Chemistry Olympiad Training for Secondary School Level — Part Three

Which one of the following substances has the highest melting point?
A LiO B MgO
C CO; D N20s

Which one of the following nitrogen halides is least stable thermodynamically?
A NF; B NCI;
C NBrs D Nis

Which one of the following organic compounds is least soluble in water?
A Butan-1-ol B Ethanol
C Methanol D Propan-1-ol

Use the information provided to calculate the standard enthalpy change of formation for

ethyne, CzH(g), in kJ mol=.

CoHa(g) + %-02(g) — 2CO2(g) + H20()) AH° =-1299.5

C(s) + Ox(g) — COx(g) AH° = -393.5

Ha(g) + Y202(g) — H20() AH° = -285.8
A -1978.8 B -1121.4
C +226.7 D +453.4

For a reaction at constant pressure to be spontaneous, which one of the following
relationships must be correct?

A AH <0 B AGm<O

C ASm<O0 D ASuw<O0



In order to calculate the lattice energy of NaCl using a Born-Haber cycle, which value is not
needed?

A  The enthalpy of sublimation of Na(s).

B The first ionisation energy of CI(g).

C The bond dissociation energy of Clx(g).

D The enthalpy of formation of NaCl(s).

Initial rate data for the reaction X +Y — Z is given in the table below:

[X]/ mol dm= [Y]/ mol dm= Rate / mol dm=3 s
0.10 0.10 0.020
0.10 0.20 0.080
0.30 0.30 0.540

What is the rate law for this reaction?
A rate = kK[X]? B rate = k[Y]?
C rate = K[X][Y] D rate = K[X][Y]?

The gas phase reaction shown below is endothermic as written:

H H
H
bed
— . — oy — / \
| \ H—C—C—H
H H H

Which change(s) will increase the quantity of CHsCH=CH, at equilibrium?
| Increasing the temperature.
Il Increasing the pressure.

A lonly. B Il only.

C Bothlandll. D Neither I nor II.

Which ion is not isoelectric with argon?
A ST B K
C Sc* D Ti*

. Which substance will form hydrogen bonds to water molecules but will not form hydrogen
bonds with its own molecules?

A HF B C:HsOH

C CHsNH; D CHsOCH;3



11. What is the number of n-bonds in butenedioic acid, C4H404?
A 1 B 2
c 3 D 4

12. In which list are the ions arranged in order of increasing size?
A F <SZ<AP"<Mg?
B F <S*<Mg?<AP
C Mg*<F <AP*<S>
D APF"<Mg*<F <S*

13. The pH of a saturated solution of Fe(OH); is 8.67. What is the Ks, for Fe(OH),?
Fe(OH)x(s) — Fe?*(aq) + 20H(aq)
Ksp = [Fe**(aq)] x [OH(aq)?
A 5x10° B 2x101
C 1x107 D 5x10%

14. Molecules of which type(s) do not contain a C=0 bond?
I Amide
I Amine
Il Ether
IV Ester
Al only. B landIV only.
C lland lll only. D llland IV only.

15. Bond energies for hydrogen and nitrogen are given in the table below:

Bond Energies / kJ mol™
N=N 946
N=N 418
N-N 163
N-H 389
H-H 436

What is the AH for N2Ha(g) in kJ mol=?
N2(g) + 2H2(g) — N2Ha(9)
A +156 B +99
Cc -99 D -156



16. Which isomer of CgH1yo is least stable?

A B
t 0
\
-GG e
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H. _H
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17. The formula for a compound of uranium is given below:
UO2(C2H302)2-NH4C2H302-6H,0
The relative molecular mass of this compound is 573. What is the percentage, by mass, of
oxygen in this compound?
A 5.58% B 16.8%
C 22.3% D 39.1%

18. The percentage composition of the high explosive HNS is given in the table below:

C H N O

37.35% 1.34% 18.67% 42.65%

The relative molecular mass of HNS is 450.22. What is the molecular formula of HNS?
A Ci3HsN7O12 B CisHsNsO12
B CisHioNeO11 C Ci6Hi12N5011



19.

20.

In an operating voltaic cell, electrons move through the external circuit and ions move through
the electrolyte solution. Which one of the following statements correctly describes these
movements?

A Electrons and negative ions both move towards the anode.

B Electrons and negative ions both move towards the cathode.

C Electrons move towards the anode and negative ions move towards the cathode.

D

Electrons move towards the cathode and negative ions move towards the anode.

An unknown metal, M(s) and its aqueous salt, M(NOzs)»(aq) are combined with a silver half-cell
in which the following reaction takes place:
Ag'(aq) + e — Ag(s) [E°ed=+0.80V]
If E°en = +1.36 V, what is E°eq for M?*(aq) + 26~ — M(s)?
A +0.56V B +0.24V
C -0.24V D 056V
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