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Confidential 
 

SEAT NUMBER: ……………………………………… 

STUDENT ID: …………………………………………. 

SURNAME: ……………………………………………. 

GIVEN NAMES: ………………………………….. 

  
 

CHEM1101 
Chemistry 1A 

 
Final Examination 
Semester 2, 2014 

 
 

Time Allowed: Three hours + 10 minutes reading time 
 

This examination paper consists of 28 pages. 
 

INSTRUCTIONS TO CANDIDATES 
1. This is a closed book exam.  

2. A simple calculator (programmable versions and 
PDA’s not allowed) may be taken into the exam 
room. 

Make Model 
  

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

4. The paper comprises 28 multiple choice questions 
and 15 pages of short answer questions. 
ANSWER ALL QUESTIONS. 

5. Follow the instructions on page 2 to record your 
answers to the multiple choice questions.  Use a 
dark lead pencil so that you can erase errors made 
on the computer sheet. 

6. Answer all short answer questions in the spaces 
provided on this question paper.  Credit may not be 
given where there is insufficient evidence of the 
working required to obtain the solution. 

7. Take care to write legibly.  Write your final answers 
in ink, not pencil. 

8. 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. 

 

 Marks  
Page(s) Max Gained Marker 

2-10 28  MCQ 

11 6    

12 7    

13 6    

14 3    

15 3    

16 9    

17 3    

19 2    

20 3    

21 5    

23 5    

24 4    

25 6    

26 7    

27 3    

Total 72    

Check Total    
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• Consider the 4p orbital shown below.  Note that, for clarity, the nucleus of the atom is 
not shown. 

 
How many spherical and planar nodes does this orbital have? 

Marks 
3 

Number of spherical nodes: Number of planar nodes:  

Complete the following table to give a set of quantum numbers that describes an 
electron in a 4p orbital. 

 

 Quantum number n      

 Value 4      

• What factors determine the lattice energy of an ionic crystal?  
3 

 

 
 

 
 

 
 

 

 THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY. 
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• Electron affinity is the enthalpy change for the reaction    A(g)  +  e  →  A–(g).   
The graph below shows the trend in electron affinities for a sequence of elements in 
the third row of the Periodic Table.     

 
Give the electron configurations of the following atoms and singly-charged anions.  
Use [Ne] to represent core electrons. 

Marks 
7 

Atom Electron configuration Ion Electron configuration  

Si  Si–   

P  P–   

S  S–   

Explain why the value for the electron affinity of phosphorus is anomalous.  

 

 
 

 
 

 
 

 

What trend would you expect for the electron affinities for Si–, P– and S–?  Explain 
your answer. 
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• The isotope 6027Co  undergoes radioactive decay to produce a stable isotope of nickel.  
Give the balanced equation for this decay process.   

Marks 
6 

 
 
 

 

The half-life of 60Co is 5 years.  Calculate the value of the decay constant, λ, (in s–1).  
 

 
 
 
 
 
 

 

 Answer:  

What is the molar activity of 60Co (in Bq mol–1)?  
 

 
 
 
 
 
 
 
 

 

 Answer:  

Complete the graph below.  
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Estimate from the graph the fraction of  
60Co remaining after 12 years.   
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• The diagram on the left of page 15 depicts the three lowest energy levels of the 
hydrogen atom.  Consider an excited hydrogen atom with an electron in the 3s orbital. 

Marks 
3 

(A) Indicate all possible jumps this electron can make as the atom returns to the 
ground state.  One possible jump (a) is shown for you as an example.  

(B) Calculate the energy associated with each of these jumps and mark it on the 
diagram on the right on page 15.  Label the transitions.  Again, jump (a) is 
shown as an example.   

 

Working 
 

 
 

 
 

 

 

List all of the transitions that are in the visible region and identify the colour 
associated with each.  For reference, the relationship between colours and 
wavelengths is shown below. 

 

UV violet blue green yellow orange red IR  
   400   450   490 560 590 630 700 nm  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

If the corresponding transitions were obtained from He+ instead of H, would they 
occur at longer or shorter wavelengths?  Give a reason for your answer. 
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Energy levels of H atom 

 

Atomic Spectrum of H atom 
 

Marks 
3 
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• Draw the Lewis structure of the following species.  The central atom is underlined.  
Give resonance structures where applicable and indicate whether the species has a 
dipole moment? 

Marks 
4 

Species Lewis structure Dipole moment  

 
 
 

SF4 
 

 
 
 

 

Yes / No 

 

 
 
 

NO2
– 

 
 
 

 

Yes / No 

 

• Complete the table concerning two of the isomers of C3H6O2.  Identify the geometry 
around each atom marked with an asterisk and the list the major intermolecular forces 
present in the liquid.  

5 

Isomer A B  

Chemical 
structure 

 

 
 

 

 

Geometry    

Major 
intermolecular 
forces in liquid 

  

 

The boiling point of isomer A is 141 °C and that of isomer B is 60 °C.  Explain why 
the boiling point of A is higher than B? 
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• The molecular orbital energy level diagrams for F2 and B2 are shown below.  Fill in 
the valence electrons for each species in its ground state.  Hence calculate the bond 
order for F2 and B2 and indicate whether these molecules are paramagnetic or 
diamagnetic. 

Marks 
3 

 F2 B2  
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• Lead shot was traditionally made by dropping molten lead into a tank of water.  A 
piece of lead, initially at 327 °C is dropped into 200.0 mL of water raising its 
temperature from 25 to 35 °C.  What was the weight of the lead? 

Data: Specific heat capacity of Pb is 0.126 J K–1g–1 
 Specific heat capacity of H2O(l) is 4.184 J K–1g–1 

 The density of water is 1.0 g mL–1 

Marks 
2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Answer:  

 THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY.   
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• Use the following equilibria: 
 2CH4(g)  !   C2H6(g)  +  H2(g) K1 = 9.5 × 10–13 

 CH4(g)  +  H2O(g)  !   CH3OH(g)  +  H2(g) K2 = 2.8 × 10–21 

to calculate the equilibrium constant, K3, for the following reaction. 

 2CH3OH(g)  +  H2(g)  !   C2H6(g)  +  2H2O(g) 

Show all working. 

Marks 
2 

 
 

 
 
 
 
 
 
 
 
 
 

 

 Answer:  

• The Second Law states that all observable processes must involve a net increase in 
entropy.  When liquid water freezes into ice at 0 °C, the entropy of the water 
decreases.  Since the freezing of water is certainly observable, the processes must still 
satisfy the Second Law.  Provide a brief explanation of how this is so. 

1 
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• Ethanol, C2H5OH(l), is increasingly being used as a fuel.  Give the balanced chemical 
equation for the combustion of ethanol in oxygen to produce carbon dioxide and 
water. 

Marks 
5 

 
 

 

Use the standard enthalpies of formation given below to calculate the molar heat of 
combustion of gaseous ethanol.  Show all working. 

 

 Compound C2H5OH(g) CO2(g) H2O(g)   

 ΔfH° / kJ mol–1 –235.3 –393.5 –285.8   

 
 

 
 

 

 

 Answer:  

Calculate the volume change when 150 g of liquid ethanol is burnt in an engine at 
1500 °C and 2.0 atm pressure.  Assume all gases behave as ideal gases.  Show all 
working.   

 

 
 

 
 

 
 

 
 

 
 

 

 Answer:  

Why can the volume occupied by the liquid ethanol be ignored in this calculation?    
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• The standard Gibbs free energy of the following reaction is +69.73 kJ mol–1. 
COCl2(g)  !   CO(g)  +  Cl2(g) 

What is the expression for the equilibrium constant, Kp, for this reaction? 

Marks 
5 

 
 
 
 
 
 
 

 

Calculate the value of the equilibrium constant at 298 K.  

 
 
 
 
 
 
 
 
 
 
 
 

 

 Kp =   

In which direction will this reaction proceed if a mixture of gases is made with: 
PCOCl2 = 1.00 atm;  PCl2 = 0.01 atm;  PCO = 0.50 atm?  Show working. 
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• The diagram below represents the equilibrium constant Kp associated with the 
formation of the four oxides indicated. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Using the equilibrium constant data above, describe the reaction that proceeds under 
the following conditions.  If you think no reaction will occur, write ‘no reaction’. 

Marks 
4 

CO and Sn are combined at 400 °C 
 
 
 
 

 

Al and SnO are combined at 400 °C 
 
 
 
 

 

C and ZnO are mixed at 900 °C 
 
 
 
 

 

Which oxide has the largest (most negative) enthalpy of formation?  
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• An electrochemical cell consisting of a Ni2+/Ni half-cell with unknown [Ni2+] and a 
Cu2+/Cu half-cell with [Cu2+] = 2.5 M has a cell voltage of 0.64 V at 298 K.  What is 
the initial concentration of Ni2+ in the Ni2+/Ni half-cell? 

Marks 
6 

 
 

 
 

 
 

 
 

 
 

 

 Answer:  

Calculate the equilibrium constant for the reaction at 25 °C.  

 
 

 
 

 

 

 Answer:  

Calculate the standard Gibbs free energy change for the reaction at 25 °C.  

 

 
 

 
 

 

 Answer:  
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• Chlorine)is)produced)by)the)electrolysis)of)an)aqueous)sodium)chloride)solution)
using)inert)electrodes.  What products are formed at the anode and cathode?  Explain 
your answer.  

Marks 
7 

 
 
 
 
 
 
 
 

 

 Answer:  

Write a balanced equation for the overall reaction of the electrolytic cell.  

 
 
 
 
 
 
 
 
 

 

Assuming a [Cl–] of 1.0 M and no overpotential, what would be the minimum voltage 
required to drive the overall cell reaction at pH 14?  Assume gases are at 1 atm. 

 

 
 
 
 
 
 
 
 

 

 

 Answer:  

Considering the cell potentials suggest a reason ruthenium oxide electrodes are 
employed in this reaction rather than carbon electrodes. 
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• What is the voltage of a concentration cell constructed from two beakers containing 
2.5 M CuSO4 and 0.025 M CuSO4 at 298 K? 

Marks 
3 

 
 
 
 
 
 
 
 

 

 Answer:  

Explain the changes necessary for the cell to reach equilibrium.  

 

 
 

 
 

 
 

 

 

 THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY. 
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THIS PAGE IS FOR ROUGH WORKING ONLY 
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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 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    (+0.82 at pH = 7) 
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 
Ag+(aq)  +  e–  →  Ag(s) +0.80 
Fe3+(aq)  +  e–  →  Fe2+(aq) +0.77 
I2(aq) +  2e–  →  2I–(aq) +0.62 
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) –0.13 
Sn2+(aq)  +  2e–  →  Sn(s) –0.14 
Ni2+(aq)  +  2e–  →  Ni(s) –0.24 
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    (–0.41 at pH = 7) 
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 

Thermodynamics & Equilibrium 

ΔU = q + w = q – pΔV  

ΔG° = ΔH° – TΔS° 

ΔG = ΔG° + RT lnQ 

ΔG° = –RT lnK 

ΔunivS° = R lnK 

2

1 2 1

1 1ln  =   ( )K H
K R T T

−Δ °
−  

Electrochemistry 

ΔG° = –nFE° 

Moles of e– = It/F 

E = E° – (RT/nF) × 2.303 logQ 

 = E° – (RT/nF) × lnQ  

E° = (RT/nF) × 2.303 logK 

 = (RT/nF) × lnK  

E = E° – 0.0592
n

logQ (at 25 °C)  

Acids and Bases 

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]o – kt 

2

1 1 2

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

−  

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 

Volume of sphere = 4/3 πr3 

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 

Miscellaneous 

A = –log
0

I
I

 

A = εcl 

E = –A
2

04
e
rπε

NA 

Colligative Properties  & Solutions 

Π = cRT  

Psolution = Xsolvent × P°solvent 
c = kp 

ΔTf = Kfm 

ΔTb = Kbm 
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