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For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of the following contains the same number of stated particles as the number of atoms in

19.0 g of fluorine gas?

1 Number of molecules in 2.0 g of hydrogen gas

2 Number of ions in 58.5 g of sadium chloride solid
3 Number of atoms in 14.0 g of nitrogen gas

4 Number of atoms in 12.0 g of graphite

A 3 only B 1 3andd4only € 2 3and4only D 1,2,3and4

2 20 cm?® of an unknown hydrocarbon was completely combusted in excess oxygen gas. Upon
cooling back to room temperature and pressure, the total volume of gases was 50 cm® less than
the initial total volume. After passing the remaining gases through KOH(ag), the volume of gases

further decreased by 80 cm’.
What ié the molecular formula of the unknown hydrocarbon?
A C:Ha B CiHa C CuHg D CiHs
3 Which of the following statements is incorrect et the following reaction?
3V0, + 2H" — VO5~ + 2V0 + H;0
it is a displacement reaction.

The oxidation number of V in VO3 is +5.

WO, is acting as a reducing agsnt.

oo W P

VO, is acting as an oxidising agent.
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Use of the Data Bookfet is relevant to this question.
A copper rod weighing 15 g was dipped into 50 cm® of 2.00 mol dm™ AgNO; solution.

Silver crystals were observed to grow on the copper rod after a while.

Which of the following statements are correct?

1 The E2, of the reaction is +1.14V.
2 The solution turns blue.

6.35 g of copper would have reacted upon completion of reaction.

A 1 only B 2Zonly C 2and3only D 1,2and3

Which of the following statements is not true about lithium?

It has a naturally occurring isotope which contains 3 neutrons.
it has a naturally occurring isotope which contains 4 neutrons.

It has the full electronic configuration 2s.

OO W >

it forms an ion with a +1 oxidation number.

Which of the following properties can be explained by hydrogen bonding?

—_

The higher density of ice compared to liquid water.
2 The ability of water glider insects to float on water.

3 Ethanoic acid having an apparent molecular mass of 120.0 in non-polar solvents.

A 1and 2 only B 1 and 3 only C Zand3only D 1,2and 3

[Turn over
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Two elements D and E have the following properties.

D E
Melting point/ *C 3600 -38
Appearance Dull Shiny
Electrical conductivity when solid Yes Yes

What are the likely identities of D and E?

D E
A SiO; H:
B MgO Si
c Si Na
D c Hg

Which of the following statements best explains the following observation?

| Melting point of NaBr/ °C 747 T
Melting point of MgBr. / °C 711 ‘

The size of the anion electron cloud is large and easily distorted.
NaBr has a larger magnitude of lattice energy than MgBra.

There are more bromide ions in MgBr. than in NabBr.

oo mw >

Magnesium has a higher charge and smaller size than sodium.

Which of the following statements about the standard enthalpy change of neutralisation is true?

A It has a constant magnitude of 57.3 kJ mol ™.
It has a smaller magnitude for the reaction between a weak acid and strong base.

B
C It is defined as the energy released when 1 mole of an acid reacts with 1 mole of a base.
D

It is an endothermic reaction.
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12

13

Which of the following statements best describes why the enthalpy change of solution for litnium

chloride, LiCI(s), is more exothermic than that for sodium fluoride, NaF(s)?

The AHSration Of Li*(g) is more exothermic than that of Na'(g).

The Athydration of F(g) is more exothermic than that of Cr{g).

The lattice energy of LiCi(s) is more exothermic than that of NaF(s).

oo @ »

The 1* electron affinity of sodium is more exothermic than that of lithium.

What is the identity of the gas which has a density of 89.8 g m™> at 7862 Pa and 22 °C?

Assume the gas behaviour to be ideal.

He

oo w P
=
o

Which of the following is a conjugate acid-base pair?

A HCLH B H.S0: S0: € CO H;COs D NHs NHs

The half-life for a certain first order reaction is 2 hours.

How much u';&is required to form 25% of the products?

A 0.8 hours
B 2 hours
C 3 hours
D 4 hours

[Turn over
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16

A reaction between NO and H: has the following suggested mechanism.
1. 2NO = N;O; (fast)

H: NO2 + Hz 2 N2O + H20 (slow)

HE: N2O + Hz — HzO + N; (fast)

Which of the following correctly describes the rate equation?

A rate =k [NOJ

B rate = k [NOJ[Hz]

C  rate = k [NOJF[N2O;][H:]
D rate = k[N202][H:]

Which of the following factors, when increased, will affect the position of equilibrium for the

following reaction?

CO(g) + H20(g) == CO2(g) + Ha(g) AH <0
1 Concentration of CO(g)
2 Total pressure
3 Temperature
4 Volume of the container
A 1 only B 1 and 3 only C 1,3anddonly D 2and4

Nitrogen dioxide, NOz(g), was placed into a closed vessel of fixed volume and allowed to reach
dynamic equilibrium. The equilibrium has a K value of 4.0 x 1072 at a certain temperature.

2NO:2(g) = N20O4(g)

What is the initial concentration of NO2(g) if its equilibrium concentration was 0.50 mol dm™?

A 0.48 moldm™
B  0.51 mol dm™
C 052moldm™
D 0.70 moldm™
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Given the formula, AG = —RT In K, which of the following reactions will have an equilibrium

constant value that is greater than 1 at all temperatures?

A CHa{g) + H20(g) = CO(g) + 3H:(g) AH>0
B CaiHs(g) + 50:(g) = 3CO:(g) + 4H:0(g) AH <0
C  Ng)+ 3Hx(g) = 2NHs(g) AH<0
D  NH4Ci(s) = NH4'(aq) + CI'(aq) AH>0

Which of the following mixtures will form an alkaline buffer?

1 mole of CH;COOH and 1 mole of CHaCOO™Na*
2 moles of CH;COOH and 1 mole of NaGH

2 moles of CH3CH:NH> and 1 mole of NaOH

2 moles of CHsCH:NH; and 1 mole of HC/

o0 w P

The K., of water is 5.13 x 107" mol® dm™ at 100 °C.
What is the pH of water at 100 *C?

A 6.14
B 7.00
C 7.16
D 12.29

i,

An aqueous solution of compound G (pK, = 4.70) is titrated against an aqueous solution of
compound H {pkK; = 13.8).

Which of the following is the most suitable indicator for the titration?

Indicator pH Range
A a-Naphthyl red 3.7-5.0
B Bromaocresol purple 5.2-6.8
Cc Bromophenal blue 6.2-7.6
D Thymolphthalein 9.4-10.6

[Turn over
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Solid sodium carbonate is gradually added in small amounts to a solution containing a mixture
of 0.0100 mol dm of Ag® ions and 0.0100 mol dm™ of Cu®" ions until in excess.

Which of the following observations are correct?

[Kso (Ag2C03) = 8.1 x 1072 Ky (CuCOs) = 2.5 x 107"]

Only a white precipitate of Ag2CO; will be seen.
Only a green precipitate of CuCO3 will be seen.
A green precipitate of CuCOs will be seen first, followed by white precipitate of Ag.COs

o O W >

A white precipitate of Ag.CO; will be seen first, followed by green precipitate of CuCOsz

Which of the following set of reagents is unable to react with ethene?

Br; in methylbenzene solvent

H. with palladium at high temperatures
Hot alkaline KMnOa

LiA/H4 in dry ether -

O wm >

Which of the following compounds cannot be formed from 2-bromobutane in one step?
A Cc =
W TN

B OH B,

~
PN
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Chioroxylenol is one of the approved active ingredients in the disinfectants used for

deep-cleaning places visited by Covid-19-positive persons.

OH

c/

chloroxylenol

Which of the following reagents will produce a positive test with the chloroxylenol?

-

Hot AgNQa(aq)

Neutral FeCli(aq)

Hot acidified KMnQOa(aq)

3only

B 1and?2only C 2and3only D 1,2and3oniy

How many possible non-cyclic constitutional isomers and stereoisomers are there with the

molecutar formula CsHsBr?

A

B
c
D

2

3
4
5

Which of the following sequence of steps allows for butanone to be formed from but-1 -ene?

o B o B < i

step 1
addition
hydrolysis
mild oxidation

oxidation

step 2
oxidation
oxidation
oxidation

reduction

[Turn over
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27  »-Butyrolactone (gamma-butyrolactone) was used as a drug lo increase sleep related growth

hormone secretion, and was sold as a nutritional supplement until it was banned due to its

severe negative side effects on the human body.

O
o

r-Butyrolactone

Which of the following compounds can be used to form y-butyrolactone in one step?

O
C/

A 1 only B 2only C 3only D 2and3only

28  Which of the following factors help to explain the reducing strength of group 2 metals?

1 number of electron shells
charge
ionic radius
A 1 only B 1and3only C 2and3only D 1,2and3
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In Crystal Field Theory, ligands that bond to the central metal ion cause a splitting of d-orbitals.
Assuming that the octahedral complexes below have a large energy gap between the split
d-orbitals, which of the following central metal ions is likely to have the highest number of

unpaired electrons in the ground state?

A [Co(H:0)[ B  [Cr(H:0)l*" C  [Cu(NHa)* D [Fe(CN)}*"

Aqueous ions of transition metals are usually coloured.

colour violet blue green yellow | orange red

corresponding 400 450 550 580 600 700
wavelength / nm

Which of the following absorption spectra will be produced by aqueous iron(l1) ions?
A ' c

3

—
>
-

absorbance
absorbance

] } | | | |

| I > I | | >
400 500 600 700 : 400 500 800 700
wavelength / nm wavelength / nm

B
»

.
L

absorbance
absorbance

i ] | | | L
!

| >

I i | " I I |

400 500 600 700 400 500 600 700
wavelength / nm wavelength / nm
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For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of the following contains the same number of stated particles as the number of atoms in
19.0 g of fluorine gas?
1 Number of molecules in 2.0 g of hydrogen gas
2 Number of ions in 58.5 g of sodium chioride solid
3 Number of atoms in 14.0 g of nitrogen gas

4 Number of atoms in 12.0 g of graphite

A 3 only B 1, 3anddonly C 2,3and4only D 1,2,3and 4

Number of atoms in 18.0 g of fluorine gas = 1 mole of F atoms

7 1y Number of molecules in 2.0 g of hydrogen gas = 1 mole of H, molecules

% 21 Number of ions it 58.5 ¢ of sodium chloride = 2 moles of ions {both Ma™ and G/}
# 3) Number of atoms in 14.0 g of nitrogen gas = 1 maole of N atoms

< 43 Number of atoms in 12.0 g of graphite solid = 1 mole of C atomns,

2 20 cm® of an unknown hydrocarbon was completely combusted in excess oxygen gas. Upon
cooling back to room temperature and pressure, the total volume of gases was 50 cm?® less than
the initial total volume. After passing the remaining gases through KOH(aq), the volume of gases

further decreased by 80 cm®.

What is the molecular formula of the unknown hydrocarbon?

A C2H, B CiHs C CiHs D CiHg
Ch, + X+ yidy Oy 2 xC0O., + {y/2y+:0  Total voi/
T, cm®
fnitial vol / em’ 20 A 0 - A+ 20
Change in vol / om® -20 -20x — 20v/4 +20x -
Final vol / om’ 0 A - 20x— 5y 20x - A—5By

From gn, 80 cm® of CO;, gas reacted with KOM{aq)
20x = 80
x=4
From initial to final volume, volume dropped by 50 cm’
A+20-50=A-Dby
Sy =30
y=6
Answer Cibg
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Which of the following statements is incorrect about the following reaction?

I o T v I

3VQO, + 2H" - VO5 + 2V0 + H0

It is a displacement reaction.

The oxidation number of V in VO35~ is +5.
VO, is acting as a reducing agent.
V(s is acting as an oxidising agent.

Oxidatioh number of V in the reactant VO: = +3

B) TRUE. Let x be the oxidation number ot Vin VO,
¥+ 3-2) = -1,

X = +5

Options C & D - TRUE.

Oxidation number of V is oxidised from +3 in VOz to +5 iy VO3~ and simultaneously
reduced to +2 in Y

it is a disproportionation reaction where VO, has acted as a reducing agent (itself
oxidised) and also an oxidising agent (itselfl reducad)

Cption Ais incorrect as a displacement reaction is when a metal is oxidised when placed
in a solution containing the cation of another metal which is reduced.

A copper rod weighing 15 g was dipped into 50 cm® of 2.00 mol dm™ AgNO; solution.

Silver crystals were observed to grow on the copper rod after a while.

Which of the following statements are correct?

1

2
3

The Ege“ of the reaction is +1.14V.
The solution turns blue.

6.35 g of copper would have reacled upon completion of reaction.

1 onily B  Zonly C 2and3only D 1,2and3

X A)ES, = (+0.80) — (+0.34) = +0.46 V

v B} Cu metal is oxidised to Cu™'(aq), which gives the solution a blue colour
X Cy Amount of Ag™ = 0.050 = 2.00 = 0.100 mol

Amount of Cu = 15763.5 = 0,236 moal

2 mol of Ag' reacts with 1 mol of Cu. Ag’™ is the limiting reagent.

0.100 mol of Ag" reacts with ¥z x 0.100 = .0500 moi of Cu

Mass of Cu reacted = 0.0500 x 63,5 =3.175 g

[Turn over
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Which of the following statements is not true about lithium?

o O w >

It has a naturally occurring isotope which contains 3 neutrons.
It has a naturally occurring isotope which contains 4 neutrons.
It has the full electronic configuration 2s’.

It forms an ion with a +1 oxidation number.

% A & B) Both true as lithium as a relative atomic mass of 6.9 hence it is Lkely that thera
exists the °Li isatope with 3 neutrons and "Li isotope with 4 neutrons.

" C} FALSE. The full electronic configuration is 1s” 2s® and not just 25,

¥ [ Group 1 metals tends to lose an electron fo form LT, which has +1 oxdidation number.

Which of the following properties can be explained by hydrogen bonding?

The higher density of ice compared to liquid water.
The ability of water glider insects to float on water.

Ethanoic acid having an apparent molecular mass of 120.0 in non-polar solvents.

1 and 2 only B 1and3only C 2and3only D 1,2and3

¥ 1) FALSE as ice has lower density due o the open tetrahedral arrangement of HZO
molecules i ice (due to hydrogen bonding, but not higher density)

7 23 TRUE as hydrogen bonding is considered strong interrmolecular force which resulls
in high surtace tension of water

v 3) TRUE as the -COOH groups have H honded to O and lone pair on electronegative
O which forms hydrogen bonding.

As energy released from the formation of id-id of -COOH groups with non-polar solvents
is insufficient to overcome the hydrogen bonding between -COOH groups, ihe ethancic
acid molecules dimerise through the formation of hydrogen banding o give an appararnt
My which is double 2 x 60,0 = 120.0
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Two elements D and E have the following properties.

D E
Melting paint / °C 3600 -38
Appearance Dull Shiny
Electrical conductivity when solid Yes Yes

What are the likely identities of D and E?

o I o T « « B

D E
SiOs H:
MgO Si

Si Na

C Hg

D has very high melting point yet dull appearance — means itis likely 10 be giant covalent
instead of metals which have a shiny appearance.

The only giant covalent structure we learnt that conducts electricity when solid is Carbon
it the form of Graphile.

F has a low melting point indicating it could likely be a simple molecular structure.
However, its shiny appearance and electrical conductivity contradicts that of a simple
molecular structure. Instead we should be looking at metals which have a melting point
iower than room temperature. Prior knowledge tefls us one such metal is mercury which
is a liquid metal.

Which of the following statements best explains the following observation?

o0 WP

Melting point of NaBr/ °C 747
Melting point of MgBr, / °C 71

The sizengf the anion electron cloud is large and easily distorted.
NaBr has a larger magnitude of fattice energy than MgBr..
There are more bromide ions in MgBr; than in NaBr.
Magnesium has a higher charge and smaller size than sodium.

Both have giant ionic latiice structures. As the MgBr: theoretically has a larger magniiude
lattice energy than NaBr, the melting point of MgBr; is predicted to be higher than Nabr
yet in reality it is iower.

This is due to partial covatent character, which can be atiributed to distortion of anion
charge cloud by the cation. Since the anion is the same in both cases, the factor that

changed is the charge density of the cation, which is a S A —

size (onic radins)

[Turn over
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Which of the following statements about the standard enthalpy change of neutralisation is true?

A

B
Cc
D

It has a constant magnitude of 57.3 kJ mol™".

It has a smaller magnitude for the reaction between a weak acid and strong base.

It is defined as the energy released when 1 mole of an acid reacts with 1 male of a base.
It is an endothermic reaction.

{Options A and B are contradiclory —

< as B is true, as some energy would be used to complete the dissociation of the weak
acid. the enthalpy change of neutralisation would be less exoithermic for 8 weak acid
compared (o that of a strong acid. '
X Hence, Ais FALSE.

¥ C is FALSE as the definition states that it is the heat energy change when 1 mole of
water is farmed (from neutralisation). not when 1 mole of acid reacts with 1 mole of base
(as the acid may not be manoprotic, netther may the base be a monoacidic base).

X D is FALSE as a neutralisation reaction involves forming a covatent O-H bond from H’
ions and OH- jons. Since therg is primarily bond forming, heat energy is relensed and itis
an exothermic process.

Which of the following statements best describes why the enthalpy change of solution for lithium

chioride, LiC/(s), is more exothermic than that for sodium fluoride, NaF(s)?

A

B
c
D

The AthydraﬁDn of Li*(g) is more exothermic than that of Na*(g).

The Af-ifyd,aﬁon of F-(g) is more exothermic than that of CIH{g).

The lattice energy of LiCi(s) is more exothermic than that of NaF(s).

The 1% electron affinity of sodium is more exothermic than that of lithium.

Atauion = L AMuyaaion ~ Lattice Energy

Means LiC/ either has its Li° or G/ ions with more exothennic AHnaage 0F MOrE
endothermic L.E. to make the overall vaiue of AH o, MOre negative.

v AY Fulfils the condifion laid out above.

X B) F~ indeed has a more exothermic SHnurics hut that makes the overall value of
AHuie- more negative for NaF and not LIG/

¥ C) LiIC/ should have a moere endothermic L.E. to have a more exothermic AHssusen, bt
this is not the case.

X D) ¥ E.A is not in play in the conditions above. Furthermore, Na does not gain
electrons to form Na~ in NaF. and neither does Lifor LiTin LiC/, so electron affinity is not
part of the reaction or calculations.
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What is the identity of the gas which has a density of 89.8 g m™ at 7862 Pa and 22 °C?

Assume the gas behaviour to be ideal.

A He
B Ne
C N2
D H>
Mr=pRT /p
= (89.8)(8.31)(22+273} / (7862)
= 286.0
ldentty = No

Which of the following is a conjugate acid-base pair?
A HCLH B H,S0. 804 C COz H:COs D NHs, NHs
Caonjugate acid-base pairs differ by only 1 H°
X A} Differs by 1 CF
X By Differs by 2 H°
X C) Differs by 1 H.0
v 3} Differs by 1 H”

The half-life for a certain first order reaction is 2 hours.

How much time is required to form 25% of the products?

A 0.8 hours
B 2 hours
C 3 hours
D 4 hours

Half-life is the time required for the concentration of reactants 10 reach half its original
concentration. For 25% products, the concentration of reactants will be ai?gz’z which 15
not yet half. Hence, time taken will be less than the hali-iife. The only possibie oplion is A
[reactant] = freactantjm * { /2 )", where n = number of hall-lives

F 1N = [reaciant:
( /2} B

=0.75

T reactantlngg
nig{%i=1g0.75
n=0415

time = 0.415 = 2 = 0.83 = 0.8 hours

[Tum over
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A reaction between NO and H; has the following suggested mechanism.

It
1

INO = N;O (fast)
N202 + Hz = N2O + H.0 (slow)
NoO + Hz — H20 + N (fast)

Which of the following correctly describes the rate equation?

A

B
C
D

rate = k [NOP?

rate = k [NOJ[H:]

rate = k [NOF[Nz02][Hz]

rate = k [N20O2][H:]

The slow step is step two, so the rate equation for step 2 18
Rate = k' [Nz O:1[H]

However, NoO- is an intermediate, not a reactant. Hence it will have to be re-expressed

in terms of its reactants based on step | where the K. = o

Rearranging. [N.O.] = K. [NOJ
Substituting,
Rate = k™K. [NOJ [H] = k [NOV [H:] (k= k"K)

Which of the following factors, when increased, will affect the position of equilibrium for the

following reaction?

BOW N

CO(g) + H20(g) = COx(g) + Ha(g) AH<D
Concentration of CO(g)
Total pressure
Temperature Doy

Volume of the container

1 only B 1and3only C 1,3and4only D 2and4

Options 2 and 4 are related. {fvolume is increased, pressure decreases and vice versa.
¥ Lowering pressure / increasing volume will favour the side with more gaseous particles.
However, since both sides of the equilibrium has the same number of gaseous particles
(2 mole on each side). changing pressure or volume does not affect the position of
equdibrium,

7 Opticn 1 — Increasing the concentration of reactant CO(g) will cause the position of
squilibrium to shift to the right, increasing the concentration of products and decreasing
the concentration of reactants 1o oppose the change and re-establish equilibrium.

v Option 3 - Increasing temperature will cause the system to favour the endothermic

(backward) reaction to absorb excess heat to oppose the change, by shifting the position
of equilibrium to the left to re-establish equilibrium.
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Nitrogen dioxide, NO2(g), was placed into a closed vessel of fixed volume and allowed to reach
dynamic equilibrium. The equilibrium has a K. value of 4.0 x 1072 at a certain temperature.
2ZNO2(g) = N204{(g)
What is the initial concentration of NO»(g) if its equilibrium concentration was 0.50 mol dm?
A 0.48 mol dm™
B 051moldm™
C 0.52moldm™
D 0.70 mol dm™
IV, 04

K= 202004 = 20

(I

- = 0.04 x (0.05)° = 0.01 mof dm™

2NO(g) = NzOu(g}

Initial conc { mal dm™ X 0

Change in conc /mol dm™  -2(0.01)  +0.01

Eam cong / mob dm'™ x-0.02 001
= .50

x = (.50 + 0.02 = 0.52 mol dm™

Given the formula, AG = —RT In K., which of the foliowing reactions will have an equilibrium

constant value that is greater than 1 at all temperatures?

A CHa(g) + HO{g) = CO(g) + 3H2(g) AH=>0
B CiHs(g) + 50:(g) = 3CO:(g) + 4H:0(g) AH<0
C  Nig)+ 3H:(g) = 2NHs(g) AH<O0
D  NH.Ci(s) = NH.(aq) + Cl'{aqg) AH=>0

AG=-RTIn K. (for K.> 1, In K. is positive, Le. In K; > 0, AG will be nagative)

AG = AH - TAS

for AG 1o be negative at all iemperatures,

AH must be negative, Le. excthermic reaction, and

AS must be paositive. i.e. has more gaseocus (or more mobile, such as more liquid or
aqueous particles in) products than reactants stoichiometrically

v B has a positive AS value a5 it has 7 gaseous molecules on product side bt only 6 on
the reactant side.

X A and D are eliminated as they are endothermic reaction (positive AH values)

X € has a negative AS value as it has 2 gaseous molecules on product side but has 4 on
the reactant side.

[Turn over
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Which of the following mixtures will form an alkaline buffer?

A

B
Cc
D

1 mole of CHsCOOH and 1 mole of CH.COO Na’

2 moles of CH:COOH and 1 mole of NaOH

2 moles of CH3CHzNH; and 1 mole of NaOH

2 moles of CH;CH:NH: and 1 mole of HC/

Alkaline buffer will be formed between a weak base and is conjugate acid.

¥ Options A and B are using a weak acid and its conjugate pase hence will form an acitdic
buffer instead of alkaline buffer.

¥ Option C is the mixing of a weak base, CH3CH:NH:, and a strong base, NaGH, and will
hot praoduce any bufier. )

v Option D is the mixing of 2 moles of a weak base. out of which 1 mole will completely
react with 1 mole of the strong acid HC to give 1 male of the conjugated acid, R-NH;™
Sinee 1 mole of the weak base is stilt remaining, as both weak base and conjugate acid
is present, an alkaline buffer is formed.

The K, of water is 5.13 x 107" mol* dm® at 100 °C.

What is the pH of water at 100 °C?

A

B
c
D

65.14
7.00
7.16
12.29

Since [H] = [OHT} for water,

Ko = [HTOH] = [H}

HT =v Ke=v (5,13 % 1077 = 7.1624 x 107
pH = -lg [H] = 6.14
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An agueous solution of compound G (pK, = 4.70) is titrated against an aqueous solution of

compound H (pK, = 13.8).

Which of the following is the most suitable indicator for the titration??

A
B
Cc
D

Indicator pH Range
a-Naphthyl red 3.7-5.0
Bromocresol purple 5.2-6.8
Bromophenol blue 5.2-7.6
Thymolphthalein 9.4-10.6

p#K. = 4.70 means G is a weak acid.
pK. = 13.8 means H is a strong base {very near 1o 14).

At the equivalence point, pH will be in the basic region as conjugate base of G thatis
formed will undergo salt hydrolysis.

The working ptt range of bromophenot blue is very near neutral pH {mid-point arcund
6.0). Although it spans a smali region of alkaline pH, the most suitable indicator will sl
be thymaiphihalein.

Solid sodium carbonate is gradually added in small amounts to a solution containing a mixture
of 0.0100 mol dm~ of Ag" ions and 0.0100 mol dm™ of Cu®* ions.

Which of the following observations are correct?

[Kep (AQ2CO3) = 8.1 x 107 Ky (CuCOs) = 2.5 x 1077

A

B
c
D

Only a white precipitate of Ag2CO;3 will be seen.

Only a green precipitate of CuCO; will be seen.

A green precipitate of CuCO; will be seen first, followed by white precipitate of Ag:COs
wite precipitate of Ag.COa will be seen first, followed by green precipitate of CuCOs
For ppt, 1P > K

AGTICO 1 » 81 %1077

(0.01VICO] > 8.1 x 107
[COs Y= 8.1 3 10 mol dm™

[Cu)
{0.01)
[CO:" 5

OO

07> 25 107
“1>2.5x107°
5 % 10° mol dm™

3

W

CuCOs requires a smaller [CO:7] to ppt, hence it precipitates first,

Note that since the formula unit of the 2 sailts are different, Ko, is not 2 measure of
solubility.

[Turn over

www.testpapersfree.com




22

23

12
Which of the following set of reagents is unable to react with ethene?

Brz in methylbenzene solvent

H. with palladium at high temperatures

Hot alkaline KMnO4

LiA/H, in dry ether

X A) Methylbenzene is a non-polar solvent similar to CC/. which does not react with Br2
in the absence of a catalyst. Hence electrophilic addition of ethene with Bry will take place
under room temperature conditions.

X B) Palladium is similar to nicke! as they are in the same group and is able calalvse the
electrophilic addition of hydrogen to ethene due 1o the availability of energetically
accessible d arbitals

X C} Ethene already reacts with cold alkaline KMnO. to form dicls. Heating i will not

prevent any reaction but instead provides more energy 1or the reaction to occur, and may
even lead to vigorous oxidation / oxidative cleavage of the C=C to form carbon dioxide

o O r

and water instead of mild oxidation.
v D) Ethene doas not have any known reactions with LIAH.,
The anhydrous environment refers o a dry environment fike dry elher.
Which of the following compounds cannot be formed from 2-bromobutane in one step?

Br

NN

2-bromobutane

A\/\ MERNCZ

B \/(J)H\ i \/\/Br

A and C are formed via elimination with ethanolic NaOH, heat under refiux
B is formed via nuclaophilic substituiion with NaOH(ag), heat under refhux
D cannot be formed in one step, but can be formed in two steps.

1% ghimination to form A, then electrophilic addition of HBr to form B,
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Chloroxylenol is one of the approved active ingredients in the disinfectants used for

deep-cleaning places visited by Covid-19-positive persons.

OH

C/

chloroxylenol

Which of the following reagents will produce a positive test with the chloroxylenol?

Hot AgNOa{aq)
Neutral FeCli(aq)

Hot acidified KMnOa(aq)

3 only

B 1andZonly C 2and3only

1, 2 and 3 only

X Option 1 —~ C-Cf bond is strengthened due to partial p-orbital overlap with T-electron
cloud of benzene ring so nucleophilic substilution does not take place, there will not be
any halide ions for precipitation with Ag”
v Option 2 ~ The presence of a phenol group will produce a posilive test, a dark

colouration

« Option 3 — Methyl side-chains on the benzene will be oxidised to benzoic acid groups,
decelourising purple KMnO..

How many possible non-cyclic constitutional isomers and sterecisomers are there with the

molecular formula CaHsBr?

A

B
C
D

2

3
4
5

T e

J-Lromopropena

Br

:<

Zbromopropens

=

trans-1-bromopropene

www.testpapersfree.com

S\

cig-1-bromopropane

By,

[Turn over



26

14

Which of the following sequence of steps allows for butanone to be formed from but-1-ene?

step 1 step 2
A addition oxidation
B hydrolysis oxidation
C mild oxidation oxidation
D oxidation reduction
Step 1

But-1-ene can undergo electrophilic addition with steam: H:0(g). conc. H:PO, calaiyst al
high temperatures and pressures fo form butan-2-ol.
CH.CH:CH=CH: — CHsCHCH{OH)CH:
Step 2
Butan-2-of can subsequently undergo strong / vigorous oxidation with KMnQa, H:S04(a0),

heat under reflux to form hulanone,
CHLCH.CH(OHYCH; — CH.CHCOCH;
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y-Butyrolactone (gamma-butyrolactone) was used as a drug to increase sleep-related growth

hormone secretion, and was sold as a nutritional supplement until it was banned due to its

severe negative side effects on the human body.

O
O

r»-Butyrolactone

Which of the following compounds can be used to form y-butyrolactone in one step?

1

O

@)
C!

1 only B 2only C 3only D 2and3only

Arester can be formed form a carboxylic acid or acid derivative {such as acy! chioride)
reacting with an alcohol, i.e.

SSOOH + -OH (with conc. HzSC0., heat under refiux}

Or

-COCI + -OH  {room temperature)

tn this question, y-butyrolactone is a cyclic ester with 4 carbong in its longest chain.

¥ 1) this option is out as it only has a -COOH group and no -GH group 1o react with

¥ 2} this oplion 1s out as i only has 3 carbon atoms in the backbone.

~* 3} this is the correct answer as the alcohol has a lone pair and acls as a nucleophile 1o
attack the electrophilic {electron deficient} carbon on -CQOC/, leading to the removal of C/—
as the leaving group (nucleophilic substitution), to form the ester.

[Turn over
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Which of the following factors help to explain the reducing strength of group 2 metals?

1

2
3
A

number of electron shells

charge

ionic radius

1 only B 1and3only C 2and3only D 1,2and3

+ Cption 1 — down the group, number of electron shells increase and the valence election
is further and experiences less attraction from the nucleus {lower electronegativity). iess
energy required to remove the electron and hence electron is more easily lost (itself more
easily oxidised, hence higher reducing strengihl.

X Option 2 — Group 2 metals usually form cations of +2 charge, hence the charge s he
same for all group 2 metals — not & differentiating factor.

¥ QOption 3 — lonic radius refers 1o the cations formed from group 2 metals with the +2
gharge, but that does not help to explain the trend for reducing strength of group 2 metal
in the elemental state {with no chargs)

In Crystal Field Theory, ligands that bond to the central metal ion cause a splitting of d-orbitals.

Assuming that the octahedral complexes below have a large energy gap between the split

d-orbitals, which of the following central metal ions is likely to have the highest number of

unpaired electrons in the ground state?

o0 @ P

ICO(H20)6}2+

[Cr(H20)e}**

[Cu(NH2)a)*"

[Fe(CN)}I*~

X A} In [Co{H:0)]". Co has seven d electrons with 6 electrons ocoupying lower energy
dey, ez, dy, orbitals in an ociahedral field (6 ligands), with the remaining 1 unpaired
electron ococupying the higher energy d orbitals Teny,,

< BY In [Cr{H,0)"", Cr has three d eleclrons with each eleciron ocoupying lower energy
ey, iz, dyz Orbitals in an octahedral feld (6 ligands) =» 3 unpaired glectrons

X CY In [CuiNH:).*, Cu has pine d electrons distributed across five d orbitals resuliing
in 4 paired and 1 unpaired slectron.

X Dy In [Fe{CN)]"" Fe has six d electrons with afl six fifling the lower energy dy, the, O
orbitals in an octahedral field (6 ligands) resulting 0 all paired elecirons and o unpaired
electrons
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Aqueous ions of transition metals are usually coloured.

colour corresponding
wavelength / nm

viglet 400
blue 450
green 550
yellow 580
orange 600
red 700

Which of the following absorption spectra will be produced by aqueous iron(ll) ions?

A

b

-

absorbance

{ |
| i I I
400 500 600 700
wavelength / nm

»
Lt

.
:

absorbance

[ i ] ]
I |

i I
400 500 600 Y00
wavelength / nm

-
>

P,

Cc
A
03]
O
|t
48]
=
o
12}
0
©
R e s
400 500 600
wavelength / nm
D ?
3
c
©
_E
Q
W
ko]
w
| 1

|

| I I
400 500 600
wavelength / nm

—
-

v CYaqueous iron(ll) ions are green and will absorb the complementary colours red (anc
blue). hence high absorption in the red and blue regians.
MNone of the remaining options absorh the complementary colour: red

¥ A) This absorption spectrum will produce a complementary colour mix of red and blues,

resulting in overall magenta,

X B) This absorption spectrum will produce a complementary colour mix of yellow, orange,

red, resulting in overall orange.

X [3) This absorption spectrum will produce a complementary colour mix of purple. blue,

graen, resuiting in overall blue / cyan.

END OF PAPER 1
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