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Question One 

a) Give the IUP AC name for each of the following: 

i) 
ii) 
iii) 
iv) 

K3[Co(N02)6] 
[Cr(enh] [Cr(Ox)3] 
[C13~(~-Cl)3~C13](C104)3 
~(CH2CH3)6 

[8) 

b) Give the formula of each of the following: 

i) 
ii) 

Sodium pentacyanonitrosylferrate(II) dihydrate 
Potassium pentachloronitroosmate(IV) 

iii) 	 Tetraammineaquacobalt(III)-~-cyanobromotetracyanocobaltate(III) 

[6) 

c) 	 State the type ofisomerism that may be exhibited by the following complexes, 
and draw structures of the isomers: 

i) [Pt(en)2Ch]2+ 
ii) Pd(bpy)(NCS)2 

[11] 

Question Two 

a) 	 Using hard-soft concepts, which of the following reactions are 
predicted to have an equilibrium constant greater than I? Briefly 
explain each ofyour answers. 

i) 	 ZnO + 2BuLi +=t Zn(Bu)2 + LhO 

iv) 	 [AgChr + 2CN-(aq) ;::: [Ag(CN)2r + 2Cr 
[8] 

b) 	 The value of ~eff for [COF6]3- is found to be 5.63 BM. Given that the complex 
contains a d6 Co(UI) metal center, explain why this value does not agree with 
the value of magnetic moment calculated from the spin-only formula. 

[6] 
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c) Explain why under the influence of an octahedral field, the energies of the d 
orbitals are raised or lowered. With respect to what are orbital energies raised 

or lowered? [7] 

d) 	 What is the expected ordering of Ao for [Fe(OH2)6]2+, [Fe(CN)6]3- and 

[Fe(CN)6t-? Rationalize your answer. [4] 


Question Three 

a) 	 Using only ethylenediamine (en:: H2NCH2CH2NH2) and bromide ions 
as ligands, construct a cationic octahedral complex of cobalt(III). Your 
complex cation should have + 1 charge and it should be chiral. Draw a 
three-dimensional structure for this complex together with its mirror 
image. Then draw the structure of the diastereoisomer of the 
enantiomers you have drawn. 

[9] 
b) Consider the salt [Co(bpyh(CN)2t[Fe(bpy)(CN)4r. 

i) Give formulas for compounds that are coordination isomers of 
the salt 

ii) Draw two geometrical isomers arising from only one of the 
ions 

iii) Draw two enantiomers arising from only one of the ions 
[16] 

Question Four 

a) 	 Consider a substitution reaction involving a coordination complex 
MLsX and an entering group Y: 

MLsX+Y;:::t MLsY+X 
The limiting mechanisms are the dissociative mechanism (D) and the 
associative mechanism (A). For each of the two limiting mechanisms, 
sketch a labelled diagram depicting the reaction profile. In each case, 
the labelled parts should include activation energy, intermediate(s) and 
activated complex(es). 

[9] 
b) 	 For a substitution r~action shown below, the rate of reaction is found 

to be first order in each of the two starting materials. Suggest a 
mechanism for the reaction. 

Co(NO)(CO)3 + As(C6H5)3 ;:::t Co(NO)(CO)2(As(C6Hs)3) + CO 
[4] 

c) 	 Using the concept of the trans-effect, predict the products (including 
structures) of the following reactions: 

i) PtCIl- + N02' ~ A 

A+NH3~B 


ii) [PtCh(NH3)r ~ C 

C+N02-~D 


iii) [ptC14r + NH3 ~E 

E+NH3 ~F 


[12] 
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Question Five 

a) 	 Consider adding an aqueous solution ofammonia to an aqueous 
solution of copper(II) sulphate. Initially, a pale blue precipitate is 
formed. Upon adding excess ammonia solution, the precipitate 
dissolves resulting in the formation of a deep blue solution. Use 
suitable equations to explain the above observations. 

[5] 
b) 	 The electronic spectnun [CO(HZO)6f+ exhibits bands at 8100, 16000 

and 19400 cm"I. 

i) 	 Assuming the complex has a high-spin electronic ground state, 
assign electronic transitions to these bands (listed above) 

ii) 	 Consider a cobalt(II) complex [CO(CN)6t. Comment on the 
nature of the ground state and the spin-allowed transitions 
expected 

[14] 

d) 	 Complete and balance the following reactions: 

i) 	 Cr+Ch ... 

...ii) 	 Mo+Ch 

iii) 	 Cr+02 ... 

...iv) 	 Mo+02 
[6] 

Question Six 

a) 	 With the help of the flow-chart (decision tree) which is provided, determine 
the point group for each of the following: 

i) 	 Cis-[PtClzBrI]z­

ii) 	 SFsCI 

iii) 	 trans-Co(Br)(CI)(NH3)4 
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iv) d"y orbital (whose shape is sketched below) 

[12] 

b) Determine the symmetries of M-Cl stretching modes for the six­
coordinate complex [MCl5(O)] (which has C4v point group). Which 
of the modes are IR active? Which ones are Raman active? 

[13] 
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The Periodic Table 
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57 68 59 60 61 82 63 64 65 66 67 68 69 70 71 
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Useful relations 

At 298.15 K. RT = 2.4190 kJ mol-I and RT/F =25.693 mV 

1 atm = 101.325 kPa = 160 Torr (exactly) 

1 bar = lOS Pa 

1 eV =1.602 18 x 10-19 J =96.485 kJ mol- I =8065.5 em-~ 

1 em-I =1.986 x 10-23 J =11.96 J mol-' = 0.1240 meV 

1 cal =4.184 J [exactly) 

1 D (debye) =3.335 64 x 10-30 C m 

1 T = 10" G 

1A(imgstrom) =100 pm 

1 M = 1 mol dm-3 

General data and fundamental constants 

Quantity Symbol Value 

Speed of light c 2.997925 x lOS m S-I*' Elementary charge e 1.602 177 x 10- 19 C.. 
Faraday constant F=eNA 9.6485 x 104 C mol-I 

Boltzmann constant k 1.38066 x 10-23 J K-1 

8.6174 x 10-5 eV K-1 

.- Gas constant R=kNA 8.31451 J K-I mol- 1 

8.205 78 x 10-2 dm3 atm K-1 mol-I 

• PlancK constant h 6.626 08 x 10-34 J s 
n= h/2TC 1.054 57 x 10-34 J S 

"#: Avogadro constant NA 6.022 14 x 1()23 mol-' 

Atomic mass unit u 1.660 54 x 10-27 kg

* Mass of electron m. . 9.109 39 x 10-31 kg 


flo Vacuum permittivity 80 8.854 19 x 10-12 r' C2 m-' 

4TC6c 1.11265 x 10-10 J- I C2 m-1 


Bohr magneton ""8 =eli/2m. 9.27402 x 10-24 J T-I 


Ii Bohr radius ao =411:801i2/m.tIl 5.29177 x 10-11 m*Rydberg constant R<Xl -- mee4/8Jrl~ 1.09737 x UP em-I ='.027J)x 107 m-' 

Prefixes 

f p n m c d k M G
'" 

femto pica nano micro milli centi deci kilo mega giga 
10-15 10- 12 10-9 10-6 10-3 10-2 10-1 103 106 109 
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APPENDICES 

4. The CliP Groups 
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6. The D""Groups 
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