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INSTRUCTIONS: 	 THERE ARE SIX (6) QUESTIONS. 
ANSWER ANY FOUR (4) QUESTIONS. 
EACH QUESTION IS WORTH 25 
.M'ARKS. 

THE FOLLOWING HAVE BEEN PROVIDED WITH TmS 
EXAMINATION PAPER, AND ARE ATTACHED: 

1. Periodic Table 
2. d7 Tanabe-Sugano Diagram 
3. Character Table for C2h point group 
4. Table of some hard, soft and intermediate acids and bases 
5. Decision Tree 
6. Table of Constants 

PLEASE DO NOT OPEN TmS PAPER UNTIL AUTHORISED TO DO 
SO BY THE CIDEF INVIGILATOR. 

"Marks will be awarded for method, clearly labelled diagrams, 
organization and presentation of thoughts in clear and concise 
longuageN 
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Question One 

a) Give the IUPAC name for each of the following: 

i) K3[Co(N02)6] 

ii) [Co(en)3] [Cr(OX)3] 

iii) [CI3~(~-CI)3~CI3](CI04)3 


iv) ~(CH2CH3)6 


[8 ] 

b) 	 Give the formula of each of the following: 

i) Sodium pentacyanonitrosylferrate(II) dihydrate 

ii) Potassium pentachloronitroosmate(N) 

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


[6] 

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

i) 
ii) 

[Pt(en)2Cb]2+ 
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 of your answers. 

i) 	 ZnO + 2BuLi +:! Zn(Bu)2 + LhO 

iv) 	 [AgCbr + 2CN(aq) +:! [Ag(CN)2r + 2Cr 
[8] 

b) 	 The value of J.leff for [CoF6]3- is found to be 5.63 BM. Given that the complex 
contains a d6 Co(IID metal center, determine whether this value agrees with 
the value of magnetic moment calculated from the spin-only formula. If the 
two values are not in agreement, give a possible reason. 

[6] 
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c) Explain why under the influence ofan 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 L\.o for [Fe(OH2)6f+, [Fe(CN)6]3- and 
[Fe(CN)6]4-? Rationalize your answer. (4] 

Question Three 

a) 	 Using only ethylenediamine (en =H2NCH2CH2NH2) and bromide ions 
as ligands, construct a cationic octahedral complex of cobalt(llI). 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 (i.e., achiral 
analogue) of the enantiomers you have drawn. 

(91 
b) Consider the salt [Co(bPY)2(CN)2t[Fe(bpy)(CN)4r. 

i) Give fonnulas of compounds that are coordination isomers of 
the salt 

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

iii) Draw two enantiomers arising from only one of the ions in the 
fonnula above 

[161 
Question Four 

a) 	 Show the mechanisms that explain why the following reactions occur far 
more rapidly than would be true for simple substitution or ligand 
replacement: 

i) 	 [Co(NH3)s(H20)]3+ + N02
ii) [CO(NH3)S(C03)t + H30+ 

[8] 
b) 	 For a substitution reaction 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(C6llS)3 ;;::!: Co(NO)(CO)2(As(C6llS)3) + CO 
[51 

c) 	 Complete and balance the following reactions: 

i) Ti02 + H2S04 (concd) 	 • 
ii) Cr203 + H2S04(concd) 	 .. 

iii) [Cr20 7t + H2S04 (concd) .. 
iv) Fe203 + HCl(aq) • 

[12] 
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Question Five 

a) 	 Consider adding an aqueous solution of ammonia to an aqueous 

solution of copper(II) sulphate. Initially, a pale blue precipitate is 

fonned. Upon adding excess ammonia solution, the precipitate 

dissolves resulting in the fonnation ofa deep blue solution. Use 

suitable equations to explain the above observations. 


[5] 
b) 	 The electronic spectrum [CO(HZO)6]Z+, a d7 complex, exhibits bands at 

8100, 16000 and 19400 cm-1
• 

i) Using the Tanabe-Sugano diagram provided, and assuming the 
complex has a high-spin electronic ground state, assign the 
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] 
c) 	 Complete and balance the following reactions: 

i) 	 Cu+Ch ... 

....ii) 	 Mn+02 

iii) 	 Ti+Ch ... 

...iv) 	 Fe+ Iz 
[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: 

ii) 	 SFsCI 
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iv) d"y orbital (whose shape is sketched below) 

[12] 

b) Determine the symmetries of M-CI stretchina modes for the six
coordinate complex [MCIs(O)] (which has C4v point group and 
whose is sketch is given below). Which of the modes are IR active? 
Which ones are Raman active? 

x 
[13] 
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." .. ' 

PERIODIC TABLE OF THE ELEMENTS . , ' 

, 

GROUPS 
1 

PERIODS 

2 

IIA 

1 

• Lapthanlde ••rI.. 

.. ACUnlde ..... 

6 

VIS 

7 8 

vile VIII 

10 11 1'8' 

IS VillA 

2 

3 

4 

5 

6 

7 

4.003 

He 

Numbers befow the symbol of the element Indicates the atomic 
numbers. Atomic masses, above the syrribol of the element,' are 
baaed on the aaslgned relative atomic maes of '2(; - exactly 12; 
( ) Indicates the mass number of the Isotope with the Iongesl 
half.llfe. 

SOURCE: International Union ofPure and Applied Chemistry, L Mills, ed.. Quantities. 
Units, andSymbols in Physical Chemistry, Blackwell Scienlific PubbcUions, Boston, 1988, 
pp86-98. 
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DECISION TREE 
~ 

G301 
Point 
Group 
Flow Ghart 

Linear groups 

N 

N 

Cubic groups 
s 
~ 



'!fable o"h~d, 'i1:itennediate and 
S~fACid~ ~iI'~~ . 

ofoo... '. _ . 

. ·:'::i~·i~i,!:j;:'~i;iq~i.~di~.:~t#k~~~~li;Ji4/~;~:~.,:..,:.:...i:'l'__J,~;::'~,~ 
.: l_~·.,{t.-tf 'l.•~;;~ Ha1. ~:. ·L!~.r)~1:~J,Jt":1fiUkt:o'l"_~;j.~'JtfJr:ti~d-<'"..'t~~:'hjioo~'&JJ :.."., •• T" 

Hard; class (a) r, 0-, H20. ROH~ R20, [Olif, [ROLIRC02r. ·Li+, Na+, K+, Rb+, Be2+, Mgl+, ea2+, S~+, Sn2+, 
. . [C03Y-, [N03r, tpq,4F", [S0412-, [004r, [oxf-, Mn2+, Zri+, Al3+; &3+, In3+, &3+, cr3+. Fe3+, eo3+, 

~3' RNH2 I y3+, Th4+, Pu4+, Ti4+, Zr4+, [Vof+, [V02t 

Soft; class (b) r, H-, R-, [CNr <F-bound), CO (C-bound), RNC, Zero oxidation state metal centres, n+, eu+, Ag+,Au+, 
RSH, R2S, [RSJ-, [SCNr (S-bound), R3P, R3As, [H~f+, Hi+, Cd2+, Pd2+, Ff+, n3+ .,,:;,., 
R)Sb, aikenes, arenes ."" ..,~" 

Intermediate Br-, [N3L py, [SCNr (N-bound), ArNH2, [N02L Pb2+, Fe1+, CoH, Ni2+, Cu2+, 082+, Ru3+, Rh3+, 12+ 
. [S03f

fl.... 

Ch.~ct,r TB!ble for C4yPo~t Group 

: 

C4y 

At 
Al 
11t 
Bz 
E 

! . .y . 

--~-.-. . ... 
~.......:.. : ; 


-~-.--. '- ----. ! .. 

E 2C4 Cl 20-. 20-4 

1 1 1 1 1 
1 1 1 -I -1 
1 -1 1 1 -I 
1 
2 

-1 
0 

1 
-2 

-1 
0 

1 
0 

Z 
R. 


(x, y), (Rrt Ry) 


Xl + yl,!Zl 

Xl - yl 
xy 
(xz, yz) 
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;PHYSICAL CONSTANTS 
 'Speed of light iIi Iiv~cuUm 
Permittivity of a vacuum 

Planck conStant 

Elementary charge . 

Avogadro constant 

Boltzmann cOnstant 

Gas constant 


i' 
Bobrradius 

. Rydberg constant 

Bobr magneton 

Faraday constant 
Atomic mass uilit 
Mass of the electron 

Mass of the proto~' 
Mass of the neutrpn 
Mass of the deuteron 
Mass of the triton 

. Mass of the a-particle 

2.99792458x:108 m: ~.1 
8.854187816 x 1O-12 Emol 

1.11264 x 10-10 c2 N"l m-2 

6.626ffl55(40) x io-34j J s 
1.60217733(49) x iQ-t9 C 

6.0221367(36)\x lo? mor l 

1.380658(12} *1O-~: i Kl 
8.314510(70) J K-1 mor1 

5.291'1.7249(24); 1&11 m 
1.0973731534(13)x l':o1:m·l 

(infinite nuclear m~~) 
1.09617759(50) x lOy :m~1 
(proton nuclear lll~s;) 
9.2740154(31) ·x..ro-74 JylJiB 

11" 3.14159265359 • . . 

F 9.6485309(29)x104Qritorl 

1.660slm<10) ~ 1O-~1 kg 
9.1093897(54) x 1O.3~ kg 
or 

5.48579903(13)·x 10j'·m... 


1.007276470(12) mu ~ ; 


1.008ttt904(14) mit' ; 

2.0135~3214(24) mu ;. 

3.01550071(4)mu ' .• 

4.001506170(50) rhu : : 


