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SECTION A

MULTIPLE CHOICE QUESTIONS (EACH QUESTION IS WORTH ONE (1) MARK). ANSWER ALL QUESTIONS - CIRCLE THE MOST CORRECT ANSWER ON THE MULTICHOICE SCANNER SHEET. 

1. Indicate the type of crystal (covalent-molecular, metallic, covalent-network, or ionic) each of the following would form upon solidification: O2, Mo, SiC :

	(a) 
(b) 
(c) 
(d) 
(e)
	O2 -- covalent-network; Mo -- metallic; SiC -- ionic 
O2 -- covalent-molecular; Mo -- metallic; SiC -- covalent-network 
O2 -- covalent-molecular; Mo -- ionic; SiC -- ionic 
O2 -- covalent-molecular; Mo -- metallic; SiC -- ionic 
O2 -- covalent-network; Mo -- metallic; SiC -- covalent-network


2.  What type of colloid is mayonnaise?

	(a) 
(b) 
(c) 
(d) 
(e)
	solid foam 
foam 
aerosol 
sol 
emulsion


3.  Which of the following oxides is most acidic?


	(a) 
(b) 
(c) 
(d) 
	CO2 
CaO 
Al2O3 
Li2O


4.  How many d electrons are associated with the central metal ion in the following complex?
VO2 




	(a) 
(b) 
(c) 
(d) 
(e)
	1 
2 
3 
4 
5 


5.  What are the geometries of the following two complexes? 

(i) [AlCl4]- 

(ii) [Ag(NH3)2]+
	(a) 
(b) 
(c) 
(d) 
(e)
	tetrahedral, linear 
trigonal pyramidal, bent 
tetrahedral, bent 
trigonal pyramidal, linear 
octahedral, tetrahedral


6.  Provide a systematic name for the following compound: K2[Cr(CN)5CO].

	(a) 
(b) 
(c) 
(d) 
(e)
	potassium carbonylpentacyanochromium(III) 
dipotassium carbonatopentacyanochromate(III) 
dipotassium chromium cyanidocarbonyl 
potassium chromiumcyanidocarbonate 
potassium carbonylpentacyanochromate(III)


7.  Alloys generally differ from compounds in that

	(a) 
(b) 
(c)
 
(d) 
(e)
	alloys always contain some carbon. 
alloys always contain some iron. 
the atomic ratios of the constituent elements in alloys are not fixed and may vary 
  over a wide range. 
alloys always have semiconductor properties. 
alloys never contain a transition element.


8.  Copper of high purity is obtained from
	(a) 
(b) 
(c) 
(d) 
(e)
	blistering. 
roasting. 
oxidation. 
flotation. 
electrolysis


9.   A substance that expands to fill its container yet has a density approaching that of a 
     liquid, and that can behave as a solvent is called a(n) __________.

	(a) 
(b) 
(c) 
(d) 
(e)
	plasma 
gas 
liquid 
amorphous solid 
supercritical fluid


10.  For an electron in an atom with principle quantum number n = 4, how many values of l 
      are possible?
	(a) 
(b) 
(c) 
(d) 
(e)
	1 
2 
4 
3 
5


11.  Of the following regions of the electromagnetic spectrum, which one has the shortest 
      wavelength?

	(a) 
(b) 
(c) 
(d) 
(e)
	microwaves 
infrared
gamma rays 
ultraviolet 
radio waves 


12.  A hetero atom is

	(a) 
(b) 
(c) 
(d) 
(e)
	any atom with an odd atomic number. 
any atom other than carbon. 
any atom with an even atomic number. 
any atom other than hydrogen. 
always a nitrogen atom.


13.  According to molecular orbital theory, predict the bond order for H2-.
	(a) 
(b) 
(c) 
(d) 
(e)
	0.5 
1.5 
1 
2 
2.5


14.  Glucose contains both
	(a) 
(b) 
(c) 
(d) 
	ester and aldehyde groups. 
hydroxyl and carboxylicacid. 
hydroxyl and aldehyde groups. 
ester and acid groups.


15.  Esters are formed from condensation reactions between

	(a) 
(b) 
(c) 
(d) 
	ethers and acids. 
alcohols and aldehydes. 
alcohols and acids. 
aldehydes and acids.


16.   What is the IUPAC name of the compound CH3CH2CH2CH(CH3)CH3?
	(a) 
(b) 
(c) 
(d) 
(e)
	2-methylpentane 
2-methylhexane 
4-methylpentane 
2-ethylbutane 
2-methylpentene


17.  In what region of an IR spectrum would you look for a C=C stretch?

	(a) 
(b) 
(c) 
(d) 
(e)
	3300 - 2700 cm-1 
1300 - 1000 cm-1 
1800 - 1600 cm-1 
2300 - 2000 cm-1 
1650 - 1600 cm-1


18.  Which of the following compounds is chiral?

	(a) 
(b) 
(c) 
(d) 
(e)
	dichloromethane 
difluoromethane 
chlorofluoromethane 
bromochlorofluoromethane 
dibromodichloromethane


19.  Which of the following compounds has the longest wavelength ((max) in the UV?

	(a) 
(b) 
(c) 
(d) 
(e)
	methylenecyclohexane 
1,2-dimethylcyclohexane 
3-methylcycloheptene
3-methylcyclohexene
1,3-cyclohexadiene


20.  Which substituent has the highest priority when attached to a double bond?

	(a) 
(b) 
(c) 
(d) 
(e)
	-CH2-F 
-CH2-OH 
-CH2-NH2 
-CH2-CH3 
-CH2-BH2


21.  How many signals does 2,2,4-trimethylpentane have in its 1H NMR spectrum?

	(a) 
(b) 
(c) 
(d) 
(e)
	2 
5 
3 
4 
6


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

	(a) 
(b) 
(c) 
(d) 
(e)
	3 
6 
4 
5 
7


23.  What would be the multiplicity in the 1H NMR spectrum of the methylene (CH2) group in 
      CH3CH2-C(=O)-CH(CH3)2?

	(a) 
(b) 
(c) 
(d) 
(e)
	a singlet 
a quartet 
a triplet 
a doublet 
a doublet of doublets


24.  Which of the following reagents is not a nucleophile?

	(a) 
(b) 
(c) 
(d) 
(e)
	hydroxide ion 
bromine atom 
bromide ion 
water 
methylamine


25.  Biopolymers and ___________ constitute the two major groups of polymers.
	(a) 
(b) 
(c) 
(d) 
	step-growth polymers 
synthetic polymers 
chain-growth polymers 
copolymers


26.  Which of the following alcohols will not be oxidized to a ketone?

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

(e)
	2-butanol 
1-butanol 
2-methyl-2-butanol 
2-pentanol 
both (b) and (c)


27.  Describe the reaction that occurs when methane is combined with fluorine in the 
      presence of light.

	(a) 
(b) 
(c) 
(d) 
(e)
	a slow exothermic reaction 
a fast endothermic reaction 
no reaction 
a slow endothermic reaction 
an explosive exothermic reaction


28.  Which is the IUPAC name of isoprene?

	(a) 
(b) 
(c) 
(d) 
(e)
	2-methyl-1,2-butadiene 
3-methyl-1,2-butadiene 
2-methyl-1,3-butadiene 
3-methyl-1,3-butadiene 
1,3-pentadiene


29.  1-chloro-3-iodobenzene is also referred to as what?

	(a) 
(b) 
(c) 
(d) 
(e)
	meta-iodochlorobenzene 
meta-chloroiodobenzene 
ortho-iodochlorobenzene 
ortho-chloroiodobenzene 
para-chloroiodobenzene


30.  How does a change to a more polar solvent affect the reaction coordinate diagram for 
      the SN1 reaction of an alkyl halide?
	(a) 

(b) 

(c) 

(d) 
(e)
	The energy of the reactant is decreased more than is the energy of the transition state for the first step. 
The energies of the reactant and the transition state for the first step are increased by the same amount. 
The energies of the reactant and the transition state for the first step are decreased by the same amount. 
The energies of the reactant and the transition state for the first step are unchanged. 
The energy of the transition state for the first step is decreased more than is the energy of the reactant.


31.  What nucleophile must an haloalkane react with if an ether is the desired product of an      
      SN2 reaction?

	(a) 
(b) 
(c) 
(d) 
(e)
	HO- 
RS- 
RO- 
HS- 
NH3


32.  The rate of ester hydrolysis can be increased by

	(a) 
(b) 
(c) 
(d) 
(e)
	decreasing the temperature of the reaction solution. 
making the solution less acidic. 
making the solution less basic. 
both (a) and (b). 
making the solution more acidic.


SECTION B

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

ANSWER EACH OF THE EIGHT (8) QUESTIONS. 

Question 1
(a) 
Group 1A oxides are basic while oxides of some members of Group 4A produce acidic solutions.

(  
Explain why the Group 1A oxides are basic and why several of the Group 
 

4A oxides are acidic using an example (with chemical equation) from each 
 

Group to illustrate your answer.

(  
What is an amphoteric oxide? 












(4 marks)


(b)
Define the term organometallic compound.
 
(  
Give an example of a Group 2A organometallic compound.   










(2 marks)

Question 2
 (a)
Coordination chemistry is an important area of inorganic chemistry.

 

(
How does a transition metal coordination complex such as [Pt(en)2Br2]  
 


behave differently in solution to an alkaline earth compound such as 
 


MgBr2?

 

(
How many donor atoms does [Pt(en)2Br2] have?

(  

What is the oxidation sate for the metal in [Pt(en)2Br2]?

(  

Is the chelation effect operative in [Pt(en)2Br2] - explain your answer?

                         (N.B.  en = NH2CH2CH2NH2)









(4 marks)




(b)
 Give systematic names for the following compounds:

(  

K3[RhCl6]



(  
[Pt(en)NH3Cl]Br










(2 marks)

(c)
For the following complex identify and draw 2 different types of isomers if they exist :
 
(  
[Fe(H2O)5(NO2)]Cl

 








(3 marks)

Question 3






(a) 
Real gases behave somewhat differently to ideal gases under conditions of high pressure and 
 
low temperature and many have an appreciable solubility in water.

(  
The van der Waals forces are responsible for the deviations from ideality, list these forces and explain their significance with respect to 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?














(3 marks)

(c)
Draw a phase diagram for CO2 illustrating the position of the critical point, the triple 
 
point.  Illustrate on your diagram where sublimation and melting will occur.








(3 marks)

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

(  
solid suspension

(  
lyophobic colloid

(  
Tyndall effect.








(3 marks)


(b) 
(i)
Briefly describe the metallurgical processes involved in the reduction of Fe2O3 
 

(haematite ore) to form iron metal.  

 
(ii)
Several alloys are made using iron metal.  Give examples and define each of the 
 

following:
 

(  
interstitial alloy



(  
heterogenous alloy

 









(4 marks)

(c) 
Quantum mechanics governs the laws of electron motion in atoms and molecules.


(  
Define the angular quantum number as it applies to the electronic 
 

structure of the atom. 

·  
Give a reasonable set of values for the quantum numbers which are 
 
required to define the energy of a 4px electron.

 
(  
Draw a molecular orbital diagram for the diatomic molecule He2 2+ 


(  
Is He2 2+ likely to be a stable molecule? -  justify your answer. 








(4 marks)



Question 5
(a)
A clear organic liquid gave the following microanalytical results:

C 71.95 % 
H 12.08 %


In an IR spectrum of the sample strong bands were found at 2980 and 1735 cm-1.  
A mass spectrum of the compound displayed a molecular ion at m/z  100.   

1H NMR   (:
2.42 (t, 2H), 2.11 (s, 3H), 1.56 (m, 2H), 1.29 (m, 2H), 0.80 (t, 3H)
 13C NMR (:
209.5, 43.4, 29.8, 26.1, 22.6, 13.7
No reaction was observed on addition of a small quantity of Tollen's reagent to the sample. 
(    
Give the molecular formula, a condensed formula and IUPAC name for 
 

this compound.  

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

information provided above. 

(    
How could you purify a sample of this compound which was contaminated 
 

with a brown organic liquid. 











(6 marks)


(b) 
(i)
Is the following organic molecule an alkaloid or a steroid? Justify your decision.  

[image: image1.wmf]JAMES COOK UNIVERSITY
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(ii)
What is a copolymer, provide an example to illustrate your answer.









(3 marks)

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

(  
carbanion nucleophile



(  
heterolytic bond cleavage











(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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(4 marks)

Question 7
(a)
The bromination of ethane 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.










(4 marks)

(b)
The reaction between 1-butyne and excess Cl2 proceeds to generate a chloroalkane product.   

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










(4 marks)

Question 8
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(a)
The Friedyl Crafts alkylation of phenol shown below illustrates a typical reaction of 
 aromatic compounds with electrophilic reagents. 



(  
Explain why substitution occurs at the ortho and para positions rather 
 


than the meta position and provide a detailed mechanism for the reaction.











(4 marks)

(b)
Provide a detailed mechanism for the Grignard reaction between 2-propanone (acetone) and methylmagnesium chloride.  

(  
Name and draw a skeletal structure of the organic product.
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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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