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• Complete the following table, including resonance structures where appropriate.  The 
central atom is underlined. 

Marks 
10 

Species Lewis structure Molecular geometry 
Is the species 

polar? 

 

NF3 

 
 
 
 
 
 
 
 

  

 

SO2 

 
 
 
 
 
 
 
 

   

ClF5 

 
 
 
 
 
 
 
 

   

BH3
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• Explain the term ‘resonance structures’ and give an example. 
Marks 

2 

 

 

 

 

 

 

• Explain why stable compounds of oxygen have 8 electrons in the valence shell, but 
compounds of sulfur may have 8, 10 or 12 electrons in their valence shell. 

2 

 

 

 

 

 

 

• In the spaces provided, briefly explain the meaning of the following terms. 
 
3 

Valence electrons 

 

 

 

 

Polar bond 

 

 

 

 

Intensive properties 
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• In an experiment, 5.0 g of magnesium was dissolved in excess hydrochloric acid to 
give magnesium ions and hydrogen gas.  Write a balanced equation for the reaction 
that occurred.   

Marks 
4 

 
 
 

 

What amount of hydrogen gas (in mol) is produced in the reaction?  

 
 
 
 
 
 

 

 Answer:  

What volume would the hydrogen occupy at 25 °C and 100.0 kPa pressure?  

 
 
 
 
 
 

 

 Answer:  

• Silicon and carbon are both in Group 14 and form dioxides.  Carbon dioxide is a gas 
at room temperature while silicon dioxide (sand) is a solid with a high melting point.  
Describe the bonding in these two materials and explain the differences in properties 
they show. 

 
3 
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• Complete the following table by filling in the compound name or formula as required. 
Marks 

2 
 Name Formula   

 lead(II) chloride    

 dinitrogen trioxide    

  Na2SO4   

  SF6   

• In the Periodic Table given, hydrogen is placed at the top of Group 1.  List reasons for 
and against placing hydrogen in this position. 

 
4 

For: 
 
 
 
 
 
 
 
 
 
 

 

Against: 
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• A 0.060 M solution of aluminium nitrate and a 0.080 M solution of potassium 
phosphate are prepared by dissolving Al(NO3)3 and K3PO4 in water.  Write the ionic 
equations for these two dissolutions reactions. 

Marks 
7 

Dissolution 
of Al(NO3)3 

 
 

 

Dissolution 
of K3PO4 

  

If these solutions are combined, aluminium phosphate precipitates.  Write the ionic 
equation for the precipitation reaction. 

 

 
 
 

 

100.0 mL of the aluminium nitrate solution is added to 50.0 mL of the potassium 
phosphate solution.  What amount (in mol) of aluminium phosphate precipitates? 

 

 
 
 
 
 
 
 
 
 
 
 

 

 Answer:  

What is the final concentration of aluminium ions remaining in solution after the 
precipitation? 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 Answer:  
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• By adding double bonds and lone pairs, complete the structural formulae of the 
nitrogen bases adenine and thymine below. 

Marks 
5 

 

 
 adenine thymine 

 

 

In DNA, these two molecules interact through two hydrogen bonds.  Redraw the 
structures below showing the alignment of the two molecules that allows this to occur 
and clearly show the hydrogen bonds. 
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• Rechargeable nickel-cadmium batteries normally operate (discharge) with the 
following oxidation and reduction half-cell reactions. 

 Cd(s)  +  2OH–(aq)  →  Cd(OH)2(s)  +  2e– E° = 0.82 V 

 NiO(OH)(s)  +  H2O(l)  +  e–  →  Ni(OH)2(s)  +  OH–(aq) E° = 0.60 V 
Write out a balanced overall cell reaction. 

Marks 
9 

 
 
 
 
 

 

Calculate the overall cell potential.  

 
 
 
 

 

 Answer:  

Using your balanced cell reaction, briefly explain why the cell potential does not 
change as the battery discharges itself. 

 

 
 
 
 
 
 
 
 

 

Write out the balanced overall reaction that occurs when this battery is being 
recharged. 

 

 
 
 

 

A current of 2.75 A is measured during recharging with an external potential of 2.0 V.  
After 5.00 minutes charging, how many moles of Cd(s) will be redeposited? 

 

 
 
 
 
 
 
 
 

 

 Answer:  
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• A certain mixture of gases containing 0.24 mol of He, 0.53 mol of N2 and 0.05 mol of 
Ne is placed in a container with a piston that maintains it at a total pressure of 1.0 atm.  
This gas mixture is now heated from its initial temperature of 290 K to 370 K by 
passing 2.08 kJ of energy into it.   
Calculate the volume occupied by the gas at 370 K.   

Marks 
4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Answer:  

Calculate the heat capacity of the gas mixture (in J K–1 mol–1).  

 
 
 
 
 
 
 
 
 
 

 

 Answer:  

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY. 
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• Nitrogen and acetylene gases react to form hydrogen cyanide according to the reaction 

 N2(g)  +  C2H2(g)    2HCN(g) Kc = 2.3 × 10–4 at 300 °C 

Write out the equilibrium constant expression for Kc for this reaction as shown 
above. 

Marks 
8 

 
 
 
 
 

 

The value of Kp for this reaction at 300 °C is also 2.3 × 10–4.  Why are the values of  
Kp and Kc the same for this reaction? 

 

 
 
 
 
 

 

Write a balanced equation and calculate the value of the equilibrium constant Kc' for 
the formation of 1.0 mol of hydrogen cyanide gas from nitrogen and acetylene gases. 

 

 
 
 
 

 

 Answer:  

What is the equilibrium concentration of HCN(g) if nitrogen and acetylene are mixed 
so that both are at starting concentrations of 1.0 mol L–1? 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Answer:  
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• The boiling point of NH3 is –33 °C and that of HF is +20 °C.  Explain this difference 
in terms of the strengths of the intermolecular forces between these molecules. 

Marks 
3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

Explain why the boiling point of water (100 °C) is higher than both HF and NH3. 
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• Write the equation whose enthalpy change represents the standard enthalpy of 
formation of NO(g). 

Marks 
3 

 
 
 

 

Given the following data, calculate the standard enthalpy of formation of NO(g). 
 N2(g)  +  2O2(g)    2NO2(g)  ΔH° = 66.6 kJ mol–1 
 2NO(g)  +  O2(g)    2NO2(g)  ΔH° = –114.1 kJ mol–1 

 

 
 
 
 
 
 
 
 
 

 

 Answer:  

• Hydrazine, N2H4, burns completely in oxygen to form N2(g) and H2O(g).  Use the 
bond enthalpies given below to estimate the enthalpy change for this process. 

3 

 Bond Bond enthalpy (kJ mol–1) Bond Bond enthalpy (kJ mol–1)   
 N–H 391 O=O 498   
 N–N 158 O–O 144   
 N=N 470 O–H 463   
 N≡N 945 N–O 214   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Answer:  
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DATA SHEET 

 Physical constants 
Avogadro constant, NA = 6.022 × 1023 mol–1  
Faraday constant, F = 96485 C mol–1  
Planck constant, h = 6.626 × 10–34 J s  
Speed of light in vacuum, c = 2.998 × 108 m s–1  
Rydberg constant, ER = 2.18 × 10–18 J 
Boltzmann constant, kB = 1.381 × 10–23 J K–1 
Permittivity of a vacuum, ε0 = 8.854 × 10–12 C2 J–1 m–1 
Gas constant, R = 8.314 J K–1 mol–1  
 = 0.08206 L atm K–1 mol–1  
Charge of electron, e = 1.602 × 10–19 C 
Mass of electron, me = 9.1094 × 10–31 kg 
Mass of proton, mp = 1.6726 × 10–27 kg 
Mass of neutron, mn = 1.6749 × 10–27 kg 
 

 Properties of matter 
Volume of 1 mole of ideal gas at 1 atm and 25 °C = 24.5 L 
Volume of 1 mole of ideal gas at 1 atm and 0 °C = 22.4 L 
Density of water at 298 K = 0.997 g cm–3 
 
 Conversion factors 
1 atm = 760 mmHg = 101.3 kPa = 1.013 bar 1 Ci = 3.70 × 1010 Bq 
0 °C = 273 K 1 Hz = 1 s–1 
1 L = 10–3 m3 1 tonne = 103 kg 
1 Å = 10–10 m 1 W = 1 J s–1 
1 eV = 1.602 × 10–19 J  
 

Decimal fractions  Decimal multiples 
Fraction Prefix Symbol  Multiple Prefix Symbol 

10–3 milli m  103 kilo k 
10–6 micro µ  106 mega M 
10–9 nano n  109 giga G 
10–12 pico p  1012 tera T 
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 Standard Reduction Potentials, E° 
 Reaction E° / V 
Co3+(aq)  +  e–  →  Co2+(aq) +1.82 
Ce4+(aq)  +  e–  →  Ce3+(aq) +1.72 
MnO4

–(aq) + 8H+(aq) + 5e– → Mn2+(aq) + 4H2O +1.51 
Au3+(aq)  +  3e–  →  Au(s) +1.50 
Cl2  +  2e–  →  2Cl–(aq) +1.36 
O2  +  4H+(aq)  +  4e–  →  2H2O +1.23 
Pt2+(aq)  +  2e–  →  Pt(s) +1.18 
MnO2(s)  +  4H+(aq)  +  e–  →  Mn3+  +  2H2O +0.96 
NO3

–(aq)  +  4H+(aq)  +  3e–  →  NO(g)  +  2H2O +0.96 
Pd2+(aq)  +  2e–  →  Pd(s) +0.92 
NO3

–(aq)  +  10H+(aq)  +  8e–  →  NH4
+(aq)  +  3H2O +0.88 

Ag+(aq)  +  e–  →  Ag(s) +0.80 
Fe3+(aq)  +  e–  →  Fe2+(aq) +0.77 
Cu+(aq)  +  e–  →  Cu(s) +0.53 
Cu2+(aq)  +  2e–  →  Cu(s) +0.34 
BiO+(aq)  +  2H+(aq)  +  3e–  →  Bi(s)  +  H2O +0.32 
Sn4+(aq)  +  2e–  →  Sn2+(aq) +0.15 
2H+(aq)  +  2e–  →  H2(g) 0 (by definition) 
Fe3+(aq)  +  3e–  →  Fe(s) –0.04 
Pb2+(aq)  +  2e–  →  Pb(s) –0.126 
Sn2+(aq)  +  2e–  →  Sn(s) –0.136 
Ni2+(aq)  +  2e–  →  Ni(s) –0.24 
Co2+(aq)  +  2e–  →  Co(s) –0.28 
Cd2+(aq)  +  2e–  →  Cd(s) –0.40 
Fe2+(aq)  +  2e–  →  Fe(s) –0.44 
Cr3+(aq)  +  3e–  →  Cr(s) –0.74 
Zn2+(aq)  +  2e–  →  Zn(s) –0.76 
2H2O  +  2e–  →  H2(g)  +  2OH–(aq) –0.83 
Cr2+(aq)  +  2e–  →  Cr(s) –0.89 
Al3+(aq)  +  3e–  →  Al(s) –1.68 
Sc3+(aq)  +  3e–  →  Sc(s) –2.09 
Mg2+(aq)  +  2e–  →  Mg(s) –2.36 
Na+(aq)  +  e–  →  Na(s) –2.71 
Ca2+(aq)  +  2e–  →  Ca(s) –2.87 
Li+(aq)  +  e–  →  Li(s) –3.04 
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Useful formulas 

Quantum Chemistry 

E = hν = hc/λ 

λ = h/mv 

E = –Z2ER(1/n2) 

Δx⋅Δ(mv) ≥ h/4π 

q = 4πr2 × 5.67 × 10–8 × T4 

T λ = 2.898 × 106 K nm 

Electrochemistry 

ΔG° = –nFE° 

Moles of e– = It/F 

E = E° – (RT/nF) × lnQ  

E° = (RT/nF) × lnK  

E = E° – 0.0592
n

logQ (at 25 °C)  

Acids and Bases 

pH = –log[H+] 

pKw = pH + pOH  = 14.00 

pKw = pKa + pKb  = 14.00 

pH = pKa + log{[A–] / [HA]} 

Gas Laws 

PV = nRT  

(P + n2a/V2)(V – nb) = nRT 

Ek = ½mv2 

Radioactivity  

t½ = ln2/λ 

A = λN  

ln(N0/Nt) = λt 
14C age = 8033 ln(A0/At) years 

Kinetics 

t½ = ln2/k 
k = Ae–Ea/RT 

ln[A] = ln[A]0 – kt 

2

1 1 2

1 1ln  =  - ( )ak E
k R T T

 

Colligative Properties  & Solutions 

Π = cRT  

Psolution = Xsolvent × P°solvent 
c = kp 

ΔTf = Kfm 

ΔTb = Kbm 

Thermodynamics & Equilibrium 

ΔG° = ΔH° – TΔS° 

ΔG = ΔG° + RT lnQ 

ΔG° = –RT lnK 

ΔunivS° = R lnK 

Kp = Kc
100
( )

nRT Δ
 

Miscellaneous 

A = –log
0

I
I

 

A = εcl 

E = –A
2

04
e
rπε

NA 

Mathematics 

If ax2 + bx + c = 0, then  x = 
2b  b  4ac

2a
− ± −  

ln x = 2.303 log x 

Area of circle = πr2 

Surface area of sphere = 4πr2 
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R

A
D

O
N

 

R
n 

[222.0] 
87 

FR
A

N
C

IU
M

 

Fr 
[223.0] 

88 
R

A
D

IU
M 

R
a 

[226.0] 89-103 
104 

R
U

T
H

E
R

FO
R

D
IU

M
 

R
f 

[263] 

105 
D

U
B

N
IU

M
 

D
b 

[268] 

106 
SE

A
B

O
R

G
IU

M
 

Sg 
[271] 

107 
B

O
H

R
IU

M
 

B
h 

[274] 

108 
H

A
SSIU

M
 

H
s 

[270] 

109 
M

E
IT

N
E

R
IU

M
 

M
t 

[278] 

110 
D

A
R

M
ST

A
D

T
IU

M
 

D
s 

[281] 

111 
R

O
E

N
T

G
E

N
IU

M
 

R
g 

[281] 

112 
C

O
PE

R
N

IC
IU

M
 

C
n 

[285] 

 
114 

FL
E

R
O

V
IU

M
 

Fl 
[289] 

 
116 

L
IV

E
R

M
O

R
IU

M
 

L
v 

[293] 

 
 

 
 

LA
N

TH
A

N
O

ID
S  

57 
L

A
N

T
H

A
N

U
M

 

L
a 

138.91 

58 
C

E
R

IU
M

 

C
e 

140.12 

59 
PR

A
SE

O
D

Y
M

IU
M

 

Pr 
140.91 

60 
N

E
O

D
Y

M
IU

M
 

N
d 

144.24 

61 
PR

O
M

E
T

H
IU

M
 

Pm
 

[144.9] 

62 
SA

M
A

R
IU

M
 

Sm
 

150.4 

63 
E

U
R

O
PIU

M
 

E
u 

151.96 

64 
G

A
D

O
L

IN
IU

M
 

G
d 

157.25 

65 
T

E
R

B
IU

M
 

T
b 

158.93 

66 
D

Y
SPR

O
SIU

M
 

D
y 

162.50 

67 
H

O
L

M
IU

M
 

H
o 

164.93 

68 
E

R
B

IU
M

 

E
r 

167.26 

69 
T

H
U

L
IU

M
 

T
m

 
168.93 

70 
Y

T
T

E
R

B
IU

M
 

Y
b 

173.04 

71 
L

U
T

E
T

IU
M

 

L
u 

174.97 
 

A
C

TIN
O

ID
S 

 

89 
A

C
T

IN
IU

M
 

A
c 

[227.0] 

90 
T

H
O

R
IU

M
 

T
h 

232.04 

91 
PR

O
T

A
C

T
IN

IU
M

 

Pa 
[231.0] 

92 
U

R
A

N
IU

M
 

U
 

238.03 

93 
N

E
PT

U
N

IU
M

 

N
p 

[237.0] 

94 
PL

U
T

O
N

IU
M

 

Pu 
[239.1] 

95 
A

M
E

R
IC

IU
M

 

A
m

 
[243.1] 

96 
C

U
R

IU
M

 

C
m

 
[247.1] 

97 
B

E
R

K
E

L
L

IU
M

 

B
k 

[247.1] 

98 
C

A
L

IFO
R

N
IU

M
 

C
f 

[252.1] 

99 
E

IN
ST

E
IN

IU
M

 

E
s 

[252.1] 

100 
FE

R
M

IU
M

 

Fm
 

[257.1] 

101 
M

E
N

D
E

L
E

V
IU

M
 

M
d 

[256.1] 

102 
N

O
B

E
L

IU
M

 

N
o 

[259.1] 

103 
L

A
W

R
E

N
C

IU
M

 

L
r 

[260.1] 
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