PAPER 1 ANSWERS =~

1 D 11 B 21 B
2 A 12 D 22 C
3 C 13 B 23 A
4 B 14 D 24 A
5 B 15 C 25 A
6 A 16 B 26 C
7 B 17 B 27 B
8 C 18 C 28 B
9 B 19 B 29 D
10 B 20 . c 30 A
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Nitrogen and phosphorus are elements of Group 15 in the Periodic Table.
Nitrogen exists naturally as gaseous diatomic N=N molecules whereas
phosphorus is a solid and exists as P, molecules comprising of P-P single
bonds.

iy  Account for the difference in their physical states in terms of structure  [2]
and bonding.

Both N2 and P4 have simple molecular structures.

As P. has larger number of electrons/ bigger electron cloud to be
polarised, more energy is required to overcome the stronger
instantaneous dipole-induced dipole interactions/attractions between the
P, molecules.

This results in higher melting point in P4, hence Ps exists as solid.
(i)  Suggest why phosphorus does not occur naturally as P=P molecules. 0!

Phosphorus is a relatively big atom with diffused orbitals, side-on overiap
of its p orbitals to form n bonds is much less effective than head-on
overlap to form sigma bond.

(iiiy Nitrate, NOs", and phosphate, PO4*, are oxoanions of nitrogen and [3]
phosphorus respectively.

Draw a dot-and-cross diagram to show the bonding PO,%, deducing the
shape and the bond angle around the phosphorous atom. Hence explain
why it is not possible for nitrogen to form an oxoanion with formula of
NO>.
Xe
‘ot 3-
[OXPRD
X Xe

Hox

3.

4 bond pairs around central atom P
Shape of PO is tetrahedral, angle 0—P—0: 109.5°

To form NOs, N must be able to accommodate 10 electrons in its

valence shell. Since N is in Period 2, it has no energetically
accessibleflow lying d orbital to expand its octet.

[Total: 10]
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iron oxides are chemical compounds composed of iron and oxygen. Most iron ores
are oxides, making them important precursors to iron metal and its many alloys.

(@) Iron (I} compounds are generally only stable in neutral, non-oxidising
conditions. Itis difficuit to determine the lattice energy of FeO experimentally.

(i)  Given the following data in Table 2.1 and data from the Data Booklet, use
the m:mﬁ< diagram below to calculate the lattice energy of FeQ(s) in
kJ mol™.

standard enthalpy change of atomisation of Fe(s) | +416kJmot”’
standard enthalpy change of formation of FeO(s) | —272kJ mol!

Sum of 1% and 2™ Electron Affinity of oxygen +157 kJ mol™
Table 2.1

Enthalpy
Fe* (g) + O* (@)

A

ist+2nd E.A. (O)
Fe*(g) +2e" +O(g)

LE(Fe0)

Fe (g) + O(g)

1/2 E{0=0)
Fe (g) + %0:(9)
+ -
. Fe (s) + %O2 (g) 416 kJ mol
~272 kJ mol*
FeO(s)
By Hess Law,

—272 = +416 + ¥ (496) + 762 + 1560 +157 + LE(FeO)
LE (FeO) = —3415 (or -3420) kJ mot!

9729/02/J2 PRELIMINARY EXAN/2022
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(i)  With the aid of batanced equation(s), explain any reaction(s) that occurs
when a solution containing sodium 1-naphtholate is added to a solution
containing hydrocinnamic acid.

- +

O Na

sodium 1-naphtholate

Hydrocinnamic acid is a stronger acid (lower pKa) than 1-naphthol. it wili
dissociate in water to protonate/donate its H' to the 1-naphtholate ion to
form back 1-naphthol.

oo o

A laboratory technician was tasked to prepare a buffer solution made up of
hydrocinnamic acid and aqueous potassium hydroxide.

{liy What is a buffer solution? 1]

A buffer solution is made up of a weak acid/weak base and its
conjugate acid / base OR salt , and it is able to resist changes in pH
when a small amount of acid/base is added to it, or upon dilution.

{iv) Write equations to show how a mixture of hydrocinnamic acid and its [2]
salt can function as a buffer.

o]
o]
o
[e]
_ + HO
+ ~—
OH °

OH

(v) Using appropriate data from the table in (a), determine the volume of 2]
0.100 mol dm® KOH(aq) the student needs to add to 0.100 dm? of
0.100 mal dm™ hydrocinnamic acid to form a buffer of pH 5.50.

© Jurong Pioneer Junior College 9729/02/J2 PRELIMINARY EXAM/2022 [Turn Over
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Let HA be hydrocinnamic acid.
Let the volume of KOH(aq) to be added be v dm?.

To form a buffer, you need to add limited KOH, so that the final mixture
will contain HA and KA.

HA + KOH — KA + H0
i/ mol 0.01 0.1v 0 -
¢/ mol -0.1v -0.1v +0.1v -
f/ mol 0.01-0.1v 0 0.1v -
Acidic buffer:

pH = pKa + Ig ([KA}/ [HA])

5.50 = 4.70 + Ig [(0.1v / (0.1+v)) / (0.01-0.1v / (0.1+V))]
5.50 - 4.70 = 0.8 = Ig [0.1v / (0.01-0.1v)

0.1v = 0.063096 — 0.63096v

v = 0.08632 dm? = 86.3 cm?®

(b) The diagram below shows a reaction scheme involving cinnamic acid.
Suggest a possible synthetic pathway involving 4 steps, stating clearly the

reagents and conditions required, and the intermediate organic compounds
formed for every step.

o) 3 steps 1 step @\/z\@
™ —— —_—

R )
OH
A \v fimited @vzx» in ethanol
OR

KMnO4, H2S04(aq), heat heat In seated tube

" "

/z

0o excess \@ in ethanol
heat in a sealed tube
™ @
OH [#]
LiAH, in dry oaw./) x«n_e n
) ORPCl3, heat  (¥)
OH OR SOCIp, heat

™

© Jurong Pioneer Junior College 9720/02/)2 PRELIMINARY EXAM/2022
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Sketch, in the space below, the graph of [Brg] against time in minutes, given  [1]
that the initiai concentration of bromine is 0.008 mol dm? and the initial
concentration of propanone is 0.80 mol dm3.

[Brz] / mol dm™

time/min
Rate = k [CHsCOCHa] [H*] [Brz]°
Given: {Br] = 0.008 mol dm* and [CH;COCHs] = 0.80 mol dm™

Since CH3COCH; is used in large excess, its conc. remains effectively constant
as only a smali fraction of CH;COCHa reacted during the reaction.

Since H* is a catalyst, its conc. remains constant throughout the reaction.
. the rate equation can be simplified as
rate = k' [Br;]°, where k’= k [CHsCOCH;][H"] = constant

Hence the reaction is an overall zero order. Any change in [Brz] has no effect
on the reaction rate. So the graph of [Brz] vs time graph is a straight line with a
constant negative gradient.

Explain what will happen to the rate of reaction if chlorine is used in place of [1]
bromine, assuming that the mechanism remains unchanged?

There will be no change to the rate of reaction

as halogen is not involved in the rate determining/slow step
(or [X2] is not in the rate equation)

(or the reaction is zero order with respect to [X2])

9720/02/J2 PRELIMINARY EXAM/2022 [Turn Over
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The kinetics data for the experiment may be collected using a continuous
sampling method, which requires a sample of the chemical reaction to be
extracted at various time intervals from a reaction mixture followed by titration.

Briefly describe a physical property that you can use to determine the [Brz] at
various times.

The colour intensity of the reaction solution can be measured at various time
using a **colorimeter/spectrometer.

As the [Brj] decreases, the orange-brown colour intensity of the reaction
solution decreases.

Hence, the absorbance measured a various time t is directly proportional to the
[Brz] leftat t.

The reaction between propanone and bromine was carried out in experiments
1 and 2, and the following results were obtained:

Experiment | Initial [[CH3):COY/ | Initial [H*]/ Initial Half-
mol dm™ mol dm™ {Br]/ life /
mol dm™ min
1 0.40 0.30 0.20 22.5
2 0.60 0.10 0.20 S

The half-life of propanone in experiment 4 was found to be constant at about
22.5 minutes. Predict the half-life of propanone in experiment 2, s, giving your
reasoning.
rate = k [H*] [propanone], an overall second order reaction.
Since H'*is a catalyst, [H*] remains constant throughout the reaction.
. rate = k' [propanone] where k' = k [H’] = constant.
it is an overall pseudo first order reaction
In2 _ In2 1

and t,=—=-—— of L,

172 *. * HI+ u 12 HI...H

Since [H'] decreases by a factor of 1/3 from expt 1 to expt 2, ty2 would increase
by a factor of 3, from 22.5 min in expt 1 to 67.5 min in expt 2.

With the aid of a labelled Boltzmann distribution diagram, explain how the
presence of a catalyst affects the rate of a chemical reaction.

9729/02/J2 PRELIMINARY EXAM/2022
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(b) The Strecker synthesis is a method to prepare oc-amino acids. The amino acid

valine can be prepared from 2-methylipropanal via Strecker synthesis as shown
below.

CH. CH3 OH
B S il (L
Lo\ step 1 T step 2 xln_u Oy step3
CH3 CHa NH, CHy
imine m»w—uA
CHz NHy O
[ 20 oy
H—C—C—C_
[l ‘o
CH3
valine
(i)  Suggest the type of reaction oceurring in step 2. [1]

Step 2: Elimination

(i)  Given that the reaction of the imine in step 3 with HCN is similar to the (1]
reaction of a carbonyl compound with HCN, suggest the structure of E.

H H

/Z\
:In_ulomz
:In_uloxa
&Hy

(iii) Valine can exist as a pair of sterecisomers.  [2]
Draw the 2 stereocisomers of valine.

CH,

N

9720/02/J2 PRELIMINARY EXAM/2022 {Turn Over
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The aldol reaction is a useful method of making new carbon—carbon bonds in
organic chemistry. It involves combining two molecules of the same aldehyde
to form a product which contains both an aldehyde and alcohol functional
groups. Thus, it is also known as the aldol reaction.

Ethanal undergoes base-catalysed aldol reaction as shown below.

(o] 0 OH~ OH (o}
\=/ + \:/ L/\—ﬁ
CHy H CHy H CH H

3-hydroxybutanal
(an aldol)

The aldol synthesis involved the following reactions in two stages:

Stage 1:

An acid-base reaction takes place between the OH- base and the acidic H atom
bonded to alpha C of an ethanal molecule, forming a carbanion.

The first stage is drawn below.
H
I _

IIAn_uloxo + :0H === T:CH,CHO + H,0
H

Stage 2:

The carbanion formed in stage 1 attacks the delta positive carbon of another
ethanal molecule, forming a tetrahedral intermediate which is negatively
charged. The tetrahedral intermediate rapidly reacts with H20 to form the aldol
praduct and regenerates back the OH" catalyst.

Name and outline the mechanism for stage 2.

9729/02/J2 PRELIMINARY EXAM/2022




BP-737

asy
SJBujexg
Jo4

ZZ0Z/NVX3 AMVYNININAA Z1/20/6226

[OW £€°| = 41O JO JUNOWE = JSJEM JO JUNOWY
10W £99°0 = {OYOIB JO JUNOWE = Pioe JO JunoLue ‘elojalal |

1990=x "
_dArx=2)
sZ'0 W - >
“g-Wip oy
ouod
N(x-g) N(x-Z) x X wnugyinbg
|oWw Aunowe
x-Z x-g x x wnugyinb3
|owr Junoiue
X- X- X+ X+ u) sbueyn
jowaunowe
z z 0 0 reniuy

O + SHDZOOPHD = HOSHZD + HZODEHO
[e]

‘payoeal s| wnuqiinbe
Usym juesaid souelsqns yoes JO SIOW JO Jsqunu By} a)enojen

‘POXIWL BJE J3JBM JO [OL Z PUE 8JEOUBL)S JAU)S JO jow Z Juswuadxa ue u) ()

gZ20=

¥ [0°HI*H*0%00"HO]
T =

= HO*H*IIH 00 HOl

‘anfeA [eauawinu s} Bupe)s ‘ajeoureyye 1A Jo sisAoIpAYy oy} ‘91 ‘uopoess
fz]l esiansa ay) jo ©y “uejsuco wnugiinbe sy 10} uoissesdxe ue s (1)

(NO?H + (HZO2005HD = (DHOSHZO + (DHZODEHD

:MOJBq Uoljoeal 8U) Joj 0" S JUEISUOD winuqnbe 8y} Jo enjea sy
8L

(e)

abaj|0] Jounr Jesuold Buong @

49A0 :.:._._..._ 2Z0Z/INVXA AUVYNIWITFRI Zr/20/62.6
[1iie301]

fel
£
In_v fnw

" 2y === HQ—-H

_HO:  + OHO™HD n_u H o( . oxofoln_vlz

HO 0

.ﬂ
NAZ €
HO—O—0O%*H
0\\0 _
:0

H

uopippe ofydostonn

Ll

afajj00 Jojunr Jaauo)g Buoinp @




BP-~738

19

(b) The following shows a flow scheme involving a chloro-carboxylic acid to form
compounds X,Y and Z.

A\
oH ?
AlZO3 S
e — ——
/ CsHoOs  Deat z
cl X HoC

(i) Suggest the structure of compound X. [1]
0

OH

HO

{iiy Give the reagents and conditions for step 1. 1
NaOH(aq), heat
(iii) State the hybridisation of C, in the structure of Y below.
(o]
\\

Ca~OH
H,C

sp? hybridised

(iv) Give the structure of compound Z. M
0

OH

Cl

(v} Give the structure of the product formed when compound Y is reacted
with hydrogen with nickel, upon heating.

© Jurong Pioneer Junior College 9720/02/J2 PRELIMINARY EXAM/2022
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OH

Only C=C is reduced by Ha, Ni, heat, -COOH is not reduced.

Aluminium objects that have had the aluminium oxide layer removed may then be
oxidised.

{c) (i) State why aluminium objects are anodised. [1]

To increase the thickness of a protective corrosion—resistant ALOs layer on
the surface of A/ object.

(i) Complete Table 6.1 below to show the type of reaction accurring, with the  [2]
relevant half-equations, during the anodising of an aluminium object.

Type of Half-equation(s)
reaction
Anode Oxidation 2A(s) + 3H:0(/) > ALOy(s) + 6H"(aq) + e~
Cathode Reduction | 2H*(aq) + 2e~ — Hi(q)
Table 6.1

[Total:12]

(a) Baryta water, barium hydroxide, Ba(OH)(aq) is a Bronsted base.
Define what is meant by a Bronsted base.

9729/02/J2 PRELIMINARY EXAM/2022
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(c)

(d)

(e)

3
step 3 : concentrated sulfuric acid, heat(v')

Describe and explain the relative ease of hydrolysis of the foilowing three {3}
chiorine-containing compounds.

Cl coc! CH,C!

Ease of hydrolysis of CeHsCI < CeHsCH:C! < CeHsCOCI!

CeHsCl is inert or unreactive to hydrolysis as the p~p orbital overlap results
in the delocalisation of lone pair of electrons on CI atom of CsHsC into the
n—electrons system of benzene ring, leading fo the formation of partial
double bond character of C~CI bond and hence, strengthening C—CI bond.

Thus, CsHsCl is resistant towards nucleophilic attack.

CsHsCOC! is most readily hydrolysed because the C of -COC! is highly
electron—deficient or has the highest partial positive charge as it is bonded
to two electronegative atoms, O and CI. Hence, CeHsCOC! is more
susceptible towards nucleophilic attack than CeHsCH:CL.

Ethanol is formed when bromoethane is heated with NaOH(aq).
The standard enthalpy change of combustion of ethanol is —1367 kJ mol™.
In an'experiment, 0.23 g of ethanol was burned under a container, using a spirit
famp. An unknown mass of water was heated from 30 °C to its boiling point. The
process was found to be 70 % efficient.
Calculate the mass of water that could be brought to the boiling point by burning
this amount of ethanol.
{Given specific heat capacity of water is 4.18 J gt K1

0.23

Amount of ethanol burnt = Mm»m“ 5.00 x 107 mol

Heat evolved by combustion of ethanol = 5.00 x 1073 x 1367 =6.835 kJ

2]

Heat absorbed by x g of water
= 70/100 x5.00 x 1073 x 1367
=478 k) massofwater,x=4.78 x 10° /(418 x70)=16.3¢

(i)  Nitrosyl bromide, Br-N=0 is an inorganic halogen-containing compound. it vd]

decomposes to NO and Brz as shown below.
2NOBr(g) — 2NO(g) + Bra(g), AH

Given that the bond energy of N-Br is +120 kJ mol™, use appropriate bond
energy data from the Dafa Booklet to calculate the enthalpy change of
decomposition of nitrosyl bromide.

(ii) Enthalpy changes of formation of NOBr(g) and NO(g) and the enthalpy 3]
change of vaporisation of Brz(J) are given below.

AH: (NOBr(g)) 7 kJ mol™
AH: (NO(g)) +90 kJ mol™
AHean(B12(D) ¥31 kI mol™

With the aid of an energy cycle, use your answer in (i) and the given data

1o calculate the enthalpy change of formation of NOBr(g).

© Jurong Pioneer Junior College 9720/03/J2 PRELIMINARY EXAM/2022 [Turn Over
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(e) (i) 20=N-Br(g) » 2N=0(g) + Br-Br(g), AH: =2 x AHyecomposiion(NOBT)

AH, = +2E(N=0) + 2E(N-Br) — 2E(N=0) — E(Br-Br)
= 2E(N-Br) — E(Br-Br)
=2(+120) - (+193) |
= +47 kJ mol™

AHgecomposition (NOBr) = %2 (+47) = +23.5 kJ mol~!

(i

Nag) + Oa(g) + Br() —2¥_ ,2NOBr(g)

2(+90)

2NO(g) + Bra())
+47
AHyap|=+31
2NO(g) + Brg)
By Hess' Law,
2y = 2(+90) + (+31) — (+47)
y = AH{NOBr) = +82.0 kJ mol!

() (i) State how the reactivity of the halogens as oxidising agents varies down the

group, and relate this variation to relevant £°values.

12

(i) Describe a reaction that illustrates the relative oxidising abilities of two

halogens of your choice. 1
(i) lodine and chlorine react together to form solid iodine trichloride, ICl.
Given the following enthalpy changes, calculate the standard enthalpy
change of formation of ICIs(s).
Ix(q) + 3Ck(g) — 2ICh(s) AH® = -214 kJ mol™!
Ix(s) — I{g) AHP = +38 kJ mol-! M
() () Down the group, E°(Xo/X") becomes less positive, implying that the
tendency of Xz to be reduced decreases. [2
Hence, the oxidising power of X, decreases down the group.
(i) Eg.Brz+2I-2>2Br+L
(Halogen displacement reaction where the stronger oxidising halogen can
oxidise the halides of the weaker oxidising halogen. or
Eg. Clo + 2Fe? > 2CI" + 2Fe®
Reaction of Xz with Fe?*
(i)  Let x = AHPICK(s)
AH® =Y. AH®; products — 3. 4H®reactants
-214= 2x -3(+38)
X = AHPICH(s) = -88.0 kJ mol™!
[Total: 21]
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[CH3COOH(aqg)] =
[C2HsOH)= [H*] = 1 mol{—
dm=3, 298 K

Pi(s

(i) Foo=(+1.33) - (+0.58)=+0.75V [1m]
(iii)  Overall: 2CrO7*- + 3CzHsOH + 16H" — 4Cr3 + 3CH;COOH + 11H.0
A°G = -nFE
n=12
A®G= —12 x 96500 x (+0.65) = 753 000 J mol™ = 753 kJ mol!
A_<w O_.moﬂmr+ 14H* + 6e~ = 2Cr3 + 7H,0 E®aihode = +1 23V
e When H* is added, [H*] will increase (v).
« By Le Chatelier's Principle, the equilibrium position will shift to the right
(v), so as to remove some [H'] to re-establish equilibrium.
o  Ecinode becomes more positive(v')
o 5ince Euer = Ecatode - Eanode, thus Ecen ill become more positive (v).

(d) A solution of XeFzis a strong oxidising agent. A solution containing 25.0 g dm=of (3]
XeF: is reacted with another solution containing 0.150 mol dm= of a Cr(III) salt.
In an experiment, 15.20 cm?® of the XeF2 solution is required to completely react
with 10.0 cm®of the Cr(III) solution. XeF2is reduced to Xe in the reaction.
Determine the final oxidation state of Cr after the reaction.
15.2 25

Amount of XeF2 = o0 X Tes ~ 0.002249 mol

XeF; is reduced to Xe and oxidation state of Xe changes from +2t0 0.
Amount of electrons transferred = 2 x 0.002249 = 0.004497 mol

Amount of Cr{IIf) = 7o= x 0.150 = 0.00150 mol

Amount of electrons lost from 1 mol of Cr(Tl]) = 000750 3 mol

-. oxidation state of Cr increases by 3 units

. oxidation state of Cr is +6 after reaction.

(e) Hot acidified KMnO,4 oxidises several classes or organic compounds to ketones,
carboxylic acids or carbon dioxide. By this means, the structures of compounds

© Jurong Pioneer Junior College 9720/03/J2 PRELIMINARY EXAM/2022 _..—.:_‘-._ Over
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can be determined. Some compounds are easily oxidized while others require
longer heating.
The following scheme shows the reaction with hot acidified KMnOa, of compound
D and its oxidation products.

Q

D KMnO, + F + G + H
(C13H50) (C,H,05) (C,HO,) (CHO)

KMnO,

2CO,
« Compound D effervesces with sodium metal. D also reacts with hot acidifled
potassium dichromate(VI) to give compound C13H1s0.
e Compound F gives an orange precipitate with 2,4-dinitrophenyhydrazine.
« Both compounds F and H dissolve in NaOH(aq).

(i) Explain these observations.

(2]
D undergoes redox reaction with Na and oxidation with warm acidified
potassium dichromate(V1). D contains secondary alcohol.

F undergoes condensation with 24-DNPH to give orange ppt.
F contains ketone.

F and H undergo acid-base reaction with NaOH(aq). F and H contain
carboxylic acid.

(ii)  Suggest the structures of compounds D, F and G.

3
o N

Qﬂun_uln_w|0“n_u|0“o|o:u
CaaH150: H o H
Note: Alkene is not oxidised by K2Cr207(ag), H2S04(aq), heat

Ty
Ha_wlnn_ulonn_ulo"oloxu
D H OH H
n_vI
O“O'ﬂlouo
F b
G  CHsCOOH
[Total: 20]
3 Nitrogen is the most abundant element in our planet's atmosphere. The various

nitrogen-containing organic compounds play an important role in our lives, as they serve
as the building materials for amino acids, proteins and even in our DNA.
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(iiiy Working:
Find the “head” of the polypeptide: Ser appears on both columns in the
table.
Far

A chemist invented two new enzymes:

« “histidinase-C" that can hydrolyse at the C-terminal of the histidine (His)
amino acid residue;

« “lysinase-N" that can hydrolyse at the N-terminal of the lysine (Lys) amino
acid residue;

A polypeptide chain from a liver protein consists of a total of 11 amino acids.
This polypeptide was subjected to partial hydrolysis by these two enzymes
separately, and the following fragments were obtained.

Amino acid fragments obtained with | Amino acid fragments obtained with
histidinase-C: lysinase-N:

Ala-Lys-Ser-His Lys-Cys-His

Lys-His-Ala

Table 3.3

Using the above information, deduce the correct sequence of the 11 amino  [4]
acid residues in the polypeptide chain.

Histidine exists as zwitterions in the solid state, which are held by stronger
elecirostatic forces of attraction / ionic bonds, while molecules of 4-

Examiner's
Use

Find the “tail” of the polypeptide:His appears on both columns in the table.
Hence, Ser-2-3-4-5-6-7-8-9-10-His
Using histidjnase-C:
mmﬁ.h..\m.l\.%
Em-hkm-MmTI\%
mm?C\m.Okm.I.%
Using lysinase-C:

S
awh ys-His-Al
Wﬁ ys-Ser-His-S

Lys-Cys-His

Ser-Lys-His-Ala-Lys-Ser-His-Ser-Lys-Cys-His

(c) Information from 2(b)(ii) would be useful for this part of the question.
Ser-Lys-His Lys-Ser-His-Ser
Intrigued by his newly found knowledge on amino acids after completing his SLS
Ser-Lys-Cys-His Ser lesson on Organic Nitrogen Compounds, a H2 Chemistry student from

Jurong Pioneer JC decided to seek help from his chemistry tutor to conduct a
more in-depth analysis.

He prepared a fresh sample containing 15.0 cm® of 0.100 mol dm?® fully
protonated histidine and titrated it against 0.100 mot dm NaOH(aq).

The following graph was obtained:

nitrophenylamine are held by weaker hydrogen bonds. pH A,
More energy is required to overcome the stronger jonic bonds between the
2zwitterions of histidine.
(ii) e pH=7
Y —'t
CH,—CH—CO0’ PHequivalence, -~ - ===~ b
— ZIM pHinital m “_ _" > vol £ NaOH [ om?
\ 150 Vx 300 > volume of NaOH(aq) / cm
z/\
()] Calculate the initial pH of the 0.100 mol dm= fully protonated histidine,
pHinie. (Ignore the effect of pKa2 and pKes on the pH). M
e pH=12 (i)  An amphiprotic species is one that is able to donate and accept a proton.
A The pH of a solution containing an amphiprotic species is given by the
CH,—CH-CO00 following expression.
_ pH = %(pKi1 + pK2)
— NH,
In the titration above, an amphiprotic species is formed at the first
NH equivalence point, when 15.0 cm® of NaOH(aq) was added to the sample of
z/\ protonated histidine.
Calculate the pH of the amphiprotic species formed at the first equivalence
point and draw its structure. 2]
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Section B

Answer one question from this section.

Phosphoryi chloride is a colourless liquid with the formula POC/5.
Table 4.1 shows the electronegativity values of the atoms in POC/.

atom electronegativity / pauling units
phosphorus 22
chlorine 3.0
oxygen 35
Table 4.1

(i) POCIH hydrolyses in moist air releasing phosphoric acid and fumes of [1]
hydrogen chioride.

Write an equation to show the reaction of POC/s with water.

(i) Draw the shape of POCl. [2]
Indicate clearly the polarity of each bond it contains, and its overall net
polarity.

(iii) Predict all possible intermolecular forces which could exist between POCl; [2]
molecules.
Explain how these forces arise.

(i) POCL + 3HO0 —» H:PO, + 3HC!
i)

0O

P net dipole moment
Or_ﬂ\ /w/ of molecule
Cl N ct

There are instantaneous dipole—induced dipole attractions (id-id) and
permanent dipole-permanent dipole attractions (pd—pd) between phosgene
molecules.

id—id attraction arises due to the constant motion of electrons, a molecule
develops an instantaneous dipole within itself when its electrons are
distributed unevenly instantaneously. This instantaneous dipole then
induces a temporary dipole on another molecule close to it, giving rise to id—
id

pd-pd aftraction arises due to the electrostatic atiraction between polar
molecules which have permanent dipoles (or has net dipole moment within
each molecule). 2]

9729/03/J2 PRELIMINARY EXAM/2022 H._.—_-.: Over
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(b) The boiling points of phosphorus trichloride, PCls and nitrogen trichloride, NC/; are

()

©® Jurong Pioneer Junior College

given below in Table 4.2.

At 373 K, both PCZ; and NCIs exist as gases. Predict with reasons, which of the
two gases will deviate more from ideal gas behavior.

compound Formula M boiling point/ K
phosphorus PCls 137.5 350
trichloride
nitrogen NCIs 120.5 344
trichloride

Table 4.2

(2

Both phosphorus trichloride and nitrogen trichloride are simple molecular
structures with net dipole moment.

18t mark:

However, phosphorus trichloride has a larger electron cloud/iarger number of
electrons which resuits in stronger intermolecular instantaneous dipole-induced
dipole interactions.

OR

phosphorus trichloride has stronger pd-pd attractions between its molecules as P-
C! bond is more polar than N-C! bond (difference in electronegativity between P
and Cl is larger than that between N and Cl).

Phosphorus trichloride will show a greater relative deviation from ideality than
nitrogen trichloride.

X, Y and Z are Period 3 elements.

Element X forms a white oxide that is insoluble in water.

Element Y forms an oxide which forms a white precipitate when shaken with
excess agueous Ba(NOaj). solution.

The oxide of element X dissolves when a solution of oxide of element Y is added
toit.

Element Z forms an oxide that dissolves readily in water and the resulting solution
turns moist red litmus blue.

The oxide of element X dissolves when a solution of oxide of element Z is added
toit.

Identify the elements Y, Z and the oxide of X in the above reactions.

Write equations to account for the dissolution of the oxide of X in the two reactions
above.

[4]
s Element Y: Sulfur

= Element Z: Sodium

» Oxide of Element X : Aluminium oxide or Al;03
» white ppt correspond to BaSO4

S0s(g) + H20() — H2S04(aq)

H:S04(aq) + Ba(NOa)2(aq) — BaSO4(s) + 2HNOs(aq)
White ppt

ALOs(s) + 3H2804(aq) — Al(SOa)s(aq) + 3H20(0)

ALOs (s) + 2NaOH(aq) + 3H20(7) — 2Na[Al(OH)](aq)

State symbols not required

9729/03/)2 PRELIMINARY EXAM/2022
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(i) Using the Wittig reaction as one of the steps in a three-step synthesis route,
suggest suitable reagents and conditions to synthesise compound G from
butane-1,2-diol.

OH 3 steps

—_— - —

OH o
OCH,3
butane-1,2-diol compound G

In your answer, include the structure of the intermediates formed.

In your answer, include the structure of the intermediates formed. [4]
OH =
—_—— 0
oH OCH;,
KMnO,/ 3_/
KzCr;04(aq). Ph—p==
H,504(aq), vr\
heat under reflux
0O o}
0 (o]
CH,0H
HO conc. H,S0, OCH,
heat

9729/03/J2 PRELIMINARY EXAM/2022 —..—.—_-_3 Over
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(a) The brown compound [Fe(en),Cl]C! contains 19.8% Fe, 19.8% of N and
37.7% of CL

en is used to represent ethane-1,2-diamine HoN NHz
(i ethane-1,2-diamine, en, is a bidentate ligand.
What is meant by the term a bidentate ligand? M1

(i) Calculate the values of p and g and hence determine the formuia of the
brown compound. 2]

(i) On treatment with water over a long period of time, it is converted to an
orange complex, which has octahedral geometry.

Treatment of 0.01 mol of the product with uxcess aqueous AgNO; results
in the precipitation of 4.31 g of AgCL.

Give the formula of the orange complex ion and suggest a balanced
equation for its formation. [2]

() A bidentate ligand is an anion or neutral molecule that provides 2 lone
pairs to form 2 dative bonds with central atom or ion. i1

(i) Let mass of the complex be 100 g.

Fe N CI
Mass/g 198 19.8 37.7
Amt / mol 0.3548 1.414 1.062
Relative amount/ mol 1 3.986 2.993
Simplest mole ratio 1 4 3

Since 1 en contains 2 N atoms, in 1 mole of brown compound, there are

4/2 = 2 en ligands

p=2

Or in 1 mole of brown compound, there are 3 CI” in total

q+1=3

q=2

[Fe(en)CL]Cl is the brown compound. [2}

(i) Amount of AgC! precipitated = 4.31 / (108 + 35.5) = 0.0300 mol

1 mol of the brown-orange complex = 3 mol of free chloride ions (not dative
bonded as ligands).

Formula of the brown-orange complex is [Fe(en)z(H20)2}*".
The treatment with water resuits in ligand exchange
[Fe(en):Ch]* + 2H:0 = [Fe(en)(Hz0)z}** + 2Cr
2]
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(e) The following equations illustrate the formation of phenol from phenylamine, in two

steps:

in step 1, phenylamine reacts with cold nitrous acid, HNO,, and
hydrochloric acid, HC/, to form phenyldiazonium chloride.

+ _
NH, + HNO, + HC! llolll.V @‘zng + 2H0
<5C

phenyldiazonium chioride

in step 2, phenyldiazonium chioride can react with water upon heating to give
phenol.

step 2

+
=NCI H 0 —————™ OH N, + HC!
NENCL + HD T s c +

phenyldiazonium chloride

() By making use of the reactions above, propose a two-step synthetic
pathway for the conversion of 2-methylphenylamine to compound §
below.

o
O\A’YlOIu
CH,
CHa

Compound S

9729/03/J2 PRELIMINARY EXAM/2022 [Turn Over
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Compound T, an isomer of Compound S, reacted with Br; in the presence
of uv light to produce 3 different mono-brominated products, X, Y and Z.

&
10‘@[wlo§
CH,CHj
Compound T
During free-radical substitution of alkanes, different types of hydrogen

atoms are replaced by bromine atoms at different rates as shown in Table
5.2.

Table 5.2
Type of hydrogen Reaction Relative rate
atom
Primary RCH; - RCHzBr |1
Secondary R.CH2 - R.CHBr |7
Tertiary RsCH — RaCBr 21

sing the information in Table 4.2 and considering the number and
type of hydrogen atoms within the molecule T, draw the structures of
the three monobrominated structural isomers formed and predict
their relative ratio.

HNO, + HCI .
NH, ———> N=NC/™
<5°C
CHy CHa
CH,CH
/m\ 8
HO—C
CHjy
at 7> 60 °C
CH, CH
/m\ 3
AN
CH3
CH3
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(b)

(c)

® Jurong Pioneer Junior College

From your titrations, obtain a suitable volume of FA 2, Vra2, to be used in your
calculations. Show clearly how you obtained this voiume.

25.30 +25.30
VEaz = 2

[1] Obtains average correctly to 2.d.p. from any expts with uncorrected
end-point fitre values within 0.20 cm®.

= 25.30 cm®

Do not award this mark if the titres used are not identified either in the

J S U R S N e 2

table (by ticks) or _in the calculation.

Accuracy:

Round any burette readings o the nearest 0.05 cm?.

Check and correct subtractions in the titre table.

Select the "best" fitre using the hierarchy:

two identical; titres within 0.05 cm?, titres within 0.10 cm? efc.

Supervisor's average titre = 25.20 cm’

{2] within 0.2
[1] within 0.4

Veaz2 =25.30 I3

() Calculate the amount of KMnO. present in the volume of FA 2, Veaz,
calculated in (b).

[Ar O, 16.0; K, 39.1; Mn, 54.9]

3.16 Vi,
T = 1
n(KMO) = 12575 *To0o 1)
- 3:16 ,25.30 _ 5 g6 x 10 mol
158.0 1000

amount of MnO,~ present=5.06 x 10 [l 1]

(ii) Calcutate the amount of Fe?" ions in 25.0 cm® of FA 1.

n(Fe2") in 25.0 cm® of FA 1 KMnOs : FeSOa
5 xans.(c)i) [1] 1:5

5 x 5.06 x 10*= 2.53 x 107

amount of Fe?* ions =2.53 x 10° [l 1]

9729/04/J2 PRELIMINARY EXAM/2022 [Turn Over

(d)

(e)

© Jurong Pioneer Junior College

{lii) Calculate the percentage by mass of iron in the sample of iron wire.
[Ar: Fe, 55.8]
n(Fe?*) in 500 cm® of FA 1

500

= ans.(cXif) x 25.0 [11
500
=2 2 = 0.
53x10 X250 0.0506 mol
% mass of Fe = mbumwlmm x 100 = 93.2 % [1] ecf

percentage by mass of iron in the wire = 93.2 - [3)
{1] Shows appropriate workings for (c)(i)-(iii)
+ gives F for (b) and (cXi)-(ii)
+ gives all final ans to 3sf in (c)(i)-(iii)
The maximum error in any single burette reading is +0.05 cm?.

(i) State the maximum possible error in the volume run from the burette
recorded in any titration.

+ 0,10 cm® [1] with sign ]

() Explain how an error of (-0.10) cm?® may arise when using a burette to
obtain an individual titre value.

Total error = Final - initial = (-0.05) - (+0.05) = -0.10 cm® 1

A student suggested that when a piece of iron wire was dissolved in a known
volume and concentration of sulfuric acid, the number of moles of iron that
reacted with the acid could be determined by working out how much acid was
left after the reaction. The amount of excess acid could be determined by titrating
the mixture with a known concentration of sodium hydroxide.

Explain whether the student was comrect.

The student was incerrect as sodium_hydroxide would also react with Fe?
in the mixture to form Fe(OH): ppt. [1] &

Furthermore, the impurities in the wire might react with sodium hydroxide. [1]

[Total: 14]

9729/04/J2 PRELIMINARY EXAM/2022




J9A0 wnj] Z2OZ/NVYXI AYVNIWINENG 21/70/62.6 absjjo) Jolun Jasuo)g Buaine @
Z20Z/INVX3A AMYNINITIND Zr/b0/62.6 a6ajj09 Jong Jeeuold Buaine @

BP~757

‘sa.nby
jueoyiubls ¢ 0} papi03sl aq 0} S| UOJIEBI JO BYBI, B} JO BNJEA B} ‘Jusuedxs yoes Jo4

aw) uonoeas
0001
‘UMOYs Se pajeinojes aq O} S YIIum ,UoHoEal JO e, BY) 8pNjoU; OSfe PINOYS NOA

= ojes

3 ‘awn} uopoeal ey}
Pue “RIEMA “IBJem JO SWNJOA ‘v VA ‘b Y JO SWINOA ‘equinu Juawpedxe au} apnjou
Pinoys noA “molaq papircid soeds ey ul ajqe) aiBuis & Ul syNsal Inok e piodey

‘sW 00°9 UBY) SS3) S] Jey) { Y4 JO SWINJOA B 98N Jou 0Qg

"¢Wd 00°0Z 9G Sskemfe Jsnw Jsjem PSSILOISP PUE § 4 JO SWINJOA PAUIGLUCS ayl

‘b ¥ '9pIpol winissejod JO SSWN|OA JUBIOYIP UM

sabueyo 3 ‘swy uonoess ay) moy ajeBysaAu) oy sjuswiadxe Jeyuny 8aiy} Jno Auen

§ — € sjudswadxy

‘jomoy saded e yum ) Aip pue Jaxeaq ayy Jno yse "0}
'S |70 IsaJesu ay) 0} ‘) ‘aw uopoBal SIY) PICOSY 6

‘seINUIW Z uey} aJow axe) Aew Sy S}ON
0BIQ-8n|q SLIN) UoNNjos 8y} sk uoos se Bujw dojs pue souo g ‘g

‘Bupxiw Jo Juesu)
U3 Je Aisjeipaww Buiwy Jiels pue Jayeeq Lwo (0L SWES 8y} O) § V4 8U) PPY 2

'S V4 JO (WO 00} 8nsesw o} Jepunko Buunsesw o Gz oy} asn ‘9
*pos
sse|5 e Buisn Jaxeaq auy) Jo SJUSILOD S} NS PUE B[ BJIYM BU) UO Jeyesq BY) 2Bl ‘G
LVd440.Wwoa Q0L o
9 V4jo  Wd 0°0Z o
eyeaq
W0 001 swes sy) o} Buimolio} oy} ppe o) Jepuiko Buunsesw 4wo oG 8y} esn -

‘b v Bulueiuoo sexeaq sy ojul Jsjem pasiuoiep Jo (o 00'g L Uny
JaxE8q (WS 00} BY) OJUI { Vo JO (WD 00°Z Uy
“18)EM POSIUOIBP YNM aYjeIng JSyloue |4

- o oo <

Z Juswiadxy

‘jomoy Jaded e yym 31 AIp pue soxeaq sy} INo YSeA 6
'S |°0 }S91E5U SU) 0) '} ‘awy) uonoeS. SIY} PI0JSY '8
“oejg-2njq SN} UopNjos

8y} se uocos se Bunuy dojs ‘peAIasqo s} LUOREINO|0D MOB|G-8Nn|g Bsus)Ul uSPpNns
e 810300 mofjaA sjed usy) pue umo.q Jybjf LINY iiM SINXIW UOKOBSI B} ‘80U0 IS 4

“Buixiu Jo Jueisu
au} Je Ajejeipawwu Bulw Lels pue Jexeeq (wo 0} SWES ay) ojul § W4 SIU) PPY 9
'G V4 JO (WD 0°Q) @.nseaw o} Japuyho Bupnsesw (wo 6z sy) 8sn G
‘po.
ssejB e Buisn Joxeaq 2y} JO SJUBIUCS BY} JIJS PUB BjI) DPYM BU} UO 1exesq oy} 8dBld ‘b
LVY4jo o Qo) o
9 V4 Jo W 0°0Z ©
uayeeq
¢Wo 00} swes ay} o} Bumojjos oy} ppe o} Jepulihs Buunsesws (wd 0G 8y} 9sn ‘¢
"Ja)EDq (WO 004 8L} OjUl ¥ W4 JO (WO 00°0Z UNY 2
vV UM P V4, Palieqel egaing ayl i °)
} Juswadx3y

poylsy  (e)

“jdom [eanoead Aue Bupue)s asojaq 9 abed
uo sjjnsaJ unoA uoj aiqe) e atedasd pue Ajjnjaseds poyjew sjoym ayy ybnoiyy pesy

“Jojedtpuy yorels st L v4

(be)iQzgzeN ‘eejnsolyy WNIPOS ¢ twp jouw 00S00°0 ! 9 Vd
‘(be)£z094 ‘epLiojyo (IIT)uol| PeYIPIO. ¢ WP jOW 00S0°0 S § V4
(be)py ‘epipo; wnissejod o Wp [out 00S0°0 S! ¥ VA

"suot apipoj au)
Jo uojenueduod ay) BuiBueys Aq pajoaye si uooeal Jo ajer ay) Moy 8}eblSaAUl O} ale NOA

“joe|q-en|q uin} 0} uojoeal au) 1o} saxe) i Buoj moy

Bunuy Aq psujuuslep aq Aew Z vopoess JO 8jes 8y Hoe|g-anjq Jojeatpu yase)s sy} suuny
uay} paonpoid a8q 0} SBNUNRLOO YOIM SUIPO] 8Y) ‘Pajoeal BABY SUO! SJBJNSOIL) SUY) B USUA
(be)20rg + (be)1z < (be)..fo%sZ + (bE)] € uofjoesl

'SUOj @pIpo} O} doeq pasnpal s} pue suoj

8)yinsolly} 3y} UM AjejeIpawuLy) sjoeal pajesadij 8ulpo} 8y} ‘SJeJRsoiU) WNIPOS PUE J0Je3IpUj
yolejs jo soussaid ay) ul paxiu ete apjpo wnjssejod pue apuojyd (Tuol pauyipoe J)
(be)zr + (be) o4z « (be)az + (be),o4z Z uopoeal

‘proe
40 soussaud ay) Uy ‘(be)?] ‘suipo a1 0} Joeel ‘(be).] ‘suol apipol pue ‘(be),.a4 ‘suot (rmuol

(be),;24 pue (be)_1 usamyaq uonoeas ayy 4o sonaulY ay} jo uoeBysaAl|




BP-~758

7 8
(b) (i) On the grid below, plot a graph of rate of reaction (y-axis) against volume
Resuits of FA 4 (x-axis). Include the origin, (0,0), in your scale. Circle any points
you consider anomalous and draw a line of best fit.
i Rate of .
mxvu.n..ani VEas/ cm® | Vwater /cm® | t/s reaction / st Rate of reaction / s
: A
1 20.00 0.00 20.9 47.8
2 7.00 13.00 1449 6.90 60
3 10.00 10.00 77.1 13.0
4 14.00 6.00 41.3 24.2
5 17.00 3.00 29.1 34.4
45 3
[1] gives a single table with correct re vired headers with units.
{units can be stated with each entry of data).
[1] records all Vea 4 and Vuater to the nearest 0.05 cm®
+all t to the nearest 0.1 s
[1] correctly calculates all rates to 3 significant figures 30
[1] gives three additional expts with 6.00 cm® < VEa 4 < 20.00 cm®
+ no Vea 4 < 3 em® close to another volume
+ Vra a + Vwater = 20.00 cm®
[1] obtains correct trend of Ve 4 increases, t decreases [51
15
o - | o

5 10 15 20
Volume of FA 4 or Vras/ cm®

[1] Labels axes correct way round with_correct units + uses linear scales that  include
iven grid in both directions

{1] Plots all points correctly within correct
Do not award this mark if awkard scale is used or the scale used is too small such that
plotting is done through estimation or non-linear scale is used.

anomalous point if any (allows only one).

® Jurong Ploneer Junior College 9720/04/J2 PRELIMINARY EXAM/2022
© Jurong Pioneer Junior College 9729/04/)2 PRELIMINARY EXAM/2022 [Turn Over



BP-~759

CZOZ/NYXA ANYNINIIING Zr/60/62.6 9bayj00 Jopunp 1seu0ld Bucinf @

[L] s7OZ = swn uonoeal

'$°S € /S 1°0 /5 4saJpau ay} o4 [1]

sviy
01

SOL= ObI X = 3w uoipopad [ 2] » 2404 23U
‘9 Juawisadxg no Aued jou oq

‘T Juswiuadxy se ainjesadwe) swes ey} Je N0 psuIed
Si 9 juswpadxy jey} awnssy “Yoejg-enjq uiny o} () (p) u 9 Juswadxgy
Jo} pasodosd eimxuwi UOROES! BY) SYE) PINOM ¥ Buoj moy jsebbng

‘Suol
(nmuoi Jo uopenuasUOI By} 0) [euoIodoId Anoauip si uoloeal Jo 8jel By

"Z }uswiiadx3 10} S Op| JO SWN) B SPIOdS) JuepmS SIYY (1)

[ (s4uawaunsoaw awnjoa |{o o uoisioaud adoub) o))
(WD £2 = SHOMA & G VA puD
:pabupyoun o £ vdp p 9 vap ‘v vap Buidaay 16 vap abuoyd o} [1]

00’ iajem pasiuolep
oo1 Lvd
0702 9vd
ooz Svd
00°L ¥ vd

W2 / swnjop Juabeal

"9 Juawiadx3 Joj 8SN PIN0D JUSPNIS BY} SSLINJOA L)) sebbng (1)

00°el 18)EM pasIUoisp
0oL Lv4d
002 9vd
ool Svd
00'L yvid
£Wo / dwnjop jusbeas

:8JeMm pasn SaWN|oA ay) ‘Z Juswsadxg uj

‘Z wawpedxg 4o Jey; o) posedwos
S| sjel auy} pue ‘g Juswipiadx3 ‘uswiedxs JSUlOUR INC SBIEO Juapn)s By)

‘uonoeas
SiU} J0 ajed BY UO UoRENUSILOD (IIT)UOI JO 108y ) seleBiseAul juspnls Jeylouy  (p)

0oL

Jaap winy] 2Z0Z/NVX ANMVYNINITN 2r/P0/6226

(]

)

[2]

[1] ‘4dx2 yova Jo} J73WIE UOKIDAT Y4 o §933Ja Ouya|qibl]
242y} 05 MOJS AJaA 51 G Vd/.H PUD 9 Vd/.,L0C UsaMiaq Uoi{IDad
@A ST 9 VJ/,t076 30 UOIIDIIUDIUG) :UOSEaY

 ‘poob Ajjenbs are spoyiew omy syy ‘Yo

1uauitadxa Yop2 Jo) FWIF UOIEIDI] 2Y4 0G “fuauiluadxa ay4 Bulylnys
24042 2JNiXIW U0149D2J 244 Ul 3J3] 39 1M § Y4/ 2076 5597
9 Vd/.;50%5 2Wos ADMD Jobed M G VJ/.;93/.H :uoseay

. *(e) urjey; se poob se jou s| poyew suspnys ay |
D *poob Ajienbs aue spoyew om ey )
[] ‘() Uy UBY JeYq ) POLIBW S JUBPMS BY L

“Jomsue oA uje|dx3 1091100 JBPISUOD NOA JUBLIB)E]S BY) JOj XOq B 3OI |

"Buiuy spejs pue jsay ayy
0} Jo)eaq puooass auy) WOy SINjXius oy} S18JSUBL) USY) JUSpN)s 8y “Joxesq
puodes e uj S)URJOBAI JBUJO ||E PUB JOYEA] BUO Ul JOJEM PBSILOIOP JO
swnjox sjeudoidde pue p v seoe|d JUSPNIS BU | “JSPIO JUBISHIP U] PaXIW
ale suopnjos sy} ing (e) u se uopebisaaul suies ay) Jno sawieo Juspmsy (1)

's's yum [1] UJOZH + (B)/(BOJPOS + (5)S < (BB),HZ + (bB)_,t0%5

*s|oqLuAs @je)s epnjou| ‘uoRnjos snoanbe u) suo) usbolpAy
PuUB Suol Sjejnsojy} usemjeq UoiOES: By} Joj uopenba ool ue appy (1)

“I8jem pue epIxolp JnyiNs ‘InyINs WLioy 0} PO YIM JoReL OSie Ued suo| sjeynsoiyl  (9)
ALIMO [1] 3.0 52502050 9104 Y] 'SISD2IOU)
[T3]T 34+ S0 ‘@ouap "paumwiqo st [1] JuBipod

311MO [1) TINT oF [ouciiicdod sI 2494 2y ‘20ua| 'paLiinsqo si Uiblio
244 ybnouyy ssod you saop yoyy [[] JTUSIPOID 2AFIS0d YW 3l JUBIDAIS v

31IMO [1] (TN 779°M J3pao §5.1f 1 9404

Jo [IN] = 3304 Jo) [TH] 03 [puoiJodoad A|F3adip ST 24Dd 2y '23UaH ‘PauIbiqo
s! {1] UblIo ayf ybrioay} Sa550d Joy] JuUajpoub 2AI3i50d Y4iM JUl| JUDIDAES ¥V o

“24NXIW U0 2Y4 U {TN] (D14 244 0} [puoiisodoud Aj4oaa1p 51 pasn
¥ Vd 30 2WnjoA *{upysuod 4day| S) 3uNLXIW U0ILIDDJ YID2 JO FWUN|OA (D404 BY) 2IUIS

‘b V4 ‘apipol wnissejod snosnbe Jo LonesUsILOD BY) U) asealou} ue
Aq pejosye s| uonoees Jo ajes ay) moy ‘ydeub Inok o) Buiuegel Aq ‘uieidxa ()  (q)

ebsfjoy Jojunp Jesuoc)d Buounr @




BP-~760

1"

(e) When FA4,FA5andFA 6are mixed, the following three reactions occur.

reaction 1 Fe**(aq) + 2S:0s%(aq) = [Fe(S203)](aq)
yellow purple

reaction 2 2Fe’*(aq) + 2I-(aq) > 2Fe*(aq) + I(aq)

reaction 3 L(aq) + 2S:0:*(ag) — 2I(aq) + S406%(aq)

When FA 5 was added to the solution prepared in step 6 of Experiment 1, the
reaction mixture turned light brown and then pale yellow before the biue-black
colour appeared.

The light brown colour is due to a mixture of purple [Fe(S20s).1"(aq) and yellow
Fe3*(aq) in the reaction mixture. Explain why the light brown solution turns pale
yellow before the appearance of blue-black colour.

As the reaction 2 proceeds, both [Fe®*] and. 5:0:%] decreases (v) and
cause the position of equilibrium/poe_of reaction 1 to shift left to form
back some Fe* and 5:03. (v) Hence the solution gradually became pale
yellow due to increase in [Fe*(aq)].

2 11] 11
[Total: 15]

® Jurong Pioneer Junior College 9729/04/42 PRELIMINARY EXAM/2022 {Turn Over
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3  Qualitative Analysis
Solid FA 8 contains the polyatomic anion, X>-, and one cation from the ions listed in the
Qualitative Analysis Notes.
FA 9 is an agueous solution containing a sodium salt of the polyatomic anion, X*-.
FA 10 is organic solution containing one functional group.
You will perform tests to

identify the cation presentin FA 8

deduce the nature of FA 8

deduce the identity of X

identify the functional group present in FA 10

(ay () Perform the tests described in Table 3.1, and record your observations in
the table. Test and identify any gases evoived. If there is no observable
change, write no observable change.

Table 3.1

tests observations

1 | Place a spatula measure of FA 8 in a
test-tube and add 1-2 cm depth of
aqueous iron(lI) sulfate.

Shake the tube well untit all FA 8
dissolves.

2 | Place a spatula measure of FA 8 in a |« Colourless solution. (v)
boiling tube and add 1 cm depth of dilute
nitric acid to dissolve the solid.

Then add 1 cm depth of agueous | e Upon heating, solution turns

manganese(ll) sulfate and 4 drops of brown (v) to a dark-brown/
aqueous silver nitrate to act as a Ty

catalyst. black ppt. ()
Heat cautiously to bring the mixiure to
boiling.

3 | To a spatula measure of FA 8 in a|e« No ppt./ colourless solution/
boiling tube, add 1-2 cm depth of
aqueous sodium hydroxide.

¢ Upon heating, pungent NHs (v)

Heat cautiously. gas evolved and

6-7() [31: 3-5(v) [2): 2(¥)[1]

@ Jurong Pioneer Junior College 0729/04/J2 PRELIMINARY EXAM/2022
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4 Planning L

2. Place the styrofoam cup in a 250 cm® beaker to prevent it from tipping
over. Transfer 10. 3 into the styrofoam cup. Measure

in the cup using the 0.2 °C interval
as T;.

Enthalpy change of neutralisation, AHh, is the heat evolved when one mole of water is
formed from the reaction of an acid and an alkali.

H*(aq) + OH~(ag) — H:0() AH, <0

When aqueous hydrochloric acid, HC/(ag) is mixed with aqueous sodium hydroxide, 3.

NaOH(aq), the neutralisation reaction releases heat causing a rise in the temperature

of the solution. 4.
HCI(aq) + NaOH(aq) —» NaCl(aq) + H20()) AHA <0

A series of experiments can be performed where increasing volumes of HCl(aq) and
decreasing volumes of NaOH(aq) are mixed and the temperature rise, AT, for each 5
experiment is determined. ’

In each of the experiments using different volumes of HCl(aq) and NaOH(aq), the total
volume has to be kept constant. Since the total volume of mixture remains the same,

the temperature rise, AT, is a direct measure of the heat liberated by the reaction. (1] uses appropriate apparatus
The maximum amount of heat is evolved when all the acid present is exactly neutralised o burette/50 cm® measuring cylinder for HCI
by all the alkali present. 3 . .
« burette/50 cm® measuring cylinder for NaOH
Plotting a graph of AT against the volume of HC/(aq) used will give 2 straight lines of « styrofoam/plastic/polystyrene cup
best-fit. o thermometer
Extrapolation of the two straight lines will produce a point of intersection from which the [1] measures initial temp. of HC! & NaOH before mixing (step 2 & 4).
concentration of HC/aq) and the enthalpy change of neutralisation, AH,, between X
HCI(aq) and NaOH(aqg) can be determined. [1] measures the maximum temp. reached after mixing (step 5).

6. Wash and dry the styrofoam cup.
15.00 cm®, 20.00 cm®, 25.00 cm®, 30.00

The volume of HCI(aq) used should be at least 10.00 cm?® and the total volume of the
reaction mixture should be kept constant at 50.00 cm? for all experiments.

(a)  Using the information given, you are required to write a plan to determine the
concentration of HCI(aq) and the enthalpy change of neutralisation, AHn, between
HCI(aq) and NaOH(aq).

You may assume that you are provided with:
« 250 cm® of HCKaq) of unknown concentration
o 250 cm? of 1.50 mol dm™ NaOH(aq),
«+ the equipment normally found in a school or college laboratory.

[1] uses volume of HCI between (10-45) cm®:
uses volume of NaOH between (5-40) cm®;
total volume = 50 cm®;

in your plan you should include brief details of: [1] obtains min 6 data points.

e the mucmq.m.Em you would use, . 8. For each reaction mixture, AT is calculated based on the followi
« the quantities you would use, including suggested volumes of HC/(aq) and

NaOH(aa), .
« the procedure you would follow,

« the measurements you would make to allow a suitable AT against the where T = (Volume of HCl(ag) x T1) + (Volume of NaOH(aq) x T2)
volume of HCI(aq) graph to be drawn. 50 :

© Jurong Pioneer Junior College 9720/04/42 PRELIMINARY EXAM/2022
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19 20
Qualitative Analysis Notes (b) Reactions of Anions
t. = precipitate
[pp. = precipitate] Anion Reaction
(a) Reactions of Agueous Cations anwwmsmﬁm. CO: liverated by dilute acids
cation Reaction with Mﬁwmw. gives white ppt. with Ag*(aq) (soluble i1 NHs(aq));
NaOH(aq) NHs(aq)
aluminium, white ppt. white ppt. M_WM“ _%vm_ gives pale cream ppt. with Ag*(aq) (partially soluble in NHa(aq));
AP*(aq) soluble in excess insoluble in excess vy
iodide
f - ' ives yello t. with Ag*(aq) (insoluble in NH. ;
”_ﬂdmﬂﬁa. ammonia produced on heating - I(aq) gives yellow ppt. with Ag*(aq) (insoluble in NHs(aq))
4
nitrate, . . . _ .
WMW_MH& no ppt. (if reagents are pure) no ppt. NOs(aq) NH; liberated on heating with OH-(aq) and A/ foil
calcium nitrite. NH; liberated on heating with OH~(aq) and Al foil;
Ca?*(aq) white ppt. with high [Ca?*(aq)] no. ppt. z_m_n-mm - NO liberated by dilute acids
(colourless NO — (pale) brown NO2 in air)
hromium(IIT) grey-—green ppt grey—green ppt
chromium(lIT), . - ) . ) . .
CrY(aq) soluble in excess insoluble in excess wc_mmmm. gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
giving dark green solution SO+ (aq)
blue ppt. sulfite, S0, liberated on warming with dilute acids;
MOmeAE_ pale blue ppt. soluble in excess 504>"(aq) gives white ppt. with Ba?*(aq) (soluble in excess dilute strong acids)
a . .
u*(aq) insoluble in excess giving dark blue solution
) green ppt. turning brown on green ppt. turning brown on
_BPEV. contact with air contact with air (c) Tests for Gases
Fe*'(aq) insoluble in excess insoluble in excess
iron(TIT), red—brown ppt. red—brown ppt. .nmm Test and test results
Fe**(aq) insoluble in excess insoluble in excess ammonia, NHs turns damp red litmus paper blue
. : i A ives a white ppt. with limewater
magnesium, white ppt. white ppt. carbon dioxide, CO |9 "
Mg?*(aq) insoluble in excess insoluble in excess (ppt. dissolves with excess COz)
off—white ppt. rapidly turning off-white ppt. rapidly turning brown chiorine, Cl. bleaches damp fitmus paper
Hmﬂmm:mmmav. brown on contact with air on contact with air hydrogen, H: “pops” with a lighted splint
n**(aq) insoluble in excess insoluble in excess oxygen, Oz relights a glowing splint
zinc, white ppt. white ppt. . turns acidified aqueous potassium manganate(VII) from purple to
,N\:imnv soluble in excess soluble in excess sulfur dioxide, SOz | 1151 ress

(d) Colour of halogens

halogen colour of element colour in aqueous solution | colour in hexane
chlorine, Clz greenish yellow gas pale yellow pale yellow
bromine, Brz reddish brown gas/liquid orange orange—-red
iodine, I black solid/purple gas brown purple
® Jurong Pioneer Junior College 9728/04/42 PRELIMINARY EXAM/2022
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Use of the Data Booklet is relevant to this question.

Which of the following statements are true?

DO m>» ®N 2

I» can reduce S203%" to S406% .

K is a stronger reducing agent than Ca.

When Bra(g)is bubbled into Nal(aq), an orange solution is produced.
1 only

2 only

1 and 2 only

2 and 3 only

The first six ionisation energies of an element, E, in kJ mol~' are shown.

578 1817 2745 11577 14842 18379

E forms an oxide when it is heated with oxygen gas.

What is the electronic configuration of E in its oxide form?

A

OO w

1s?

152 252 2p'

1s2? 2s? 2p°

1s? 252 2p® 3s? 3p'

in which of the following pairs of compounds would the second compound have a higher boiling
point than the first compound?

oo wP» N2

CH3CHO, CH3CH:0H

AlF3, AICh
CH3CH2CH2CH2CHs, C(CHa)s
1 only

1 and 2 only

1 and 3 only

2 and 3 only

[Turn over

information about the properties of some compounds are given below.

compound boiling point/ °C
HF 19.5
NHs -33.3
H20 100

Which statement about the hydrogen bonding in these compounds is correct?

A

HF has a higher boiling point than NHs because each HF molecule can form more
hydrogen bonds on average compared to each NHa molecule.

H.0 has a higher boiling point than HF because the H-O bond dipole is greater than the
H-F bond dipole.

H.0 has a higher boiling point than HF because hydrogen bonding between two
molecules of H20 causes it to dimerise.

NH, has the lowest boiling point because it forms few hydrogen bonds on average and
has the smallest bond dipole.

Covalent bonds involve the overtapping of orbitals.

Which statement does not describe the molecule above?

A

B
Cc
D

The o bond between C2-H is formed by 2sp?~1s overiap.
The o bond between C3—-C4 is formed by 2sp?~2sp? overlap.
The o bond between C5-C6 is formed by 2sp?—2sp® overlap.
The = bond between C4-CS is formed by 2p—2p overlap.
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14

15

16

N,O decomposes in the presence of goid catalyst as follows:

2N;0(g) — 2Na(g) + O2g)

The following data is obtained from an experiment carried out at 1200 K.

’ time/s

0 1040

2370

4250

7460

partial pressure of N.O / kPa

25.0 200

15.0

10.0

5.0

Which of the following statements is incorrect?

A The reaction is first order with respect to N2O.

o 0Ow

The values of the partial pressures of NoO are affected by temperature.

CH3COOH + CaHs0H = CH3sCOOC:Hs + H0

Which of the foliowing conditions will be met when the above reaction has reached dynamic

equilibrium?

A The equilibrium constant K is equal to 1.

o0 w

The graph below shows the percentage of products present at equilibrium over a range of

temperatures and pressures.

% products at
equilibrium

(T+10)

The reaction between the acid and the alcohol has stopped.

Which of the following reactions could the graph represent?

A C(s)+ O2(g) = 2CO(9)
Ha(g) + I(g) = 2HI(g)
Na(g) + 3Ha(g) = 2NHs(g)

N2Oa(g) = 2NO2(g)

co0w

AH =-99 kJ mol™’

AH = +20 kJ moi™

AH = -92 kJ mol™’

AH = +57 kJ mot™

°C

The concentrations of the products equal those of the reactants.
The rate of production of ethyl ethanoate equals its rate of hydrolysis.

+ pressure

The total pressure upon reaction completion can be determined from the above data.

The value of rate constant of the reaction remains the same even in the absence of goid.

[Turn over

17

18

A synthesis was carried out to produce methanol from hydrogen and carbon monoxide at a high
temperature:

2H5(g) + CO(g) = CHiOH(g) AH=-91KkJ mol™

The partial pressure of CHsOH(g) was monitored over time, and changes were made to the
reaction system at times £ and f..

Partial
pressure of
CH30H

time
t t t3

What are the possible changes made to the system at # and ?

t t
A CH3OH was removed Temperature was increased
B CO was removed Temperature was decreased
Cc Temperature was increased CO was removed
D Temperature was decreased CH3OH was added

Pure water undergoes slight auto-ionisation:
H.0(l) = H*(aq) + OH-(aq) K at 10 °C = 2.9 x 105 mol? dm*®
Which of the following equations about water at 10 °C is true?

A pH>7
pH=7
pH<7
[H'] < [OH7]

oo0Ow
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11

Benzene, CeHs, is a non-polar motecule. 26

Which of the following statements are true about benzene?

1 Benzene is a good conductor of electricity due to its delocalised m electrons.

2 Benzene undergoes addition reactions readily due to its unsaturated C=C bonds.

w

The enthalpy change of hydrogenation of benzene is less exothermic than that predicted
for cyclohexatriene.

4 The C-C bond lengths in benzene are all eguivalent, and shorter than a typical alkane C—
C bond length.

1 and 2 only
1 and 3 only
2 and 3 only

o0 w >

3 and 4 only

Use of the Data Booklet is relevant to this question.

Compound J can be synthesised starting from benzene.

Br

H,N CHy

J
Which of the following synthetic routes will yield the optimum amount of J?

A alkylation — bromination — nitration — reduction
alkylatign — nitration — reduction — bromination
bromination — alkylation — nitration — reduction

0w

bromination — nitration — alkylation — reduction

[Turn over

12

Alkynes can be deprotonated to form strong nucleophilic ions known as acetylides.

HeC—C=C—H —® H,c—C=Ci + H’
acetylide ion

The acetylide ion can react with carbonyl compounds. An example of such a reaction is shown
below:

H,C—C=C—H + ¢

Which of the following reaction schemes does not show the correct corresponding product
formed?

c
o} W\
A \
HC~C=C—H +  ¢_ — G oH
Iwo I I O\O/I
3
H
c
0 \
B _ i NG oH
H-CZC—H + G — \f
HiC CH, ImO\ /OIw
H
c
(o] \
c \
H—C=C—H +  _C_ — G OH
H3C H H O\O/I
3
HaC,
° it o/w o)
HsC—CH,—C=C—H + R —_— % H
Iwo I InwO\ /OI@



BP-~771

} ¥3dvd 40 aN3

“uojjoeal ay) 1aye paseaiou S| JD JO 8BS UOREPIXO By |

‘Siuejoeail ayy 0} spuoq Atelodwis) L0} 0) SIQe S| EOZID JO WOE 1) By ]

*$8|N0B|0W BRI JO

uondiospe ey Joj sjeyqio pg peyy Ajeed s} Buisn Ag ABisus uogeAyoe s S19MO) 0%

‘80euns
S}l UO S8IN33|0W JueIORS. JO UOHEAUS2U0D By} Buisesioul Aq 1sAjejed e se suofouUNy £

-]
v

£SISBUIUAS SIU) Ul EOTID JO @SN BY} JNOqE S|} S| SIUBWIBIE}S Bumojoy L Jo yoIuan

(DHO®HD « (B)2HZ + (B)OD

lodeyisw jo siseyjuAs au utjsAlejes e se pasn aq UED £0ZI) ploS

LU0 (EHNIND] aniq yep (be)eN sseoxe
-+[%0n2] mojjek 1DH "ouod
L(0?HIND] sud uz Aq pamojio} ‘O?H
8(0%H)nD] en|q ejed o™
uoy xajdwos uonnjos 6
Painojoa jo fynuap JUe)NSAL JO INO0JoD Pappe juabeas

<4 moan

éoteyins (1)4sddoo pyos o) peppe
aue spebess Juasayp usym pauuiiog xajdwod sy} saquosep Aj19a110d Buimojjoy sy Jo ydIYAA

Vi

a0 umny]

Aluo ¢ pue |
Auo z pue |
Ao g

Ajuog

O%eN Y1018
08 YOBN
%0'd S10d

- N o <O OO0

Lpasn apixo 8y} pue BPLOJU SU} 84 PINCO BUIMO)I0} BU} JO YIYM

"Apubis 2ois
BAJOSSIP UBD 0M] 38U} JO 3UO AjUO INg EQZ7Y SAJ0SSIP 0) pasn aq ued suognios Buginsal ay Jo Liog

‘suoynjos snoanbe
uiio} 0} Je1em Jo suojliod ejesedas OM) U] PONOSSID BIB apIXO £ POLSd PUEB IPLOJYD € pousd vy 82

gpuezg’y

Ao ¢ pue g

Auo z pue |

o¢ Auo |
‘dnosB jeuopouny poe ofiAxogles suo 1ses) Je uiejuod (s)onpoid ay)

“dnoif (euonouny |Auocgies suo jses| e ujejuos (s)onpoid sy

- N o<, N

“Jonpoud ojuebio suo Ajuo sj ael]
EPOUND PBYIPIOR JOU Um pajesy) S| ) UM J09.109 SIB sjuawwalels Bumo)|o) sy} Jo UDIYM
b
AN

6z ‘ainjpnys Bumoio) ay) sey i punodwion 2z

€}




BP-772

15

BLANK PAGE

16

BLANK PAGE



