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

(i) transition state



(ii) electrophile



(iii) heterolytic bond cleavage











(3 marks)


(b) Addition of water to 1-propene in the presence of conc. H2SO4 (catalyst) could, in principle, give two products: 
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(  
Predict which is the major product and explain why this is the case. 











(4 marks)


(c) [image: image2.wmf]2
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The Friedel-Crafts alkylation of benzene shown below illustrates a typical reaction of aromatic compounds with electrophilic reagents. 



(  
Explain in detail why substitution rather than addition is observed.


(
What is the role of AlCl3 in this reaction?











(4 marks)

2. 
(a)
The bromination of propane 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.
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(4 marks)
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(b)
The reaction of  3-bromoheptane with sodium hydroxide, shown below,  proceeds by an  SN1 nucleophilic substitution mechanism.
(  
Provide a detailed reaction mechanism. 
(  
How would you alter the reaction conditions to bring about the
 
formation of only the R optical isomer.









(4 marks)



      
      QUESTION CONTINUED ON THE FOLLOWING PAGE
(c)
 Provide a detailed mechanism for the Grignard reaction between acetaldehyde (ethanal) and ethylmagnesium bromide. 
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(  
Provide an alternative reaction to obtain 2-butanol starting from 2-butanone.


(3 marks)
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3.
(a) 
Predict the product 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)
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Explain how the two compounds below could be distinguished on the basis of :
 
(i) 
a laboratory chemical test
 
(ii) 
their 1H and 13C NMR spectra 





        Compound A

 
Compound B











(4 marks)

(c)  Identify the following  unknown compound which has the empirical formula C6H12O2  on the basis of the spectroscopic data provided:

 
1H NMR (:
4.13 (q, 2H), 2.51 (septet, 1H), 1.26 (t, 3H), 1.18 (d, 6H)
 
13C NMR (:
170.2, 60.2, 34.0, 19.0, 14.3


What characteristic signal(s) would you expect for this compound in the infrared region?









(4 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) 
The molal freezing point constant of water is 1.86 K kg solvent/mol solute. 

(  
What would be the approximate freezing point of a solution of 0.1 mol kg-1 
barium chloride (BaCl2), assuming complete dissociation?









(3 marks)


(c) 
What are the physical properties of an azeotropic mixture?









(1 marks)



(d) 
Explain the physical chemistry principles and experimental procedures involved in

 
     
steam distillation









(2 marks)


5. 
(a)
Briefly define the following:

(  
Colloid
(  
Emulsion









(2 marks)


(b)
What is the difference between a Lyophobic and a Lyophilic colloid? 
Illustrate your answer using examples.









(3 marks)


 
(c) 
Briefly define the following:
 

(  
The Linear Combination of Atomic Orbitals (LCAO) approximation
 

(  
An Extrinsic semiconductor.










(3 marks)

[image: image11.wmf]C

H

3

C

C

H

3

O

1

.

L

i

A

l

H

4

2

.

H

+

 

/

 

H

2

O

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

(  
Calculate the bond orders of N2 and O2 using this MO scheme 
(  
Which of these molecules would be expected to display paramagnetic 
 
behaviour?









(3 marks)

6.
(a) 
The e.m.f. of the following cell at 298K was found to be 0.8795V.
 
 

EoFe3+/Fe2+  =  +0.7050V
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Sn(s)
        SnSO4(aq)

Fe2(SO4)3(aq)

Pt(s)



        c = 0.2M

c = 0.1M







FeSO4(aq)







c = 0.1M

(  
What is the cell reaction?

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

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









(5 marks)

(b)
Provide examples of two different types of electrodes found in common use. 









(3 marks)

(c)
Sketch the essential features of an electrolytic cell.

 (  
What is the function of the salt bridge?









(3 marks)

7.
 (a)
Distinguish between a primary battery and a fuel cell. 
 

(  
Give an example of each.

(  
A sacrificial anode, such as a block of Al metal, is often used in ships to 
 
prevent extensive corrosion of the steel hull of the vessel. 
 
Give a brief explanation for the redox chemistry basis behind this.
 







(3 marks)


(b)
Briefly explain the metallurgical processes involved in the reduction of Fe2O3 
(haematite ore) to form iron metal. 
 







(3 marks)


(c) 
Clearly define a hydrogen bond using water as an example.



(  
What is a typical physical property of water that is influenced by 
 


hydrogen bonding?
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(  
Which member(s) of the following pair of compounds may form 
 


intermolecular hydrogen bonds: Justify your answer.


















(3 marks)


(d) The relative mobility of the hydrated Group 1A ions increases as we go down the 
 group and yet the gas phase ionic size increases.  Explain this apparent anomaly.










(2 marks)

(e) In Group 2A the chemistry of beryllium is atypical. 
(  
Provide a physical basis for why the chemistry of Be is atypical.   
(  
Illustrate your answer using the structure of BeCl2  as an example.
 







(3 marks)


8.
(a) 
(i) 
Describe the bonding in transition metal coordination complexes using a 
 


Lewis acid / Lewis base description of coordinate covalent  bonding.









(2 marks)



(ii)
Using Na4[V(CN)6] as an example define the terms oxidation number and 
 

coordination number for a metal in a coordination complex ion.  



(  
What geometries are associated with the coordination numbers 2, 4 and 6.









(3 marks)


(iii) Simple ligands may be classified as either monodentate or bidentate.


(  
What do these terms mean?   


(  
Give an example of each ligand.


(  
Which of these classes of ligands may form chelate rings?









(3 marks)

 (b) Give systematic names for the following compounds:


(  
[Cr(NH3)4(CN)Br]Cl


(  
Na3[CoF6]


(  
[Mn(en)2(H2O)2]2+

(en = ethylenediamine)
 








(3 marks)
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(c)  Draw structures of the following:


(  
[Co(ox)2(NH3)2]2-
(ox =  oxalato dianion                                      )


(  
Pt(NH3)2(CN)Cl]


(  
[Zn(H2O)(CO)BrF]

For the above complexes identify any that may exist as:
 
(i) geometric isomers 


(ii) optical isomers
 








(5 marks)



(d)  Explain how the crystal field splitting energy () determines the colour and magnetic 
 
       properties of an octahedral transition metal coordination complex.









(3 marks)


TABLE OF FORMULAE

[image: image18.wmf]C

C

H

3

C

H

O

H

H

H

H

C

C

H

3

C

H

O

H

H

H

H

+


[image: image19.wmf]O

H

N

H

C

H

C

H

C

H

C

C

C

N

C

O

C

C

(

3

6

0

0

-

3

2

0

0

)

(

~

3

3

0

0

)

(

~

3

0

5

0

)

(

3

0

0

0

-

2

8

5

0

)

(

2

1

0

0

-

2

3

0

0

)

(

1

8

0

0

-

1

6

8

0

)

(

1

6

5

0

-

1

6

0

0

)


p1 = p1O x1
(T  =  i K m 
 = i C RT

For the cell reaction aA   +   bB   (   cC  +  dD
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R  =  8.314 J mol-1 K-1
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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 mole
kg mol-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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Carbonyl Absorptions cm  Acid chlorides ~ 1790; Esters ~ 1740; 
 



 Aldehydes ~ 1720; 
  Ketones ~ 1710;     Acids ~ 1700
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Approximate 1H NMR shifts of protons bound to C in organic compounds
Approximate 13C NMR shifts for groups in organic compounds
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