i)  An oxide of Period 3 element, Y, dissolves in concentrated base but is
insoluble in water and acid.

Identify element Y. Write an equation to describe the behaviour of its
oxide with base. [2]

............................................................................................................
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............................................................................................................
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............................................................................................................

[Total: 20]
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5 Glutamic acid is a naturally occurring amino acid with the following structure: ;§f

7]
o} o} 1'&:"

HO OH &1

NH, 1ot
There are three pKa values associated with glutamic acid: 2.19, 4.25 and 9.67. 18;
RV

(a) State which carboxylic group has the lower pKa value. Explain your
reasoning. 2]

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................

(b) At pH 4.0, glutamic acid is able to actas a buffer.

Write an equation to show how glutamic acid behaves as a buffer when a
small amount of H3O*(aq) is added. (1]

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
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(c) A 10.0 cm®sample of the fully protonated form of 0.200 mol dm—? glutamic
acid is titrated against 0.100 mol dm~3 NaOH. The titration curve is shown in
Fig. 5.1.

20 40 45 volume of NaOH(aq)/
cm?

-, e - -

Fig. 5.1

(i) Identify the species present when 40.00 cm?® of NaOH was added.
Hence, calculate the pH of the solution at point A. [3]

(i) Calculate the volume of NaOH that must be added to the solution in
(cXi) to increase its pH to 9.67. [1]

............................................................................................................
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(d) The table below gives the melting points of glutamic acid and octanoic acid RV
(CsH1602). RV

compound M: melting point/ °C RV

glutamic acid 147 200 RV

octanoic acid 144 16
RV

Explain, in terms of structure and bonding, the difference in melting points.  [3]

............................................................................................................
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(e) (i) Alkenes do not undergo free radical substitution but alkanes do.
The table below contains information about bond dissociation energies

of C-H bonds.
intermediate formed in
bonds the first step of energy/ kJ mol™’
propagation
H .
/ —C
C\\ [\ 410
H L]
/ —C
= 451
C\ AN

The electronegativity of carbon is proportional to the s-character in the
hybridised orbital. In addition, you may assume that the hybridisation
states remain unchanged during the reaction.

Using this information, explain the difference in reactivity by reference
to bond energies.

Hence, deduce the stability of the intermediates formed in the first step
of propagation. Explain your answer. [2]

Three possible monobromoalkanes that can be formed from the reaction of
compound V with bromine in the presence of ultra-violet light are shown below.

/j/\/ /j/Y /j/\/\Br Br e
—_— B + + =
r
P P P /J/\/
\' W X Y

(ii) Explain why the reaction only starts when it is exposed to ultra-violet

light. 11
(i) Describe the mechanism of the propagation steps for the reaction of V
with bromine in the presence of ultra-violet light to form W. 1]

(iv) When bromination is carried out and the products are analysed, it is
found that Y is formed as the major product. It is proposed that the
intermediate can rearrange from one radical to another.

Draw three curly arrows on Fig. 5.2 to show the formation of the free
radical intermediate used in the first propagation step to form Y.

i
Z

Fig. 5.2 [1]
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(v) Suggest a reason to explain why Y is formed the most. 1]
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(f) Alkoxides react with halogenoalkane to give an ether, as shown below.
RO~ +RX —» ROR’ + X~

Using this information, state the reagents and conditions required for Step |l
and Step [l and draw the structures of the organic compounds, Q and R.

)\/\/ ™
————————————— e Q
o =

UV light CeHgBrO
Step I
o
\Q/ -— R
= Step Il [4]

............................................................................................................
............................................................................................................
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Additional answer space i%f’

If you use the following page to complete the answer to any question, the question
number must be clearly shown. 1Zf
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