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1. 
(a) 
Use a specific example to illustrate each of the following :
 

(  
carbocation



(  
radical



(  
homogenic bond formation











(3 marks)



(b)
Using the oxidation state method determine if the reaction of 2-butyne to form 
 

butane using hydrogen and a Pt/C catalyst is a reduction or an oxidation.










(2 marks)


(c)
The reaction between 2-butyne and excess HCl proceeds to generate a chloroalkane product.   

(  Predict the product and provide a detailed mechanism for this addition reaction.










(4 marks)


(d)
The bromination of ethane occurs by a radical chain mechanism in the presence of 
 

ultraviolet light.  


(  
Describe in detail the mechanism for the formation of the major organic 
 


product in this reaction.











(4 marks)

2. 
(a)
(  
What is a monoterpene?


(  
Illustrate your answer using a natural product example.









(2 marks)



(b)
The nitration of phenol shown below illustrates a typical reaction of 
 
aromatic compounds with electrophilic reagents. 

[image: image1.wmf]JAMES COOK UNIVERSITY
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(  
Explain why substitution occurs at the ortho and para positions rather than 
 


the meta position.


(
What is the role of sulphuric acid in this reaction?











(4 marks)

(c)
(  
Draw the structure of (S)-2-chloropentane.
(  
Provide a detailed reaction mechanism for the substitution reaction 
 
between this reagent and sodium hydroxide in dimethyl sulphoxide. 
(  
Elimination competes with the substitution reaction.  Draw one of the 
 
products that would be formed by the elimination reaction.








(4 marks)
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(d)
Provide a detailed mechanism for the Aldol reaction of butanal under basic 
conditions (NaOH). 

(3 marks)
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3.
(a) 
Predict the product(s) from THREE of the following reactions.  Briefly justify your 
 

answer in each case.



(i) 
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(ii) 
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(iii)  
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(iv)  











(6 marks)

 
(b)
Identify the following unknown compound which has the empirical formula C4H8O2  
 
on the basis of the spectroscopic data provided:

 
1H NMR  ( (ppm):
10.05 (t, 1H), 4.13 (d, 2H), 3.66 (q, 2H), 1.27 (t, 3H) 
 
13C NMR ( (ppm):
185.2,     82.2,     76.0,     18.3


IR : 


2910 (s), 1725 (s) cm-1.

(  
What chemical test could you use to verify the identity of this compound?









(4 marks)

4.
(a) 
Calculate the temperature at which n-butanol will boil at a pressure of 2666.4 Pa, if 
 

the normal boiling point is 118oC.   (Hvap (n-butanol) = 44.5 kJ mol-1.










(2 marks)

(b)
A solid organic compound contains 18.3% C, 0.51% H and 81.2% Br by weight.   
A solution of 0.793 g of the compound in 0.01480 dm3 chloroform boils at 60.63oC.  
(  
Find the molecular formula of the compound. 
Data : chloroform -  density 1.485 kg dm-3, boiling point 60.30oC, molal boiling point constant 3.63 K / mol solute / kg solvent.












(3 marks)


(c) 
Explain why water ice melts but dry ice (solid carbon dioxide) sublimes under ambient 
 

conditions.    Illustrate your answer using phase diagrams.


(2 marks)



(d) 
Calculate how many grams of O2 will dissolve in 1.00 L of water at 1.00 atm 
 

pressure given that at 20oC KH(O2) is 1.28 x 10-3 mol / L .atm.








(2 marks)


5. 
(a)
Briefly define and give an example of each of the following:

(  
Aerosol
(  
Gel









(2 marks)


(b)
Use the Gouy-Chapman model of the electrical double layer to predict why the
  

addition of a 1.0 M BaCl2 solution to a negatively charged colloid is  more successful 
 

in causing the colloid to flocculate than the addition of an equivalent amount of a 
 

1.0 M solution of NaCl.








(3 marks)


 
(c) 
Briefly define the following:
 

(  
The Aufbau principle and Hunds rule as they apply to the construction 
 


of molecular orbital diagrams.
 

(  
An Intrinsic semiconductor.










(3 marks)
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(d)
The following molecular orbital diagrams are for a homonuclear diatomic molecule.

(  
Complete in your answer book the MO diagram for F2-.

(  
Calculate the bond order of F2- using this MO scheme. 
(  
What does without s-p mixing and with s-p mixing mean?









(3 marks)

6.
(a)
(  
Sketch the essential features of a fuel cell.

 (  
How does this differ from a typical Voltaic cell?









(3 marks)

(b)
(  
How does a concentration cell function?









(2 marks)

(c)
(  
Briefly explain the pyrometallurgical processes involved in the reduction of 
 


CuFeS2 (chalcopyrite ore) to form copper metal. 

(  
How does the process of electrorefining of copper take advantage of
the standard redox potentials of the impurities present in the crude copper.
 






(5 marks)


      
      QUESTION CONTINUED ON THE FOLLOWING PAGE
(d) 
The cell voltage of the following cell at 298K was found to be +1.059V. 
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Zn(s)

Zn2+(aq)

sea

AgCl(s)

Ag(s)





(0.01M)

water  (Cl-)

(  
What is the cell reaction?

(  
Calculate the standard cell potential Eocell .

(  
Calculate the standard free energy change Go  for the cell reaction. 

(  
Calculate the concentration of chloride ion in the seawater sample.

Data:

AgCl(s) + e- 
(   Ag(s) + Cl-(aq) 

Eo  = +0.223V

Zn2+(aq) + 2e-     
(   Zn(s)  


Eo  =  -0.761V









(5 marks)

7.
 (a) 
(  
Clearly define an intermolecular hydrogen bond using acetic acid as 
 


an example.



(  
What is a typical physical property of acetic acid that is influenced by 
 


hydrogen bonding?
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(  
Which of the following aromatic compounds will have the lowest boiling 
point:   Justify your answer.















(4 marks)


(b) Group 1A oxides are basic and as a result these elements are termed the Alkali Metals.  
(  
Explain why the Group 1A oxides are basic using two different types of 
 
oxides to illustrate your answer.










(2 marks)

(c) (  
Define the term organometallic compound.
(  
Give an example of a Group 2A organometallic compound.   
(  
Is the compound you have illustrated likely to be soluble in water? 
 
Explain your answer.
 







(3 marks)


(d)
(  
Using aluminium hydroxide, Al(OH)3, as an example illustrate why this 
 
complex is termed an amphoteric hydroxide.
(  
Why is B(OH)3 referred to as boric acid?   
 







(3 marks)


8.
(a) 
(  
Using tetraamminecopper(II) chloride as an example illustrate the 
 


Lewis acid/Lewis base  nature of coordinate covalent bonding in transition 
 


metal coordination complexes.


(  
What is the coordination number for this complex?


(  
Is this complex coordinatively saturated?  Explain what this means.


(  
What is the oxidation state of copper in this complex?









(4 marks)



(b)
Ligands may be classified as monodentate or polydentate.

(  
What do these terms mean?  

(  
Using heme as an example illustrate the key features of a polydentate 
 
ligand including the donor atoms and the chelation effect. 

(You should sketch the structure in your answer book.)

(  
How does the heme complex facilitate the transport of oxygen by hemoglobin?
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(3 mark)



heme complex



(c) 
Give systematic names for the following compounds:

(  

Na4[Mn(CN)6]

(  

[Cr(en)3]Br3

(en = ethylenediamine)
 








(3 marks)


(d)  
(  
[Pt(NH3)2FBr]

(  

[Co(NH3)5(NO2)]Cl



For the above complexes identify and draw any that may exist as:
 
(i) coordination isomers
 
(ii) linkage isomers
  
(iii) geometric isomers 

(iv) optical isomers
 








(3 marks)



(e)
Explain how the crystal field splitting energy () and the spectrochemical series 
 

determines the colour of an octahedral transition metal coordination complex.









(4 marks)


TABLE OF FORMULAE
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TABLE 1

Physical Quantity
Name of Unit                                        Symbol for Unit

Length
metre
m

Mass
kilogramme
kg

Time
second
s

Electric Current
ampere
a

Thermodynamic Temperature
kelvin
K

Amount of Substance
mole
mol

TABLE 2

Physical Quantity
Name of S.I. Unit                           Symbol for S.I. Unit

Volume
cubic metre
m3
Frequency
hertz
Hz

Velocity
metre per second
ms-1
Acceleration
metre per second squared
ms-2

Density
kilogramme per cubic metre
kg m-3
Molar Mass
kilogramme per mole
kg mol-1
Concentration
mole per cubic metre
mol m-3
Molality
mole per kilogramme
mol kg-1
Force
newton
N

Pressure 
pascal
Pa

Energy
joule
J

Electric Charge
coulomb
C

Electron Potential Difference
volt
V

Spectroscopy Tables


Typical Infrared (IR) frequencies of common functional groups
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