ANSWER SCHEME
1 C _m
u<|_<_q RT
18.0
5 3=
(10°x5.7%10%) T (8:31(273)
Mr=71.6

Let a be the %mass of 35Cl,

(55 x70) + nuaxﬁ_ud.a

100 100
a=60
2 B From the first 2 properties, E must be a main group metal.
Hence, option C and D are incorrect.
Since it was obtained by removing electrons from the same orbital, E must be either a
metal in Group 1 or 2.
3 A Since its shape is trigonal pyramidal, that must mean that around O there are 3 bp
and 1lp.
The 3 bp are formed between one electron from F and 1 from O and the Ip belongs to
0.
With only 5 vaience electrons around O than the usual 6, the entire ion is short of 1
electron and hence n = 1
4 € CH4+20; - COz + 2H,0
10 cm® CH, 609
§0 cm? CO;
CzHs + 3.50, —» 2C0, + 3H,0
20 cm? C;Hs @ 02
5 B Amount of MnO4 = 37.5 x0.02=7.5 x10*
1000
MnOg4 + 8H* + 5e = Mn?* + 4H,0
Amount of MnOq4 : amount of electrons: amount of G ion :
7.5 x 107 3.75x 1073 11.25 x 107
3: 1
Given that ion of G is oxidised to GOz, O.N. +5,
Original O.N of ion of G is +5 -3 = +2
© Jurong Pioneer Junior Coflege [Turn Over
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B Assuming ideal gas behaviour (i.e. pV = nRT),

1) value of pV of L = n RT, = 3x
value of pV of J = nyRTy = x
2) J deviates from lIdeal gas behaviour more than L, indicating more

significant/stronger intermolecular forces of attraction between J molecules
than L

je Bl
(ie. T 3)

. n.T, _ 0.5x(273+50)

*1; 2T ) - 1.08
n,T, 0.5x(273+25)

v'2: J=NH; (stronger hydrogen bonds between NH; molecules)
L = CHs (weaker id-id attractions between CH4 molecules)
nT _15 x(273 +25) =3
n,T, 05x(273+25)

x3: J = H; (weaker id-id attractions between CHs molecules)
L=80; (stronger pd-pd bonds between NH: molecules)
nT . o.ﬂmxﬁmﬂw + va =3
nT, 0.25x(273+25)

K: 1s2 252 2p® 3s? 3p° 4s’ Cl: 1s? 2522p® 3s5? 3p°

¥"1: K has one more quantum shell, valence electrons are further away from nucleus.
Increase in shielding effect by inner shell electrons outweighs the increase in nuclear
charge hence, decreased atiraction between nucleus and valence elecfrons /
decreased nuclear attraction. Thus, the atomic radius of potassium is greater than
atomic radius of chlorine atom.

x2: Similarly, the 4s electron is further away from the nucleus, decreased nuclear
attraction between nucleus and valence electrons, thus, less energy is required to
remove an outermost/valence electron.

*x3 K*: 182 25? 2p® 3s? 3p®

Cl: 182 282 2p® 352 3p®
Both are isoelectronic, with potassium having a bigger nuclear charge. Hence, there is
great nuclear attraction between nucleus and valence electrons. Thus the ionic radius
of potassium is smaller than that of chlorine.
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ROH(}) |+ | CHsCOOH(}) | = | CHsCOOR()) | + | H:O(})
Initial amt 3 2 0 1
change -0.5 -0.5 +0.5 +0.5
Egm amt 25 1.5 0.5 1.5
Eam[] |25 15 05 15
14 v v v
K= [CH,COOR]H,0]
¢ [CH,COOH][ROH]
05 1.5
]
YA  Ks—t—rl-=02
2122
V= v

xB AHP < 0 i.e exothermic, When temperature decrease, POE will shift to the right,
favouring the exdothermic reaction to release heat. Hence, the [CHsCOOH] will reduce
below 1.5 mol.

xC Kc has no units.

*xD The equilibrium amount of ester is the not the same as the equilibrium amount
of water. (See working above)

2C0O(g) + O2(g) D 2C02 (g) AH <0

At time = t,, shape of graph shows a gradual increase in CO and decrease in COs,
indicating POE shifts to the left.

Possible changes include
¢ increasing temperature as increasing temperature will favour endothermic
reaction, i.e. backward reaction thus POE shifts feft
* remove O; as removing Oz will result in POE shifting left.
(Cancel A and D)

At time = f,, shape of graph shows a sharp increase in both CO and CO,, indicates a
decrease in the volume of system. When volume of system decrease, pressure of
system increase. POE shifts to the right side with lesser mol to reduce the pressure.

(Cancel C)

Addition of catalyst will not result in any equilibrium shift.

Addition of an inert gas at constant volume will not result in any equilibrium shift as
partial pressure of the other gases remains the same.
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Amount of NH4* = 100 x0.10=0.01 mol (excess)
‘T 000" T
40
Amount of OH = x0.15= 0.006 mol

1000

In resulting solution,

Amount of NH4* left 0.01 — 0.006 = 0.004 mol
Amount of NHz formed = 0.006 mol

(NH,"]

pOH=pK, +lg| =——=

® [NH,]

0.004

0.006

pH = 14— 457 = 9.43

uo_._na..\mimﬁ uua.mw

%A Since solubility of Group 2 hydroxides increases down the group, [M?*] and
[OH} increases, K, = [M**JJOH]?, value of K;; increases down the group.

vB  Mg(OH): (s) = Mg* (aq) + 20H(aq)

Ko = [Mg*TIOHT = X
(S)(@SP =x
= (Xys
$=63)

[OH]=2§= »fwmvx = (2x)%

Thus pH = 14 — (4g(2X)%) = 14 + Ig(2X )%

xC the solubility of magnesium hydroxide will decrease due to the common ion,
Mg?, in Mg(NOs).. Thus solubility will be lesser than S.

=D Ksp will not change unless there is a change in temperature.

Reduction potential is measured under standard conditions of 1 moldm? of any
aqueous solution 298K and 1 bar.

«—Chiig), 1 bar, Ch(g)+2e =2Cl (aq) F°

298K

XA Adding water will reduce [CF], and E° becomes more positive.

vB  Electrode potential depends on the nature of the electrode, temperature of
xC the solution and the concentration of metal ions in the solution. [t does not
depend on the size of the electrade.

xD Adding Ag* will result in the precipitation of AgC/, this reduces [C], and E°
becomes more positive.
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&)
RO + R—X— ROR't X
A

5 b} HO
4 2 0,

not stable due to ring strain
OH OH
cl

o,N Cl

0O

A: correct. It has 2 chiral carbon, hence 4 stereoisomers.

OH OH OH  OH
cl oM cl
HN HN
ON Ct O N cl
it H
B: correct. H
OH OH OCOCH; OCOCH,
cl cl
+2CH,COC1 ——
HN HN
ON Cl O,N Cl
C: correct. © o]
D: incorrect. No reaction.
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Since Z is a nonapeptide, it has the structure:
(N~terminus) __ - - - - -~ - ~___ (C-terminus)
Using the fragments obtained from the hydrolysis using the two enzymes:
Arg-lle—
Arg-Tle-Ser—Lys—
Ser—Lys-Trp-lle—
Trp—Ile-Lys—
Lys—Leu—Arg
Leu-Arg

Arg-Tle—Ser-Lys— Trp-Ile-Lys~ Leu-Arg
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1 Nitrogen is found in inorganic compounds such as the oxides of nitrogen, NOz and
NO.

(a) NO: can be produced from the thermal decomposition of gaseous N2Os.
2N20s(g) — 4NO2(g) + O2(g) AHy

Table 1.1 gives some data relevant to this question.

Table 1.1
process AH [ kd mol!
standard enthalpy change of formation of N2Os(g) +11.3
standard enthalpy change of formation of NO(g) +89.0
NO(g) + 3 0x(g) -> NOx(g) o8

(i)  Explain what is meant by standard enthalpy change of formation.

It is the heat change when 1 mole of substance is formed from its
constituent elements in their standard states under the standard
conditions of 298 K and 1 bar. [1]

(i) Use data from Table 1.1 to calculate AHy. You may find it helpful to draw
an energy cycle.

AHy
2N;05(g) ————> 4NO2(g) + Oa(g)

2(+11.3) 4(5B.1)

2N2(g) + 502(g) —> 4NO(g) + 304(q)
4(+89.0)

AHy = —2(+11.3) + 4(+89.0) + 4(-58.1)
=+101 kJ mol-!

(2

© Jurong Ploneer Junlor College [Turn Over
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(iii)) In the solid state, N2Os has an ionic structure and consists of the ions,
NO2* and NO3™.

Draw and name the shapes of NO,* and NO;~.

ion NOz* NOs~
+ Q5
; O=N=0 N
diagram of shape "
g of shap o’ 3
name of shape linear trigonatl planar

(b) Nitrogen dioxide, NO; and dinitrogen tetraoxide, N»Q. exist in
dynamic equilibrium with each other.

N204(g) = 2NO2(g) AH = +58 kJ mol™!
At 50 °C and a pressure of 1.68 x 10° Pa, 4.60 g of the equilibrium gaseous
mixture occupies 1.00 dm?®.

() Assuming the gaseous mixture behaves ideally, calculate the average
relative molecular mass, M, of the gaseous mixture.

_ 4.60x8.31x(273 +50)
1.68x10°x1.00x107

=735

M

(ii) Using the following relationships, calculate the mole fraction of N>Q.4, m,
and the mole fraction of NO, n, in the mixture.

m+n=1
Average M, = 92m + 46n

73.5 =92m + 46n
73.5=92(1 —n) + 46n
73.5=92 - 92n + 46n
46n=18.5

n =0.402
m=1-0.402=0.598

(iii) Hence calculate the partial pressures of N2Os and NO; in the mixture.
Puo, = 0.598 x 1.68 x 10°=1.00 x 10° Pa
Py, = 0.402 x 1.68 x 10°=6.75 x 10* Pa
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(i) Chloroalkanes can be formed by the above mechanism but not
iodoalkanes. Use relevant data from the Data Booklet to explain why
iodoalkanes cannot be formed.
lodoalkanes cannot be made by free-radical substitution as the first

propagation step is MORE endothermic
(AH = 410 — 299 = +111 kJ moi™")

OR LESS energy is evolved from the formation of the WEAK H-I bond
(299 kJ mol-*) compared to that of H—Br (366 kJ moi").
G|

(iiy lodoalkanes can be made by warming a bromoalkane with a solution of
sodium iodide in dry propanone, in which sodium bromide is almost
insoluble.

CH3CH2CH2Br + Nal = CH3CH2CHaI + NaBr
Suggest why the above reaction produces a high yield of CHsCH,CHal
despite the C-I bond being weaker than the C--Br bond.

Sodium bromide being insoluble in propanone can be precipitated, causing
the [NaBr] to be low. This will cause the position of equilibrium to shift to
the right to form more NaBr, aflowing the reaction to go to almost to
completion. [1]

(iv) A student wanted to distinguish 2-bromo—2—-methylpropane, (CHs)sCBr,
from compound B shown below.

/ Br

compound B

The student suggested the following method:
Step 1: To 2 cm?® of each compound, add an equal volume of
NaOH(aq).
Step 2: Then add 1 cm? of AgNO3(aq).
Step 3: Then add excess of dilute HCI(aq).

Identify and explain two improvements to the student’s proposed method.

Improvement 1: Heating is required in step 1.

Heating is necessary to break the C—X bond via nucleophilic substitution
to give X~ for precipitation with silver nitrate.

Improvement 2: Mixture should be acidified before adding AgNOs.

Any excess NaOH will react with Ag* to form a brown Ag,O precipitate,
making it difficult to observe the white AgCI ppt.

Improvement 3: HNO; should be used to acidify the mixture.
Cr in HCI gives white ppt with AgNO3, giving wrong conclusion, [2]

[Total: 11]
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3  Amino acids are the fundamental buiiding blocks of proteins and play crucial roles in

various biological processes. Amino acids are crystalline solids with high melting points,
are water-soluble, and exist as zwitterions. The general structure of an a—amino acid is

given below.
H
Ho \\o
\zlolo/
H R OH

where R represents the side—chain on the a—carbon of amino acid.
(a) Explain why amino acids exist as crystalline solids at room temperature.

A lot of energy is required to overcome the strong ionic bonds / electrostatic
forces of attraction between —-NHs* and ~COO- of the zwitterionic form. Hence,
amino acids have high melting point and exist as solid at room temperature. 1]

(b) The Strecker synthesis is one method to prepare a-amino acids in the laboratory
by reacting readily available aldehydes or ketones in the presence of
NH4C? and KCN.

However, the Strecker synthesis lacks chirality control, producing racemic
mixtures. This poses serious issues in pharmaceuticals, where specific
enantiomers are crucial for safety and biological compatibility.

Alanine (2-aminopropanoic acid) can be prepared from the Strecker synthesis
as shown in Fig. 3.1.

+
OH NH,

\\o NH4CZ, KCN _ . \\

CHy—C ~——  CHy—C~—NHy ————» CH;—¢C

\  step1 _ Step 2 \
H H H
ethanal iminiumion
Step 3
I &
CHy——C——CO.H B S — CH;—C—CN
_ Step 4 _
H H
Alanine oa—amino nitrile

Fig. 3.1
(i) State the type of reaction that occurred in steps 2 and 4.

step 2:

stepa: hwdrolysis s s [21
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9
The pH of the solution changes only gradually around point P as
aqueous KOH is added to the glutamic acid solution.

Identify the 2 major species present at point P and write an equation to
illustrate how giutamic acid can maintain the pH of a solution at 2.1 when
a small amount of OH- is added.

At pH 2.1, the major species present are

H H
+ \\o + \\o
HaN—C—C HaN—C—=C
| /OI and [ /o-
h_¥_N CHy
9 9
COOH COOH
H
A N
R O P _._azln_v]o/o- + HO
(e CH,
(e mzn
COOH Loon

{2
State what is meant by the term zwitterion.

Zwitterion is a species which contains both positive and negative charge
such that there is / but has no overall electrical charge.

11|
Indicate on Fig. 3.2 with a cross (x) to show the point at which the

predominant species of giutamic acid in the solution is the zwitterion.
Explain your answer.

Point indicated on the graph between 2.2 — 4.

the o-COOH is deprotonated / exists as a-CQO~ but the side-chain -COOH
and a-NH; remain protonated.

Hence, glutamic acid exists as a zwitterion.

2
[Total: 14]
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4 Oleocanthal, Ci7H20s, is a naturally occurring compound found in olive oil, known for its
anti-inflammatory and antioxidant properties. When oleocanthal is reacted with NaBH,,
compound C is formed.

Fig. 4.1 shows the structural formula of a molecule of compound C.

@ O

v

HO

HO

OH
Compound C

Fig. 4.1
The molecule of compound C contains sp? hybridised carbon atoms.
Describe how sp? hybridised orbitals are formed.

They are formed by mixing one s orbital and two p orbitals to form three
identical sp? hybrid orbitals of the same energy and arranged in a trigonal
planar arrangement.

State the number of sp? hybridised carbon atoms in a molecule of
compound C.

9
Deduce the number of stereoisomers of compound C.

4.

Write the equation for the reduction of oleocanthal by NaBH4 to give
compound C.

Use [H] to represent the reducing agent and use the molecular formula of
oleocanthal and compound C in the equation.

Ca7H200s5 + 4[H] - C17H2405

State the number of moles of Hx(g) that will be evolved when 1 mol of
compound C reacts with an excess of sodium metal.

1.5 mol

|
‘
* © Jurong Ploneer Junior Coltege 9720/02/J2 PRELIMINARY EXAM/2025
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(i}  The enthalpy change of combustion of hexan-1-ol is —3980 kJ mol-.
Calculate the percentage efficiency of heat transfer in this experiment.

Amount of heat that should be produced by hexan-1-ol assuming no heat
loss

- 5091-5034 ...

6(12.0)+14(1.0)+16.0

0.57
102.0

22241 kJ

x 3980

14.1075

=2 % 100% = 63.49
S par > 100% =63.4%

Percentage efficiency of heat transfer =

(d)  Olive oil primarily contains triesters, which do not vapourise easily. Hence, raw
olive oil is unsuitable as a direct fuel for diesel engine as the triesters present will
accumulate and clog the engine components. Olive oil can be converted into
biodiesel through a chemical process called transesterification. The resulting
esters from this process are more suitable for use as fuel in diesel engines.

One transesterification reaction is shown in Fig. 4.3.

(o]
Iwofoln__wlo&: H,C—OH
|9 | 2
:ololn__uloq_._: + 3 CH3CH,OH HC—OH + 3 oxuozmol_o_lo}:
N |
HoC—0—C—CrHyq HaC—OH
ester D glycerol ester E

Fig. 4.3
(i)  Explain why ester E is more suitable than ester D to be used as a fuel in
diesel engines.

Ester E is more volatile / has a lower boiling point than D

because the instantaneous dipole-induced dipole attractions between its
molecules are weaker and need less energy to overcome than those of D
since E has less number of electrons per molecule.

A large amount of glycerol is generated as a by-product in the production of
biodiesel from natural oils. Efforts are being made to convert glycerol into more
useful organic products.

(i)  Give the systematic name of glycerol.

propane-1,2,3-friol

© Jurong Pioneer Junior College
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(li)  The properties of glycerol are affected by the intermolecular forces present
between glycerol molecules.

Draw a labelled diagram to name and show the strongest intermolecular
force present between two molecules of glycerol.

|
C
hydrogen bond , w__

{1

(iv)  Glycerol can react with hydrogen chioride to form dichlorinated products.
Draw the structures of all possible dichlorinated products from this
reaction. Ignore any stereoisomers.

n_uI m: mN 74 n_uI A_UN
T
HHH ; HHH 2]

[Total: 18]

5  Silver is known for forming a range of sparingly soluble salts, such as silver carbonate and

the silver halides. Their low solubility in water makes them useful in qualitative analysis and
photographic processes.

(a) The values of the solubility products of some silver salts at 298 K are given in

Table 5.1.
Table 5.1
sait Ksp value
AgBr 5.0x 10"
Ag2CO3 6.3 x 102

()  Wirite an expression for the solubility product, Ksp, of Ag2COs.
Ag2COs(s) = 2Ag*(ag) + COs*(aq)
Ksp = [AgPICO*]

M
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Rodinal is used as a photographic developer. It develops a latent photographic
image through reducing silver ions in AgBr to silver atoms in alkaline conditions.

oH o
+ 2AgBr + 20H ——» G + NHg + H,0 +2Ag +2Br
NH2 o
rodinal 1,4-benzoquinone

(iii}  Write a half-equation for the oxidation of rodinal to 1,4-benzoquinone under
the conditions described for the development of latent photographic image.

OH (o}
@ + 20H ———» ﬂv + NH; + H,0 +2e”
NH, o}

K3
(iv) Rodinal can be synthesised from phenol.
State the reagents and conditions for steps 1 and 2 and draw the structure
of compound F in the box provided.
OH oH OH
step 1 step 2
— —_—
NO,
F NH,
rodinal
step Aa__:ﬁmIzOu .............. [T et T
step 2: .5 20Ne HCL followed by NaOH(@a) e
[3]
[Total: 16}
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Section A

1 Nitrogen, a Period 2 element, forms a wide variety of compounds with diverse
structures, oxidation states, and properties. These include ammonia, ammonium salts,
amines, and nitrates, all of which play important roles in industry, agriculture, and the
environment.

(@

© Jurong Pioneer Junior College

The enthalpy changes involved in the formation of ionic and covalent compounds
vary across the period.

(i}  Explain why the first ionisation energy of nitrogen is more endothermic than
that of carbon and oxygen.

C: 1s? 252 2p?
Comparing C and N:

N: 1s? 252 2p3 O: 1s? 2¢* 2p*

N has a higher nuclear charge, while the shielding effect caused by
inner shell electrons remains approximately constant. Therefore, it has
a smaller atomic radius, and valence electrons experience a stronger
nuclear attraction. Consequently, N has a higher first ionisation energy
compared to C.

Comparing N and O:

Less energy is required to remove one of the paired 3p electrons in
oxygen due to the larger interelectronic repulsion. Thus, O has a lower
first ionisation energy than N.

(i)  Some Period 3 elements can react with chlorine to produce chlorides, for
example, NaC/ and SiCl.

Describe and explain what happens when NaC/ and SiCl are separately
added to excess water. State the pH of the resultant mixtures and give
relevant equations.

NaCl is an ionic chloride and will dissolve/hydrate in water to form a
solution of pH 7.
NaCl — Na'(aq) + CI°

SiCls is a covalent chloride and has energetically accessible vacant 3d
orbitals that allow the water molecule to form dative bonds.

Thus SiCls hydrolyse in water to form an acidic selution of pH 1-2,
SiCly + 4H20 — Si(OH)4 + 4HCI

(2]

131

[Turn Over

1

)

(©
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2

Ammonia (NHs), ammonium nitrate (NHsNQ3), and ethanamide (CH3CONH;) are
important compounds that can be used as fertilisers due to their high nitrogen
content.

Arrange these three compounds in order of increasing pH value of their aqueous
solution. Explain your answer.

NH4NO3 < NH2CONHz < NH3

NHANO:; will dissaciate into NH4* and NO3 ions in solution. NHa" will undergo
hydrolysis to produce H* ions, forming an acidic solution. Thus, the pH value
of NH4NO;3 solution is less than 7,

NH; will be basic due to the availability of lone pair electrons on N for
protonation. Thus, the pH value of the solutions will be higher than 7.

CH3CONH: will be neutral due to the delocalisation of the lone pair of
electrons on N into the neighbouring = electron cloud of the electron-
withdrawing C=0 group, the lone pair of electrons in urea is not available for
protonation than NHs. Thus, it is a weaker base compared to NH3, hence,
lower pH value.

Aqueous iron(IH) nitrate, Fe(NOs)s(aq), is yellow in colour.
()  Explain why the solution of iron(IIl) nitrate is yellow in colour.

The presence of ligands cause the d orbitals to split into 2 different
energy levels with a small energy gap, AE, that corresponds to the
visible light region of the electromagnetic spectrum.

Visible light is absorbed when an electron transits from a lower energy
d orbital to a higher energy d orbital which is unfilled or partially filled.

Hence, the colour observed is the complement of the colours absorbed.

(ii) Using data from the Data Booklet, predict what will be observed when
aqueous iron(IIl) nitrate is added to potassium iodide, KI, giving a balanced
equation for the reaction that occurs.

From Data Booklet:

Fel+ e Fe? E=+077V
L +2e =2l | E=+054V

E%, =(+077)-(+054)

celt

=+40.23 V > O (reaction is energetically feasible)

Obs: Yeliow solution of Fe® turn pale green and brown solution of I.
formed

Eqn: 2Fe*(aq) + 2I(aq) — 2Fe*(aqg) + I2(aq)

9729/03/J2 PRELIMINARY EXAM/2023
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(i)

5

The same graph was obtained when the test was repeated with
7.5 mol of HCI.

Using the information provided and the graph, deduce the orders with
respect to (CH3)sCOH and HCI. Show clearly your working and any
construction lines on the graph. {3]

0.011

0.009

0.008
4 total pdt 075

0.007

0.006

4 total pdt
oy 0-005

0.004

0.003

0.002 f

0.001

0 f L}

= 10 = 10 ming
0 o o BRI 0 5 300 35 a0

Since 1% t} = 2™ 14 = 10 mins, the half life of the reaction is
(approximately) constant. The reaction is 1 order w.r.t (CH3):COH and

When concentration of HC! is increased by 1.5 times/changed, the rate
of reaction remains the same, thus, the reaction is O order w.r.t HC.

Hence, write the rate equation for the Lucas Test, and calculate a value for
the rate constant. include units in your answer. [3]

Rate = Kk[(CH3):COH]

Since it is a overall first order reaction
k=In2/t; =In2/10 =0.0693 min*!
OR

Initial rate method:

y-intercept at 16 mins
Initial rate = 0,011 / 16 = 0.000688 mol dm™ min!
K = 0.000688 / 0.01

= 0.0688 min!

© Jurong Pioneer Junior College 9720/03/J2 PRELIMINARY EXAM/2023 [Turn Over

2 (b) ZnCl,
(CH3)sCOH + HCl ————————» (CHj3)3CCI
Oto10°C
The Lucas Test, as shown above, follows a nucleophilic substitution reaction
mechanism as follows:

e Tert-butanol reacts with HC! to generate the following reaction
intermediate in the first step.

CH3

|«
IwO'OIOIM

CHj3

« This intermediate subsequently loses water to form a carbocation, which
reacts further to form the product, tert-butyl chloride.

e HCl is acting as a Lewis acid in the first step and as a source for
nucleophile in the subsequent steps.

(i) Define the term, nucleophile. 1]

Nucleophile is defined as electron-rich species that can donate an

electron pair.

(i) Use the data and information given above, draw the mechanism for the

Lucas Test.
Show all relevant curly arrows, charges and structure of the intermediates.
Include an equation for the formation of the reaction intermediate. [3]
.w:u CHy
bt O\ I
d _ H xmn.l_ ——O0H,
CH, o,
ﬂxu ~_u:u
+
Iunlg_u H, —_— Iunll._u + s HO
CHy CH,
CH, o,
_ VRS _
HyCc—C+ e
_ ———  H—C—Cl
CHs h:
3

(iii) Suggest two reasons why the reaction between (CH3):COH and
concentrated HC! follows a Sy1 mechanism rather than a Sx2 mechanism. [2]

1. Sl is preferred because the tertiary carbocation intermediate,
(CHs)sC+ formed has three electron-donating alky! groups that
disperse the positive charge to a larger extent and stabilise it.

2. Sn2 is not preferred because the presence of 3 bulky alkyl groups
prevents the backside approach of the nucleophile, resulting in
steric hindrance.
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(iii) Name and describe the reaction mechanism for Step 4. [3]
Electrophilic substitution (1]
ci +
|
o] — = ACy °
v Ak ‘ sectroprte. ¥ 1
o o
Y, H
slow
V2 £
olectrophile
0O +
o]
H B fast AlCl, +  HCI \m
Ve v NG —
(iv) In step 4, another by-product M can be formed.
[o]
Gl
(o]
Cl
cl
(L]

By considering the structure of the starting reactant and the overall entropy
change of the reaction, explain two reasons why the formation of
§~chloro-1-indanone is preferred over M. 2]

1. Intramolecular reaction is faster and favoured due to the close
proximity of the acyl chloride and aromatic ring.

2. Intramolecular reaction increases the number of molecules
(AS > 0), whereas intermolecular reaction does not, making the
former more favoured.

{v) In Step 4, anhydrous AICIs must be used, and no water can be introduced.
With the aid of appropriate equations, explain why this is so. (1]

The catalyst AlCl; will hydrolyse in water, and cannot generate the +ve
charged electrophile for the reaction.
AICls + 6H20 — [Al(H20)6]* + 3CI"

OR Acyl chloride will hydrolyse in water to form carboxylic acid, thus,
no longer can form the +ve charged electrophile for the reaction.

© Jurong Ploneer Junior College 9729/03/J2 PRELIMINARY EXAM/2023 _.u_._.__.a Over

¢l +HO0 —— M he

cl Ci

(vi} When 5-chioro-1-indanone is oxidised with acidified KMnQ,, CO; is evolved

as a side product. Suggest the structure of the organic product formed. [11
¢l COH
COH

{c) Compound G, CsHgNO3, is a neutral compound that contains 2 chiral centres.

Samples of compound G are reacted separately with

NaOH(aq) and heat to from product H and a pungent gas

2,4-DNPH forming an orange precipitate J, Cy1H3NsOs

Fehling’s reagent to form a brick red precipitate

Alkaline aqueous iodine and heat forming a yellow precipitate

KzCr:07 in the presence of sulfuric acid and heat to form an organic
compound, K, CsHgOs.

* An excess of LiAlH, forming an organic compound L, CsH3NO;

Deduce the structures for G, H, J, K and L, explaining the reactions described.  [10]

Observation Type of reaction F6s
6 is neutral - G contains amide
6 +NaOH(aq) — Hand |  Alkaline hydrolysis 6 contains primary
pungent gas amide
6 +24-DNPH — Condensation G contains aldehyde or
orange ppt J ketone
G + alkaline T>(ag) —~ Oxidation / positive 6 contains either
iodoform test n_u:
4 Wlnlnxu
ot |
G + Fehling reagent — | Oxidation G contains aliphatic
brick red ppt aldehyde
6+ Kolr07 — K Oxidation K contains carboxylic
Acid hydrolysis acid
G contains aldehyde
G contains alcohol
6 +LiAlHs —~ L Reduction L contains amine

G contains amide

G J H
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4 (a) (v) When agueous potassium hydroxide is replaced by aqueous sodium
chloride, it is noticed that white AI(OH); solid is formed around the
aluminium electrode instead.

Explain why it is formed. 1]

There is insufficient hydroxide ions formed from the reduction of
oxygen to form the soluble complex ion.

(b) The aluminium-air battery was used as an electrical source to electroplate an
article with copper.

(i} Draw alabelled diagram of an electrolytic cell setup to show how an article
can be electroplated with copper.

In your diagram, state clearly the choice of anode, cathode, electrolyte to
be used and the direction of electron flow.

You may use the standard battery symbol =1~ to represent the
aluminium-air battery in your diagram. 2]

metal article
——» ¢lectrolyte: EE

I

(i) If the mass of aluminium electrode in the aluminium-air battery as
described earlier in (a) decreased by 5.4 g, calculate the mass of copper

that was deposited on the article. [2]
amount of Al reacted = 24 _ 0.200 mol
270

amount of electrons formed = 3x0.200 = 0.600 mo/

Since Cu=2e
amount of Cu formed = WX 0.600 =0.300 mol
-.mass of Cu formed =0.300x635=191¢g

(iily The electroplating process took 468 min.
Calculate the current delivered by the aluminium-air battery. [1]

Using Q=It=nF
I(468x60)=(0.600)(96500)
I=206A

® Jurong Pieneer Junior College 9729/03/J2 PRELIMINARY EXAM/2023 _”._.:_.-._ Over

14

(iv) In some batteries, graphite can be used as electrodes.

Describe and explain, in terms of structure and bonding, how graphite can
serve this role.

Graphite has a giant covalent structure, with each C atom is covalently
bonded to 3 other atoms with delocalised electrons along/within the
layers over the structure.

Graphite can conduct electricity due to the presence of mobile
delocalised electrons.

(c) A ligand exchange reaction occurs when aqueous ammonia is added to a
solution of green Ni#*(aq).

Ni(H:0)e2*(aq) + xNHs(aq) — INI(NHa)(H20)e.]2* + xH20(1)

The formula of a nickel-ammonia complex that is blue in colour can be found
using a colorimeter.

Eleven tubes containing 20 cm?® of 0.05 mol dm™2 of Ni?*(aq) had 0.4 mol dm™?
aqueous ammonia added. The first tube has 2 cm? of aqueous ammonia added,
the second tube 4 cm® and so on. Distilled water was added to bring the total
volume to 50 cm?®,

Each tube was then placed in a calorimeter and the absorbance recorded. The
absorbance intensity is proportional to the concentration of the complex.

The results are shown in Fig 4.1 below.

absorbance
A

L 1 '} i 1 1 L 1 1. 1 L
2 4 6 8 1012 14 16 18 20 22
Volume of NH3(aq) added / cm?®

Fig4.2

(i) Explain why the absorbance value in Fig 4.2 remains constant after
15 cm® of NHs(aq) is added.

All the Ni**(ag) present in the sample has been completely reacted and
thus no more complex will be formed. As such, amount/concentration
of the complex remains a constant and thus the graph shows no change
in absorbance.

® Jurong Pioneer Junior College 9729/03/J2 PRELIMINARY EXAW2023
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Cobalt is a brittle and hard transition metal with magnetic properties similar to those
of iron. One of the characteristic properties of transition metals is their ability to form
complexes.

@)

(b)

® Jurong Pioneer Junior College

The compound B can act as a bidentate ligand can form a complex with Co®*
ions in the mole ratio 3:1.

Hz2NCH2CH2NH;
B

Compound B can be made using ethene and appropriate inorganic reagents by
the following 2-step synthesis.
step 1 tep 2
HC==CH, ——— A —P 2 H,NCH,CHoNH,

ethene B

(i)  What can be understood by the term bidentate ligand?

Bidentate ligand is a ligand that contain two groups that have a lone
pair of electrons each that can form two dative bonds to the central
metal cation.

(ii) Suggest the structure of compound L and the reagents and conditions for
Step 1and 2.

Structure of L: BrCHzCHzBr
Step 1: Bre(l)
Step 2: excess NH3, ethanol, heaf in sealed tube

(iii) State the coordination number of the cobalt(lI) complex.
6

Two different complexes can be obtained by reacting aqueous cobalt(III)
chloride with ammonia under various conditions.

Different proportions of chioride are precipitated when each of the complexes is
treated with aqueous silver nitrate.

- No. of moles of AgC/ Does the
complex wﬂhﬁw_ precipitated per complex have a
mole of complex dipole moment?
S CoCl3(NHa)s 2 yes
T CoCls(NHs)s 1 yes

Suggest the structures of complexes S and T, showing clearly the three
dimensional arrangement of the ligands around the metal ion center.

1

B3]

1

{2
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2+ +
cl cl
HN,, | WNH; HaNy, | el
“Co. ‘Co..
HNT | N, HNT | K,
NH; NH;
complex S complex T

(c} When an aqueous solution of the ligand Q is mixed with an aqueous solution of

cobalt salt, the flowing equilibrium is set up:
Co®(aq) + 8 Q(aq) = CoQs*(aq)
A similar equilibrium occurs with the ligand R, forming CoRe**(aq).

Solutions X, Y and Z were made by mixing 0.1 mol dm~® solutions of Co*, Q
and R. The table below gives the volumes of each used.

Volumes of 0.1 mol dm™ solution / cm?

Solution Co*(aq) Q(aq) R(aq)
X 4 96 0
Y 4 0 96
z 4 48 48

The visible absorption spectra of the three solutions X, Y and Z are shown below:

) relative absorbance
Solution Y
Solution X RN
s AN
\ /
PREch LN 4 Ay
- ~ ’ A Y
Rd N ¢ A
k4 '~ , SolutionZ S
’ N, - S
.s. ~ \s \‘\‘\.\4 .l.l.l.l /
9 wau N
1 == n Lo §
T Ll 1 Ll ¥
300 400 500 600 700 800
wavelength / nm
Fig 5.1

The wavelength at which the maximum absorbance is observed is inversely
proportional to the energy gap between the two sets of d orbitals in an octahedral
complex.

() The spectra show that the peak in the curve for solution Y is at a longer
wavelength than is the peak in the curve for solution X.

What deduction can be made from this fact about the size of the d-orbital
splitting in the two complexes?

The size of the d-orbital splitting in CoQ¢*(aq) is larger than that in
CoRs™,
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22.0
1000
MnO; +5Co™ +8H* — Mn® +5Co™ + 4H,0

Since 1 Mn0O; =5 Co*

amount of Co® reacted =5x2.64%10 =1,32x10"2 mol

amount of MnQ; reacted = x0.120 =2.64x10"° mol

amount of Co® in original solution =1.32x107 = % =5.28 %10 mol

mass of Co=5.28x107x58.9=3.11g

3.11

5 «100% = 62.2%

percentage by mass of Co =

[Total: 20)
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Additional answer space

If you use the following pages to complete the answer to any question, the question number must

be clearly shown.
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