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1 Which particle has more protons than electrons and more protons than neutrons?
(D = 1H)

A NO2* B ND2H C NDH- D NDsH*

2 Which particle would, on gaining an electron, have a half-filled subshell?

A V- B N C Se* D Ti

3 The first six ionisation energies (I.E.) of a Period 3 element, M, in kJ mol are
shown.

1st 2nd 3rd 4th 5th 6th

|.LE./ kJ mol 1012 1907 2914 4964 6274 21267

Which equations show the formation of the chloride of M?
1 M+ 2Cl2 —» MCl4
2 2M+ 3Cl2 —» 2MCls
3 2M +5Cl2 - 2MCls

A land3only B 2and3only C 1only D 2only

4 The boiling point of water (100 °C) is greater than that of HF (20 °C).

Which statement is a correct explanation of this?
A  The H20 molecule has a larger net dipole moment than the HF molecule.

B  Each hydrogen bond formed between H20 molecules is stronger than that
formed between HF molecules.

C There are more electrons in a H20 molecule than there are in a HF molecule,
so the instantaneous dipole-induced dipole interactions are stronger in H20.

D On average, there are two hydrogen bonds between H20 molecules
compared to one hydrogen bond between HF molecules.
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5 Which molecule contains a dative bond?

A BFs
B NO
c CoO
D SiO2

6 Which gas shows the greatest deviation from ideality?

A CHa B SOs C Cz2H2 D CO2

7 When a sample of gas is compressed at constant temperature from 20 atm to
80 atm, its volume changes from 67.0 cm® to 15.5 cm?.

Which of the following is not a possible explanation of this behaviour?
A Gas is adsorbed onto the vessel walls.

B  Gas begins to liquefy at 80 atm.

C The gas dissociates.
D

The gas dimerises.
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8 The titration curve shows how pH changes when 20.0 cm?® of 0.20 mol dm~2 acid
is titrated against 0.10 mol dm~ base.

A

pH

7 P

40

Volume of 0.10 mol dm~ base added / cm®

Which of the following statements regarding this titration is incorrect?

A The identity of the acid and base could be CHsCOOH and Ba(OH):
respectively.

B A buffer solution is formed when 15 cm? of the base is added.
C The solution at equivalence point is alkaline.

D This is a weak acid—strong base titration.

9 Self-heating cans offer benefits to campers without access to a stove or campfire.
These soup cans have double walls with an ionic compound such as CaO in a
packet and water between the walls. Upon opening the can, the packet breaks,
allowing CaO to react with water and warm up the soup.

CaO(s) + H20(l) —» Ca(OH)2(s)

What are the signs of AH, AS and AG for the overall process?

AH AS AG
A - - _
B - + -
C + + —
D + + +
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10 Hydrogen peroxide is thermodynamically unstable and decomposes over time to
form water and oxygen gas.

H202(l) —> H20(l) + ¥202(Q)
The following data are provided:

02(g) + 2H2(g) — 2H20(1) AH1 = -572 kJ mol-t; AS1 = -325 J mol~* K-!
0O2(g) + Hz2(g) — H202(l) AH2 = —-188 kJ mol; AS2 = —225 J mol~* K
What is the value of AG, in kJ mol, for the decomposition of hydrogen peroxide
at 25 °C?

A =79 B -100 c -117 D -354

11 The enthalpy change of reaction between calcium and water is measured in the
laboratory and found to be x kJ mol.

Ca(s) + 2H20(l) —» Ca(OH)2(aq) + Hz2(g) AH = x kJ mol
What information is needed to calculate the value of x?

1 enthalpy change of neutralisation of calcium hydroxide
2  enthalpy change of reaction of calcium with acid
3  enthalpy change of formation of water
A 1,2and3 B 1l1land2only C 1and3only D 2and3only

12  When 10 cm? of a hydrocarbon was burnt in 100 cm? of excess oxygen, the volume
of residual gas mixture contracted by 20 cm? after passing through a solution of
aqueous sodium hydroxide. The remaining volume of gas was just sufficient to
completely burn exactly 30 cm? of the same hydrocarbon.

All gas volumes were measured at room temperature and pressure.
What is the formula of the hydrocarbon?

A CoH2 B C2Hs3 C C2H4 D C2Hs
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13  50.0 cm?® of a 0.10 mol dm~ metallic salt solution was found to react exactly with
25.0 cm?® of 0.10 mol dm~2 aqueous sodium sulfite. In this reaction, the sulfite ion is
oxidised as follows:

S03?~(aq) + H20(l) — SO4?~(aq) + 2H*(aq) + 2e~
The oxidation state of metal in the salt solution is +3. What is the oxidation state of
metal in the product?

A +1 B +2 C +4 D +5

14  Ethyl ethanoate undergoes acid-catalysed hydrolysis where the concentration of
acid in the solution remains constant.

CH3CO2CH2CH3z + H2 O —— > CH3CO2H + CH3CH20H
The rate equation is found to be
rate = k [CH3CO2CH2CH3s] [H*]

In experiment 1, the half-life was found to be 31 minutes when 0.2 mol dm=2 of HCI
was reacted with 0.2 mol dm~3 of ethyl ethanoate.

In experiment 2, 0.1 mol dm= of HCI was reacted with 0.2 mol dm=2 of ethyl
ethanoate.

How long does it take for the concentration of ethyl ethanoate in experiment 2 to
fall to 0.05 mol dm=3?

A 31 min B 62 min C 93 min D 124 min

15 The reaction between NO and Hz is thought to involve the following mechanism:

2NO = N202 (fast)
N202 + H2 - N20 + H20 (slow)
N20 + H2 - N2 + H20 (fast)

Which of the following conclusions can be drawn from this information?
A N20 acts as a catalyst.

B  The overall order of reaction is 3.

C  The order of reaction with respect to Hz is 2.

D

The rate is independent of the concentration of NO.

River Valley High School 9729/01/PRELIMS/22
2022 Preliminary Examination



16 In aclosed system, the reaction between steam and hot iron to form ferroso-ferric
oxide is an example of an equilibrium. The reaction is investigated by mixing
3.0 mol of Fe with 2.0 mol of H20 and allowing the equilibrium to establish.
3Fe + 4H20 = Fes0s4 + H2
initial moles 3.0 2.0 0 0

At equilibrium, x mol of H20 has reacted with Fe.
What are the amounts, in moles, of each of the components of the equilibrium

mixture?
Fe H20 Fes0O4 Ho
A 3.0 —%" 2.0 —f 4x ax
B 30-X% 2.0 - X 4x A
3
o 30-* 2.0 - X x a
4 4 4
D 30_% 2.0 — X X &
3 4 4
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17 0.1 mol solid sodium sulfide was added to a 1 dm3 sample containing Ag*, Cu?*
and Sn** to obtain saturated solutions for all 3 sulfides.

Relevant Ksp values are given in the table.

salt Ksp

Ag2S 6.8 x 100
CuS 6.3 x 1036
SnS2 1.0 x 1070

What are the concentrations, in mol dm3, for each of the cations?

[Ag*(aq)] [Cu?*(aq)] [Sn**(aq)]
A 8.25 x 1049 6.3 x 1073 1.0 x 10798
B 8.25 x 10 6.3 x 1073 1.0 x 10798
C 8.25 x 10 6.3 x 10°% 1.0 x 10799
D 8.25 x 1049 6.3 x 10°% 1.0 x 10799

18 The pKa values of ethanoic, bromoethanoic and fluoroethanoic acids are given in
the table.

CH3COOH | CH2BrCOOH | CH2FCOOH

pKa 4.76 2.86 2.57

Which statements explain these data?

1  Bromine and fluorine are both electronegative and draw electrons away
from the O#H bond in the carboxyl group.

2 Bromine and fluorine are both electronegative and stabilise the
carboxylate anion.

3  Methyl groups are electron donating and destabilise the carboxylate
anion.
A land2only B 1land3only C

2and3only D 1,2and3
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19  Which conditions are necessary when an electrode potential is measured using a
standard hydrogen electrode as the reference electrode?

1 the use of hydrogen gas at 1 bar

2 measurement of e.m.f when the current delivered by the cell is effectively
zero

3 apH of 1.0 for the solution at the hydrogen electrode

A land2only B 1l1and3only C 2and3only D 1,2and3

20  B-carotene is a red-orange pigment found in carrots.

p—carotene

-carotene reacts with hot, acidified KMnOa.
Which statements are correct?

1  Two organic products are obtained.
2  All organic products react with warm aqueous alkaline iodine.
3  Some of the products are isomeric.

A 2only B 3only C l1land2only D 1,2and3
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10

21  Equal amounts of compound W, X, Y and Z are heated separately with excess
ethanolic silver nitrate for the same duration. Any precipitate formed is filtered,
dried and weighed.

What are the possible masses of the precipitates obtained for each
halogen-containing compound?

CH3CH2COCI CeHsCl (CHs)sCCl (CHs)sCBr
W X Y Z
mass of precipitate/ g
W X Y Z
A 1.434 0 1.256 1.388
B 1.434 0 1.256 1.723
C 1.723 0 1.434 1.256
D 1.434 1.434 1.434 1.878
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22  Which are the products formed when compound P reacts with the following
reducing agents?

©)
/Y=o

HO
compound P
H2, Ni, heat LiAlH4 in dry ether
A O O OH
AN
B o 0 OH
= O OH OH
HO HO
S
D O OH OH
HO)%\ HO/\[J\

23  Which statement is true about the reaction between propanone and hydrogen

cyanide?

A The sp? hybridised carbon is electrophilic and accepts a pair of electrons.

B  The = bond in the carbon-oxygen bond is weak and undergoes homolytic
fission.

C  All carbon atoms in the product are sp® hybridised.

D  Nucleophilic attack on the trigonal planar carbon centre forms a racemic
mixture.
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12

24  Estradiol is an estrogen steroid hormone and daidzein is a natural isoflavone with
estrogen-like activity.

OH
OH
’ O
HO HO (0]
estradiol daidzein

You may assume that the C#O#C bond in daidzein is unreactive.
Which reagent cannot be used as a distinguishing test?

A acidified potassium dichromate(VI), heat
B  phosphorous pentachloride
C 2,4-dinitrophenylhydrazine

D aqueous bromine

25  Which statements best describe the reaction mechanism involved in the conversion
of chloroethane to ethanol?

1 The reaction mechanism involves a carbocation.

2 The rate determining step involves both the chloroethane and the
nucleophile.

3  The reaction mechanism involves heterolytic fission of the C#CI bond.

4  The activation energy of the first step of the mechanism is greater than
that of the second step.

A 2only B 2and3only C 1,3and4only D 2,3and4only
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13

26  Compound Y is formed from the partial hydrolysis of a biomolecule.

OH

CH(CH3)OH CH,
H2NC‘:HCONHCHCONHC|)HCONHCHCOOH
CH,COOH (I:HZCONHQ
Compound Y
Which of the following statements is incorrect?

A Two moles of Br2 are needed for complete reaction with one mole of
compound Y.

B  Two moles of Na2COs are needed for complete reaction with one mole of
compound Y.

C Prolonged heating of compound Y with dilute NaOH liberates an alkaline gas.

D Prolonged heating of compound Y with dilute NaOH produces three
carbon-containing products.
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14

27  The set-up below is commonly used in the synthesis of organic compounds in the

laboratory.

" water

condenser — out

— =]
waterin M

reaction mixture

anti-bumping
granules 4

heat
Which reaction requires the above set-up for synthesis?
A CH3CH2NH2 + CH3COCI — CH3CONHCH2CHs + HCI
B  CHsCOCI + H20 — CH3COOH + HCI
C  CHzCH:20H + [0] —» CH3CHO + H20

D  CHsCONH2+ NaOH — CH3COONa + NHs
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28  Which reaction will produce phenyl 2-methylbutanoate under suitable conditions?

COCI!

PRV

+ W/\OH
cocr + \/k/OH
OH + \‘/\COCI
OH * \)\

CcocC!

29 When drops of NHs(aq) are added to Cu(NOs)2(aq), a pale blue precipitate is
formed. This precipitate dissolves when an excess of NHs(aq) is added, giving a
dark blue solution.

Which of the following process does not occur?

A ligand exchange
B  acid-base reaction
C reduction of Cu?* ions
D formation of a complex ion
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16

30 Iron, a transition metal, is used in the Haber process. Which of the following
statements best explains the role of iron in this application?

A  Iron has partially filled 3d orbitals for adsorption of reactant molecules.

B Iron exhibits variable oxidation states in its compounds as 3d and 4s electrons
have similar energies.

C Iron has a very high melting point as both 3d and 4s electrons contribute to
forming strong metallic bonds.

D Iron forms coloured ions due to absorption of energy in the visible light region
to promote an electron from a lower energy to a higher energy 3d orbital.

- End of paper -
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