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SECTION A

MULTIPLE CHOICE QUESTIONS (EACH QUESTION IS WORTH ONE (1) MARK). ANSWER ALL QUESTIONS – SHADE WITH A PENCIL THE MOST CORRECT ANSWER ON THE MULTICHOICE SCANNER SHEET. 

1. Which of the following is not a form of pure carbon? 

	(a) 
(b) 
(c) 
(d) 
(e)
	carbon black

diamond

graphite 

buckminsterfullerene 

carbon dioxide 


2. Indicate whether each of the following is a hydrophilic or a hydrophobic colloid. 
    (i) butterfat in homogenized milk 
    (ii) haemoglobin in blood 
    (iii) clay particles in Murray river water

	(a) 
(b) 
(c) 
(d) 
(e)
	(i) hydrophilic (ii) hydrophobic (iii) hydrophilic 

(i) hydrophilic (ii) hydrophilic (iii) hydrophilic 

(i) hydrophilic (ii) hydrophobic (iii) hydrophobic 

(i) hydrophobic (ii) hydrophilic (iii) hydrophobic 

(i) hydrophobic (ii) hydrophobic (iii) hydrophobic


3. Metallic character ________ from left to right across a period and ________ down a group of the periodic table. 

	(a) 
(b) 
(c) 
(d) 
	decreases, increases 

increases, decreases 

increases, increases 

decreases, decreases


4. What is the likely purpose of adding EDTA (ethylenediaminetetraacetate) to 
    prepared foods? 

	(a) 
(b) 
(c) 
(d) 
(e)
	to precipitate ions such as Ca2+ out of solution so the foods look good 

to complex trace metal ions that catalyse decomposition reactions 

to complex iron(III) ions so they can catalyse protein decomposition on cooking 

to aid in browning of the surface during cooking 

to prevent dissolution of the container in the food when stored for long periods of time


5. In the compound CaNa[Fe(CN)6], which ligands are in the coordination sphere? 

	(a) 
(b) 
(c) 
(d) 
	Na+ 
CN- 

Ca2+ 

None of these


  

6. The formula for lithium iodotris(trifluorophosphine)nickelate(0) is 

	(a) 
(b) 
(c) 
(d) 
	Li[Ni(PF3)3I]

Li[Ni(PF3)3I3]

Li3[Ni(PF3)I3] 

Li2[Ni(PF3)I]


7. Which of the following is not related to ceramics? 

	(a) 
(b) 
(c) 
(d) 
	sintering 

amorphous clays

high-temperature superconductors 

cross-linking


8. What is the purpose of oxidizing pig iron in the production of steel? 

	(a) 
(b) 
(c) 
(d)
	to remove carbon 

to convert it to its oxide 

to make the iron alloy more brittle 

to reduce the crude iron 


9. What is the significance of a line in a phase diagram? 

	(a) 
(b) 
(c) 
(d) 
	Only one phase is present. 

Two phases are in equilibrium. 

Three phases are in equilibrium. 

The distinction between two phases disappears


10. For l = 2, what are the possible values of ml? 

	(a) 
(b) 
(c) 
(d) 
(e)
	2 

1, 0, -1 

2, 1, 0 

1, 0 

2, 1, 0, -1, -2 


11. List the following types of electromagnetic radiation in order of decreasing frequency. 

(i) X rays used for medical purposes 

(ii) infrared from a heating lamp 

(iii) radio signal from ABC-FM

(iv) yellow traffic light 

(v) ultraviolet light that causes sunburn 

	(a) 
(b) 
(c) 
(d) 
(e)
	i > v > iv > ii > iii 

i > ii > iii > iv > v 

iii > ii > iv > v > i 

i > ii > iii > v > iv 

i > iii > ii > iv > v 


12. The phrase "like dissolves like" refers to the fact that ____________. 

	(a) 
(b) 
(c) 
(d) 
(e)
	gases can only dissolve other gases 

polar solvents dissolve polar solutes and nonpolar solvents dissolve nonpolar solutes 

solvents can only dissolve solutes of similar molar mass 

condensed phases can only dissolve other condensed phases 

polar solvents dissolve nonpolar solutes and vice versa


13. Which of the following cannot be determined using the Beer-Lambert law? 

	(a) 
(b) 
(c) 
(d) 
(e)
	the molecular formula of the sample 

the absorbance of the sample 

the molar absorptivity of the sample 

the concentration of the sample 

the length of the light path through the sample 


14. Glucose contains both 

	(a) 
(b) 
(c) 
(d) 
	ester and aldehyde groups. 

alcohol and acid groups. 

alcohol and aldehyde groups. 

ester and acid groups. 


15. Which of the following compounds is an aldehyde? 
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	(a) 
(b) 
(c) 
(d) 
	I 

II 

III 

IV  


16. What is the IUPAC name for the following compound? 
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	(a) 
(b) 
(c) 
(d) 
(e)
	Phenyl acetic anhydride 

Methyl benzoate 

Methyl phenylacetate 

Phenyl ethanoate 

Benzyl methylethanoate


17. Which part of the IR spectrum is called the "fingerprint region"? 

	(a) 
(b) 
(c) 
(d) 
(e)
	3500 - 2500 cm-1 

2500 - 1500 cm-1 

2000 - 600 cm-1
3000 - 1500 cm-1 

1500 - 600 cm-1 


18. What is the hybridization of the carbon atom in carbon dioxide? 

	(a) 
(b) 
(c) 
(d) 
(e)
	sp 

sp3d 

sp3 

sp2 

sp3d2 


19. Absorption of UV/Vis light by a molecule causes what? 

	(a) 
(b) 
(c) 
(d) 
(e)
	vibrational transitions 

rotational transitions 

electronic transitions 

nuclear transitions 

conjugational transitions


20. Arrange the following in order of increasing C-C bond lengths. 

HCCH,    H2CCH2,    H3CCH3 

	(a) 
(b) 
(c) 
(d) 
	HCCH < H2CCH2 < H3CCH3 

H2CCH2 < HCCH < H3CCH3
HCCH < H3CCH3 < H2CCH2
H3CCH3 < H2CCH2 < HCCH 


21. How many signals would you expect to see in the 1H NMR spectrum of 
     chlorocyclobutane? 

	(a) 
(b) 
(c) 
(d) 
(e)
	1 

4 

2 

3 

5 


22. How many signals would be present in the 13C NMR spectrum of 2-pentanone? 

	(a) 
(b) 
(c) 
(d) 
(e)
	3 

6 

4 

5 

7 


23. In 1H NMR spectroscopy what is the multiplicity of the methylene hydrogens of a carbon 
     that is attached to a methyl group and to a methoxy group? 

	(a) 
(b) 
(c) 
(d) 
(e)
	singlet 

quartet 

doublet 

triplet 

quintet 


 24. What are alkaloids? 

	(a) 
(b) 
(c) 
(d) 
(e)
	natural products, found in animals, that contain one or more alcohol groups 

natural products, found in plants, that contain one or more nitrogen hetero atoms 

alcohol-like compounds 

natural products that containing alkyl groups 

natural products, found in animals, that contain one or more sulfur heteroatoms


25. Vulcanisation works because 

	(a) 
(b) 
(c) 
(d) 

	sulphur is a monomer which undergoes addition polymerisation. 

polymer chains are cross-linked by sulphide linkages. 

the sulphur removes water from rubber, making it less flexible. 

sulfur is attached to the polymer backbone as free thiol groups, and the resulting hydrogen bonding strengthens the polymer. 


26. How many transition states and intermediates does a 3 step reaction have? 

	(a) 
(b) 
(c) 
(d) 
(e)
	3 transition states and 3 intermediates 

3 transition states and 0 intermediates 

2 transition states and 2 intermediates 

2 transition states and 3 intermediates 

3 transition states and 2 intermediates


27. Which of the following equations does not involve a homolytic bond cleavage? 

	(a) 
(b) 
(c) 
(d) 
(e)
	CH4 + ∙Cl          → ∙CH3 + HCl 

CH3CH2∙ + Cl2  → CH3CH2Cl + ∙Cl 

Cl-Cl    (400°C) → 2 ∙Cl 

N2       (heat)     → 2 ∙N 

Cl-Cl + FeCl3    → Cl+ + FeCl4-


28. How many isoprene units are there in a monoterpene? 

	(a) 
(b) 
(c) 
(d) 
(e)
	2 

3 

1 

4 

5 


29. What compounds are formed when bromobenzene is chlorinated? 

	(a) 
(b) 
(c) 
(d) 
(e)
	ortho-bromochlorobenzene 

meta-bromochlorobenzene 

para-bromochlorobenzene 

a and c 

a, b, and c 


30. What is the mass of the molecular ion generated from ethane? 

	(a) 
(b) 
(c) 
(d) 
(e)
	30 

28 

27 

29 

15


31. For an alkyl halide that can react with hydroxide ion in both SN1 and SN2 reactions, how  
     can one increase the amount of the SN2 reaction product? 

	(a) 
(b) 
(c) 
(d) 
(e)
	Use a more polar solvent 

Use sonication (ultrasound mixing) 

Irradiate the reaction with UV light. 

Use a higher concentration of the nucleophile. 

Use a higher concentration of the alkyl halide


32. Which statement describes the reaction coordinate diagram for an electrophilic addition reaction? 

	(a) 
(b) 
(c) 
(d) 
(e)
	two transition states and one intermediate 

one transition state and one intermediate 

one transition states and no intermediate 

two transition states and two intermediates 

no transition states and one intermediate 


SECTION B

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

ANSWER EACH OF THE EIGHT (8) QUESTIONS. 

Question 1
(a) 
The acid/base properties of the hydroxides of elements Groups 1A to 4A in Period 3 vary in a systematic manner traversing from sodium to silicon.  

(  
Describe the trend in the acid/base properties using examples to illustrate 
 

your answer.

(  
Draw a Lewis dot structure for silicic acid (H4SiO4). 












(4 marks)


(b)
Define the term metal complex.
 
(  
Provide an example of a Group 2A metal complex.   











(2 marks)

Question 2
 (a)
cis-Platin [PtCl2(NH3)2] is a simple coordination complex that has been used extensively as a anti-cancer drug.   Many synthetic analogues have been synthesized using bidentate and monodentate ligands.   

(  

Provide an example of a bidentate ligand. 

(  

Illustrate how the bidentate ligand could chelate with platinum(II).

                         
(
What is the coordination number and geometry at the platinum centre in 
 


[PtCl2(NH3)2].



(
How many ligands and donor atoms does [PtCl2(NH3 2]have?









(4 marks)




(b)
Give systematic names for the following compounds:

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



(  
K[AuBr2]

             Provide a molecular formula for the following complex:


(  
diaquatriamminenitrocobalt(III) iodide








(3 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.



(  
[Ru(NH3)4(H2O)SCN]I


 








(3 marks)

Question 3






.


(a)
Calculate the temperature at which n-butanol will boil at a pressure of 2666.4 Pa, if the 
 
normal boiling point is 118oC.   (Hvap (n-butanol) = 44.5 kJ mol-1.



(  
Describe briefly the molecular basis for the decrease in boiling point with 
 


decrease in applied external pressure.




















(4 marks)

(b)

(  
Using a phase diagram for H2O illustrate how the process of freeze drying 
 


occurs.



(  
What is an azeotropic mixture? 









(4 marks)

Question 4
(a) 
Briefly define and give an example of each of the following:

(  
liquid aerosol

(  
micelle

(  
Brownian motion.








(4 marks)


(b) 
Briefly describe the metallurgical processes involved in the transformation of bauxite ore 
 
into aluminium metal.  


 









(4 marks)

(c) 
Modern electronic structure theory for atoms and molecules relies on the principles of 
  
quantum mechanics.  


(  
What are the four quantum numbers that are required to define an 
 

individual electron in an atom. 

·  
Provide a reasonable set of values for the quantum numbers for a single 
 
electron in the second shell of the carbon atom.


(  
Draw a molecular orbital diagram for the diatomic molecule F2 2+ 
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(  
Is this molecule likely to be paramagnetic? -  justify your answer. 








(4 marks)



Question 5
(a)

A pale brown liquid gave the following microanalytical results:

C 54.48 % 
H 9.43 %


In an IR spectrum of the sample strong bands were found at 3510 and 1702 cm-1.  
A mass spectrum of the compound displayed a molecular ion at m/z  88.   

1H NMR (CDCl3) (:
2.55 (septet, 1H), 3.75 (s, 1H), 1.35 (d, 6H)

When a 1H NMR was run in D2O the peak at  3.75 ppm was absent from the spectrum. 
(    
Provide the molecular formula, IUPAC name and condensed structure for 
 

this compound.  

(    
Explain clearly how you arrived at the formula and structure using all 
 

the information provided above. 

(    
Once the identity of the compound had been established it was clear that the 
 

compound should be a colourless, rather than pale brown, liquid.  
 

Explain how you would purify the material and then verify the purity of 
 

the compound. 











(6 marks)


(b) 
(i)
The following molecule is a steroid. 
 

(  
Sketch the molecule in your answer book and label the rings A – D

(  
Identify any functional groups that are present.  
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(ii)
Natural rubber is an example of an addition polymer, 
 
(  
Illustrate the structural relationship between a stretch of natural rubber 
 

and isoprene (C5H8) indicating why it is an addition process. 
 
(  
What is vulcanization and how does this improve the properties of rubber. 








(4 marks)

Question 6
(a)
Define and use a specific example to illustrate each of the following :
 

(  
halogen electrophile



(  
reaction intermediate











(2 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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(4 marks)

Question 7
(a)
Halogenation of alkanes occurs by a radical chain mechanism in the presence of 
 
ultraviolet light.


(  
Describe in detail the mechanism for the chlorination of methane.










(4 marks)

(b)
The hydrochlorination of 2-methylbut-2-ene gives a mixture of products as illustrated.   
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(  
Provide a detailed mechanism for this addition reaction. 

(  
Predict the major product and explain why you have made this choice.










(4 marks)

Question 8
(a)
The nitration of toluene proceeds as follows. 
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(  
Provide a detailed mechanism for the above reaction



(  
When the nature of the group attached to the arene ring is altered the 
  


positions of  substitution are not necessarily as above. 
 


What will be the position(s) of substitution when R = NO2.  Justify 
 


your choice using resonance structures for the reaction intermediate.











(4 marks)

(b)
Provide a detailed mechanism for the Aldol reaction of propanal under basic 
 
conditions (NaOH). 
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(4 marks)

EQUATION LIST
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pi = piO xi
pTotal =  pi





[i ] = KH pi
pi = (%i / 100) patm




%i = ppmvi x 10-4
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h =  6.63 x 10-34 J s-1
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

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

Spectrsoscopy 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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