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Friday 14 May 2021 (morning)

1 hour

Instructions to candidates

Do not open this examination paper until instructed to do so.

Answer all the questions.

For each question, choose the answer you consider to be the best and indicate your choice on
the answer sheet provided.

The periodic table is provided for reference on page 2 of this examination paper.

The maximum mark for this examination paper is [40 marks].
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0.20 mol of magnesium is mixed with 0.10 mol of hydrochloric acid.

Mg (s) + 2HCl(aq) = MgCl,(aq) + H,(9)

Which is correct?

—-3—

Limiting reagent Ma:fi r::;nmﬁfld
A. HCl 0.10
B. Mg 0.20
C. HCl 0.05
D. Mg 0.10

2221-6113

Which amount, in mol, of sodium chloride is needed to make 250 cm? of 0.10 moldm™ solution?

A. 40x10™
B. 0.025

C. 040

D. 25

What is the sum of the coefficients when the equation is balanced with whole numbers?

_ Sn(OH),(aq) + __NaOH(aq) = __Na,SnO,(aq) + __H,0O(l)

A 4
B. 5
C. 6
D. 7

What is represented by “*™ in 5X*?

A. loss of electron
B.  gain of electron
C. loss of proton

D. gain of proton

Turn over



5.

—4—
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The first eight successive ionization energies for an element are shown. In which group is the

Successive ionization

element?
20000
18000
16 000 -
S ]
g 14 000
<2 12000 -
& 10000
(O]
S 8000 -
[
S 6000 -
S
c 4000
o
2000 - .
*
0 T |
0 1 2
A. 6
B. 7
C. 8
D. 17

Which property increases down group 17?
A. atomic radius

B. electronegativity

C. firstionization energy

D. melting point

Which is a d-block element?

A. Ca
B. Cf
C. ¢l

D. Co

4
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10.

11.

12.

—-5—
Which factor does not affect the colour of a complex ion?
A. temperature of the solution
B. identity of the ligand
C. identity of the metal

D. oxidation number of the metal

Which compound has the greatest volatility under the same conditions?

A. SO,
B. SiO,
C. 8SnO,
D. SrO

Which compound has the shortest C to N bond?
A.  HCN

B. CH,CH,NH,

C. CH,CHNH

D. (CH,),NH

Which is the correct order based on increasing strength?

A.  covalent bonds < hydrogen bonds < dipole—dipole forces < dispersion forces
B. dipole—dipole forces < dispersion forces < hydrogen bonds < covalent bonds
C. dispersion forces < dipole—dipole forces < hydrogen bonds < covalent bonds

D. dispersion forces < dipole—dipole forces < covalent bonds < hydrogen bonds

Which atom has an expanded octet?

A. CinCO,
B. SinSCl,
C. 0inH,0,
D. PinPCl

2221-6113
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13.

14.

15.

—-6—

What is the electron domain geometry of Si in SiO,?

A. bent
B. linear
C. square planar

D. tetrahedral

Which describes an exothermic reaction?

Heat transfer Enthalpy
A. from surroundings to system reactants > products
B. from surroundings to system products > reactants
C. from system to surroundings products > reactants
D. from system to surroundings reactants > products

The potential energy profile of a reaction is shown.

Energy

Reactants

Products

Progress of reaction

2221-6113

What can be determined about stability and energy change from the potential energy profile shown?

More stable Reaction
A. reactants exothermic
B. reactants endothermic
C. products exothermic

D. products

endothermic




16.

17.

18.

19.

Which represents electron affinity?

A. A (g) > AP (g)+e
B. C(g+e —>C (9)
C. Cl(g9) > 2Cl(g)

D. S(s)—>S'(g)+e

Which change results in the largest negative value of AS?

A.  CH.OH(l) + SOCL,(l) = C,H.CL(l) + SO,(g) + HCL(9)

B. CaCO,(s) - CaO(s)+ CO,(9)

C. H,0() > H,0(s)

D.  NH,(g) + HCl(g) = NH,CL(s)

2221-6113

Which change causes the greatest increase in the initial rate of reaction between nitric acid

and magnesium?

2HNO, (aq) + Mg (s) = Mg(NO;),(aq) + H,(9)

[HNO,] Size of metal pieces
A. doubled halved
B. doubled doubled
C. halved halved
D. halved doubled

Which explains increasing rate of reaction with increasing temperature?

Particles with E> E, Frequency of collisions
A. same same
B. more greater
C. same greater
D. more same

Turn over



20.

21.

22,

-8-—

Which graph represents a second order reaction with respect to X?

A.
X
Time
C.
(0]
T
14
[X]

Which statements are correct about the action of a catalyst in a chemical reaction?

X—=>Y
B.
3
Time
D.
(0]
©
14

[X]

l. It increases the energy of each collision.

. It alters the mechanism of the reaction.

[ll. It remains unchanged at the end of the reaction.

A. landllonly
B. landlllonly
C. Illand Il only

D. L llandlll

What effect does a catalyst have on the position of equilibrium and the value of the

equilibrium constant, K, for an exothermic reaction?

Position of equilibrium | Value of equilibrium constant
A. moves to products increases
B. stays the same increases
C. stays the same stays the same
D. moves to products stays the same

2221-6113



23.

24,

25.

26.

—-9-—
Sulfur dioxide reacts with oxygen to form sulfur trioxide.
250,(g) + O,(g) = 2S0,(9) AH =-197kJ
Which change increases the value of K ?
A. increasing the temperature
B. decreasing the temperature
C. decreasing [SO,(9)]

D. decreasing [SO,(9)]

Which cannot act as a Brgnsted—Lowry base?

A.  HPO?
B. H,0
C. CH,
D. NH,

Which causes acid deposition?

A. SO,
B. SiO,
C. SO
D. CO,

Which is correct?

A.  Electrophiles are Brgnsted—Lowry acids.
B.  Nucleophiles are Brgnsted—Lowry acids.
C. Electrophiles are Lewis acids.

D. Nucleophiles are Lewis acids.

2221-6113
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27.

28.

29.

30.

—10 -

Which compound is acidic in aqueous solution?

A.

B.

C.

D.

KBr
CH,COONa
NH,ClL

Na,CO,

What is the oxidation state of oxygen in H,0,?

A.
B.
C.

D.

What are the products of the electrolysis of molten potassium chloride, KCL(l)?

What would be the electrode potential, E°, of the Mn**(aq)|Mn (s) half-cell if

-2

-1

+1

+2

Anode Cathode
(positive electrode) | (negative electrode)
K Cl
Cl, K
Cl K
K Cl,

Fe*' (aq)|Fe* (aq) is used as the reference standard?

Mn?*(aq) + 26" = Mn(s)

Fe’ (aq) + e- = Fe*'(aq)

-1.95V

-0.41V

+0.41V

+1.95V

E°®=-1.18V

E®=+40.77V

2221-6113



31.

32.

-1 -

What happens to the mass of each copper electrode when aqueous copper(ll) sulfate
solution is electrolysed?

Anode (copper) — - —+—— Cathode (copper)

Copper(ll) sulfate

solution
Anode Cathode
(positive electrode) | (negative electrode)
A. increases increases
B. increases decreases
C. decreases increases
D. decreases decreases
What is the IUPAC name of the molecule shown?
CH3 CH,CH3;

H3C_CH_CH2_CH_CH3

A.  2,4-dimethylhexane
B. 3,5-dimethylhexane
C. 2-methyl-4-ethylpentane

D. 2-ethyl-4-methylpentane

2221-6113
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33.

34.

35.

- 12 —

Which monomer forms the polymer shown?

A.  CH(Cl)=CH(CH,)
B. CH,=C(Cl)CH,
C. (CH,),CHCL

D. CH,=CHCI

I—O—O

T
~_ | >

2221-6113

Which is a propagation step in the free-radical substitution mechanism of ethane with chlorine?

A. ClL—2-Cl
B. +C,H.+ Cl,—> C,H.Cl++Cl
C. +C,H,++Cl— C,H.Cl

D. CHy;++Cl— CH.Cl+-H

Which compound shows cis-trans isomerism?

A.  CH,CH=CCl,

B. CCL=CH,
cl
C.
cl
cl
D.

Cl



36.

37.

38.

39.

- 13 -
Which compound rotates the plane of plane-polarized light?
A. CH,C(CH,)CICH,
B. CH,CH,CHCICH,
C. CH,C(Cl),CH,

D. CH,CCIBrCH,

Which can be reduced to a secondary alcohol?
A. C,H.COOH

B. CH,CH,OCH,

C. (CH,),CHCHO

D. CH,COC,H,

Which spectra would show the difference between propan-2-ol, CH,CH(OH)CH,, and
propanal, CH,CH,CHO?

l. mass
Il infrared
. 'HNMR

A. landllonly
B. landlll only
C. lland Il only

D. I llandlll

How should the difference between 27.0 + 0.3 and 9.0 = 0.2 be shown?

A. 18.0+01
B. 18.0+0.3
C. 18.0x0.5
D. 18.0+0.6

2221-6113

Turn over



-14 - 2221-6113
40. What information can be deduced from the splitting pattern of '"H NMR signals?
A.  total number of hydrogen atoms in a compound
B. number of hydrogen atoms on adjacent atom(s)
C. functional group on which hydrogen atoms are located

D. number of hydrogen atoms in a particular chemical environment
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