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INSTRUCTIONS:
1. Question ONE is COMPULSORY (Section A) (30 mks)
2. Answer ANY other TWO questions from Section B (each 20 marks)
3. A periodic table is attached at the last page

SECTION A (COMPULSORY)

QUESTION ONE (30 MARKYS)
a) Write the formulas of the following coordination compounds (3 marks)
1) Potassium hexacyanoferrate (III)
1i) Pentaaquathiocyanatoiron (IlI)sulfate
iii)  Tetraamineaquachlorocobalt (IIl)chloride

b) Explain why Cu (3d'° 4s!), Ag (4d'° 5s') and Au (5d!° 6s') are considered transition

elements yet they have fully filled d-orbitals. (3 marks)

C) Discuss two roles of coordination compounds in biological systems (4 marks)
d) Explain why [Fe(CN)¢]* and [Fe(H,0)¢]** have different colours in dilute solutions

(3 marks)

e) Show whether HMn(CO)5 obeys 18 electron rule given that the neutral atom electron count

for constituent atoms are, Mn=7, CO=2 and H=1 (2 marks)
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g)

h)

1)

[Mn(H,0)¢]*" is a low spin complex. Explain using suitable diagrams (4 marks)

Calculate the oxidation number of the transition metal in the following co-ordination

compounds
i.  [Cr(NH3)3Cl3] (1 mark)
ii. K3;[Fe(CN)g] (1 mark)
iii.  [CoBra(en)2]* (1 mark)
Draw two geometrical isomers of diaminetetracyanoiron (III) (2 marks)

Explain why [Cr(NH3)]*" is paramagnetic while [Ni(CN),]* is diamagnetic. (4 marks)
Explain why Fe’* is stable given that Fe=3d® 4s> (2 marks)

SECTION B: ANSWER ANY TWO QUESTIONS

QUESTION TWO (20 MARKS)

a) Explain bonding in coordination compounds in terms of Werner’s postulates (4 marks)

b) Define the following terms and give a suitable example for each
1) Coordination sphere (2 marks)
1i) Ligand (2 marks)
1ii) Coordination number (2 marks)

c) A metal complex having composition [Cr(NH;3)4Cl2|Br has been isolated in two forms A
and B. A reacts with silver nitrate producing a white precipitate which is soluble in dilute
ammonia solution. B reacts with silver nitrate producing a pale-yellow precipitate soluble
in concentrated ammonia solution. Identify A and B using relevant equations (4 marks)
Hint: maintain Cr(NH3)4 as the backbone.

d) Hexaaquamanganese (II) ion contains five unpaired electrons, while hexacyanomanganese

(IT) ion contains only one unpaired electron. Using suitable diagrams, explain this

phenomenon using crystal field theory (6 marks)

QUESTION THREE (20 MARKS)

a)

b)

Write the systematic name of following:

i) [Pt(NHs)4Cl(NO,)]SO, (2 marks)
i) Nasz[FeCl(CN)s] (2 marks)
lll) [CT'(NH3)4_(H2 0)2]Cl3 (2 markS)

Explain using suitable diagrams why [Co(NH3)s]** is an inner orbital complex whereas

[Ni(NH3)6]** is an outer orbital complex (6 marks)
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c) Draw two solvate isomers of chromium (III) chloride hexahydrate and give their systematic

names (4 marks)
d) Discuss the effect of lanthanide contraction on physical and chemical properties of
transition metals (4 marks)

QUESTION FOUR (20 MARKS)

a) Contrast the magnetic nature of [NiCl4]*" and [Ni(CO)4]* in their tetrahedral structure
(5 marks)
b) Using a suitable example, show how geometric isomerism can affect the usefulness of a
coordination compound. (4 marks)
C) Using crystal field theory explain why [Ti(H,0)4]? is violet octahedral complex
(5 marks)
d) Briefly describe three methods of synthesizing organometallic compounds (6 marks)

QUESTION FIVE (20 MARKS)

a) Given the coordination compound [Ni(H,0)¢] **, use the valence bond theory to;
1) Determine the oxidation state of the central metal atom (2 marks)
i1) Identify the magnetic nature of the complex (2 marks)
1i1) Identify the hybridization state of the central atom (2 marks)
iv) Identify the geometry of the complex (1 mark)

Hint: Ammonia is a strong field ligand. Use of diagrams is highly encouraged where

possible.
b) 1) What is meant by stability of coordination compounds in solution? (1 mark)
ii) Discuss three factors that affect stability of coordination complex (6 marks)
c) Analyse the complex below and identify whether they are coloured or not (6 marks)

i) [Co(NH3)6]**
ii) [Fe(CN)6]*
ii) [Ni(CN)4)*
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The Periodic Table of the Elements

1 2
H He
Hydogn Heluss
1.00794 4.003
3 4 5 6 7 8 9 10
Li | Be B C N O F Ne
Lithism Bery lius Boros Carton Nirogen Owygen Flueme Neon
6941 9.012182 10.811 12.0107 | 14.00674 | 15.9904 [18.9984032| 20.1797
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl | Ar
Sodum Migroos: Aluninen Siliccn Phonphors Sedfar Chlarise Argon
22089770 24.3050 26.981538| 28.0855 |30073761| 32066 | 354527 | 39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K | Ca | Sc Ti v Cr | Mn | Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se | Br | Kr
Potsssen Calciem Scandam Tiasiam Vaasdion | Cwomism | Masgsaese ma Coba Nicked Copper Zise Gallism Garmanien Asseric Selcamn Reaure Keypton
30.0983 | 20078 |44.055010| 47.867 | 509415 | 510061 |54938049| 55845 |58.933200| 586934 | 63.546 65.39 69.723 72.61 7492160 | 7896 79.904 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo | Tc | Ru [ Rh | Pd | Ag | Cd | In Sn | Sb | Te I Xe
Rabadam Stroatiun Yitrias Zarcosiam Niobsam Molybdesum | Technstion Ruheniuse Rbodiem Palladam Silver Calmum Iadism Tin Ascanany Tellarium lodme Xenca
85.4678 87.62 | 8890585 | 91.224 | 9200638 | 9594 (©8) 101.07 [102.90550| 10642 | 107.8682 | 112411 | 114818 | 118.710 | 121.760 127.60 |126.90447] 131.29
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba | La | Hf | Ta | W | Re | Os Ir Pt | Au | Hg | Tl | Pb Bi Po | At | Rn
Covium Barsas Lantarum Hafaiues Tastadum Tungien Rhenuam Ongzzam Tridiass Plasun Gold Mercary Thallaes Lead Brenuth Polossm Astacone Radoan
132.00545] 137327 | 1380055 | 178.49 | 1800470 | 183.84 186.207 | 19023 192217 | 195.078 |196.96655| 200.59 | 204.3833 2072 ]208.98038] (209) 210) (222)
87 88 89 104 | 105 106 | 107 [ 108 | 109 | 110 | 111 112 113 114
Fr | Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt
Frascium Radian Atz Dubesam Seaborgian Bohrum Lo Matnersss
(223) 226) Q27 Q61 (262) (263) (262) (265) (266) 269) 272) (eXl)
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr | Nd ([Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
Cerium P N P Samasas Europaam Gadoliwam Terbium Dysprosiem Holez s Erbiam Thulism Yeetbiun Latesam
140.116 [140.00765| 14424 (145) 150.36 151,964 | 15725 |158.92534| 162.50 |164.93032| 167.26 |168.93421| 173.04 174967
90 91 92 93 94 95 96 97 98 99 100 | 101 102 | 103
Th | Pa U | Np|Pu|Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
Thorium Protactinism Urasiam Nept P Curum Berkeliom Californiam | Eisstcmius Fermium Mendelevam Nobelium Lawrencium
232.0381 |231.03588| 238.0289 (237) (234) (243) (247) (237) (251) (252) (257) (258) (259) (262)
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