RIVER VALLEY HIGH SCHOOL
JC2 H2 CHEMISTRY 98729 PRELIMINARY EXAMINATION

SUGGESTED SOLUTIONS
Paper 1
1 D 6 [} 11 [& 16 D 21 A 26 C
2 D 7 D 12 D 17 C 22 [+] 7 B
K C B 13 C B D 23 B 8 D
4 D A 14 D 18 A 24 [¢] 29 B
5 B 0 D 15 D 20 A 25 C 0 o]
1 A?* has the highest third ionisation energy

-» 3 electron is removed from the inner principal quantum shell

= Electronic configuration of A" is 1522522p8

<> Electronic configuration of A is 1s22522pf3s? (Period 3 Group 2)

=» Electronic configuration of 1 is 1522522p%3s23pf4s? (Period 4 Group 2)

Option A is incorrect.
Electronic configuration of B2* is 15225%2p®3s!
Electronic configuration of C?* is 1s22s22p83s2

Since B and C has the same number of inner principal quantum shells, shielding
effect provided on the valence electrons is the approximately the same. Since € has
greater number of protons than B, the ionic size of G2*is smaller than that of B2,

Option B is incorrect.
H is in Group 1, [ is in Group 2.

Since angle of defiection is directly proportional to charge/ mass, H* will be deflected
to a larger extent.

Option C:
> Electronic configuration of C2* is 1s22522p#3s?
=» Electronic configuration of D?* is 1522522pf3s23p!

Less energy is needed to remove an electron from D?* as 3p electron is of higher
energy than 3s electron.

Option D: Correct
Answer: D
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2025 Prefiminary Examination [Turn over

% No. of moles of MoO2 = 5% x 0,300
’ 1000
=0.0150 mol
__ 45
No. of moles of MnOxs 7500 % 0.200
= 0.00900 mol

0.00900 mol MnOq~is reduced to Mn2* by gaining 0.0450 moi of electrons.

0.0150 mol Mo®* is oxidised to MoO,- by removing 0.0450 mol of electrons.

1 mol Mo** is oxidised to MoOx2-by removing 3 mol of electrons
Let the oxidation state of Mo in MoOx2- be y.

[O: Mo%* — MoOx2- + 3e

+3=y-3

y=+6

+6 ~2x = -2, solving x =4

Answer: D

3 CHy+ (502> xCO2+ 2H0
20 cm® 60 cm®

KOH absorbs CO2 = Vo, =60 cm?.
Thus, x=60/20=3

Vet + Vinma 02 = 20 + 120cm® = 140 om?®

After combustion, Vexcess 0z + Vco, = 140 — 50 = 90 cm?®
Vexcess 02= 90 - 60 = 30 cm®

Vo2 consumed during combustion = 120 — 30 = 90 cm?®
x+Z=90/20=45

y=6

Answer. C

4  BFa: 3 bond pair 0 lone pair => 120°
SiF4: 4 bond pair 0 lone pair => 109.5°
SF2: 2 bond pair 2 long pair => less than 109.5° (actual 98.3°)
BrFs: 5 bond pair 1 lone pair => less than 90° (actual 85°-90°)
Answer D
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12 The oxidation state of sulfur increases from 0 to +6 in SFe, +2 in SCk and +1 in 15 Option A is incorrect.
Mwm_.“ﬁm Mw:om this shows that the oxidising ability of F2 is the highest, followed by Ciz O-H bonds are broken,
Answer: D Hz0 & H* + OH~
Position of equilibrium shifts to absorb heat when T increases. Since Kw increases,
13 The reaction gives higher methanol yield at lower T = forward reaction is exothermic farward reaction Is favoured. The fonic dissociation process is endothermic.
= AH < 0. Option B is incorrect.
Decrease in disorder as number of moles of gas molecules decreases from 3 to 1= The ionic dissociation of water increases ten-fold.
AS<Q
Option C is incorrect as concentration of H* is the same as the concentration of OH-
Since AG = AH - TAS, the gradient of AG against T graph gives -AS. in waler,
With AS <0, the gradient is positive. (Options B and D eliminated) pH =g [H]
With the y-intercept as AH, and AH <0, the line starts below zero at the y-axis. [H*] = [OH] = (Kw)*2
Atlow temperature, |-TAS] < |AH|, AG < 0, reaction is sponetaneous. Option D is correct.
As temperature increases, [-TAS| > |AH|, AG becomes positive. Reaction is non- When T increases, Kw increases, [H*] (= [OH"]) increases. pH decreases. But water
sponetaneous. remains neutral because at all temperatures, [OH] = [H*}
Hence, answeris C.
14 Option A is incorrect. Answer: D
_ N204(g) | = | 2NO2(g) | 16 Ka(CsHsCOOH) > Ka{CsHsCOOH). CsHsCOOH is a stronger acid.
Initial amount / mol 1 0.2 " s
Change in amount/ mol | —0.24 +0.48 Option 1 is incorrect.
Egm amount/ mol 0.76 0.68 Since both acids are monoprotic, and as a stronger acid, CeHsCOOH dissociates to
a larger extent to give H* ions. The pH of CsHsCOOH should be lower.
Option B is incormrect. . .
Ko = Vsl Option 2 is incorrect.
[N204] (aC)y
=G = K= (1-a)C
v
= 0508 2
v K =2 C
Since the volume of the reaction vessel is not known, it is not possible to calculate *Ti-a
the value of K. Option 3 is comect.
Option C is incorrect. Since CsHsCOOH is a stronger acid than CHaCOCO:zH, the conjugate base of
Since V and T are constant, pressure is directly proportional fo amount. CsHsCOOH is weaker than that of CHiCOCO2H. Hence, pKs of CeHsCOO™ is larger.
As the total number of moles of gas increased from 1.2 moi to 1.44 mol, the total Answer: D
pressure in the vessel at equilibrium should also increase. )
Answer: D
River Valley High School 9729/01/PRELIMS /25 River Vafley High School 9729/PRELIMS/25
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10

21 Oxidative cleavage results in formation of 26  Carbon with methy! group make a more stable carbocation and thus -OH group is
(1) HOOCCH:C(CHz)2COOH attached at carbon 2.
= HOOCCH2C(CH3)2COCOOH undergoes decarboxytation Answer: C
(2) CHsCOCOOH
(3) CO2 (not organic product) 26  o-ionone undergo reduction and lose its carbonyl functional groups while retaining
its alkene functional group.
Answer: A
Answer: C
22 Nicotinamide is marketed as nicotine substitute which hydrolysed by aqueous ; .
sodium hydroxide. 27  Option %
o In CH3COC, carbon bonded to chiorine is also bonded to electronegative oxygen,
making it very electron deficient.
In CH3CH2Cl, carbon bonded to chiorine Is only bonded fo one electronegative
NH, atom, making it electron deficient but less electron deficient than the carbon in
ethanoyl chloride, less susceptible to nucleophiiic attack.
In CH2CHC/, carbon bonded to chlotine is in C=C, the C—C/ bond is strengthened
N by the partial double bond character arising from the sideway overlap of r electron
nicotinamide cioud of C=C with p orbital of adjacent carbon. Thus making the carbon bonded to
) chlorine iess electran deficient, C-C! bond harder to break, least susceptible to
What are the products of this hydrolysis reaction? nucleophific attack.
o] Option 2:
Water is a nucleophile. Refer to explanation for aption 1.
A H Option 3:
Acidity of ethanoyl chioride is irrelevant to the rate of reaction.
Answer: B
N and NHz
28 Option A:
22 Answer: C Changing the size of the metal electrode has no effect on the standard electrode
. o ., potential, hence the reading an the voltmeter does not change.
Alkaline hydrolysis forms salt of carboxylic acid (RCOO—) and ammonia (NHs)
Option B:
23 2-COOH < 2 (45) Adding water dilutes the concentration of the Fe2* ions, the equilibrium
C=C & 2(12 Fe?* + 2¢- = Fe favours the reverse reaction, and the electrode potential of Fe2*/Fe
a (12) becomes more negative, so the voltmeter would register a more positive reading.
M (HOOCCHCHCOOH) = 116
) Option C:
Answer: B Adding aqueous AgNOs decreases the concentration of C/- ions due to
. . precipitation of AgCI. The equilibrium Ck + 2e~ 2 2CI- favours the forward
24 Chlorobenzene is deactivated reaction, making the electrode potential of C/2/CF more positive, causing the
Phenol is activated. voltmeter reading to become more positive.
Answeris C Option D is correct.
Answer: D
River Valisy High Schoo) 8729/01/PRELIMS/25 ! River Vaitey High School 9728/PRELIMS/25
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[OH"] = V10* x 0.09800 = 0.0003130 mol dm®

pOH = —{og 0.0003130 = 3.504
pH =14 - 3.504 = 10.5
(v) 14 7 il
10.5
pH 7
2,24
0 T 1
0 24.5 49.0
Volume of HC! added! cm’
(¢} Z s the least basic. The p orbital of nitrogen atom overfaps with the 11
e neighbouring C=0 group. The lane pair of electrons
on nitrogen atom is effectively delocalised into C=0, hence not available for
protonation.
Y is less basic than X. The p orbital of the nitrogen m»o.: overlaps with the
o_elec!
nitrogen atom s delocalised into the (aromatic) ring, making it less available
for protonation.
X is the most basic as the electron-donating alky! group makes the jone pair
of electrons on nitrogen atom most available for protonation. {3}
(d) (i) Nucleophilic addition 4}
)
[ -0. H+ transfer Ho.
3 NHy e ) -
of 0
ntermediate HNW
(iif) Limited ethanolic methyl chioride/ bromide/ iodide, heat 1
(a) The bond angle in the ring is 60°. 2)
River Valley High School 9720/01/PRELIMS(25 _
2025 Pratiminary Examination [Turn over

mmo.. C is sp® hybridised / has a tetrahedral shape with a bond angle of
109.5. However, the C in epoxides is only 60° and faces ring strain/ angle
strain/ torsionat strain.

® 0 "

l
\>/\NV.||I¢V>/\)/\2

(i) The other C-O bond was broken instead, forming a primary

carbocation intermediate, which is stabilised by only 1 electron-
donating alkyl group. H2'®0 was then able to attack the primary
carbocation to form isotopic isomer A,

The primary carbgcation formed is more unstable than the secondary
carbocation. The reaction mechanism is therefore much less likely to

proceed to form A. 74]
© \n.:o_.. /“un:u \ozncz or
==, = H Lty : CHa0H CHy
s VAR vuo\ _/
cis
trans n:%&o:/ H \ /
cis
or trans
H CHy H CH,0H
/o"o\ /nl / i
/
CHy /n&b: n“u /n:u
trans cis 2
River Valley High School 9729/PRELIMS/25
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i} Total t of duced i
{ii) Total amounto nwmmm produce: 6 (a) () At15 km,
=3.4375 % 107 x 7= 1.2031 x 10% mol
BV =nRT _=S|o_uéw~.muo.:m:mv
(101325)V = (1.2031 x 10°)(8.31)(298) i
V=284x10°m? (3sf) 2] Px = 0.017002 MPa
(i) The actual total volume of gas is expected to be smaller. [1] P _P —3505xl T,
Some possible reasons: (choose any 1) xTTe T xn ._.|e
1. When molecules of real gases are close together, there will be
significant intermolecular forces, decreasing the total volume T,
on g 9 0.017002-0.101325 = 3595 xIn| %
of gases. 273
2. Upon release into the atmosphere, condensation of water
vapour occurs as the cooler surroundings cool down the water Tx=272.99=273K
vapour fast enough, causing a reduction in the total gas Hence, the melting temperature of ice remains relatively constant in
volume after the explosion. the troposphere. 21
3. There may be incomplete decomposition of NHaNOs, which
results in the amount of gases lower than expected, thus (i) 6.5x=31
leading to a smaller total volume of gases. x=4.77 km ]
OR (b) M StuctureB.
The actual total volume of gas is expected to be larger [1] trahedral t of I about sach Ag®
Some possible reasons: (choose any 1) (Tetrahedral amangement of I” about each Ag") m
1. The volume of the real gas molecules is much more significant (i) M - 2 107.94126.9) = 102
to the volume of the container as compared to the volume of ass of Agl 6.02x10% (107.9+126.9)=7.801x10™g
ideal gas molecules. As such, for the same amount of gases 7.801x10°2
generated, the real gas molfecules will take up much more Density = — =4758=476gcm™
space and this leads to an increase in the overall volume of Ao.hmmx._chv x0.755x1077 2
gases.
2. Under highly elevated temperatures, the gas molecules © oM,
possess vety high kinetic energy and can occupy a larger Ags) +  Vals) ——  Agl(s)
overall volume {within a short span of time). h +%(624)
3. There is a sudden and rapid expansion of gases after _ +285 ’
ignition/detonation. Thus, intermolecular forces of attraction Yibig)
between gas molecules will be easily overcome by this rapid Ag(g) b +Y% (151
expansion and this leads to a larger total volume of gases. Hg)
4. The atmosphere above gets thinner further up into the sky. As _ 731 _ ~205.4
the gases from the explosion escape info the atmosphere, the AglD) + (@)
gas molecules can expand much more in the upper
atmosphere layers. 12 ~62=+285 + 731 + % (62.4) + % (151) ~ 295.4 + LE
LE = -1889.3 = ~889 kJ mol (8], commonai i
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2 (a) MMA undergoes oxidation/ oxidative cleavage [v*] in hot acidified KMnQa(ag) to
give F (only organic cpd). MMA is a ferminal alkene.

G undergoes axidation (of C=C bond) [v*] and agid hydrolysis (of ester linkage)
when freated with hot acidic KMnOs(aq} to give F. G is an ester. G is an alkene.

(b)

(c)

()

F undergoes oxidation with I/ OH-(aq) to give G. F has \ﬂ/u‘. Yellow ppt is
CHIa.

1 mole of H undergoes acid—netal reaction/ redox with Na to give 1 mole of Hz
gas. G has 2 -COOH groups.

o [+ [+] 0

OH OH H

MMA F G H

2H20 + 2e~ — Hz + 20H-
2CHaCOz~ — CaHs + 2C02 + 2~

®

(i)

®

Eetectronytic con

=-AG/(nxF)

=—02640/ (2 x9.65 x 10%) = -0.48 V
Minimum volitage = |-0.48| + 0.70 = 1.18 V.

The extra voltage is required for any of the following:

. >o._<w:o: msm_d< Reactions at the electrode surface reguire

barriers for electron transfer and bond
cqmm_asm\aazm”_o: necessitating extra voltage.

¢ Mass Transport: lons need to move from the bulk solution to the
electrode surface and vice versa, which can be hindered by diffusion
and other factors, contributing to overvoltage.

» Concentration polarisation: The concentration of reactants near the
electrode surface changes during electrolysis, creating a
concentration gradient and requiring additional voltage to overcome.

» Gas evolution: If a gaseous product is formed at an electrode (e.g.,
during water electrolysis), overvoltage can arise from the energy
needed to create gas bubbles at the interface.

Any logical answer.

Amount of charge = 5.07 x 2.0 x 60 x 60 = 36504 = 36500 C

2025 Preliminary Examlination
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(i)

(e)

22

Amount of chromium = 222 = 1.242 x 10-' mal

Amount of charge per mole of Cr = 3% = 2,940 x 10°C

(3)(L)(1.60 x 10-19) = 2.940 x 105
L=6.125x 102 =613 x 102

Electrode reaction E°IV
Mg?* + 2e~= Mg -2.38
Ca? +2e~=Ca ~2.87
Ba?* +2e~ = Ba ~2.90

Down the Group, E®(M2*/M) becomes more negative, oxidation of Group 2 metals

becomes more spontaneous. Therefore, the reducin

ower of the Group 2

3 (a) (i) H*/HsO* provides an alternate reaction pathway with lower activation
energy which speeds up the rate of reaction. It is regenerated at the
end of reaction.

(ii) OH
\
There is restricted rotation about the C=C baond.
(i) (Electrophilic) Substitution
(v} :\) B
mDIm.. ||V
B g
() )  jceHscHO] = 0.212 200 _ 0100 mol dm~?
(12.0x7+1.0x6+16.0) 1000
INHCg= 107 200 _4 66 moj dm3
(14.0+41.0x4 +35.5) 1000
River Valley High School B728/PRELIMS/25
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(i)

(i)

(iv)

®

(i

(i)

25

The electron configuration of Fe?* is 1522s22p®3s23p€3d8.

In the presence of H20 or Oz ligands, the 3d orbitals are split into 2 sefs
of non-degenerate orbitals with different eneraies.

The difference in energies (AE) between these 2 sets of 3d orbitals is
small and lies within the visible region of the electromagnetic mvmo:.::._
Radiation from the visible region of the electromagnetic spectrum is
absorbed when an glectron moves from a lower ene

The colour observed (red) is the complement of the colours absorbed

(green). Hence, haemoglobin is coloured.

Electrons usually occupy orbitals singly to minimise/reduce repulsion
between fwo electrons occupying the same orbital.

The electrons would only pair up in the jower energy d-orbitals (low
spin state) if the el energy gap, AE, was larger than the energy due to
electron repulsion / pairing energy.

Hence, (low-spin) oxyhaemoglobin would have the larger eneray gap.

Any arrangements of electrons, as long as:
for upper set - 1 half-filled orbital and 1 empty orbital
for lower set - 2 fully-filled orbital and 1 half-filled orbital

Transition metal ions have energeticall moommw.zm low-lyin
vacantfempty (3d and 4s) orbitals that can accept the lone pair oﬂ
electrons from the ligands to > form co complexes.

Reduction involves addition of electrons.

It is energetically gasier 3 add an electron to the positively charged
complex so that the
standard reduction patential of Fe(H20)s* is higher.

OR

CN-is a sfronger ligand than HzO, so it will stabilise the Fe®* more in

the [Fe(CN)]*~ complex/ give rise to a more stable [Fe(CN)l*.

Reduction is less favourable, E® is less positive.

Add aqueous potassium iodide (followed by starch) to two test—tubes,
one containing Fe(H20)e%* and the other containing Fe(CN)s*-.

River Valsy High School ST20/01/PRELIMS/25
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(Without starch): A brown solution (of iodine) is formed for Fe(H20)s%
but not for Fe(CN)s*~.

(With starch): A blue-black colouration is observed for Fe(H20)g* but
not for Fe(CN)*-.

Fe(Hz0)** is strong enough an oxidising agent to oxidise iodide ions
to fedine but Fe(CN)s*- is too weak an oxidising agent to oxidise iodide
ions to iodine.

EPeap = +0.77 - +0.54 = +0.23 V for Fe(H20)s%*
E% o1 = +0.36 ~ +0.54 = ~0.18 V for Fe(CN)e*-.

Possible altemative species: H202 (E®(02/Hz202) = +0.68 V), MnO42
(E®(MNn04/Mn0O4?") = +0.56 V)

{c} (i) Letthe solubility of iron(ll) phosphate be x.

Fes(POu)z (s) @ 3Fe?* (aq) + 2PO4* (aq)
= [Fe*P[PO+*+ 2
= (3x)*(2xp
=108x5 = 1.07 x 102
Solubility of iron(II) phosphate = 6.33 x 10~ mol dm-3

() FeS(s) @ Fe* (ag) + 5> (aq)

Ksp = [Fe?] [OH

4.87 x 10717 = [Fe?] (0.200)

[Fe?} = 1.218 x 10-' mol dm-®

When Fe(OH)z starts to precipitate, [Fe2*] = 1.218 x 105 mol dm™3
To find out [S*] present,

6.00 x 10-18 = 1,218 x 10-'5 [S2]

[S2] =4.928 x 10~ mol dm—

=493 x 103 mol dm=
(i) Add aqueous NaOH until in excess to both solutions.

White ppt of AI{OH); formed dissolves in excess NaOH to form a
colourless solution and green ppt Fe(QH)> remains insoluble.

AI(OH)s = AB* + 30H- - equation 1

When excess OH-is added, complex formation takes piace.
Al(OHja(s) + OH~(aq) = AHOH)«~ (ag)[]

Addition of excess OH- shifts the
to the right, causing the precipitate to dissolve.
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) ,_.oEmE radicat formed is most m.w_u_m as the electron deficient radical

M |a Step !l R Step It
M/\J\ NaBHq or L/\/T Na
4 LiAfHq in dry ether | HO
Br Br
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