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Which statement about 27 g of Al is always correct?

A It contains the same number of atoms as Mw gof 2C.

tenineratire Sure.
C It contains the same number of hydrogen ions as 1 dm® of 1 mol dm® aqueous
sulfuric acid.
D It contains the same number of atoms as 28 g of nitrogen gas.
Topic: Mole Concept T TTTTTTTTT
No of Az atoms in 27 g = ;2= x 6.02 x 102 = 6,02 x 107
1
in—— 120 = 12 =
A No of G atoms in .- g of *C = aw.o x 6.02 x 102 =4.18 x 10*
o4 H2S0, = 2H*
No of H* ions in 1 dm® of aq H2S0,=1x 1 x 2 x 6.02 x 102
=1.20 x 10%
U ZN = Nz
No of N atoms in 28 g of N = 2= x 2 x 6.02 x 102 = 1.20 x 10*
Answer: B

The following are flight paths of charged particles as they pass through an electric field
at the same speed.

Which of the following correctly identifies X, Y and Z?

X Y ¥4
A ;Zl ,_mO~+ Nmmmm..
B o+ 2gjds
c 15O+ 1 1N+
D 150~ e+ 28gGj*
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5  People drink beverages containing caffeine to relieve or prevent drowsiness and to
improve cognitive performance.

e z\
PP
|

Caffeine
Which statement about caffeine is true?

Caffeine molecule has a planar structure.

73 6 deways overlapof 2p/6tbitals.
The nitrogen atom in caffeine, N is basic.
There are 16 sigma bonds in a caffeine molecule.

A
B
c
D

Concept: Chemical Bonding
Option A is wrong. There are sp® carbon atoms which have tetrahedral geometry.

Option B is correct. The pi bond is formed by sideways overlap of parallel
unhybridised p orbitals.

Option C is wrong. The lone pair of electrons in the unhybridised p orbital of N,
has overlapped sideways with the adjacent n electron cloud of C=0 bond
resulting in the delocalisation of lone pair of electrons. Hence, lone pair of
electrons is unavailable for protonation.

Option D is wrong. There are 25 o bonds in a caffeine molecule. There is one
o bond and one = bond in a double bond.

o e e e e e e v em S e G e e e e e e em em o g

1
1
1
I
1
1
0
i
'
1
1
1
1
1
1
1
1
1
Answer: D "
l
t
t
1
1
1
1
1
1
1
)
'
1
t
i
o+

H H
N
:\o/z\o/ﬁ\_,_\/

O/I
o ,_~\o/z\\
C.
W _/:
H
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Which of the following substances conduct electricity due to delocalised electrons?
1 Graphite

2 Solid magnesium

3 Molten sodium chioride

1 only

A

B ly
C 2and3only
D 1,2and 3

Concept: Physical properties of compounds
Answer: B

Moiten sodium chloride conducts electricity due to the presence of free mobile ions.

e o o e e o e e e e e e e e e e e = e = e = e e e e = e e

Which of the following statements is incorrect?

Tyre pressure readings are higher on a hot day.

The boiling point of water is lower than 100°C at a higher altitude.

The density of an ideal gas at constant pressure is inversely proportional to the
temperature.

OO0 wP

Concept: Gaseous State
A: Gas should be subjected to high pressure for it to be liquified.

B: P o< T, when tyre is hot, T increases hence pressure is higher.

atmospheric pressure at sea level, thus boiling point will be lowered as P o T.
Dip= w density is inversely proportional to temperature.

¥
]

1

]

]

1

13

1

1

]

]

)

! C: At a higher altitude than sea level, the atmospheric pressure is lower than
1

1

]

]

]

1

]

1

]

!

1 Answer: A
]
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Concept: Gibbs’ Free Energy
Amount of AgC! precipitated =

AG=AH-TAS
55.6 = AH%51uti0n — (298)(0.0332)

287

w7srses — 2-00mol

Ag* (aq) + CI- (aq) = AgCI(s) AMu = —65.49 kJ mol-!

m "
_ _
_ _
_ _
_ _
_ _
_ _
_ "
_
“E_QEﬁn,m_,,?s_iﬁra_avE..o..._..,_s_n;ém.ﬁ._a.__s_.A m
m m
m For 2 mol of AgCl precipitated, standard enthalpy change is -131 kJ. :
' i
; “

Answer: D

The rate equation for a reaction between A and B is given by: rate = A]
Which of the following statements about the reaction is true?

1 A is involved in the rate—determining step in the reaction mechanism.
2 The rate constant, k, increases with increasing concentration of A.
3 A graph of rate against [A] gives a straight line that passes through the origin.

B-:“1and3only C 2 only D 1only

Concept: Reaction mechanism

) 1
[} 1
[] ]
i i
m 1. True statement. From the rate equation, 1 molecule of A is involved in the rate !
! determining step of the reaction. !
12 False. Rate constant, k, is only affected by temperature and catalyst. !
13, True statement. From the rate equation, rate is directly proportional to [A] |
! hence is reflected as a straight line passing through the origin. '
i :
1 i
1 1
[} 1

1

Answer: B

9729/01 CJC JC2 Preliminary Examination 2022
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What is the pH of the final solution when V cm3 of dilute nitric acid of pH 2.0 is mixed
with V cm? of dilute nitric acid of pH 4.0 followed by the addition of 2V cm?® of water?

Topic: Chemistry of aqueous solutions
Concept: Calculation of pH of acidic solutions

Total volume of final solution =V + V + 2V = 4V ¢m?

*jons i jon = (1072 x —— 4L
Total amount of H* fons in final solution = (1074 x Tooo )+ (107* % Sgu mol
v 4 )
[H'] in final solution = 1000 1000~ = 0.002525 mol dm™

1000

pH of final solution = - log (0.002525) = 2.6

1
]
]
)
)
]
[}
i
[}
)
]
]
I
! (1072 x —— )+ (10~% x
)
]
]
.
1
3
]
]
]
! Answer: B
]

Compound K is a yellow viscous oil found in plants. It has the following structure.
(0]

CH,
i T
[ CH,CH=CCH, —(CH,GH,CHCH,)H

H,C” “CH,

What is the total ::Sumn of sterecisomers for compound K?

o]

' '
] ]
I 1
| '
' '
1 CH CH CH 1
I CHj 3 3 3 !
H '
) t
! H OINOINoINmIOIN|OInOINmIOI~|OINOInOIOIu !
] 1
t '
] 1
] 4
CH [

] 2 CHj 1
] 1
H 1
' |
1 1
] ¥
I 1
1 1
[] 1
[] ¥
1 1
] ]
' 1
] 1
' '
t 1
'

H3C CHg
There are 2 chiral carbons and 1 carbon-carbon double bond that can display cis-trans
isomerism. Therefore n =3
No. of sterecisomers = 22

9729/01 CJC JC2 Preliminary Examination 2022
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Energy
'y

Reaction _um?imm
Concept: Kinetics (Reaction mechanism and order of reactions) \
Answer: C H
1]
]
Comparing Expts 1 and 2, using the inspection method, by keeping concentrations H
of KOH constant, while doubling the concentration of CO., the rate doubles. Hence, '
the rate of reaction is directly proportional to [CO]. ‘
Therefore the reaction is first order wrt CO.. m
1
Comparing Expts 1 and 3, using the inspection method, by keeping concentrations m
of CO; constant, while halving the concentration of KOH, the rate is halved. Hence, ¢
the rate of reaction is directly proportional to [KOH]. H
Therefore the reaction is first order wrt KOH. !
[}
¥
Rate = k[CO2z][KOH] !
]
[}
Based on the rate equation, it can be inferred that 1 molecule of CO; reacts with 1 H
molecule of KOH in the rate determining step, i.e. slow step which corresponds to :
step 1 of the reaction mechanism proposed. H
Since the slow step has a high activation energy and is an overall exothermic :
reaction, therefore the graph reflected corresponds to option C. m
i

9729/01 CJC JC2 Preliminary Examination 2022
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Aqueous bromine can react with propene in the presence of concentrated potassium
nitrate solution.

Which of the following is the major product formed in the reaction?

CHsCHBICHONO,
CHsCHBICH;Br
CH:CHBICH,OH

A
B
Cc
b} 13 HsBr

opic: Alkenes
Concept: Electrophilic addition, Markovnikov's rule

-

Br~ CH3;CHBrCH,8r
[ ]
HyC—C——C——H H20
+ _ e~ CH3CH(OH)CH,Br
Br
[o]
» CH3CH(ONO,)CH,Br
N
O\ /Ou major product because of

the high concentration of KNO3
In the second step of the reaction, the nitrate ion is preferred relative to water owing

to its negative charge.
Answer: D

9729/01 CJC JC2 Preliminary Examination 2022
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Topic: Halogen Derivatives
Concept: Hydrolysis in RX

_
_
_
_
"
Answer: A “
Bond energy of C-X (kJ mol™) : C-C/ (340) > C~Br (280) > C-1(240). i
The rate of hydrolysis increases from CHsCHzCH2CH2C/ to CHzCH2.CH2CH,I. The H
rate of hydrolysis is determined by the bond energy of C-X bond. !
The bond energy of C—X bond decreases from C-Cl to C-L !
Ease to break the C-X bond increases from C—C/ to C-L !

]

Concentrated ammonia was heated in a sealed tube with excess bromoethane. Which
of the following product will not be formed?

A CaHoN
B C4HusN
C CeHisN
D CsHzoNBr

-]

opic: Halogen derivatives
Concept: Alkylation of nitrogen compounds

" "
| m
| CaHsBr + NH3> CzHsNH2 :
; C2HsBr + CzHsNH2 - (C2Hs)2NH h
! CaHsBr + (C2Hs)2NH > (CzHs)aN '
! C2HsBr + (C2Hs)sN > (C2Hs)N*Br- m
| i
! “

Answer: A

An alcohol A with molecular formula CsHyO is oxidised by acidified
potassium dichromate(VI) under certain conditions to give B. The following shows some
properties of B:

1 B does not produce a yellow precipitate with aqueous alkaline iodine.
2 B gives a brick — red precipitate when reacted with Fehling's solution.

How many isomers of alcohol A could result in the observations for B?

A 1 B2 c 3 D 4

9729/01 CJC JC2 Preliminary Examination 2022
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Concept: Reactions of alcohols
Answer: B

Since product B does not produce a yeliow precipitate, it can be concluded that B
does not contain a secondary alcohol with a methyl group.

Since product B gives a brick-red precipitate when reacted with Fehling's solution,
an aliphatic aldehyde functional group is present.

Since aldehydes are formed from controlled oxidation of primary alcohol, the
possible structures of primary alcohol from C4H4,0 are:

OH >\/
& OH

Therefore, there are 2 isomers.

Compound Z shown below is an intermediate used to generate pyrroles which are
essential to the production of many different chemicals in the pharmaceutical industry.

e}

o}

compound Z

Which sentence is correct for compound Z?

9729/01 CJC JC2 Preliminary Examination 2022
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m Topic: Carbonyl Compounds, Alcohols and Carboxylic Acids
1 Concept: Reduction of carbonyl compounds and nitriles, redox reaction of —OH group

v OIO

raat®

Compound Q

Intermediate R

H, gas with Pt will only reduce
alkenes, carbonyl compounds /
and nitriles (note: ¢]. %)

CH,0O Na*
Na metal will react with the -OH
group in alcohols and carboxylic “Nat
acids. (note: =) oonl i L
P O"Na*  CHNH,
Compound $

i 3 mol of H; gas was used up for reduction while 1.5 mol of H; gas was produced from
! the redox reaction, hence more H, gas was consumed and there will be a decrease in
! gas volume.

! Change in gas volume = 1.5 x 24 = 36 dm®

_

| Answer: A

9729/01 CJC JC2 Preliminary Examination 2022
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23  Penicillin is an antibiotic commonly used to treat a number of bacterial infections. The
general structure of a penicillin molecule is given below.

§Prge

I
What are the products formed when penicill
hydroxide?

is boiled with excess aqueous potassium

A

// CO, K*

[0}

C
. CO; K*
o CO, _A+
HuN
and
R 0 K* H3N
)
D
(¢]
// CO,H
[o]
C
~N
and
R OH HoN
S

9729/01 CJC JC2 Preliminary Examination 2022
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25

Topic: Nitrogen Compounds
Concept: Formation of peptide bonds

Peptide bonds are formed between the carboxyl group (-CO2H) of one amino
acid with the amino (-NH2) group of another amino acid. Both the carboxy! and
amino groups are attached to the a~carbon atoms In the amino acids.

Option 3 is wrong because the carboxyl group in the first amino acid is not
attached to the a-carbon atom.

Carboxyl group that
is one carbon away
from the a-carbon

-

1
i
]
I
|
1
1
i
1
I
¥
]
1
1
1
1
1
I
i
]
]
]
1
[}
]
]
]
] ]
H “ 0 H i
_ N ;
HoN—C—CH,+~C—+—N—C—COH “
]

1

1

]

1

1

1

I

1

[}

I

1]

1

1]

!

t

]

]

t

i

]

]

]

i

t

1

N o o —
T

({COH) CH,

~

Carboxyl group
attached to the
a-carbon atom

OH

Answer: B

9729/01 CJC JC2 Preliminary Examination 2022
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26

Two electrode potentials are given.

Fe¥ + e === Fe?* E°=+0.77V
Ch+2e” == 2CF E°=+1.36V

Which species is the strongest reducing agent?

A Fe¥* B Fe* c Ch D cr

Topic: Electrochemistry
Concept: Using E° to determine strength of oxidising power.

I

]

1]

1)

i

i A reducing agent reduces others and it gets oxidised {(donates electrons).

! The only 2 species undergoing oxidation are Fe* and CF-.

i For the species ions to donate electrons, it must be more readily oxidised, i.e.
! less positive E° value in the data booklet. Thus the only possible answer is B.
1
i
1
]

Answer: B

Use of the Data Booklet is relevant to this question.

An electrochemical cell is set up using a Fe®(aq)|Fe(s) half-cell and a
VO2*(aq),VO?*(aq)|Pt(s) haif-cell.

Which of the following gives a correct effect on the Eces and a correct explanation for the
effect when each of the changes is made to the cell separately?

change effect on Ecqy explanation

1 increases

2  add water to the decreases concentration of water
VO;'(aq),VO*(aqg)|Pt(s) half— increases
cell

3  increase temperature of the no change temperature change does
Fe?*(aq)|Fe(s) half-cell not affect Ecey

A 1,2and3 B 1 and 2 c 2and 3 D Tonly

9729/01 CJC JC2 Preliminary Examination 2022
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29

28 A current of 10 A is passed for 150 minutes through molten aluminium oxide using inert Topic: Transition Metals

electrodes.

Option A is incorrect:

What will be the approximate volume of gas liberated, measured at s.t.p.?

N The colour of a transition metal complex depends on the ener: ap, AE. The ener

A 0.089 dm? B 153 dm? c 5.6 dm? D 11.2 dm? . 9y gap 9y
gap, AE, in turn depends on the nature of the ligands.

Topic: Electrochemistry

Concept: Electrolysis Different ligands split the energy level of d orbitals to different extent.

= Amount of energy, AE, absorbed by d electron in d-d transition differ.

Using Q =1t
Q = 10 x 150 x 60 = Colour of transition metal complex solution would change with different ligands
=90 000C 20000 used.
No. of Faradays = ;-7 = 0.9326 F => There would be color of the solution will lighten after adding EDTA%.

In molten aluminium oxide, no water is present, so the oxygen gas liberated is from

ALO,. The oxide ion in ALO; is 0%, Option B is incorrect:

It is given that the equilibrium constant for the above reaction is more than 1,
=> Concentration of [CHEDTA)]" > concentration of [CrCL(H:0)s]*
= [Cr{(EDTA)]- is more stable than [CrCL(H.0).]*.

20— O + 4e
Since Oz E 4e,

4 F liberates 1 mol of O, gas

0.9326 F liberates 0.2332 mol of O; gas Option C is correct:

For [CrCIx(H20)4}*, the central Cr3* ion has 6 bond pairs. Hence, it is an octahedral
complex.

Vol of 0 gas = 0.2332 x 22.7 dm® = 5.29 dm?

Answer: B

EDTA* is a hexadentate ligand that forms only six dative bonds with the central

29 EDTA*(aq) solution is added dropwise until in excess to a solution of [CrCl2(H20)4]". metal cation. Hence, the central Cr** jon in [Cr(EDTA)]- has 6 bond pairs. It is an

The equlibrium constant for this reaction is greater than 1 and the equation for the octahedral complex.

reaction is as shown below.
Option D is incorrect:

[CrCIx(H0)4}*(aq) + EDTA*(aq) = {Cr(EDTA)I (aq) + 2CF (aq) + 4H0(!) The above reaction does not involve any change in the oxidation no of the
elements involved. Hence, it is not a redox reaction. Instead, it is a ligand exchange

Which one of the following statements about the above reaction is correct? reaction.

A There is no change in colour of the solution after addition of EDTA*-.
B [Cr(EDTA)I"is a less stable complex ion than [CrCl(H20)4]*.
4%+ Both [CHEDTA)]*and [CrC:{H30)4]* are octahedral comple
D The aboveisaredoxreacton. e e e e o o o e e e e e

Answer: C

C JC2 Prelimil Examination 2022
9729/01 CJ reliminary Examination [Tumn over 9729/01 CJC JC2 Preliminary Examination 2022
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1

2

(a) Fehling’s solution is used in Qualitative Analysis of organic compounds.

Itis prepared fresh by mixing a solution of CuSO, (Fehling's A solution) with a mixture
of tartrate ions and NaOH (Fehling's B solution). When the two solutions are mixed,
the tartrate ions act as ligands to form a complex ion with the Cu?* ions.

(i) Another reagent with similar action to Fehling’s solution is Benedict's solution,
which is also an alkaline solution of Cu?*, but the ligand forming the complex ion
is citrate ion instead of tartrate ion.

Suggest why the presence of the ligand is necessary in Fehling's (and Benedict's)
solution.

EXAMINER’'S COMMENTS
Qualitative Analysis — Precipitation of insoluble metal hydroxides in NaOH(aq)

In this question, students were expected to note that Cu?* ions were being mixed with
a solution of NaOH (and tartrate or citrate ions), and use their QA knowledge to
predict that a blue precipitate of Cu(OH): would result — which does not occur, and
this must be due to the formation of the copper(ll) complex with tartrate or citrate,
which brings the Cu® down such that ionic product of Cu(OH). does not exceed its

Kep.

The question was poorly answered. Most students instead resorted to a template
explanation of the origin of colour in fransition metal complexes or stated that the
ligand is necessary for the observation of colour in the distinguishing test (which
does not make sense as Cu® itself is a coloured ion — due to the [Cu(H20)¢)** complex
which already exists in CuSOa(aq), i.e., without the need for tartrate or citrate ligands!

Fehling's solution was used to distinguish between three unknown compounds, A, B
and C:

Compound Observation with Fehling's
solution

A blue solution

B red ppt

Cc blue solution

It is known that compounds A, B, and C are the following (not necessarily in order):
CeHsCOCH;  CeHsCHO  CsHsCH2CHO

(i) Based on the above observations, state the identity of compound B.

EXAMINER'S COMMENTS
Fehling’s Solution — test for aliphatic aldehydes

As Fehling’s solution gives a red ppt only for aliphatic aldehydes, only C¢HsCH.CHO
will give a positive result. The aromatic aldehyde CsHsCHO will not give a red ppt,
neither will the ketone C¢HsCOCH:. The observation is blue solution for these two
compounds, since Fehling's solution is blue in colour.

A handful of students responded with Cu;0, which showed poor comprehension
ability.
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(b) Most of the world's copper comes from the mining of copper-containing minerals.
Copper ions exist as either one of the two oxidation states, +1 or +2. Two examples of
such minerals are bornite and chalcopyrite.

(i) Bomite has the chemical formula CusFeSs. Given that the oxidation state of S is
—2 in bornite, write down the oxidation states of Cu and Fe in bornite.

Oxidation state of Cu: .¥1.....

Oxidation state of Fe: +w

EXAMINER'S COMMENTS
Redox - Oxidation states in compound

This question was well done.

(b) (i) Complete the diagram to show the arrangement of electrons in the third and
fourth principal quantum shells of the ion of Fe in bomite.

Gy le ] b el ) L]
- v - S p—
3s 3p 3d 4s 4p

.

1

Sulfur precipitate:

min

ny=2
NO; gas:

1.92x10°

anAw,..NXVHIMMMmMI

10~-2x=8

sx=1

[3]
[Total: 13]

EXAMINER’S COMMENTS
Electronic configuration of Fe®*

This question was not so well done. Many of the incorrect responses did not follow
the correct order of removing electrons from Fe atom to form Fe* ion, and thus ended
up with electrons still in the 4s orbital. Some responses paired up the 3d electrons as
if there was a low spin state, when no such information was given in the question -
there is no need to consider low/high spin! Some incorrect responses did not even
have the correct number of electrons, with some filling up even the 4p subshell.

EXAMINER'S COMMENTS
Mole Concept & Stoichiometry — mole ratio, mass -» mol conversion and volume 2
mol conversion.

Students experienced varying degrees of success in attempting this question. Firstly,
there were quite a number of students who did not identify bornite (CusFeS, — first
mentioned in (b)(i)} and chalcopyrite (CuxFeS, — first mentioned just above (c))
correctly. Secondly, the fact that bornite produced more sulfur ppt and NO; gas than
chalcopyritel These were crucial to obtaining the correct relationships to solve for x
and y. Conversion-wise, students found it tougher to handle the NO2 volume which
was in cm?® than the S ppt mass in g.

Chalcopyrite is also composed of the elements Cu, Fe and S. Let the chemical formuia
of chalcopyrite be Cu.FeS,.

Both bornite and chalcopyrite react with HNO;3 to give sulfur precipitate and NO: gas.

(iii) The balanced equation for the reactions of bornite and chalcopyrite with HNO
are as follows.

CusFeS, + 26HNO3; — Fe(NO3s)s + 5Cu(NO3)z + 4S + 13NO, + 13H.0
CuFeSy + (6 + 4x)HNO; — Fe(NO3)s + XCu(NOs)2 + yS + (3 + 2x)NO2 + (3 + 2x)H0

When 1 mole each of bornite and chalcopyrite were fully reacted with HNO;,
bornite produced 64.2 g more sulfur precipitate and 1.92 x 10% cm®more nitrogen
dioxide than chalcopyrite, at room temperature and pressure.

Determine the values of x and y.

9729/02/CJC JC2 Preliminary Examination 2022 [Turn over

A sodium-vapor lamp is a gas-discharge lamp that uses sodium in an excited state to
produce light at a characteristic wavelength near 5.89 x 107 m. Low-pressure sodium lamps
are highly efficient electrical light sources but due to their yellow light, they are widely used
as street lamps. The yeliow light is produced by an excited electron in a sodium atom falling
from a 3p orbital to the 3s orbital. The wavelength for this transition is 5.898 x 107 m.

The energy, E (in joules), corresponding to the light of wavelength, A (in metre), is given by
the following equation:

where h is Planck's constant =6.63 x 1073 J s
cis the speed of light = 3.00 x 108 m s

(a) State the electronic configuration of a sodium atom in the ground state.

Na:1s2.28°2p°3s' ... cereenas [1]

EXAMINER'S COMMENTS
The question was well answered.

A few candidates identified wrongly that the number of electrons equal to the atomic
mass of Na (23.0).
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EXAMINER'S COMMENTS
This question was not well attempted.

Examples of incorrect responses:

- Wrongly identified the product of AHx of Na(s), e.g. Na*(g)

- Did not give or the wrong state symbols for some of the species

- Could not recognise the equation of the enthalpy change of neutralisation. The
correct equation should be H*(aq) + OH~(aq) > H20() with the value of —58 kJ
mot,

- Wrong direction of arrow to represent the change in energy was given.
Candidates falled to recognise that 1 represent the endothermic process with
positive AH and | represent the exothermic process with negative AH. Only 1
and | are accepted in energy level diagram.

- A number of candidates chose the wrong data from the Data Booklet. e.g. bond
energy of O-H in the process of H.0(/) > H*(aq) + OH-(aq). This shows that
candidates still have not internalised the definition of some of the enthalpy
changes.

(e) The melting point of Na is 98 °C, whereas that of NaOH is 318 °C. Explain, in terms of
structure and bonding, the differences in melting point between them.

d

glecIrostauc (Orces of . atliaLiion, Me

of delocalised electrons.

[Total: 11]

EXAMINER’S COMMENTS
This question was well attempted.

Examples of incorrect responses:

- Did not describe the metallic bonding and ionic bonding.

- Failed to recognise the structures of Na and NaOH.

- Identified wrongly that NaOH contains hydrogen bonding, ion-dipole
interactions, permanent dipole-permanent dipole attractions.

- Used the wrong words to describe the bonding, e.g. intermolecular or between
NaOH molecules.

- Did not state the factor of affecting the difference in the melting point which
was the strength of the bonding.

- Used lattice energy to compare the strength of metallic bonding and ionic
bonding. Some candidates failed to recognise that the lattice energy is only
used to compare the strength of ionic bonding between ionic compounds.

9729/02/CJC JC2 Preliminary Examination 2022 [Turn over
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3 (a) Liquid ammonia, like aqueous ammonia is a conductor of electricity, but a very weak

one. Liguid ammonia can exhibit this property as it can undergo self-ionisation.

(i) Write an equation between two ammonia molecules to show this property of
liquid ammonia.

NHs() + NHz(?) = NH4*() + NH2()

(ii) Identify the two different conjugate acid-base pairs in the reaction occurring in

(a)(i).
Acid: NHa conjugate base: NHz-

11

EXAMINER’S COMMENTS

Many candidates thought wrongly that the equation was meant for NHs(aqg) rather than
NH3(/)! Therefore, ter must be included. Many gave NH;* as the conjugate base
rather than NH~.

For (ii), nm._..a_nwnmm need to specify which is the acid and its associated conjugate base
or which is the base and its associated conjugate acid. Failure to do so that would
result in penalty.

{b) Hydrogen sulfide can act as a weak acid.
HeS(aq) == H'(aq) + HS(aq) pK. = 7.05 at 298 K

(i) NaHS is a basic salt that undergoes salt hydrolysis. Calculate the pH of
0.100 mol dm™ NaHS(aq).

NaHS — Na* + HS-
0.100 mol dm™3

The anion is then hydrolysed in water (salt:h
HS- + H,O = H;S + OH
0.100 ?

[OH] = /K, x 0.100

= \mm
= JxaXx0.100

~14
= (s X 0.100)"2

= 1.059 x 10 mol dm3

pH = 14 - pOH
= 14 - [~ log (1.059 x 104)]
=10.0 [2

EXAMINER’S COMMENTS
Surprisingly, many candidates failed to recognise that the Q asked for §
AHIONF ) in this case). Therefore, a basic pH was to be expected!
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Students can use either use the energy cycle method or direct application of
formula to solve this question but only making use of the relevant data given.
Full credit should be given for both methods.

-1220
Ca(s) + Flg) ——» CaFx(s)

543 2(-333) AHsotn

Ca(aq) + 2F(aq)

By Hess’ Law,
(-1220) + AHeom = (-543) + 2(-333)
AHsom = +11.0 kJ mol”
OR AHsof
CaFy(s) + ag ———— Ca**(aq) + 2F(aq)
AHr. 1220 -543 2(-333)
AHsoim = 3(AHgp ) - Z{AH )
= [-543 + NA.wuwz [~1220]
=+ 11.0 kJ mol™’
(2
EXAMINER’S COMMENTS

A common mistake made by candidates was to use ALL. the data provided though the
Q asked for the use of only the ralevant data v..o<_nan_ Worse, many candidates also
used even more data from the DB! As a result, the energy cycle drawn were irrelevant
and confusing! No credit given here. This part of the Q was poorly donel Candidates
must be informed and made aware of the use of ralevant information only, based on the
context of the Q asked!

(iii) Hence, predict whether CaF, will be more, or less, soluble in hot water than in
cold water.

EXAMINER’S COMMENTS

Failure of candidates to provide reasons for the solubility of CaF. was penalised.
Candidates have to take note of the words predict and hence! Predict is associated with
giving a reason or explanation for the answer given and hence means based on the
answer given in (ii). The expression, endothermic was required to obtain a mark!
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3 (d) (iv) Describe and explain how the solubility of CaF,, is affected when CaCl(aq) is
added.

CaF,(s) = Ca*(aq) + 2F(aq)

The solubility will decrease.

EXAMINER'S COMMENTS
_u..mo:om:S almost all candidates failed to indicate the equation, Ca
, when they wrote the position of equilibrium shifted to the lefil No o..mn;
nsﬁ.dmn here for their failure to do so!

(v) In non-polar soivents, ethanoic acid, CHsCO:zH, can form a dimer containing two
hydrogen bonds.

2CH3COH = (CH3:CO2H).
monomer dimer

Ke=1.51 x 10 mol~' dm? at 298 K

I A solution of 0.100 mol dm= CH;CO:H is allowed to reach equilibrium in a
non-polar solvent at 298 K. The equilibrium concentration of the dimer is

0.0417 mol dm*. Calculate the ‘a3 o202

TGO ratio at equilibrium. Quote your
2

answer to 3 significant figures.

2CH;COzH == (CH2CO:zH):
Initial / mol dm® 0.100 0
Change / mol dm? -2(0.0417) +0.0417
Equilibrium/ mo! dm" 0.100 — 2(0.0417) 0.0417
=0.0166

[(CH3CO H)2l_  0.0417

[CH,CO,Hl  0.0166 =2.51

(11

EXAMINER’S COMMENTS

Poorly done by candidates! The use of the K. value provided to arrive at the answer of
the ratio asked W Again, it had to be emphasised as in (d)(ii) that not
all data given smn to use!l However, some candidates did use the K. value to calculate
for the ratio. Full credit was given to those candidates too!
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4 (d) Cis-trans isomerism also occurs in alkenes where the molecules contain restricted
rotation of double bond. Cis—trans isomers of alkenes can be synthesised from the
elimination reactions of halogenoalkanes.

When a mixture of beryllium hydroxide pellets and ethanol is added to optically
active 2—chiorobutane, P, Q, R and S are formed. All of them do not react with PCls.
P, Q and R decolourise potassium manganate(VII), with only R producing an
effervescence. $ has the formula of CsH14O and rotates plane-polarised light.
Give the structures of P, Q, R and S.
CH CH CH H
H 8 H 3 3 H CHCHs CH3CH,CHCH;,
U “ U “ OCH,CH3
H H H CH,4 H H
PandQ R S

“

EXAMINER’'S COMMENTS

This question was poorly attempted. Many candidates failed to recognise the
information given by the question, e.g. “Cis-trans isomers of alkenes can be
synthesised from the elimination reactions of halogenoalkanes”. This showed 2-
chlorobutane undergo elimination with Be(OH)z and ethanol to form alkenes.

C H iCl' H!H

There are 2 possible ways to remove the H and Ct atoms from the 2 carbon atoms
adjacent to each other. P and Q are produced when the H and Cl atoms removed from
€2 and C3. P and Q are cis-trans isomers and hence, trigonal planar wrt C of C=C
must be showed in the structure to differentiate P and Q isomers.

R is produced when the H and Cl atoms are removed from C1 and C2. Candidates who
gave the formula of H:CH,C were penalised for the incorrect way to write the formula
of the alkyl groups.

S is produced when 2-chlorobutane undergoes nucleophilic substitution. Based on
the formula given, the Cl is replaced by OCH:CH; and it can be obtained by ethanol.

9729/02/CJC JC2 Preliminary Examination 2022 [Turn over
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(e) The hydroxide ion from beryllium hydroxide undergoes acid-base reaction with ethanol.
Write an equation to represent this.

CH;CHOH + OH- —» CHi:CH.O~ + H.0

L

EXAMINER’S COMMENTS

Many candidates failed to identify the formula of ethanol which is CH,CH,OH. Some of
them gave CH,OH, CH;COOH. Candidates should not molecular formula, e.g. C:HsO to
represent ethanol in the equation since the identity of the compound was given.

(f)  Outline the mechanism for the formation of S from 2-chlorobutane.

Name: Nucleophilic substitution, Sy2

cH -
/w M\ CHy
\C—c _

CHyCH,0 s HY 8% &= ——= | CHyCH,0 -----C---CI

CH,CHj, s
H /o

transition state

CH,

/ cr

CH3CH,0—C, +

,
\ 7

CH,CHgy

[3]

EXAMINER’S COMMENTS

This question was poorly attempted. Many candidates failed to deduce the identity of
nucleophile which could be deduced from the structure of S. For the candidates
correctly identified the type of the mechanism, some of them did not give the name of
the mechanism, did not draw the 2-chlorobutane in 3-dimensional tetrahedral shape
to show the nucleophile attacking from the opposite side of the leaving group, did not
nqmns nswnu_‘oa:nn in the inverted configuration or the wrong atom bonded to the chiral
carbon atom.
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(i) Explain why the transition elements such as chromium have higher meiting
points as compared to the main group metals in general.

For transition metals,

........ = ... melting invalves overcoming the str
attraction between the cations and the sea of .delocalised

For the.main graup. metals,
Only the s electrons are involved in the delocalisation in metallic bonding.

EXAMINER’S COMMENTS
Most candidates could answer this question.

Those who failed to do so are the ones who did not realize that high melting point is
due to large amount of energy to overcome the strong electrostatic attraction between
the metal cations and delocalized electrons.

Instead, they mistaken it as large amount of energy needed to remove electron from the
metal atom itself.

5

(b) (ii}) Like chromium, iron is a useful heferogeneous catalyst. By choosing a suitable
example, describe and explain how iron performs this function.

Transition metals and their compounds are good heterogeneous catalyst

because of the availability of 3d and 4s electrons for temporary bond

lowering the activation ener

of the reactants. Reactant molecules are brought closer together and

The products formed are desorbed from the surface.

9729/02/CJC JC2 Preliminary Examination 2022 {Turn over
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EXAMINER'S COMMENTS
Most candidates could answer this question.

Those who failed to do so are the ones who did not realize that the question required
them to describe the process of heterogeneous catalysis.

Instead, they merely expliain what a catalyst is in general and how it increases the chance
of effective collision for reaction to occur.

Another group of candidates who failed to answer the question are the ones who have
the misconception of homogeneous catalysis as heterogeneous catalysis.

[Total: 11]

6 Biomolecules are substances that are produced by cells and living organisms. They have a
wide range of sizes and structures and perform various functions.

(a) Proteins are a type of biomolecule. The chemical used for detecting proteins, biuret
reagent, H-NCONHCONH,, can be formed by heating urea, (NH2).CO.

2(NH2)2CO — HNCONHCONH,; + NH;

Step 1: 3.88 g of impure sample of urea (NH2).CO was heated strongly above its
melting point. The ammonia liberated was absorbed in 32.0 cm® of
2.00 mol dm™3 sulfuric acid.

Step 2: The resulting solution was made up to 500 cm? with distilled water.

Step 3: 25.0 cm?® of the solution required 25.50 cm?® of 0.20 mol dm™ sodium hydroxide
solution for neutralisation using methyl orange as an indicator.

Calculate the percentage purity of urea in the sample.

2(NH;).CO —» H:NCONHCONH. + NH; --(1)
2NH; + H;S04 — (NH4)2S04 - (2)
Hz804 + 2NaOH > NazS04 + 2H,0 - (3)

25.50

No. of moles of NaOH in 25.50 em® = 0.20x
1000

=5.10 x 1072 mol

From (3) 2NaOH = H:S04 (remaining)

5.10x 10°

No. of moles of H.S04in 25.0 cm® = 5

=2.55x10"3mol

No. of moles of H,S04in 500 cm3 = 2.55 x 10° Womo- = 0.0510 ol
32.0

1000

No. of moles of H:SO,reacted with NH; = 0.0640 — 0.0510

=0.0130

Initial no. of moles of H:$0, in 32.0 cm?® = 2.00x = 0.0640mol
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() A pheromone is a biomolecule that, when secreted by an individual of a species, can
elicit a certain type of behaviour in other members.

The structures of two pheromones secreted by the honeybee to direct others to a food
source are shown below.

OH

X Y

Deduce the type(s) of isomerism (if any) that may be present in each of X and Y and
draw the structural formulae to illustrate various pairs of isomers.

X : enantiomerism

CH,4 H CH,CH,OH CH,CH,0H H CHs
ol Ll o]
Iuo\ Xe” _/o\ «\Noxu . ~¢ _/o\ /qu
| v m o
H H | H H

Y : cis-trans isomerism
(e}
HaC C—~—H
H H : /O” \
H3C /o.lo\ /OIu
h—
/ N\ H
HsC H trans — isomer
HoC CHa
N
Iwo/ /oiln\ /o\:
c—c \ | AN
/o N\ "o ©
HsC H
cis-isomer
41
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EXAMINER’S COMMENTS
Most candidates can answer this question well.

.mo:.o of them who failed to do so are the ones who failed to Identify chiral carbon atom
in X and the C=C double bond with 2 different substituent groups on each carbon in Y.

Some candidates misunderstood the question and give possible structural isomers for
Xand Y.

[Total: 13]
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Section A
Answer all the questions in this section.

1 Chromium is a hard, steel-grey metal with a lustrous appearance. it is valued for its high
corrosion resistance and hardness and is commonly used to manufacture alloys such as
steel. Chromium plating is sometimes used to give a polished mirror finish to steel.
Chromium compounds are also often used as pigments, known as chrome yellow.

(a) The following sequence of reactions involving chromium illustrates many of the
characteristics properties of transition metals.

chromium dilute H,S0, [Cr(H:0)]**  air [Cr(H:0)e]"* NaOH(ag), ~ grey-green
metal ’ ; ’ . precipitate
blue solution green solution

NaOH(aq)

. T
orange Jilute 2S04 yeliow INONAmnVMOAOIVQ_
solution solution dark green solution

(i) Solutions of transition metals are frequently coloured. With reference to
[Cr(H20)e]**,explain fully why it forms a blue solution. 2}
d-orbitals

S aaaaras

of Cr** ion are split into 2 groups of non-degenerate d orbitals with a

small energy gap. In the presence of visible light, d electronina d

EXAMINER’'S COMMENTS
Most students were only able to get the second mark for stating the correct
colour absorbed.

Common mistakes made are as follows:

* Missing keywords, eg ‘partially filled’ in the answer — note that if the d
orbitals are empty (eg Sc** ion) or fully filled (eg Cu* ion), there is no d-
d* electronic transition (no colour observed) even if splitting of the d
orbitals takes place.

o Stating that the a d orbital of lower energy state is promoted instead of
a d electron in the orbital of lower energy.
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(b)

Draw a fully labelled diagram of the experimental set-up used to measure the
standard electrode potential of the Cr**(aq)/Cr(s) half-cell, indicating the direction of
electron flow. [3]
High resistance <o=m._|22
O e (e
cathode N
Ha(g) at 1 bar, 25°C salt bridge )
anode
platinum electrode chromiusm metal

1 mot dmr3 He(ag) I

EXAMINER'S COMMENTS
This question was badly done.

Students were unable to identify cathode and the anode, and thus drew the
wrong direction of electron flow. In addition, there were many missing details
in the answers i.e. stating of standard conditions, labelling the electrodes
wrongly. Some students even drew an electrolytic cell diagram and showed
poor understanding of how standard electrode potentials are obtained.

(¢) Chromium is electrolytically deposited on the cathode from a solution containing

Cr¥*(aq) using inert electrodes.

Calculate the volume of oxygen, at room temperature and pressure, produced at the
anode when 1.00 kg of chromium is deposited on the cathode. [2]

[O]: H:0() -> 2H'(aq) + ; Ox(g) + 2™ (x3)
[R]l: Cr¥*(aq) + 3e~ > Cr(s) (x2)

Overall equation: 3H,0 + 2Cr** — 6H* + 3 0; +2Cr

1000

Amount of chromium in 1.00 kg = ST 19.2 mol

Amount of O; produced = % xm
= 14.4 mol
Volume of O, produced = 14.4 x 24
=346 dm® (to 3 s.f.)

EXAMINER’S COMMENTS

Most students were able obtain the correct overall equation and find the volume
of O produced. Common mistakes included forgetting to convert kg into g
when finding number of moles of Cr, using the ideal gas equation to solve this
question.

9729/03/CJC JC2 Preliminary Examination 2022 [Turn over

1mol dm  Cri*(aq)

1

(d) Chrome yellow containing Na,CrO., has been used for a long time as a yellow
pigment in oil paintings.

() Use the standard redox potentials below to explain why the yellow colour
changes when the painting is exposed to an atmosphere containing suifur
dioxide.

SO +4H* + 2e~ = 2H,0 + SO, E=+0.17V
CrO4Z + 8H* + 3e~ =Cr* + 4H,0 E?=+1.33V [2)
Ecer® = Ered® ~ Eoxia®
=+1.33 ~ (+0.17)
=+1.16V
Ecar® >0 (reaction is energetically favourable) and hence yellow
colour changes
EXAMINER’'S COMMENTS

Most students did not find the overall E...® to determine if the reaction is
feasible. Common mistakes included explaining how the presence of SO.
changes the position of the equilibrium according to LCP.

(d) (ii) Suggest why this colour change takes a long time. [1]
E..r® tells us whether a reaction is sponta
[Total: 15]
EXAMINER’'S COMMENTS

This question was poorly done. A variety of answers were given, but students
failed to note that the presence of SO: in the atmosphere is actually very low,
thus this reaction does not take place under standard conditions. In addition,
reactions which are energetically feasible, i.e. Ecoi® > 0 does not mean it may
proceed, as the activation energy of the reaction may be very high.
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(c) The van 't Hoff equation relates equilibrium constants to enthalpy (AH) and entropy

changes (AS) as follows:
| __AH AS
"™ RTY R
where R is the molar gas constant and T is measured is in Kelvin.
The titration in (b) was repeated at different temperatures and the following results

were obtained.
0 0.0005 0.001 00015 0.002 0.0025 0.003 0.0035 0.004

15
10
L .
m M
In Ksp
0
-5 ~
-10 ur
{¢) (i) Using the information provided, calculate AH and AS for the dissolution of
potassium hydrogen tartrate in water. [2}
" _AH _, 12#10
Gradient value = == loseasd!
= 5789

AH=5789 x 8.31 = +48110 J mol™
= +48.1 kJ mol™!

y-intercept value = >IM =12

AS =12 x 8.31 = +99.7 J K" mol*

(i) Hence, predict the temperature at which potassium hydrogen tartrate
becomes soluble in water. [11

AG=AH-TAS=0

T=AH/AS=48110/99.7=483 K

10

(d) At 800 K, nitrogen monoxide reacts with hydrogen as shown below in an enclosed
gas tank.

2Ho(g) + 2NO(g) —> 2H,0(g) + Na(g)
rate = k(P#,)(Pno)?

On the same axes, sketch suitable graphs on the same axes below to illustrate
clearly how the rate of reaction would vary when partia! pressures of

H H
(i) andNO
is increased respectively. 1
rate of reaction / atm s™ NO
A
Hz
0 -
partial pressure / atm
EXAMINER’S COMMENTS

This question is poorly attempted due to overthinking on the students’ part.
Some left the axis blank while others were drawing equilibrium graphs of
concentration against time. It is important that candidates realise what is asked
in the question before presenting their answers.

EXAMINER’S COMMENTS

This question demonstrates the poor mathematical interpretation of the
expression provided. To solve both thermodynamic constants, some students
were busy solving simultaneous questions when a simple conversion using
linear law was sufficient to obtain it.
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13

This question is about nitrogen containing compounds.

(a) Nitrogen monoxide reacts with chlorine to form nitrosyl chioride, according to the
equation:
2NO(g) + Clx(g) — 2NOCI(g)

In an experiment, student A kept the amount of Clx(g) in large excess while the initial
partial pressure of NO(g) was varied at constant temperature of 550 K.

The table below shows the experimental results obtained.

time /s Pno/ atm (Rate / Pno) (Rate / (Pno)?)
/s /(atm -t s™")

0 0.917 1.033 x 107* 1.126 x 10

1000 0.827 9.312x 10 1.126 x 10

2000 0.753 8.486 x 107 1.127 x 10°*

3000 0.691 7.788 x 10° 1427 x 107

4000 0.638 7.190 x 10°% 1.127 x 107

(i) Suggest why the amount of Clx(g) was kept in large excess. 1

large excess, the_partial

the amount of Clxg)

EXAMINER'S COMMENTS .
This question requires students to see the reason behind keeping the amount of

Clx(g) in large excess and hence link to how it affect the determination of the rate
of reaction. Many students were not able to be awarded full credit.

(ii) Define the term order of reaction. [1]

to which the concentration of a reactant is raised to 5 nrm

s agiiation,

experimentally - determined rate egiiation.

EXAMINER'S COMMENTS
This is a recall question that was not well attempted. Students were not able to

give all the keywords required.

9729/03/CJC JC2 Preliminary Examination 2022 [Turn over

3

14

(ili) Using the data from the table above, deduce the order of reaction with respect
to NO(g). 1

Since Rate = k(Pnol’y ... e, e, . .
Rate/(Pw)® = k is constant throughout the reaction
(and thus rateof reaction is directly propuortional-to (Pis)?), the reaction
_m second order with respect to NO.

EXAMINER’S COMMENTS

This question required students to see that Rate/(Pxo)?= kis constant throughout
the reaction and hence determine the order of reaction. Students were not able
to get full credit.

(a) (iv) Inanother experiment, the initial partial pressure of NO(g) was 4.2 atm and it
was reacted with Clx(g) at a constant temperature of 550 K. The partial
pressure of Clz(g) was recorded at time intervals of 30 seconds.

The data obtained are tabulated below.

time /s | partial pressure time /s | partial pressure of
of Clx(g)/ atm Clx(g) atm

0 0.78 300 0.49
30 0.76 330 0.46

60 0.72 360 0.44

90 0.70 390 0.42
120 0.66 420 0.39
150 0.63 450 0.38
180 0.59 480 0.36
210 0.57 510 0.34
240 0.54 540 0.33
270 0.52 570 0.32

Using the data but without plotting of any graph, deduce the order of reaction
with respect to Clx(g). [1]

1%t tip
= time taken for Pcz to decrease from 0.78 atm to 0.39 atm
=420s

2" ¢y

= time taken for Pcr. to decrease from 0.76 atm to 0.38 atm (or 0.66 - 0.33)
=480 - 60

=420s

Since tyz is constant at 420s, the reaction is first order with respect to Clh.

EXAMINER'S COMMENTS
This question required students find the half life which was not well attempted.
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(c)

)

17

Kynurenine has the molecular formula CioHi2N2Os. When dissolved, an
aqueous solution of kynurenine is almost neutral and maintains its pH upon
addition of small amounts of aqueous sodium hydroxide or hydrochloric acid.
Addition of this solution to aqueous 2,4-dinitrophenylhydrazine causes an
orange precipitate to form.

Kynurenine reacts with NaBH, to form compound L, C1oH1N203. Heating L
with concentrated H,SO. produces only M, CioHiN2O2. Heating M with
acidified KMnO4 under reflux results in the formation of compound N, CsHsNO4

18

and anthranilic acid.

The molecular structure of anthranilic acid is as shown below.

CO,H

NH,

anthranilic acid

Reaction of N with LiAlH, in dry ether produces compound O, CsHsNO..
A solution of O tums litmus paper biue.

Suggest possible structures for L, M, N, O and kynurenine. For each reaction,
state the type of reaction described and explain what the information tells you
about the functional groups present in each compound. [13]

INFORMATION

DEDUCTION

Kynurenine has the molecular formula
C1oH12N203

C:H is approximately 1:1. It contains a
benzene ring

When dissolved, an agueous solution of
kynurenine is almost neutral

Kynurenine maintained its pH upon addition
of small amounts of aqueous sotlium
hydroxide or hydrochloric acid

It functions as a buffer.

Addition of the kynurenine to aqueous
2,A-DNPH caused an orange precipitate to
form.

Presence of carbonyl group
Condensation reaction.

Kynurenine reacts with NaBHj to form
compound L, C1oH1aN203

Reduction of ketone group in kynurenine.

Heating L with concentrated H2SO4
produces only M, C1oH12N202.

Elimination of H and OH groups from L to
form atkene in M. Indicate the presence of
—OH group on L.

Heating M with acidified KMnO4 under reflux
results in the formation of compound N,
C3aHsNO4 and anthranilic acid

Oxidative cleavage of C=C bond occurred
as 2 molecules were obtained

IOMO/ \OONI IOImO// \OImOI
%I n_uI
ZIN ZIN
N (o]
IMZ// \OOmI INZ/ \OONI
JVI n&wI
I/ \O/ HO_ _CH;
H H
NH; NH2
M L

Kynurenine

[Total: 24}

EXAMINER’'S COMMENTS

This is an elucidation question that requires students to use the information to
explain the type of reaction and functional group present. And hence deduce the

structures.

Many students were only able to achieve partial credits.

Some of the common mistakes includes:
- deduction of amide groups in kynurenine,

- identification of type of reaction when L is reacted with concentrated H;S04 as

hydrolysis

Reaction of N with LiAlH: in dry ether | Reduction of carboxylic acid group in N.
produces compound O, CsHgNO.. A solution
of O tums litmus blue.

9729/03/CJC JC2 Preliminary Examination 2022 [Turn over

9729/03/CJC JC2 Preliminary Examination 2022

€0¥~d9




220z uopeunuexy Aeuuiald ZOr OrO/E0/62.6

J0°3ied  ot0| "oy} ‘Bupjew sy ‘Ban- SUSZUSY JO WOJSAS UONO0[0 T oy} OFul

PasIea0jep aq ued eujweAusyd jo woje N 8} Uo SUOIOB[e JO Jjed auo] oy ._.

N°H

(o)

o

[2] ‘Buiuosess snoA upejdx3 “eseq Jebuoss B eq {IIm yoym woje
uaboau ey appud ‘mojeq weibelp sy up ‘uojoud e Bupdasoe Aq eseq e se Joe

ued yotym jo yjoq ‘swoje Cmmo..:c OM] SUBJUOT 9UIRd0Id JO B|Nd8joW auQD A___v

(e)

‘aujesnsd
JO 2IN3ONIIS Iy} O3 PES| JOU [|IM JUBIORas BY) SBEHN 2uo2 Bulalb 1y doig
‘(L1-21 Bd sajou sinjoa) spunodwo? usbouyN

0} J9j01) peajsul paulioy sj punodwod oze ue se ajgissod Jou €] YoM
asujuejAusyd o} 6UsZUBGOIIU aONPaAl 0} Jayje Aup pue r1yrT Buisn :¢ dayg
‘papesu s{ }sfjejes ou ‘I8jse ue WIO] O} [OYOIJe e YJIMm Aj|pesel Joeel ||im
aplIojy2 |Aoe Jey; ajoN ‘(ouejje ue wLIog 03) [OYOI|B 8Y] Jo uopeipAysp sy}
0} pes| [IIM YIIYM Jeay pue *OS7H dU03 YIM IDTHI'HOOH Bunes iz dejs
‘(punodwos Bupsels ayy

uy Juasaud jou si ysjym dnoub [Ayjejeue)je ue jo uopnNIPIsYNs {eslpe.l sely
4o} s| s1p) by An ym 219 Jo (Bup euszusq ey) ojuo 79 Jo uopmysqns
alilydonoeie 1o} pesn s| sip) 1984 snoipAyue yim 25 Bupeys @) dejs

:$MO]|0} SE 8Je OPRW SONEJSII UOWIWO)

‘auop A|peq sem uofisanb siy|
SINININOD S HIANINYXA

°HN

1OPHOHO0D

X 9je|pauLIaju) Jo aimaNLS

0z

220z uopeuiwex3 Aleujwiiaid ZOr OFO/E0/6Z.6

ajqesbueyasalul ase ¢ pue ¢ doig :ILON

Isl "X ejelpawLalul Jo
eINoNS ey MBI P PUB € ‘Z ‘) Sde)S 40} pasn suonipuod pue sjuabiess ayy alelg

¢ON ZON ZON
sulRo0ld ~e——— X Dlelpaulajl] -—— - ———
. ¥ daig ¢ days @ z dais @ | deig @

19PHOPHO 0D 1200 He00

‘awayos uonoeas Bupmolio) sy Aq epew oq uea suleooid (1)

‘usAlb asom sanjen Juaiayp Auep ‘auop Ajpeq sem uopsanb siyL

SINIWNOD S.HININVYX3
.................................................................................. ;
[1] ‘auleo0id ur v j0 aje)s uoflepixo sy sieys (1)
aued0id
N°H

\\//z\)/\\o,/q\,o
o

:aamonus Buimojioy
ay) sey Alebins Buunp pasn onoyiseeue [B20) S|GEIOSUI JSII BU) JO BUO ‘BUIBd0. ()]

‘ss0USNOIOSU0d Bupoaye AlLess3oau Jnoyim Apoq
8y} Jo uoifas papw; & 10) UOHESUSS JO SSO| B[qISIaAS) B 9SNED LIIUM SOIOY]SBEUE [830] JO
‘SSBUSNOOSLIOD JO SSO| SIQISIOAS] B UL JNsal Jey) sojjeyiseeue [e1ausb se peyissejo ag Aew
A8y ‘sseuasemE JO UOHESUBS JO SSO| Aelodws) e 8onpul 0} pasn Brup e s| aljsyjseeue uy

"UOIJ99S SIL} WIoJ) Uofsanb auo Jemsuy
g uoydag

v0v-dd



22

21
(b) Prilocaine, an amide-based local anaesthetic, is commonly used in dentistry.
EXAMINER'S COMMENTS . . Prilocaine is synthesised when the following substituted acyl chloride undergoes a
This question was well done. Many students were able to identify the correct condensation (addition-elimination) reaction with 2-methyiphenylamine.

nitrogen atom and give the correct explanation.

A small minority of student mentioned ‘negative charge on nitrogen atom’ or
‘stabilising the negative ion’ and was penalised, because the nitrogen atom will NH; cr
i 4 : ] oton.
only carry a positive charge (conjugate acid) after accepting a proton n \/\
+
o

(a) (iv) Procaine undergoes hydrolysis rapidly in the small intestines where the pH is
about 9. Give the structural formulae of the products obtained from the
hydrolysis under such conditions. [2] 2-methylphenylamine substituted acyl chloride

o}

o e N g

HaN
N
EXAMINER'S COMMENTS N \/\ . .
Most students were able to draw the first structure correctly. However, many N
students mistakenly thought that the alcohol will react with OH~ fons as well i

and gave the following wrong product:

Prilocaine
The reaction above takes place in three steps.

N
nO\/\ /\ The first step involves the nucleophilic addition of 2-methylphenylamine to the
substituted acyl chloride to form the following dipolar ion as an intermediate.

+ o)
ZIN \/\
N
H
o-

In the second step, the nitrogen atom on another molecule of 2-methylphenylamine
acts as a base and accepts a proton from the dipolar ion intermediate.

In the final step, the C=0 bond of the amide bond is restored when the chlorine atom
leaves as a chloride ion.

With reference to the information provided above, suggest a three-step mechanism
for the formation of Prilocaine.
o]

c
AN
You may wish to represent the substituted acyl chioride as R ci,
Show all partial charges and curly arrows clearly in your answer. [3]

9729/03/CJC JC2 Preliminary Examination 2022
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(c) (i) With reference to the given pK, values, suggest the major species present in
solutions of histidine with the following pH values:

e pH4
e pHS8
e pH12

(3}

pH value

major species

H o
e
HN—C—C—0

CHy

12

full three marks.

EXAMINERS’ COMMENTS
This question was badly done. Only a very smail minority of students scored the

9729/03/CJC JC2 Preliminary Examination 2022 [Turn over
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(©)

(ii)

26

Histidine is also important for digestion in human body as it helps to produce
gastric juices in the stomach.

A stomach juice sample is extracted from a patient to determine the
concentration of histidine by titrating it with aqueous sodium hydroxide.

Draw a labelled titration curve of pH against amount of NaOH(aq) added when
one mole of fully protonated histidine is titrated with NaOH(aq)

You should clearly label the following points in your titration curve.
. amounts of NaOH required at each equivalence point
. pH values at the points of maximum buffer capacity {31

pH
P S

84T F w e mm —— = = - -
Maximum
buffer
capacity

Equivaience
point

6.00 1

1.821

Equivalence
_ point

0 1.0 2.0 3.0
Amount of NaOH (aq) f mol

EXAMINERS' COMMENTS
This question was mostly ieft blank.

For the few students who attempted to sketch a graph, the common mistakes
observed were:

showing only one or two equivalence points

labelling the y-axis as volume of NaOH and hence the wrong values were
stated

the pH values of at the three maximum buffer capacities were pH 4, 8
and 12, which were the values in the question in (c)(i) and is totally
irvalovant

9729/03/CJC JC2 Preliminary Examination 2022
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29

5 (b) The synthesis of methylpropene via the Wittig reaction is shown below.

o]

N

+ CyHglLi + =
PhyP: —BT o PhgPCHy — 2w PhyPCH, —
Step 1 Step 2 Step 3
(i) Name the type of reaction that occurs in step 1. [1]

(i) State the role of butyl lithium, CaHsl, in step 2. {1}

CaHsLi acts as a base/ proton acceptor

(i) Methylpropene undergoes a reaction with hydrogen bromide.
Suggest a mechanism for this reaction and use it to predict the major product.

Explain your reasoning. [3]
Electrophilic addition
CHy, / H IQO/ n_uxu
/o“ / + IID_. __ slow | +\0|o_/L_N _fast Iuo|n_u|01w
\ &+ 8- f\ R
O_\._u H Iuo H « Br Br
major product
EXAMINER’S COMMENTS

Most students were able to get (i) correct, but did not manage to identify that
buty! lithium functioned as a Bronsted-Lowry base as it has removed a proton
from PhsPCH; in order to form the phosphonium ylide in (ii). Some students
showed electrophilic addition mechanism of propene with HBr, instead of
methylpropene with HBr. Most students managed to get the mechanism

correct.

(iv) Describe and explain the trend in the thermal stability of the hydrogen halides
HCI, HBr and HI. Include an equation for the thermal decomposition reaction

in your answer. (3

Hydrogen halides decompose on heating to give hydrogen gas and halogens.

2HX > Hz + Xawhere X is a halogen. [1]

The thermal stability decreases down from HC/, HBr and HI. [1}
Down the group, as the size of the halogen atom increases.

The H-X bond length increases and is weaker.

Hence, the bond energy of H-X decreases, and thermal stability decreases

down the group. [11

9729/03/CJC JC2 Preliminary Examination 2022 [Turn over
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EXAMINER’'S COMMENTS

This question was poorly done. Common mistakes included stating that HX is
an ionic compound, and explaining that the size of the halide ion increases
down the group. Many students also failed to explain that as the size of the
halogen atoms increased, the effectiveness of orbital overlap decreases/ bond
length increases and thus bond strength weakens down the group. Many
students also gave the wrong equation for the thermal decomposition of the
hydrogen halides; H-X 2> H* + X~

(b)

(v) Hence, by stating relevant information from the Data Booklet, suggest how
the rate of the reaction will change in (b when hydrogen chloride is used
instead of hydrogen bromide. [2]

Bond energy H-C/ : 431 kJ mol™'
y B=-Br"366 K)ol """

When hydrogen-halides react with atkenes; thre'H=X"bond has to'be broken: -
Since the breaking of H-X bond takes
determining step; the stronger H~X bond, the-siower the reaction-will be. ---
Thus rate of reaction will be slower when hydrogen chioride is used

instead of hydrogen bramide...... v P,

EXAMINER’S COMMENTS
This question was done well. Many students were able to score the fuli marks

for this section.

(c)

Wittig reaction is also used in the industry to synthesise p-carotene. p-carotene is a
food colouring that can be extracted from the pigmentation found in red-orange
plants and fruits such as carrots. It can be synthesised using excess of an aldehyde

and 2 molecules of phosphonium ylide.

N % U N NN

B-carotene

()  The phosphonium ylide used to synthesise B-carotene is given below, where

Ph represents a phenyl group,

NS

PPh,

Suggest the structure of the aldehyde that can be used to produce
B-carotene. [1

9729/03/CJC JC2 Preliminary Examination 2022
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(ii) Suggest reagents and conditions for each of the steps 1 and 2. 2)

[Total: 20}

EXAMINER'S COMMENTS

This question was mostly well attempted. Most students were able to identify
the organic compounds D and E, and state the correct reagents and conditions
required.
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Answer all the questions in the spaces provided.

Determination of the M, of a hydrated ethanedioate salt, using acidified potassium
manganate(VII) by titration

Calcium ethanedioate is the major component of the most common type of human kidney
stones. It is one of a series of salts formed from ethanedioic acid, H2C204. Another of
these salts can be represented by the formula X,C.OaeH;0, where X is a Group 1 metal.

Solution Q contains 64.5 g dm= of X,C,04eH-0 in deionised water. You are not provided
with Q.

FA 1 is a diluted solution of @, in which 35.70 cm® of Q was made up to 250 cm? with
deionised water in a graduated flask.

FA 2 is 0.0200 mol dm~ potassium manganate(VII), KMnOa.

FA 3 is 1.00 mol dm™ sulfuric acid, H,SO,.

In this question, you will perform a titration. The data from this titration will be used to
determine:

e the concentration of C;0,% ions in Q.

o the M, of X;C204eH,0, and hence the identity of the metal X.

(a) Titration of FA 1 against FA 2
In this titration, FA 2 is run from a burette into the conical flask containing FA 1 and
FA 3. initially, the colour of the FA 2 will take some time to disappear. After some
FA 2 has been added, sufficient Mn?*(aq) ions will be present to allow the reaction
to occur faster.

The end point is reached when a permanent pale pink colour is obtained.

(i) 1. Fill the burette with FA 2.

Using a pipette, transfer 25.0 cm?® of FA 1 into the conical flask.

3. Using an appropriate measuring cylinder, transfer 25.0 cm® of FA 3 to the
same conical flask.

4. Heat this solution to about 60 °C.

5. Run FA 2 from the burette into this flask until a permanent pale pink colour
is obtained. Be careful when you titrate under the hot condition.

6. Record your titration results to an appropriate level of precision, in the
space provided next page.

7. Repeat points 1 to 6 until consistent results are obtained.

8. Turn off your Bunsen burner.

N
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Investigation of reaction between manganate(VII) ions and ethanedioate ions

FA 2 is 0.0200 mol dm™ potassium manganate(VII), KMnO4 (same as in Q1).
FA3 is 1.0 mol dm™ sulfuric acid, H.SO4 (same as in Q1).

FA 4 is 0.200 mol dm™ ethanedioic acid, H2C20s.

FAS5 is 0.0100 mol dm™ sodium thiosuifate, Na2Sz0s.

FA 6 is 0.100 mol dm™ potassium iodide, KI.

You are also provided with a starch indicator.

Acidified potassium manganate(VII) oxidises ethanedioate ions, C204*~ as shown in
reaction 1. The Mn?* ions produced in reaction 1 act as a catalyst for the reaction.
This is an example of ‘autocatalysis’.

2MnO4~(aq) + 5C.04*(aq) + 16H*(aq) — 2Mn*(aq) + 10COx(g) + 8H.0(/)  reaction 1

You are to investigate how the rate of reaction changes with [MnO47]. To do this, you will
prepare a reaction mixture containing FA 2, FA 3 and FA 4. At timed intervals, you will
withdraw five aliquots (portions) of the reaction mixture, add them to 10 cm? of excess
KI which quench” the reaction by reacting away all MnO4~ via a redox reaction as
shown in reaction 2.

2MnO4(aq) + 101 (ag) + 16H*(aq) > 2Mn*(aq) + 5lx(aq) + 8H0(!) reaction 2

You will then titrate the iodine produced in the resulting solutions against sodium
thiosulfate (reaction 3).

28;05*(aq) + L(aq) — 2I(ag) + S4Oe*(aq) reaction 3
Your titre values dicate the concentration of MnO4~ remaining in the reaction mixture

at different times. Hence, the rate of reaction between MnO,~ and C,04* at different times
can be determined by graphical analysis of your results.

Amount of MnO4 present at that instantaneous time can be found by finding the amount
of iodine that has reacted with thiosulfate.

[Tum over
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At the start, before the reaction

N

. 1:00 minute

w

. 4:00 minute

»

. 7:00 minute

5. 10:00 minute

6. 14:00 minute

You should read all of the instructions on this page and the method on the next
page before you start this experiment.

Recording your results

In an appropriate format in the space provided on page 7 under the heading, Results, in
(b), prepare a table to record, for each of your aliquots, the

= transfer time in minutes and seconds,
¢ fitration results (initial and final burette readings; and volume of FA 5 added),

s time, t, which is the transfer time converted to minutes, to one decimal place
(e.g. a transfer time of 2 min 27 s becomes 2 min + 27/60 min = 2.5 min).

Make certain that your recorded results show the precision of your working.
(a) Method

Preparing the boiling tubes and burette
1. Using a 10 cm® measuring cylinder, add about 10 cm? of FA 6 to each of the
labelled boiling tubes, 1 to 5.

2. Fill a burette with FA 5.

Preparing the reaction mixture
3. Use appropriate measuring cylinders to add to the beaker labelled reaction
mixture
e 50cm*of FA3,
. 50.0 cm® of FA 4,
»  45.0 cm® of deionised water.

[Turn over
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() (i) On the grid below, plot a graph of the volume of sodium thiosulfate, FA 5, on the
y-axis, against time, t, on the x-axis.

Draw the most appropriate curve taking into account all of your plotted points.

Volume of FA 5§ /cm®
A

20

16

12

nnm

v

t/ min

* Axes correct way round + axes with correct labels with units + uses proper
scale (not awkward scale) with plotted points occupying at least half of the
given grid in both directions.

« All points plotted correctly to within + 2 small square.

= Asmooth curve (correct shape) of best-fit drawn, based on student's results.

3]
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10

The rate of reaction at time t is indicated by the slope of the tangent at time t.

Describe and explain how the shape of the graph in (c)(i) shows that the reaction
between MnO4~ and C,04% is an autocatalysed reaction.

At the start, the slope of the tangent is almost zero/smalligentle.
This indicates that the rate of reaction is low due to absence of
Mn®/catalyst or low concentration of Mn*/catalyst.

As the reaction proceeds, the slope/gradient of the tangent increases. This

indicates that the yate of reaction increases due to more catalyst/Mn* is
produced or concentration of Mn?*/catalyst increases.

Towards the end, the slope of the tangent decreases. This indicates that
the rate of reaction decreases due to decrease in concentration of
reactants.

2

[Turn over
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3 Part 1: Qualitative Analysis

In this task you are to explore the chemistry of some compounds of an unknown transition
element R and determine the ientities or structures of a number of different substances.

FB 1 s a solid sample of a common dioxide of the unknown transition element R.

FB2 is

dilute sulfuric acid, H2804.

FB 3 is a solid sample of sodium ethanedioate, NaC0,.
FB 4 is a solution of pure compound S, which is the product that will be formed in (a)(i).

FB5 is
FB6 is
FB7 is

a dilute solution of KMnO,,
a simple hydrocarbon compound.
bromine water.

Carry out the following experiments. Carefully record your observations in the spaces
provided. Test any gases produced.

Test

Observations

solig

@) @M
NazCz04

Transfer all of the solid sample of
FB 3 info a small conical flask. Add
25 cm® of FB 2 to the flask.

dilute sulfuric acid
Gently heat the flask until the temperature
of the mixture reaches about 60 °C.

Swirl the mixture carefully. Place the flask
on the wire gauze / heat proof mat,

ROz
Using a spatula, add FB 1 to the

mixture in small portions. Between
each addifion, stir the mixture
carefully with the themmometer and
observe any changes in the
temperature of the mixture.

ROz
Stop adding FB 1 to the mixture when

you think the reaction is complete.

1. White solid (Na,C:04) eventually
dissolves during the experiment.

2. Effervescence/bubbles after each
addition (do not accept “gas
evolved”).

3. CO. gas (collected) gives a white
ppt with lime water.

4. Upon addition of FB1,
temperature of mixture rises /
Conical flask feels hot (even
though no heat is applied).

5. Temperature rise stops
ltemperature falls / mixture starts
to cool / effervescence much less
vigorous on addition of more
FB 1.

14

Filter the mixture into a boiling tube | 6. (Pale pink) filtrate turns yellow-
and leave the filtrate fo stand. The green /pale yellow.
filtrate contains the compound S.

Retain this filtrate for use in {a)(ii).

(@) ()

In this part, you are to investigate the effect of the addition of aqueous sodium
hydroxide, and the addition of ammonia, to separate portions of the filtrate from
(a)(i) and FB 4.

solution of compound S
In the space below, prepare. a suitable table and in it record details of the tests
performed and the observations made.

Test Observations

(a)(ii)

Place 2 cm?of the filtrate from (a)(i) in [ Tests with the filtrate from (a)(i):
a testtube, add fo it dropwise | 7. NaOH{aq)and NHa(aq): off -white
NaOH(aq), with shaking, fil excess. I light brown ppt.

To 2 cm® of the filtrate from (a)(i) in | Tests with FB 4:
another test-tube add to it dropwise | 8. NaOH(aq) and NHs(aq):
NHa(ag), with shaking, till excess. off-white / light brown ppt.

Repeat the above tests using | 9. NaOH(aq) and NHs(aq) with both
NaOH(aq) and NHs(aq) separately solutions: all 4 ppts insoluble in
with FB 4, in place of the filtrate from excess.

Amxc. solution of compound
10. NaOH(aq) and NHs(aq) with both
A single table to describe the solutions: ppts darken (on
procedure of adding dropwise / standing) / turns brown on
small volume of NaOH(aq) and contact with air

NH:(aq) and then in excess, both
with shaking, to separate samples
of the filtrate from (a)(i) and FB 4.

[Turn over
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simple hydrocarbon  dilute solution of KMnO4

(e) Compound U is the main organic product in (b)(i), when FB 6 reacts with FB 5 under
alkaline conditions. The molecular formula of U is CsH120..

U]

(i)

difference of 20 and 2H

Deduce the molecular formula of FB 6.
stmple hydrocarhon

Explain your deduction. Your explanation should be supported by evidence
from the observations provided in (b).
molecular formula of FB 6is..C8M10. ...

¢ Bri(aq) decolourised, so C=C present / FB 5 or KMnOy

EXPIANAtION ... T e e e s i et ranr e s e e ur nerareanesseennorsranarasranasen
decolourised so C=C present.

* Cold alkaline MnO4~ oxidises C=C to C(OH)—C(OH) /

e....Only two O atoms.in malecular formula of U,.s0 only one C=C

2...59.FB.6.i5. CoH1202 . (2 X OH). 2. CoHoor....ou e ernvennrnrnsnisncseneennd[2]

simple hydrocarbon
Draw the structural formulae for FB 6 and compound U.

structure of FB 6 structure of U

SINOY

{2]

{Turn aver
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{(a) Fourliquid samples labelled FC 1, FC 2, FC 3 and FC 4 are listed below.

benzaldehyde
o// H

cyclohexene

propan-2-ol

H OH H

propanone

H—C—C—C—H

ol
H H H

e}

PN

HaC CH,

The identity of each of the liquid samples is not known. A student carried out a series
of test-tube reactions so as to distinguish the four liquid samples. The tests he
performed and the corresponding observations are recorded in the table below.

Test

Observations
with FC 1

Observations
with FC 2

Observations
with FC 3

Observations
with FC 4

(i) | 1. To1cmdepth
of the sample
in a test-tube,
add about
1 om® of
aqueous

bromine.

Orange
aqueous
bromine is
decolourised.

No observable
change.

No observable
change.

No
observable
change.

2. To1cmdepth
of the sample
in a test-tube,
add 10 drops
of agueous
H280s and
5 drops of
aqueous
KMnOa. Place
the test-tube
in a hot water
bath,

Purple
acidified
KMnO4 is
decolourised.

Purple
acidified
KMnOs is
decolourised.

Purple
acidified
KMnOs is
decolourised.

No
observable
change.

ed

To 1cm depth
of the sample
in a test-tube,
add 6 drops of

followed by
10 drops of
aqueous I
Place the
test-tube in a
hat water
bath.

No observable
change.

A yellow ppt
of CHIs is
seen.

No abservable
change.

A yellow ppt
of CHL is
seen.

9729/04/CJC JC2 Preliminary Examinations 2022
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Qualitative Analysis Notes

[opt. = precipitate]

(@) Reactions of aqueous cations

cation reaction with
NaOH(aq) NHs(aq)
aluminium, white ppt. white ppt.
Al3(aq) soluble In excess insoluble in excess
ammonium, . .
NH:*(aq) ammonia produced on heating
barium, .
Ba?(aq) no ppt. (if reagents are pure) no ppt.
calcium, . . 24
Ca?(aq) white ppt. with high [Ca®*(aq)] no ppt.
R grey-green ppt.
chromium(lil), soluble in excuss mavrm_,mm.: ppt.
Cr**(aq) s . insoluble in excess
giving dark green solution
blue ppt.
copper(il), pale blue ppt. mo_:%M in excess
2+ H H
Cu*(aq) insoluble in excess g dark blue solution
iron(If). green ppt. turming brown on green ppt. turning brown on
mo»&m. ) contact with air contact with air
9 insoluble in excess insoluble in excess
iron(lil), red-brown ppt. red-brown ppt.
Fe*(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg?(aq) insoluble in excess insoluble in excess
off-white ppt. rapidly turning brown | off-white ppt. rapidly turning

ﬁ”w,,mmsvm se(il). on contact with air brown on contact with air

(aq insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn*(aq) soluble in excess soluble in excess

[Turn over
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(b) Reactions of aqueous anions

ion reaction
carbonate, " . .
coz CO. liberated by dilute acids
chloride, ' N . . .
Cl(aq) gives white ppt. with Ag*(aq) (soluble in NHs(aq))
Wﬂmﬁﬁw ! gives pale cream ppt. with Ag*(aq) (partially soluble in NHs(aq))
Mﬂ_mwﬂ gives yellow ppt. with Ag*(aq) (insoluble in NHs(aq))
N.waﬁme NHj liberated on heating with OH-(aq) and Al foil
nitrite NHj3 liberated on heating with OH~(aq) and Al foil;
NO. A.m ) NO liberated by dilute acids
Z1aq (colourless NO — (pale) brown NO; in air)
sulfate, N . . 2 . . " .
SO (aq) gives white ppt. with Ba*'(aq) (insoluble in excess dilute strong acids)
sulfite, 80 liberated with dilute acids;
S04%(aq) gives white ppt. with Ba?*(aq) (soluble in dilute strong acids)

{c) Tests for gases

gas test and test result

ammonia, NHsz turns damp red litmus paper blue

carbon dioxide, gives a white ppt. with limewater

CO> (ppt. dissolves with excess CO;)

chlorine, Clz bleaches damp litmus paper

hydrogen, Hz "pops” with a lighted splint

oxygen, Oz relights a glowing splint

sulfur dioxide, SO M:oq_“_w._ MMMMo:m acidified potassium manganate(VIl) from purple to

(d) Colour of halogens

colour in aqueous colour in
halogen colour of element solution hexane
chiorine, Ck greenish yellow gas pale yellow pale yellow
bromine, Brz reddish .cii: gas/ orange orange-red
liquid
iodine, I black solid / purple gas brown purple
[Turn over
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DUNMAN HIGH SCHOOL
Preliminary Examination

Year 6
H2 CHEMISTRY 9729/01
Paper 1 Multiple Choice 23 September 2022
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Additional Materials: Multiple Choice Answer Sheet
Data Booklet

READ THESE INSTRUCTIONS FIRST

Write your centre number, index number, name and class at the top of this page.
Write in soft pencil.
Do not use staples, paper clips, giue or correction fluid.

There are thirty questions on this paper. Answer all questions. For each question there are four
possible answers A, B, C and D.

Choose the one you consider correct and record your choice in soft pencil on the separate Answer
Sheet.

Read the instructions on the Answer Sheet very carefully.
Each correct answer will score one mark. A mark will not be deducted for a wrong answer.

Any rough working should be done in this booklet.
The use of an approved scientific calculator is expected, where appropriate.

This document consists of 15 printed pages and 1 blank page.

© DHS 2022 9729/01 [Turn over

2

1 Beams of charged particles are deflected by an electric field. Under identical conditions, the
angle of deflection of a particle is proportional to its charge/mass ratio.

In an experiment, protons are deflected by an angle of +15° by an electric field. in another
experiment under identical conditions, particle Y is deflected by an angle of —5°.

What could be the composition of particle Y?

protons neutrons electrons
A 1 2 1
B 3 3 5
Cc 4 5 1
D 4 5 3
2 The first ionisation energies of four elements with consecutive atomic numbers below 20 are

shown on the graph.
One of the elements reacts with hydrogen to form a covalent compound with formula HX.

Which element could be X?

A
B
first
ionisation A
energy
 kJ mot™!
D
c
atomic number .
3 Which molecule does not have any 90° or 180° bond angles?
1 O3
2 PFs
3 [PCL]
4 SFs
A 1 and 3 only B 2 and 4 only
[+ 1, 2 and 4 only D 3only
© DHS 2022 9729/01
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5
. . , 13 The initial rate method was used to investigate the reaction between compounds K and L
11 Use of the Data Booklet is relevant to this question. which is catalysed by reagent M.
Which statements are correct? The results obtained are shown below.
i in its decomposition.
1 H202 acts as both the oxidising agent and reducing agent in its decomposition roermont initial [K] initial [L] initial [M] relative rate
2 MnOy™ reacts with Fe®* in a 1 : 5 ratio under acidic conditions to give Fe?* and Mn?*. P { mol dm™ / mol dm™ / mol dm™3 /s
3 In an iodometric titration, I2 is the reducing agent while S,04*" is the oxidising agent. 1 0.0025 0.08 0.80 0.50
4 Each carbon atom in the ion, HC,O4~, has an oxidation state of +3 2 0.0010 0.08 0.80 0.20
ion, ' .
ach carbon atom in fhe fon, HL.z20s 3 0.0050 0.08 0.40 0.25
4 0.0050 0.04 0.80 0.50
A 1,2 and 4 only B 2and3only
c 1 and 3 only D 1and4only What is the rate equation for this reaction?
A rate = KK]{L][M] B rate = KK]L]AM]
12 Nitric oxide, NO, reacts with hydrogen gas to give nitrogen and water only. [ rate = KK][LI[M)? D rate = KK][LPMJ?
Given that rate = A[NOJ?[H;], which reaction mechanism best agrees with the experimentally
determined rate law? 14 Nitrogen dioxide can decompose to form nitrogen monoxide and oxygen.
A NO + NO = N:O» (slow) 2NO2(g) = 2NO(g) + O2(g)
N20z + Hz = N2O + H0 fast
e ? z z (fast) When 2.50 mol of nitrogen dioxide was allowed to undergo decomposition in a 0.8 dm?
container, 0.528 mol of oxygen was present at equilibrium.
B NO + Hz — HNO + He (slow)
HNO + He — qu +H0 (fast) What is the numerical value of the equilibrium constant, K, for this reaction?
A 0.282 B 0.353
c 2NO + Hz = N2O + H.0 (slow)
NzO + Hz = Nz + Hz0 (fast) ¢ 28 D 354
D 2NO + Hz - 2HNO (slow) 15 The formation of sulfur trioxide from sulfur dioxide and oxygen is a reversible reaction.
2HNO —> Nz + H,0; (fast)
2502(g) + O2(g) = 2505(g) AH =-197 kJ mol™'
Which statements about this equilibrium are correct?
1 The K. value will be halved if the stoichiometric coefficients in the equation are halved.
2 At dynamic equilibrium, the rates of the forward and backward reactions are equal to
zero.
3 An increase in pressure of the system will result in a greater yield of SO; at equilibrium.
4 When temperature is reduced, the rate constant of the forward reaction, k, decreases
to a smaller extent than that of the backward reaction, k.
A 3 and 4 only B 1 and 2 only
[+ 2,3 and 4 only D 1 and 3 only
© DHS 2022 9729/01
© DHS 2022 9729/01 [Turn over
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9
18 Which equation has the movement of electrons correctly shown using curly arrows?
| ﬂ
A Cle +«\Iu.®m“u.|lmq —_— .n_u Br + HCI
H H
H H
’ OI®
) _ (Y | )
B + H—/—C>—Br —>» HO—C—H <+ $Br
m+_ &~ _
H H
| |
c Cie + H %[mq — .n_u Br 4+ HCI
H H
.\@/z H
OH
p | D) | ©
+ H-—C Br —— HO—C——H <+ $Br
m+_ &~ _
H H
19 Which statement correctly describes enantiomers?
A A racemic mixture is optically active.
B Enantiomers have different melting points.
C Enantiomers exhibit the same biological behaviour in the human body.
D Enantiomers have the same solubility in the same solvent.
©DHS 2022 9729/01 [Turn over

10

20 2-methylpentane can undergo free radical substitution with chlorine in the presence of
ultraviolet light.

2-methylpentane

Assume that the rate of abstraction of hydrogen atom from each carbon is the same.

Which statements are correct?

AW N

>

There are four equivalent secondary hydrogen atoms in 2-methylpentane.
The relative proportion of the tertiary monochloroalkane preduct will be the smallest.
There are three isomeric primary monochloroalkane products.

The propagation step of the reaction mechanism involves He radicals.

1, 2 and 3 only B 2and3only
2 and 4 only D 1 and 4 only

21 Which statement is true about the reaction between but—1—ene and aqueous bromine?

S WN =

>

© DHS 2022

The reaction is an overall first order reaction.
Water acts as an electrophile in this reaction.
The reaction involves a trigonal planar intermediate.

1-bromobutan—2—ol will be the product with the highest yield.

3only B 2 and 3 only
1 and 4 only D  3and4only
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26 Which compound below can be used to synthesise chlorogenic acid in either one or two steps?

OH
o
(o]
2 ho 0" NF
OH
OH
OH
o
HO
OH
(o]
3
) o) Z
[o]
OH
OH
A 3 only B
c 2 and 3 only D
©® DHS 2022 9729/01

1 and 2 only
1,2and 3
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27 Methotrexate is an immunosuppressant used to treat some forms of cancer.

o} COOH

_,__N
R H
N1 COOH

methotrexate
You may assume that the R group is unreactive.
Which statement is true about methotrexate?

Ny can react with ethanoyl chloride to give an amide.
Both N1 and N2 have lone pair of electrons that are available for donation.

The heating of methotrexate with H2S04(aq) does not produce any zwitterions.

o 0 w >

The treatment of methotrexate with LIAIH4 will result in the removal of 2 oxygen atoms
from methotrexate.

28 Consider the galvanic cell below.

salt bridge

Ag Pt
" [Fe?*(aq)] = [Fe**(aq)]
Hu)m_u %m%vwa.a =1 mol dm-

half-cell 1 hatf-cell 2
Excess NaCN(s) was added into half—cell 2.
Which is true about the galvanic cell above after the addition of NaCN(s)?

A Electrons flow out of half-cell 1 and into half-cell 2.
The cell potential becomes more positive.

B
[ The polarity of both electrode changes.
D

The cathode reduces in mass.

© DHS 2022 9729/01
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