Chemistry Olympiad Training for Secondary School Level — Part One

First ionization energy is the energy required to convert one mole of gaseous atoms into one
mole of mono-positive gaseous ions. It is summarised by the equation below:

E(@ — E'(g) + e

How does first ionization energy change across a Period (from left-to-right) and within a Group
(from top-to-bottom) of the Periodic Table?

A Increases across a Period and increases down a Group.
B Decreases across a Period and increases down a Group.
C Increases across a Period and Decreases down a Group.

D Decreases across a Period and Decreases down a Group.

The shapes of some molecules are shown below.
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Phosphine is a compound of phosphorus and hydrogen. What shape is a phosphine molecule
likely to have?

A Angular
B Linear
C Pyramidal

D Tetrahedral



Nitrogen and hydrogen react according to the equation:
N2 (g) + 3H2(g) = 2NHs(g) AH=-78kJ mol™*

According to Le Chatelier’s principle, which change in temperature and pressure will increase
the yield of ammonia?

A Increase temperature and increase pressure.
B Increase temperature and decrease pressure.
C Decrease temperature and increase pressure.

D Decrease temperature and decrease pressure.

Which one of the following is a disproportionation reaction?
A Zn + CuSOs; —» ZnS0O4 + Cu

B 2CO —» C + CO;

C 4S + 50, —» 2S0O; + 2SO0s

D MnO: + 4HCI — MnClz + 2H0 + ClI;

Which of the following compounds contains ions which are isoelectric?

A CaO
B CaBrnr2
C NaO
D LiF

Which one of the following reactions has a value for AS° > 0?
A Sg(l) > Ss(s)

B Hz(g) + O2(9) — H202(l)

C H2(g9) + 2Ag* (ag) —» 2H" (ag) + 2Ag (s)

D

PCls () — PCls (g) + Cl2(g)



Study the following reactions:

S(s) + H2(g) — H:S(g) AH=a
H. (g) + Y202 (g) — H20 () AH=Db
S(s) + O2(g) > SO2(q) AH=c

H.S (g) + 11/202 (g) — H0O (|) + SO, (g) AH=d

The relationships between the four reactions, and their enthalpy changes, are summarised in
the diagram below:

S + H2 HzS

clO, b %0, d

SO, + H,O
What is the relationship between a, b, c and d?
A a=b+c-d
B a=d-b-c
C a=b-c-d
D

a=d+c-b

A reaction takes place in two stages:

Stage 1:

S,06% (ag) + 21" (aq) + 2Fe?* (aq) — 2S0.* (ag) + 21~ (aq) + 2Fe®** (aq)
Stage 2:

2S04% (ag) + 2I-(aq) + 2Fe®* (aq) — 2S0.* (aq) + |2 (aq) + 2Fe?* (aq)
Which ion is the catalyst in this reaction?

A S;08% (aq) B I~(aq)

C Fe? (aq) D SO0+ (aq)



10.

Some of the covalent bonds in an amino acid molecule are polar. A polar covalent bond arises
when a bonding pair of electrons is not shared evenly between two atoms.

The table contains information about the attraction of some atoms for bonded pairs of
electrons.

Relative Attraction for a

Atom Bonding Pair of Electrons

2.2

2.5

3.0

olz|o|x

3.5

Based on this information, the most polar covalent bond in the amino acid will be:
A C-H B N-H
cC C-0 D O-H

The electronic configuration for an atom of nitrogen (atomic number = 7) is given below:

1s 2s 2p 3s

R ININE

Which one of the following is the correct electronic configuration for a sodium ion?

1s 2s 2p 3s
A

RN

1s 2s 2p 3s
B

MBI RERIEAN

1s 2s 2p 3s
C

NI

1s 2s 2p 3s
D

PV (0] i)




11. A simple battery can be made by connecting two different half-cells together. When the two
different half-cells are connected, a potential difference is produced between them.

Connecting a zinc half-cell [Zn(s) / Zn?*(aq)] to a copper half-cell [(Cu(s) / Cu?*(aq)] produces a
potential difference of 1.10 volts.

The potential difference produced by two half-cells can be calculated from their standard
electrode potentials.

alcal | Siendrd Hecods
[Mg(s) / Mg?*(aq)] —2.38
[Zn(s) / Zn?*(aq)] -0.76
[Cu(s) / Cu?*(aq)] +0.34
[Ag(s) / Ag*(aq)] +0.80

Which combination of half-cells will generate a potential difference of 1.56 V?

A

B
C
D

[Mg(s) / Mg*(aq)] and [Zn(s) / Zn* (aq)]
[Mg(s) / Mg?*(aq)] and [Cu(s) / Cu**(aq)]
[Zn(s) / Zn*(aq)] and [Ag(s) / Ag*(aq)]
[Cu(s)/ Cu*(aq)] and [Ag(s) / Ag*(aq)]

12. The rate of decomposition of hydrogen peroxide is first order for H,O,. At [H20,] =
0.150 mol dm=3, the decomposition rate was measured to be 4.83 x 10° mol dm=3 s, What is
the rate constant for the reaction?

A 215x10*st B 3.22x10°st

C 4.83x10°%st D 7.25x107s*

13. Which class of organic compound does not contain oxygen?

A Alcohol B Amide

C Amine D Ketone

14. Which of the following compounds could contain exactly one triple bond?

A  CsHipo B CsHi2

C CgHio D CeHi2



15. Which statement about bonding is correct?

A Ao bond has cylindrical symmetry about the bonding axis.

B A rbondis twice as strong as a ¢ bond.

C A double bond consists of two = bonds.

D A rnbond results from the sideways overlap of hybridised orbitals.

16. Water spontaneously ionises according to the following chemical equation:

H20 () = H*(aq) + OH (aq)

The pH of an aqueous solution can be calculated using the following equation:

pH = —logio[H*]

What is the pH of an aqueous solution that contains 0.0100 mol dm=2 NaOH?

A 1x107

Cc 12

B 7
D 14

17. Consider the gas-phase reaction between nitrogen monoxide and oxygen showing the initial
concentrations of the reactants at a constant temperature:

2NO (g) + O2(g) — 2NO2(9)

Experiment | [NO]/moldm= | [O2]/moldm= | Initial Rate of NO, Formation / mol dm= s
1 0.020 0.020 0.057
2 0.040 0.040 0.455
3 0.040 0.020 0.228

What is the order of the reaction with respect to NO (g) and O: (g)?

A NO (g) = zero order

B NO (g) = first order

C NO (g) = second order

D NO (g) = third order

02 (g) = third order

02 (g) = second order

O- (g) = first order

O2 (g) = zero order




18. During the manufacture of sulfuric acid, sulfur(IV) oxide reacts with oxygen to form sulfur(\VI)
oxide. The balanced chemical equation for this reaction, known as the Contact Process, is

shown below:

2S02(g) + O2(g) = 2S0s(g)

What is the equilibrium constant for this reaction?

[SOs)?
A Ke =
[SO2)* x [O2]
2[S0O3]
C Kc =

2[SO2] x [O]

19. Which one of the following organic compounds is aromatic?

H H
\ 7/

C
\\! !
c—C
/ \
H H

A

20. Given the enthalpy changes:

A+B —>C AH = =35 kJ mol™
A+D->E+F AH = +20 kJ mol™
F>C+E AH = +15 kJ mol™

What is AH for the reaction 2A + B + D —» 2F ?

A 0kJmol™?

B —-30kJ mol™?
C —-40kJ mol™
D -70kJ mol?

[SO,J? x [O2]

[SO3)?

2[S0O3] x [O2]

2[SO3]
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Answers
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=

A+B->C

and...

A+D>E+F

then...

2A+B+D >C+E+F

AH = (=35 for A + B) + (+20 for A + D) = =15 kJ
C + E can react to form the second molecule of F
forward reaction: F—>C+EAH=+15kJ
reverse reaction: C+E—>FAH==-15kJ

overall enthalpy change = (-15) + (-15) = =30 kJ





