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Part A. Answer all twelve questions with a few sentences or equations (5 marks each).
1. 
[5] Will the reaction CS2(g) + 3 O2(g) → CO2(g) + 2 SO2(g) be spontaneous at high or low temperature? Why?


For this reaction, (H < 0 (since it is a combustion reaction) and (S < 0 (since the number of moles of gas decreases). Thus, (G (=(H –T(S) becomes more positive at higher temperatures, so the reaction is spontaneous only at lower temperatures.
2.
[5] For the reaction CO2(g)  → CO(g) + ½ O2(g), a plot of 
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versus time yields a straight line. What is the order of this reaction?

This is a second order reaction.
3.
[5] For the reaction HF(aq) + H2O(l) Ý H3O+(aq) + F((aq) at equilibrium, will the equilibrium shift left, right or not at all when some more water is added? Why?

For this reaction, the reaction quotient is 
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, which does not involve water. However, adding water will dilute all three species in this expression by the same amount, and since there are two of them in the numerator, Q will decrease. The equilibrium will therefore shift to the right so as to increase Q, until Q = Keq again.
4.
[5] What is the conjugate acid of HPO42((aq)?

H2PO4((aq)
5.
[5] Why is HOBr(aq) a weaker acid than HOCl(aq)?

The Cl atom is more electronegative than the Br atom. The Cl atom therefore pulls the electrons in the O–H bond towards itself more, weakening the O–H bond and making this acid stronger.

6.
[5] Write the reduction reaction that accompanies the oxidation of a piece of iron in the environment.

O2(g) + 4 H+(aq) + 4 e(  → 2 H2O(l) (or O2(g) + 4 H3O+(aq) + 4 e(  → 6 H2O(l))
7.
[5] What functional groups must be on the monomers to make a polyamide such as Nylon?
Amide linkages are made from the reaction of carboxylic acids with amines.

8.
[5] Why does zinc (Zn) have only the 2+ oxidation state as an ion?

Zinc’s electronic configuration is …4s23d10. When a metal is oxidized, the s electrons are always lost. Losing both s electrons would leave Zn with the configuration …3d10, which is a filled 3d subshell, which is stable. Thus no further oxidation happens.

9.
[5] Which of Zn or Cd is more likely to be found in nature as a sulphide rather than an oxide? Why?

Cd is the larger atom, hence it is softer. The sulphide anion is softer than the oxide anion. According to HSAB theory, the two softer species react preferentially, in other words the Cd is likely to be found as the sulphide (CdS).

10.
[5] Energy is released in the combustion of a hydrocarbon. Why do we not observe a change in mass?

There is a change in mass according to ΔE = Δmc2, but since the energy change is small, the mass change is so small that we cannot easily measure it.

11.
[5] How does a catalyst increase the rate of a reaction?

A catalyst provides a different mechanism, which has a rate determining step that has a lower activation energy than the uncatalyzed reaction.

12.
[5] All spontaneous nuclear reactions proceed because energy is released. Why is energy released during alpha decay?

During alpha decay, the neutron:proton ratio increases, making the daughter nucleus more stable than the mother nucleus, hence energy is released.

Part B. Answer all three questions B1, B2 and B3 (20 marks each).

B1. 
(a) [5]  List five polymerizable functional groups.

Any five of: alkene, alcohol, aldehyde, carboxylic acid, amine, phosphate or thiol.


(b) [4] Name the four steps in radical polymerization.


- generate a radical initiator
- generate a carbon radical (“initiation”)
- propagate the carbon radical chain (“propagation”)
- terminate the chain (“termination”)


(c) [3]  What is a glycosidic linkage?


A glysosidic linkage is a bond between two sugar molecules.


(d) [3] What are the components of RNA?


Phosphate groups, a sugar and the four bases adenine, guanine, cytosine and uracil.

(e) [3]  Name three allotropes of carbon.

Any three of graphite, diamond, carbon nanotubes, nanobuds, fullerenes,…


(f) [2] Define the term “Lewis Acid.”


A Lewis acid is any species that accepts a pair of electrons. 

B2.
(a) Name the following coordination complexes:


[3] (i) Na2[Fe(CN)4] 

Sodium tetracyanoferrate(II)

[3] (ii) [Fe(H2O)6]Br3

Hexaaquoiron(III)bromide


(b) Write the formulas of the following coordination complexes:


[3] (i) Triamminebromochromium(III)chloride


[(NH3)3BrCr]Cl2

[3] (ii) Sodium chlorobis(ethylenediamine)iodoargentate(I)

Na[Ag(en)2ClI]

(c) [8] The spectrochemical series is: I- < Br- < Cl- < F- < OH- < H2O < NH3 < en < NO2- < CN- < CO. Explain why [Co(CN)6]3– is diamagnetic.


Co is …s2d7. In this complex, the Cr atom is at a 3+ oxidation state, so its configuration is …d6. The cyano ligand (CN() is near the top of the spectrochemical series, indicating that complexes involving it will have a large value of the crystal field splitting energy, Δ. Thus the six electrons will all reside in the three t2g orbitals level, i.e. all will be paired up, therefore it is diamagnetic.
B3. 
(a) Balance the following nuclear reactions by filling in the blanks:
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(b) Calculate how much energy (in kJ) could be produced by the fissioning of 10 g of 235U according to the reaction:  
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. The masses of the nuclei are (in amu):
235U: 235.0439; 1n: 1.00866; 137Te: 136.9254; 97Zr: 96.9110
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(E = (mc2


= 8.46 x 10-6 kg(3.00 x 108 m s-1)2

= 7.62 x 1011 J


= 7.62 x 108 kJ
Part C. Answer any three of the five questions C1 – C5. If you answer more than three, the best three will be used to calculate your mark (20 marks each).
C1. 
(a) Phosgene is a toxic gas prepared by the reaction of chlorine with carbon monoxide:
CO(g) + Cl2(g) ( COCl2(g)
The following data were obtained in a kinetic study of its formation:

	Trial
	Initial [CO], mol L-1
	Initial [Cl2], mol L-1
	Initial Rate, mol L-1 s-1

	1
	1.00
	0.100
	1.29

	2
	0.100
	0.100
	0.129

	3
	0.100
	1.00
	1.29

	4
	0.100
	0.0100
	0.0129



(i) Write the rate law for the formation of phosgene, including the correct orders for the two reactants.


Comparing experiments 1 and 2, we see that decreasing [CO] by a factor of 10 decreases the rate by a factor of 10. The reaction is therefore first order in [CO]. 


Comparing experiments 2 and 3, we see that increasing [Cl2] by a factor of 10 increases the rate by a factor of 10. The reaction is therefore first order in [Cl2] also.


The rate equation is therefore rate = k[CO][Cl2]


(ii) Calculate the value and units of the rate constant.

Rearranging the rate equation, 
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Using experiment 1 for data (we could use any of the four experiments), 
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, which has the appropriate units for a second order reaction.


(b) For the decomposition of nitrogen pentoxide according to: 2 N2O5(g) (  4 NO2(g) + O2(g), the rate constant is k = 2.8 x 10-3 s-1 at 60oC.


(i) What is the reaction order? How do you know?


The reaction is first order. We know this because of the units of the rate constant (s-1).


(ii) If the initial concentration of N2O5(g) is 1.58 mol L-1, what is its concentration after 5.00 minutes?


t = 5.00 minutes = 300 s. 
For this first order reaction, 
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C2.
At 298 K, Keq = 0.0900 for the reaction H2O(g) + Cl2O(g)  ∏ 2 HOCl(g). 

(a) Calculate the equilibrium partial pressure of each gas if initially pH2O = pCl2O = 100 Pa and pHOCl = 0. 

	
	H2O(g)
	Cl2O(g)
	HOCl(g)

	Initial, Pa
	100
	100
	0

	Change, Pa
	-x
	-x
	+2x

	Equilibrium, Pa
	100 - x
	100 - x
	2x


Thus, at equilibrium
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This happens to be a perfect square, so we can take the square root of both sides:
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Thus, pH2O = 100 – x = 87.0 Pa

pCl2 = 100 – x = 87.0 Pa

pHOCl = 2x = 26.0 Pa

(b) Calculate the standard free energy change of this reaction (kJ mol-1) at 298 K.
(Go = -RT ln(Keq)
  = -8.314 J K-1 mol-1 (298 K) ln(0.0900)

  = 5970 J mol-1
  = 5.97 kJ mol-1
C3.
Calculate the concentrations of all species present and the pH in a solution of 1.00 M sulfurous acid, H2SO3(aq). For this acid, Ka1 = 0.015 and Ka2 = 6.3 x 10-8.


The first dissociation is H2SO3(aq) + H2O(l) ∏ HSO3-(aq) + H3O+(aq)

For which 
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Thus we have for the initial, change and equilibrium concentrations:

	
	[H2SO3(aq)], M
	[HSO3- (aq)], M
	[H3O+(aq)], M

	Initial
	1.00
	0
	0

	Change
	-x
	+x
	+x

	Equilibrium
	1.00-x
	x
	X


And therefore at equilibrium, 
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Here, the acid is strong enough that we may not assume x<<1.00. Thus,

x2 = 0.015(1.00 – x)

x2 + 0.015 x – 0.015 = 0


[image: image19.wmf]13

.

0

or

115

.

0

2

245

.

0

015

.

)

1

(

2

)

015

.

)(

1

(

4

015

.

015

.

x

2

-

=

±

-

=

-

-

±

-

=


Thus, x = [H3O+(aq)] = [HSO3-(aq)] = 0.115 M

[H2SO3] = 1.00 – x = 0.885 M

pH = -log10[H3O+(aq)] = -log10(0.115) = 0.94

The second dissociation is HSO3-(aq) + H2O(l) ∏ SO3-2(aq) + H3O+(aq)

For which 
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But from the first dissociation, [H3O+(aq)] = [HSO3-(aq)], so [SO3-2(aq)] = Ka2 = 6.3 x 10-8 M

C4.
In the commercial production of aluminum metal, Al+3 is reduced to Al(s).


(a) If the reduction cell is operated at a current of 100,000 A, how long will it take (in hours) to produce 1000 kg of aluminum metal?


The reaction is Al+3 + 3 e- ( Al. It therefore requires three electrons per atom of Al produced, or 3 moles of electrons per mole of Al produced.


1000 kg Al = 106g/(27 g/mol) = 37037 mol Al


which will require 3 x 37037 mol electrons = 111111 mol electrons


The total charge q on this many electrons is q = nF = 111,111 mol e- x 96,487 C/mol e- = 1.07 x 1010 C


But, q = it, or t = q/i = 1.07 x 1010C/(100,000 C/s) = 1.07 x 105 s = 1787 min = 29.8 h


(b) Fuel cells for use hydrogen as the fuel and oxygen as the oxidant. Using the following data:



2 H+(aq) + 2 e( ( H2(g)


Eo = 0.000 V

O2(g) + 4 H+(aq) + 4 e( ( 2 H2O(l)
Eo = 1.229 V


(a) Write the balanced overall electrochemical reaction and calculate the standard cell potential.


O2(g) + 4 H+(aq) + 4 e- ( 2 H2O(l)

Eo = 1.229 V
2 H2(g) ( 4 H+(aq) + 4 e-


Eo = 0.000 V ______________________________________________
O2(g) + 2 H2(g) ( 2 H2O(l)


Eo = 1.229 V

(b) Calculate the cell potential at 50oC when 
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Thus,
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C5.
(a) For an octahedral complex of each of the following metal ions, draw a crystal field energy level diagram showing where the electrons are in the various d-orbitals. Where appropriate, show both the low- and high-spin configurations.

(a) Ti2+ (Column 4, two electrons) is d2; the low-field and high-field configurations are the same:
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(b) Mn2+ (Column 7, two electrons) is d5.

with high-spin when the splitting is small and low-spin when the splitting is large:
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(b) Use HSAB theory to complete the following reactions: Compounds with Lewis acid–base properties will undergo metathesis reactions if a transfer of bonding partners associates harder acids with harder bases.

(a) Al3+ is quite hard because of its +3 charge, and Cl– is softer than CH3–:

AlCl3 + 3 LiCH3 → Al(CH3)3 + 3 LiCl

(b) Sulphur is a Lewis acid and a Lewis base and forms an adduct with H2O, a Lewis base:

SO3 + H2O → H2SO4 (aq)
(c) S is harder than As, and F is harder than Cl, so there is no reaction.
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