Paper 2 Answers

1 (a) (i) 1600 3
1400
1200 i ——
1000 XL
=a:owﬁm=ofm8 X = LS S = -
energy mol a4 —x “ X “
400 — =1
200
0
12 13 14 15 16 17 18 19 20
proton number
[1] for all 3 plots and ensure that the plot at proton number 20 is lower than proton
number 12.
(i} |» The number of protons increase and nuclear charge increase.
« Successive electrons are added to the same valence shell, shielding effect remains
approximately constant.
« Effective nuclear charge increases and electrostatic atfraction between the nucleus
and valence electron increases.
» More energy is required to remove the valence electron
(iiif) | Proton number 15: 1s2 2s2 2p® 3s? 3p,* 3p,* 3p;!

Proton number 16: 1s? 2s2 2p€ 3s? 3p,2 3p,' 3p,’
[1] for both electronic configurations.
Reject students who write 1s? 2s? 2p® 3s? 3p,* for proton number 16.

Element with proton number 18, the valence electron to be removed is from the paired
electrons in 3px orbital. Hence, it experiences inter-electronic repulsion arising from the
two electrons occupying the same 3px orbital and requires less energy to remove. [1]
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Copper has a giant metallic structure with strong metallic bonding (or electrostatic
attraction) between copper ion and sea of delocalised electrons. The presence of sea
of delocalised electrons acts as mobile charge carriers, hence making copper a good
conductor of electricity. [1]

(i)

» Both Na,0 and MgO have giant ionic structure held together by strong ionic bonding
(or electrostatic attraction) between positively charged metal cations and negatively
charged oxide anions.

o [LE| s_,,. e

» Both Na;O and MgO have the same oxide anion, but Mg? is doubly charged while
Na* is singly charged.

¢ The ionic radius of Na* > Mg?*. The magnitude of LE is larger for MgO than NazO.

« lonic bonding of MgO is stronger than NazO. More energy is required to break the
stronger ionic bonds between Mg?* and O% in MgO than ionic bonds between Na*
and 0% in Na;0.

e Melting point of MgO is higher than Na,O and hence able to withstand higher
temperature in case of fire.

2 @M

The order of reaction with respect to a given reactant is the power to which the
concentration of that reactant is raised in the experimentally determined rate equation.

(1

(i)

When [NaOH] decreases, gradient remains constant, hence rate of reaction is
constant. Rate of reaction is independent of [NaOH]}, hence the reaction is zero order
wrt [NaOH]J. [1]

When [CH;CHBrCH,CHg} = 0.25 mol dm
initial rate = 0.0048 / 30 = 1.60 x 10~* mol dm=3min~"

When [CH:CHBrCH>CHs} = 0.50 mol dm=
initial rate = 0.0095 / 30 = 3.16 x 10~* mol dm™ min-*

When [CH;CHBrCH.CHs] doubles (0.50/0.25), the gradient doubles, showing that the
rate of reaction doubles from 1.60 x 10~ to 3.16 x 10~ mol dm= min~'. [1]

Hence the reaction is first order wrt [CHsCHBrCH.CHa].

rate = k [CHsCHBrCH,CHy]
1.60 x 10* =k (0.25)
k=6.40x 10 min™' or 1.07 x 107% s~" [1]}
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(i)

[4-hydroxybenzoic acid] = == + 72 = 0.2000 mol dm [1]

[H:0*] = V1048 x 0.2000 = 2.293 x 10 mol dm-®
pH = -Ig (2.293 x 10%) = 2.639 = 2.64 [1]

{iv)

2.76

N4-hydroxybenzoic acid = i3 =0.02000 mol
Maok = 9o = 8.750 x 10 mol [1]

Since the neutralisation between 4-hydroxybenzoic acid and NaOH is 1:1 mole ratio,
NaOH is a limiting reagent.

N4 hydroxybenzolo acis left = 0.02000 ~ (8.750 x 10'3) = 0.01125 mol
Nahydroxybenzoate fOrmed = 8.750 x 10 mol [1]

Since there is a mixture of 4-hydroxybenzoic acid and 4-hydroxybenzoate, solution Q
is an acidic buffer.

8.750 x 103 100
_ [4-hydroxybenzoate] _ 000 -
pH = pKa+ Ig f&-hydroxybenzole acid] 458 +1g gﬂmﬂ@ =4.470=4.47 {1]
T
v) OH
. o coo’
COO
2-hydroxybenzoic acid at pH 12 4-hydroxybenzoic acid at pH 12
position on Fig. 4.1: 3 position on Fig. 4.1: 4
[1] for each correct structure and position
(vi) |Any pH between 4.58 and 9.51. [1]
(b) (i) O
\ o)

)

Electrophilic Addition
3+ 8-

o] (o]

i slow '\’A .
) COOH ——= —/ 0 COOH + Br
0 [o]

um_\ Wﬂ

[1] for step 1
[1] for step 2
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(o]

o COOH

(iii) | Formation of T involves a less stable carbocation that is adjacent to an electron
withdrawing ester group, which destabilises the carbocation. Hence, a smaller amount
of that carbocation intermediate is formed, and T is a minor product. {1]

(T forms a less stable carbocation than S)

(c) () |Fe{OH):[1]

centre. [1]

(i) |A complexis a species that contains a central metal atom/ion surrounded by molecules
or anions (known as ligands) which form coordinate bonds (dative bonds) to the metal

OR

available to form dative bonds. [1]

(iii} | The phenoxide ion is a stronger ligand as the lone pair on the O atom is less delocalised
compared to that in the carboxylate ion, and hence more available to form dative bonds.

In the carboxylate ion, the lone pair of electrons of the O atom is delocalised into the
C=0 bond more effectively due to the electronegative oxygen atom, hence it is less

(iv)

~ 13-
o~«()-cooH
Hooc<()-0 4, _ .,ao|©)oooz

Fe
10001@0 \ 4 lo@nooo_._
O\@\OOOI
s correct shape

¢ overall charge (overall charge =+3 + 6 (— 1) = --3)
e correct structure

§ (a) () |When NaOH is added, OH- reacts with H*, decreasing [H*].
to the right to increase [H'], resulting in higher [S*]. [1]

greater than the K. [1]

By Le Chatelier's Principle, the position of equilibrium for the dissociation of H.S shifts

Precipitation of metal sulfides occurs as the ionic product of metal sulfides becomes

[Cu*]in g dm™ = 6.54 / 0.09803 = 66.71 g dm™
[Cu*] in mol dm™ = 66.71 / 63.5 = 1.050 = 1.05 mol dm [1]

[Zn*] in g dm3 = 1.25/ 0.09803 = 12.75 g dm™®
[Zr?] in mol dm™® = 12.75 / 65.4 = 0.1949 = 0.195 mol dm™ [1]

(i) |Volume of 100 g of lake water sample = 100 g/ 1.02 g cm™ = 98.03 cm®

= 0.09803 dm®

{iil) | Ksp for ZnS = [Zn?*][S?*] mol dm® [1]
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Paper 3 Answers

2025 J2 H2 Chemistry Prelim Exam Answers

Electrophilic substitution

BrC/ + AICis 2 Br* + AIC™

. slow
Br —— Br
H
B ACL @'mﬂ + AICI,+ HCI
T_Z\

3 correct steps — 2 marks
2 correct steps ~ 1 mark

i)

e Least: Isomer 3-position ~ Most: Isomer 4-position

» Electron donating -C(CHs)s group is directly bonded to the carbocation
centre hence it disperses the positive charge on the carbocation centre in
the intermediates for isomer 2-position and isomer 4-position more
effectively than for isomer 3-position, forming a more stable carbocation.
Hence, isomer 3-position will be formed the least.

+ However, the incoming Br*/electrophile will experience steric hindrance from
the bulky -C(CHs): group as it approaches the 2-position. Hence,
isomer 4-position will be formed the most.

(iv)

* Under acidic conditions, phenylamine undergoes acid-base reaction to

NH*
produce a high proportion of .
s The —NH;* is 3-directing and hence a large proportion of the 3-isomer is
produced.

(d)

B,A,C

» in B, the p orbital of C/ atom overlaps with = electron cloud of benzene ring
resuiting in the delocalisation of lone pair of electrons on the C! atom into the
benzene ring, strengthening the C—CI bond, and is least susceptible to attack
by water nucleophile. {1}

+ InA, Catom in C-Ci is attached to only one electronegative atom, CI. It is less
electron deficient / carries a smaller partial positive charge 5+ than the carbon
atom in ~COC! and is less susceptible to attack by water nucleophile. {1}

¢ In C, the C atom in ~COCl is attached to two highly electronegative atoms, O
and Cl. Itis more electron deficient / carries a larger partial positive charge 3+.
This C atom is most highly susceptible to attack by water nucleophile. [1]

1 (a) (i) | NaCl has a_giant ionic structure, it undergoes hydration to form a neutral solution
of hydrated ions with pH = 7.
NaCli(s) + aq 2 Na*(aq) + CI'(aq)
AICl; has a simple covalent structure with ionic character thus it undergoes
hydration to give the hydrated ions.
AICH(s) + 6H.0(l) > [Al(H:0)e]*(aq) + 3CI(aq)
[AI(Hz0)e]** then undergoes further hydrolysis to give [AfH.O)sOHJ?*. AP in
[AI(H20)e]** has a high charge density and is highly polarising. It is able to polarise
one of the O-H bond in H,0, causing H* to be released fo give a glightly acidic
solution of pH = 3.
[Al(H0)el**(aq) + H20(l) = [AI(H20)s0H]** (aq) + H30*(aq)
PCls has a simple covalent structure and undergoes hydrolysis to give a highly
acidic solution of pH = 1 and white fumes of HCI gas.
PCls(s) + 4H20(l) 2 HaPOs(aq) + SHC/(g)
[1] for each point
(i) ¢ pH value of BeCl,: Below 3
¢ Quote the ionic radius of AB* and Be?*:
lon lonic radius / nm Charge density
APt 0.050 3/0.050 = 60
Be? 0.031 2/0.031=64.5
« Charge density of Be?" is higher than AP*; its degree of hydrolysis is higher
than AP*, hence, the pH of BeCl lower than AIC.
(iii)
co-ordinate bond
co-ordinate bond
{b) Both BeO and A/;O3 are amphoteric and reacts with both acids and bases.
BeO and ALOjs react similarly as Be and Al have similar effective nuclear charge.
(1
BeO(s) + 2HC/(aq) > BeCly(aq) + H20(/)
BeO(s) + 2NaOH(aq) + H20(/) > NaBe(OH)(aq) [1]
(c) (i) [ Brisless electronegative than C/, hence will react with AICI; to form the electrophile

Br* which undergoes electrophilic substitution with benzene.

)

D E
HsC oH HaC OH

Cl 1 NH, 1)
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cocl coct coc
. J—— +
&+ .Cl ct NH
Yar il oo o[ or
4 - s H
NH, (LIS Q o R_.

[1] for 2 correct sets 2] for all 3 correct sets

(e M

There are 5 electrons in the 2™ shell of the sp? hybridised N.

* In the three sp? hybrid orbitals of N atom, each hybrid orbital has an unpaired
electron.

» Sigma bonds are formed when two sp? hybrid orbitals of N atom overlaps
head-on with the sp? hybrid orbitals of each carbon atom and when one sp?
hybrid orbital of N atom overlaps head on with the 1s orbital of H atom.

+ The unhybridised p orbital are filled with a lone pair of electrons.

4-methyliphenylamine is (1) more basic than phthalimide.

For 4-methylphenylamine, the (2) p orbital of N atom overlaps with the 1 electron
cloud of the benzene ring, causing the lone pair on N atom to be delocalised into
the benzene ring. This (3) decreases the availability of the lone pair of electrons on
N atom but lone pair is still available for dative bonding with a H*. [1]

While in phthalimide, (4) p orbital of N atom overlaps effectively with the x electron
cioud of the 2 C=0 due to the electronegative O atoms, allowing the lone pair of
electrons on N atom to be delocalise into the = electron cloud of C=0, making
(5) lone pair not avaitable to form a dative bond with a H*. [1}

M o

pKa1=2.2
Kat = 10220 = 6.31 x 102 mol dm3{1]

(i)

When small amount of base is added,

+ 0 + o
HaN /\/\J\:/OI + OH @ ~— IuZ/\/\J%Ol + H,0
+
“NHg NH3

+ Balanced eqn, with correct structural formula of the protonated lysine and product,
+ full arrow for equation (reaction is a neutralisation reaction)
[1] for both points

When a small amount of OH- is added, it is removed by the large reservoir of
protonated lysine, hence keeping pH_fairly constant. {1}

(i)

Fig 3.2 shows that end point is achieved when 10cm? of 1.00 mol dm- NaOH was
added to 10cm? of fully protonated lysine, HA. Hence [HA] = 1.00 mol dm™
10

n(HA) at point A= 1.00 x 1000~ 1.00 x 10-2 mol

At point B (MBC) ny;, = Ny

1.00x10?

2
=5.00 x 10~ mol

13
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10.0
1000

n(NaOH) added = 0.0200 x =2.00 x 10~ mol

HA + OH™ — A"+ H,0

Ny, present after NaOH is added= (5.00 x 107%)— (2.00 x 10™%)
=4.80 x 10 mol

01, present after NaOH is added = (5.00 x 10-3)+ (2.00 x 10%)
=5.20 x 107 mol {1]

HIA]
K= MA]
3 - [H']1x5.20x10°
6.31x10 480x10°
[H*] = 5.82 x 10 mol dm™
pH =224[1]
OR
ICE table for understanding (not necessary to draw for answer)
HA + NaOH - NaA +H0
(acid) (salt)
n(lnitial) | 5.00 x 1073 2.00 x 10~ 5.00x 1073 -
n(Change) | -2.00x 10 -2.00 x 10 +2.00x 10 -
n(Eqm) 0.0048 0 0.0052 -
[salf]
= !
PH=PK, +1g1 ]
c.ocmm<
=22+Ig| ——%%-
% G.0048 Ar
M
=223
4 (a) (i) | lonicradius (Pb?*) = 0.120nm
lonic radius (Mg?*) = 0.065nm
lonic radius of the Pb?* is larger than that of Mg?* but ionic charge remains as 2+.
Charge density of the Pb?* is lower and its polarising power is also lower. [1]
Pb?*is less able to polarise the electron cloud of the COs2-ion in PbCO,.
C~0 bonds in COs*" is polarised and weakened to a smaller extent.
More energy is needed to break the C-O bond.
PbCO; has the higher decomposition temperature. [1]
(b) (i) | I: Electrophilic Substitution [1]
(i) | +2
15%25?2pf3s23p°3d°
[1] for both
(ifi) | In the presence of ligands, the partially filled 3d orbitals split into two energy levels,

with a small energy gap, AE.

An electron in the lower energy d orbital absorbs energy in the visible spectrum
corresponding to AE and becomes excited to a vacant d orbital at the higher energy
level (d-d transition). {1]
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organic product
formed

From the given structure of L, it can be seen that K is unlikely
a phenol and should not contain benzene as there will not be
oxidation that leads to a reduction of 2 C atoms.

K reacts with sodium
carbonate and 2,4
DNPH

Carboxylic acid in K undergoes acid-base with Na,COs to
form salt and water.

Ketone in K undergoes condensation with 2,4 DNPH to give
an grange ppt of hydrazone.

K reacts with alkaline
aqueous iodine to form
L

Methyl ketone in K undergoes oxidation with alkaline Ix(a:
give a carboxylate salt and yellow ppt of CHla.

The carboxylate ion undergoes acid-base reaction with acid
to form COOH in L.

[41

(c)
Energy 4
/kJ mol
Mg?*(g) + 2NOs=(g)
Mg(g) + 2N(g) + 60(g) 5+ 1450
+736 + 145
+148 + 944 + —2[3(400)] +2(-317) =
3(496) = +2580 Mg(g) + 2NO3(g) +1552
0 Mg(s) + Na(g) + 302(9)
791 LE
Mg(NO3)2(s)
By Hess' Law:
791 = (+2580) + (- 2400) + (1552) + L.E.
L.E. =-2523 kJ mol™
=-2520 kJ mol' [1]
(d) (i) | 2,3-dioxobutanedioic acid

(i) OH
OH 0
OH [0}
CHj, CHj
J K
1 mark for each correct structure
Observations Deductions
J, CriH1002 J could be alkene or phenol.

decolourises bromine

An alkene undergoes glectrophilic addition reaction with

J is reacted with
sodium metal

is formed at s.t.p when

water Brz(aq) to form bromohydrin.
22.7 dm? of hydrogen | 2 moles of secondary alcohol in J undergoes reduction with

Na to form 1 mol of Ha.
n(Hz) = 22.7 = 4 mol of Hz is formed.

227
ROH + Na — RO-Na* + ¥%H:
Since 1 FG produces ¥z mole of Hz, there must be 2 -OH
groups present. ~COOH group is absent as it will only
produce only % mole of Hz and 2 ~COOH groups or 1 ~OH &
1 —COOH groups cannot be present as it will not correspond
to the molecular formula of J.

On heating with

acidified KMnOa, K,
CsH4Os, is the only

Secondary alcohol and the alkene in J undergoes oxidation
with KMnQ4 to form ketones and carboxylic acid.

There is a decrease in 2C atoms — which suggest that
ethane-1,2-dioic acid was oxidised to form COa.
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