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Section A: This section contains ONE COMPUL SORY gquestion

Question 1 (Compulsory -30 marks)
a) Briefly explain each of the following terms: (7 marks)
i.  Coordination complex
ii. A ligand
iii.  Coordination number
iv. Effective atomic number
V. Energy of stabilization by the crystal field

vi.  Spectrochemical series of ligands
vii.  An electronic state
b) Name each of the following complexes: (4marks)
i Ca[Fe(CN)]
ii.  [Fe(H,0)6]SO,
ii.  [Ni(DMG),]
iv.  Ky[Pt(OH)sCI]
c) Write the formula and the structure of each of the following complexes: (4 marks)

i.  Octaammine-p-amino-p-nitrodicobalt(l11) nitrate
ii.  Ammonium hexathiocyanato-N-chromate(l11)
d) Sketch the shapes of each of the following orbitals: (3 marks)
i dxy?
ii. dxy
jii.  dZ?
e) Show that the energy difference or field splitting (4,) from hypothetical complex in a perfect
spherical ligand field to €g orbitals (i.e. Eg) is +0.6A and to t,g (i.e. Eyy) is 0.44,. (4 marks)
f)  Briefly discuss the importance of complexes in biological systems (5 marks)
g) The instability constant of [Ag(CN),] ion is 10", Calculate the concentration of silver ions in
0.05 M solution of K[Ag(CN),] also containing 0.01 M potassium cyanide, KCN.
(3 marks)

Section B: This section contains FOUR questions. Answer ONLY TWO
questions.

Question 2 (Optional, 20 marks)
a) Explain the main short-comings of valency bond theory in explaining formation of
coordination compounds. (7 marks)
b) Briefly discuss different types of isomerism depicted by coordination compounds.
(13 marks)

Question 3 (Optional, 20 marks)
a. Therewas atendency to divide complexesinto Werner-type complexes and the metal organics.
i. Explain what is meant by each of the following terms:

I.  Werner-Type complexes (1 mark)
Il.  Metalloorganic complexes (1 mark)
ii. Outline methods used in classification of complexes. (10 marks)
b. Briefly discuss the factors that influence the formation of high spin complexes according
to the crystd field theory, CFT. (8 marks)
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Question 4 (Optional, 20 marks)

a)

The electronic spectrum of [V(H,0)¢]*" which has a d* configuration, shows two absorption
peaks at 17800 cm™ and at 25700 cm™. Using the d* Tanabe-Sugano diagram determine the
values of B and the splitting, Ao, and predict the position of the third absorption peak of the
complex. (10 marks)

b) With respect to the hexaammoniate complexes of CoClj, discuss the main features of

Bomstrands-Ergens theory of coordination complexes. (10 marks)

Question 5 (Optional, 20 marks)

a)

Briefly explain the high tendency of transition metals to form coordination complexes.
(4 marks)

b) Silver (l) nitrate precipitates the entire chloride as silver (I) chloride from a solution of a

complex PtCl,.6NH3 but only a quarter of the chlorides are precipitated from a solution of
the complex PtCl,.5NH;. (4 marks)
i Write the coordination formula of these salts and determine the coordination
number of Pt in each of them. (4 marks)
ii. Determine the oxidation state of the complexing agent in both complexes.
(4 marks)
Outline important selection rules in coupling electronic states according to the Russell-
Saunders Coupling scheme. (4 marks)
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LIST OF CHEMICAL ELEMENTS

Element Symbol Atomic  Atomic Element Symbol Atomic  Atomic

no. weight no. welght
Actinium Ac 89 (227) Mercury Hg 80 200.59
Aluminium Al 13 26.981 539 Molybdenum Mo 42 95.94
Americium Am 95 (243) Neodymium Nd 60 14424
Antimony Sb 51 121.75 Neon Ne 10 2001797
Argon Ar 18 39.948 Neptunium Np 93 (237)
Arsenic As 33 74.921 59 Nickel Ni 28 58.69
Astatine Al 85 (210) Niobium Nb 41 92906 38
Barium Ba 56 137.327 Nitrogen N 7 14.006 74
Berkelium Bk 97 (247) Nobelium No 102 (255)
Beryllium Be 4 9.012182 Osmium Os 76 190.2
Bismuih Bi 83 208.980 37 Oxygen (0] 8 15.9994
Boron B 5 10.811 Palladium Pd 46 106.42
Bromine Br 35 79.904 Phosphorus P 15 30.973 762
Cadmium Cd 48 112411 Platinum Pt 78 195.08
Caesium Cs 55 13290543 Plulonium Pu 94 (244)
Calcium Ca 20 40.078 Polonium Po 84 (209)
Californium Cf 98 {251) Potassium K 19 390983
Carbon C 6 12.011 Praseodymium Pr 59 140.907 65
Cerium Ce 58 140115 Promethium Pm 61 (145)
Chlorine Cl 17 354527 Protactinium Pa 91 231035
Chromium Cr 24 51.996 1 Radium Ra 88 2260254
Cobait Co 27 5893320 Radon Rn 86 (222)
Copper Cu 29 63.546 Rhenium Re 75 186.207
Curium Cm 96 (247) Rhodium Rh 45 102.905 50
Dysprosium Dy 66 162.50 Rubidium Rb 37 854678
Einsteinium Es 99 {254) Ruthenium Ru 44 101.07
Erbium Er 68 167.26 Samarium Sm 62 150.36
Europium Eu 63 151.965 Scandium Sc 21 44955910
Fermium Fm 100 (257) Selenium Se 34 78.96
Fluorine F 9 18.9984032 Silicon Si i4 28.0855
Francium Fr 87 (223) Silver Ag 47 107.8682
Gadolinium Gd 64 157.25 Sodium Na 11 22,989 768
Gallium Ga 31 69.723 Strontium Sr 38 87.62
Germanium Ge 32 7261 Suiphur ] 16 32.066
Gold Au 79 196.966 54 Tantalum Ta 73 180.9479
Hafnium Hf 72 178.49 Technetium Tc 43 (97)
Helium He 2 4.002 602 Tellurium Te 52 127.60
Holmium Ho 67 16493032 Terbium Th 65 158925134
Hydrogen H 1 1.00794 Thallium Tl 81 204.383 3
lodine 1 53 126.904 47 Thulium Tm 69 168.934 21
Indium In 49 114.82 Thorium Th 90 232038 1
Iridium Ir 77 192.22 Tin Sn 50 118.710
Iron Fe 26 55.847 Titanium Ti 22 4788
Krypton Kr 36 8380 Tungsten w 74 183.85
Lamhanum La 57 138.9055 Uranium u 92 2380289
Lawrencium Lr 103 {260) Vanadium v 23 509415
Lead Pb 82 207.2 Xenon Xe 54 131.29
Lithium Li 3 6.941 Ytterbium Yb 70 173.04
Lutetium Lu 71 174.967 Ytirium Y 39 38.905 85
Magnesium Mg 12 24.3050 Zinc Zn 30 6538
Manganese Mn 25 54.93805 Zirconium Zr 40 91.224
Mendelevium Md 101 (2581
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