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QUESTION 1 Physical Techniques [10 marks]

Examine the UV-VIS spectrum given below for a 8.8 x 10> M Cu(ll) complex in CH2Cls. Solutions of
the complex appear brown in colour and the intense bands seen arise from ligand-based 7 — n*
transitions. A 1 cm cuvette was used for the measurement.

(a) Explain how the T — ©t* transitions occur.

(b) What part of the complex gives rise to these transitions (be specific)?

(c) Which absorption peaks are associated with the observed colour of the complex?

(d) Calculate the absorbance that corresponds to the peak at 292 nm.
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Answer: Question 1




Answer: Question 1 (continued...)




QUESTION 2 Atomic Structure [10 marks]

Draw pictures of the two d orbitals in the xy-plane as flat projections in the plane of the paper.
Label each drawing with the appropriate mathematical function and include a labelled pair of
Cartesian coordinates. Label the orbital lobes correctly with + and — signs.

Answer: Question 2




QUESTION 3 Molecular structure and Bonding [10 marks]
Draw the molecular orbital diagram for lithium fluoride. In doing so, calculate the orbital
differences to help you decide which orbitals interact.

Answer: Question 3




QUESTION 4 Structure of simple solids [10 marks]
Calculate the radius of the largest sphere that can be placed in a tetrahedral hole (void) without
pushing the spheres apart. (Draw a diagram to help you solve this problem)

Answer: Question 4




QUESTION 5 Acids and Bases [10 marks]
(a) Arrange the following species in order of increasing activity and explain your reasoning.
[Na(H20)e]*;  [Sc(H20)6]**;  [Mn(H20)e]**; and [Ni(H20)e]**

(b) Using Pauling’s rules, predict the pK; values for the following three species:
H3POg; H.PO4; HPO42_

Answer: Question 5




QUESTION 6 Oxidation and Reduction [10 marks]
(a) Use the Latimer diagram below to calculate the value of E °for the CIO,~ / Cl; couple in basic

aqueous solution.

“

ClO; —*—ClO; —**— ClO; —** - ClO~ ——=2 5 Cl, —*Cl-
+7 +5 +3 +1 0 -1

(b) Explain the difference between disproportionation and comproportionation.
(c) Examine the Latimer diagram for oxygen below. Determine if hydrogen peroxide will
disproportionate in acid solution. If so, will the process be spontaneous? (Demonstrate your

answer by a short calculation)

Acidic solution 0 0 -1 -2
—0.05 +1.44
HO, T
(+2.08) +0.695 +1.763
03 > 0, > H0, > H,0
‘ +1.14 +2.38
~— OH |-
+1.23

Answer: Question 6




QUESTION 7 Molecular Symmetry [10 marks]
Three projections of the cyclic structure of Sg are given below. All S-S bond distances are the same,
as are the S—S-S bond angles. To what point group does Ss belong?

(a) (c)

Answer: Question 7




QUESTION 8 Coordination Chemistry [10 marks]
(a) Name the following complexes

(i) [Cr(NHs)e](CN)3

(i) [Pt(OH2)a][Zn(ox)]

(b) Write the formulas for the following complexes:
(i) diaquadichloridopalladium(ll)
(ii) diamminetetra(thiocyanato-kN)cobaltate(lll)

(c) Two types of isomerism are possible for the six-coordinate complex Cr(NO;), e 6 H,0.
Identify all possible isomers and give one example for each isomer identified .

Answer: Question 8
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QUESTION 9 Catalysis [10 marks]
Examine the catalytic process below and answer the questions that follow:
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(a) Identify the catalyst in the process by placing a circle around the letter that identifies it.
(b) Draw the full structure for the PPhs ligand.

(c) Describe the geometry of the PPhs ligand and explain how it can bond to the Rh centre.
(d) Does the Rh metal have a change in oxidation state during this reaction cycle?

(e) Identify the point group of the Rh metal in species E.

Answer: Question 9
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Answer: Question 9 (continued...)
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QUESTION 10 First year concepts [10 marks]
(a) The pH of 0.145 M acetic acid is 2.80. Calculate the K, and the pKj, values for acetic acid.

(b) Calculate the equilibrium concentration of H30* in a 0.10 M solution of butanoic acid (Ks =
1.86 x 107°). From this calculate the pH of this solution.

Answer: Question 10
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TABLE 5.2 Orbital Potential Energies

Orbital Potential Energy (eV)

Atomic Number Element 2p 3s
1 H —13.61
2 He —24.59
3 Li —539
4 Be —9.32
5 B —14.05 —8.30
6 C —19.43 —10.66
7 N —25.56 —13.18
8 O —32.38 —15.85
9 F —40.17 —18.65
10 Ne —48.47 —21.59
11 Na —5.14
12 Mg —17.65
13 Al —11.32 —5.98
14 Si —15.89 —1.78
15 P —18.84 —9.63
16 —22.1 —11.62
17 Cl -25.23 —13.67
18 Ar —29.24 —15.82
19 K —4.34
20 Ca —6.11
30 Zn —9.39
31 Ga —12.61 —5.93
i2 Ge —16.05 —7.54
i3 As —18.94 —9.17
34 Se —21.37 —10.82
35 Br —24.37 —12.49
36 Kr —27.51 —14.22

J.B. Mann, T. L. Meek, L. C. Allen, J. Am. Chem. Soc, 2000, 122, 2T8D.
All energies are negative, representing average attractive potentials between the electrons and the nuclews for all terms of the specified orbitals.

Additional orbital potential energy values are available in the online Appendix B-9.
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