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1 The successive ionisation energies of the gaseous ion, G*, are given in the table below:

number of electrons 1 2 3 4 5 6

removed

ionisation energy/ kd mol~" | 1907 2914 4964 6274 | 21267 | 25431 |

Which group in the periodic table does G belong to?

A

14 B 15 c 16 D 17

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

1
2

A

HCHO, CH;0H
BF;3, AlF3
CHsCH.CH2CH2CHs, C{CHa)a

1and 2 B 1and 3 C 2and 3 D 1,2and 3

3 Information about the properties of some compounds are given below.

density / g cm™

ice 0.931
water 0.997
boiling point/ °C
HF 18.5
NH; -33.3
2-nitrophenol 216
4-nitrophenocl 279

Which statement about the hydrogen bonding in these compunds is incorrect?

HF has a higher boiling point thahl—ig because each HF molecule can form

A
more hydrogen bonds on average compared to each NHz molecule.

B Hydrogen bonds between molecules of H.O in ice causes the density of ice to
be lower than that of water.

C  When CH3;CO:H is dissolved in benzene, hydrogen bonding between two
molecules of CH;CO.H causes the M; to double from 60 to 120.

D  The boiling point of 2-nitrophenol is lower than 4-nitrophenol due to the presence
of intramolecular hydrogen bonding in 2-nitrophenol.
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4  Which graph will not have the same shape for a fixed mass of gas compared to the rest?
(All values are measured in SI units.)

A pVagainstT C  pV against V at constant T

B p against density at constant T D p against 1/ at constant T

5 When a liquid hydrocarbon was burnt in 100 cm?® of excess oxygen gas, the gaseous
mixture contracted by 15 cm?®. On passing the resultant gaseous mixture through aqueous
sodium hydroxide, there was a further contraction of 60 cm®. What could be the molecular
formula of the hydrocarbon? All volumes were measured at room temperature and
pressure.

A CeHs B CeH:e C GCghHs D CgHi:

6 The main isotopes of sulfur are summarised in the table below:

isotope 23 i) 33 )
abundance 94.99 0.75 425 0.01

Which statements are correct?

1 The relative atomic mass of sulfur is 32.0929.

2 The relative isotopic mass of S is the mass of 1 atom of 3S relative to 11—2 of the

mass of a *C atom.

3 When unipositively charged ions of the isotopes of sulfur are passed through an
electric field, the angle of deflection for *2S* ion is the largest.

A 1and?2 B 1and 3 C 2and3 D 1,2and 3

7  When 13.1 g of zinc dust was added to 150 cm?® of 1.0 mol dm= aqueous copper(1l}
sulfate, the temperature of the solution rose by 15 °C.
b

What is the enthalpy change for the reaction: Cu?*{aq) + Zn{s) — Zn?*(aqg) + Cu(s)?

Assume the specific heat capacity of the solution is 4.20 J g™ K=" and the density of all
solutions is 1.00 g cm™.

A — 472 kJmol™ C -68.5k)mol™
B -63.0kJmol" D —1210kJmol™
© & Hwa Chang Institution 2021 9729/01/C2 Prelim 2021
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8 Consider the following reactions:

2NaOH({aq) + H.50as(aq) — Na.S04(aq) + 2H,0(/)
NaOH(aq} + CHiCO:H{ag) — CHiCO:Na(aq) + H>0())

Which statements are correct?

1

2

A

1and3

B

3 only

c

AHj represents the enthalpy change of neutralisation.
The pH of a solution of CHzCO:Na is greater than 7.

The magnitude of AH. is twice that of -AHz.

2 only

AH;
At

D 1,2and 3

9  The equation for the reaction between bromate and bromide ions is shown below.

BrO;(aq) + 5Br{aq) + 6H*(aq) — 3Brz(aq) + H20(/)

From initial rates experiments, the following rate equation was derived.

rate = k[BrOz)[Bri{H'?

The results of the initial rate experiments are shown.

What are the missing values, x, y, and z7

initial [BrOs7] initial [Br] initial [H™] initial rate, 1/t
/ mol dm™3 / mol dm™3 / mol dm2 /st
0.004 0.04 0.40 0.10
0.004 0.04 0.80 X
0.004 0.08 0.40 y
0.008 z 0.80 1.60

X y z
A 0.20 0.10 0.08
B 0.20 0.10 0.16
o 0.40 0.20 0.16
D 0.40 0.20 0.08
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10 The mechanism for a given gaseous phase reaction is shown below.

2A—-»C fast
cC+B->D slow
D+B->E fast

Which statements are correct?

1 The overall equation is 2A + 2B — E.
2 The units of the rate constant is atm= s™'.
3 The initial rate of formation of E is directly proportionat to the square of the initial

partial pressure of A. -
A 1and2 B 1and3 C 2and3 D 1,2and3
11  What is the effect on decreasing temperature on the rate constants, k for the forward

reaction and k, for the backward reaction, and on the equilibrium constant K, for a
reversible reaction where the forward reaction is exothermic?

ki Ky K
A decrease decrease increase
B decrease decrease no effect
C increase decrease increase
D increase increase decrease
® §§§4 Hwa Chong institution 2021 9729701/ C2 Prelim 2021
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12  When an acid is titrated with a strong base, the equivalence point is reached when the
amount of base added is equal to the amount of H* dissociated.

Sulfurous acid, H.SOs, a dibasic acid, has p#; values of 1.9 and 7.1.

The curve for the titration of 25.0 cm® of 0.10 mol dm™ sulfurous acid against a standard
solution of sodium hydroxide, NaOH, is shown below.

pH

107

A

a -

| | : | —
125 25.0 37.5 50.0

voiume of NaOH added / cm?

The pH ranges of colour changes for thymol blue indicator are 1.2 —-2.8 and 8.0 - 9.6.

Which statement is correct?

A

B
c
D

The initial pH of 0.10 mol dm~* sulfurous acid is 1.20 if the effect of the second
pKa is ignored.

The concentration of sodium hydroxide is 0.05 mol dm™.

Thymol blue is a suitable indicator to detect the first and second equivalence
points.

HSOs™ has pK, value of 7.1 and pKs value of 12.1.

13 Phosphoric acid, HsPO., a tribasic weak acid, has pKa values of 2.1, 7.2 and 12.4.

What are the major species present in a solution of phosphoric acid buffered at pH 77

A HiPQOa and HPOaZ_
B H3;PO4 and HzPO4
C H:POs and HPO4*
D HPO42 and PO4*
© 3,.} Hwa Chong Institution 2021 9729/ 01/ C2 Prelim 2021
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14 A solution contains Cu®(ag),

7

Niz"(aq), and Zn**(aq), each of concentration

0.0010 mol dm=. To selectively precipitate the cations present, H.S was bubbled into the
solution until the concentration of $2-(aq) in the solution reaches 1 x 10" mol dm™.

The value of the solubility product of each of the sulfides is given below.

salt K,/ mol? dm=
CuS 6.3 x 107
ZnsS 1.6 x 107
NIiS 40x10?%

Which statement describes what happens in the solution?

coOomPp

CuS and ZnS only are precipitated
CusS only is precipitated
ZnS and NiS only are precipitated
NiS only is precipitated

15 Use of the Data Booklet is relevant to this question.

An electrochemical cell set-up is shown below:

to external circuit

platinum

.é!.‘/elecl:fr‘odew{_ll‘ Y

N,

Solution 1

L]

Solution 2

porous membrane

Which combination will cause electrons to flow in the external circuit from X to ¥,

sotution 1 solution 2
A cr H>0z, H*
B Hz02, H" cr
C Co™ Fe*
D Co™ Fe?

© ¥ Hwa Chong Institution 2021
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16 An electric current is passed through two cells connecled in series. One cell contains
gold(111) chloride and the other contains aqueous copper(ll) sulfate. If 4.00 g of gold is
formed in the cell containing gold(I11) chloride, what is the mass of copper deposited in
the other cell?

A 064g B 0.86g9 C 1.29g D 193¢

17 Which equation is correct?

A
___Cmq - c® + B
B
_"_Cm(\B‘r - Ce + ®Br
cC
Ly e
D
—Cm———gr . —C® + BO
Py
@ %.3» Hwa Chong Institution 2021 9729/ 01/ C2 Prelim 2021
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18 The compound below is reacted with an excess of hydrogen gas in the presence of a
platinum catalyst.

OH

HO

How many additional chiral centres will each molecule of the product have after the
reaction?

A 3 B 4 c 8 D 9
19 Catalytic converters are used to convert the toxic gases emitted from exhausts of vehicles
using internal combustion engines to less harmful compounds.
Which equations represent reactions that will take place in the catalytic converter?
1 Oxides of nitrogen + carbon monoxide — nitrogen + carbon dioxide
2 Unburnt hydrocarbons + carbon monoxide — carbon dioxide + water

3 Carbon monoxide + oxygen — carbon dioxide

A 3only B 1and?2 C 1and3 D 2and3

© §§§ Hwa Chong Institution 2021 9729/ 01/ C2 Prelim 2021
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20 Hydrogen bromide undergoes an addition reaction with propene forming 2-bromopropane.
When propene is bubbled through bromine monochloride, BrC/, dissolved in a suitable

solvent, a similar reaction occurs.

Which product would be present in the greatest yield?

A

CH3CHCH,C/

o)

CH;CHCH,Br

Br

CH3CHCH,CI

Br

CH;CHCH,Br

C/

21 Which statement about benzene and cyclohexene is correct?

A

B

D

Benzene and cyciohexene have delocalised n electrons.

Benzene and cycichexene decolourises aqueous bromine in the presence of
finely divided iron.

Benzene and cyclohexene undergo complete combustion to give the same
products.

Benzene and cyclohexene are planar molecules.

22 The glucose molecule undergoes polymerisation to form carbohydrate chains of different
lengths under suitable conditions. A short carbohydrate chain comprising 10 units of
glucose molecules is shown below.

CH,OH CH,OH CH,OH

0 O @)
OH OH OH

OH OH OH
- '8

How many moles of Hz gas will form when 1 mole of the carbohydrate chain above is
reacted with excess sodium metal?

A

3 B 11 c 16 B 32

© %.5,55 Hwa Chong Institution 2021 9729/ 01/ C2 Prelim 2021
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23 Which compound will give a yellow precipitate with alkaline aqueous iodine and also gives
a brick red precipitate with Fehling’s reagent?

O

HO 0O
c
H
1
D
HO , ©
H

24 How may the ester phenyl butanoate be made in the laboratory?

cone. M50,
A CH3{CH2):COzH + CgHsOH SV ester + H20
ea

B CeHsCOuH + CHy(CHCH,0H M M50 ogter + H,0

B e

heat

C CH:;(CHz)zCOCtr + CeHsOH _— ester + HC/

D CeHsCOC! + CH3(CH2CH,OH —— > ester + HC/
P,

© ¥ Hwa Chong Institution 2021 9729 /01 / C2 Prelim 2021
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25 Which statement about the relative basicity of methylamine, dimethylamine and
trimethytamine in the gas phase is correct?

A

The lone pair of electrons on the nitrogen atom of trimethylamine delocalises
over three methyl groups, making trimethylamine most basic.

The lone pair of electrons on the nitrogen atom of trimethylamine is most
available for donation, making trimethylamine the sirongest Lewis base.

Three electron-withdrawing methyl groups increase the electron density of the
nitrogen atom of trimethylamine, making trimethylamine most basic.

Three methyl groups disperse the negative charge on the nitrogen atom of
trimethylamine, making trimethylamine the strongest Bronsted base.

26  Which reagents can be used to distinguish between compounds Y and Z7?

c/ 0 OH 0
H NH.,

Y Z
1 2 .4-dinitrophenylhydrazine
2 Hot acidified potassium dichromate
3 Hot aqueous sodium hydroxide
A 1and 2 B 1and 3 C 2and 3 D 2 only

© ¥ Hwa Chong Institution 2021 9729 /01 / C2 Prelim 2021
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27 The graphs below show the variation in two properties of the elements Na to P and their

compounds.
Graph 1 Graph I1
Y &
A
// \\‘ ' -
e N
| i .
“_7_7_2_,_4’ “ N
\\ ™
\ .
AN k.
: A .- .
Na Mg Al Si P Na Mg Al Si =4

Which properties are illustrated in Graphs I and 117

Graph I Graph 11
A electrical conductivity of the element  pH of the chloride when added to water
B electrical conductivity of the element  pH of the oxide when added to water
c melting point of the element pH of the chloride when added to water
D  melting point of the element pH of the oxide when added to water

28  Which statement explains the variation in the type of bonding of oxides and chlorides
across Period 37

A The number of valence electrons available for bonding increases due to the
ability of P, S and C/ to expand their octets.

B  Effective nuclear charge increases as the proton number increases but shietding
effect remains relatively constant.

C  The magnitude of the electron affinity of oxygen is greater than that of chlorine.

D Difference in electronegativity between each element and oxygen or between
each element and chlorine decreases.

29 Use of the Data Booklet is relevant to this question. e

Some properties of fluorine and its compounds are compared with those of chlorine and
bromine.

Property @ for fluorine is fower than that for chlorine and bromine.
Which could be property Q7
1 The bond dissociation energy of the halogen—halogen bond.
2  The thermal stability of the hydrogen halide.
3  Reducing power of the halide ion.

A 1land2 B 1and 3 C 2and3 D 1 only

© 5.% Hwa Chong Institution 2021 9729/ 01/ C2 Prelim 2021
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30 Use of the Data Booklet is relevant to this question.
An excess of zinc powder, Zn, is added into a solution containing VO3~ ions.

What will be the final oxidation state of vanadium?

A 0 B +2 C +3 D +4

END OF PAPER
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HWA CHONG INSTITUTION _
2021 C2 H2 CHEMISTRY PRELIMINARY EXAM

he SUGGESTED SOLUTIONS

Comments

' 1. B

In order o flnd the number of va|ence electrons in the G* | ion, we take the dlfference
between all the successive jonisation energies to find the one with the greatest

dlffe_rence
No of electrons removed 1 2 3 4 5 G
lonisation energy/ kJ mol ! 1907 2914 4964 6274 21267 | 25431
Difference in IE 1007 2050 1310 14993 4164

. After.analysing the table, we can see that the greatest jump in ionisation energy 15
““when the 5" electron is removed. This means that the G* ion has 4 electrons rn its
valence shell.
: _Therefore,_ G would have 5 electrons in the valence shell, and belong to group 15.

9 AT

41 HCHO, CHsOH

HCHO ' CH3OH
; "9
W | H“S*H
I:n.t.ermolecular force: - In_termelecular Force:
o P;e_r_manent dipole-permanent Hydrogen bonding
dipole interactions

CH30H has the hlgher borhng point. (strength of dispersron forces*::&‘
e T srmllar since number of electrons for each molecule.is similar.j
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2  BFa: Simple covalent compound. Dispersion forces present between the
non-polar molecules of BFa.

AJF3: lonic compound. lonic bonds present between oppositely charged
ions.

AlF3 has the higher boiling point.
3 CHiCH2CH2CH2CH3, C(CHa)s

Both compounds are simple non-polar covalent molecules, with same
number of electrons. However, G(CHa)4 is a branched chain hydrocarbon
while CHsCHzCH2CH2CHs is a straight chain  hydrocarbon.
CHsCH2CH>CHzCHs has linear shape and greater surface area of contact
between molecules, hence more extensive dispersion forces.
CH3aCH2CH2CH2CHs has the higher boiling point.

A

Option A: Both NH3z and HF can form only one hydrogen bond on average per
molecule. Hence while it is true that HF has a higher boiling point than NH3s, it is
because the hydrogen bonds between HF molecules are stronger than the hydrogen
bonds between NH3 molecules. F more electronegative than N, so there is higher
partial positive charge on the H of HF, hence the hydrogen bonds between HF
molecules are stronger. '

Option B: In the solid state, H20 molecules are held at fixed positions and arranged
in an orderly manner to form a regular lattice such that hydrogen bonding is
maximised to four per molecule. The hydrogen bonding between water molecules in
ice are positioned in a roughly tetrahedral shape around each O atom. This produces
an open lattice, with empty spaces between the H-0 molecules. The more random
_.arrangement of hydrogen bonding in liquid water results in H20 molecules packing
much more closely and, together, take up less space. So the lattice structure of ice
occupies a larger volume for the same mass of liquid water, hence ice has a lower
density than liquid water.

Option C: CH3COzH dimerises in non-agueous solvents as shown in the following
diagram.

& -
(s} ’,mmumH——o\\
CH,— < /c —CH,
) e Fatagpzni O/

& &+ \hydrogen bonding

Option D: In 2-nitrophenol, the —OH and —NO2 groups can form intramolecular
'hydrogen bonding, so there is less extensive intermolecular hydrogen bonding
- between 2-nitrophenol molecules compared to between 4-nitrophenol molecules.
. Therefore, less energy is needed to overcome the intermolecular hydrogen bonding
“for 2-nitrophenol to boil, hence its lower boiling point. (The words less extensive’

www.testpapersfree.com



refers to lower average number of hydrogen bonds-present in the same mass of 2-
‘nitrophenol molecules as compared to 4-nitrophenol molecules.}

2-nitrophenol 4-pitrophenol

R OH

O o
o~ﬁ> O,N |
o— &+

intramolecular hydrogen bonding
Refer to Section 8.3 on hydrogen bonding in Chemical Bonding Lecture Notes.

4 C

For.options A, B and D, the graph;"is a straight line tﬁaSsing through the origin.
h

L

e

4

[
»

For option C, the graph is a horizontal line parallel to the x axis.

A

-
»

In order to@agve the shape of tbe graph start from the ideal gas equation: pV = nRT

For each of the options, find the relationship the different terms have based on the
ideal gas equation. E.g. for option B

pV=nRT

mass

© Since-density =

e MASS ey
- pV=—-RIT
S PYE T,
*_mass RT

V'. MT. :

Slnce ;l is constant, p is directly pFdegtiona‘ll.tQ density.
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CHy () | + (x+§) O2(g) | — | xCO=2(g)| + ;-’Hzo ()
Initial gas - 100 - -
volume/ cm?
Final gas - 25 60
volume/ cm?® |
Reacting 75 60
volume/ cm?

Since the gaseous mixture contracted by 15 cm? after the reaction, the total volume
of excess Oz and CO2z = 85cm?

When the gaseous mixture was passed through NaOH (aq), the volume of gas
contracted another 60cm?. This implies that the volume of CO2 is 60 cm?.

The volume of excess oxygen is therefore 25cm?. Hence 100 — 25 = 75 em? of O2
reacted with the hydrocarbon.

* The ratio of vol of Oz reacted: vol of COz produced = x+): x = 75 : 60

Hence the ratio of x: y = 1:1.

Any hydrocarbon with C:H of 1:1 could be the answer.

D
_1 Relative atomic mass = 0.9499 x 32 + 0.0075 x 33 + 0.0425 x 34 + 0.0001 % 36
2 This is a correct definition.

3 The angle of deflection in an electric field is directly proportional to the charge/
~mass ratio. Since the charges of the isotopes are the same (all +1), the lightest
isotope will have the largest angle of deflection.

B

No. of moles of zinc = 13.1/ 65.4 = 0.200 mol
No. of moles of Cu?* = 1%)% x 1 =0.150 mol

Cu?* is the limiting reagent.

N q.:mSU}UﬁOnCA T.: 150 ® 420 » '15 = 9450 J

- AHon = ~ 258 =~ 63 000 J mol~' = - 63.0 kJ mol™!

www.testpapersfree.com



§ C

1 The enthalpy change of neutralisation is defmed as the energy evolved when one
-mole of water is formed from a reaction between an acid and a base. This equation
shows the formation of 2 moles of water. Hence this equation is twice that of the

- enthalpy change of neutralisation.

- 2 As ethanoic acid is a weak acid, its conjugate base is a weak base that is able to
hydrolyse partially in water to give OH™ ions.

CH3COz~ + Hz0 = CH3CO2H + OH~
As such the pH of a solution of CH3CO2Na is greater than 7.

3 When a weak acid is neutralised by a base, the enthalpy change of neutralisation
-will be slightly less exothermic as energy is absorbed to ionise the un-ionised weak
- acid. ' '

9 D
- Gwen the rate equatlon rate = k[BrOs|[BriH"]2

To determme X:

Since the order with respect to [H*] is 2, when the [H'] is doubled from 0.40 to 0.80
mol dm~3 in experiment 1 to 2, 1/t will be four times its original value. Hence x = 0.10
x4=040s"

To determine y:
~Since’ the order with respect to [Br‘] is 1, when the [Br] is doubled from 0.04 to 0. 08
~mol dm=3 in experiment 1 to 3, 1/t will be double its original value. Hence y = 0. 10 X
2= 0. 20 3‘1

'To determine z:
.- When [H*T'and [BrOs] are both doubled from experiment 1 to 4, if there is no change
to [Br], then 1/t would be 0.10 x 2 x 22 = 0.80. Since actual 1/t is 1.60 s, the [Br—]
- must also.be higher resulting in a faster rate of reaction. b

Compare the initial rate of 0.10 s~'and 1.60 s7*:
Let the multiplication factor of [Br-] be a
ax2x2?=(1.60+0.10)

a=2

" 2=2x0.04=0.08moldm3

2021 HCI C2 H2 Chemistry Preliminary Exam / Paper 1
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10 D

11

12

The overall equation is the sum of all individual steps:
2A > C

C+B »D

D+B—E

2A+2B+6+B > E+R+E
QOverall: 2ZA+ 2B > E
Statement 1 is correct.

The rate equation of the slow step is: rate = ksPsPc

Since the concentration of intermediates do not appear in the rate equation, the Pc
is replaced by the Pa (assuming step is a fast equilibrium) i.e Pc = K1Pa?

Hence, rate = kPa2Pg where k = k2Ki '

This suggests that the initial rate of formation of E is proportional to the initial partial
pressure of A, raised to the power of 2. Thus, statement 3 is correct.

Analysis of the units of the rate constant:
atm s~ = {(Units of k) x atm? xatm

Units of k = atm™? ¢~

Therefore statement 2 is correct.

A

Decreasing the temperature will cause both forward and backward reactions to slow
down, hence both rate constants ki and kb will decrease. Hence either option Aor B

is correct.

Decreasing the temperature will change Ke since Ke is dependent on temperature.
Hence option B is incorrect and A is the answer.

To deduce how K has changed (whether increase or decrease), we can look at the
equilibrium shift. Since theTorward reaction is exothermic, based on LCP, a decrease
in temperature will favour the forward reaction, and the position of equilibrium will
shift to the right. This means that Kc must have increased (such that Q becomes <K
when T decreases, and a shift in POE to the right will re-establish the equilibrium.)

D

pKat = 1.9

Ka1=0.0126

K= [HT}[H50:7]
[H250;)

[H'}? = Ka1[H2803}

[H*]2= 0.0126 x 0.1 (assuming that [H*] << [H2SO3]initial)
[H*] = 0.0355 mol dm™3

pH =145

Statement A is incorrect.

www.testpapersfree.com



n(H2803) = 0.1 x (25.0/1000) = 2.5 x 10~ mol
- Since 1 mol of H2S03 reacts with 2 mot of NaOH to form SO3%, n(NaOH) required
for complete neutralisation to form $SQ3%~ = 5.0 x 10~ mol ,
- Complete neutralisation to form SO3?~ occurs at the second pH jump i.e. at 50 cm?
of NaOH.
Hence, [NaOH] = 5.0 x 107+ 50.0/1000 = 0. 10 mol dm=3
Statement B is incorrect.

" From the graph, the region of rapid pH change for the first equivalence point is
between pH 3 and 5. However, the working range of thymol blue does not coincide
with this range.

Statement C is incorrect.
(Note that the working range of thymol blue does in fact coincide with the region of
rapid pH change between 8 and 9, so thymol blue would be a suitable indicator for

- the second equivalence point.) :

 HSOs~ can act as a Bronsted acid as well as a Bronsted base.

- The question gave two pKa values:

"H2S03= HS035 + H" pKa= 1.9
HSOs5 = S0 + H* pKa=7.1
Hence the second pKa value for H2SOs is the pKa va!ue of H803 e 7.1,
HSO3™ is the conjugate base of H280s, -
hence pKy of HSO3~ = 14 — (pKa of HaSO3) =14 - 1.9 =12.1.
Statement D is correct. ' '

13 C
At low pH = 1st pH = 2nd pH = 3 At high
pH 21 equival [ 7.2 equival | 124 | equival pH
ence ence: ence
_ point point | point
Mainly | HsPOs | Mainly | H:POs~ | Mainly | HPOs*~ | Mainly | Mainly
H3PO4 and H2PO4~ and HPO4?~ and POs* PQO4*
H2POr HPO42- P04+
ina1:1 | ima 1:1 ina 1:1
ratio ratio ratio

14

At pH 7, only the first deprotonation would have taken place, and the major species
present would be H2PQO4~ and HPO4?-. '

A

IP=0.0010 x 1 x 10" =1 x 10-*? mol?> dm®
IP > Ksp of CuS, CuS will precipitate.
1P > Ksp of ZnS, ZnS will precipitate.
- IP < Ksp of NiS, NiS will not precipitate.

2021 HCI C2 H2 Chemistry Preliminary Exam / Paper 1
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15

16

17

A

Solution 1: Crz2072 + 14H* + 6e = 2Cr¥" + 7H20 (+1.33 V) Oxidation
Solution 2: H202 + 2H* + 2e = 2H20 (+1.77 V) Reduction
E¢en > 0, electrons fiow from X 1o Y.

Solution 1: H202 + 2H* + 2e = 2H20 (+1.77 V) Reduction
Solution 2: Ciz + 2e = 2C/~ (+1.36 V) Oxidation
E°n > 0, electrons flow from Y to X.

Solution 1: Co® + e = Co?* (+1.89 V) Reduction
Solution 2: Fe®* + e = Fe?* (+0.77 V) Oxidation
E%en > 0, electrons flow from Y to X.

Solution 1:Co* + e = Co?" (+1.89V)
Solution 2: Fe3* + e = Fe?* (+0.77 V)
E°cen < 0, there is no reaction (or electron flow).

D

For electrolytic cells connected in series, the same number of electrons will pass
through each cell.

n(Au) deposited = 4.0 + 197.0 = 0.0203 mol

n(e) transferred = 0.0203 x 3 = 0.0609 mol

Since 0.0609 mol of electrons was transferred, and 1 mol of Cu?* requires 2 mol of
electrons for reduction, 0.0305 mol of Cu was deposited.

Mass of Cu deposited = 0.0305 x 63.5=1.93 g

B

This question tests understanding of homolytic and heterolytic fission and their
representations in the form of full or half curved arrows.

Homolytib fission should be represented by half curved arrows. They should always

occur in-pairs, hence option C is incorrect.

Heterolytic fission should be represented by a single full curve afrow, hence option
A is wrong This single full arrow should also point towards the more electronegative
atom in a covalent bond, hence option D is incorrect.
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This question can be done by focusing only on the €=C and C=0 carbon atoms.
Alkene and ketone groups can be reduced by hydrogen gas in the presence of Pt
catalyst. The circled carbons in the diagram below show where the additional chiral
centres are formed after the reduction reaction.

19 C

The .catalytic converter gets rids of unwanted gases in exhaust fumes in cars by
catalysing redox reactions between these gases which ordinarily cannot happen at
the temperatures found in the car engine or exhaust systems.

- Options. 1 and 3 are redox reac:t;ons that are cata[ysed in the converter. Option 2
~ shows both the hydrocarbon and carbon monoxide on the left side of the equation
“becoming oxidised which is not possible as thereis no species bemg reduced (i.e

lack of redox couple).
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D

Electrophilic addition occurs between BrC/ and propene (an unsymmetical alkene).
Hence Markovnikov’s rule must be applied to deduce the major product (present in
greatest yield).

Since C/ is more electronegative than Br, the partial positive charge is found on Br
and when the electron-deficient Br bonds to the propene, it should bond to the carbon
atom of the C=C which gives the more substituted carbocation which is more stable
due to the larger number of electron-donating alkyi groups.

Markovnikov's product

Br Br C!
2° carbocation formed in

more stable greater yield

. 5+ 5-
/ - Br—Ci

Br c! Br
1° carbocation formed in
less stable lesser yield

C

Option A: Only benzene has delocalised electrons where the six n electrons are

delocalised over the six carbon atoms in the structure. The two = electrons in.
cyclohexene are localised between two sp?-hybridised carbon atoms.

Option B: Cyclohexene decolorises yellow-orange aqueous bromine at room
temperature but benzene decolorises reddish-brown liquid bromine upon warming
with Fe(s) or FeBra(s) under anhydrous conditions (absence of moisture or water).

‘Option C: Carbon dioxide and water will be formed from complete combustion.

‘Option D: Cyclohexene is not planar, it has four sp®-hybridised carbon atoms which
" are tetrahedral about each of them.
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Each OH group will give only % mole of hydrogen gas. Since there are 8 x 3 OH
" groups in the 8 repeat units in the glucose polymer, 8 x 3 + 2 = 12 moles of hydrogen
* gas will be formed. The two ends of the polymer have 4 OH groups each, which gives
“"4x 2+ 2 =4 moles of hydrogen gas. Hence the total amount of hydrogen gas given
~ off =186 moles. -

23 D

The following compounds (R = H or alkyl) will be oxidised by atkaline aqueous iodine
to give a yellow precipitate CHI3, this is also known as a positive iodoform test.

. ,?L O o 0O

R” “CH, RJ\CHgl R/LLCle R/u\czg,
OH OH OH OH

R/}{\cm Ri\CHgl R’i\cmz R*&Ch

Only an aliphatic aldehyde wilt be oxidised by Fehling’s reagent to give a brick red
precipitate Cu20, benzaldehyde (aromatic aldehyde) will give a negative test with
Fehling’s reagent.

O
i +2Cu%* + 50H" J‘—eit—-— /|L o +  Cu,0 + 3H,0 ©—(O
H 0 brick red ppt H

& example of an benzaldehyde
% aliphatic aldehyde

:*Opti'on Ais incorrect. Both the primary alcohol and ketone groups will give a negative
o iod'oform test and a negative test with Fehling's reagent.

o Optlon B is incorrect. The. aliphatic aldehyde group will.gjve a posatlve test’ wzth_
. .Fehling's reagent but the ester —-OCOCHs group will give a negative iodoform test.

Opﬁon C is incorrect. The —CH(OH)(CHs3) group will give a positive iodoform test but
the benzaldehyde group will give a negative test with Fehling's reagent.

Option D is correct. The ~CH(OH)(CH:I) group will give a positive iodoform test while
o _::t_he a!ipha_tic aldehyde group will give a positive test with Fehling’s reagent. o
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oNe)

Option A is incorrect as there will be no condensation (nucleophilic acyl substitution)
reaction due to phenol being a weak nucleophile. Due to the delocalisation of the
lone pair of electrons on the oxygen atom of phenol into the benzene ring, the lone
pair of electrons on the oxygen atom of phenol is thus less available (and unable) to
attack the etectron-deficient carboxyl carbon of the carboxylic acid (the electrophile}
to form the ester. Refer to Carboxylic Acids Lecture Notes Section 4.51.

The structure of phenyl butanoate is

0

Option B is incorrect as butyl benzoate will be formed instead.

Note that this reaction of alcohol and carboxylic acid with conc. acid is slow and
reversible, so a lower yield of butyl benzoate will be obtained as compared to option
D.

Option C is correct as phenyl butanoate will be formed from the condensation
reaction between the acyl chloride and phenol at room temperature. This nucleophilic
acyl substitution reaction is possible because acyl chloride is a stronger electrophile
as compared to carboxylic acid in option A despite phenol being a weak nucleophiie.
The acyl carbon in acyl chloride is more electron-deficient than the carboxyl carbon
of the carboxylic acid due to the highly electronegative C/ atom which withdraws
electrons through inductive effect from the C=0 group, making the acyl chloride more
susceptible to nucleophilic attack by phenol. In addition, the chloride ion, CI",is a
better leaving group than hydroxide ion, OH-. Refer to Carboxylic Acids Lecture
Notes Section 5.4.

L
O

©)\0/\/\
Option D is incorrect as butyl benzoate will be formed instead from

the condensation reaction between the acyl chloride and alcohol at room
temperature.
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Option A is incorrect. There is no delocalisation of the lone pair of electrons on the
nitrogen atom of trimethylamine since there are no 3 or more adjacent p orbitals in
the molecule. The electron density on the nitrogen atom of trimethylamine is localised
on the nitrogen atom.

N-ch
HiC™ ) 3
37 CH,

triethylamine

Option B is correct. .
A Lewis base is a species that donates an electron pair. The following equation
shows trimethylamine (Lewis base) donating a lone pair to a proton (H') which acts
- as the Lewis acid (electron pair acceptor). o o '
(CHa)sN + HC/ — (CHs}sNH" + CI

. The increasing number of electron-donating methyl groups from methylamine (1
methyl group) to trimethylamine (3 methyl groups) attached to the nitrogen atom
increases the electron density about the nitrogen atom, causing the lone pair on the
nitrogen atom to be more available for donation to a proton, making trimethylamine
the strongest Lewis base.

Option C is incorrect. Methyl groups are electron-donating, not electron-withdrawing.

Electron-withdrawing groups would decrease the electron density about the nitrogen

atom, causing the lone pair on the nitrogen atom to be less available for donation to
_a proton, making the base a weaker base. :

Option D is.incorrect. Trimethylamine has no net charge, there is no negative charge.

on the nitrogen atom of trimethylamine. Nitrogen is more electronegative than

carbon, hence nitrogen has a partial negative charge (8—), but not a negative charge.

"The concept of the negative charge on an oxygen atom being dispersed by an

~ electron-withdrawing group, hence stabilising the conjugate base, thus making an

. organic acid dissociate to a larger extent, can be applied, for example, to explain why
4-chlorophenol is more acidic than phenol.

CF—<C:3}~OH — cxw<i:j>—do £ H

4-chiorophenol conjugate base
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Compound Y has the following functional groups: alkene, aldehyde and chloroalkane
Compound Z has the following functional groups: 2° alcohol and amide

Option 1: 2,4-DNPH reacts with aldehydes and ketones. Compound Y (contains
aldehyde) will give an orange ppt while compound Z will not.

Option 2: Hot acidified _CrzO72‘ can oxidise 1° alcohots, 2° alcohols and aldehydes.
Compound Y will get oxidised as it contains an aldehyde. Compound Z will also get
oxidised as it contains a 2° alcohol.

Option 3: Hot aqueous NaOH can react with halogenoalkanes, esters, amides and
nitriles. Compound Y (contains chioroalkane) will react via nucleophilic substitution
to give CF but this does not give an observable change unless AgNOQs is added.
Compound Z (contains amide) reacts via hydrolysis to form gaseous NH3 which can
be detected with moist red litmus paper turning blue.

Hence only options 1 and 3 may distinguish between compounds Y and Z.
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Ma Mg Al Si B S, O A

" This is a recall question, testing knowledge of the trends below:

203

Mo | Mgl AL S | ® 15 [Cly| Ar
[mpi 98 | €50 | 703 [1410; 44 | 119 (-101]-189

Na, Mg and A/ have giant metallic structures.
From -Na to Al the number of valence
electrons that can be contributed per atom
increases. . Therefore, electrical ‘conductivity
increases.”

Si has a giant molecular structure. As a
metalloid, it is a semiconductor.

In the simple covalent molecuies Ps, Sz and
Clz, outer electrons are held strongly in'covalent

“bonds and ‘are not free to move about. Ar exists
as neufral discrete atoms. All four do riot-contain

mobile cha:fge carriers and therefore do not

“conduct electricity.

Na, Mg and A/ have giant metallic structures.
From Na to A/ there is an increase in the
number of valence electrons that can be
contributed per atom. In addition, from Na* to
A+, charge increases but ijonic radius
decreases so charge density increases.
Hence, the strength of metallic bonding
increases and melting point increases.

Si has a very high melting point due to its giant
molecular structure. A lot of energy is needed to
overcome the many strong covalent bonds
between $i atoms during melting.

Ps, Sz and Ck are non-polar simple covalent
molecules with weak dispersion forces
between molecules. Ar is monoatomic with
weak dispersion forces between atoms.

S3 has the largest number of electrons /
electron cloud, followed by P, then C/lz, then
Ar. Therefore, strength of dispersion forces
decreases in that same order, energy needed to
overcome dispersion forces during melting
decreases. So Ss has the highest meiting point.
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Na* has low charge density, and hence no
hydrolysis occur. The solution thus remains
neutral at pH 7.

Due to the higher charge density of Mg*
compared to. Na*, the hydrated magnesium ion
undergoes slight hydrolysis to form an acidic
solution around pH 6.5.

| [Mg(Hz0)F!(aq) + H20(/)
= [Mg(H20)s0H]*(aq) + H:O(aq)

Due to the higher charge density of AF*
compared to Mg?, the hydrated aluminium
complex undergoes hydrolysis to a further
extent than Mg?'(aq), resulting in an acidic
solution around pH 3.

[AI(H20)5]3*.(aq) + H20(/)
= [A[{H20)s0HF*(aq) + HsO"(aq)

Complete hydrolysis occurs to result in a
strongly acidic solution (pH 1) containing
hydrochloric acid.

SiCl(fy + 4H20(}) - 5i02.2H.0(s) + 4HC/(aq)
PCis(s) + 4H0(/) — HaPOa(aqg) + 5HCKaq)

Na:0O dissolves in water and forms a strong
alkaline solution around pH 13.

NazO(s) + H20(/) - 2Na*(aq) + 20H(aq)

MgO has very slow reaction and limited solubility
in water. Some magnesium hydroxide is formed
but is only sparingly soluble, hence forms an
alkaline solution of around pH 9.

MgO(s) + H20(/) — Mg(OH)z(s)
Mg(OH)z(s) = Mg?*(ag) + 20H"(aq)

AlOs and SiOz are insclubte in water hence
pH is 7. Too much energy is needed to
overcome the strong ionic bonding in A»O3 and
the extensive covalent bonding in SiOa.

P.O10and SOareact violently with water to give
an acidic solution around pH 2 and pH 1,
respectively.

P4O1o(s) + 6H20(/) > 4H:PO4(aq)
S0s(/) + H20(/) — HzS04(aq)
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~ Option Ais incorrect. This statement does not explain the variation in type of bonding.

Instead; it explains why the highest oxidation number of the elements in oxides and
chlorides increases across Period 3.

- Option Bis.incorrect. This statement does not explain the variation in type of bonding.

Instead, it explains why the atomic radius of the elements generally decreases across
Period 3. This statement also explains why the first ionisation energy of the elements
generally increases across Period 3.

Option C is incorrect. This statement is irrelevant.

:_Optlon Dis. correct The difference in elecironegativity between the elements in a

- compound explains why the bondlng of oxides and chlorides changes from ionic.to

‘covalent across Period 3.

* “"Option 1'is corect as bond energy of F—F is lower.

Frem Data Booklet,

F—F
158

Ci—C/
244

Br—Br
193

Bond energy / kd mol™

-Option 2 is incorrect. Bond energy of H—F is higher, hence more energy is needed

| ; ‘to break a H—F bond, thus HF has a higher thermal stability.

-~ From Data Booklet,

H—F H—C/ H—Br

562 431

Bond energy / kJ mol~’ 366

. Option 3 is correct. E°(F2/F7) is higher, hence F- has a %er tendency to undérgc_:

" oxidation, hence F~ has a lower reducing power.

: F- cr Br-
Ee/Vior Xo + 2e~ =2 2X° +2.87 +1.36 +1.07
Reducing power of halide ion Lowest Highest
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Reduction of VO3~ to form V2* in three steps as follows:

Zn? + 2e~ = Zn °=_0.76 V [O]

VO3~ + 4H' + e~ = VO + 2H20 E° =+ 1.00V [R] ON of V changes from +5 to +4

Reduction of VO3~ to VO?* by Zn,
Eoeen = + 1.00 — (-0.76) = + 1.76 V > 0, hence reaction is spontaneous.

VO?* +2H + e = V¥ + HO Ee=+0.34VI[R] ON of V changes from +4 {o +3

Further reduction of VO?* to V3* by Zn,
o = + 0.34 — (-0.76) = + 1.10 V > 0, hence reaction is spontaneous.

V¥ +em 2V E°=-0.26 VIR] | ON of V changes from +3 to +2

Further reduction of V3* to V' by Zn,
Eocen = — 0.26 — (-0.76) = + 0.50 V > 0, hence reaction is spontaneous.

Further reduction of V2* to V by Zn is not spontaneous.

V@ +e =2V Ep=-1.20V[R] | ONof V changes from +2to 0

Eocen = — 1.20 — (-0.76) = — 0.44 V < 0, hence reaction Is not sponfaneous.
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