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

Examination Booklets required:
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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).
This section has been deleted it is just multi-choice of the same calibre as the modules.

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.
(a)   
The ability of the  Group 2A metals to react with molecules such as water, hydrogen and the 
 
halogens changes steadily going down 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 BeCl2 and CaCl2, respectively.

(      
The  carbonate minerals frequently contain group 2A cations. Draw a Lewis dot 
 

structure for the carbonate anion (CO32-). 











(5 marks)


(b)
Describe the bonding in the complex BF3.O(C2H5)2 using a Lewis acid / Lewis base 
 
description of dative covalent  bonding.

   




















(3 marks)

Question 2
Timing:  you should complete this question in 13 minutes.
(a)  
Using K4[V(CN)6] as an example define the terms oxidation number and coordination 
 
number  for a transition metal in a coordination complex ion.  


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

(  
Propose a related complex (same metal and charge) that contains a 
 
bidentate ligand. 


(  
What is a chelate ring?









(5 marks)




(b)
Give systematic names for the following compounds:

(  

Na2[Fe(CO)4]
(  

[Cr(en)3]Br3

(en = ethylenediamine)

             Provide a molecular formula for the following complex:


(  
diamminebromochloropalladium(II)








(4 marks)

(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.



(  
[Rh(NH3)5(NO2)]I

 








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






(a)
The Ideal Gas equation and the Van der Waals equation are in widespread use. 
 

(
Write down the Ideal Gas equation including the units for each term.
 

(
Explain the need for the extra terms in the Van der Waals equation.










(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?




















(4 marks)

(c) 
Briefly explain the pyrometallurgical processes involved in the reduction of  CuFeS2 
 
(chalcopyrite ore) to form copper metal.

 
(  
Why is subsequent electrorefining required and what is this process?











(3 marks)

(d) 
(i) Describe the bonding in H22—   (a dianion) using a molecular orbital (MO) diagram.  


(  
What is the bond order in this molecule?


(  
Is the molecule likely to be stable?


(ii) What is a semiconductor – discuss within the framework of Band Theory?









(4 marks)
Question 4

Timing:  you should complete this question in 17 minutes.

(a)
A sweet smelling liquid gave the following microanalytical results: C 62.04% 
H 10.41%.
The following spectroscopic information was obtained for the sample.

MS (m/z):

[M]+ 116 
IR (cm-1): 

2900, 1738


1H NMR ( ppm):      
4.13 (q, 2H),   2.51 (septet, 1H),   1.26 (t, 3H), 1.18 (d, 6H)

13C NMR( ppm):
170.2, 
60.2, 
  34.0, 
19.0, 
14.3


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

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

(    
What is the function of the Tetramethylsilane (TMS) and deuterochloroform 
 
(CDCl3) which would have been used in running the NMR spectra above? 









(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 propane occurs by a radical chain mechanism in the presence of  
 
ultraviolet light.  In the equation below only the major product is shown.  

(  
Describe in detail the mechanism for the formation of this major organic product.


(  
What would be the other product formed and why is it a minor product?
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(4 marks)

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

(a)
Carbohydrates are polyhydroxyaldehydes or polyhydroxyketones ranging in size and 
 
complexity from simple monosaccharides to complex polysaccharides. 

(  
Draw a Fischer projection of a ketose sugar and a Haworth projection of 
 

a hexose sugar – name each of the sugars you have chosen.

(  
What is mutarotation?










(4 marks)

(b) 
Draw the structure of (R)-3-bromo-3-methylheptane.
(  
Provide a detailed reaction mechanism for the SN1 substitution reaction 
 
between this reagent and sodium methoxide (NaOCH3).

(  
What is a racemic mixture and why does it form in this reaction?












(4 marks)
(c)
Aromatic compounds typically undergo electrophilic aromatic substitution (EAS) reactions 
 
with electrophilic reagents rather than addition reactions. The bromination of benzene shown 
 
below is a normal EAS reaction.
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(  
Provide a detailed mechanism for the above reaction



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










(4 marks)


(d)  
The Grignard reaction is a powerful tool for synthetic chemists to add carbon-carbon 
 
bonds in  aldehydes and ketones.  The reaction between benzaldehyde and methylmagnesium 
 
bromide proceeds as 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 = (%i / 100) patm




%i = ppmvi x 10-4
[image: image12.wmf]C

2

H

5

C

H

3

C

2

H

5

H

 

 

H

 

B

r


Ksp = [cation]c[anion]d








[image: image5.wmf]n

l

h 

 

 

c

h 

  

  

E

=

=







h =  6.63 x 10-34 J s-1
[image: image13.wmf](

)

kT

E

E

j

i

j

i

e

N

N

/

-

-

=


A =  l [i]





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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