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Use of the Data Booklet is relevant to this question.

in which pair of compounds does the first molecule have a smaller bond angle than
the second molecule?

A BF3, NH3
B H:0, H.S
c BeClz, SCk
D XeF4, SiCly

Answer: D

A: BF;3 (trigonal planar; bond angle 120°) > NHs (trigonal pyramidal; bond angle
107°)

B: Both H.O and H,S have bent shape. As O is more electronegative than S, bond
pairs of electrons are nearer to the centrat O atom. There is greater repulsion
between bond pairs in H20 and thus bond angle of H20 > bond angie of H,S.

C: BeCl: 2 bond pairs and 0 fone pairs around Be atom = 180°
SnCk: 2 bond pairs and 1 lone pairs round Sn atom = 118°

D: XeF (square planar; bond angle ~80°) < SiCls (tetrahedral; bond angle 109.5°)

To produce decaffeinated coffee, pure liquid CO> is sometimes used to extract caffeine
from coffee beans.
ﬂ CHs
e
7
o~ /z\ N

CH,

HaC

caffeine

It was discovered that the solubility of caffeine greatly increased when a mixture of
ethanoi and liquid CO, was used.

Which interaction best explains why caffeine is more soluble in the ethanol-CO:
mixture as compared to liquid CO2?

instantaneous dipole - induced dipole interactions
permanent dipole - permanent dipole interactions

hydrogen bonding

o o w »

dative covalent bond

[Turn over
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Answer: C

Ethanol can form hydrogen bond to both caffeine and CO, allowing greater solubility.

Which graph does not share the same general shape as the other three graphs
according to the ideal gas faw for a fixed mass of gas with pressure p, volurme V and
temperature T in Kelvin?

P mcm._:mﬁm (at constant T)

A

B pV against p (at constant T)
[ pV against V (at constant T)
o

« against T (at constant p)

Answer: A

From pV = nRT,

A: p=nRT @v => straight line through origin

B&C: pV=nRT=constantatconstant T = horizontal straight line
D: « = nR/p = constant at constant p = horizontal straight line

Which statements about Group 2 elements are correct?

1 The charge density of cations increases down the Group.
2 The reducing strength of the elements increases down the Group.

3 The minimum temperature needed for the thermal decomposition of
Group 2 carbonates increases down the Group.

4 The melting point of MgO is higher than CaO due to the higher polarising

power of Mg?*.
A 1and 3 B 1and 4 [ 2and 3 D 2and 4
Answer: C
1 is incorrect:

Down the group, ionic charge remains constant while the cationic radius increases.
Hence, charge density of Group 2 cations decreases down the group.

2022 JC2 Preliminary Examination H2 Chemist
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Aqueous solutions of P, @ and R react according to the following equation:
P+3Q+2R —— T+U

The kinetics of the above reaction was studied and the experimental results obtained
are shown in the table below.

experiment | volume of } volume of volume of | volume of relative
P/cm® Q/cm? R/cm® | water/cm?® | initial rate
1 20 20 20 20 16
2 20 10 40 10 32
3 10 10 20 40 4
4 20 10 20 30 8

What is the rate equation for the above reaction?

Rate = K[P]Q]
Rate = KP][Q][R]
Rate = K[PJ[Q][R2
Rate = K[PJ[QI[RP

o 0O ' >

Answer: C

Since View i kept constant, volume of reactant used is directly proportional to its
concentration in the final reaction mixture.

Comparing Experiments 3 and 4,
When [P] doubled, while keeping [Q] and [R] constant, the initial rate also doubled.
Order of reactionw.rt P =1

Comparing Experiments 2 and 4,
When [R] doubled, while keeping [P] and [Q] constant, initial rate increased 4 times.
Order of reactionw.r.tR=2

Comparing Experiments 1 and 3, let rate = k[PIIQJ[R}?
rate, _ k(20)(20)(20)°

rate, k(10)(10)*(20)°
4 =2(2)

2=2"

x=1
Order of reaction w.rt Q=1

[Turn over
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1

The following data may be useful for this question.
AHR(NZH4(l)) = +50.6 kJ mot™

AHR (N204(9)) = +9.2 kd moi™

AHR(H:0(g)) = —241.8 kJ mol™!

Hydrazine, NzHq(l), reacts with dinitrogen tetroxide, N204(g), to form nitrogen gas and
water vapour.
2NzH4(1) + N204(g) ——> 3Nz(g) + 4H20(g)

What is the enthalpy change for this reaction?
+1078 kJ mol™!

—1078 kJ mol™’
+1754 kJ mol!

o o0 o >

—1754 kJ mot-'

Answer: B

AHP= TAH? (products) — TAHE (reactants)
= [3(0) + 4(~241.8)] — [2(50.6) + 9.2]]
=-1077.6 = -1078 kJ mol-!

Travellers to countries with cold climate may sometimes use heat packs to keep warm.

The heat pack is made up of a supersaturated solution of sodium ethanoate and a small
metal disc containing very small crystals of sodium ethanoate.

When the disc is broken, small crystals of sodium ethanoate are released into the
solution to catalyse the crystallisation reaction of sodium ethanoate.

What are the correct signs for AH and AS in this reaction?

AH AS

+ -

o0 w>»
+
+

Answer: D

Heat pack releases heat, so AH is negative.
Since sodium ethanoate is crystallised (to form solid), AS is negative.

O Tampines Meridian Junior College 2022 JC2 Preliminary E ination H2 Chemist
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1

16 (CHsCH2):CH can react with limited chlorine under uv light to produce
monochloro-compounds.

How many possible isomers (including sterecisomers) of monochloro-compounds can
(CH3CHz)sCH produce?

A 3 B 4 Cc 5 D 6

Answer: B

There are 3 possible monochloro-compounds, in which one of the isomers is able to
exhibit enantiomerism due to the presence of chiral carbon.

]
CH, n_wzu
%:N/ CH,

e
CH,
CH,

CH, CH,
~
~ n~VI
OIm/
CH,CI
[Turn over
@ Tampines Meridian Junior College 2022 JC2 Preliminary E tion H2 Chemistry
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17 Dexamethasone is a corticosteroid commonly used to treat many inflammatory and
autoimmune disorders. It received prominence as it showed high efficacy for patients
with severe COVID-19 symptoms who need either mechanical ventilation or
supplemental oxygen.

o)

dexamethasone

How many possible sterecisomers exist for dexamethasone?
A 2 B 28 c 2° D 210

Answer: B

C=C in the ring cannot exhibit cis-trans
isomerism

T

No. of chiral C atoms =8

o,

’ Tampines Meridian Junior College 2022 JC2 Preliminary Examination H2 Ch
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15 16

20 Pyridine, like benzene, is an aromatic compoun " 21 A mE.nma nm&m.a out an experiment to study the ease of hydrolysis of a series of
bromine containing compounds, and recorded the observations based on the addition

In the presence of Cl, cyclohexene undergoes an addition reaction at room of acidified silver nitrate solution.

temperature. However, unlike an alkene, pyridine undergoes a substitution reaction . . "
with C only at high temperatures. Which of the following gives the expected results?

270 °C time taken for precipitate to appear
O + ¢, — O + HCI shortest > fongest
N N Ci

pyridine A CsHsBr CH2BrCONH: CHsCOBr

Which statement does not help to explain for this observation? B CHzBrCONH; CeHsBr CH,COBr
c CH3sCOBr CeHsBr B
A Pyridine is resonance stabilised. ° o CHZBrCONH,
o . - D CHaCOBr CH2BrCONH> CsHsBr
8 Chlorine is not sufficiently electrophilic.
[ Pyridine is a weaker nucleophiie than cyclohexene. Answer: D
D The lone pair on N atom of pyridine increases the electron density of the Rate of hydrolysis:
electron cloud. CHsCOBr (acyl bromide) > CH2BrCONH: (alkyl bromide) > CeHsBr (halogenoarene)

Answer: D Rate o 1

time taken

Like benzene, pyridine is resonance stabilised due to delocaliation of the n

electrons cloud. Addition reactions result in the destruction of the ring of delocalised Time taken for ppt to appear:
x electrons in pyridine which is energetically not feasible. Hence pyrdine would CH3COBr (acy! bromide) > CHzBrCONH; (alkyl bromide) > CeHsBr (halogenoarene)

undergo electrophilic substitution but not electrophilic addition to preserve the stable (shortest) (longest)
aromatic ring structure. Option A is valid.

Delocalisation of the n_electrons of pyridine makes the n_electrons less
susceptible to electrophilic attack compared to the z_electrons localised in C=C
in cyclohexene, increasing the = electrons density of C=C. Option C is valid.

22 Which reagent could be used to distinguish between compound X and compound Y?

OH o

Thus, a stronger electrophile is nee ed for pyridine ring. Option B is valid.

in pyridine, the lone pair on N atom resides in the sp? hybridised orbital. Hence,
it does not increase the electron density of the = electrons, which can only be N
possible if the lone pair resides in the unhybridised p orbital. Option D is invalid o /

[o]
Note: Hybridisation of N in pyridine is sp? X Y
lone pair not
involved . .
in bonding A 2,4-dinitrophenylhydrazine
. B alkaline aqueous iodine
sp? unhybridised p [ Tollens' reagent
usually involved in usually involved in
& bond formation with 1 bond formation with D Fehling’s solution
head-on overlap of orbitals sideway overlap of orbitals
Answer: D
[Turn over ’
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19

25 Which is the best sequence for synthesising 3-bromophenylamine?

Br

NH,

3-bromophenylamine

Br
A conc. HNO;, conc. HpS04 Sn, conc. HC!
heat heat

NHCOCH;

B Br,, Fe dilute HC!
heat heat
c Hj, Ni Bry, FeBr;
heat heat

mam. Fe Sn, conc. HC!

—_—e————-
:wmﬁ heat

Answer: D

For option A and B: —Br and -NHCOCH; are 2.4 directing groups and will not yield
3-bromophenylamine.

CN CHyNH,

is reduced to not phenytamine
For option C,

For option D, —~NO; group is 3-directing.

zo 2
2
mG. Fe m: conc. HC!

:mmﬂ 3mm:
Br

3-bromophenylamine

[Turn over
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26 Carboxylic acid and their derivatives tend to undergo reactions involving a nucleophile.
The mechanism of such a reaction is shown below.

G — p— 1
&+
R RY“I™L R” “Nu
L N -
Ny L
R = alkyt, aryl, H

L = OH, OR, NH;, C/, Br, etc
Nu = nucleophile

AV

Which statements concerning the mechanism are correct?

N

One of the steps involves an addition reaction.

N

One of the steps involves an elimination reaction.

3 The overall reaction is nucleophilic acyl substitution.

A 1,2and 3 B 1and3 Cc 2and 3 D 3only

Answer: A

The first step is an addition reaction which involves a nucleophilic attack on an
electrophilic carbonyt carbon, forming a tetrahedral alkoxide intermediate.

The second step is an elimination reaction. Elimination of the L allows the Cc=0
carbonyl bond to reform thus creating a new acyl compound.

The overall reaction is nucleophilic acyl substitution which involves the substitution of
the leaving group, L, that was bonded to the acyl (C=0) group.

O Tampines Meridian Junior College 2022 JC2 Preliminary Examination H2 Chemistry
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30 The Wacker process is an industrial procedure developed to convert ethene to ethanal.

In this reaction, ethene and oxygen gas are bubbled into an aqueous solution of
[PACL}? at high pressure.

The mechanism of the process is given below.

Step 1: [PACLJ" + CH2=CHz + H,0 — CHCHO + Pd + 2HCI + 2CI
Step 2: Pd + 2CuClz + 2CI- — [PdCl)*" + 2CuC!
Step 3: 2CuCl + %5 Oz + 2HC! — 2CuCl; + H.0

Which statement concerning the reaction is correct?

[PACL]* is a homogeneous catalyst.
Pd is a heterogeneous catalyst.

CuCl. is an intermediate.

o o0 w p

CuCl is a side product.

Answer: A

Step 1: JRe€nTT + CHp=CH; tbT0 — CHsCHO + paF2HeT Laer

Step 2: _PdE26uCT; +.28T — [RACH +26uCT

Step 3; _2Guer+ ¥ Op + 2HCT —.26uE1T +HIO

Overall: CH;=CH; + 2 O, — CH;CHO

Option A (correct): [PACL)> is a homogeneous catalyst in the same phase as ethene,
consumed in step 1 and regenerated in step 2.

Option B (incorrect): Pd is an intermediate in this reaction.

Option C (incorrect): CuClz is a catalyst in this reaction.

Option D (incorrect): CuClis an intermediate in this reaction.

[Turn over
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{b) (i) Complete the variation in the melting points of Period 3 oxides.

melting point/°C

t |

| |
i ._ s : X

NayO MgO AlLO3 SiO, PsO10 S0, ]

(i) Explain the variation in melting points from NazO to AlOs.

Lattice energy A_. m.

2022 JC2 Preliminary Examination H2 Chemistry

Tampines Meridian Junior College

4
{c) Sodium azide, NaNs, is commonly used in car airbags to produce nitrogen gas upon collisions.

(i) Draw a ‘dot-and-cross' diagram for the azide ion, Na, showing all of the outer shell
electrons.

NENE NEEN:N:

OR

i1

(i) State and explain, with reference to the Valence Shell Electron Pair Repulsion theory, the
shape and bond angle around the central atom of Na .
.:.w_,m are 2 co:a airs and 0 lone pair around the om::m_ z atom. allow ECF

line m_. As there are mn:m_ bond _umn...uo:a vm_q -ov:_m_o_._m the bond n:u_m is 180°.

allow ECF 2

Oﬂmsﬁamm Meridian Junior College 2022 JC2 Preliminary Examination H2 Chemistry
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(b)

Tonalide has molecular formula C.H,0.

0.3 dm® of gaseous tonalide was combusted in excess oxygen in an enclosed vessel at
400 °C. The gas mixture obtained at the end of combustion was then treated by:

« passing it through a dehydrating agent, resulting in a volume contraction of 3.9 dm3;
followed by

» bubbling the remaining gas mixture through aqueous sodium hydroxide, with a further
contraction of 5.4 dm3.

Determine the values of x and y in the molecular formula of tonalide. Show your working clearly.

Complete combustion of C,H,0(g) wilt form H,0(g) and CO2(g) at 400°C.

Volume of C,H,0(g) = 0.3 dm? (limiting reagent)

Volume of Hz0(g) = 3.9 dm? (from dehydration contraction)

Volume of COx(g) = 5.4 dm? (from contraction upon passing through NaOH(aq) that
absorbed the acidic CO; gas)

Since C.H,0 =x COz2and

by Avogadro's Law, volume ratio = mole ratio

- Volumeof CO, __ Amountof CO, _ x
Volume of C,H,0 ~ Amountof CH,O 1
= oy wx=1
03 1 T =

Since C,H,0 =% H0 and

by Avogadro's Law, volume ratio = mole ratio

- Volumeof O __ Amountof H,O _y
Volume of C;H,0 ~ Amountof C;H,O 2
39y . =

=os" 2 ny=28

Molecular formula of tonalide is thus CigH2s0

12

Tampines Meridian Junior College 2022 JC2 Preliminary Examination H2 Chemistry

(c)

O Tampines Meridian Junior College

Ammonia is also another contaminant commonly found in agricultural wastewater. It is harmful
to the aquatic ecosystems if present in significant quantity.

When ammonia is complstely combusted, it produces nitrogen gas and water only.

(i) Define, with aid of an equation, the standard enthalpy change of combustion of
ammonia, NHs(g).

_NHs(g) + 30:(0) > Nal@) + 3HO0) @

() Using appropriate data from the Data Booklet, calculate the enthalpy change of
combustion of ammonia.

N
I\ /x/_._ (9 + mo”o 9 — Wzmz @ + w;\o/:@

(BE of Reactants — Products, BERP)
AH; = 3 BE(bonds broken) — % BE(bonds formed)

= [3x BE(N-H) + 3 x BE(O=0)} - [ ; * BE(N=N) + 3 x 2 x BE(O-H)]
= [3(390) + $(496)] [ 5(944) + 3(460)]
= — 310 kJ mol™'

{2

(iii) With the advancement in combustion technology, ammonia has been studied as a
potential source for clean energy. Presently however, oxides of nitrogen are often
produced as by-products of the reaction.

Suggest one advantage and one disadvantage of using ammonia as a fuel.
Any one of the following (or other feasible advantage)

Advantage

. _:m EEm_ n<nm._m.v_m.

Disadvantage >=< one of the following (or other feasible disadvantage)

e It generates

2022 JC2 Preliminary Examination H2 Chemistry
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(iv) Describe and explain how the basicity of G would compare to that of F. {c) mm%cmm:o:m frequently undergo structural changes, called rearrangements, to form more
stable ions.
G (amide) is less basic than F (amine).
.................................................................. () Explain why a tertiary carbocation is more stable than a secondary carbocation.

the electron density on the N atom.

form a dative bond with H*. 2] compared to 2° carbocation. ]

Hence, N atom is |

(b) The hydrolysis of 2-bromo-2-methylpropane takes place as follows. Fig. 3.2 shows two types of carbocation rearrangements: a hydride shift and a methyl shift.

. _ CHy CHj CHs CHs
(CH3)sCBr + H0 — (CH3)COH + H* + Br _J _N hydride shif 4 _N
. . . N . A CHy——C——C H - CHy——C——C——H
An experiment to investigate the kinetics of the reaction was carried out. The resuits were ; _ :
consistent with the reaction being overall first order. _
H H

(i) Suggest a suitable experimental technique for studying the rate of this reaction.

Titrating reaction sample with NaOH (a CHy CHy CHy CHj

........................... _‘_ _N et shift _‘_ _M

CHy——C——C——H  ————=  CHy——C——C—H

................................................................................................... JUUTPROPIROTON | | _|\+ _— 3 _
(i) Write the rate equation for the reaction and state the units of the rate constant. CHj CH,
rate equation rate = k[(CH:)sCBr] [ NS 2° carbocation 3° carbocation (more stable)
UNILS OF Fate CONSTAN ... eeioreeierariemeeesasireerie e sctsam s eeeeeineae e Fig. 3.2
[ Once rearranged, the resultant carbocation will react further to form a final product (rearranged
(i) Draw the structure of the interme diate formed in the reaction substitution product) which has a different alkyl skeleton from the starting compound.
An example of a reaction with rearrangement is the Sn1 reaction of 2-bromo-3-methylbutane
in boiling ethanol as shown in Fig. 3.3.
Br OCH,CHs OCH,CH,
+C—CH, | CHyCHZOH _ |
\ oxm.loxln_uzlozu et o_._alozla_hxlo:u + ozuloz~|n_uloxu + H' + Br
CHgz
CH3 CHs CH3
intermediate 2-bromo-3-methylbutane 2-athoxy-3-methylbutane 2-ethoxy-2-methylbutane
1 (not rearranged) (rearranged substitution product)
Fig. 3.3
Oﬂmi&:mw Meridian Junior College 2022 JC2 Preliminary Examination H2 Ch try
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Methanoic acid, HCOOH, is the simplest carboxylic acid. It occurs naturally in the stings of certain

ants.

(a) When an ant bites, it injects a solution containing 58% by volume of methanoic acid. A typical

ant may inject around 6.0 x 107* cm® of this solution.

(i) When an ant bites a person, it typically injects 80% of its methanoic acid and keeps the

rest as reserve.
Calculate the volume of pure methanoic acid found in an ant.

Volume of methanoic acid = 6.0 x 10 x 0.58 x m%

=4.35x10% cm®

(#) Suggest a method whereby ant stings can be treated. Explain your answer.

Apply an m_xm__:m solution to neutralise the methanoic moa

(b) One industrial method of producing methanoic acid is a 2-step reaction, via the carbonylation

of ethanol, as shown below.

CH,CH,ONa*
step 1: OIwOINOI + CO ———» IOOOOIMOIm
high pressure J

step2.  HCOOCH,CH; + HO ~—— HCOOH + CH3CH,OH

J heat
(i) Name the ester J, HCOOCH:CHa.
ethyl methanoate R SRR £
(i) Suggest the type of reaction for step 2.
hydrolysis e ~M

Step 2: ...

Tampines Meridian Junior College
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(iii) K and L are constitutional isomers of J (HCOOCH,CHa). Table 4.1 shows some

information about the isomers.

Table 4.1
isomer boiling point/ ° C reaction with Na,COjs (s) at r.t.p.
J 54.0 no effervescence
K 57.1 no effervescence
L 141.2 gas evolved gave white ppt with limewater

Use the information in Table 4.1 to suggest the structural formulae of K and L. and explain
why L has a higher boiling point than J or K.

. CH3CH,COOH

More energy is required to o<283m strong Ku_.ong uo:n_:m between L

molecules.

2022 JC2 Preliminary Examination H2 Chemistry
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(v) Based on the setup in Fig. 4.2, suggest a reason to explain why the actual E%. value 5 (a) Ethylenediamine has the structural formula NH,CH,CH:NH,.

measured in a DFAFC may be lower than +1.47 V. When an aqueous solution of ethylenediamine is titrated with HCKaq), two successive acid-
Oxg) + 4H*(aq) + 4e” = 2H,0(1) - (1) base reactions take place.

A 0.410 mol dm= solution of ethylenediamine has a pH of 11.5. When 30 cm® of
0.10 mol dm™ HCI(aq) is added to 10 cm® of a 0.10 mol dm™ solution of ethylenediamine, the

v::o_v_m the equilibrium position o_“ (1) m:im _mn to increase the pressure of O, final pH is 1.6.
hence ms... is less positive and E.. becomes lower than mxumo”ma 21 Fig. 5.1 shows the pH changes that occur during this addition of HCl{aq).
[Total: 15] 1 L equivalence

point M

i equivalence
PH 71 ; point N
45 : !
-} E— :
0 y ; T
[1] 10 20 30
volume of HC(aq) added/cm?®
Fig. 5.1

Table 5.1 shows some indicators used in acid-base titrations.

Table 5.1
o colour in
indicator pH range acid end-point base
malachite green 0.2-18 yellow green blue-green
methy! orange 3.2-44 red orange yellow
bromocresol green 38-54 yellow green blue
bromothymol biue 6.0-7.6 yellow green blue
phenol red 6.4-8.0 yellow orange red
phenolphthalein 8.2-10.0 colourless pale pink pink
alizarin yellow 10.1-13.0 yellow orange red

(i)  Write equations for the two acid-base reactions when ethylenediamine is titrated with HCI.
ZI»OI»OI»ZI» + HCI — ZI»OI»OI»ZIu+Q~|

Oﬂmﬂ?.:mm Meridian Junior College 2022 JC2 Preliminary Examination H2 Chemistry
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The weak acid ACES, C«HuNz0sS, together with its sodium salt, C4sHsN204SNa, can be used
to make a buffer solution for electrophoresis experiments.

You may use HA and Na*A- to represent ACES and its sodium salt.

(i) Write an ionic equation to show how the buffer solution maintains a fairly constant pH
when a small amount of acid is added to it.

A~ + H" > HA

A buffer solution is prepared by the following steps.

e 3.50 g of Na*A- is dissolved in 100 cm? of distilled water.

e 50.0 cm?of 0.200 mol dm-3dilute HC! is added to the solution.

o The resulting mixture is transferred to a 250.0 cm3volumetric flask, and the solution made
up to the mark.

The pKaof HA is 6.88 at 298 K.

(i) Calculate the pH of the buffer solution formed at 298 K. Show your working.

[M: of Na*A~ is 204.1]

3.50

Initial amount of CsHsN204SNa (Na*A~) = a1 0.01715 mol
Amount of HC! added = 0.200 x —2- = 0.0100 mol (imiting)
NaA + HCI - NaH + NaC/ = HC! = Na*A~ reacted
Final amount of C4HaN204SNa (Na*A") (unreacted excess) = 0.01715 - 0.0100
= 0.007148 mol

Amount of ACES (HA) formed = 0.0100 mol

_ [Na'A]
pH = pKa + log((g )

0.007148 + 22
=688+ _omA i %sv
00100+

=6.73
OR
Ka= 107888 = 1,32 x10" mol dm~3
[H*] = (1.32 x 10-7) x 0.01 / 0.0071(48)

=1.86 x 107 (1.8465 x 10~7) mol dm™®
pH = —log(1.86 x 107) = 6.73
{3
Tampines Meridian Junior College 2022 JC2 Preliminary Examination H2 Chemistry
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(d) Edds* and edta* are polydentate ligands which can be derived from ethylenediamine. These
ligands form octahedral complexes with Fe¥(aq).

edds* edtat
o@ cor j00».
Qo/m_w/\/@ho@ _/z\/z\z/\oom
@ Neor

The formulae of the complexes are [Fe(edds)]-and [Fe(edta)]-respectively.

() On the diagram of edds*, circle each atom that forms a bond to the Fe* ion in
[Fe(edds)]. 1

(i) [Fe(edds)]” and [Fe(edta)]~ have different colours.

Explain why the two complexes differ in colour.
The two ligands split the d orbitals to different extent / d-orbital splitting occurs to

e 2]

(iily Table 5.3 shows the values for the stability constants, Kstan, of both complexes for the
equilibrium below when L(aq) representing the ligand edds*(aq) or edta*(aq) is added

to Fe®*(aq).
equilibrium 1 [Fe(H0)f*(aq) + L(ag) == [Fe(L)]"(aq) + 6H.0O()
Table 5.3
complex Kstab / mol~ dm?
[Fe(edds)] 3.98 x 10®
[Fe(edta)l" 1.26 x 10%

Predict which of the [Fe(edds)]- and [Fe(edta)]- complexes is more stable.

Explain your answer with reference to the K value for each complex.

[Fe(edta)]" is more stable due to its higher Karap value.

O Tampines Meridian Junior College 2022 JC2 Preliminary Examination H2 Chemistry
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(b)

Diazomethane, CH2N,, reacts with water to give methanol and nitrogen gas.

CH:N: + HO0 — CHOH + N2

When 2.50 x 10- mol of CH2N; was added into water, the volume of nitrogen gas evolved at
various time intervals after the start of the reaction were measured. At the end of the reaction,
60 cm? of nitrogen gas was collected. The experiment results are plotted in Fig. 1.1 below.

®

Tampines Meridian Junior College

70.0

60.0
60.0 =

(100%}
50.0

45.0

(75%)
40.0

%80

(50%)
20.0

Volume of N, (g) / cm3

10.0 H

0.0 -
0 10 20 30 40 50 60 70

tu=145min ty=145min oo, o,

Fig. 1.1

Use Fig. 1.1 and the information given to show that the order of reaction with respect to
[CH2N2] is 1. 2}

Max volume of N, gas collected = 60 cm? (100%)

The two half-lives are determined from graph at volume = 30 cm? (50%) & 45 cm?®(75%)
15ty is at a volume of ¥ x 60 = 30 cm®

oMt is at a volume of % x 60 = 45 cm®

From the graph, tiz is constant at about 14.5 min hence order of reaction with respect
to [CHaN2} is 1.

tion H2 Chemistry

2022 JC2 Preliminary E;

The reaction of CHzN. with water takes place in the presence of an acid. Two experiments were
conducted at different pH values to investigate the kinetics of this reaction. The results are
shown in Table 1.1.

(i)

O Tampines Meridian Junior College

Table 1.1

Experiment | [CH2N2] / mol dm-3 pH Relative rate

1 1.00 x 10°° 1.00 1
2 4.00 x 1073 1.30 2
Calculate the concentration of H*(aq) in experiment 1 and 2. 4]
Experiment pH [H*]/ mol dm™3
1 1.00 10719 = 0.100
2 1.30 10-13% = 0,0501
Use the data provided to determine the order of reaction with respect to [H*], and hence
write the rate equation for the reaction. 12}

Experiment | [CHaNg}/moldm™ | pH | [H']/mol dm™ | Relative rate
1 1.00 x 107 1.00 0.100 1

2 4.00 x 108 1.30 0.0501 2

Let rate = k [CH2N2] [H*]*
rate,  HCHNL[H'E
rate, KCHN,LH'L
341 X
wu :.chm N (0.100) i UWHHAN% —x=1
2 (4.0x107)'(0.0501) 2 4
OR
From Experiments 1 and 2, when [CHzN] is increased 4 times and [H*] is halved, overall
rate Is doubled. Since order of reaction w.r.t. [CH2N;] is 1, when [CHzN2] is increased 4
times, rate should have increased 4 times. Since (4)'x (2)! =2, this means that when [H*]
is halved, rate is halved.

Hence order of reaction w.r.t. [H*] is 1.

Rate = k[CH2Nz] [H*] (aliow for ECF)

2022 JC2 Preliminary E tion H2 Chemistry
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{b)

Chromium is a steely-grey, hard and dense transition element. {s name came from the
Greek word ‘chrma’, which means colour, because many of its compounds are coloured.

Define transition element. [1]

A transition element is a d block element that forms_at_least_one stable ion with
artially-filled d subshell.

Transition elements have significant higher density and melting point compared to the main
group metals.

(i)  Briefly explain why transition elements exhibit higher density. 1

Transition elements have relatively smaller atomic radius and higher relative atomic
mass than main group metals. Hence they have higher mass per unit volume.

(i)  Explain why the melting point of chromium is significantly higher than the melting point of
calcium.
1l

Both Ca and Cr have giant metallic structures.

In Cr, the 3d and 4s electrons are involved in delocalisation but in Ca, only the s

e Jd and &5 el Ot ot e

electrons are involved in the delocalisation in metallic bonding.
A larger amount of energy is needed to overcome the stronger metallic bonding
in Cr to melt the metal.

Hence Cr has a higher melting and boiling point than Ca.

2022 JC2 Preliminary Examination H2 Chemistry

Tampines Meridian Junior College

(c) Anhydrous chromium(Ill) chicride may be prepared by the chlorination of chromium metal.

Cr(s) + WOEE — CrCls(s)

The thermodynamic data at 298 K are given in the table below.

M

(i)

(i)

(v)

O Tampines Meridian Junior College

Substance | ASP/Jmo K | AHP/kJ mot
Cich -236.0 ~556.6
Explain the significance of the sign of AS¢®. {1

Sign of AS¢? is negative as there is a decrease in disorder due to decrease in the
number of gaseous particles from 1.5 mol of Clz(g) to 0 mol of gas.

Using the information above, calculate AG® for the formation of CrClz (s). [1]
AGP = AH® — TAS®

= -556.6 ~ (298) | — 236

= -556.6-(2%) | 7000

=486 kd mol”!  or - 486 000 J mol~ (3 sf or 4 sf with units)

Using your answer from {c)(il), suggest whether the ratio of [product] / [reactants] at
equilibrium for the formation of CrCls at 298 K will be less than, equal to or greater
than 1. Give a reason for your answer. M

Since AG® < 0, the forward reaction is favoured / thermod namically feasible and
hence the ratio of [product] / [reactants] becomes > 1. allow ecf if AG® > 0 in (ili)

Comment on the effect of increasing temperature on the spontaneity of the reaction. [2)

As the temperature of the reaction increases, JAH] < | TAS|

Therefore, reaction becomes non-spontaneous at high temperature.

2022 JC2 Preliminary Examination H2 Chemistry
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()  Aluminium hydroxide, Al(OH)s, was used as white pigment for paints. Al(OH); has a solubility
of 2.90 x 10~ mol dm? in pure water.

U]

(it)

Tampines Meridian Junior College

Write the expression for the solubility product, Ks,, of AI(OH); and calculate its solubility
product in pure water. 3]

Ksp = [AP][OH
Let the solubility of AJ(OH)z in mol dm~be s

AI(OH); (s) = Al® (aq) + 30H" (aq)
s 3s

Kep = [AP]OHF

Kep= (s)(3s)°

Ksp= 27 §* =27 (1.56 % 10-8y¢
Kep = 1.91 % 10 mol* dm™"2

How would you expect the solubility of A/(OH)s in excess NaOH to compare with that in
pure water? Briefly explain your answer with an equation with state symbols. [2]

AJ(OH)s(s) + OH" (aq) —> A/OH)s" (aq)

In excess sodium hydroxide, AI(OH); forms a soluble compiex ion, A/(OH)s™.
The solubility of AI{OH); is higher in NaOH (aq) as compared to pure water.

[Total: 21]

2022 JC2 Preliminary Examination H2 Chemistry

12

3(a) Outline the mechanism of the reaction between hydrogen cyanide, HCN and propanal,
CHaCHZCHO, to form 2-hydroxybutanenitrile, CHsCH,CH(OH)CN.

Inciude all the necessary charges, dipoles, lone pairs and curly arrows. [3]

Nucleophilic addition

Step 1:

Step 2:

O Tampines Meridian Junior College

o’ or
N__m slow |
ch+  ,  H—C—CHCH,
H 7 F/o&ozw |
CN
<3CN

| .
H——C—CH,CH H—GN ———> H——C—CHCH; + “icN

CN CN

2022 JC2 Preliminary Examination H2 Chemist
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(d) Triglycerides are triesters formed from a glycercl (propane-1,2,3-triol) and three fatty acid

(carboxylic acid) molecules.

A natural triglyceride with three different fatty acid chains is shown below.

i o

]

| CHy—0~HG—(CHy)iCHy

' _ 1o

1 vl

| CH—O—1+C—(CH,);CH=CH(CH,)CH,

: F 11 O

! il

"_.- .omm.ﬂmu%-oiAozmxoIuoxoxwoxnoxoxnoxuoxozwozw

part from glycerol part from fatty acid molecules

A particular triglyceride, J, in castor oil produces glycerol (1 mol) and
compound K, C1sH3403 (3 mol) when heated with dilute sulfuric acid.

K decolourises bromine in an organic solvent. On gentle oxidation, K gives L, C1sHa203, which
gives an orange precipitate with 2,4-dinitrophenylhydrazine.

Warming K with concentrated suifuric acid gives a compound M, C1sH3202. On treating M with
hot concentrated KMnQ,, CHa(CH2)sCOOH, HO2C(CH2)7CO:zH and CO; are produced.

Suggest structures for K, M and J. For each reaction, state the type of reaction described and
the functional group present in each compound. 8}

J undergoes acidic hydrolysis  when heated with sulfuric acid to produce giycerol (1 mol}
and compound K, C1sH340s3 (3 mol)
= K contains carboxylic acid + functional group

|

K undergoes electrophilic addition v with bromine
= K contains alkene ¥ functional group

K undergoes gentle oxidation to give L, C1gH3203 and L undergoes condensation 4 to form
orange ppt

= L contains carbonyl + functional group (or aldehyde or ketone)

and K contains primary or secondary alcohol + functional group.

K undergoes elimination ~ with warm conc. sulfuric acid to form M, C1sHa202
— M contains alkene ¥ functional group

Tampines Meridian Junior College 2022 JC2 Preliminary Examination H2 Chemistry

16

M, CisH302 undergoes oxidation v with hot conc. KMnOs; to CHs(CHz)sCOOH,

HO2C(CHz)?CO2H and CO are produced.

= Based on number of carbon atoms, 2 mol of CO; are formed per mo! of M

= Hence HOOCCOOH / ethanedioc acid v intermediate is formed and immediately
oxidised to give the 2 mol CO..

M, CigH3202: IOnOAOIanOIHOIQIHGIAOINVmOIw

OR  CHy(CHz)sCH=CH(CHz),CH=CHCOH

OH

|
K, CisH3403:  HO2C(CH2)CH=CHCH.CH(CH2)sCHs

OH

OR OIuAOInvaIHOIAOIquQInOIOOuI
OR other possible structures with OH at different C (in bold)

J: (dependent on structure K)

(o]
Il
CHg=—0—C———(CH,);CH=CHCH,CH(OH)(CH,)sCH,
8
CH—0—C (CHy,)7CH=CHCH,CH(OH)(CH,)5CH,
g
CHy—0——C~———(CH,);CH=CHCH,CH(OH)(CH,)sCH3
[Total: 22]
Oﬂmib\.:mm Meridian Junior College 2022 JC2 Preliminary Examination H2 Chemistry
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{c) Ibuprofen and aspirin are nonsteroidal anti-inflammatory drugs that are commonly used as

painkiller and for fever reduction. Some data of ibuprofen and aspirin are shown below in
Table 4.3.

Table 4.3
ibuprofen aspirin
HO HO
Structural o YO o
(o]
formula
Molecular Ci3H1802 CoHaO4
formula
pKa value 4.45 3.49

(i) lbuprofen exhibits stereoisomerism. Explain how this sterecisomerism arises. Draw the
structures of these stereoisomers. 2]

CHs

..OA_:::I

Ibuprofen exhibits enantiomerism. Enantiomerism arises due to the presence of chiral
carbon with absence of (internal) plane of symmetry.

(i) Compare and explain the relative acidity of ibuprofen and aspirin. 1

Aspirin is a stronger acid than ibuprofen. The conjugate base of aspirin

is more stable than the conjugate base of ibuprofen,

0]
o}

The negative charge of the carboxylate is delocalised over the COO™ group and into

Tampines Meridian Junior Coflege 2022 JC2 Preliminary Examination H2 Chemistry
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(i) Young children often find it difficult to swallow tablets. Thus, ibuprofen can aiso be
supplied in the form of an emuision. Given that ibuprofen is insoluble in water, an
emulsifier such as Tween 80 is used to create a homogenous mixture.

o]
0) OH
0 s

IOT/O . O\/w\mOI

Tween 80

Using your knowledge from chemical bonding and the above information on the role of an
emulsifier, explain clearly in terms of intermolecular forces, how Tween 80 can create a
homogenous mixture of ibuprofen in water. [2]

The numerous =OH and/or ether polar groups allow the emuilsifier to form numerous
hydrogen bonds with water molecules hence making it soluble in water, while the non-
olar/hydrocarbon_groups allow the emulsifier to form extensive instantaneous
dipole-induced dipole attractions with ibuprofen.

O Tampines Meridian Junior College 2022 JC2 Preliminary Exarination H2 Chemistry
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5(a) The halogens (chlorine, bromine and iodine) are found in Group 17 of the Periodic Table.

(i)  Copy and complete the electronic configuration for a bromine atom, Br. 11
182 oot e
152 252 2p° 3s2 3p° 34" 4s? 4p°
(iiy Hence, sketch and label all occupied valence orbitals of the bromine atom. [21
y y y y
z 2z z z
x x X x
4s 4p, 4py 4p;
(iii) State and explain the trend in first ionisation energy down Group 17. [2]

« Down Group 17, the first ionisation energy decreases.

« Despite the increase in nuclear charge, there is also an increase in the number of
electronic shells and hence shielding effect.

« The valence electrons are less strongly attracted to the nucleus and

« less energy is required to remove a valence electron.

(iv) By considering the relative positions of iodine, sl , and lead, a2Pb, in the Periodic Table,

Tampines Meridian Junior College

and their first ionisation energies given in the Dafa Booklst, suggest a value for the first
jonisation energy of astatine, ssAt. Explain your answer. [2]

« 900 kJ mol-* (accept any value between 750 to 950 kJ mol-')
o First |.E. of astatine should be lower than that of jodine (1010 kd mot") as itis
below iodine in Group 17,

e —

and higher than that of Pb (716 kJ mol™") as ionisation ener. enerall

2022 JC2 P inary Examination H2 Chemistry
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(b) The Period 3 elements sodium, atuminium and silicon, react with chlorine gas to produce
chlorides with varying chemical properties.

Describe what would be observed when water is added to separate samples of NaC/, AICl; and
SiCli. Suggest the pH of the resulting solutions and write equations where appropriate. 31

« NaCl dissolves in water to form a colourless sojution

s ofpHT.

« AICI dissolves in water and undergoes cation hydrolysis to form a colourless solution

e ofpH3.
e AIClz(s) +6H0 ()) > [Al(H:0))** (aq) + 3CI(aq) [hydration]
e [Al(H0¥%]**(aq) = [Al(H20)s(OH) 2* (aq) + H* (aq) [cation hydrolysis]

OR
[AIH,0)*(aq) + Hz0 (1) == [Al(Hz0)s(OH)}*" (aq) + HsO" (aq)

« SiCl reacts with water / hydrolyses in water to form white fumes of HC! and a white
precipitate of SiO>.

» The resultant solution has a pH of 2.
e SiClL()) + 2H:0 (7)) — SiOz(s) + 4HCI (aq)

Oﬂmabimm Meridian Junior College 2022 JC2 Preliminary Examination H2 Chemist

{4

More papers at www.testpapersfree.com



BP-~745

Ansiweyg zH uoyeuuiexy Aeuuald Zor 2202 ebBajjo) souny ueipusyy seuidwe] O

Bd 0l X 52 =

(,0Lx€6L°€) ()
(,01x€0L°€)(,0Lx€0L'E)  (Togy ey

062
ed ;01 x €01°¢ = (c0L x 00°}) x 060 = 49 jo aunssaud jepeq
2d ;0L x €0L'E = (0L x 00°L) x %W.Mou =£10d Jo aunssaud (enied
06°
Bd ,0) x €62°¢ = (0 x 00°L) x E.w =910d Jo ainssaud |eled

[OW 06°2 = 006°0 + 006°0 + 01 'L = wnuqynbse je seseb jo Junowe |ejoy

006°0 006°0 oLl (tow)
junotwe winuqlinby
006°0+ 006°0+ 0060~ «::QEM_““:wvmcch
0 0 00z E:om_mw_ _vm_u_c_
®)70 + (8)90d = (6)%0d
[e] "sjiun s)] sjejs pue %y Jo enjea

84} 8Jenojeo ‘eoUsH "wnuqgyinba Je seseb sy Jo yoes Jo saunssaid |eped oy sunusleq (A1)

9z

Anspisy) ZH uoyeuiwexg Aeuieid Zof 2202 8bej(00 Jojuny uelpusyy seujduwe @

d

A @oniv _
A NG&X @oniv

[11(B)10d jo uomsodwosep sy Joj ‘dy ‘Juejsuod wnugynbe ayy Joy uoissaidxa ay) ajupm (1)

*(B)210 Jo 10w 006°0 SUIRIUCO AW
wnugyinbe Buninsas ey} 'ed 0L x 00" L PUB ) 0GP 18 pasodwioosp ase (6)5104 JO [ow 00'Z USUM

70d 30 obejuasiad e} ‘eousH

"PAIN0OAE] S| UOROEa. JIUIGHIOPUD PIEAMIO] ol HO TEaY
GIOSGE 07 JUBH JjIys [T uonIsod Wwnuqninbs oyy romjesodiis) U] Seaion] ue Yum

[1) ‘sesodwodsp yey) (6) 570d
Jo abejuecsed ey uo aimesadws) Buisesiou jo Joays ay) ‘Buluosess ypm ‘1sebbng ()

‘Bupyoeal jj1is aJe sedueysgns
ay3 ybnoyy ueas JUBISTIOD UJEWIS] SJONPOId PUE SJUE)IEal O} JO SUCEUSIUOD 9y |

"uo1Ieal JQISIOADI
B U) uojjorai PIEAMIE] jO 9jel oY) 0] [ENha SI LOI1oEal PIEMIO] JO 9JB3 oU) USUM S )

[1] ‘winuqinba opeuAp wie) ayy Aq Jueauws s) jeym uejdxg (1)
j-10W Y YZL+= HV 8¥0 + (B)rod = (B)10d

"UMOYS SE paysiiqe)sa s| wnuqyinbe oieulp v (B0 ‘suuoyo pue ‘(B)eod
‘apuojyoly snioydsoyd wuop o) sesodwooap (6)50d ‘epuojyoejued snioydsoyd Yy o6y W (9)

14

More papers at www.testpapersfree.com




BP~746

27

(d) Nitrogen mustard gas was stockpiled as a chemical warfare agent in World War 1l

However, it was not deployed in combat.

It was proposed that the synthesis of nitrogen mustard can be carried out via the following
synthetic pathway as shown in Fig. 5.1.

X
I/ \I ICZin CCY, _H .“_”N reagent A AKX
C= —» H—C—C—H N
I\ /I Step 1 .r __._ Step 2
X X can be either Clor I
nitrogen mustard
Fig. 5.1

(i)  Suggest the reagents and conditions necessary for an optimal yield in Step 2 in Fig. 5.1.
{1

Limited NH; dissolved in ethanol, heat in a sealed tube

(i) s X in nitrogen mustard more likely to be CI or |? Explain your answer. [1]

X is likely to be CI. The C=I bond is weaker than the C-CI bond and hence breaks

Ll DO S e —

more easily. Hence, iodine is more likely to react with NHa in step 2.

O Tampines Meridian Junior College

Tampines Meridian Junior College 2022 JC2 Preliminary Examination H2 Chemist
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Another reaction pathway was suggested for the synthesis of nitrogen mustard, with reagent A
used in the first step as shown in Fig. 5.2.

X
.u/N \~ reagent A J/ AKX HeP
=C _— N ————" nitrogen mustard
I\ /I Step 1 Step 2
Z
X

Fig. 5.2

(i) By considering Step 1 of the reaction pathway in Fig. 5.2, explain why this method of
synthaesis is not likely to be feasible. 2}

« The lone pair of electrons on the halogen atom is delocalised into the C=C bond,
hence strengthening the carbon-halogen bond / giving it a partial double bond
character.

e Hence, the C-X bond does not break readily, and CHai=CH,C! is not susceptible
towards nucleophilic substitution by reagent A.

¢ Hence, CHa=CH,CI is not susceptible towards nucleophilic substitution by

reagent A.

[Total: 20)

2022 JC2 Preliminary Examination H2 Chemistry
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3
(i) Results
Final burette reading / cm® 9.90 19.80
initial burette reading / cm? 0.00 9.90
Volume of FA 3 used / cm® 9.90 9.90
v y

(3
(i) From your titrations, obtain a suitable volume of FA 3, Vea 3, to be used in your

calculations. Show clearly how you obtained this volume.

Average volume of FA3 =(8.90 + 8.90) + 2
=9.90 cm®

Veaz = 3]

M1 | M2 | M3 | M4 | M5 | M6

(¢) (i} Calculate the amount of Fe?*in 10.0 cm® of FA 4.

5Fe?* = MnO4~

9.90
Amount of Fe?* in 10.0 cm® of FA 4 =

1000
=9.90 x 10 mol (3 s.f)

x 0.0200 x 5

amount of Fe?* in 10.0 cm®* of FA 4 = mol [1]

[wr |

(i) Instep 2, an excess of zinc was added to convert the Fe®* to Fe?*.
Calculate the amount of Fe* in 1 dm® of FA 1.

1000

10.0
=9.90 x 102 mo! (3 s.f.)

Amount of Fe** in 1 dm® of FA1  =9.90x 107 x

amount of Fe?* in 1 dm®of FA1= moi [1]

{Turn Over

Tampines Meridfan Junior College 2022 JC2 Preliminary Examination H2 Chemistry

(ili) Use your answer from (c)(ii) to calculate the M, of the hydrated iron(Ill) sulfate,
Fe2(S04)3.nHz0, in FA 1.

—u&»aMO&u.zIno = N-uwaf
Amount of Fez(SO04)3.nH20 in 1 dm® of FA 1 = W x 9.90 x 102 mol
= 4.95 x 102 mol (3 s.f.)
26.0
M: of Fex(S04)3.nH0 =——————=525.3 it
of Fez(S04)s.nHa! nh.mmxaohu (no units)

M, of the hydrated iron(III) suifate =

Hence, deduce the value of n, the water of crystallisation in the hydrated iron(II) sulfate.
[Ar: Fe, 55.8; S, 32.1; 0, 16.0; H, 1.0]

n = {525.3 — [2(55.8) + 3(32.1) + 12(16.0)]} + 18.0
=125.4+18.0
=6.96
= 7 (nearest whole number)

n= 2

M9 | M10

(d) instep 4, excess zinc was filtered off before titration of FA 4 against FA 3.

Suggest why it was necessary to filter off the excess zinc metal, and what effect it would have
on the titre values if this filtration was not carried out.

Any zinc metal that is not removed will reduce Fe** formed during the titration to Fe?"

volume of FA3 (KMnO.) used.
g}

LTI

[Total: 11]
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(il) Results
Volume of “M““”“MMH time 1 1
Expt FAS H,0 | t Ig (Veas) ig mlw
lom? 2 s = t
/em?
1 20.00 0.0 16 0.0625 1.30 -1.20
2 8.00 12.0 37 0.0270 0.903 -1.57
3 12.00 8.0 25 0.0400 1.08 -1.40
4 16.00 4.0 19 0.0526 1.20 -1.28
(5}
M12 |M13 |M14 |M15 | M16
[Turn Over

b) (i) Plotagraph of _cﬁw on the y—axis against g(Vras) on the x-axis.

Draw the bestfit straight line taking into account all of your plotted points

» 19{Veas)

0, 0

-1.20

-1.30

-1.40

1.50 4

-1.60

-1.70

~1.80

3

M17 [M18 [M19

O Tampines Meridian Junior College 2022 JC2 Preliminary Examinations H2 Chemistry
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(H  The following steps represent a possible mechanism for the reaction shown in equation 1

step 1 M3+ T =  [MI
step 2 M + T - M?* + I~ (slow)
step 3 M3* + 15 - M+ Ip

State which step is the rate~determining step. Hence, derive the rate law for this reaction.
Step 2 is the rate determining step.

Rate = k [MI}* [I']
Since [MI]** is an intermediate formed from M3* and I-in the preceding fast step,
[MI)?* oc [I] [M**] & Rate = &’ [M**] (I} [2}
M30 |M31
{Total: 20]
[Turn Over
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3 Planning

A student suggested that the temperature at which Experiment 1 in 2(a)(i) was carried out will also
affect the rate of the reaction.

The activation energy, E,, and the pre—exponential factor, A, which is a constant, can be determined
from the equation.

&

K'=Ae *T
T is the reaction temperature in Kelvin.
K is the rate constant at a chosen temperature.

The procedure you followed for Experiment 1 in 2(a)(i) can be modified and extended to investigate
the effect of temperature, T, on the rate of the reaction between M** and I". The activation energy, Ea,
and the pre—exponential factor, A, can be graphically determined.

Plotting In k' against W gives a straight line of best fit. The gradient of this line is % , where Ris the

molar gas constant.

(a) Plan an investigation, based on Experiment 1 described in 2(a)(), to determine the effect of
temperature on the rate of reaction.

You may assume that you are provided with the same reagents as experiment in 2(a)(i) as well
as the equipment normally found in a school laboratory

In your plan, you should include brief details of

. the reactants and conditions that you would use,

. the apparatus that you would use in addition to that specified in Experiment 1 of 2(a){i),

. the modification/ extension of procedure required in addition to the procedures speit out
in Experiment 1 of 2(a)(i)

. the measurements that you would take and how you would determine the rate for each
experiment.

FA 5 contains 0.0500 mol dm™ metal ions, M**

FA 6 is 0.0080 mol dm aqueous potassium iodide, KI

FA 7 is 0.0060 mol dm™® sodium thiosulfate, Na;S$;0s

1. Fill a burette with FA 5.
2. Transfer 20.00 cm?® of FA 5 into a 100 cm? conical flask.

3. Use the measuring cylinders to place 10 cm? of FA 6, 15 cm?® of FA 7 and

10 cm?® of starch solution in a 100 cm?® beaker.

4. Place the conical flask and beaker in a thermostatically controlled water-bath

set at 30°C.

. Tampines Meridian Junior College 2022 JC2 Preliminary Examinations H2 Chemistry
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(d) Describe how you would use your graph in (c) to determine values for E; and A.

Ea
Determine the gradient of the graph of In k' against 1/T. The value of the gradient is

equivalent to the value of (E. / R).

To determine Ea; Ea = Gradient of graph x R (Molar gas constant

E, will have unit of J mol™".

A
Extrapolate the graph to determine the y—intercept of the graph of In k' against 1/T. The

value of the y—intercept of the graph is equivalent to the value of InA.

To determine the value of A, A = g value of the y-Intercept

M40 | M41

[Total: 10]

@ Tampines Meridian Junior College
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Investigation of some inorganic and organic reactions

In this question, you will be investigating some inorganic and organic reactions by carrying out
the stipulated tests. Carefully record your observations in Tables 4.1 and 4.2,

Unless otherwise stated, the volumes given below are approximate and should be estimated
rather than measured. Test and identify any gases evolved. If there is no observable change,
write no observable change.

Organic analysis

In this question, you wilt deduce the structure of an organic compound, FA 8.
FA 8 has the molecular formula C4HsO2 with two functional groups present.

Do not carry out the tests for which observations have been recorded.

Do not use the Bunsen burner for heating in this part of the question. Instead, use the hot water

provided.
Table 4.1

tests S B observations

(i) | Place about 2 cm depth of mn:,m.o:m suffuric acid in
a test-tube.

To this test-tube, add about 1 cm depth of FA 8,
followed by 1 drop of aqueous potassium

manganate(VII).
Warm the mixture in the hot water bath for two | ¢ Purple KMnO,
minutes. decolourises.

(i) |Add 1 cm depth of aqueous silver nitrate to a| « Brown/ grey ppt formed
test-tube. Then slowly add 1 cm depth of agueous
sodium hydroxide.

Add aqueous ammonia slowly, with shaking, until | « Brown / grey ppt dissolves
the precipitate just dissolves. to give a colourless
solution

To this mixture, add about 1 cm depth of FA 8. | « No silver mirror observed /
Place the test-tube containing the mixture in the No observable change
water bath for one minute.

(ili) | Place about 1 cm depth of FA 8 in a test-tube. Orange ppt. formed
To this test-tube, add 2,4—dinitrophenylhydrazine
dropwise.

2022 JC2 Preliminary Examinations H2 Chemistry
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tests observations

(iv)  To 1 cm depth of FA 10, add 1 cm | « White ppt observed
depth of nitric acid, followed by silver
nitrate.

Then add aqueous ammonia slowly, | « Ppt sofuble in excess NHi to give a
with shaking, until no further change is colourless solution
seen.

(v) | To 1 cm depth of FA 10, add 1 cm | « No white ppt observed /
depth of nitric acid, followed by barium No observable change
nitrate.

{3

M47 | M48 | M49

(d) (i) Explain your observations in (c)(i), given that one of the cations present in FA 9 is M3,

releasing H*. The hydrolysis of M3 in water accounts for the acidic nature of the

solution which turns the Universal Indicator paper red / orange. E_

(ii) From your observations in (c), suggest with evidence the identity of the anion present in
FA 10.

Anion: cr

gl

e ]

[Turn Over
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(iii) Explain the observations in {c)(iii) when nitric acid was added to FA 10. Hence, suggest
the identity of two possible cations that could be present in FA 10.

Addition of HNOs(a

neutralises the excess OH- present in FA 10 causing the

Zn(OH), respectively. In excess acid,
form Af*(aq) | Zn** (aq).

Cations: AP and Zn* (2}

M52 | M53

(iv) Based on the cations that you have identified in (d)(iii), devise a procedure to identify the
cation in FA 10. Use a fresh sample of FA 9 for this question and your tests should be
based on the Qualitative Analysis Notes on pages 21-22 and should use only the bench
reagents provided.

Record your tests and observations in the space below. Hence, state the identity of the
cation in FA 10.

Any test requiring heating MUST be performed in a boiling tube.

Procedure Observations

To 2 cm depth of FA 9, add aqueous | « Red-brown ppt formed, insoluble in
ammonia dropwise till the test-tube is excess NaOH.

half-filled.

Swirl and filter the mixture, collecting [ ¢ Red-brown residue & colouriess
the filtrate in a test-tube. filtrate

To 1 cm depth of filtrate, carefully add | « White ppt formed, soluble in excess
nitric acid dropwise until no further change HNO:s to give colourless solution
is seen.

s Zn*is present

12}

M54 | M55

[Total: 14)
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3
Which one of the following pairs of molecules has the same bond angle about the central
atom?
A SO; and OF;
B 0OCS and HCN
Cc CCl, and XeFs
D CS2 and H.S

Two allotropes of carbon are shown below.

graphene carbon nanotube

Similar to graphite, graphene and carbon nanotubes consist of rings of six covalently
bonded carbon atoms. Unlike graphite, graphene is made up of only a single layer of
carbon atoms.

Which of the following statements correctly describe the properties of graphene and
carbon nanotube?

1 Both allotropes are good electrical conductors.

2 Both allotropes can be used as lubricants.

3 Both allotropes are soluble in water.

1 only
2 only
1 and 2 only

o0 w >

2 and 3 only

© VJC 2022 9729/01/PRELIM/22 [Turn over
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4

Which graph correctly describes the behaviour of the same fixed masses of two ideal
gases Ga and Gs, whereby Ga has a higher M, than Ge?

\ Constant p pv Constant T
h h
A Ge A G
Ga Gs
B
T \Y
p Constant T p ConstantV
A' %
Ga Gs
D
Gs Ga
pv T
6 Which statement about Group 2 elements and their compounds is incorrect?
A Beryllium chloride can behave as a lewis acid because there are only four valence
electrons on beryllium.
B  Barium has lower melting point than strontium as the metaliic bonds in barium are
weaker than those in strontium.
(o3 Barium loses its valence electrons more easily than calcium.
D Magnesium carbonate decomposes at a higher temperature than calcium
carbonate.
7 The position of equilibrium lies to the right in each of these reactions.
Reaction 1: NaHs + HCIO = NzHs* + CIO~
Reaction 2: NoHs* + NH3z & NHg* + NoH,
Based on this information, which one of the following statements is correct?
A NzHs is the Bronsted-Lowry acid in Reaction 1.
B NoHs* and NH; are a conjugate acid-base pair in Reaction 2.
C  The order of acid strength is HCIO > NoHs* > NH.4".
D  NgHsis a stronger base than NHa.
@ VJC 2022 9729/01/PRELIM/22
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14  Ammonium hydrogen sulfide dissociates as follows: 17  Which of the following molecules can rotate plane—polarised light?
NHHS(s) =— H2S(g) + NHs(g) CH, CH,
When excess solid NH(HS is placed in an evacuated flask at a certain temperature, it RS RIS
dissociates. When equilibrium is’established, the total gas pressure is 66.4 kPa. H CH
O T 3
%, %,
Which of the following statements are correct about the above system? 2 “CHs 3 “oH
1 K, of the system is 1.10 x 10° (kPa)’.
2 Some H:S is removed from the system. When equilibrium is established again, the A 3only
new total pressure is more than 66.4 kPa. B 1and2only
3 Addition of solid NH.HS would cause the position of equilibrium to shift right. C 2and3only
A 1only B 1 and 2 only D 1,2and3only
C 2 and 3 only D 1 and 3 only .
18 Consider the following reaction sequence.
Which of the following conjugate acid-base pairs can be used to prepare a buffer of CH, : CHs
pH 6.38 that has maximum buffering capacity?
step 1 step 2
A NH4* / NH3 pKo of NHz  =4.75 —_— > vV —
B H2CO3 / HCO3~ pKp of HCOs™ =7.62
c H3PO4 / HPO4~ pKs of HoPO4 = 11.9 Br
D CH:COH/ CHiCOr PKs of CHaCO7 = 9.24 w
Which of the following reagents will not produce W?
The mechanism for the iodoform reaction is summarised as follows : step 1 step 2
OH Ie} 1, le} OI@ 0 0 A Brzin CCls ethanolic NaOH
i Il it il I
C. > _C..,  _.C. > Co. 11 o-Cn B Brz in CCl excess concentrated H2SO
RScH, T R%cH, RCL T RTOH IR o® 2in LLk 2504
H + HI o + + (o4 Brz(aq) ethanolic NaOH
‘Cl; CHI3 D Bra(aq) excess concentrated HzSO4
Which of the following correctly represents the type of reaction occurring in each of the
three stages? 19  Which one of the following sequences invoiving nitration, alkylation and bromination is
: - o expected to give the best yield for the synthesis of 2-bromo—4-nitromethylbenzene from
benzene?
A reduction nucleophilic addition redox ! .
B reduction nucieophilic substitution acid-base A alkylation, bromination, nitration
[od oxidation nucleophilic substitution acid-base B akylation, nitration, bromination
D oxidation nucleophilic addition redox C nitration, alkylation, bromination
D nitration, bromination, alkylation
© VJC 2022 9729/01/PRELIM/22
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25 The amine salt C14H20NO4C! can be synthesised via a sequence of reactions as follows:
ci
w
=
\J\/\J }\/\MWN/'
OH on OH OH

y X

Y HO OH
Cy4HpoNOLCl ~———
N+
cr
HO” TOH

What could be the reagents and conditions for steps W, X and Y?

w X Y
A HCl(aq) excess alcoholic NH3 nmﬁ»ﬂrﬂﬂ%m%_wm
B HCI(g) excess alcoholicNHs o gﬂﬁhﬁﬁ@mﬂs_&%
C  HCKaq) limited alcoholic NHs nm“_»_ﬁﬂﬂ%mmmmm
D HCl(g) limited alcoholic NH, heat s.wmmﬁm.ﬂmm%mﬂz__ng

© VJC 2022 9729/01/PRELIM/22 [Turn over
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26 Lidocaine belongs to a family of medicines called local anaesthetics, where it prevents
pain by blocking the signals at the nerve endings in the skin. Using specific reagents and
conditions, it can be converted to other organic substances.

. H
LiAIH, N NaOH(aqg)
W - /:\/z\/ —_— Y
Dry ether o L Heat
Lidocaine
—Agzo.»
Heat
H2S04(aq)
X

Which one of the following statements about lidocaine and the above reactions is correct?

A W has four more hydrogen atoms than lidocaine.
B Yis a mixture of amine and carboxylic acid.

COH
H

H

N PNy
N

T

C  The structure of the cation in X is COzH

D Lidocaine is a base and it reacts with HCI(aq) to form an ionic salt.

© VJC 2022 9729/01/PRELIM/22
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