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Question One 

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

i) MO(CO)6 
ii) [Mn(NH3)6][CO(CN)6 
iii) [Co(urea)6](Cl04)3 
iv) ("s-CsHshTi(OCH2CH3)2 

[6] 

b) 	 Give the formula ofeach of the following: 

i) Potassium tetrabromocuprate(II) 
ii) Iodoaquabis( ethylenediamine )cobalt(III) nitrate 
iii) Carbonatopentaamminecobalt(III) chloride 

[6] 
c) 	 State the type ofisomerism that may be exhibited by th~ following six­

coordinate complexes, and draw structures of the isomers: 

i) RU(PY)3Ch 
ii) Ru(bpY)2Ch 

[13] 

Question Two 

a) 	 The fIrst charge transfer band for [Mn04r occurs at 18320 cm'l and that for 
[Mn04r2 at 22940 cm,l, Explain the origin of these absorption bands, and 
comment on the trend in relative energies on going from [Mn04r to [Mn04t 

[6] 

b) 	 Suggest one reasonable structure for each of the following complexes 

i) 	 [TiO(acac)2h, dimeric. 

[6] 

c) 	 Give an explanation for the fact that the complex {[CONH3)6]h([CoC4]h has 
a room temperature magnetic moment of 3.71 BM. [Help: the compound is 
made up of two complex ions, one of which has a net charge of +3] 

[6] 

d) 	 The treatment of an aqueous solution of NiCh with two equivalents of 
H2NCH2CH2NH2 gives a blue complex (J.leff 3.30 BM) which, on heating, 
loses two H20 molecules per formula unit to form a yellow, 
diamagnetic compound. Suggest explanations for these observations. 

[7] 
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Question Three 

a) Comment on the following statements concerning electronic spectra 

i) 	 [OsCI6]3- and [RuCI6]3- exhibit LMCT bands at 282 and 348 nm 
respectively [5] 

ii) 	 [Fe(bPY)3]2+ is expected to exhibit an MLCT band rather than an 
LMCTband 

[4] 

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

iii) 	 [AgChr + 2CN-(aq) ~ [Ag(CNhf + 2cr 
[6] 

c) 	 The diagram below shows the splitting in an octahedral complex of the 3F and 
3p terms arising from a d2 configuration. Thus the 3F term splits into 3TIg, 3T2g 
and 3A2g terms. On the other hand the 3p term is transformed into a 3TIg term. 
Due to term interaction (non-crossing rule), the 3TIg(F) term is lowered b~ x, 
and the 3TIg(P) term is raised by x. The electronic spectrum of [V(H20)6] +, a 
d2 octahedral complex, shows peaks at 17400,25200 and 34500 em-I. Use the 
diagram below to assign the peaks and calculate the values of x, ~o and the 
Racah parameter B, assuming all the three peaks arise from d-d transitions. 

[10] 
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Question Four 

a) 	 Complete and balance the following reactions: 

i) [Cr04t(aq) + H+caq) ;;::t 


(in excess) 


ii) 	 Cr+02 A .. 

/). ..iii) 	 W+02 
/). ..iv) 	 Mn+02 

[8] 

b) 	 Draw one possible geometry for each of the following: 

..i) 

ii) 	 CuCN, coordination no. =2 

iii) 	 VFs(s), coordination no. =6 
[6] 

c) 	 Explain each of the following: 

i) TiC4 fumes when it is exposed to a moist atmosphere 
ii) [MnCI6t is unstable whereas [MnF6f is quite stable 
iii) Cr03 is strongly oxidizing whereas W03 is very weakly 

oxidizing 
[6] 

d) 	 Explain why Cu(J) compounds are diamagnetic irrespective of the 
coordination environment of the Cu(J) ion. However, they may exhibit colour, 
depending on the nature of the ligand 

[5] 
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Question Five 

a) Define and give one example or illustration ofeach of the following 

i) Inner-sphere redox reaction mechanism 
ii) Outer-sphere redox reaction mechanism 

[8] 
b) Consider the reaction 

--... MLnY+X 

where X is the leaving group and Y is the entering group. Use 
appropriate reaction equations to illustrate the two possible limiting 
mechanisms and sketch reaction profiles for each of the reaction 
pathways. The diagrams should be labeled, indicating reactants, 
intermediates (if any), etc. [14] 

c) 	 With the help of the flow-chart which is provided, determine the point 
group for the following: 

Boric acid, B(OR)3 

[3] 

Question Six 

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

i) CgRg 

o 
ii) O=C=S 

[6] 
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b) The complex ion, [L6M2(I-L-X2S02f, has four strong peaks in the IR spectrum, 
tin the region between 900 and 1200 cm- • Two of the peaks are assigned to 

S-X stretching modes and the other two are assigned to S-O stretching modes. 
Show that these data are consistent with the "1-L-X2S02"grOUP having C2v 
symmetry. 

[13] 

L3~ 1L3 

s~ 
0'" "0 

Diagram for Question 6(b) 

c) From b) above, derive SALe's for 8-0 stretching modes and sketch the modes 

, [6] 
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The now-chart (Decision tree) used for assigning point groups 
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EXAMPLES OF HARD, SOFT 8r. BORDERLINE ACIDS 8r. BASES 

I 
Type of I EXAMPLES 

Acid/Base I 

!H+ u+ Na+ K+ Be2+ Mg2+ Ca2+ sr2+ Sn2+I"" , , , , 

i A13+ Ga3+ In3+ Cr+ C03+ Fe3+ Ir+ La3+ Si4+ Ti4+l ' I , I , I , , I ,

Hard acids 
izr4+ Th4+ V02+ UO 2+ 
J ' , , 2 


1 

IIBeMe2, BF3, BCI3, B(ORh, AIMe3 


Icu+, Ag+, Au+, Hg+ , Cs+ , TI+ , Hg2+ , Pd2~ Cd2+ , pt2+ 


Soft acids 

Metal atoms in zero oxidation states 

Fe2+ , C02+ , NiH, Cu2+ , Zn2+ , Pb2+ , B(CH3h, S02,Border line 

acids NO+, .BQ"j 

H20, OW, F, cr, CH3C02-, polo, SO/', col', N03',
Hard bases 

CI04', ROH, RO-, R20, NH3, RNH2, N2H4 

RSH, RS', R2S, 1", CN-, SCN-, S203', R3P, R3As (ROhP,
Soft bases 

iRNC, CO, C2H4, C6H6, R-, W 

Border line 
Aniline, pyridine, N3-, Br-, NOz , sOi·, Nz

bases 

From http://www.adichemistry.com/inorganic/cochemlhsablhard-soft-acid-base-theory.html 
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