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1. 
(a) 
Define and use a specific example to illustrate each of the following :


(  
electrophile



(  
reaction intermediate











(4 marks)

(b)
The reaction between water and 2-butene in the presence of concentrated H2SO4 proceeds to generate an alcohol product.   

(  
What type of reaction is this one (e.g. nucleophilic acyl substitution etc.)?

(  
Give an IUPAC name for the product and provide a detailed mechanism 
 
for this reaction.

·  
What is the function of the H2SO4?











(5 marks)


(c)
The chlorination of ethane occurs by a radical chain mechanism in the presence of 
 

ultraviolet light, 1-chloroethane is formed along with minor amounts of more highly 
 

chlorinated compounds.  


(  
Describe in detail the mechanism for the formation of 1-chloroethane.


(  
What role does the ultraviolet light play in this reaction?











(5 marks)
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2. 
(a)
 The nitration of benzene shown below illustrates a typical reaction of aromatic 
 
 
compounds with electrophilic reagents. 



(  
Provide a detailed mechanism for this reaction.


(
If R = COOH the aromatic starting material is benzoic acid, will the   
 


carboxyl group in benzoic acid direct the nitro group to substitute at the 
 


meta or ortho /para positions? Explain briefly your decision.











(5 marks)

(b)
Nucleophilic substitution reactions proceed readily for the alkyl halides.

·  
Draw the structure of (S)-3-chloro-3-methylheptane.

·   
Provide a detailed reaction mechanism for the SN1 substitution reaction 
 
between this reagent and sodium methoxide (NaOCH3).

(  
What does SN1 mean?








(5 marks)

3.
(a)
Identify the following unknown compound which has the empirical formula 
 
C4H7BrO​2 on the basis of the spectroscopic data provided and justify your answer. 



 
IR (cm-1) :  

3000 (s, br);  1705 (s).



1H NMR   ( (ppm):    
1. 08 (t, 3H); 2.07 (dq, 2H); 4.23 (t, 1H); 10.97 (s, 1H). 

   N.B. The peak at 10.97 vanishes upon running a spectrum in the presence of D2O. 

(  
What peaks would you expect to find in the 13C NMR spectrum of this 
 

compound?

(  
On the basis of the functional group(s) you have found what would be
 

a typical reaction that you would expect for this compound?









(6 marks)


      
      QUESTION CONTINUED ON THE FOLLOWING PAGE
3.
(b) 
Predict the product(s) from THREE of the following reactions.  
 

Briefly justify your answer in each case.
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(iii)  
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(iv)  











(6 marks)

4.
(a) 
The vapour pressure of n-butane is 3.41 x 105 Pa at 30oC and 8.95 x 105 Pa at 70oC.   
 

(  
Calculate  (Hvap  (n-butane) in this temperature range.










(3 marks)

(b)
Chlorobenzene steam distils at 91oC when the external pressure in 1 atm.  At this  
temperature the vapour pressure of pure chlorobenzene is 214 torr.  

·  
Calculate the quantity of water that would have to be distilled to effect the   
 
purification of 10 grams of this compound.











(3 marks)


(c) 
Solid carbon dioxide is also called "dry ice" as, unlike water ice, it does not melt at 
 

room temperature / pressure.    

·  
Explain using a phase diagram explain why CO2 sublimes under ambient 
 
conditions rather than melts.










(2 marks)


(d)
Explain briefly the physical chemistry principles and experimental procedures 
involved in steam distillation. 

·  
Why is this method extensively used rather than regular fractional 
 
distillation in the natural products industry?









(2 marks)


5. 
(a)
Briefly define the following:

(  
Tyndall effect



(  
monodisperse colloid

(  
emulsion









(3 marks)


(b)
What are the differences between Lyophobic and Lyophilic colloids? 
 

Illustrate your answer using examples.









(3 marks)

 
(c) 
Within the framework of band theory what are the main differences between
 

conductors, intrinsic semiconductors and extrinsic semiconductors?











(3 marks)

(d)
The following molecular orbital diagrams are for a homonuclear diatomic molecule.
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(  
Complete in your answer book the MO diagram for O22-.  
(  
What is the bond order?



(  
Is the molecule likely to be paramagnetic?









(3 marks)

6.
(a)
Explain the physical principles behind corrosion and why galvanising is 
 

successful in reducing corrosion.









(4 marks)

(b) 
The cell voltage (e.m.f.) of the following cell was found to be 0.8795V at 298K. 
  

Data:    Fe3+(aq)  + e-  (    Fe2+(aq)

Eo  =  + 0.7050 V

[image: image9.wmf]N
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c = 0.10 M

(  
What is the cell reaction?

(  
Calculate Eo for the Sn2+/Sn(s) couple.

(  
Calculate the standard free energy change of the cell reaction.

(  
What type of electrodes are to be found at the cathode and anode, respectively?









(6 marks)

7.
 (a)
The Group 2A metal oxides are basic and as a result these elements are termed the  
 
Alkaline Earth Metals.  
 
(  
Explain why the Group 2A oxides are basic using two different types of 
 

oxides to illustrate your answer.

·  
What water solubility would you expect for Be(OH)2 and Ca(OH)2?  
 
Justify your answer.










(4 marks)


 (b)
Organometallic compounds are widely used in synthetic organic chemistry.
 

(  
Define the term organometallic compound.
 

(  
Give an example of a Group 2A organometallic compound used in organic 
 
 

syntheses.   
 

(  
What properties of the organometallic compound you have chosen make it 
  
 

useful in organic chemistry?
 









(4 marks)

(c) 
(  
Clearly define an intermolecular hydrogen bond.
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(  
Which member(s) of the following pair of compounds may form 
 


intermolecular hydrogen bonds.   Illustrate your answer in terms of the 
 


definition you have just provided.














(4 marks)


(d)
Group 3A chemistry is quite different to that of Groups 1A and 2A.

·  
Describe and rationalise the trend in acid/base properties of the hydroxides 
 
as we go across the period from NaOH, Mg(OH)2 to  Al(OH)3.

·  
Describe the bonding in diborane, B2H6, using the Valence Bond model of 
 
bonding.
 







(4 marks)


8.
(a) 
Using the zinc complex, [Zn(NH3)2bipy]Cl2, as an example answer the following 
 

justifying your answers as appropriate:  



(
What is the coordination number in this molecule? 

·  
Suggest a possible geometry at the metal centre.



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

· [image: image11.wmf]O
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Is this compound coordinatively saturated ?
 




(N.B. bipy = 2,2'-bipyridyl =  

(4 marks)


(b)
Hemoglobin is a protein containing 4 macrocyclic metal heme complexes.  
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                      Heme complex



Using the heme complex as an example illustrate the following :

·  
polydentate ligand
·  
chelate effect
·  
Lewis acid / Lewis base nature of coordinate covalent bonding.

·  
How does this complex function in the transport of oxygen in the  
 
blood?









(4 marks)



(c) 
Give systematic names for the following compounds:

(  

K3[CoCl6]



(  
[W(en)(NH3)4]Cl3

(en = ethylenediamine)










(4 marks)


 
(d)  
For the following complexes identify and draw any that may exist as:

 

    (i) coordination isomers
 

    (ii) geometric isomers 

    (iii) optical isomers


(  
[Cr(NH3)4(H2O)Cl]Cl

(  

[PtBrCl(py)2]


py = pyridine = C5H5N



 








(4 marks)
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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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