2025 Y6 H2 Chemistry Preliminary Exams Paper 1 - Suggested Solutions Qs

MCQ worked solutions

Q1

Q2

Q3

Q4

@ Raffles Institution 2025

Question| 1 | 2 {3 (4|56 |6 |7 |8|9 {101 |12,13|14!15

Answer | A DfC|CiBJ]D[Cc|B|BJA[DIB]AJAT|C

Question | 16 | 17 [ 18 |19 (20 [ 21 |22 /23 |24 (25 | 26 | 27 | 28 | 29 | 30

Answer | C | B | C B DB |D|BJC|]AJCcIDIA]D|A

(Ans: A)

The¥Cl* ion has 37 nucleons which comprise 17 protons and 20 neutrons.
It has one positive charge (having lost one electron) and hence it has a total of 16 electrons.

(Ans: D)

angle of deflection oc _w_
For :O.._ _._m_ = P = Oommmv

17
801801 |9 =2 1 (=
For [*0™0, [3] ors = 15 (= 0.0588)
Hence ['°0'"0]* will be deflected to the same extent as 7O*.

Option 1 is incorrect.

Option 2 is correct since positively charged species will deflect in an opposite direction to negatively
charged species.

Each beam of charged particles will travel in a curved path, not a straight path.
Option 3 is incorrect.

(Ans: C)

The cis-isomer (Q) has a higher boiling point as it has a net dipole moment and has permanent
dipole-permanent-dipole interactions, whereas the trans-isomer (P) is non-polar.

R has instantaneous dipole-induced dipole interactions, as well as the smallest electron cloud and
hence has the weakest interactions amongst the three. Thus, it has the lowest boiling point.

Correct order of increasing boiling point: R<P < Q.

(Ans: C)

BeF acts as a Lewis acid (as NH; donates its lone pair to Be to form HsN—BeF).
A is incorrect.

It is tetrahedral around the N atom in BeF2« NHs, hence the molecule is not planar.
B is incorrect.

In BeF4%, two F~ ions form one co-ordinate bond each with BeF.
C is comect.

Itis possible for the lone pair on F to form a hydragen bond with the H in H,0.
D is incorrect.

9729/01/5/25

(Ans: B)

pV=nRT
p =5 (nRT)

Since n, R and T are constants,
1
p=1K)

Hence graph is y = kx (straight line that passes through origin)

Option A

pV=nRT

Since n, Rand T are
constants,

pV = constant at a particular T

pv

Option C

pV =nRT

p =mrr

= density(C)

1_ . R
T |am_._m=<ﬁ_s|uv

Since R, M and p are

constants,

m = density(k)

i

density

Option D

Since n and R are constants,

v .
£= constant at a particular n
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Q11 (Ans: D)

Theoretical lattice energy can be calculated using

|lattice energy| o« | 21—

[T

which assumes a 100% ionic nature. The discrepancy between the experimental and theoretical
lattice energies shows the presence of covalent character in the bonding in the silver halides, arises
due to substantial polarisation of the anion by the cation. Since the anionic radius increases down
the Group, the polarisability of the anion increases, causing a greater degree of covalency and
hence greater deviation of the experimental from the theoretical value.

Q12 (Ans: B)

A possible method to solving this question without an energy cycle is to use the algebraic method
(refer to section 4.7 of your lecture notes for Energetics Part 1).

enthalpy change / kJ mol™
Ba(s) + Ox(g) —> Badi(s) s
Ba7s) — Ba¥@) + 0 () -q
Ba#(G) + 26" — Ba(g) -p
8tgT —> Bats] -

Oz(g) +26"— 0F4(g)

Q13 (Ans: A)

Statement A is correct. Adding a catalyst to increase the rate of reaction increases the value of the
rate constant (by decreasing the activation energy).

Statement B is incorrect. In autocatalytic reactions, the concentration of the catalyst increases as
the products are formed, thus increasing the rate of reaction initiafly. However, as the concentration
of the reactants decrease, the rate of reaction also decreases.

Statement C is incorrect. Heterogeneous catalysts are in a different phase from the reactant
molecules.

Statement D is incorrect. In enzyme-catalysed reactions, increasing the concentration of the

substrate increases the rate of the reaction until all the active sites are saturated, after which, the
concentration of the substrate has no effect on the rate of the reaction.

© Raffles Institution 2025 9729/01/5/25
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Q14 (Ans: A)
At constant temperature, pressure is directly proportional to concentration,
since pV=nRT => .xﬂ.um => pe s .

At very low pressures of A, the kz[A] term in the denominator becomes negligible in comparison with
the ki term.

kqka[AP

1kalAl”_ kAP
ks

Hence, the rate equation is second order with respect to A.

rate =

At very high pressures of A, the k; term in the denominator becomes negligible in comparison with
the kq[A] term.
35$1u@m2
LALY| kp
Hence, the rate equation is first order with respect to A.

rate =

Q15 (Ans:C)
The end-point volume, V, is independent of temperature as it depends only on the concentrations
of HA and NaOH.
The pH at vis equal to the pK, of the weak acid, HA. As pK. is affected by temperature, its vaiue

2
will decrease at a higher temperature (as the dissociation of the weak acid is endothermic). Hence,

the pH at W_\ also decreases.
Q16 (Ans: C)
When solid CuSO,, which is soluble in water, is added to the saturated solution of PbSO,, the
increase in concentration of the common ion SO4% causes the equilibrium position of the dissolution
of PbSOx to shift left and the solubility of PbSO, decreases. Thus, PbSO, will precipitate in the
mixture.
Q17 (Ans: B)
For step 1, using CH;Cl, AICI; catalyst will produce methylbenzene, whereas using conc. H;SOs,
conc. HNOs, heat wili produce nitrobenzene. As the methyl group is 2-directing while the nitro group
is 3-directing, the 2-directing methyl group is preferred as the subsequent group is added o the 2-
position.
For step 2, nitration is done before the side-chain oxidation of the methyl group as it is directed to
the 2-position relative to the methyi group. if the methy! group were oxidised to the carboxyl group,
it will be 3-directing instead.
Hence, the set of reagents and conditions that will give the highest yield of the preduct is option B.
Q18 (Ans:C)

Other than chain isomers (straight-chain and branched), there are aiso functional group isomers
(saturated cycloalkane and alkene), as well as sterecisomers (cis-trans).

O J ~~ & 7 L
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Q26 (Ans:C)
The H atoms in tyrosine which could be replaced by deuterium atoms are shown in bold and
underlined.
Nts
HO CHaCH
COOH

In D;0 solvent, the phenol and ~-COOH groups can lose H* to form the respective conjugate bases.

Using the COOH group as an example,
\ZIN \ZIN
CH,CH + D0 == HO CH,CH + IUMO+

“cooH “coo

HO

0

The carboxylate anion can then undergo base hydrolysis with D,O to form RCOOD as the
deuterated solvent is present in large excess.

NH; NHz
:ol@lozmo: +D0 === HO oxnoﬂ + “OD
/OOO| COOoD
For ~NH:
Simitarly, in D20 solvent, the -NH: group can undergo base hydrolysis to form a conjugate acid.
+
NHz NHD
Iol©loznoﬂ +D,0 == HO oEo_A + "OD
COOH coo”

The conjugate acid can also undergo acid hydrolysis with the possibility of breaking the N-H bond

instead of N-D bond, thus replacing the original H atom in —~NH.
+

NHD NHD
_._o\@\oxnoz +D,0 = HO ozwoﬂ + HD,O*
“coo~ coo~

Since tyrosine is in dynamic equilibrium in D20, up to 2 H atoms in ~NH. could be replaced.
Q27 (Ans: D)

Option A is incorrect. At standard conditions, the S.H.E. contains 1 bar of Hzgas.

Option B is incorrect. As 1 mole of H.SO4 ionises to form 2 moles of H* ions, at standard conditions,
the S.H.E. should have 0.5 mol dm™ of H,SOy, which corresponds to 1 mol dm™3 of H*.

Option C is incorrect. The conditions for s.t.p. are 273 K (20 °C) and 1 bar.

Option D is correct. At standard conditions, the S.H.E. is measured at 298 K or 25 °C.

© Raffles Institution 2025 9729/01/S/25

10
Q28 (Ans: A)

Option A is cotrect. In the electrolyte, Cu?* is reduced at the cathode while nickel is oxidised at the
impure copper anode, forming Ni* ions. Thus, the concentration of Cu?* ions decreases.

Option B is incorrect. Silver is collected at the bottom of the anode as anodic sludge, and is not
oxidised.

Option C is incorrect. Since some nickel is oxidised at the anode before copper is oxidised, less
copper is oxidised at the anode compared to the copper ions reduced at the cathode.

Option D is incorrect. Since copper is reduced from Cu?* to Cu, the pure copper needs to be at the
cathode where Cu is deposited.

Q29 (Ans:D)

Ti has an electronic configuration of [Ar] 3d? 4s2.
Its possible oxidation states as a metal cation are: +1, +2, +3 and +4.

The oxidation state of Ti in the respective compounds is

(A)+2

(B) +3

(C)+3

(D) +6

Hence the compound in Option D is unlikely to exist.
Q30 (Ans:A)

Option A is correct. Fe has a higher melting point than Mg because Fe forms stronger metallic bonds
(greater number of delocalised electrons).

Option B is incorrect. Fe has a higher density than Mg due to Fe having a smaller atomic radius
(and hence more atoms per unit volume) and a larger atomic mass than Mg.

Option C is incorrect. While Fe has a higher first ionisation energy, the reason is because the
increase in nuclear charge outweighs the increase in shielding effect.

Option D is incorrect. Fe has better electrical conductivity due to having more delocalised electrons
because the 3d electrons are aiso delocalised in the metallic structure of iron.

© Raffles Institution 2025 9729/01/5/25

16¢~-d9




¢G¢~dd




2025 Y6 H2 Chemistry Preliminary Exams Paper 2 — Suggested Solutions

1a)

1(b)

1(c)(i)
1(c)()

1(d)

1(e)(i)

1(e)(iD)

100

1(M(H)

B*(g)— B™(g) + e
c

There is a large jump between the 8th and 9th ionisation energies.

This indicates that significantly more energy is needed to remove the 9th electron.
Thus this 9th_electron is located in an inner electron shell that is nearer to the
nucleus, experiencing less shielding and is attracted more strongly by the nucleus.
Therefore, there are 8 valence electrons.

Hence C belongs to Group 18 of the Periodic Table and is a noble gas.

Sulfur

TH W (LT (L] (L1 |1

1s 2s 2p 3s 3p

D*:  1s22s22pf3s23pf
c: 152252 2p® 352 3p¢

D* and C are isoelectronic species and hence their outermost electrons experience
the same shielding effect.

However, D* has a larger nuclear charge than C and so there is stronger
electrostatic attraction between the nucleus and the outermost electrons in D*.

Hence the 2™ ionisation energy of D is more positive than the 1* ionisation energy

of C.

The electronegativity of an atom in a molecule is a relative measure of its ability to
attract bonding electrons.

25

The B-Ha bond is longer.

Since two electrons are shared between three atoms in B-Ha.-B, there is an
average of one shared electron per B~Ha bond, which is less than the two shared
electrons per B—H, bond. This decrease in electron density between the B and H,
atoms causes the B~H, bond to be weaker and therefore longer.

122°

Since the electron density of the B—Hs, bond is greater than that of the B—Ha bond,
the repulsion between two B—H,, bonds is greater than that of the repulsion between
B—Ha and B—Hp. which is greater than that between fwo B—H, bonds. Hence H,—B~
Hp bond angle is greater than 109.5°.

© Raffles institution 2025 9729/02/S/25

2(a)(i)

2(a)(l)

2(a)(i)

2(a)(iv)

2(a)v)

B oo

Each carbon atom has an unhybridised p orbital which overlaps side-on with the
other p orbitais on adjacent carbon atoms. This continuous side-on overlap of the
p-orbitals ailows the x_electrons to be delocalised and shared equally across ali
carbon atoms, resulting in all bond lengths to be equat.

sp®

Each carbon atom has four bond pairs / regions of electron densities and no lone
pairs and exhibits a tetrahedral molecular geometry (shape). Each bond pair must
thus be located in an sp® hybrid orbital.

Allotrope_F is_a_non-conductor of electricity while graphite is a conductor of
electricity.

All four valence electrons on each C atom in allotrope F are used to form o bonds,
and no electrons are available for delocalisation / no mobile charge carrier to
conduct electricity. In graphite, three of the valence electrons on each C atom are
used to form ¢ bonds. The last electron on each C atom in graphite delocalises
across the whole layer, acting as a mobile charge carrier. Hence, graphite is a
conductor of electricity.

The researcher is incorrect.
The two structures are different because

Fig. 2.1 Fig. 2.2

These two carbons point in the same These two carbons point in different /
direction. opposite directions.
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3(d)

3(e)(i)
3(e)(t)

4(a)(M)

4(a)(ii)

4(b)H

4(b)(ii)

OR R{ R

Test: To each compound in separate test-tubes, add HSO4(aq), a few drops of
KMnO4 and heat in hot water bath

Observation(s):

For X, there is decolourisation of purpie KMnOa.

ForY, there is decolourisation of purple KMnO, and gvolution of a colourless gas
(CO2) which gives a white precipitate with limewater.

3-bromopent-1-ene

A

_\._m_.

)
i
|
i
[
i
|
1
i

In 1 m?, mass of air is 1 kg.

mass of Oz = m”hoc.. x1
=2x107kg
=2x107 x 10%x 108
=200 pug

Hence, concentration of O; is 200 ug m=

PSI of Og = 522720 (200 - 157) + 100

= 155 (3 5.f)

Vehicular emissions are a significant source of NO,, When the lockdown measures
were implemented, there were fewer vehicles on the road, and concentration of NO
decreased.

NO; is a radical and can react with Os. During the Circuit Breaker, the concentration
of NO, decreased, leading to less reaction with O,. Therefore, the concentration of
Os increased.

© Raffles Institution 2025 9729/02/S(25

4(c)i) [0z mol dm

0.006 1

h

0.005

i

0.004

0.003

0.002

—
S
T

f

0.001

0.000

20 40 60 80 100 120 140 160 180

Draw atangentatt=0s

Initial rate = ~gradient

© Raffles Institution 2025

= ~{{0.005 - 0) / (0 - 102)}
=4.90 x 105 mol dm® s~
=z
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5(0)() >

B

carbon

9.0 mol dm-3
KOH(aq)

[-]
=

object to
- be plated

- AgCN(aq)

Zn-air battery
S(f)(ii) Ag*+e —— Ag

amount of Ag = 1.75/ 107.9 = 0.01621 mol
amount of e~ = 0.0162 mol

S((I)  Zn—> Zn?* + 2

amount of Zn reacted = 0.01621 /2 = 8.109 x 10~ mol
mass of Zn lost = 8.109 x 107 x 65.4 = 0.530 g

5(f)(iv) Q=1It=nF

1.5t=0.01621 x 96500
t=1040s (or 17.4 min)
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2025 Y6 H2 Chemistry Preliminary Exams Paper 3 ~ Suggested Soiutions

Section A
1(a)i) e The gas particles have negligibie volume or size of the gas particles is
negligible compared to the volume of the container.
¢ The gas particles exert negligible attractive forces on one another.
e The collisions between the gas particles are perfectly elastic.
1(a)(ii) A
pvIT (iii) NHa
ii) ideal gas
R=28.31 (
> P
1(a)(if) At moderately high pressure, NHs molecules come closer together and the
intermolecular attractive forces (hydrogen bonds) between NH3; molecules become
significant. This causes the gas to occupy a volume smaller than that of an ideal
gas.
1(@)(lv) 27 °C = 300 K and 227 °C = 500 K
When compressed at constant T to half V,
Apply p1V1 = p2Vz
4.00x5=p,x 2.5
P2 = 8.00 atm
When heated from 300 K to 500 K at constant V,
Apply pofT2 = psfTs
8.00 /300 = p3 / 500
ps =13.3 atm
Alternative method using pV/T:
PVAT1= paVal T
4.00 x5/300=ps x 2.5/500
p2=13.3 atm
1(b)(i) Itis the energy released when 1 mol of ammonia gas is completely burnt in
excess oxygen under standard conditions of 298 K and 1 bar.
© Raffles Institution 2025 9720/03/S/25

1(b)(it) AH®
4NHy(g) + 30(g) ———>=  2Np(g) + 8H,0()
4(-46.1) 6(44.0)
2Ny(g) + 6Ha(g) + 30,(g) 2Ny(g) + 6H,0(g)
6 BE(H-H) + 3 BE(O=0) 12 BE(O-H)
6(436) + 3(496) 12(460)
2Ny(g) + 12H(g) + 60O(g)
By Hess' law,
® = ~4(-46.1) + 6(436) + 3(496) — 12(460) — 6(44.0) = ~1495.6 kJ mol™*
Therefore,
AH.® of NH3(g) = -1495.6 / 4 = -373.9 = =374 kJ mol™’
1(b)(iii)  The reaction is accompanied by a decrease in number of gaseous particles,
resulting in less disorder.
1(b)(iv) AG® =AHS® - TAS®
AG® = -1495.6 — 298(-583/1000) = -1322 = ~1320 kJ mol™*
Since AHS is negative and AS® is also negative, this means AG:® is more negative
as lower temperature where negative AH® term outweighs the positive ~TAS2
term. The reaction is spontaneous at low temperatures.
1(b)}(v) At lower temperatures, particles have insufficient energy to overcome the high
activation energy needed to break the strong N=N and O=0 bonds to form NOy.
Or
The N=N bond is very strong, forming NO, from N requires a lot of energy to break
this bond, which is not favoured at low temperatures.
1(c)®) Acid. NH; donates H* to H™ in NaH to form NH,~ and Ha.
Or
Oxidising agent. NHs is reduced as the oxidation number of H decreases from +1
in NH; to 0 in Ha.
1{c){ii) Reducing agent. NH; is oxidised as oxidation number of N increases from ~3 in NH
to =2 in NoHa.
© Raffles Institution 2025 9729/03/5125
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2(c)(v)
energy Co?*ion in [Co(CN)aJ*

_Al_x
~—

—
~
—_—m
~

3@)0)  LiAMHqin dry ether
3(a)(il) \I
H—N H
N/
_r_m_l..O/ \I
(2N

\
H H
3(b)(i) nucleophilic addition

3(b)(ii) cis-trans isomerism

3(b)(iH) +3

3(c)(®)
Jo. M
R” “NH, (o oY)

3(c)(ii) S0, and CI

3(d)(i) The grbital containing the lone pair of electrons on the nitrogen atom overlaps with

delocalised. Hence, this lone pair of electrons on the nitrogen is not available for
donation/coordination to an electron-deficient species.

3(d)(ii) o

P: C :
J\ /ZIN Q HO

© Raffles Institution 2025 9728/03/5/25

3{e)(i) Evidence Deduction

T decolourises Brz(aq). | T undergoes electrophilic addition reaction

T contains C=C bond(s)

T, CsHs, is reacts with T undergoes strong oxidation/oxidation cleavage
hot, acidified KMnO,, to | U contains either ketone and/or carboxyli i
form U, C4H4Os as the | functional groups.

only carbon-containing | Since no CO; is formed and T has 8 C while U has 4

product. C, 1 mole of T formed 2 mole U
U forms an orange ppt | U undergoes condensation reaction.
with 2,4-DNPH. U contains ketone functional group(s).

1 mol of U reacts with U undergoes acid-base reaction.
excess Na;COs(aq) to U contains 2 carboxylic acid functional group(s).

form 1 mole of CO; gas.

o} (o]
T: 8 or E@ u: IO\:/\:/‘jnuI
(@)
3(e)(ii) o o0

OH
OH + 10[H] —— = \/\./\ + 2H,0
HO H] HO OH 2

Section B
4(a)(i)

polarisable. Hence, more energy is required to overcome the increasing strength of
the instantaneous dipole-induced dipole _interactions between the halogen

molecules down the group, leading to decreasing volatility.

4(a)(if) Ch(aq) + NaBr(aqg)
Ch(aq) + 2Br(aq) — Brz(aq) + 2CH(aq)
* Orange colour due to production of Brz(aq) is observed.

Iz{aq) + NaClaq)

No reaction occurs.
e Brown colour due to unreacted Ix(aq) is observed.

Bry(ag) + Nal{aq)
Brz(aq) + 2I-(aq) — I2(aq) + 2Br(aq)
e Brown colour due to production of Iz(aq) is observed.

© Raffles Institution 2025 9729/03/5/25
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5(b)(i) H:CQs(aq) = HCOs(aqg) + H*(aq) 5(d)(i) 0
When [H*] increases, by Le Chatelier's Principle, the equilibrium position_shown
above shifts to the left to partialiy offset the increase in [H*] by favouring the s(d)(ii _ 0025 _ 5
backward reaction of the equilibrium, resuiting in a small decrease in pH. (e Amount of NReH'CI” = 2915 976X 107 mal
INRsH*} = 8.576 x 107% mol = 10 x 1073 dm?
5(b)(ii = 20, =8.576 x 10~3mol dm™
(O} pH = pK, + Ig( mev
7.4 = pke + g3 NRoH' =NRs + H°
pKa = 6.10 At equilibrium, [H*] = [NRs]
[NRsH*legm = [NRsH*Jinitial = 8.576 x 102 mol dm™
§(b)(il)  Given: original [H:COs(aq)] = 0.0020 mol dm™ since NR:H" is a weak acid with a small K
Since the ratio of HCOs™(ag) to H.COs(aq) is 20:1
Original [HCO3(aq)} = 0.0020 x 20 = 0.040 mol dm™? [H] = J(1071)(8.576 x 10-3)
=2.6100x 10
When [H2COs(aq)] increases to 0.0024 mol dm™3, [HCO37(aq)] drops to pH =—1g(2.6100 x 107%) = 5.58
0.040 - 0.0004 = 0.0396 dm™
. 0.0396 i
New pH when this happens = 6.1 + Ig(zoo2) S5(d)il)  pH = pk, + _mﬁﬂﬂfv
=7.3175 .:_u.fimxﬂz?_V
Change in pH = 7.3175 - 7.4 = -0.0825 : : {NRsH'J
_uﬁzn_m.n =17
5(c)()  An Arrhenius acid releases H* ions in aqueous solution. INRy
N 0-'7 = 0.01995
5(c)(ii) The basicity of each N atom depends on the availability of its lone pair of electrons Ratio of NRsto NRsH* =1:50 or 2 : 100
on the nitrogen atom to form a dative covalent bond with a proton. Since there is 1 uncharged for every 50 charged means we have 2 uncharged for
For N atom (1), the lone pair of electrons is not defocalised into the ring, but for N every 100 charged; hence sufficient to cross the blood-brain barrier to cause
atom (2), the lone pair of electrons is delocalised into the ring and hence is less drowsiness.
available for coordination with a proton.
s R A
Imz.lmIIOIZI.._uIlolzla_uIlolOI
A_u_._n CH, mxm
OH =
O
L Nw
5(c)(iv)  They are not the same compound. For ser-his-asp, the N—terminus is free on the
ser residue and C-terminus is free on the asp residue while for asp-his-ser it is the
other way round. (They are constitutional isomers of each other.)
5(c)(v) q_ ﬂ__u
+ -
Il.ilmIlo.iO
o
&
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