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INSTRUCTIONS TO CANDIDATES 

• All questions are to be attempted.  There are 
22 pages of examinable material. 

• Complete the written section of the 
examination paper in INK. 

• Read each question carefully.  Report the 
appropriate answer and show all relevant 
working in the space provided. 

• The total score for this paper is 100.  The 
possible score per page is shown in the 
adjacent tables. 

• Each new short answer question begins 
with a •. 

• Electronic calculators, including 
programmable calculators, may be used.  
Students are warned, however, that credit 
may not be given, even for a correct 
answer, where there is insufficient 
evidence of the working required to obtain 
the solution. 

• Numerical values required for any question, 
standard electrode reduction potentials, a 
Periodic Table and some useful formulas 
may be found on the separate data sheets. 

• Pages 18, 21, 24, 27 and 28 are for rough 
working only. 
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• Balance the following nuclear reactions by identifying the missing nuclear particle or 
nuclide.   

Marks 
4 

    +   1
1     →         + 1

1H H 2
1H

 

    +                        →      2
1H 3

2 He
 

    +      →                    +   1
1    +   1

1  3
2 He 3

2 He H H
 

Where might these reactions occur naturally?  

 
 

• The half life of 131I is 8.06 days.  Calculate the activity, in Bq, of 12.0 g of pure 131I. 
Calculate the specific activity of 131I in Ci mol–1. 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Answer:                                  Bq Answer:                                  Ci mol–1  
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• Describe how one of the following pieces of experimental evidence contributed to the 
development of quantum mechanics. 

photoelectric effect   OR   visible spectrum of hydrogen 

Marks 
3 

 

 

 

 

 

 

 

 

• K-shell x-ray emission (2p→1s) from an unknown element is of the same wavelength 
as the shortest x-rays observed as Bremsstrahlung when electrons are accelerated by 
52.9 keV into a copper target.  What is the name of the unknown element? 

4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ANSWER:  
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• C2 is a reaction intermediate observed in flames, comets and circumstellar shells.  Marks 
5 

How many valence electrons are there in C2? 
  

Complete the calculated MO diagram 
for the ground state of C2 by inserting 
the appropriate number of valence 
electrons into the appropriate orbitals. 
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What is the bond order of C2? 
  

What is the longest wavelength of light that the ground state C2
+ ion will absorb?  

Show working. 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 Answer:  
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• Complete the table below showing the total number of σ-bonding and non-bonding 
electron pairs, the Lewis structure and the predicted shape of each of the following 
species. 

Marks 
4 

Formula Total number of σ-bonding 
and non-bonding electron 

pairs on central atom  

Lewis structure Name of  
molecular shape 

 

e.g.  NH3 4 

 
N

H

HH

 
 

trigonal pyramidal 

 

 
 
 

ClF3
 
 
 

    

 
 
 

PO4
3–

 
 
 

    

• Explain why the first ionisation energy of an atom of oxygen is slightly lower than that 
of an atom of nitrogen, despite being further across the period.   

2 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

• Write down the ground state electron configurations of the following elements. 
Phosphorus is given as an example. 

2 

P  1s2 2s2 2p6 3s2 3p3  

Se   

B   
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• The structure of tetrahydrocannabinol may be drawn thus: 

#2#1

O

OH

b

a

 

Name the functional groups in the boxes a and b. 

Marks 
4 

a   

b   

What are the approximate bond angles at the atoms labelled #1 and #2?  

  
C#1 

 

  
C#2 

   

  
The infrared spectrum of tetrahydrocannabinol shows strong absorption at 3600 cm–1. 
Explain this in terms of the functional groups present in the molecule. 
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• Two students determined the specific heat capacity of steel as follows.  Student 1 
poured 200 mL of recently boiled water into a styrofoam cup calorimeter and 
measured the temperature of the water to be 90.0 °C.  A steel teaspoon (25 g) at room 
temperature (20.0 °C) was placed into the cup, where it was completely submerged.  
After equilibrium was presumedly reached, the temperature was measured to be 
88.7 °C.  Student 2 took the same cup and filled it with 200 mL of water at room 
temperature (20.0 °C) and placed the same teaspoon from the freezer (– 40.0 °C) into 
the cup.  After equilibrium was presumedly reached, the temperature recorded was 
19.2 °C.  Determine the specific heat capacity of steel using the experimental data of 
each student.  The specific heat capacity of water is 4.184 J g–1 K–1.  Assume the 
density of water is 1.00 g mL–1 at all temperatures. 

Marks 
5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Student 1: Student 2:  

Which student's value is more accurate?  Give reasons for your answer.  
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• The mechanism of copper toxicity to aquatic organisms is unknown.  Most theories 
attribute the toxicity to the Cu2+ species because Cu+ is unstable in aqueous solution.  
Given the half-reactions and half-cell potentials on the data page, show that it is 
electrochemically favourable for Cu+(aq) to react with itself to form Cu2+(aq) and 
Cu(s). 

Marks
3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

• The Co3+ ion is unstable in aqueous solution, but for a different reason to Cu+ above.  
Using the table of reduction potentials on the data page, propose the reason why this 
might be so. 

2 
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• When 1.0 mol of acetic acid and 1.0 mol of ethanol are mixed they react according to 
the following equation. 

 C2H5OH(l)  +  CH3COOH(l)  
���� ���

  CH3COOC2H5(l)  +  H2O(l) 

At equilibrium the mixture contains 0.67 mol of the ester (CH3COOC2H5).  What is 
the equilibrium constant for the reaction? 

Marks 
3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 ANSWER:  

• Bromine-containing compounds are even more ozone depleting than the analogous 
chlorine-containing compounds.  In the stratosphere, an equilibrium exists between 
bromine and the NOx species.  One of these equilibrium reactions is: 

 2NOBr(g)  ����
����
����   2NO(g) + Br2(g) 

To study this reaction, an atmospheric chemist places a known amount of NOBr in a 
sealed container at 25 °C to a pressure of 0.250 atm and observes that 34% of it 
decomposes into NO and Br2.  What is Kp for this reaction? 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 ANSWER:  
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• During exercise, fat molecules react with water (hydrolyse) to form a group of 
compounds called fatty acids.  These fatty acids are then converted to carbon dioxide 
and water, releasing energy to power the muscles.  A typical human fatty acid is 
palmitic acid, CH3(CH2)14COOH.  Write a balanced equation for the complete 
oxidation of palmitic acid to produce CO2(g) and H2O(l). 

Marks
5 

 
 
 

 

The direct combustion of palmitic acid in a calorimeter yields the same products as in 
the body together with the production of 9980 kJ of heat per mole of palmitic acid.  
What is the standard enthalpy of formation of palmitic acid? 

 

 Data: Compound ∆Hf° (kJ mol–1)   

 H2O(l) –285.8   

 CO2(g) –393.5   
 
 
 
 
 
 
 
 
 
 
 
 

 

 Answer:  

One gram of carbohydrate yields about 17 kJ of energy in the body.  Calculate the 
equivalent energy value per gram of palmitic acid. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Answer:  
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• The bacterium Azotobacter chroococcum, growing aerobically in a medium free of 
nitrogen containing compounds, obtains all of its nitrogen by the "fixation" of 
atmospheric N2.  The solubility of N2 in water is governed by the following 
equilibrium: 

N2(aq) ����
���

N2(g)  K = 1.6 × 103 atm L mol–1

What is the concentration of dissolved N2 available to the bacterium at 1.0 atm and 
30 °C?  (Air is 78% N2.) 

Marks 
4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Answer:  

A culture of these bacteria (1.0 L) grows to a density of 0.84 mg dry weight per mL of 
culture and has a nitrogen content of 7.0% of the dry weight.  What volume of air at 
1.0 atm and 30 °C would supply this nitrogen requirement? 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Answer:  
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• Some physical properties of three hydrogen-bonded compounds are listed in the table 
below. 

Marks 
3 

 Compound (A) Energy of A…A  
H-bond (kJ mol–1) 

Boiling point 
(K) 

  

 HF 27 293   

 H2O 22 373   

 NH3 17 240   

Explain the origin of the trends in the A…A  H-bond energy.  

 
 
 
 
 
 
 
 

 

Explain why the boiling point of H2O appears anomalously high in comparison to the 
other two compounds. 
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• A concentration cell is constructed of two hydrogen electrodes; one immersed in a 
solution with [H+] = 1.0 M and the other in hydrochloric acid of unknown 
concentration.  The observed cell potential was 0.25 V.  What is the pH of the 
unknown hydrochloric acid? 

Marks 
3 

 
 
 
 
 
 
 
 
 

 

 Answer:  

• Consider the organic solvents ethanol (CH3CH2OH) and ether (CH3CH2OCH2CH3).  
Which liquid will have the higher vapour pressure?  Give a brief reason for your 
answer. 

3 

 
 
 
 
 
 
 
 

 

Consider the liquids mercury and water.  Which liquid will have the higher surface 
tension?  Give a brief reason for your 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

Gas constant, R = 8.314 J K–1 mol–1  

 = 0.08206 L atm K–1 mol–1  

 

 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 

0 °C = 273 K  

1 L = 10–3 m3

1 Å = 10–10 m 

1 eV = 1.602 × 10–19 J 

1 Ci = 3.70 × 1010 Bq 

1 Hz = 1 s–1

 
 

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    
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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 
Cl2  +  2e–  →  2Cl–(aq) +1.36 
O2  +  4H+(aq)  +  4e–  →  2H2O +1.23 
Pd2+(aq)  +  2e–  →  Pd(s) +0.92 
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 
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) –0.13 
Sn2+(aq)  +  2e–  →  Sn(s) –0.14 
Ni2+(aq)  +  2e–  →  Ni(s) –0.24 
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 
Mg2+(aq)  +  2e–  →  Mg(s) –2.36 

Na+(aq)  +  e–  →  Na(s) –2.71 
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 Useful Formulas 
 
Quantum Chemistry Thermodynamics & Equilibrium  

E = hν = hc/λ ∆G° = ∆H° – T∆S°  

λ = h/mu ∆G = ∆G° + RT lnQ  

4.5kBT = hc/λ ∆G° = –RT lnK 

E = Z2ER(1/n2) Kp = Kc (RT)∆n

 
Kinetics Radioactivity  

k = Ae–Ea/RT A = λN  

t½ = ln2/k ln(N0/Nt) = λt 

ln[A] = ln[A]o – kt 14C age = 8033 ln(A0/At) 

 
Gas Laws Acids and Bases  

PV = nRT pKw = pH + pOH  = 14.00  

(P + n2a/V2)(V – nb) = nRT pKw = pKa + pKb  = 14.00   

 pH = pKa + log{[A–] / [HA]}  
 

Colligative Properties Electrochemistry  

π = cRT ∆G° = –nFE°  

p = kc Moles of e– = It/F  

Psolution = Xsolvent × P°solvent E = E° – (RT/nF) lnQ 

∆Tf = Kfm    = E° – (RT/nF) × 2.303 logQ 

∆Tb = Kbm E° = (RT/nF) lnK 

      = (RT/nF) × 2.303 logK 

 E = E° – 0.0592
n

logQ (at 25 °C)  

 

Polymers  Mathematics 

Rg = 
2
0

6
nl  If ax2 + bx + c = 0, then  x = 

2b  b  4ac
2a

− ± −  

 ln x = 2.303 log x 
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[2
27

.0
]  

90
 

T
H

O
R

IU
M

 

T
h 

23
2.

04
 

91
 

PR
O

T
A

C
T

IN
IU

M
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[2
31

.0
]  

92
 

U
R

A
N

IU
M

 

U
 

23
8.

03
 

93
 

N
E

PT
U

N
IU

M
 

N
p 

[2
37

.0
]  

94
 

PL
U

T
O

N
IU

M
 

Pu
 

[2
39

.1
]  

95
 

A
M

E
R
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IU

M
 

A
m

 
[2

43
.1

]  

96
 

C
U

R
IU

M
 

C
m

 
[2

47
.1

]  

97
 

B
E

R
K

E
L

L
IU

M
 

B
k 

[2
47

.1
]  

98
 

C
A

L
IF

O
R

N
IU

M
 

C
f 

[2
52

.1
]  

99
 

E
IN
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E
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IU

M
 

E
s 

[2
52

.1
]  

10
0 

FE
R

M
IU

M
 

Fm
 

[2
57

.1
] 

10
1 

M
E

N
D

E
L

E
V

IU
M

 

M
d 

[2
56

.1
]  

10
2 

N
O

B
E

L
IU

M
 

N
o 

[2
59

.1
] 

10
3 

L
A

W
R

E
N

C
IU

M
 

L
r 

[2
60

.1
]  
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