Suggested Answers for 2024 Y6 H1 Chemistry Preliminary Examination
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Worked solutions for Paper 1

Q1
One mole of any substance contains 6.02 x 102
(Avogadro’s constant) particles of the substance.

D is correct. Since ethanal exists as a molecule, one
mole of ethanal contains 6.02 x 1023 ethanal molecules.

Option A is incorrect. Since each molecule of ethanal
contains 7 atoms,

number of atoms

=6.02x 108 x 7

=4.21 x 10*

Option B is incorrect. Since each molecule of ethanal
contains 2 carbon atoms,

number of carbon atoms

=6.02x 108 x 2

=1.20 x 104

Option C is incorrect. Since each molecule of ethanal
contains 4 hydrogen atoms,

number of hydrogen atoms

=6.02x10%2 x4

=2.41x 10

Ans: D

Q2
Oxidation: Al——> ARt + 3e
One mole of Al will lose 3 mol of electrons.

Number of electrons lost from one mole of Al
=3x6.02x10%

Charge lost from one mole of Al
=3x6.02 x 108 x (-1.60 x 10-19)
= -288960 C

=-2.89x105°C (3s.f)

Ans: A
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Q3

As 1 mol of MnO4 is used, eqns 2 to 4 are each
multiplied by a factor to ensure total 5 mol of electrons
are involved during each redox reaction.

Multiplying and re-writing equations:

egn. 1: MnO4~ + 8H* + 5e~ = Mn?* + 4H20

eqn.2 x 2.5: 2.5]> + 5e~ = 5I-

eqn.3x5: 5Cu?* + 5e- = 5Cu*

eqn.4 x 2.5: 2.5S04% + 5H* + 5e~ = 2.5S03%~ +2.5H20

With reference to the above coefficients,

Option 1 is correct as 1 mol of MnO4~ reacts with 5 mol
of Cu* to form 5 mol of Cu?* ions.

Option 2 is incorrect. 1 mol of MnO4~ reacts with 5 mol
of I” to form 2.5 mol of l.. If an excess of I” was used
(e.g. 7 mol), MnO4~ will be the limiting reagent. Since
there is 1 mol of MnOa4™ present, 2.5 mol of |2 will still be
produced.

Option 3 is incorrect as MnO4- reacts with sulfite (SO3%7)
and not sulfate (SO427). As MnO4~gets reduced, it reacts
with sulfite, which get oxidised.

Ans: A (1 only)

Q4

W has 12 protons and 10 electrons and is hence Mg?*.
Z has 17 protons and 18 electrons and is hence CI-.
Therefore, option D is correct as MgClz is an ionic
compound.

Option A is incorrect as W has 2 more protons than
electrons, and hence has a charge of 2+.

Option B is incorrect as Z and Y have different numbers
of protons and are hence not isotopes.

Option C is incorrect as W (Mg?*) and Y (P3") form WsY2
(MgsP2) and not W2Ys.

Ans: D
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Q5

Option C is correct. There is a big jump from the 12t to
13t jonisation energies. Since a lot of energy is required
to remove the 13 electron, the 13t electron must be in
an inner electronic shell.

Therefore, G has an electronic configuration of
1s22s22p%3s23p? since a lot of energy is required to
remove the 13" electron from the innermost first
electronic shell (n = 1). G is hence Si, which forms the
chloride SiCla.

For the same reason, option B is incorrect.

Option A is incorrect as Si is a Period 3 element. G
cannot be carbon as carbon only has 6 electrons.

Option D is incorrect as SiCls has a simple molecular
structure. This is not to be confused with SiO2, which
has a giant molecular structure.

Ans: C
Q6
shape structure polar
molecule?
see-saw E b
(4 bond pairs, .
SF4 1 lone pair) F/T' yes
F
|
tetrahedral
CH:Br2 (4 bond pairs) H/C{”Br yes
Br
trigonal F
pyramidal N\
NFa (3 bond pairs, FN: yes
1 lone pair) F
(|31
: tetrahedral
SiCls . Si no
4 bond pairs “
( pairs) c” N
Cl/
Ans: D
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Q7

Option A is correct as H20 forms a dative covalent bond
with H* to form HzO*, which has a trigonal pyramidal
shape about central atom O.

H .o
~ ./\ o .
O: LT
| He = [\
H

H
Trigonal pyramidal

(3 bond pairs
1 lone pair)

Option B is incorrect. A dative covalent bond is also
formed in option B, but this results in a tetrahedral shape
about the central atoms B and N.

H H
H> _H He> _H
< o l
,--"““F B"'ulll‘
F——B - . / \ F

Tetrahedral about B and N
(4 bond pairs)

Option C is incorrect as bonds are being broken and not
formed.

Option D is incorrect. Although the shape about N in
NHs is trigonal pyramidal, the N-H bonds formed are
covalent bonds, not co-ordinate bonds.

Ans: A

Q8

1 is correct as Brz has a larger electron cloud size than
NHs and hence there are stronger instantaneous dipole-
induced dipole (id-id) interactions between Br2
molecules than NHsz molecules. The id-id interactions
between Br2 molecules are stronger than the hydrogen
bonding and id-id between NHz molecules.

2 is incorrect. The electron cloud size of H20 (10
electrons) is similar to that of NHs (10 electrons), which
does not explain the significant difference in boiling
points of H20 and NHs.

3 is correct. Since hydrogen bonds exist between H20
molecules and between NHs molecules, more extensive
hydrogen bonds in H20 than in NHs would explain why
the boiling point of H20 is much higher than that of NHa.
H20 molecules form an average of 2 H-bonds per
molecule of H20 while NHs molecules form an average
of 1 H-bond per molecule of NHa.

Ans: C (1 and 3 only)
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Q9
Re-drawing the structure of AIBN to include lone pairs
of electrons:

|
CH,.. _CHj,
HsCc | Na. _C
\Cr/ \[‘f/ \CH3
C
ll

Option B is correct since there are 4 lone pairs of
electrons in AIBN.

Option A is incorrect since the N atoms in the N=N bond
have 2 bond pairs and one lone pair each, so they have
a bent shape.

Option C is incorrect as it is linear (2 bond pairs) about
Cin CN.

Option D is incorrect as AIBN contains 5 = bonds and
23 o bonds.

Ans: B

Q10

Option A is correct. It is an endothermic reaction as
hydrogen bonds between water molecules are broken
when water is vaporised.

Option B is an exothermic reaction as more hydrogen
bonds are formed between H2O molecules to freeze
H20.

Option C is an exothermic reaction as O—H bonds are
being formed.

Option D is exothermic as combustion of hydrocarbons
is always exothermic.

Ans: A

Q11
H2S04 + 2NaOH —— Na2S04 + 2H20

Amount of H2SO4 =50 x 103 x 2.0
= 0.1 mol

Amount of NaOH used = 100 x 103 x 1.5

Q12
When given enthalpy change of formation data, AH,®
can be calculated using the following formula:

AH?® =>"nAH? (products) — > mAH? (reactants)

Applying the formula,

Enthalpy change of combustion of 2 mol of H2S(g)
= 2(-286) + 2(-297) — 2(—20) = -1126 kJ mol*

Enthalpy change of combustion of H2S(g)
_ -1126 k] mol™?

2

=563 kJ mol~!

Ans: C

Q13

Let n be the number of half-lives passed.

Initial concentration x (1/2)" = final concentration
0.3 x (1/2) = 0.0375

(2/2)» = 0.125

n=3

tiz = 900/3 = 300 s

From 0.0375 to 0.01875 mol dm-3, another half-life has
passed.i.e.n=4

Total time taken =n Xtz =4 x 300 s = 1200 s

Ans: A

Q14

For both experiments, since rate (gradient) remains
constant when [X] decreases, the reaction is zero order
with respect to X.

When [Y] = 1.0 mol dm™3,

0.10-0.06
— =-0.01.
0-4

Since rate is always positive, rate = 0.01

gradient =

When [Y] = 2.0 mol dm™3,

0.10-0.02
————%=-0.04.
0-2

Since rate is always positive, rate = 0.04

gradient =

When [Y] was doubled, rate quadrupled from 0.01 to
0.04 mol dm=3 min-', showing that the reaction is 2"
order with respectto Y.

=0.15 mol Therefore, rate = k [Y]?.
Since H2S0O4 and NaOH react in a 1:2 ratio, NaOH is the Ans: C
limiting reagent. Therefore, amount of H20 formed =
amount of NaOH = 0.15 mol.
A4 mcAT _ (150)(4.2)(107%)(12.6)
mET nye o 015 0.15
=-52.9 kJ mol™
Ans: C
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Q15

Comparing experiments 1 and 2, when [NO] is kept
constant and [O2] x 0.5, initial rate x 0.5. Therefore, the
reaction is first order w.r.t. O.

Comparing experiments 1 and 3,

rate(3) _k(2.4)(1.2)" 64
rate(1)  k(1.2)(0.6)" 8

2x2"=8

n=2
Therefore, the reaction is second order w.r.t. NO.
The rate equation is hence rate = k [O2][NOJ2.

Ans: B

Q16

Option A is correct. When the system reaches dynamic
equilibrium, the rate of the forward reaction equals the
rate of the reverse reaction.

Option B is incorrect. When the system reaches
dynamic equilibrium, the concentrations of the reactants
and products remain constant but need not be equal
(i.e. [reactants] # [products]).

Option C is incorrect. When the system reaches
dynamic equilibrium, the rate of forward reaction equals
to the rate of reverse reaction. The rate constant (k) of
the forward and reverse reactions need not be equal.

Option D is incorrect. When the system reaches
dynamic equilibrium, the forward reaction continues to
occur at the same rate as the backward reaction.
(dynamic equilibrium). The forward and backward
reaction do not stop to occur at equilibrium.

Ans: A
017
2 Hz (6{0) CHsOH
I:ﬂ?lmt_/ mol 2 ! 0
e | | ax |
amount/mol | 27% | T3% | 3
Ans: C
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Q18
H20(l) + H20(l) = H3O*(aq) + OH~(aq)

At 30 °C,
Kuw = [H30*][OH-] = 1.44 x 1014 mol2 dm-5

Since [H30*] = [OH"],
[H30*] = Y1.44x10™* =1.20 x 107 mol dm-3
pH = —Ig[H30*] = 6.92 < 7.00

Ans: C

Q19
When a small amount of H* ions is added to the solution,
the following reaction occurs

H2PO4(aq) + H*(aq) — HsPOa(aq)

Hence [H*] in the solution changes very little and the pH
is kept approximately constant.

When a small amount of OH- ions is added to the
solution, the following reaction occurs

HsPO4(aq) + OH-(aq) —» H2PO4(aq) + H20(l)

Hence [OH™] in the solution changes very little and the
pH is kept approximately constant.

Ans: B

Q20

An Arrhenius acid is a hydrogen-containing substance
that releases hydrogen ions (i.e. H* ions) in aqueous
solution.

An Arrhenius base is a hydroxide-containing substance
that releases hydroxide ions (i.e. OH- ions) in aqueous
solution.

A Bransted-Lowry acid is defined as a proton (H*) donor
while a Brgnsted-Lowry base is defined as a proton (H*)
acceptor.

Option A: NHs acts as a nucleophile, while CHzCl acts
as an electrophile.

Option B: CH3OH accepts a H* ion (Br@nsted-Lowry
base), while HCIO4 donates a H* ion (Br@nsted-Lowry
acid).

Option C: CHsCOOH donates a H* ion (Brdnsted-Lowry
acid), while NHs accepts a H* ion (Br@dnsted-Lowry
base).

Option D: HNOs releases a H* ion (Arrhenius acid),
while NaOH releases an OH- ion (Arrhenius base).

Ans: D
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Q21
(A)

Electrical Conductivity

)___________________

(B)

First ionisation energy

©

Electrical Conductivity

(D)

Graph of atomic and ionic radii against

}___________________

atomic number of Period 3 elements (Na to Cl)

0.25

Atomic orionic radius /nm

0.05

0.00

Atomic radius is the only property that decreases

pa-

[

A s
N

Na*

p4g2+ . - ‘r‘f’

Al3* )
Si4+

Atomic number

consistently from sodium to chlorine

Ans : D
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anionic
radius

atomic
radius

cationic
radius

Q22

Ge is in the same group as Si, and therefore GeCls will
have properties similar to SiCla.

Option A is incorrect. GeCly, just like SiCls, has a simple
molecular structure.

Option B is correct.

SiCls undergoes hydrolysis as shown.
SiCla(l) + 2H20(l) —» SiO2(s) + 4HCl(aq)
Thus, GeCls is hydrolysed by water too.

Option C is incorrect. GeCly, just like SiCls, has a simple
molecular structure and thus does not contain
delocalised electrons or mobile ions to conduct
electricity.

Option D is incorrect. The bond angle in GeCls, just like
SiCls, is 109.5° (tetrahedral).

Ans: B

Q23
Since In is a Group 13 element, its properties will be
similar to that of Al.

Option 1 is correct. A dimer molecule of In2Cle is
structurally similar to Al2Cls.

:C1, ol .ch

LX) XAI AZ

...X .. X o0

‘e LCLY “crs

Option 2 is incorrect. Al203 does not dissolve in water.
Energy needed to break down the ionic lattice is more
than the energy released on hydrating the ions. Thus,
In203 is insoluble in water too.

Option 3 is correct. AlCI3 dissolves readily in water with
appreciable hydrolysis to produce an acidic solution.
Thus, In203 behaves similarly too.

Hydration:

AICl3(s) + 6H20(l) — [Al(H20)¢]**(aq) + 3Cl-(aq)

Hydrolysis:

[Al(H20)6]%*(aq) + H20(l) = Al(H20)s(OH)J?*(aq) +
HsO*(aq)

Ans: B (1 and 3 only)
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Q24

The thermal decomposition of HX involves breaking the
H-X bond.

The strength of the covalent H-X bond is dependent on
the effectiveness of the orbital overlap.

H-I is weaker than H-CI bond since the electron cloud
of | is more diffuse than that of Cl, hence the overlap of
orbitals in Hl is less effective.

Ans: B

ethene benzene

Option A, B and C are correct. In both molecules, all
carbon atoms form three ¢ bonds and the shape about
each carbon atom is trigonal planar.

Option D is incorrect. The shape about each carbon
atom in both ethene and benzene is trigonal planar.

Ans: D

Q26

excess HyS0,,
heat
—H — |H—

:i:
I—T—I
I——T—O
I—0O—3I
I—0O—I

elimination

I—O——I
|
O
|
O
|
I—O0O——>T
I—O——T
|
I

excess HySOy,
heat
elimination

T

|
I—O——I

|
I—0—0

|
PN S

|
I——0O—23xI

|
I—0O——I
I—O——I

|
I—0—0

|

|

|
I—O0O——I

|

=

~

i trans-isomer
Cls-lsomer
CHg

N/ e Ml
N\ \VARRNY
/ 3

H—C H—C

/\ VA

Ans: B
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2-methylbutanoic acid propylamine

Ans: A (1 and 4 only)

Q28

For a polyamide constituting of 2 dicarboxylic acids and
2 diamines connected alternately (see diagram below),
2+2-1 = 3 amide bonds are formed and thus 3
molecules of water are removed during condensation.

: : ' Q
—Q*NAH + Hoﬁc—D—c40H + H»N—Q—N%H + Ho%c—D—cfoH
H ‘

Hence, for the polyamide X constituted of 10
dicarboxylic acid and 10 diamine repeat unit connected
alternately and during this process 10+10-1 = 19 amide
bonds are formed, thus 19 molecules of water is
removed.

Total M of polyamide X
=10(116) + 10(146) — 19(18) = 2278

Ans: B

Q29
Option A is a correct statement because HDPE is more
linear, with less branching.

Option B is a correct statement because there is more
extensive instantaneous dipole—induced dipole (id—id)
interactions between polymer chains of HDPE.

Option C is a correct statement because there is more
extensive id-id interactions between polymer chains of
HDPE.

Option D is an incorrect statement because HDPE is a
much stiffer and less flexible material than LDPE. Thus,
HDPE is not suitable to make plastic bags.

Ans: D
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Q30

Statement 1 is correct. Due to the higher surface area
to volume ratio of platinum nanoparticles, there is an
increased catalytic efficiency of the catalytic converter
in removing pollutants.

Statement 2 is incorrect. Platinum nanoparticles behave
as heterogeneous catalysts. They act by allowing
reactant molecules to readily adsorb onto the active
sites of the catalyst surface, weakening the covalent
bonds within the reactant molecules, thereby lowering
the activation energy for the reaction. The platinum
nanoparticles remain chemically unchanged at the end
of the reaction.

Statement 3 is incorrect. Platinum nanoparticles remove
carbon monoxide from exhaust fumes by oxidation (not
reduction) to form carbon dioxide.
Pt
2CO(g) + O2(g) — 2CO2(9)
Statement 4 is correct. Platinum nanoparticles remove

unburnt hydrocarbons from exhaust fumes by oxidation
to form carbon dioxide and water.

CxHy(g) + (x+7) O2(g) —> XCOx(g) + ;H20(g)

Ans: A (1 and 4 only)
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Paper 2
1(a)
no. no. no. .
electronic
of of of . .
configuration
protons | neutrons | electrons
1s22s5%2p®3s?
K 19 21 19 | 3ot P
52 1522522p%3s2
24Cr%" 24 28 21 3p°3d?
1(b)(i

MgO has a giant ionic structure with strong electrostatic
forces of attraction between Mg?* and O?" ions.

SOz has a simple molecular structure with weak
instantaneous _dipole-induced dipoles interactions
between SOz molecules.

A larger amount of heat is required to overcome the
stronger _ionic_bonds between the oppositely-charged
ions in MgO.

Note:
e write structure and bonding in each compound
e compare strength/amount of energy required

1(b)(ii

MgO conducts electricity in molten state while SOs
does not conduct electricity.

or

MgO is only slightly soluble in water and SOs reacts
readily with water/is soluble in water to form an acidic
solution.

1(b)(iii
2+ 2—
( I ] .
{ ]
M X O P
9 [ 1)
1(c)
H H H CHO
AN /
c=c( \c:c<
CHO H
cis isomer trans isomer

Cis-trans isomerism arises because of the
restriction of rotation of C=C double bond.

Also, each carbon atom of C=C must have two different
groups attached to it.

© Raffles Institution 2024

2(a)()
The volume of the oxygen gas is directly proportional to
its temperature.

2(a)(ii)
low temperature and high pressure
2(a)(iii)
H
H\l\ﬂ/H
h d oo
ydrogen bond — 8
_ 58
H\SITI/H
H

Ammonia molecules are held together by stronger
hydrogen bonds compared to the weaker instantaneous
dipole-induced dipoles interactions between oxygen
molecules and thus can be liquefied by applying
pressure at room temperature.

To illustrate H-bonds between NHs molecules,

need to show:

e 5+ on protonic H

¢ 53— on N which the protonic H is attached to

e 35— and lone pair on N interacting with the
protonic H

¢ dotted line between the protonic H and lone pair
on N, labelled as hydrogen bond

2(b)

Good electrical conductor as one p electron per carbon
atom delocalised over the whole graphene layer.

High tensile strength as each carbon atom is attached
to 3 others by a network of strong covalent bonds within
the graphene layer.

8873/02/S/24 8



3(a)

The forward reaction is endothermic.

When temperature is increased, the system will try to
counteract the increase in temperature by favouring the
forward endothermic reaction in order to absorb heat.
Equilibrium position shifts right, favouring formation of
more hydrogen.

3(b)

When there is a decrease in total pressure, the system
will try to counteract the decrease in total pressure by
favouring the reaction that increases the total pressure.

Hence, the position of equilibrium shifts to the right as it
produces more gas particles and % vield of H»
increases.

3(c)

increase in temperature

The forward reaction is endothermic. When temperature
increases, the position of equilibrium shifts to the right
to absorb heat so as to decrease the temperature of the
equilibrium system.

Hence, more products are formed and there are less
reactants, and the value of Kc increases.

introduction of a catalyst

When a catalyst is added, the value of K¢ remains the
same, as the rates of both the forward and backward
reactions are increased to the same extent.

3(d)

When temperature is increased from Ti to T2 K, the
average Kkinetic energy of the reactant particles
increases.

As such, significantly more reactant particles have
energy greater than or equal to the activation energy of
the reaction.

This results in an increase in effective collision
frequency and hence an increase in the rate of the
reaction.

© Raffles Institution 2024

3(e)
energy/ kJ mol™
t transition
state 1 gransition
WA N state2
]Ea (Step 2)
Ea (Stepny ) === And---
IR COt aH,
CHa +2H,0_~ 1210 I AH = +168
Progress of reaction -
4(a)
2-hydyroxypropanoic acid
4(b)
CH3CH(OH)COzH + NaOH —— CH3CH(OH)CO2-Na*
+ H20
4(c)

amount of lactic acid = amount of NaOH used
=0.005 x 16 = 1000
=8.00 x 105 mol

[lactic acid] in diluted milk
=8.00 x 1075 x 1000 + 10
=8.00 x 103 mol dm=3

[lactic acid] in original sample of milk
=8.00 x 103x 100 + 10
=8.00 x 102mol dm~3

a(d)

Mass of 1 dm3 of milk
=1.04 x 1000
=1.04 x 103g

Mass of lactic acid in 1 dm?3 of milk
=8.00 x 1072 x (3x12 + 3x16 + 6)
=7.20g

% by mass of lactic acid
= (7.20 + 1040) x 100%
=0.692 % < 1%

The milk would taste pleasant.
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A(e)

thymolphthalein (as this is a weak acid—strong base

titration)

A suitable indicator is one where its pH range coincides
with the region of rapid pH change in the titration curve
(i.e. the pH range of the indicator must fall on the vertical
portion of the titration curve).

5(a)

mass of the weights used

type of cloth used/permeability
mass of curds wrapped in cloth
volume of water/liquid squeezed out
time taken

temperature

5(b)

The electrostatic negative charges in protein molecules
repel one another and this decreases the amount of
protein-protein interactions and their tendency to
aggregate and precipitate.

3(c)

Nigari is obtained from seawater which is abundant and
is readily available.

3(d)

forces of attraction — ionic

5(e)
There is a higher protein content in tofu when CaSOs is
added.

This is because the protein molecules are less soluble
in the presence of CaS0O4 and are filtered/precipitated
out.

© Raffles Institution 2024

5()
GDL undergoes hydrolysis to form (gluconic) acid.
HO
OH OH
HO @)
OH OH

structural formula of product

5(a)
acid coagulant e.g. lemon juice
6(a)
repeat unit of polymer Y
T
H H

type of polymerisation: addition

6(b)(i)
o]

I T
HO—C@C—OH

HO—CH,CH, —OH

6(b)(ii)

PET is crease/wrinkle resistant.

6(b)(iii)
A thermoplastic polymer can be melted and remolded
into shapes that are retained when the polymer is

cooled.

8873/02/S/24 10



&t —
/O H
\\H
8+H \\\o‘\\hydrogen bond
\..\\
Y
7Y
H H |,
OR
5+
H
\ 5™
w20—H
6+ \\\\“\\‘
H" hydrogen bond
T
T
HoH ],

This is due to the —OH group in PVA which can form
hydrogen bonds with water molecules.

7(a)(i

The standard enthalpy change of formation (Aer) of a
substance is the energy change when 1 mole of the
pure substance in a specified state is formed from its
constituent elements in_their_standard states under
standard conditions of 298 K and 1 bar.

7(a)(ii)
4 AH, 4 AH, = AH3

7(a)(iii)
4 AH, 4 AH, — AHs
AAHP(NHaNO3) + AH,= 2AH (NO2) + 8AHE (H20)

AH, = _4(-365.6) + 2(+33.2) + 8(—241.8)
AH, = _405.6
= -406 kJ mol™ (3s.f.)

7(b)(i)
The bonding in MgCl: is ionic as there is a large
difference in electronegativity of Mg and Cl.

The bonding in SiCls is covalent as Si and CIl have
similar electronegativities.

7(b)(ii)

MgClz(s) + 6H20(l) —» [Mg(H20)¢]**(aq) + 2Cl(aq)
['\ag(Hg%J)e]”(aQ) = [Mg(H20)s(OH)]*(aq) + H*(aq)

pR =o.

SiCla(l) + 2H20(]) — SiOz(s) + 4HCl(aq)
pH=2

© Raffles Institution 2024

7(b)(iii)

As the charge density of Fe®* is lower than Al3*, ability
to polarise the water molecules is lower than AI3*,
Hence, the extent of hydrolysis is lower, so the pH of
Fe3* solution will be greater than that of AlI3*.

(c)

I2 cannot be reduced to |- as it is more difficult for 12 to
gain _electrons than Cl to form anions. i.e. it is more
difficult for 12 to be reduced.

7(d)
reaction |
substitution reaction

NaOH(aq) or KOH(aq), heat

n(d)
reaction I
elimination reaction

KOH in ethanol OR ethanolic KOH, heat

7(e)(i)
A Brgnsted-Lowry acid is a proton donor.

A strong acid undergoes complete dissociation in

aqueous solution to produce H*(aq).

7(e)(ii)
acid: HCI conjugate base: Cl-
base: OH- conjugate acid: H20
7(e)(iii)
NaOH + HCl —— NaCl + H20
0.200 _ 3
Amount of NaOH = 22 x 20 = 2.00 x 10 mol

1000

Amount of H* in resultant solution
=2.80x 10° - 2.00 x 103
= 8.00 x 10 mol

pH of the resultant solution

_ 8 x 10
- ;Igg14.oo+2o.oo < 1000)

8(a)
Let m be the relative atomic mass of the third isotope.
20 11— 95x40 + 1x43 + 4xm

100

m=42.0

8873/02/S/24 11



8(b)(i)

Element Ca © cl

100 -31.5

%
composition 31.5 12.6 -12.6
=559

molar
mass / 40.1 16.0 355
g mol?

amount

in100g | 31.5 _ 12.6 559
of Q/ m—0.786 m—0.788 ﬁ_1 574

mol

molar
ratio

Hence, the empirical formula of Q is CaOCl,.

8(b)(ii)
Let molecular formula of Q be (CaOCly)n
M; of (CaOCl,;)n=127.1
[40.1 +16.0 + 2(35.5)]| n=127.1
n=1

Hence, the molecular formula of Q is CaOCl..

8(c)(i
_[H][CIO7]
2 [HCIO]
8(c)(ii)
[HCIO] = 1 x 104 - x
8(c)(iii)
K = [H][CIO]
2 [HCIO]
3.0x10° = &
[1x10* —x]

X =2.91 x10%mol dm™3

[HCIO] =1 x 104 -2.91x 1076
=9.71 x 10®* mol dm™3

© Raffles Institution 2024

8(d)

Both Na and CI are in the same period. Across the
period, both have the same number of electronic shells,
but Cl has more protons and hence a higher nuclear
charge. Shielding effect remains approximately
constant as electrons are added to the same outermost
shell. Therefore, the effective nuclear charge of Cl is
higher.

Electrostatic _attraction between the nucleus and
valence electron of Cl is stronger, resulting in a larger
amount of energy required to remove a valence electron
from Cl as compared to Na.

Thus, Cl has a higher first ionisation energy than Na
atom.

8(e)

Cl~ has one more electronic shell than Na*. For CI-, the
distance between the nucleus and the outermost
electrons is higher, hence, the shielding experienced by
outermost electrons of CI- is higher.

Despite Cl~ having higher nuclear charge, electrostatic
attraction between its nucleus and its outermost
electrons is weaker, resulting in a larger size of the
electron cloud.

8(f)(i

factor 1 product of ionic charges
factor 2 inter-ionic distance
8(f)(ii)

In SrS, Sr2* and S?2- are both doubly charged.

In NaCl, Na*and CI- are both singly charged.

q+q— |
ry +r_
Or lattice energy is proportional to | g+ x g- |,

Since |lattice energy| o« |

Thus, the lattice energy of SrS is more exothermic than
that of NaCl.

8(@)()

oxidation

8(g)(ii

H, | and J are alcohols which undergo elimination of
H20 to form alkenes.

\/\/OH
/}\ Or /Y
OH \(\OH OH

H | J

Note:

3° alcohol H is resistant to oxidation

1° alcohol | oxidises to carboxylic acid.
2° alcohol J oxidises to ketone.
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