Study the three chemical reactions shown below:

Chemistry Olympiad Training for Secondary School Level — Part Two

H* + :NHs — (H:NHa)*
AICl; + :Cl, - (CLAICK)" + CI*
BFs; + :NHs — F3B:NHs3

What do all three reactions have in common?

A

B
C
D

They are all precipitation reactions.

They are all redox reactions.

They are reactions of Lewis acids and bases.

They are reactions of Brgnsted-Lowry acids and bases.

Which one of the four carboxylic acids shown below is the strongest acid?

O
| /7
A H—(ll—C\
H O—H
Cl o
| i
C CI—C|I—C\
ci O—H

O
| /7
B F—(ll—C\
F O—H
Br o
| /7
D Br—(ll—C\
Br O_H

The enthalpy change, under standard conditions, for which one of the reactions below would
be equal to the AH°; of NaOH (s)?

A

B
C
D

Na(s) + HxO(l) — NaOH(s) + 2Ha(g)
Na(s) + 202(g) + 2Hz(g) — NaOH(s)
Na(s) + Y2H.02(I) — NaOH(s)
Na*(agq) + OH(ag) —» NaOH(s)



4. Which one of the following organic compounds will rotate plane polarised light?
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5.  Which one of the following electronic arrangements shows sp® hybridisation in carbon?
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6. Which calcium compound is not appreciably more soluble in 0.1 mol dm= hydrochloric acid
than it is in pure water?
A Limestone, CaCO3
B Slaked lime, Ca(OH),
C Gypsum, CaS04-2H>0
D Hydroxyapatite, Cas(OH)(POa)s



7. The Born-Haber cycle shown below represents the formation of sodium chloride from sodium

and chlorine:

Na'g + Clg + e
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Which of the enthalpy changes (AH) is correctly paired with its description?
A AH; is the enthalpy change of combustion for sodium chloride.

B AH.is the first electron affinity for sodium.

C AHs is the first ionisation energy for chlorine.
D

AHgs is the lattice enthalpy for sodium chloride.

8. Atthe molecular level, the factor that determines whether a substance will be a solid, liquid or
gas is the balance between the...
A Kinetic energies of the molecules and their intermolecular forces.
B Potential energies of the molecules and their intermolecular forces.
C Kinetic energies of the molecules and their intramolecular forces.
D

Potential energies of the molecules and their intramolecular forces.

9. What is the oxidation state of C in methanal, CH,O?
A =2 B O
C +2 D +4

10. Which molecule is correctly matched with its shape as predicted by as predicted by valence
shell electron pair repulsion theory (VSEPRT)?
A CH, octahedral
B NHs linear
C PCls trigonal bipyramidal
D SFe tetrahedral



11. A sulfur atom in the ground state has the electronic configuration:
1s? 2s? 2p® 3s2 3p*
How many orbitals are occupied by at least one electron?
A 5 B 9
C 1 D 16

12. The molecules in a sample of pure liquid dichloromethane, CH2Cl,, experience which of the
following intermolecular forces:
| van der Waals forces
Il dipole-dipole forces
[l Hydrogen bonds
A lonly B Ilonly
C landllonly D I, llandlll

13. What is the equilibrium expression for the reaction given below?
2C(s) + O2(g) = 2CO(s)

2[CO] 2[CQ]
A K = B K =
2[C] x [O] [O2]
[COJ? [COJ?
C K = D K =
[C] x [O2] (O]

14. Consider the following reactions:
I 2NO2(g) — N2(g) + 202(9)
I 2IBr(g) — Ilx(s) + Bra(l)

For which reaction is AS° < 0?

oy)

A lonly Il only

C Bothlandll D Neither | nor Il



15. Given chemical equations for these reactions:
S(s) + O2(g) —» SO2(g) AH° = —296.8 kJ mol—
Hx(g) + %.02(g) — H20(l) AH° = —285.8 kJ mol
Ha(g) + S(s) — H2S(g) AH° = -20.6 kJ mol™
What is the value of AH for the reaction given below?
2H.S(g) + 30(g) — 2H.0() + 2S04(g)
A -603.2 kd mol™ B -562.0 kJ mol™
C -1206.4 kJ mol™ D -1124.0 kd mol™

16. What property of the oxygen atom is represented by the equation O(g) + e — O7(g) ?
A  Electronegativity.
B First electron affinity.
C First ionisation energy.
D Lattice energy.

17. Which one of the following isoelectronic species has the largest atomic radius?
A K* B Ca*
c P> D S*

18. Chemical A reacts with chemical B to form chemical C according to the reaction given below:
A(g) + B(9) — C(9)
The data below was obtained for the reaction between A and B. What is the rate equation for

this reaction?

Experiment [A]/ mol dm= [B]/ mol dm= In|t|a/I Eitled(rﬁfgicuon
1 0.10 0.10 6.5 x 107°
2 0.20 0.10 2.6 x 10
3 0.10 0.20 6.5 x 107°
A Rate =k x [A] B Rate =k x [A] x [B]
C Rate =k x [A]? D Rate =k x [A]? x [B]



19. Values for some standard electrode potentials (E°) are given in the table below:

Half-reaction E°/V
Zn**(aq) + 2e~ — Zn(s) -0.760
Cr¥*(ag) + 3e~ — Cir(s) -0.744
Fe*(aq) + 2e~ — Fe(s) —-0.409

Use the E° values in the table to determine which one of the following reactions will give the
highest potential difference in a simple voltaic cell.
3Zn?"(aq) + 2Cr(s) — 3Zn(s) + 2Cr3*'(aq)

B 3Zn(s) + 2Cr¥*(aq) — 3Zn?*(aq) + 2Cr(s)
C Zn?**(aq) + Fe(s) —» Zn(s) + Fe?(aq)
D Zn(s) + Fe?(aq) — Zn*(aq) + Fe(s)

20. The ideal gas equation is given below:
PV =nRT
R = gas constant = 8.314 JK 'mol*

n = amount of gas / mol
What volume does 64.0 g of oxygen gas occupy at a pressure of 101 000 pa and a
temperature of 100 °C?
Note: A[O] =16.0
A 0.0165m3 B 0.0614 m?
C 0.123m? D 0.0329 m?
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