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DURATION OF EXAMINATION (hours):
TWO (2) HOURS

PERUSAL TIME (minutes):


FIFTEEN (15) MINUTES

TOTAL NUMBER OF QUESTIONS:
27

INSTRUCTIONS TO STUDENTS:

The exam is composed of two sections:

Section A -  Multiple choice - 
22 questions - 33%

Section B - Short answer       - 
5 questions   - 67%

Total marks for paper = 100

Answer ALL questions.


All questions are not of equal value.

Timings are indicated to allow approximately 15 minutes of check-over time.
MATERIALS TO BE SUPPLIED BY EXAMINATION SECTION:

Examination Booklets required:



Yes
Multiple choice scanner sheets Scanner A- E: 

Yes

MATERIALS STUDENTS MAY USE:
Scientific calculator with no text storage facilities.


Access to an English Dictionary:



Yes

SECTION A

MULTIPLE CHOICE QUESTIONS (EACH QUESTION IS WORTH  1.5 MARKS). 
ANSWER ALL QUESTIONS – SHADE WITH A PENCIL THE MOST CORRECT ANSWER ON THE MULTICHOICE SCANNER SHEET. 

Timing:  you should complete the multi-choice section in 30 minutes (( 1.5 minutes per question).
SECTION B

SHORT ANSWER QUESTIONS.  (MARKS FOR EACH QUESTION ARE AS INDICATED)

ANSWER EACH OF THE FIVE (5) QUESTIONS. 

Question 1
Timing:  you should complete this question in 10 minutes.
In Group 2A the chemistry of beryllium is atypical. 
 
(
Provide a physical basis for why Be does not behave like the other members of the 
 

group.
(
What type of bonding would you expect for BeF2.   Draw a Lewis dot structure to 
 
help illustrate your answer.
(
Illustrate the reactive chemistry of Group 2A oxides and indicate how
 
BeO behaves in an atypical manner.










(6 marks)

Question 2
Timing:  you should complete this question in 13 minutes.

(a)  
Using [Cu(NH3)4]Cl2 as an example define 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 term means.


(  
What is the oxidation state for copper?


(  
What is the coordination geometry about copper?









(6 marks)

(b)
Give systematic names for the following compounds:

(  
[Co(NH3)4F2]



(  
Na[AgBr2]



             Provide a molecular formula for the following complex:

(  

lithium hexacyanomanganate(II)









(4 marks)
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(c)
For the following complex identify and draw illustrative examples of each the  following  types of isomers: coordination isomers, linkage isomers, geometric isomers, optical isomers – if they are valid possibilities for this complex.
 
[Co(ox)2(NH3)2]2-


(ox =  oxalato dianion                                  )



 









(3 marks)

Question 3
Timing:  you should complete this question in 14 minutes.






(a)
Provide the postulates of the Kinetic-Molecular Theory of Gases.




(
To which gases is this theory applicable?









(3 marks)

(b)

The distribution ratio describes the ratio (g/g) of a solute that is found in each layer of a 2 solvent system.  The distribution ratio for aniline between benzene and water is 10.0 at 298K.

 
(
A solution of 1.000 g of aniline in 1000 cm3 of water is equilibrated with 
500 cm3 of benzene.  How much aniline remains in the aqueous phase?










(4 marks)
(c) 
Describes the processes involved in the  conversion of bauxite ore which is mined at Weipa, into the final product aluminium metal which is smelted at Gladstone.  
(
It is more energy efficient to recycle aluminium than to produce the metal from the 
 
ore - why is this the case given that bauxite is a cheap raw material?










(4 marks)

 (d) 
(i) 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. 
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(ii)   Within the framework of band theory discuss the main differences between conductors   
        and semiconductors? 









(4 marks)
Question 4

Timing:  you should complete this question in 17 minutes.

(a)
Identify the following unknown organic compound on the basis of the analytical and spectroscopic data provided.

Microanalytical results: C 39.23% 
H 5.76%  Cl 28.95%.


MS (m/z):

[M]+ 122 
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). 

(    
Provide the molecular formula, IUPAC name and a condensed formula for this 
 
compound.  

(    
Explain clearly how you arrived at the formula and structure using all 
 
the information provided above.  

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

compound?









(8 marks)


 (b)
Predict the major organic product(s) from two of the following reactions and name the type 
 
of  reaction.   (N.B. you are not required to provide a mechanism)
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(ii)  
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(iii)   












(4 marks)

(c)
The bromination of ethane occurs by a radical chain mechanism in the presence of 
 
ultraviolet light to generate halogenated products.  

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

halogenated organic product in this reaction.











(4 marks)

Question 5
Timing:  you should complete this question in 18 minutes.

(a)
In solution simple monosaccharides exist predominantly in their hemiacetal forms. 
(  
Draw a Haworth projection of an aldose hexose sugar – provide a full name 
 

for the sugar including the stereochemistry.

(  
Illustrate how this sugar can ring open to the straight chain form.









(4 marks)

(b) 
Draw the structure of the haloalkane (R)-2-bromobutane, indicating clearly the 
R-configuration at the stereocentre.
(  
Provide a detailed mechanism for the SN2 substitution reaction 
 
between this reagent and sodium methoxide.

(  
What does SN2 mean?











(4 marks)
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(c)
Aromatic compounds react with electrophilic reagents as shown below in the Friedel-
 
Crafts alkylation of benzene.. 


(  
Provide a detailed mechanism for this reaction.

(
Explain why substitution occurs rather than addition.

(
What is the function of the AlCl3 in the reaction?










(4 marks)


(d)  
Aldehydes and ketones react with metal hydrides such as aluminium hydride to form 
 
alcohols as illustrated below.
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(  
Provide a detailed mechanism for the above reaction

(  
Is this a nucleophilic or an electrophilic reaction and is it an addition or a 
 
substitution at the carbonyl group, justify your answer.











(5 marks)

EQUATION LIST
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pi = piO xi





pTotal =  pi




[i ] = KH pi





pi = pT xi
pi = (%i / 100) patm




%i = ppmvi x 10-4
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h =  6.63 x 10-34 J s-1
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1 mole ideal gas = 22.41 dm3 at STP

c = 3.00 x 108 m s-1




T(K) = T(oC) + 273.15



R  =  8.314  J mol-1 K-1




1 atm.  =  1.013  x  105 Pa = 760 torr

k  =  1.38 x 10-23  J K-1
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;      Amides ~ 1650
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Approximate 1H NMR shifts of protons bound to C in organic compounds
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Approximate 13C NMR shifts for groups in organic compounds
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