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

(  
carbanion nucleophile



(  
heterogenic bond formation











(4 marks)

(b)
The reaction between bromine and (Z)-2-butene proceeds to generate a dibromoalkane product.   

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

(  
How could you verify that a carbocation is involved in the mechanism?










(4 marks)


(c)
The polymerisation of ethene to form polyethylene (HDPE) occurs by a radical 
 

chain mechanism in the presence of benzoyl peroxide C6H5C(=O)OOC(=O)C6H5.  


(  
Describe in detail the mechanism for the formation of the polymer.


(  
What role does benzoyl peroxide play in this reaction?











(4 marks)

2. 
(a)
[image: image1.wmf]JAMES COOK UNIVERSITY
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The bromination 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 FeBr3 in this reaction?











(4 marks)

(b)
(  
Draw the 3D structure of (R)-2-bromobutane.
(  
Provide a detailed reaction mechanism for the SN2 substitution reaction 
 
between this compound and sodium hydroxide as shown below without 
 
stereochemical details.
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What does SN2 mean?










(4 marks)

3.
(a)
Identify the following unknown compound which has the empirical formula C4H9Cl  
 
on the basis of the 1H NMR data provided and justify your answer. 

 
1H NMR  ( (ppm):
3.21 (d, 2H), 1.95 (m, 1H), 1.01 (d, 6H) 
(  
What peaks would you expect to find in the 13C NMR spectrum of this 
 

compound?

(  
What solvent would you choose for running the NMR spectra?

(  
How could you convert this compound into the corresponding alcohol?









(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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(ii) 
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(iii)  
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(iv)  











(6 marks)


(c)
(  
Draw a Fischer projection of a pentose sugar and a Haworth projection 
 


of a hexose sugar.



(  
What is the principal structural difference between a reducing and a non-
 


reducing sugar ?










(4 marks)

4.
(a) 
Nitrobenzene freezes at 5.70oC and has a molal freezing point constant of
 
 

7.00 K kg solvent / mol solute.  

 
(  
Calculate the molecular weight of an unknown substance from the 
 

observation that a solution of 2.05 g of the unknown substance dissolved in 
 

40.0g of nitrobenzene freezes at 1.10oC.









(3 marks)

(b)
At 30oC benzene and toluene have vapour pressures in the pure state of 119.6 torr 
 
and 36.7 torr, respectively.  


(  
What are the partial vapour pressures of each of these compounds and the 
 
total pressure over a solution consisting of equal weights of these two 
 
components at 30oC?













(3 marks)


(c) 
How would you prepare an azeotropic mixture of ethanol and water and what is an 
 

azeotropic mixture?



(2 marks)



(d) 
Define the terms “osmosis” and “reverse osmosis” and give an example of each.









(2 marks)


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

(  
solid suspension
(  
polydisperse colloid

(  
solid foam









(3 marks)


(b)
(  
What is a lyophobic colloid?


(  
Give two examples of characteristic physical properties that are displayed 
 


by this disperse system.









(3 marks)

 
(c) 
Briefly discuss the following:
 

(  
Within Band theory the size of the band gap is important in determining 
 


the conductivity of a solid material.










(3 marks)


(d)
Describe the bonding in He2—   using a molecular orbital (MO) diagram.  
(  
What is the bond order in He2— ?



(  
Is He2— likely to be paramagnetic?









(3 marks)

6.
(a)
 It has turned out after a recent legal battle that Duracell® alkaline batteries 
 

really do last longer than their competitors.  

(  
Why do alkaline batteries outperform standard dry cell batteries?

(  
Sketch the essential features of a primary battery.









(4 marks)

(b)
Explain the principal behind cathodic protection that is used for preventing 
 

corrosion of steel hulls in large ocean going vessels.









(3 marks)

(c) 
The cell voltage of the following cell at 298K was found to be +0.112 V.  The 
 

cathodic electrode may be used as a hydroxyl sensing electrode. 
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Cu(s)

Cu2+(aq)

water sample
HgO(s)

Hg(l)





[0.01M]

[OH-] = ??

(  
What is the overall cell reaction?

(  
Calculate the standard cell potential Eocell .

(  
Calculate the pOH of the water sample.

Data:    HgO(s)  +  H2O(l)  +  2e-  (    Hg(l)  +  2OH-(aq)
Eo  =  + 0.098 V

Cu2+(aq) + 2e-     
            (   Cu(s)  

Eo  =  + 0.340 V









(6 marks)

7.
 (a)
The Group 2A metals show varying degrees of reactivity as one descends the 
 

group.  

· Describe the typical reactivity of Be, Mg and Ba with water, use relevant equations to support your answer and explain the differences that are observed. 

· What types of bonding would you expect for BeF2 and BaF2, respectively.










(3 marks)


      
      QUESTION CONTINUED ON THE FOLLOWING PAGE
7.
 (b)
(  
Using n-butyl lithium  as an example describe the characteristics of an 
 


organometallic complex.
 

(  
Which of the following Group 1A elements is likely to form compounds 
 


with polar covalent bonding : Li or Cs?   Justify your choice.
 









(3 marks)

(c) 
(  
Clearly define an intramolecular hydrogen bond using the following 
 


tripeptide molecule to illustrate your answer.

[image: image10.wmf]+
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(  
Is this molecule likely to be water soluble? Explain your answer with 
 


respect to the hydrogen bonding ability of water.










(4 marks)


(d)
(  
Boron hydrides form an homologous series - what does this mean?
(  
Describe the bonding in diborane, B2H6, using the Valence Bond model of 
 
bonding.    

(  
Complete the following reaction and name the products :  
 




BBr3(g)   +  H2O(l)   (  

 



      (N.B.  the stoichiometry must be adjusted)
 







(3 marks)


8.
(a) 
Coordination chemistry is a large area of inorganic chemistry.

 

(
What is a transition metal coordination complex?
 

(
Using [Fe(CO)5] as an example explain the nature of the bonding in this 
 


molecule within the framework of Lewis acid-Lewis base dative bonds.

 

(
How many ligands does this molecule have?



(
Is this metal in a high or low oxidation state?









(4 marks)


(b)
Ligands may be classified as either monodentate, bidentate or polydentate.  
Using  [Co(en)(H2O)(dien)]Cl2 as an example explain the following:

(  
In what class are each of the ligands in the above complex?  

(  
Is the chelation effect important in any of these ligands.

(  

What is the coordination number for this complex?

(  

What is the oxidation sate for the metal in this complex?

                         (N.B.  en = NH2CH2CH2NH2, dien = NH2CH2CH2NHCH2CH2NH2)









(4 marks)



(c) 
Give systematic names for the following compounds:

(  

[Cr(NH3)4Cl2]Br


(  

K[Ag(CN)2]










(4 marks)



      
      QUESTION CONTINUED ON THE FOLLOWING PAGE
8.
(d)  
For the following complexes identify and draw any that may exist as:

 

    (i) coordination isomers
 

    (ii) linkage isomers
  

    (iii) geometric isomers 

    (iv) optical isomers


(  
[Fe(NH3)5SCN]Cl

(  

[ZnBrCl (H2O)(NH3)]
(a tetrahedral 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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Carbonyl Absorptions cm  Acid chlorides ~ 1790; Esters ~ 1740; 
 



 Aldehydes ~ 1720; 
  Ketones ~ 1710;     Acids ~ 1700
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19

K
39.10
20

Ca
40.08
21

Sc
44.96
22

Ti
47.87
23

V

50.94
24

Cr
52.00
25

Mn
54.94
26

Fe
55.85
27

Co
58.93
28

Ni
58.69
29

Cu
63.55
30

Zn
65.39
31

Ga
69.72
32

Ge
72.61
33

As
74.92
34

Se
78.96
35

Br
79.90
36

Kr
83.80


5
37

Rb
85.47
38

Sr
87.62
39

Y
88.91
40

Zr
91.22
41

Nb
92.91
42

Mo
95.94
43

Tc
98.91
44

Ru
101.1
45

Rh
102.9
46

Pd
106.4
47

Ag
107.9
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