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1 B

species Bk Fm3*
protons a7 100
neutrons 249 — 97 = 152 252 - 100 = 152
electrons 97-2=95 100-3=97

Hence, Fm?** has more electrons than Bk2* but both ions
have the same number of neutrons

2 A
According to Hund's rule, electrons will occupy the
subshells singly first before pairing up. All the elements
in Period 3 have principal quantum 3 as its valence shell.
There is 1 orbital for s subshell and 3 orbitals for p
subshell.

electronic no. of paired electrons
element configuration )

Na [Ne}3s? 0
Mg [Ne]3s? 2

Al [Nej3s23p! 2

Si [Ne]3s23p2 2

P [Ne]3s23p3 2

S [Ne]3s23p* 4

Cl [Ne]3s23p® 6

Ar [Ne]3s23p8 8

Toftal no. of paired electrons
=20+24+2+2+2+4+6+8
=26

3 [

All three molecules have instantaneous dipole-induced
dipole and permanent dipole-permanent dipole
interactions.

Statement 1 (incorrect): Chlorine is more
electronegative than bromine and thus there is a larger
electronegativity difference between hydrogen and
chlorine than between hydrogen and bromine.
Correspondingly, there is a larger overafl dipole moment
in HCI/, which leads to stronger permanent dipole-
permanent dipole interactions between molecules of HC!
than between molecules of HBr.

Statement 2 (correct): Fiuorine has less electrons than
bromine. Thus, the total number of electrons in HF is less
than that in HBr. This leads to HF having a smaller
electron cloud size and less extent of electron cloud
polarisation, resulting in weaker Instantaneous dipole-
induced dipole interactions between HF molecules.

Statement 3 (Correct): Fluorine is more electronegative
than chlorine and thus there is a larger electronegativity
difference between hydrogen and fluorine than between
hydrogen and chlorine. Correspondingly, there is a larger
overall dipole moment in HF, which leads to stronger
permanent  dipole-permanent dipole interactions
between molecules of HF than between molecules of HCL.

5 B

Option A (incorrect): Only molecules of ideal gases
are assumed to have elastic collisions i.e. collisions are
assaciated with no loss of kinetic energy.

Option B (correct): Molecules of both ideal gases and
real gases are in constant random motion.

Option C (incorrect): Only molecules of ideal gases
are assumed to have no intermolecular forces of
attraction.

Option D (incorrect): Molecules of ideal gases only are
assumed to have negligible volume (size) compared to
the volume (size) of the container.

6 B

Option A (incorrect): A compound containing a
hydrogen atom is not necessarily an Arrhenius acid.
Option B (correct): As acetylene is unable to react with
water, it is unable to dissociate in water to form Hi0*,
which is characteristic of an Arrhenius acid.

Option C (incorrect): The conjugate base of acetylene
Is HC=C-,

Option D (Incorrect): A Lewis acid is an electron pair
acceptor. Acetylene contains carbon and hydrogen that
have full valence electron shells and cannot further
accept an electron pair.

7 D

The effectiveness of each of the three minerals as fire
retardant is dependent on its ease of thermal
decomposition to produce CO;, which smothers the fire.
The ease of thermal decomposition of the minerals is
dependent on the charge density and hence the
polarising power of the respective Group II metal ions
(Ba?*, Ca?* and Mg?*). The order of effectiveness as fire
retardant, from best to worst, corresponds to the order of
decreasing polarising power of the Group II metal ions:
—SQN+ > Om~+ > mmn+.

chemical behaves as a
mineral formuta mixture of
dolomite CaMg(COs)2 | 1 mol of CaCO3 & 1
mol of MgCO3

huntite MgsCa(COs)« | 1 mol of CaCO1& 3
mol of MgCOa

norsethite BaMg(COs)2 1mol of BaCO3 & 1
mol of MgCOa

Huntite is a more effective fire retardant than dolomite as
huntite contains more MgCOs and hence it produces
more CO:2 upon complete thermal decomposition.
Dolomite is a more effective fire retardant than norsethite
as CaCOs has higher ease of thermal decomposition that
BaCOa.

8 A

P4QOne dissolves in water to give HsPQa.

P4O1o, an acidic oxide, reacts with NaOH to give soluble
NasPOa.

Even though P4O+0 has not reaction with an acid HC/(aq),
it can dissolve in the water present.

9 A
Molecular Formula of G = C7H1203
CrH1203 + 8.502 ~» 7CO2 + 6H20

10 8
q'q
AHyza o+

Since the charge of cation in MgCl is +1 while that in
MgClz and SrClz is +2, MgC! has the smallest magnitude
of lattice energy.

Since ionic radius of Sr2* is larger than that of Mg?* due
to additional quantum shell, SrClz has a smaller
magnitude of lattice energy than that of MgCla.

|L.E]: MgClI < SrCk < MgClz

1M A

Statement 1 (correct)

AH® = ¥ nAHe (products) - Y mAH® (reactants)
=-1273 — [6%(~394) + 6x(-286))
= +2807 kJ mol!

Statement 2 (correct): The photosynthesis process has
no change in number of particles of gases, but there is a
change of state (liquid water in the reactant to solid
CsH1206 in the product). There is a decrease in overall
entropy and thus, AS has a negative sign (e.g. less
disordered).

Statement 3 (correct): Since AG = AH (+ve) — TAS (-
ve), the AG for the reaction will aiways be positive at all
temperatures as AH and — TAS is always positive.

12 c

Option A (incorrect): Since H* is a catalyst, the [H*] (and
hence pH) will not change during the reaction.

Option B (incorrect): To find the order with respect to
H*, the concentration that needs to be varied (for different
sets of experiments) should be [H*] and not
[CH3CO2CH2CH3].

Option C (correct): This is using the initial rate method.
Option D (incorrect): Since H* is a catalyst, the [H*] (and
hence volume of NaOH required) will not change during
the reaction.

13 c
Step 2 is the rate—determining step and rate =
K[CHCH][C]].
Since Cl is an intermediate, it cannot be in the rate
equation and [C]] is dependent on [Cl2] in step 1.

o = o = [Cl] = (Kc)'2 [CR) 72
Thus, rate = K[CHCZ] (Kc)2 [Cl]'2 = KCHCI) [Chi'?
where k = K'(Kc)'2.

14 D

Option A & B (correct): Increasing the temperature and ‘

adding a catalyst will lead to an increase in rate constant,
according to Arthenius equation. Hence there is a greater
proportion of particles having energy greater than the
activation energy

Option C (correct): Increase in temperature will lead to
an increase in rate constant

Option D (Incorrect): Concentration of the reactants
affects the rate of reaction but it does not affect the rate
constant.

15 B

Statement 1 (correct): pKa has an inverse relationship
with Ka and hence with acid strength. A lower pKa
denotes a stronger acid. -COOH has the lowest pKa and
hence is the most acidic group.

Statement 2 (correct): At pH 8, ~-COOH and ~SeH will
mostly be in the deprotonated form while amine will be
mostly in the protonated form (—NHs*). This is because
when pH = pKa, the concentration of the protonated and
deprotonated form is equal. When pH > pKa, the
concentration of the deprotonated is higher than the
protonated. When pH < pKa, the concentration of the
deprotonated is lower than the protonated. This is based
on the formula: pH = pKa + _m._hﬂ_m

Hence, at pH 8, there are 2 negative charge and 1
positive charge in Selenocysteine, giving an overall neft
charge of —1. Selenocysteine will migrate towards the
positive terminal.

Statement 3 (incorrect): A change in the concentration
of [H*] at fixed temperature only shifts the posi
equilibrium of the dissociation of the acid, but it does not
change the value of Ka.

16 A

Option A (correct): Adding Pb{NO3)2 introduces the
common ion Pb2*-By Le Chatelier's Principle, the position
of equilibrium of equation (1) shift to the left, decreasing
solubility of PbClz

PbClz = Pb2* + 2CF -—(1)

Pb(NO3)z > Pb2* + 2NOy -—(2)

Option B (Incorrect): There is no common ion to reduce
the solubility of AgC!.

Option C (incorrect): BaClz jis a highly soluble salt and
there is no common ion.

Option D (incorrect): NaC/ is a soluble sait while AgC!
is a sparingly soluble salt. Aithough there is a common
ion Cl, the dissociation of CI- from AgC! is low while
NaCl s a highly soluble salt, hence the solubility of NaC/
will likely not decrease.

NaCl - Na* + CI-

AgCl = Ag*+ C-

17 D

Step 1 is nucleophilic substitution as the alcohol group is
replaced by the nucleophile Br- from HBr.

Step 2 is also a nucleophilic substitution. (CH3)sP is a
nucleophile (P has a lone pair). Another way to visualise
is to link to something you have leamnt by replacing P with
N. (CHs)sN is also a nucleophile.

18 D

Statement 1 (correct): The molecular formula of E is
C12H10N202 and hence empirical formuia is CeHsNO. G
has the molecular and empirical formufa CeHsNO.
Statement 2 (correct): The molecular formula of F is
C12H10N202. Hence E and F are structural isomers.
Statement 3 (correct): Since C12H10N202 = (CsHsNO)2,
M: of F is twice of G.

19/.~d9
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2

Answer all the questions in the spaces provided.
1 Alkynes are a class of organic compounds with the general formula CpHan—2.

(a) (i) With the aid of a labelled diagram, explain how the orbitals overlap to form the C=C bond
in ethyne, H-C=C-H. [3]

= bond formed from side-on overlap
of two 2p, and of two 2p, orbitals of C

2p, 2p,
o&:m_ o&;m_

mvx orbital

2sp hybrid orbital OO OO 2sp hybrid orbital

2p, o&:m_

o bond formed from head-on
overlap of two 2sp hybrid orbitals of C

correct diagram
* correct description for ¢ bond
* correct description for the two w bonds

(i) Table 1.1 shows the carbon-hydrogen bond length in ethane, ethene and ethyne.

Table 1.1
Molecule Carbon-hydrogen bond length / nm
ethane 0.114
ethene 0.109
ethyne 0.106

Use the concept of hybridisation to explain the difference in bond length of the carbon-
hydrogen bond between the molecules as shown in Table 1.1. [2]

Bond length decreases in the following manner: ethane, ethene, ethyne.
Hence bond strength increases in the following manner: ethane, ethene, ethyne

e The sp :<w=a_mmn carbon atom in ethyne has the highest percentage s character,
followed by the sp? hybridised carbon atom in ethene and lastly, sp® hybridised carbon
atom in ethane.

» Hence, the extent of orbital overlap between the sp hybridised carbon atom and the s
orbital of H atom is the largest, resuiting in a shortest bond length.

(b) Table 1.2 contains data that is relevant for this question.

Table 1.2
Equation AHP [ kd mol™?
3C(s) + H:0(l) —» CO(g) + CzHz(g) +401
® VJC 2025 9729/02/PRELIM/2025
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Ha(g) I/ \I
H—C=C—H IIFIV \O”O/
athyne Lindlar's
Y catalyst H H
ethene
Fig. 1.3

This is also known as “poisoning” the catalyst.

By considering the shape of the molecules shown in Fig. 1.3, suggest how the addition
of lead(II) oxide “poisons” the palladium catalyst. [2]

*  With addition of lead(II) oxide, active sites on the catalyst surface is no ionger flat or
active sites blocked partially
reventing the bigger ethene from adsorbing efficiently, thus decreasing activity of the
catalyst. Ethyne is smaller and hence can access the active site more readily.
[Total: 18]

2 An aquatic system thrives on a delicate balance based on key chemical processes.

(a) Ammonia is the primary component of fish waste. When the concentration of ammonia in an

aquatic system is too high, aquatic life is adversely affected.

Ammonia can be removed with oxygen in the presence of nitrifying bacteria to form nitrite,
NO7~, and water.

(i) Write a balanced equation for the reaction of ammonia and oxygen. [11
¢ 2NHs(ag) + 30,(aq) + 20H(aq) — 2NO,(aq) + 4H,0(l)

(ii) Draw the dot-and-cross diagram of nitrite ion, NO;~. 1]

.@mamm"

ee X

(iif) Some NO3~ions may also be formed from ammonia by the action of nitrifying bacteria.
Given that the shape of NO;~ ion is trigonal planar, use VSEPR theory to explain the
difference in the bond angles between NO;and NOs~ion. 2]

Nitrate ion has 3 bond pairs and 0 lone pairs of electrons about the N atom and a trigonal
planar shape. Nitrite ion has 2 bond pairs and 1 lone pair of electrons about the N atom.

As the [one pair-bond pair repulsion is greater than bond pair-bond pair repulsion,

OR 118° compared to 120° for nitrate ion.

(iv) The ammonia levels in a 50 dm?® freshwater aquarium tank was investigated. It is found
that the concentration of dissolved ammonia and oxygen in the tank were 0.020 mol dm-3
and 0.030 mol dm-S respectively. Upon adding nitrifying bacteria, 50% of ammonia was
converted to NO;~ ions after one hour.

Use your answer to (a)(i} and the information given, determine the mass of NOs~ ions
formed. [2

© VJC 2025 9729/02/PRELIM/2025 [Turn over
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(in 2NHz(aq) [ +30z(aq) [ +20H" | & | 2NO,(aq) | +4H,O()
mol (aq)
dm-3)
Initial 0.020 0.030 - 0 -

3 - -
Change | -0.010 —(0.010) +0.010
Egm 0.010 0.015 - 0.010 -

e Molar mass of NO,” = 14.0 + (16.0 x 2) = 46.0
Amount of NO,™ = 0.010 x 50 = 0.500 mol
e Mass of NO,™ formed = 0.500 x 46.0 = 23.0 g (ecf)

(b) Calcium and magnesium ions can be used to estimate the total dissolved solids (TDS) in
an aquatic system. Different aquatic species require different TDS levels for optimal health
and survival.

() Explain why calcium has a lower first ionisation energy than magnesium. 2}

¢ Calcium atom has a greater number of protons and hence larger nuclear charge than
magnesium atom,

¢ The outermost electrons of a calcium atom are further from the nucleus compared to
magnesium atom, leading to a weaker electrostatic forces of attraction. Therefore, less
energy is required to remove the outermost electron in calcium atom.

(ii) State two reasons why magnesium and calcium tend to form cations with +2 charge.
(2
» Both Ca and Mg atoms have two electrons in their outermost s orbital (4s? for Ca, 3s?
for Mg). Removing these two electrons results in a stable noble gas confiquration.
¢ The relatively low 1% and 2" ionisation energies of Ca and Mg make the formation of
divalent cation favourable.

(c) An aquarist wishes to determine the TDS in a freshwater aquarium. For this investigation, the

TDS is taken to be the combined amount of Ca®* and Mg?* ions, in mol, present in the water.

The ethylenediaminetetraacetate ion (EDTA*) was used as a reagent to analyse a sample
of tank water.

EDTA* reacts with M?* ions (M = metal) to form complexes according to equation 2.1.
equation 2.1 M?(aq) + EDTA*(aq) — [M(EDTA)P-(aq)

A 25.0 cm® sample of tank water was treated with an excess of 50.0 cm? of 0.0500 mol dm-2
EDTA* solution.

10.0 cm? of the resulting reaction mixture then required 19.40 cm?® of 0.0100 mol dm- zinc
nitrate solution to react completely with the unreacted EDTA* solution.

() Determine the TDS that were originally present in the 25.0 cm® sample of tank water. [3]

*  Amount of Zn** = (19.40/1000) x 0.0100 = 1.94 x 10~ mol = amount of EDTA* unreacted
in 10.0 cm? of resulting reaction mixture
Total volume of mixture = 25.0 + 50.0 = 75.0 cm?®

s Amount of EDTA* unreacted in 75.0 cm? mixture
= (75.0/10.0) x 1.94 x 10~ = 1.455 x 10= mol

*  Amount of EDTA* reacted with Mg?* and Ca?*

© VJC 2025 9729/02/PRELIM/2025

G9.-d9




SZ0Z/WINF/20/62.6 GZOZOrA @ Jon0 winl] §20Z/NIN3Yd/Z0/62.6 SZ0ZOrA Q@

*1°¢ ‘614 u1 umoys s spunoduwiod suebio Jay)o pue pioe a1AnIAd Buiajoau) Aemyied onsyuAs v (e)
“Jejem | pIoe AIMOT-PoJSUBIYg Yeom B Se SeARYq PIoe JiAnIAd (q)

-shemuped aljoqelew [eI1aAss U} SjEIpauLIal) Juepodul Ue s ‘HXOD0DH) ‘Ploe oAIAd €

jolp-z‘L-auedoid e
1A -@ aweN

-paonpoud si @ “YHIVIT WM sjoeas pioe JlAnIAd usym (A)

“SAoeu Alleondo s| yolym
Uoodold [enbs Ul peulio] ale ) JO SISWONUEUS Ujog
“Bue[d 8] 1o
Bpis Jee wodj buppene ejydospnu N2 jo Ajiliqeqold [enbs ue s{aiayl -Teuerd jeuoby
s woje uoqieo |Kuoqieo ay) 0} Joedsal Yim anosjow pioe JjaniAd sy jo adeys ayjy e

‘pauLIO} SI D JO SINPGUI DLISIE] JO §

[2) -annoe Ajleondo sy proe aianuAd wou pasiseyiuis 9 Jeyeym urejdxe pue sjelg (n)

NOEN/HOEBN e2ei1 ‘NOH » :suoiipucd pue sjusbesy
uonppe oydoajonu « :uopoeas Jo adA)

rd] ‘2 0} ploe ojAnAd
1O UOISIOAUOD 8y} 1o} ‘'suohIpuoo pue sjusbeal ay) ejels pue ‘uopoesl jo odfy ay} sweN (m)
HO
15 ¥O /N/’\
11 -g o} asmonys e JsebBns ‘(j)(e) u| Jemsue inok asn

“LQID%) POYIPIOE UM J0BaI Jou Se0p puE [exyd-ucu sid (1)

« ¥ punodwoo » ¥ puncdwod

[} "y Jo sainjonyis e|gissod omy 1sebbng (1)

1'e "6id

2 N
HO
OH

a
20%H%D
v:2_«4/
pioe ojaniAd
0o abeaee(o v
Ayap -]
O%H + 200 + 2A)EPIXO . uopesp g
£4000fHD + HO H'O O"'H‘
(o}

f91 e01]

USiJeydiy PUE SallloW » :sejoeds
Wdd OEB] = 000} X Z€6'L = Wdd uj SGL JO UojeRuUSsdUD] o
< Wwp B zea 1 = (0004/0°62) / €8Y0°0 = ¢-WP B U1 §A1 JO UORENUSIUOD  *
B eap0 0 = (€2 + 1'0V) X% X 0L X 05"} = (W0 0'GZ Ul SAL Jo sseul [gjo]

[ow ;-0 X 0"} Buisn
Ho

AdOnD) PUE SaNop » :se10edg
Wadd 0655 = 000} X 9¥E" | = wdd ul SQL JO UolenusdU] @
~wp B ope' | =(0001/0°GZ) / 6YIEE00 = ¢-WP B U1 5O 0 UojeuaIo] =
B 659EE0°0 = (E4Z + L'OV) X% X 0} X GO'L = (W0 0°GZ U SL JO SSEeW [EjoL

lel ‘ones
1:L B Ut 8le SQ1 oY) 0} Bupnguiuod ;89 pue ,.B JO SUOHEIUSDUOD BY} JeL AUINSSY

*anfeA 10102 ay) Jou sisiyi
“UoHEINDJES NOA U} joW .0} X 0" | @sn ‘(1)(p) uj Jemsue oy} UIRIQO 0) BjgeUN AloM noA )|

“yue} 8y} Jo} PaUNS 1534 s jey) seioeds ay) ajels
Qousy pue Jajem Jue) ay} ul wdd ui SGL 8yl sulue)ep ‘(1)(p) w1 Jomsue nok Buisn

S[BI0D) + YSUUMO
0000% — 0000E ( vucﬂoﬁm“_ wc_a__\,n_s
000G} — 000S 194nd papods usslD
000S — 00S 1 usyayaly
0082 — 0001 Saljlon
00S1 — 004 Addng
009 — 00€ PIIY21D Uesuly
06¢e — 061 dwpys Ausyd
(wdd) sbuey SQL papuswILIodIy soloedsg
V'z 8|qel

(481EM 40 Lwp 0004 Jod B | = wdd |) udd ui
sabuel g1 PEPUSLILLIOID] JIBU} UM 1°Z BIqEL Ul MO[8g UMOYS S| seads onenbejoisiy ()

Bulpess 108100 (W

S JO uonENOJed J08K0D Wi

v1Q@3 jo junowe pajoeal o unouwe _mc_mto ay} Jayye Jo uojejnojed o200 (W
oW o0} X GO0 L = 0L x §S¥'} —{0050°0 x (000L/08) =

(220 pue ,.BIN) S Jo Junowe jejo) =

L

99.-dd



Fig 3.2 shows the pH curve when aqueous pyruvic acid was titrated with aqueous sodium
hydroxide. The equivalence point was reached when 24.00 cm? of aqueous sodium hydroxide
had been added.

pHa
i
249} — “
i I
1.97 i 1
1 1
] t
f ! volume of NaOH added/ cm?
12.00 24.00 i
Fig. 3.2
(i) Define the term Brensted-Lowry acid. 1
« Proton donor.
(ii) Calculate the acid dissociation constant, K, of pyruvic acid. [1]

At half equivalence point volume (12.00 cm? of base added), pH = pK, = 2.49
o Kya=102%=3.24 x 10-3 mol dm=

(iii) Calculate the concentration of aqueous pyruvic acid. [2]

. K= [HleHscoco0 . WP
T " ICH3COCOH]  [CH;COCOOH]
initial pH = 1.97 and this implies [H*] = 10-'%7 mol dm=2

(101972 i
e [CH3;COCOOH] = Prvper e 0.0354 mol dm

(iv) Explain, with the aid of an equation, why pH at the equivalent point is more than 7. 2]
« At equivalence point, the salt formed undergoes hydrolysis to produce OH-, making

[OH] > [H*]. Hence pH > 7.
¢ CHCOCOz~ + H,0 = CH;COCO:H + OH-

© VJC 2025 9729/02/PRELIM/2025 [Turn over
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(v) Use your value of Ka calculated in (b)(ii) to determine the pH of the solution when
0.300 g of solid sodium hydroxide is dissolved in 500 cm?® of 0.080 mo! dm aqueous
pyruvic acid.

if you were unable to obtain a value of K; in (b)(ii), use Ka = 3.0 x 10- mol dm2 in your
calculation. This is not the correct value. [3]

CHsCOCO:H + OH~ — CH3COCO; + H0

0.300

Zoriomen ~ 0-0075 mol

e initially, noyryic acia = 0.5 * 0.08 = 0.04 mol; Nneon =
therefore, after addition of solid NaOH,

Npyruvate formed = 0.0075 mol;
Npynavic aia 1€ft = 0.04 — 0.0075 = 0.0325 mol

K, = H*JICHCOCO0]
{CH3COCOOH]
0.0076

3.24x 1073=[H"] x :35%

05
e [H'1=0.0140 mol dm3; pH = 1.85

OR
using K, = 3.0 x 10 mol dm=3, pH = 1.89
[Total: 17)

4 p-Coumaric acid, CoHzO,, occurs in some fruits and is thought to help prevent the development
of stomach cancer.

p-Coumaric acid is an aromatic organic compound with two substituents occupying positions 1
and 4 of the benzene ring. Four possible structures of p-coumaric acid are given below.

COH COuH COH OH
CH=CHOH CH,CHO COGH, CH=CHCO,H
A B (o4 D

Fig. 4.1

(a) A series of tests are carried out on p-coumaric acid. Table 4.1 shows the compound formed,
when p-coumaric is added to different reagents under specific conditions.

{) Complete the last column of Table 4.1 by using only the letters A, B, C or D to represent
structures in Fig. 4.1 that give the results as described in each test.

Table 4.1
- possible
test | reagents and conditions compound formed structure(s)
1 Tollens’ reagent no reaction A, C D
2 2 ,4-dinitrophenylhydrazine no reaction A D
3 HBr OwIwOuw_. >~ D

© VJC 2025 9729/02/PRELIM/2025

19/~d9




SZ02Z/NN3NdI20/6EL6 G202 OFA @

oPE o€ o5€ (0T ST SL ¢

(A} 284 Jo uopemByuos ouosele |iny ey eleis (1)
b's Bia
xa|dwioo ui uoi ;84
1294 S[elgio-p peje|os] ue
10 sieyqIo-p

—— e —

3 deb ABiauzg

A

ABieug

‘JeIpeyE}oo0 S| pauLIo} Xejdwiod ay jo adeys ayy usym Jids ale
1294 JO S[ENGIO P BUY MOy smoys |G "B “spueby snouea yim sexa|dwiod wio} o) Bige st .94 (a)

0P [0W 5,0 X 701 = (5204 X 6V8G'L) /ee-0b x 92 =[,c0d] »
{01 x 215 D)@l =0l x 9T
¢ HOIL o4l = =¥

WP joW , 0} x ZLG'Z = g9-0b =[HO] *
9'9=9'L - 0¥} = HOd

(el 'L 18 Jug)suo
sujewsl Hd ey Bujunsse ‘9, 67 18 ewsejd poojq Ul ,¢8 JO UOHEIUSOUCD BY) BjeiN0[e] (1))

Jd-HON ol =%y o

il ()4 Jo 1onpoud Anjignios ey} Joj ucisseidxe aui aum (1)

*7, WP ,JOU 4.0} x §°Z S O, 62 ¥8 (HO)8 Jo Yonpoid Auignios ayy

(be)_HOoE + (be),.ed = (s) *(HO)ed |'g uoenbe

*}°G uogenbe

oy Aq pejueseidel st E(HO)e4 Jo uopnjossip eyl £(HO)ed BIqNIOSU} ULIo) 0} fouepus) s)i 0}
anp AIgnios moj sey .84 ‘v'2 Hd Jo uopuc jeolBojoisAyd Japun ewsejd poojq uewny uj (e)

-spunodwios s} pue a4 Inoge sj uoyssnb sy| &

(42

1m0 winy} SZ0Z/NINMd/20/6246 §Z02 OM\ @
, [6 :ejo1l
1
eNCOOHO=HO HOHO=HD
HO eN-00
saonpoid @ seonpoid ¢
[e] “€QO%eN
yim pajoeel Ajejeledes ale (1 pue ¥ USUM PaWIIO} punddwos ay) Jo sainjonis eyl meiq (2)
ME0D ¢
ME0D

[

‘punodwiod siy} Jo 81njonys ayy 1safibng

*9Sed YoBa U] paulio) st UCZOQEOU awes

aly ‘POUN SuliEd[e LYiM Xnyed Jepun Ajojeiedes pajesy aie J pue g 'V spunodwod usup (9)

{1l

Is]

ENCOOHO=HD

eNO
158} SIU} Ut paLLIoj Jonpoid 8y} JO BINULIO) [BINJONAS SU) 1s9bbng

‘pioe o|RWN02-d JO SINJONAS By} SWLUOD |'{ Sjqe L Ul S1S8) 8U} Jo 3UQD {(m

a ZeNEQPHED (be)HOEN | S
a‘v ZeNEQ°HED eN|
1)

89.-d9



13

(i) Using the axes below in Fig. 5.1, draw the shape of a 3d orbital of a higher energy level
and of a lower energy level, in the octahedral Fe?*complex.

AY z

4

higher energy d orbital
Fig. 5.2

lower energy d orbital

Any one from higher and lower energy d orbitals
Higher energy level (on the axes)

1 H
1] \\(
£ L]
3y 39

2

Lower energy level (in between axes)
1 1 3
v y
X A x
3d, 3d, 3d,
[2]

(c) Ligands can be classified as strong field or weak field. In an octahedral complex, strong field
ligands are known to give rise to a larger energy gap E between the two sets of d orbitals as
compared to weak field ligands.

Octahedral complexes can be classified as either high spin or low spin state.

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

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

() Using 1 or | to represent electrons, complete the two diagrams in Fig. 5.3 like in Fig. 5.1
to show the electronic distribution of Fe?* in a high spin and in a low spin state.

The energy axis is not drawn to scale, i.e. E{ = E,.

© VJC 2025 9729/02/PRELIM/2025 [Turn over
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low spin state high spin state

E hergy
Eneigy.

Fig. 5.3
2

(i) Suggest why electrons usually prefer to occupy orbitals singly, rather than in pairs. {1
¢ Electrons occupy orbitals singly first to minimize interelectronic repulsion.
(i) Fe? in [Fe(H:0)e]? has a high spin state while in [Fe(CN)s]* has a low spin state.

State and explain which of the above two complexes will contain the larger energy gap,
E, between the d orbitals of Fe** and hence predict which is a strong field ligand. 2]

» [Fe(CN)gl* has a larger energy gap, E. [Fe(CN)sJ* is a low spin state complex. This
means that the d electrons are paired up and occupy the lower energy d orbitals first.
CN- will cause a larger energy gap E between the d orbitals and more energy is required

ap E than to overcome the interelectronic repulsion.

» Hence, CN-is a strong field ligand (H;0 is a weak field ligand).

The equilibrium constant, Ksas, measures the stability of a complex. For equation 5.2 below,

equation 5.2 [Fe(H.0)s]*(aq) + BCN-(aq) = [Fe(CN)e]*(aq) + 6H0(I)

[Fe(CN),]*

Ko = EeHONICNT

itis given that the logso Kues values of [Fe(CN)sJ* and [FeFc]* are 35 and 15 respectively.

Using only the information above, explain which ligand is better able to stabilise Fe?*.

(1

The Kass of [Fe(CN)el*is larger than that of [FeFg]*. This means that CN-forms strong dative
bonds with Fe** and [Fe(CN)s]*is more stable than [FeFel“. Thus CN-is better able to
stabilise Fe?*.

(e) Haemoglobin (Hb) is a large protein complex that contains an Fe?* centre that can bind to
ligands such as Oz and CO. In the lungs, Oz binds to Hb to form oxyhaemogiobin, Hb(O2)s as
shown in equation 5.3. Hb(Oz) is essential in transporting oxygen to the rest of the human
body.
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1 (a)
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(iif)

2
Section A

Answer all the questions in this section.

Potassium is a highly reactive alkali metal that must be stared under oil, while copper is a
much less reactive metal that resists corrosion.

Table 1.1 shows the melting points of both metals.

Table 1.1
metal Melting point/ °C
K 63.5
Cu 1085

Copper does not react with most dilute acids, unlike potassium.
With reference to the standard electrode potentials in the Data Booklef, explain why
this is so. {2}

Cu?*+2e-=Cu +0.34V
K'+te-2K -2.92V
2H*+2e=H, 0.00V

Or

E° (Cu?*|Cu) =+0.34 V

E® (K*K) = -2.92V

E® (H'[Hz) =0.00 V

Copper is unable to react with dilute acids.

For copper, E%n = (0- 0.34)= —0.34V <0 (not spontaneous)
Potassium can react with acid to produce H. gas.

For potassium, E°. = (0— (—2.92))= 2.92V > 0 (spontaneous)

Quote & calculation of E®q
Explanation

Describe with the aid of a labelled diagram the structure of copper at room
temperature. 2]

is a three-dimensional
r_ions surrounded by delocalised electrons,
held together by strong electrostatic forces of attraction.

AT T Pa P
M.w/“/wm + w &.mx ofw
> I S s
Declocalised AT x}/.« o~

lectrons U e |
e — KA AN

Metal cations —————"

S N

Suggest why the melting point of copper is significantly higher than that of potassium
as shown in Table 1.1. 2]

Potassium can only delocalise its single 4s electron while copper is able to
delocalized electrons from both its 4s and 3d subshells.
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Correct arrows for each step 1 mark.

Suggest why thiirane undergoes the reaction more easily as compared to (CHs).S.
i
Three membered ring is unstable due to ring strain.

(e) The three compounds in Table 1.1 behave as monoprotic acids in aqueous solution.

Table 1.2
name formula
MEA NH,CH,CH.SH
glycine NH,CH,COOH
ethanolamine | NH,CH,CH.OH

Arrange the compounds in order of increasing acidity. Explain your answer.
[3]
Glycine < MEA < ethanolamine

NHCH,COOH = NH.CH,COO-+ H*
NH:CH:CH;OH & NH:CH,CH,O-+ H*
NH.CH,CH:SH = NH,CH:CH.S~+ H*

Glycine is acidic as the negative charge is dispersed over COO". Conjugate
base (—~CO0") is stabilised and position of equilibrium ties most to the right
favouring formation of more H*.

The conjugate bases of ethanolamine and MEA are less stable as negative
charge is intensified on O and S atoms by electron donating inductive effect
of alkyl group.

The negative charge on S atom in MEA is dispersed to a greater extent due to
the larger atomic radius as compared to O in ethanolamine. NH.CH.CH.S" is
more stable than NH,CH.CH,O-. Hence NH,CH,CH.,SH is more acidic than
NH,CH,CH,OH.

1m for strong acid forms more stable anions, hence greater dissociation.
1m for anions being most stabilised by charge dispersal in carboxylate
1m for correctly comparing O and S in dispersing the charge and hence correct
sequence.
[20 marks]

9728/03/PRELIM/2025 [Turn over
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2  Oxidation is one of the important processes for the disinfection of water and wastewater

treatment,

Ferrate ions, FeO4*, are effective disinfectants, superior to many common oxidants, such as
chlorine dioxide, hydrogen peroxide and manganate(VII) ions.

(@) The electrochemical synthesis of ferrate ions usually consists of a sacrificial iron anode
and an inert cathode in an electrolytic cell containing a highly concentrated alkaline
solution of potassium hydroxide.

© VJC 2025

U]

(i)

(i)

(iv)

V)

Draw a labelled diagram of the electrolytic cell used to synthesise ferrate ions.

Include details of the electron flow, cathode, anode and electrolyte. 3]
il i
_-
+ e~ flow _ 200 °C
(platinised)
Iron Pt
anode cathode

Electrolytic cell with battery shown
Correct labelling of anode, cathode, conc. KOH
Correct electron flow

Write the half-equation for the formation of FeQ.?- at the anode. [1]
Anode: Fe + 80H- — FeO4* + 4H,0 + 6o~
Effervescence was observed at the cathode.

Suggest the product formed at the cathode, including the relevant haif-equation.
Explain your answer. [2)

H: is formed at the cathode as HO undergoes reduction more readil

compared to K* as indicated by its more positive E° value.

2 H20 + 2e~ — H, + 20H-

Hence construct the equation for the overall reaction for the electrochemical
synthesis of ferrate ions. [1]

Fe + 20H" + 2H,0 — FeO4* + 3H; + H.0
In an electrolytic cell above, mass of anode decreased by 0.605 g after 30 minutes.

Assume 100% purity of iron at the anode, determine the current of this cell. 2]

9729/03/PRELIM/20256
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Assume that the reaction is also first order with respect to CxH,0;, state and explain
the two changes you would expect to observe in the graph in Fig. 2.1, when the
above experiment is repeated using twice the concentration of CxH,0.. [2]

Double the concentration of C.H,0. doubles (increase) the initial rafe as
indicated in the steeper gradient.
ty. will be halved of the original value since f, = In 2 / k' where Kk’ = k[C.H,0

Chlorine gas is commonly used to disinfect drinking water. However, it can react with
naturally occurring organic matter to form trihalomethanes, THMs. THMs are harmful at
high levels because they may cause cancer.

The common THMs found in treated water and their boiling points are listed in Table 2.1.
The average concentrations detected in a particular sampie of treated water are also listed.

U]

(i)

(i)

Table 2.1
THMs M: mom_mwmo_o oint oo:ﬁMﬂﬁw%__wo: /
x 108 g dm=®
CHCI 119.5 61 54.9
CHBrCl, 163.9 90 10.7
CHBRCI 208.3 120 77
CHBrs 252.7 149 3.0

State the most volatile THMs in Tabie 2.1.

Using data in Table 2.1, explain your answer with reference to the type and relative
strength of intermolecular interactions. [2}

CHC/; is the most volatile since it has the lowest boiling point.

CHC/L; having the smallest M, and contains the least number of electrons with
smallest electron clouds. [nstantaneous dipole-induced dipole attractions
between the CHC/; molecules are the weakest and hence required the least
energy to overcome.

1m correctly identify M. and boiling points as pertinent data
1m correctly explain in terms of strength of instantaneous dipole-induced dipole
interaction.

Suggest one reason for the trend of the average concentrations of THMs. 1

THMSs with increasing number of Br atom are less polar due to lower polarity
of C-Br, leading to weaker permanent dipole-permanent dipole interactions
with water molecules. Solubility of THMs decreases and hence their average
concentrations decreases.

CHCI; formed most readily since Cl is used to disinfect OR Br- concentration
in organic matter/waste water is relatively low.

C-Br is weaker and hence less stable, resulting to it being easily reacted away.
1m for any one reason

Rising global temperatures, a consequence of the enhanced greenhouse effect,
directly influence THMs formation.

Describe what is meant by the term enhanced greenhouse effect. [

9729/03/PRELIM/2025 [Turn over
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The enhanced greenhouse effect is the increased trapping of heat in the
atmosphere due to the higher level of greenhouse gases from human activities.

[Total:20]

3 (a) A drug can be synthesised by a reaction between A and B as the first step. The
halogenoalkane in A undergoes nucleophilic substitution via Sn2 with the alcohol functional
group in B to form an ether.

© VJC 2025

Br
1§ ci L_
g Qg ™
A B
(*) denotes a chiral centre
() Explain why Sn2 reactions do not occur at the C-CI bond in A. [2]

(i

(iif)

(iv)

The p-orbital of the halogen atom overlaps with the p—orbitals of carbon atom in
bénzene ring, leading to delocalisation of the lone pair of electrons on C! atom
into the ring. This leads to partial double bond character on the C-C! bond, thus
making the bond stronger and harder to break.

The benzene ring poses steric hindrance, making it ditficult for the nucleophile to
approach the electron~deficient carbon. It also hindered the rear attack of the
nucleophile.

With reference to the structure, suggest why it is more likely for the aicohol rather than
the amine functional group in B to undergo Sy2 with the halogenoalkane. [2]

There are two bulky aryl groups bonded to the secondary halogenoalkane and
three alkyl groups bonded to the tertiary amine, compared to just one alkyl group
for the primary alcohol.

This causes steric hindrance for the tertiary amine to approach the electron-
deficient carbon from the rear/opposite end of bromine to undergo Sx2.

There must be a comparison made between the number of alkyl groups in the tertiary
amine and in the primary alcohol as that is the distinguishing factor.

For drug C to be effective, it must be able to hind to the relevant receptors in the body.
Using the other enantiomer of A as starting reactant would make the drug ineffective.

Consider the nature of the receptors and the Sx2 mechanism, explain why the drug
becomes ineffective. [2}

The receptors in the body must be chiral and only bind correctly to the drug in a
specific 3D spatial arrangement.
The reaction between A and B via Sx2 would result in an inversion of

configuration.

Using another enantiomeric form of A would result in the formation of an
enantiomer of the drug which would not be able to bind effectively to the chiral
receptors.

Draw the structural formula of the product from the reaction between A and B. Show
the stereochemistry of the compound in your drawing. :g
o

H
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Si0: is a covalent oxide. Hence, it is acidic and reacts with concentrated NaOH but
not with HsPO4
Si02 + 2NaOH — NazSi0; + H:0

Hydration of carbonyl compounds yields gem-diols which are compounds where two
hydroxyl groups are bonded to the same carbon atom. Gem-diols are often unstable and
exist in equilibrium, as shown in the hydration of propanone.

equation 4.1 CH3COCH3s(aq) + H20(l) & CH:C(OH).CHs(aq)

Table 4.1 shows the equilibrium constant, K, values for the hydration of propanone at two
different temperatures.

Table 4.1
Temperature /K K
298 1.58
318 1.06
(i) State Le Chatelier's Principle. [

Le Chatelier's Principle (LCP) states that when a system at equilibrium is
subjected to a change in conditions, the system will shift its position of
equilibrium to oppose the change and restore a new equilibrium.

(i) Use data in Table 4.1, explain if the formation of gem-diols from propanone is
endothermmic or exothermic. 2]

Since K. becomes smaller as temperature increases, position of equilibrium
shifts to the left to absorb heat, favouring the backward endothermic reaction.
Hence the forward reaction is exothermic.

(iii) A sample of 29.5 g of trichloroethanal, CC/sCHO, is dissolved in 250 cm® of water and
left to reach equilibrium at 298K similar to the reaction shown in equation 4.1.

At equilibrium, it is found that only 0.01% of CCI;CHO remains.

Determine the equilibrium amount of CC.zCHO and CCIC(OH)-H and hence calculate

the value of K; for this hydration. [2]
CCLCHO(aq) +H:0 | | CCLC(OH).H(aq)

Initial 29.5 0
\ m 0— a..m = O.NOQ
Change -0.19998 -0.19998
/ mol
Equilibrium Exo.ncc ~2.00x10 0.19998
/ mot 100

Correct equilibrium amount calculated

0.19998

= ———— =1.00 x 10* (3s

K= Zo0x10° % 10%(3sh

(iv) Suggest why CCCHO has a higher K. value than that of propanone. [1]

9729/03/PRELIM/2025 [Turn over
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Strong electron withdrawing groups of C! intensify the partial charges on the
carbonyl carbon on trichloroethanal, destabilizing it, causing more gem-diol to
be formed.

OR

The electron-donating methyl groups in propanone dispersed the positive
charge on the carbonyl carbon, stabilizing it, causing less gem-diol to be
formed.

Under certain conditions, carbonyl compounds can also react with each other as shown in
equations 4.2 and 4.3.

The hydrogen bonded to a carbon that is adjacent to a carbonyl group can be removed by
addition of a catalytic quantity of a strong base.

G +
equation 4.2 RCH,CHCG + B —— RCHCHO + BH
base anion

The anion formed then reacts with another molecule of the original carbonyl compound.

equation 4.3 RCH,CHO + xw_um_..__o + BH* —— RCH,;CH(OH)CHRCHO + B
(i) Equation 4.3 shows the overall equation for a two-step mechanism where the first step
involves the anion attacking the carbonyl molecule.

Suggest a two-step mechanism. Show all charges, relevant lone pairs and the
movement of electron pairs by using curly arrows. [2

o

§~
[e) H
Ih._ . — . R O\x
RN ¢l + RCHcHO C <
~ L~y T \ "CHO
c 5+ H h
| H
H

e OH

0 H

H R " R_I —~
— + H-—B — ~, C + B
x/ﬂ_w\,/o/ = c \™CHO
\"~CHO IH Y
Il H H

Correct partial charges
Correct curly arrows

(i) Suggest the structure of the final product formed in the reaction of propanone with a
strong base. [1]

XA

As shown in Fig. 4.1, carbonyl compound P forms Q by the same mechanism. S can be
formed from Q via a two-step synthesis.

9728/03/PRELIM/2025
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In Hofmann elimination, the less substituted alkene is typically the major product. This is
illustrated as the two-stage process of converting 2-aminobutane to but-1-ene in Fig. 5.1.

excess Ag,0, H0
OIuOINOIOIw OImm OIwOInOIOIu heat
| ®_ CH3CH;CH=CH; + N(CHj3)s
NH stage 1 N(CHz)s stage 2
2-aminobutane
Fig 5.1

() Compound T is an intermediate in stage 1 of Fig. 5.1. It is formed via an Sy2 attack of
2-aminobutane on iodomethane, followed by the removal of a proton on the nitrogen
atom by iodide ion.

CH3CH,CHCH3
|

H-N~CH,
T

Suggest the two-step mechanism for the formation of T. Show all charges, relevant
lone pairs and the movement of electron pairs by using curly arrows.

You may represent 2-aminobutane as RNH,. [2]
H R H H|? H
. .\/Ai \ \/ |_H _
Step1: RNH; + \O\I ——— H—N---C---1 R+ €T + 1
H Umx / \ N H
I H H H
H
N H
R M LY, W
Step 2: SN T R \O/I

w2 |

e Balanced equation for step 1 with transition state shown with correct curly arrows and charges.
e« Balanced equation for step 2, correct curly arrows and charges.

Compound Z can be synthesized in 3 steps as shown in Fig. 5.2. Step 2 involves a Hofmann

elimination.
step 1 step 2 step 3 ~
CgHgNO CsHyN Hofmann CsHqsN
elimination z
Fig. 5.2
(if) Suggest structures of organic compounds U, V and W. [3]
© VJC 2025 9729/03/PRELIM/2025 [Turn over
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U \'J w
1 mark for each structure
Suggest the reagents and conditions required for step 1 and 3. [2]

Step 1: LiAIHs in dry ether
Step 3: Cold NaOH(aq), KMnO4(aq)

[Total: 20}
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