Chemistry Olympiad Training for Secondary School Level — Part Five

Which one of the following series of ions is arranged in order of increasing ionic radius?
A Mg* < S*<CI<K'<Ca?
B Mg#* <Ca*<K'<Cl<S*
C S*<CI <K'<Mg? < Ca*
D S*<Mg*<Ca*<ClI<K'

Which one of the following compounds could not be obtained by oxidising phosphorus
trifluoride, PF3?

A NasP207-10H,0 B H4P20s

C  (NH4)HPO3z-H:0 D Cas(PO.)sF

Ethanoic acid was heated with an unknown compound X and a catalytic amount of sulfuric
acid. The reaction mixture was shown by mass spectrometry to contain a compound of molar
mass 193 g mol~. Which one of the following could be compound X?

A B C D
o/H O/H o/H o/H
I I I I
\cl:// \ﬁ:/H H\Cl://C\ﬁ:/H H\Cl://C\ﬁ:/H \Cl:// \ﬁ:/
Cs _C Cs __C Cs _C Cs __C
H H H H

Equal masses of each of the following compounds were treated with excess hydrochloric acid.
Which one produced the greatest volume of carbon dioxide?

A Sodium carbonate

B Magnesium carbonate

C Potassium carbonate

D Calcium carbonate



5. What is the enthalpy change for the complete combustion of one mole of liquid isopropanol

(molecular formula C3HsO)?

3C(s) + 4Hx(g) + Y, 02(g) —» C3HsO() AHf = —-318 kJ mol
C(s) + O2(g) — CO2(g) AH; = =394 kJ mol™
Hx(g) + 2 02(g) — H20(l) AH¢ = =286 kJ mol™?
A =362 kJ B -998 kJ
C -2008 kJ D -2116kJ

6. Sodium metal is produced industrially by the electrolysis of molten NaCl, while steel is
produced by CO reduction of ores containing Fe(lll) in a blast furnace. Tantalum is another
useful metal, often used surgically to repair bone because of its high resistance to corrosion.
Which one of the following methods could be used industrially to produce tantalum from
naturally occurring Ta(V) ores?

Na'(ag) + e — Na(s) E°c=-2.71V

Fe*'(ag) + 3e- = Fe(s) E°=+40.82V

Tax0s(s) + 10 H*(ag) + 10e~ = 2 Ta(s) + 5 HxO() E°=-0.75V
CO2(g) + 2H"(ag) + 2e~ = CO(g) + H20() E°=-0.10V

Either reduction with sodium metal or reduction in a blast furnace.
Either electrolysis or reduction with sodium metal.

Electrolysis only.

O 0O wm >

Reduction in a blast furnace only.

7. What is the oxidation state of molybdenum in the ion [Mn2O4(NCS)e]*-?
A +3 B +4
C +5 C +6

8. Which of the following groups of ions can co-exist in significant quantities in agueous solution
without reacting with each other?
A Na*, CI, K*, OH-
B Ag’, NOs, Na*, CI-
C Cu*, SO4*, Zn?*, OH-
D Pb?, NOs, K, I



10.

11.

12.

The following is a list of selected standard reduction potentials:

Cd*(ag) + 2e — Cd(s) E°=-0.40V
Zn*(ag) + 2e~ — Zn(s) E°=-0.76 V
Ni2*(aq) + 2 e~ — Ni(s) E°=-0.23V

By referring to the standard reduction potentials above, which one of the following species is
the best oxidising agent?

A Cd(s) B Zn%*(aq)

C Ni?*(aq) D Zn(s)

It is known that carbon monoxide reacts exothermically with hydrogen gas to form methanol at
400°C, in the presence of a catalyst:

CO(g) + 2H2(g) = CHsOH(g) + heat

A mixture of carbon monoxide, hydrogen gas and methanol placed under conditions described
above achieves equilibrium in a closed container. If the reaction temperature is changed to
450°C, which of the following statements is correct?

A The total number of molecules in the container decreases.

B The reaction rates of both the forward and reverse reactions remains constant.

C The average molecular mass of the gaseous mixture decreases.

D The total pressure within the container decreases.

A gaseous mixture containing ethane and methane underwent complete combustion to
produce 5.28 g of carbon dioxide and 3.78 g of water. What is the volume ratio of ethane to
methane in the original mixture?

A 11 B 1:2

c 21 D 14

Given the following table of electronegativities, which one of the following bonds is most polar?

Element P C S N Cl
Electronegativity 2.19 2.55 2.58 3.04 3.16
A P-S B S-N
Cc S-Cli D C-Ci



13. The enthalpy change of which reaction corresponds to AH®; for Na.COs(s) at 298 K?
A 2Na(s) + C(s) + 3>02(g) —» NaCOs(s)
B NaxO(s) + CO2(g) — NaxCOs(s)
C 2Na*(ag) + COs%(aq) — NaCOs(s)
D 2Na'(aq) + 20H(aq) + CO2(g) — NaxCOs(s) + H20(l)

14. A sample of oxygen gas and a sample of an unknown gas are weighed separately in the same
evacuated flask. Use the data given to find the molar mass of the unknown gas. Assume that

all experiments are conducted at the same temperature and pressure.

mass of evacuated flask 124.46 g

mass of flask + oxygen 125.10¢

mass of flask + unknown gas 125.34 ¢
A 22 gmol? B 38gmol?
C 44gmol? D 84gmolt

15. What is the most effective way to condense a gas?
A Decrease the temperature and increase the pressure.
B Decrease the temperature and decrease the pressure.
C Increase the temperature and decrease the pressure.
D

Increase the temperature and increase the pressure.

16. For arate law of the form:
rate = k x [A]™ x [B]"
the exponents m and n are obtained from:
A Changes in the rate of reaction with changing temperature.
B The coefficients of A and B in the balanced chemical equation.
C The concentrations of A and B in a single experiment.

D Changes in the rate of reaction for different concentrations of A and B.

17. Which reaction occurs with the greatest increase in entropy?
A  2HO() - 2H2(g) —» 02(9)
B 2NO(g) — Nz(9) + O2(9)
C C(s) + Ox(9) — CO2Ag)
D Hyg) + Cl(g) — 2HCI(g)



18. The rates of which reactions are increased when temperature is increased?
| exothermic
[l endothermic
A lonly. B Il only.
C Bothlandll. D Neither I nor II.

19. The boiling points of the halogens, F», Clz, Brz and I, increase in that order. This is best
attributed to differences in:
A Covalent bond strengths.
B Dipole forces.
C van der Waals forces.
D Hydrogen bonds.

20. Which statement is true for a reaction at equilibrium?
A All reactions cease.
B The reaction has reached completion.
C The rates of the forward and reverse reactions are equal.
D The amount of product equals the amount of reactant.
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